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ABSTRACT 

Can the content of students’ responses to the “saying-is-believing” exercise they 

complete as part of social-belonging interventions help us understand “for whom” and 

“when” such an intervention can be successful? What’s more, can natural language 

methods be used to understand that content? To investigate these questions, this thesis 

uses responses from a multisite randomized controlled trial of such an intervention given 

to high-school students taking their first AP course. I begin by providing a descriptive 

account of the high-level topics common across student responses. Those topics are 

discovered by fitting is analyzed using latent dirichlet allocation (LDA), an unsupervised 

topic-modeling procedure. Next, the numerical representation of the topics was used in 

predictive models testing the two following questions: (1) are students’ race and social 

class predictive of response content? and (2) does that content broadly relate to academic 

outcomes or to intervention effects on academic outcomes? The results show that 

students wrote meaningfully about their experiences in AP and that natural language 

methods can be used to capture that meaning. Moreover, what students wrote about was 

predictive of treatment effects on academic outcomes and was predicted by students’ race 

and social class. Taken together these findings suggest that what students write about can 

enhance our understanding of “for whom” and “when” a social-belonging intervention 

can be successful. 
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INTRODUCTION 

“In [AP chemistry], well, given that I’m the like only person of color there, I’m like the only one, 
the only Mexican person there…at times it feels like, kind of like I don’t belong there…”   

- ‘Samuel’ (pseudonym), a 10th grade student taking an AP class for the first time 
 

 Every year, millions of students navigate the challenges associated with 

transitioning to a new academic environment. These transitions include obvious ones, 

such as those from middle school to high school and from high school to college, but also 

less obvious ones, like taking an honors or advanced placement class for the first time. 

During these periods of change, not only must students meet the demands of increasingly 

challenging academics, but they must also navigate a new social landscape, one where 

they may not have the support of familiar peers and teachers.  

In these transitions, and especially when facing challenges in these transitions, 

students often worry about whether or not they belong — as illustrated in the epigraph 

from “Samuel”, a high school student who was taking an advanced course for the first 

time when he wrote it. But the burden of worries about belonging is not equally 

distributed across students. Students who identify with a group that has been historically 

marginalized in education may both feel less like they belong (Gopalan & Brady, 2020) 

and have their academic outcomes more affected by their feelings of belonging (Chen et 

al., 2020). Beyond the normative social challenges associated with change, marginalized 

students must also contend with “threat[s] in the air” (Steele, 1997).  

What can be done from a psychological perspective to mitigate these threats in the 

air? Brief social psychological interventions delivered during periods of academic 

transition – a time when concerns about belonging or fit are increasingly salient – have 

been shown to counteract threats to belonging and to decrease grouped-based 

achievement gaps (Yeager et al., 2016). One such intervention is the social-belonging 
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intervention, which was developed by Walton & Cohen (2007). Below I discuss the 

specifics of the intervention in more detail. Importantly, it has shown the ability, across 

dozens of studies, to reduce achievement gaps between marginalized students in 

education and their peers (Walton & Brady, 2020). 

In order to realize that potential at-scale, we need a better understanding of the 

conditions that lead to heterogenous intervention effects (Walton & Brady, 2020) – that is 

effects that are not consistent either across contexts, populations, or both. To that end, the 

present work examines whether understanding of the social-belonging intervention can be 

furthered by analyzing the content of students’ open-ended responses. In doing, I aim to 

learn more about the processes that impact “for whom” and “when” a social-belonging 

intervention can be successful. 

The Importance of Belonging 

Sense of belonging. Baumeister and Leary’s (1995) seminal work argued that the 

need to belong is a fundamental human motivation. To be a fundamental human 

motivation, the authors contend that the need to belong must (a) apply to all people, (b) 

be present across diverse settings, and (c) influence behavior, cognition, and affect 

(Baumeister & Leary, 1995). Their argument is widely supported by contemporary 

literature. Studies have found that the need to belong is linked to a person’s well-being 

(Arslan, 2018), mental health (Rubin, Paolini, Subašić, & Giacomini, 2019), physical 

health (Walton & Cohen, 2011), and performance (Baumeister, Twenge, & Nuss, 2002). 

In terms of the relationship between belonging and performance, it is especially prevalent 

in socially evaluative contexts like schools (Walton & Cohen, 2007; Cook, Purdie-

Vaughns, Garcia, & Cohen, 2012). 
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School-belonging. Precisely because the school ecosystem is a fundamental part 

of normative development for young people (Eccles & Roeser, 2011) and because 

belonging needs are so fundamental (Baumeister & Leary, 1995), belonging within the 

school context appears to be an important need for students (Newman, 2007; Allen et al., 

2018; Wentzel et al., 2019). In support of this claim, research has found that, similar to 

the general need for belongingness, feeling a sense of belonging to one’s school has 

implications that include and go beyond students’ academic and social success within the 

immediate school environment (e.g., Allen, et al., 2018). For instance, past research has 

found school-belonging shares associations with outcomes related to performance, well-

being, mental health, and physical health (e.g., Allen et al., 2018; Collings, Swanson, & 

Watkins, 2014; Walton & Cohen, 2011). Because a students’ sense of belonging is 

associated with many important outcomes, psychological threats to belonging can be 

especially pernicious (Walton & Cohen, 2007).  

Psychological threats to belonging. When those threats work at the group-level, 

they can contribute to achievement gaps between students who have a history of being 

marginalized in education and their peers (Walton & Cohen, 2011). What types of group-

level psychological threats to belonging do marginalized students face? As one example, 

first-generation (FG) college students frequently experience a cultural mismatch 

(Stephens et al., 2012), as they navigate an institutional landscape whose values do not 

always align with their own (Tibbetts et al., 2016). Like Samuel describes in the leading 

epigraph, numerical underrepresentation often causes students of color to feel out-of-

place in their academic settings (Walton & Cohen 2007; Bjorklund, 2019). Likewise, 

women and students of color in STEM must contend with stereotypes about their 

academic abilities that negatively impact their performance (Steele, 1997; Walton et al., 
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2015). Taken together, these psychological threats related to group membership – 

commonly referred to as social identity threats (Steele, 2002) – have been consistently 

found to contribute to achievement gaps in education between students identifying with 

marginalized groups in education and their peers (Walton & Cohen, 2007; Yeager et al., 

2016; Tibbetts et al., 2016). For students experiencing these kinds of pernicious 

psychological threats, they may develop a hypothesis that “someone like them” is 

fundamentally incompatible with their current academic setting (Walton & Brady, 2017).  

Belonging uncertainty. This hypothesis makes it difficult for those students to 

affirmatively respond to a fundamental question that we are all confronted with when 

entering new contexts: “can someone like me belong here?” (Walton & Brady, 2017). 

This deceptively simple question captures the interactionist nature of belonging, as both 

pieces are essential. “Someone like me” refers to perceptions individuals make about 

their environment in reference to themselves. Characteristics like group memberships, 

past experiences, and personal motivations can all influence perception. “Here” may refer 

to a setting at-large such as one’s school, but it can also refer to sub-contexts within a 

setting (Walton & Brady, 2017).  

What is emphasized by the question formulation of belonging is that the 

perceptions people make about their environment in reference to themselves are 

interpreted in service of informing implicit inferences that demand an answer. When 

questions about belonging feel unanswerable, individuals are at-risk for experiencing 

belonging uncertainty. Belonging uncertainty is a persistent worry that “someone like 

me” is fundamentally incompatible with the present setting (Walton & Brady, 2017). 

This psychologically threatening process contributes to inequity in education in a 

self-reinforcing way. Students who identify with groups that have been historically 
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marginalized in education (e.g. students of color, financially disadvantaged students, or 

women in STEM) are disproportionately affected (Walton & Cohen, 2007; Walton et al., 

2015). Experiencing belonging uncertainty can lead those students to construe potentially 

ambiguous environmental cues to mean that they do not belong, which in turn can 

undermine their success. This increases the probability of perceiving future events in a 

similar manner, which in turn leads to a negatively reinforcing cycle that has been shown 

to contribute to the achievement gaps between at-risk students and their peers (Walton & 

Cohen, 2011). 

The Social-Belonging Intervention  

The social-belonging intervention was developed to break this pernicious cycle 

associated with belonging uncertainty (Walton & Brady, 2020). Although brief (< 1 

hour), the intervention has yielded powerful benefits across diverse contexts. The 

intervention has been found to improve academic outcomes for first-generation college 

students (Yeager et al., 2016), for students of color (Walton & Cohen, 2011), and more 

recently, for elementary school students transitioning into middle school irrespective of 

their race (Borman, Rozek, Pyne, & Hanselman, 2019).In another recent study, Brady 

and colleagues found that a social-belonging intervention given to students’ during the 

transition to college lead to improvements in the psychological well-being of treated 

Black students; these effects were noted more than five years after the intervention was 

administered (Brady et al., 2020).  

What does the intervention consist of? Chiefly, the intervention provides a non-

threatening way for students at-risk of experiencing belonging uncertainty to resolve 

insidious environmental-driven attributional ambiguity (Walton & Cohen, 2007). When 

completing the intervention, students read accounts from older students that convey the 
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belonging treatment message, namely: challenges when transitioning to a new academic 

environment are normal and importantly, they are not a sign that one does not belong – 

they also tend to get easier with time as one gains more experience. For students 

identifying with groups that have traditionally been marginalized in education, these 

stories provide an alternative explanation for common difficulties related to belonging, 

one that does not depend on their group identity. In this way, potentially ambiguous 

environmental cues that contribute to belonging uncertainty can be construed in a less 

harmful manner, one that does not reinforce an underlying hypothesis that “someone like 

them” does not belong (Walton & Brady, 2020). 

Students participating in the online form of the intervention complete a written 

“saying is believing” exercise (Walton & Brady, 2020). The purpose of the exercise is to 

reinforce the treatment message and to help students internalize that message (Walton & 

Brady, 2020). In the present study, high school students were asked to write a letter to a 

future student “like them.” The response prompt asked them to reflect on their 

experiences and feelings during the transition to taking their first Advanced Placement 

(AP) course through the lens of the treatment message. Writing about the process of 

overcoming initial challenges and coming to belong is thought to lead to internalization 

of that message and ultimately to changes in affect, cognition, or behavior (Walton & 

Cohen, 2007; Walton & Brady, 2020).  

In spite of its hypothesized role in mediating the effects of the intervention, the 

relationship between outcomes targeted by the intervention and “what” students write 

about when completing the saying is believing exercise is not understood. Moreover 

“who” writes about “what” when completing the exercise has also not been investigated. 

The present work takes the point of view that learning more about the answers to these 
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questions will help us understand intervention effect heterogeneity, which Walton & 

Brady (2020) argue is a crucial next-step in advancing social-belonging intervention 

research. 

Intervention Effect Heterogeneity 

Indeed, intervention effect heterogeneity appears to be the norm, not the 

exception (Rothman & Sheeran, in press; Binning et al., 2019). One reason for this is that 

while the context sensitive nature of social psychological interventions is often discussed 

(Walton, 2014), historically it has not received enough formal study. Rather, related 

experiments tend to focus on “how” the intervention works as opposed to “for whom” 

and “when.” Typically, experimenters test hypotheses about how their intervention will 

alter a specific psychological process (Walton, 2014), in an “ideal” environment, with a 

specific target population, conforming to “standard” assumptions about the nature of that 

process (Rothman & Sheeran, in press). However, in the same way alterations of 

environmental features like temperature and pressure affect the nature of physical 

processes, changes in psychological context affect the nature of psychological processes 

(Hanselman et al., 2014). 

When the boundary conditions of interventions are not considered, the result is a 

body of literature that obfuscates the effectiveness of an intervention (Sisk et al., 2018; 

Binning & Browman, 2020). This can lead researchers and policymakers to 

underestimate their usefulness. For example, in a recent meta-analysis examining growth 

mindset interventions, the authors conclude that their results do not support the claim that 

the intervention can lead to “large gains in student achievement” (Sisk et al., 2018). 

Indeed, their arguments are based on the wide-degree of unexplained heterogeneity in the 

effect sizes of the individual studies. However, a recent national study demonstrated that 
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this conclusion was premature (Yeager et al., 2019). The authors found that their growth 

mindset intervention lead to improvements in high school students’ grades, but only if 

they were attending schools where the treatment message was in-line with the peer-

norms. This is in keeping with the argument made by Walton & Yeager (2020) that for a 

social psychological intervention to be successful, the environment must be supportive of 

the way of thinking espoused by the intervention. 

 Because of its importance, recent research has begun studying intervention effect 

heterogeneity related to the social-belonging intervention. For example, one study found 

that within-school racial representation (in terms of overall percentage) moderated the 

effect of the intervention: students who were marginalized in education, and that attended 

schools were there group had less overall representation, tended to benefit more from the 

belonging treatment (Hanselman et al., 2014). Binning et al., (2019) conducted a 

multisite RCT that found the success of their multi-part mindset intervention – that 

included a social belonging intervention – depended on students’ race and educational 

expectations. Even considering only the two studies referenced in this paragraph, it is 

clear that it is necessary to understand the interactions between person and context level 

variables that dictate “for whom” and “when” the social-belonging intervention can be 

successful. 

Open-Ended Reponses and Intervention Effect Heterogeneity 

Past research investigating the potential of open-ended responses to study 

materials to serve as predictors of intervention effects has mainly focused on values-

affirmation interventions (Tibbetts et al., 2016; Schnabel et al., 2013; Cook et al., 2012). 

In values affirmation interventions, students in the treatment condition are prompted to 

write on why their long-held values are important to them. In direct opposition, students 



 9 

in the control condition are prompted to write about why values they do not endorse as 

self-important could be important to someone else (Cook et al., 2012). In keeping with 

self-affirmation theory, it is thought that when treated students affirm important personal 

values, they create a sense of self-integrity that both (a) buffers against psychological 

threat and (b) prompts adaptive – rather than defensive - responses to potential threats 

(Cohen & Sherman, 2014).  

Like I hypothesize is true about the social-belonging intervention, any number of 

factors may affect the impact of such an intervention: (a) the values reflected on in the 

essay, (b) the nature of a particular threat, or (c) identity and contextual variable 

interactions. For example, Schnabel and colleagues found that writing about social-

belonging lead to improvements in GPA for students identifying with a group that has 

historically been marginalized in education (Schnabel et al., 2013). This was in support of 

their hypothesis that affirming social bonds was a mediator in the success of values 

affirmations in curtailing social-identity threats. Tibbetts et al. (2016) found that writing 

about independence was a mediator of an affirmation interventions’ effects for FG 

college students. In this way, FG students who reflected on values congruent with 

university norms were buffered against the threat of cultural mismatch (Tibbetts et al., 

2016). 

These lines of research and thinking translate well to the social-belonging 

intervention. Walton & Brady (2017) argue persuasively that person-situation interactions 

give rise to qualitatively different belonging concerns. Moreover, the authors illustrate 

that for a particular intervention to be successful, it must address the specific concern 

facing that student (Walton & Brady, 2017). In this way, a social-belonging intervention 

designed to address worries about fit arising from cultural mismatch may or may not 
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benefit students facing stereotype threat (Harackiewicz et al., 2016). In this way, “what” 

students write about may reflect the kind of belonging threat they face, predict whether or 

not a particular threat is ameliorated, or inform our understanding of the current context 

more broadly. 

The prior two studies focused on a specific hypothesis about how a particular type 

of content related to potential intervention effects. In contrast, Riddle at al. (2015) sought 

to understand the broad psychological processes involved in affirmation interventions. 

Specifically, there were interested in whether ethnicity and gender were predictive of 

differences in response content. To accomplish this goal, they used a data mining 

technique known as topic modeling. Like qualitative coding, topic modeling seeks to 

understand the core themes in the set of responses. However, topic modeling also assigns 

a continuous score to each response for all topics; this is done in an automated manner 

without imposing a-priori assumptions on the content of the responses (Blei et al., 2003). 

In short, the authors found a number of differences between essay content in terms of 

gender and ethnicity (Riddle et al., 2015). For instance, writing about “ethnic group” 

subjects were more prevalent for Black students compared to White students.  In the 

future, they intended to exam the relationships between writing about each topic and 

students’ academic outcomes. 
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OVERVIEW OF PRESENT STUDIES 

In the introduction, I described the responses students wrote when completing a 

social-belonging intervention during the transition to taking their first high-school AP 

course. The present studies use from this intervention, which is described in greater detail 

below. In the treatment condition, these written responses are hypothesized to help 

students internalize the intervention treatment message that academic difficulties during 

transitionary periods are normal and not an indication that one does not belong (Walton 

& Cohen, 2007). Despite their centrality to the intervention’s design, little is known about 

(a) what students write about and (b) how this translates to intervention effects on 

academic outcomes. Less still is known about how these questions relate to two 

theoretically important identity characteristics, namely race and social class.  

By investigating these unanswered questions, this exploratory work sought to 

advance our understanding of social-belonging interventions and their ability to foster 

benefits for students making the transition to new academic environments. First, I aimed 

to provide a descriptive account of what students write about in the “saying-is-believing” 

exercise in the intervention. To the best of my knowledge, this study represents the first 

attempt to document these topics from any social-belonging intervention. Second, I 

sought to examine whether the topics students wrote about in their saying-is-believing 

exercises varied by condition, by race, and by social class. It seems likely that there 

would be differences by condition, but the exact nature of them has not yet been 

documented. Additionally, it seems plausible that there could be differences by race and 

social class. Third and finally, I examined whether what students write about in their 

saying-is-believing exercise could be used to predict intervention effects.  
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Because of the descriptive and exploratory nature of this study, I do not make 

predictions about the precise nature of the content itself nor about how that content is 

predicted by race and social class or is predictive of students’ AP exam scores. Instead, 

my expectations are more general. I expect that students will write about topics relevant 

to their assigned condition; thus I expect to find one or more themes related to the core 

messages of the belonging intervention, for example, that belonging concerns they 

experienced could be resolved in time (Walton & Cohen, 2007; Walton & Brady, 2020) 

as well as one or more themes related to the core messages of the study skills condition 

(Walton et al., 2015). Given that the prompts were different by condition, I expect that 

condition will predict the themes students write about. Given past research that indicates 

students from minoritized backgrounds tend to have higher belonging concerns, I would 

expect to see this manifested in their writing. Lastly, because I expect the content to 

capture students’ psychological experiences in AP, and because I expect some of those to 

be related to important constructs like belonging, I expect that the topics will predict 

academic outcomes. 

To operationalize the abstract idea of “what students write about,” I use an 

unsupervised topic modeling approach. This process will yield a number of different 

topics that students commonly wrote about. From this process, each individual response 

will receive a numeric score for every topic that roughly represents the percent of its 

content discussing that particular topic. I begin with a qualitative analysis of the 

algorithmically discovered topics to further understanding of the content of those 

responses (Study 1A). In the following two sections, I use the numerical representation of 

those topics. In Study 1B, I test the extent to which race and social class are predictive of 
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topic score. Then, Study 1C tests the extent to which the individual topic scores and 

predictive of an important academic outcome, students’ AP exam scores. 

Data Source: Overview of the Intervention Study 

This study uses data from a randomized controlled trial (RCT) of a social-

belonging intervention delivered to students taking AP courses for the first time. The 

original study was designed to test the following hypothesis: a social-belonging 

intervention for first time AP students will improve students’ psychological and academic 

outcomes (Gaudiello & Brady, 2019)? The intervention was delivered as part of an online 

survey.  

Participating schools and students. Students who participated in the RCT 

attended schools that partnered with Equal Opportunity Schools (EOS), a non-profit 

organization dedicated to increasing access, equity, and success in advanced high school 

coursework, particularly AP courses (N = 10,524 high school students across 42 schools 

in 4 states). Of the 10,524 eligible students, those who did not complete the written 

portion of the study were excluded from the present work (Nexcluded = 666; Ntotal = 9,858). 

The intervention was embedded in a survey designed by EOS that was administered by 

AP teachers during normal class hours. Students who indicated in the survey that they 

were taking AP courses for the first time that year/semester were offered the opportunity 

to participate in the intervention/control activity. The sample of participating students 

was slightly more female (56%) than male (44%). Most were White (56%) or Hispanic 

(39%) with fewer who were Asian (17%), Black (4%), American Indian / Pacific Islander 

(1%), or whose racial-ethnic background was not identified (2%). Of note, American 

Indian / Pacific Islander students were excluded from Study 1B and Study 1C (but not 



 14 

Study 1A) because of concerns related to statistical power and model convergence. For 

comprehensive demographic information for the sample, see Table 1. 

Table 1 

Demographic Characteristics of the Sample 

Demographic-variable N % 

Socioeconomic status (SES) 
  

Higher-income 6,661 63.29 

Lower-income 3,863 36.71 

Sex 
  

Female 5,870 55.78 

Male 4,654 44.22 

Grade-level 
  

Freshman (9th) 1,446 13.74 

Sophomore (10th) 4,456 42.34 

Junior (11th)  4,097 38.93 

Senior (12th)  525 4.99 

Race   

White 4,125 39.20 

Hispanic 3,849 36.57 

Asian 1,773 16.85 

Black or African American 447 4.25 

Unknown or chose not to respond 191 1.81 

American Indian / Pacific Islander 139 1.32 
 

Participants began the study by reading stories ostensibly written by older students who 

had taken AP courses in the past. In the stories accompanying the treatment conditions, 

the former students describe their experiences in AP in a way intended to provide support  
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Table 2 

Examples of Stories from Intervention Materials by Condition 

  

High school stories treatment College stories treatment 
1. AP classes were intimidating because they 

seemed like scary, difficult classes that 
only really smart kids took. I was nervous 
but I decided to take my first AP class 
anyway. At times, class discussions and 
readings felt over my head, and I worried 
about whether I could hold my own with 
the other students. But after a while, I saw 
that it’s not about holding your own. 
We’re here to learn and because we’re 
willing to work for it, not because we’re 
“so smart”. Everybody here has a 
common goal—to share knowledge and to 
do cool things in the future. We all are a 
part of that. We all bring something to the 
discussion, a different perspective or new 
ideas. I benefit from other students’ 
perspectives and they benefit from mine. 
After I realized this, I started working 
with a couple people from my class in a 
little study group. Now it feels like we are 
a team going through this together. I feel 
more confident participating in 
discussions and sharing my opinions. I 
really feel like AP classes are preparing us 
for what’s coming next. 
- Mia, junior 

1. AP classes were intimidating because they 
seemed like scary, difficult classes that only 
really smart kids took. I was nervous but I 
decided to take my first AP class anyway. 
At times, class discussions and readings felt 
over my head, and I worried about whether I 
could hold my own with the other students. 
But after a while, I saw that it’s not about 
holding your own. We’re here to learn and 
because we’re willing to work for it, not 
because we’re “so smart”. Everybody here 
has a common goal—to share knowledge 
and to do cool things in the future. We all 
are a part of that. We all bring something to 
the discussion, a different perspective or 
new ideas. I benefit from other students’ 
perspectives and they benefit from mine. 
After I realized this, I started working with a 
couple people from my class in a little study 
group. Over time, it felt like we were a team 
going through it together. I came to feel 
more confident participating in discussions 
and sharing my opinions. Now that I am in 
college, it feels really natural to learn and 
think this way. I think AP classes prepared 
me well. 

 - Mia, college junior  

Story included in both treatment conditions 
2. Taking AP can be like getting into a pool. A pool can look really cold. If you just put your leg in, 

sometimes it gets worse. If you go a little at a time, you ask ‘Why am I in this pool?’ Like AP, it 
can seem like too much work. You just have to throw yourself in and immerse yourself. It might 
take a little while, but then the water is great! 
- Gladys, senior 

Study skills control 
1. When I took an AP class for the first time, the study strategies I was using weren’t really cutting it. 

So I decided I had to become a better listener and note-taker. I started sitting toward the front of 
the class (we didn’t have assigned seats) and making sure I didn’t have any distractions. I also 
made an effort to pay attention during the second half of class because that’s when I would tend to 
lose it, and especially during the last few minutes when the teacher might give a summary or 
conclusion. To improve my note-taking, I focused on making sure what I wrote down was 
accurate and clearly captured the main ideas. I started to leave extra space so I had room to add 
notes in my own words after class. This really helped what we were learning sink in. 
- David, junior 

2. At first, I found the pace of AP courses pretty challenging. After a while, I figured out that I 
needed to look ahead more. If I knew I had a project or test coming up in one class that was going 
to take tons of time, I would try to get ahead on something else. I also started studying for tests 
before the last minute. I know people always tell you to do that, but I’d never really taken that 
advice. To be honest, it made things a lot easier. If you’ve looked ahead, and you know what’s 
coming up, you can be more strategic and everything becomes more manageable. 
- Xavier, senior 
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and perspective. The content of the stories differed by condition (for complete examples, 

see Table 2 on the previous page). In both belonging treatment conditions, the stories 

were intended to convey the message that challenges during the transition to AP were 

normal and not indictive of one’s ability to belong. Participants read stories from a 

diverse group of students who each shared how they initially had concerns about whether 

they belonged in AP, but that over time they began to feel more comfortable in their AP 

courses. In the high school stories treatment condition, the stories were said to be written 

by current high school students. Conversely, the stories students read in the college 

stories treatment condition were attributed to either a current high school student or to a 

current college student. Students in the study skills control condition read similar stories 

from past students who described initially struggling in AP without the proper study 

skills. Like in the belonging treatment conditions, these stories from former students 

emphasize that in time they were able to become comfortable in AP, in this case by 

learning new and helpful study skills. This study skills exercise, adapted from Walton et 

al. (2015), was designed to be psychologically inert but superficially helpful. Because 

past research had not found similar exercises to be effective as interventions, the authors 

argued that it would be a useful active control condition (Walton et al., 2015).  

Intervention responses. To help students internalize the message from the stories 

they had just read, they were asked to write a letter to a “student like them” sharing their 

own experiences transitioning to AP. Prompts for the open-ended questions are given for 

each condition on the next page in Table 3. Alongside those prompts, students were 

provided with all of the stories they had previously read (see Table 2 for examples), so 

that they could review them when constructing their own response. Responses to these 

prompts serves as the primary data source for the present work. 
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Table 3 

Saying is Believing Exercise Prompts by Condition 

  

High school 
stories treatment 

Many students described coming to use new skills and strategies in the transition to 
taking AP classes. To help us further understand students’ experiences in making the 
transition to taking AP courses, we would like to hear your thoughts and feelings 
about AP through a letter writing activity.  Write a letter to a student like you who is 
starting to take their first AP class. Based on what you know and the stories you 
read, share your thoughts about the kinds of skills and strategies students need in AP.  
 
When writing, think about:  

• The kinds of skills and strategies you used before you started taking AP 
classes.  

• The kinds of skills and strategies you use now. 
• Which new skills and strategies are most effective. 

College stories 
treatment 

Many students described worrying at times in the transition to AP about whether they 
would fit in and belong. However, with time students reported making friends, 
coming to feel they belonged, and feeling comfortable in the academic environment 
of AP.  To help us further understand students’ experiences in making the transition 
to taking AP courses, we would like to hear your thoughts and feelings about AP 
through a letter writing activity. Write a letter to a student like you who is just starting 
their first AP class. Based on what you know and the stories you read, share your 
thoughts about the experience.  
 
When writing, think about:  

• Any worries you had when you first started AP.  
• Why these worries are likely to be common when students first go into AP. 
• Why students are likely to feel comfortable in AP classes over time as they 

get to know each other and take more classes. 
How your experiences in the transition to AP may help set you up to be happier and 
more successful in the transition to college.  

Study skills 
control 

Many students described coming to use new skills and strategies in the transition to 
taking AP classes. To help us further understand students’ experiences in making the 
transition to taking AP courses, we would like to hear your thoughts and feelings 
about AP through a letter writing activity.  Write a letter to a student like you who is 
starting to take their first AP class. Based on what you know and the stories you read, 
share your thoughts about the kinds of skills and strategies students need in AP.  
 
When writing, think about:  

• The kinds of skills and strategies you used before you started taking AP 
classes.  

• The kinds of skills and strategies you use now. 
• Which new skills and strategies are most effective. 
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STUDY 1A: CONTENT ANALYSIS OF STUDENTS’ RESPONSES TO A 
SOCIAL-BELONGING INTERVENTION  

 
 
Topic Modeling 

 Procedure outline. Topic modeling was used to analyze the content of students’ 

responses to open-ended prompts from a social-belonging intervention. In total, the 

process involved three separate steps. First, the Python programming language was used 

to preprocess the raw text data. Second, those data were transformed into a “bag of 

words” (BOW) representation suitable for topic modeling. Third, Latent Dirichlet 

Allocation (LDA) was used to model the set of topics for the student responses. 

Response exclusion criteria. Of the 9,858 students, those whose responses were 

identified as nonsensical (N = 31) or that were identified as having been entirely or 

almost entirely copied from the intervention materials (N = 56) were also removed. 

Nonsensical responses were identified using a probabilistic model that tested for 

improbable sequences of characters, in accordance with standard English vocabulary 

(Neuhaus R., 2011). Next, approximate string matching was used to identify responses 

that were copied from the intervention materials; this method allowed for minor 

deviations. In both cases, all responses that were identified by computational methods 

were examined by the experiments before being excluded. Following this step, the final 

response count was 9,771.  

 Bag of words representation. First, the responses were tokenized at the word 

level. This facilitated the removal of (a) punctuation, (b) non-standard English characters, 

(c) stop-words, and (d) pronouns. Stop-words are commonly occurring words like ‘the’ or 

pronouns, which tend to add noise during the modeling process; removing them is 

standard practice (Riddle et al., 2015). 
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Next, each word was lemmatized using the Python language module spaCy 

(Hannibal, 2015). Lemmatization is the process of transforming words into a canonical 

base form to increase predictive power; for example, changing concerns to concern. This 

sequence of lemmatized tokens was then transformed into a numerical vector of word 

frequencies known as a “bag of words” (BOW). The end result of that process was that 

the responses were represented by the count of each remaining lemma (i.e., base word) 

occurring or not occurring within them. It was these word counts which were then used 

by the topic modeling algorithm, LDA. 

Alternative text representation. I considered alternatives to the BOW approach, 

namely term frequency inverse document frequency (TF-IDF; Qaiser & Ali, 2018) 1. 

However, I found that the BOW approach resulted in better fitting topic models for this 

study. 

 Latent Dirichlet Allocation. To extract the key topics from the collection of 

student responses, I used scikit-learn’s (Pedregosa et al., 2011) Python implementation of 

latent dirichlet allocation (LDA). LDA is a generative probabilistic model that assumes 

that each response contains a random mixture of latent topics (Blei et al., 2003). In LDA 

each of these latent topics is then assumed to be represented by a probability distribution 

of words from the total body of input text. Under these two assumptions, LDA specifies 

                                                

1 This algorithm aims to reduce the contribution of words that commonly occur across many responses, 

while also giving greater weight to words that are rarer. In a similar study exploring the content of student 

essays from values-affirmation interventions, the authors choose to use a TF-IDF matrix as input to LDA 

citing this advantage (Riddle et al., 2015). For this study, while the BOW input provided topic distributions 

that seemed to appropriately represent the topic mixture of student responses’, TF-IDF tended to unevenly 

distribute the topic weight to the most salient topic. 
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the underlying statistical process assumed to generate the set of student responses (Blei et 

al., 2003).  

LDA learns about the topics by reverse engineering that generative process. From 

the complete set of responses, LDA infers the topic mixture of each response for a fixed 

number of topics. This is in addition to the weight or association of each word to each 

topic. Practically speaking this means that the output of applying LDA to the dataset is 

two different matrices. The topic to document matrix, which describes the topic 

distribution for each response, and the word to topic matrix, which describes the 

relationship between each word and topic. For a full review of the technical details, see 

(Blei et al., 2003). 

Final model fit. When considering different models, I prioritized production of 

human-interpretable topics as well as statistical model fit. I considered models that varied 

according to the follow hyperparameters: (a) the prespecified number of latent topics (K), 

(b) the minimum degrees of freedom (minimumdf), and (c) the maximum degrees of 

freedom (maximumdf). Minimumdf  represents the threshold for including a term based on 

having appeared in a minimum number of responses. Conversely, maximumdf excludes 

terms that occur too frequently and are thus unlikely to disambiguate core ideas. My final 

model was fit with the following hyperparameter setting: K = 12; minimumdf  = 200; 

maximumdf = .50.  That is, I selected a model that included twelve latent topics and where 

terms that did not occur in at least 200 responses or that occurred in more than half of 

responses (4,886 of 9,771 total responses) were excluded.  

Alternative model fitting and final model justifications. Multiple values were 

tested for each hyperparameter and each permutation of those values was considered. The 

values I tested for each hyperparameter are given as follows: K = {10, 12, 15, 18}; 
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minimumdf = {1, 50, 150, 200, 250}; maximumdf = {.25, .5, .75, 1}. I selected 10 as the 

starting point for K based on preliminary qualitative analysis of exploratory model fits. I 

noticed when K was significantly below 10, the topics tended to cover broad ranges of 

ideas and were to coarse. Likewise, when K rose higher than 18, the topics became too 

fine-grained and were hard to interpret conceptually. I settled on K = 12 because models 

with lower K did not tend to improve fit, while models with higher K tended to decrease 

fit; I also examined the extracted topics by hand and found that K = 12 lead to an 

acceptable balance between maximizing information and interpretability.  

In terms of degrees of freedom, setting less restrictive minimumdf tended to 

muddy the interpretation of topics and decrease fit. When minimumdf rose above 200, the 

models tended to exclude important terms and were less distinguishable. Likewise, when 

maximumdf rose significantly above .5, “noisy” words tended to obscure the topic 

interpretations or decrease model fit. For instance, when maximumdf was set to 1 (i.e. a 

word was able to appear in every response), the word “class” appeared as a defining 

feature of every topic. Likewise, when maximumdf was set below .5, information 

appeared to be lost: words that seemed important were dropped from consideration. 

Important words that appeared in previous topics were no longer present. 

Lastly, it should be noted that this process also involved some degree of 

ambiguity. Arguments could be made for or against including one more or one less topic, 

or for slightly increasing or decreasing the two degrees of freedom. In part then, the final 

model was chosen after carefully reviewing and working with the models and coming to 

the conclusion that there were no discernable and obvious reasons not to choose the final 

model. The topics largely seemed sensible at face-level, and because of the patterns of fit 
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previously noted, the choice was at-least partially supported from a quantitative point of 

view. 

What do students write about in response to the intervention materials?   

In this section, I provide qualitative interpretations for the results of the topic 

modeling procedure. I assigned a single descriptive label to each topic, both for the 

purpose of identifying core ideas within the topics and for the purpose of readability. In 

addition, I organize related topics together into what I will here forth refer to as themes.  

 In Table 4, I present the 10 keywords most strongly associated with each of the 

12 topics, with one example of a student response scoring highly on that particular topic. 

In the section that follows I discuss each topic at length. This is in order to provide 

context and justification for their assigned labels. I make my arguments using both the 

information in Table 4 and additional student responses. As a reminder, the participants 

were directed to address their responses - which were in the form of a letter - to a future 

student “like them.” I will refer to this idea frequently throughout my analysis. 

Fit, belonging, and social relationships. All of the topics in this section relate to 

students’ perceptions of fit or belonging in AP. In total, I reviewed four topics as related 

to this overall theme: (1) prospective fit and rigor; (2) affective belonging; (3) cognitive 

belonging; and (4) social support. 

Prospective fit and rigor (Topic 1). Students whose responses scored highly on 

this topic frequently wrote directly or indirectly about fit in AP. For instance, one student 

wrote about their hesitance to take AP because of their worries about performance and fit: 

“When I decided that I was gonna take AP classes, I was unsure how I was 
gonna fit in and do in the class. To my surprise, everyone was really nice and 
included me in projects and I did very well in that class. I recommend for 
everyone to take the classes.” 
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Table 4 

Top 10 Keywords per Topic & Representative Student Response 

Descriptive 
Name 

Top 10  
Keywords 

Illustrative  
Response(s) 

Topic 1:  
Prospective fit and 
rigor  

work lot friend pass nervous “When I first started AP, I was unsure of how the 
workload was going to be, but as of right now, I know 
that it's something that I can handle.” worried decide able know pass class 

Topic 2:  
Affective belonging 

feel like feel like class feel comfortable “AP is like stage fright, its scary at first. But as soon as 
you get up there and get to doing whatever your doing, 
all the fright goes away and you feel comfortable right 
where you are.” belong start smart time feel 

comfortable 

Topic 3:  
Cognitive belonging 

think like learn thing class think “When I first heard about AP classes I thought they 
would be really hard. After I walked in and saw 
everyone was older than me I was afraid I didn't have 
enough knowledge. But after time, I knew I was where 
I belonged.” 

people smart fun know want 

Topic 4: 
Social support 

help teacher ask question understand “When I started AP, I was worried that things might 
get too difficult and I wouldn't understand them. but 
with the help of others, like family, teachers, and other 
students, I was able to get through and understand the 
material. Don't be afraid to get help from other” 

know need student ask 
question ask help 

Topic 5:  
Preparing for the 
college and the future  

course student college work help “AP is still really overwhelming to me, but slowly I'm 
adjusting to it. Overall, I know AP will benefit me in 
the future for college and I'll be proud of myself for 
completing the challenge of taking these difficult 
classes.” 

prepare load worry work load time 

Topic 6:  
Reasons for AP  

good college grade challenge want “Don't give up on the class. Stick in there and if your 
teacher stays after school see if she will help you at all. 
AP looks really good on college applications. Also, it 
makes college a lot easier if you have college credits 
going into college. It also looks good on job 
applications.” 

difficult credit good 
grade try class good 

Topic 7:  
Note taking and exam 
preparation 

note study test learn read “Before AP, I didn't need to take notes often and rarely 
needed to study. Now I have to take notes all the time 
and cannot take any test or quiz without studying. I 
find it helpful always to try to understand what is 
going on, because if you don't understand it fully, you 
will be left behind.” 

teacher pay help write need 

Topic 8:  
Time management, 
and habit formation  

time skill study good time 
management “When I first started AP I did not know the proper 

skills of studying or time management. Now that I am 
in AP classes I need to use these skills to do better in 
my classes. The new skills and strategies that now help 
me include studying before the exam and taking better 
notes during class.” 

learn need habit help management 

Topic 9:  
Time pressure and 
workload 

time work homework manage manage time “At first taking an AP class can be pretty challenging. 
It takes a lot of time out of your day and you have to 
make sure you use your time wisely” lot learn finish hour wisely 

Topic 10:  
Hard work and 
working hard 

hard work know  class hard work hard “As of right know the AP class I'm taking is hard, but 
with hard work and determination I know I will do 
better” class 

know hard 
work try student hard class 

Topic 11:  
Experienced AP 
challenges 

start start 
class test homework easy “I am a freshman right now a I have started my AP 

class with a C. Because of this I am determined to 
bring my grade up and focus. Slowly I am bringing my 
grade up on my first test I got an F then brought it up 
to a B with test corrections. Recently I got a C on this 
test and I feel a little bit better so I am really trying to 
get at least a B by the end of the class.” 

study realize time grade little 

Topic 12:  
Chronological 
elements 

year school high high 
school sophomore “I have always wanted to take AP, but felt I wasn't 

prepared sophomore year. I pushed my boundaries and 
decided to take two junior year. Although they are 
very challenging, I feel as if I have dramatically grown 
as a student and become part of the AP community” honor regular freshman junior regular class 

 
Note. Keywords are listed from left to right according to strength of association. 
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Indeed, the idea of fit was often described by students in reference to concerns about 

coursework. For this reason, I identified fit discussed in terms of the coursework in AP as 

central to this topic. Often this took on the form of concerns related to the intensity and 

volume of the workload in AP. The associated response in Table 4 demonstrated this idea 

in a straightforward manner: 

 “When I first started AP, I was unsure of how the workload was going to be…”   

Responses generally describing students’ belief and motivations associated with their 

decision to begin in AP also scored highly on this topic. For example, one student wrote: 

“When I decided to take AP class I was excited because it would help me to 
major in music.” 

This student’s response also indirectly addresses the topic of fit. Their future goal of 

becoming a music major seemed to be in-line with how they viewed the purpose of AP. 

Affective belonging (Topic 2). Primary keywords such as “feel”, “like”, 

“comfortable”, and “belong” are suggestive of the affective component to belonging that 

distinguished this topic. Consider the way this student expressed their experiences: 

“To be completely honest, AP classes scared me a lot. I felt intimidated by the 
seniors whom had previously taken AP classes and the other students whom 
understood the context of everything. While, I still do feel intimidated at some 
times I feel more comfortable speaking to other classmates whom feel the same 
way as I do.” 

While they described initially feeling like an outsider in AP, they wrote about coming to 

feel comfortable in time as they learned that their concerns were normal. Of note, this 

response is representative of the theme from the belonging intervention materials.   

That said, a number of students also wrote about unresolved challenges to their 

sense of belonging in AP. For example, one student expressed this sentiment directly 

when they said: 

“I still don't feel comfortable or smart enough for my AP classes.” 
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Unfortunately, some students wrote about lingering threats to their belonging. In the 

following response, one student explicitly described experiencing a kind of 

discrimination that may be important especially relevant to the AP context: 

“I feel that AP classes discriminate smart kids from less smart kids.” 

Cognitive belonging (Topic 3). Where the prior topic seemed to capture students’ 

emotions about belonging, Topic 3 appeared to provide the cognitive compliment, with 

“think” being its most strongly associated keyword. Beliefs and cognitions about fit were 

heavily featured in the responses scoring highly on this topic. For example, a student 

commented: 

 “Although I knew many people that had taken AP class before, it was daunting 
for me to think about the possible struggles and difficulties that would occur. I 
thought the AP classes were in an entirely different world, and that the class was 
entirely different. After taking multiple AP classes, I realize it is the same style 
and structure as normal classes, only it moves a little faster. Now I think of AP 
classes as just another class, rather than something entirely different.” 

Like many of the responses that scored highly in affective belonging, this response was 

also suggestive of the intervention message. However, the distinction between the two 

responses lied in the emphasis on thought over feeling. While students writing about 

affective belonging “felt” like they might not belong, this student said that challenges in 

AP were “daunting for me to think about.” Moreover, they described their concerns as 

being resolved in a thought-based manner through a “realization.” Likewise, another 

student provided explicit advice about managing distressing cognitions related to AP: 

“Don't give up just because you think you don't think you fit in or you can't do it. 
Don't ever bring yourself down by the negative thoughts that are roaming 
through your mind. Just keep your chin up and keep on moving.” 

Social support (Topic 4). This topic focused on different aspects of social 

support, for example, social support seeking behaviors. One student described how they 
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were able to cope with AP due to having social support from a number of important 

sources: 

“When I started AP, I was worried that things might get too difficult and I 
wouldn't understand them. but with the help of others, like family, teachers, and 
other students, I was able to get through and understand the material. Don't be 
afraid to get help from others.” 

Many of the responses scoring highly on this topic mentioned asking for help or 

referenced the importance of asking questions. Often this took on the form of 

encouragement, with students advising others to know when to ask for help and to “not 

be afraid” to do so. While some responses discussed how they managed to overcome that 

fear in time, other students described an ongoing worry:  

“I really need help but I'm afraid to ask people for help. If I ask the students 
around me for help they might think I'm dumb and they might not help me next 
time. If I ask the teacher for help she might get annoyed and I don't want that. I 
don't know what to do because this is my first time taking an AP class and I'm 
already failing.” 

In keeping with the message of the intervention, realizing that others share you interests, 

and fears may be one way to overcome or manage that struggle: 

“It was very scary taking AP at first, but then as I got into it, it seemed way 
easier knowing that I had friends and classmates who shared the same interests 
with me who could help me. There really isn't anything to fear besides fear itself 
in AP.” 

Perceived benefits of AP. Writers focusing on topics within this theme 

commonly refer to different ways they think AP will benefit them. This could either be 

about more abstract long-term benefits or about more tangible and immediately realizable 

outcomes. Within this theme are the following two topics: (1) preparing for college and 

the future; and (2) reasons for AP. 

Preparing for college and the future (Topic 5). In their responses, students often 

wrote about how overcoming the challenges associated with AP would “pay off” in the 



 27 

future. Like the following student described, this was especially true in relation to 

college-oriented goals: 

“I am struggling but getting there and I have learned many things, to prepare me 
for college I believe it is worth it” 

While the focus on college preparation was widespread, other students wrote about other 

possible benefits. For example, the following student described how they believe the 

knowledge they learn in AP will be invaluable later in life: 

“An AP class can be intimidating at first, although the positive aspects of the 
class definitely outweigh the negative aspects. They can set you up for college 
and provide you with valuable information that will last a lifetime. Even though 
you may feel that you are unprepared for the work load, give it your best and you 
will see a positive outcome” 

In their response, one student captured the essence of this theme when, without naming 

one particular benefit, they said they think AP will “become worth it:” 

“Ap may seem scary at first and the work load may seem daunting, but it will get 
easier. The work load will become worth it.” 

All three of the responses quoted here also evoke the treatment message. That is, they 

describe how the transition to AP felt scary and that those feelings diminished with time.  

Reasons for AP (Topic 6). Responses that scored highly on this topic were similar 

to those within the previous topic however, they tended to focus on more tangible 

benefits. For example, one student described the desire to obtain college credit:  

“To be honest, I am just taking AP classes to get the college credit. It looks good 
when applying to colleges, so that is my overall purpose.” 

Likewise, another student shared their belief that AP courses would make them a more 

competitive college applicant: 

“AP classes look very good on college applications and help you get excepted 
into big colleges” 

In terms of how their applications would be improved by AP, students often cited 

that they thought it would increase their GPA and that they would earn college credit 
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from their end of course AP exams. While the prior two responses focused on extrinsic 

goals, students also wrote about intrinsic goals associated with AP: 

"I'm taking AP art because I enjoy art, not because I'm concerned about college. 
Take an AP class only if you're interested in the subject. It's not worth the stress” 

 I selected the label, reasons for AP, to reflect the heterogeneity in the kinds of goals and 

motivations students wrote about. One student response clearly illustrated the potential 

for the perceived extrinsic and intrinsic benefits of AP to be mutually reinforcing: 

“I didn't have much time to adapt, but I mainly joined ap classes for the GPA 
grade bump, as well as it looking good on college applications. As well as the 
fact that I want to be challenged and expand my horizons.” 

Study skills and time management. The next overarching theme included three 

topics which focused on “time” and the habits and skills crucial to success in AP: (1) note 

taking and exam preparation; (2) time management and habit formation; and (3) time 

pressure and workload. 

Note taking and exam preparation (Topic 7). Responses that scored highly on 

this topic emphasized the importance of taking clear and concise notes:  

“…You should take lots of notes and study as homework so when a test comes up 
you’ll be ready, I'll be sure to do that too. Make sure your notes are easy to 
understand because sometimes you’ll write them down but won’t know what they 
actually mean...” 

The importance of quality note-taking was commonly linked to ensuring one is 

adequately prepared for exams. Other students shifted their focus from the reasons to take 

good notes to talk more about the note-taking process itself: 

“Before AP classes, I seldom studied my notes after taking them. Now after 
taking my notes I use the 10:24:7 strategy my teacher taught me. A day after 
taking the notes take ten minutes to look over them. A week after taking notes, do 
the same. Personally, I found this very effective.” 

Writers focusing on this topic also described how AP required changing old habits and 

adaption in the form of learning new skills. This may have been implicitly, like in the 

first response, or explicitly as in the second response in this section. For instance, 
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responses that scored highly on this topic often emphasized that paying attention in class 

was crucial to success. The following response illustrated each of the ideas I saw as 

central to this topic: 

“When taking an AP class, the most important thing is to pay attention. Zoning 
out can result in not hearing about an assignment or something equally 
important. Before AP, I didn't study at all. I mostly just used what I remembered 
on tests. Now, I study for tests. I take copious notes and always study before any 
exam.” 

Time management and habit formation (Topic 8). In comparing responses that 

scored highly on this topic, I found that the primary key words were particularly effective 

descriptors. “Study skills”, “time management”, and “habit” spoke to the core idea 

expressed in many of the responses. Students routinely stressed that having good time 

management skills was non-negotiable for success in AP: 

“The most important thing you need to develop is your time management. 
Establish a personal schedule that will organize your time. Prioritizing your 
classes and assignments is also important. AP assignments tend to take more 
time to finish so you should begin with that.” 

Like the previous student, many described important traits crucial to success in AP. One 

of those traits is demonstrated by the following response:  

“When I took my first AP class I realized that it is not as important to already 
have the skills needed to succeed, it is more important that you're able to adapt 
to the new environment and find study habits and note taking skills that work for 
you. If you come into Ap classes with a closed mind you wont do well” 

This student wrote about a flexibility that evokes comparison to growth mindset. Like 

other writers focusing on this topic, they emphasized that one can learn the necessary 

skills and habits over time, if one does not have a “closed mind.” 

Time pressure and workload (Topic 9). Like the prior topic, “time” was a 

primary keyword for the current topic. In this case however, the tone and emphasis were 

qualitatively different. For example, consider the way one student described their 

frustration with an ostensibly ceaseless AP workload: 
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“I was worried with the time consuming when taking ap classes, all the extra 
work and no time for yourself. I can manage my time well but I just cant handle 
constant work everyday” 

Similar kinds of concerns were echoed by the students whose responses scored highly on 

this topic. Other primary keywords to include “finish”, “lot,” and “homework,” appeared 

to reflect this concern. 

Time management skills exist in constant tension with time pressures. The 

responses scoring highly on this topic wrote about that tension. Often students chose to 

focus on perceptions about the onerousness of the coursework in AP. Like in the prior 

topic, some students emphasized the importance of good time-management if one is 

overcome that stressor: 

“At first taking an AP class can be pretty challenging. It takes a lot of time out of 
your day and you have to make sure you use your time wisely.” 

Ostensibly, this student seemed to imply that the burden lessens with time. The tone is 

the core feature that distinguishes responses that score highly on this topic and from the 

responses from the time-management and habit formation topic. 

 Additional topics. The remaining three topics did not neatly fit into any 

particular theme and so were grouped together. Those topics include: (1) hard work and 

working hard; (2) experienced AP challenges; and (3) chronological elements. 

Hard work and working hard (Topic 10). Many of the responses that scored 

highly on this topic featured the primary keyword “hard.” In some of the responses, the 

emphasis was placed on individual effort. For example, one student advised that working 

hard and believing in oneself would make it possible to overcome the challenge of AP: 

“If you work hard you can succeeded [sic], and the more you believe in yourself 
you can do anything. it mey [sic] seem hard but you can get through it” 

 Other responses focused on the writers’ perceptions about the relative “hardness” of AP 

itself. The following response described AP as “hard and intimidating” but echoed the 
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belief I found in other responses scoring highly on this topic, namely that working hard is 

crucial to success: 

 “AP classes were really hard and intimidating but after a while I got used to the 
way they work. Sometimes it is still very challenging but when you work hard to 
understand the material [sic] it can benefit you in the long run” 

However, some students also wrote about how AP was not particularly challenge for 

them, which can be seen in the following response: 

“Dear student, Ap classes, in my opinion, are not that hard. It just takes a little 
bit of effort. As long as you are willing to put in the work and not be scared to 
raise your hand or speak in front of the class you will be fine.” 

Each of the previous two student responses referenced the importance of hard work in 

AP, however the second one balanced this by acknowledging both factors addressed in 

this category. 

Experienced AP challenges (Topic 11). Upon first glance, it was difficult to find 

a label that united the different keywords and highly scoring responses on this topic. The 

responses that scored highly spanned a broad range of themes, many reminiscent of 

previously discussed topics. Students described (a) challenges adapting to the new 

workload in AP, (b) feeling scared at first but finding their place, and (c) suggestions for 

smoothing the transition, to include study skills tips. However, I did note common 

underlying ideas that seemed to link the students’ responses together. First, like the 

following student, many wrote about a specific experience of receiving a low grade: 

“…I am bringing my grade up on my first test I got an F then brought it up to a B 
with test corrections. Recently I got a C on this test and I feel a little bit better so 
I am really trying to get at least a B by the end of the class.” 

Second, students often wrote about how they were uncertain about what to expect when 

beginning AP. What distinguished this topic can be seen in the following response 

“When I started taking an ap class I wanst sure what I facing. when the first test 
came i failed then the seconds test came and i failed but family I started to study 
for my test and started doing better. Now I am proud of my grade.” 
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Responses scoring highly on this topic tended to feature a narrative arc, one that was 

reflective in nature. Writers often talked about an initial challenge, like receiving a poor 

grade, that was resolved in time: either for better or for worse. Some students were able 

to “turn things around” while others wrote about ongoing difficult. 

 Chronological elements (Topic 12).  Chronological elements were abundant in 

the responses that scored highly on this topic. For example, “year,” “sophomore,” and 

“junior” were a few of the primary key words. Even more so than the previous topic, this 

one captured a number of different experiences and ideas related to AP. Across many 

responses however, there appeared to be an element of time: 

“I decided to take my first AP class sophomore year because I wanted to 
challenge myself and I knew regular English wouldn't do that for me. I took 
"honors" freshman year and sophomore year and it was pretty easy so all the 
warnings I got from the teachers about how difficult AP is didn't scare me off. AP 
English 11 is a breeze to me. If you enjoy English you will really enjoy the class, 
just make sure to do homework!” 

The prior response contained a number of elements that were common in the other 

responses that were scored highly on this topic. First, many of the responses began by 

setting the scene in terms of a particular year in school. This was typically in reference to 

either (a) a time when they were considering or had chosen to take AP or (b) a time or 

memory they compare to their experiences in AP. In the response above, the student 

talked about sophomore year and their first AP course, and then they compare AP to their 

earlier “honors” classes. This comparison with past honors classes seems to explain why 

“honors” is a primary keyword for this topic. 

Discussion 

In Study 1A, I observed that many of the twelve topics that were discussed 

clustered together into themes ostensibly associated with either the belonging treatment 

conditions or the study skills control condition. While reviewing the highly scoring 
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responses across those topics, I saw key elements of the corresponding condition message 

being recapitulated by the students. Some students wrote about how different kinds of 

fears and concerns about belonging were resolved with time (consistent with the 

belonging treatment messages), while others wrote about how they learned the skills 

needed to succeed as the semester progressed (consistent with the control condition 

message). However, not all students felt that their concerns about AP were fully resolved. 

A number of students wrote about how they saw themselves as not being “smart enough” 

both to fit-in socially within AP and to handle the associated course load.  

Students also wrote in terms of both their motivations for persisting through the 

transition to AP and the resources and strategies that helped them do so. In this way, 

students might both be reinforcing for themselves the value of AP and rehearsing how to 

achieve goals relevant to AP. Prior research suggests that both of these could improve 

motivation and subsequent success (Sheeran, 2002; Wigfield & Eccles, 2000) 

Finally, one important caveat I want to emphasize is that other qualitative 

interpretations of the topics are entirely possible. In addition, my labels and 

interpretations should not be seen as entirely interchangeable with the topic itself; the 

numeric representation strictly defines each topic. In essence, I am further reducing the 

set of topics to concise human interpretable dimensions, which necessarily does not 

capture the complete topic structure.  
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STUDY 1B: PREDICTING DIFFERENCES IN THE CONTENT OF STUDENTS’ 
RESPONSES TO A SOCIAL-BELONGING INTERVENTION 

 
 
 In Study 1A I examined “what” students wrote about when completing the 

intervention from a qualitative perspective. In Study 1B, I shift my focus to 

understanding the topics from a quantitative point of view; my focus in this study is on 

testing potential predictors of topic scores. This will contribute to our understanding of 

“who” writes about each topic as well as “when” students are more likely to write about a 

topic. 

In my qualitative analysis I observed a number of topics that were evocative of 

either the study skills control condition or the belonging treatment conditions. However, 

other topics did not obviously align with either condition. The goal of present section 

then is to test my hypotheses about the topics I believed clustered into condition specific 

themes and to learn more about which condition(s) prompted students to write about the 

topic whose alignment with condition was more tenuous. Specifically, I expected topics 

from the fit, belonging, and social relationships theme to be written about more 

frequently in the belonging treatment conditions. In addition, I expected that response 

from students in the study skills control condition would write more frequently about 

topics in the study skills and time-management theme. 

Next, I investigate the extent to which key the important identities of race and 

socioeconomic status are predictive of how much students wrote about a particular topic, 

within a given condition. If you recall from Study 1A, students wrote about a number of 

structural and psychological concerns related to the transition to AP. When 

conceptualized in terms of implicit questions about belonging (Walton & Brady, 2017), 

one might expect that important identity characteristics are related to the kinds of worries 
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a particular student might choose to write about. In keeping with the social-belonging 

intervention literature I focus on the identity characteristics of race and socioeconomic 

status (social class) (Yeager et al., 2016; Walton & Cohen, 2007).  

Does experimental condition predict how much students write about each topic? 

First, I investigated whether or not experimental condition was a predictor of 

topic score. 

Analytic method. In total, I used twelve separate logistic regressions, one per 

topic, where condition was regressed on the particular topic weight. Because the topic 

weights were continuous probability outcomes with highly skewed distributions, each 

logistic model was fit assuming a quasibinomial distribution2. I also considered using 

logistic regression fit to a beta distribution (Ferrari & Cribari-Neto, 2004). The results 

were substantively similar; however, the model fits were worse. 

Model coefficient interpretation. In the case of a continuous probability outcome, 

the odds ratio represents the magnitude of the proportional difference in the outcome 

between the model term and the reference group. For instance, if the model estimates that 

the average response in the study skills control condition is 10% about time pressure, 

whereas in the college stories condition it is 18.6% about time pressure, the odds ratio 

would be 1.86. This would indicate that responses in the college stories treatment 

                                                

2 In a typical binomial distribution, the variance is assumed to be directly proportional to the mean. 

Quasibinomial distributions relax this assumption by adjusting the dispersion coefficient τ, which is 

assumed to be 1 in a binomial distribution. Since the data displayed less variance than would be seen in a 

normal binomial distribution, a phenomenon known as under dispersion, allowing τ to be < 1 provided a 

better fit.  
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condition contain 1.86 times more writing about time pressure relative to the study skills 

control condition. 

Fit, belonging, and social relationships. In line with my expectation, Figure 1 

shows that each of the four topics in the fit, belonging, and social relationships theme all 

had higher odds of being written about in the two belonging treatment conditions; 

however, there was variability in the strength of their associations. Both prospective fit 

and rigor and affective belonging were more strongly associated with the two treatment 

conditions. On the other hand, cognitive belonging and social support appear relatively 

more frequently in student responses from the study skills control condition.  

Perceived benefits of AP. Preparing for college and the future and reason for 

AP, were also more likely to be written about in the two treatment conditions. I did not 

have firm expectations about how these two topics would align with each condition. 

However, because “college” was a primary keyword in each topic, there was reason to 

anticipate that they would be associated with the college stories treatment condition. 

Study skills and time management. In keeping with my prediction, each of the 

three topics in the study skills and time-management theme all had higher odds of being 

written about in the study skills control condition. Similar to what I observed with the fit, 

belonging, and social relationships theme, there was notable variability in the strength of 

those associations with their presumptive condition. From looking at Figure 1 one can see 

that note taking and exam preparation and time management and habit formation were 

more strongly associated with study skills control condition, while time pressure and 

workload was more weakly associated. 



 37 

 

 

Figure 1. Odds ratios for each belonging treatment condition, relative to the study 

skills control condition, for each topic. 
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 Additional topics. For the three topics in the additional topics theme, I did not 

have expectations about their association with any condition. From Figure 1 one can see 

that hard work and working hard as well as chronological elements were each associated 

with the belonging treatment conditions. Of note, the strength of those associations is 

similar to two of the topics from the fit, belonging, and social relationships. Experienced 

AP challenges had the weakest association with any condition, however, the odds of it 

being written about were slightly higher in study skills control condition. 

How do demographic factors influence what students write about within the 

different conditions? 

In this section, I tested my hypothesis that students’ race and socioeconomic 

status would be predictive of how much they wrote about a given topic, within a given 

experimental condition. Figures 2, 3, and 4 - one per condition -present summaries of 

these results. They are broken down by the eight subgroups of students formed by 

disaggregating race (4) by socioeconomic status (2). 

Analytic method. In total, I used twelve separate logistic regressions, one per 

topic. Like in the previous section, I fit the models to a quasibinomial distribution. In 

each model, the particular topic weight was regressed on condition, race, socioeconomic 

status, as well as all of the possible two-way and three-way interactions between those 

terms. The statistical results that are presented below are from effect contrasts wherein 

one sub-group of students is compared against all other students within their assigned 

condition. 

Demographic moderators. I considered race and socioeconomic status as 

potential moderators. SES was coded in an identical way to the companion study (higher-

income = 0; lower-income = 1). Race was dummy coded into four mutually exclusive 
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categories (1 = Identifies as that race; 0 = Does not identify as that race): Asian, Black, 

Hispanic, and White. Students were considered to be lower-income if they qualified for 

the free or reduced-price lunch program and higher-income otherwise. 

 White students. When compared to all other students in the study skills control 

condition, higher-income White students wrote 1.24 times less about cognitive belonging 

(OR = 0.86, 95% CI = [0.75, 0.98], Z = -2.191, p = .028) and 1.25 times more about 

chronological elements (OR = 1.25, 95% CI = [1.05, 1.48], Z = 2.562, p = .01). They also 

wrote 1.14 times more about time pressure and workload (OR = 1.14, 95% CI = [1, 

1.31], Z = 1.934, p = .053). In the high school stories treatment condition, those same 

students wrote 1.21 times less about affective belonging (OR = 0.83, 95% CI = [0.73, 

0.94], Z = -2.824, p = .005). Overall for higher-income White students, the college stories 

treatment condition was where the most differences were observed. They wrote 1.16 

times less about affective belonging (OR = 0.86, 95% CI = [0.76, 0.99], Z = -2.17, p = 

.030) and 1.19 times less about social support (OR = 0.84, 95% CI = [0.73, 0.98], Z = -

2.17, p = .022). Contrastingly, they wrote 1.24 times more about experienced AP 

challenges (OR = 1.24, 95% CI = [1.08, 1.43], Z = 2.963, p = .003). Higher-income 

White students also wrote differently about both topics associated with time- 

management. While they wrote 1.25 times less about time pressure & workload (OR = 

0.8, 95% CI = [0.69, 0.93], Z = -2.944, p = .003), they wrote 1.26 times more about time 

management and habit formation (OR = 1.26, 95% CI = [1.05, 1.52], Z = 2.459, p = 

.014).  

 Differences for lower-income White students were observed across all three 

conditions. In the study skills control condition, they wrote 1.42 times less about  
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Figure 2. Study skills control condition topic distributions by race and SES. 
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Figure 3. High school stories treatment condition topic distributions by race and SES. 
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Figure 4. College stories treatment condition topic distributions by race and SES. 
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time management and habit formation (OR = 0.71, 95% CI = [0.56, 0.89], Z = -2.896, p = 

.004). In addition, lower-income White students in the high school stories condition 

wrote 1.49 times less about time pressure and workload (OR = 0.67, 95% CI = [0.49, 

0.9], Z = -2.617, p = .009) but 1.42 times more about cognitive belonging (OR = 1.42, 

95% CI = [1.17, 1.73], Z = 3.499, p < .001). Finally, like their higher-income same-raced 

peers, lower-income White students in the college stories treatment condition wrote more 

about experienced AP challenges (OR = 1.33, 95% CI = [1.05, 1.70], Z = 2.336, p = 

.019). 

Hispanic students. Higher-income Hispanic students in the study skills control 

condition wrote 1.42 times more about prospective fit and rigor (OR = 1.42, 95% CI = 

[1.15, 1.74], Z = 3.302, p = .001) and 1.39 times more about chronological elements (OR 

= 1.39, 95% CI = [1.13, 1.71], Z = 3.081, p = .002). In contrast, they wrote 1.22 times 

less about cognitive belonging (OR = 0.82, 95% CI = [0.68, 1], Z = -2.003, p = .045). For 

higher-income Hispanic students, there were no observed differences in the amount they 

wrote about a given topic compared to other students in both the high school stories 

treatment condition and the college stories treatment condition. 

In opposition to their higher-income same race peers, lower-income Hispanic 

students wrote differently about at-least one topic in all three experimental conditions. In 

the study skills control condition, they wrote 1.25 times more about social support (OR = 

1.25, 95% CI = [1.22, 3.25], Z = 2.754, p = .006) and 1.22 times less about preparing for 

college and the future (OR = 0.82, 95% CI = [0.68, 1], Z = -1.961, p = .05). In addition, 

lower-income Hispanic students wrote 1.22 times less about time management and habit 

formation (OR = 0.82, 95% CI = [0.71, 0.94], Z = -2.823, p = .005) however, they also 

wrote 1.16 times more about the other time-centric topic nested in the study skills and 
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time management theme: time pressure & workload (OR = 1.16, 95% CI = [1.01, 1.35], Z 

= 2.020,  p = .043).  In both the high school stories treatment condition and the college 

stories treatment condition, lower-income Hispanic students wrote more about affective 

belonging (high school stories: OR = 1.24, 95% CI = [1.08, 1.41], Z = 3.142, p = .002; 

college stories: OR = 1.32, 95% CI = [1.15, 1.51], Z = 3.997, p < .001). Additionally, 

when compared to the rest of their peers in the college stories treatment condition, they 

wrote 1.22 times less about preparing for college and the future (OR = 0.82, 95% CI = 

[0.71, 0.94], Z = -2.744, p = .006). 

Black students. Similar to higher-income Hispanic students, all of the observed 

differences for higher-income Black students occurred in the study skills control 

condition. Specifically, within that condition, they wrote 1.45 times more about cognitive 

belonging (OR = 1.45, 95% CI = [1.04, 2.01], Z = 2.185, p = .029) and 1.91 times more 

about preparing for college and the future (OR = 1.91, 95% CI = [1.34, 2.73], Z = 3.547, 

p < .001). Likewise, there were no observable differences for lower-income Black 

students in either of the belonging treatment conditions. However, they did write 1.99 

times more about affective belonging when compared to their peers in the study skills 

control condition (OR = 1.99, 95% CI = [1.22, 3.25], Z = 2.754, p = .006). 

Differences for Asian students. In the study skills control condition, higher-

income Asian students wrote 1.30 times more about time management and habit 

formation (OR = 1.30, 95% CI = [1.12, 1.50], Z = 3.496, p < .001) and 1.25 times more 

about chronological elements (OR = 1.25, 95% CI = [1.01, 1.54], Z = 2.094, p = .036). In 

comparison, they wrote 1.24 times less about cognitive belonging (OR = 0.81, 95% CI = 

[0.67, 0.97], Z = -2.282, p = .023) and 1.30 times less about reasons for AP (OR = 0.77, 

95% CI = [0.63, 0.94], Z = -2.511, p = .012). Like observed earlier in the control 
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condition, higher-income Asian students in both belonging treatment conditions tended to 

write more about time management and habit formation (high school stories: OR = 1.38, 

95% CI = [1.11, 1.72], Z = 2.948, p = .003; college stories: OR = 1.43, 95% CI = [1.13, 

1.81], Z = 2.982, p = .003). What’s more, in the college stories treatment condition, they 

also wrote 1.21 times more about preparing for college and the future (OR = 1.21, 95% 

CI = [1.03, 1.42], Z = 2.315, p = .021). In contrast, they wrote less about both prospective 

fit and rigor (OR = 0.80, 95% CI = [0.66, 0.97], Z = -2.266, p = .024) and reasons for AP 

(OR = 0.77, 95% CI = [0.62, 0.94], Z = -2.514, p = .012). 

Lower-income Asian students also wrote more about time management and habit 

formation in the study skills control condition (OR = 1.52, 95% CI = [1.22, 1.91], Z = 

3.691, p < .001). In addition, they wrote 1.37 times less about cognitive belonging (OR = 

0.73, 95% CI = [0.55, 0.98], Z = -2.127, p = .033) in the high school stories treatment 

condition. Unlike their higher-income same race peers, lower-income Asian students did 

not write differently about any topic in the college stories treatment condition. 

Discussion 

In keeping with my predictions, all of the topics I assigned to the two condition 

specific themes were written about more frequently in the presumed condition. However, 

there was meaningful within-theme variability. For example, the odds of writing about 

cognitive belong in the study skills control condition were much higher than those of 

writing about affective belonging. This finding may be reflective of the fact that cognitive 

belonging is a blended topic, one where psychological threat and performance are 

enmeshed with one another. Additional implications of these findings are discussed in the 

final paragraph of this section. 
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The results from my person level analyses can be understood from a number of 

potentially overlapping perspectives. One can discuss them in terms of the eight 

individual subgroups, for example, by noting that one or more effects were found in at-

least one condition for every subgroup. However, one can also consider the results at the 

aggregate level in terms of relevant theory-driven groups. From past research, we know 

that lower-income and underrepresented racial minority (URM) students are more likely 

to experience threats to belonging (Yeager et al., 2016, Stephens et al., 2012; Walton & 

Cohen, 2007). From this perspective, consider that in every instance where a subgroup of 

students wrote more about a topic in the fit, belonging, and social relationships theme, 

they identified as either lower-income, URM – in this instance to mean Black or Hispanic 

– or both. In contrast, in every instance where a subgroup of students wrote less about a 

topic from that same theme, they were either higher-income White or Asian identifying. 

This suggests that – at the group level - writing more about belonging-related topics may 

be predictive of group-level threats. It is worth noting that this is not “obviously” the 

case, though it appears to fit with intuition. It could be the case that having a higher sense 

of belonging would make one more likely to write about and share related experiences. 

Lastly, the results can be considered in terms of between-condition differences. 

From this perspective, there is one especially salient finding. There were as many 

observed subgroup level differences in the study skills control condition (20) as there 

were in the two belonging treatment conditions combined. Likewise, there were 

approximately twice as many differences in the college stories treatment condition (13) 

when compared to the high school stories treatment condition (7). One possible 

explanation for this pattern of findings is that subgroup level differences indicate 

variability in what students perceive to be the relevant message of the condition. For 
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example, higher-income Black students in the study skills control condition – who wrote 

more about prospective fit and rigor – may have perceived belonging related elements 

when reading the materials. In this way, the number of subgroup level differences may 

reflect a level of precision in the condition message. Likewise, the introduction of a 

“college” element in the college stories treatment condition may have led to variability in 

what students decided to respond to when writing.  

However, it is also possible that students experiencing belonging threats may have 

written more about them in the study skills exercise, even if they did not perceive the 

materials differently. In this case, they may have spontaneously written about their most 

salient experiences in AP, and in the two treatment conditions, those experiences were 

more in-line with what other students decided to write about. This may explain why there 

were less subgroup level differences in the two treatment conditions. Future work should 

investigate these possibilities by comparing my findings to classic manipulation checks 

that ask students explicitly what they perceive to be the message in each condition. 

  



 48 

STUDY 1C: PREDICTING ACADEMIC OUTCOMES FROM THE CONTENT 
OF STUDENTS’ RESPONSES TO A SOCIAL-BELONGING INTERVENTION 

 
  

In Study 1A I used topic modeling to understand the content of students’ 

responses to a social-belonging intervention from a qualitative perspective; in total I 

presented twelve distinct topics that represented that content. Study 1B extended  

understanding of those topics from a quantitative point of view. In that study, I focused 

on predictors of how much students wrote about a particular topic, namely: experimental 

condition, race, and socioeconomic status. In this study, I investigate the predictive power 

of the individual topics. Specifically, I test whether or not how much students wrote 

about a particular topic across different conditions is predictive of their scores on end of 

course AP exams. 

Method 

 Analytic plan. I tested my hypotheses using mixed-effects multilevel ordinal 

logistic regression. The models were fit with the ordinal package in R. For each topic, I 

fit two three-level models whose general specification was follows: level-1 represented 

exam-level effects; level-2 represented student-level effects; and level-3 represented 

school-level effects. First, in my main-effects model, I include all of the person and exam 

level controls, as well as the condition and topic. Next, I fit a model including the 

interactions between two of the level-2 terms: experimental condition and the individual 

topic weights. Because the topic scores are not pairwise independent, I ran a series of 

such analyses and only included terms associated with one topic per model. In addition to 

the hypothesis relevant terms, I included controls at level-1 and level-2. Level-1 or exam-

level control variables included the school-year the AP exam was taken (2016 or 2017) 

and the subject-area of that exam (i.e. Math & Computer Science). Level-2 or student-
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level control variables include students’ race and socioeconomic status. Due to the 3-

level structure of the model, the fixed-effect regression coefficients are interpreted in 

terms of the conditional unobserved school and person level characteristics. In other 

words, the effects apply for similar students attending similar schools. Finally, the topic 

score variables were linearly transformed to make interpretation of the odds ratios and 

confidence intervals more straightforward; each topic score was multiplied by 10 so that 

a 1-unit change corresponds to writing 10% more about a given topic. This 

transformation did not affect tests of statistical significance. 

 Exam-level controls. In total, two exam-level (level-1) categorical variables were 

included as controls: the year the exam was taken and the exams subject subject-area. 

Exam year indicates whether the exam was taken during the 2016 or the 2017 school-year 

(0 = 2016-school year; 1 = 2017 school-year). Subject-area was dummy-coded into five 

mutually exclusive categories according to the official categorization provided by the 

College Board and given as follows (College Board, 2020; 1 = Exam is in given subject 

area; 0 = Exam is not in given subject area): English, History and Social Sciences, Math 

& Computer Science, Sciences, and World Languages and Cultures. 

 Person-level controls. In total four categorical demographic variables were used 

as controls at level-2: race, socioeconomic status, sex, and grade-level. Race was dummy 

coded into four mutually exclusive categories (1 = Identifies with that race; 0 = Does not 

identify with that race): Asian, Black, Hispanic, and White. Likewise, grade-level was 

also dummy coded into four mutually exclusive categories: Freshman (9th grade), 

Sophomore (10th grade), Junior (11th grade), and Senior (12th grade). For race, the 

reference level was White because it numerically had the highest percentage, and for 

grade-level the reference level was freshman (9th grade) to be consistent with the natural 
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ordering. Sex (1 = Male; 0 = Female) and socioeconomic status (1 = Lower-income, 0 = 

Higher-income) were binary coded. 

 Academic achievement.  AP exam scores were used to measure academic 

achievement. AP exams, which are administered by the College Board (College Board, 

2020) at the end of the course, are scored on a scale from 1 to 5; higher numbers indicate 

better performance. AP exam scores were provided by schools directly to Equal 

Opportunity Schools, the organization that administered the study that generated the data 

I analyze in the current work. In total I use scores from 19 different AP exams and 

excluded scores from exams with less than 100 responses. 

Can the content of students’ responses help us understand intervention effects on 

AP exam scores? 

 In this section I test my hypothesis that the amount students write about a 

particular topic in a specific condition will be predictive of students’ AP exam scores. As 

a reminder, I fit two versions of the 3-level models (see APPENDIX A:  for complete 

regression tables).  Anytime I describe a main effect, the coefficient will be the models 

that include (a) all of the exam-level and person-level controls; (b) the particular topic; 

and (c) experimental condition. The second model adds the interactions between the 

belonging treatment conditions and each topic. Finally, in the event an interaction is 

present, I analyze the simple slopes that separately describe the association between each 

condition and students AP exam scores, controlling for all other variables. In Figure 5 

and Figure 6, I present interaction plots that display those simples slopes.  

Fit, belonging, and social relationships. Main-effects models found inverse 

relationships between all four topics in this theme and students’ AP exam scores. When 

all other variables are held constant, for each 10% increase in the amount a student wrote 



 51 

about affective belonging, the odds of receiving a relatively higher score on their AP 

exam (i.e. 4 vs. 3 or 3 vs. 2) decreased by a factor of .93 (OR = 0.93, 95% CI = [0.90, 

0.97], Z = -3.43, p = .001). Likewise, writing more about cognitive belonging and social 

support were each associated with lower odds of receiving a higher AP exam score 

(cognitive belonging: OR = 0.93, 95% CI = [0.90, 0.96], Z = -4.37, p < .001; social 

support: OR = 0.94, 95% CI = [0.91, 0.98], Z = -3.00, p = .003). 

Similarly, writing more about prospective fit and rigor was associated with lower 

odds of receiving a higher AP exam score (OR = 0.92, 95% CI = [0.88, 0.96], Z = -3.47, 

p = .001), however this main-effect was qualified by a two-way interaction with the high 

school stories treatment condition (OR = 1.15, 95% CI = [1.02, 1.31], Z = 2.22, p = .027). 

Figure 5 shows that the amount students wrote about prospective fit & rigor was not 

related to their AP exam scores if and only if they were in the high school stories 

treatment condition (OR = 0.99, 95% CI = [0.92, 1.06], Z = -0.37, p = .713). On the other 

hand, there were inverse associations in both the college stories treatment condition (OR 

= 0.88, 95% CI = [0.82, 0.95], Z = -3.12, p = .002) and the study skills control condition 

(OR = 0.86, 95% CI = [0.77, 0.95], Z = -2.97, p = .003). 

Perceived benefits of AP. The main-effects model indicated the presence of 

divergent main-effects for the two topics in this theme. That is, while writing more about 

preparing for college and the future was marginally associated with higher odds of 

receiving a relatively better AP exam score (OR = 1.06, 95% CI = [1.00, 1.14], Z = 1.84, 

p = .066), writing more about academic outcomes was associated with lower odds (OR = 

0.93, 95% CI = [0.87, 0.99], Z = -2.14, p =.033).There were no interactions with 

condition noted for either of the two topics in this theme. 
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Figure 5. Simple slopes describing the relationship between each topic-condition pair 
for topics in the fit, belonging, and social relations or the perceived benefits of AP 
theme. 
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Study skills and time management. Results from the main-effects models 

indicated that writing more about time management and habit formation increased the 

odds of receiving a relatively higher AP exam score (OR = 1.10, 95% CI = [1.07, 1.14], Z 

= 5.85, p < .001). In contrast, there was no general association between the amount 

students wrote about note taking and exam preparation and time pressure and workload 

and the odds of performing better on their AP exams. However, the null finding for note 

taking and exam preparation was qualified by a two-way interaction with the high school 

stories treatment condition (OR = 0.88, 95% CI = [0.80, 0.96], Z = -2.75, p = .006). 

Figure 6 suggested three distinct patterns of association for the simple slopes; follow-up 

contrasts tests supported this conclusion. While no association was observed in the 

college stories treatment condition (OR = 0.98, 95% CI = [0.89, 1.07], Z = -0.46, p = 

.645), there were divergent simple effects noted between the remaining two conditions. 

Writing more about note taking and exam preparation was related to lower odds of 

performing better on an AP exam in the high school stories treatment condition (OR = 

0.91, 95% CI = [0.83, 0.99], Z = -2.19, p = .028) and to higher odds in the study skills 

control condition (OR = 1.04, 95% CI = [1.00, 1.07], Z = 1.88, p = .060). 

Additional topics. In main-effects models, AP exams scores were not generally 

associated with how much students wrote about hard-work and working hard or 

experienced AP challenges. However, the null finding for hard work and working hard 

was qualified by interactions with both belonging treatment conditions (high school 

stories: OR = 1.12, 95% CI = [1.02, 1.22], Z = 2.34, p = .019; college stories OR = 1.10, 

95% CI = [1.01, 1.21], Z = 2.11, p = .035). Simple slope analyses confirmed the trends 

plotted in Figure 6: writing more about hard work and working hard was not associated 
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Figure 6. Simple slopes describing the relationship between each topic-condition 
pair for topics in the study skills and time management or the “additional topics” 
theme. 
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with students’ AP exam scores in either belonging treatment condition (high school  

stories: OR = 1.02, 95% CI = [0.96, 1.08], Z = 0.68, p = .493; college stories OR = 1.01, 

95% CI = [0.95, 1.07], Z = 0.36, p = .715). In contrast, there was an inverse association 

between writing more about hard work and working hard and AP exam scores in the 

study skills control condition (OR = 0.92, 95% CI = [0.85, 0.98], Z = -2.49, p = .013). 

Likewise, the null finding related to experienced AP challenges was qualified by a two-

way interaction with the college stories treatment condition (OR = 0.88, 95% CI = [0.80, 

0.96], Z = -2.84, p = .005).In this instance, the simple slope was marginally positive for 

students in  the study skills control condition(OR = 1.05, 95% CI = [0.99, 1.12], Z = 1.64, 

p = .101) and negative for students in the college stories treatment condition (OR = 0.92, 

95% CI = [0.86, 0.99], Z = -2.34, p = .019). 

Unlike the other two topics within this theme, the main-effects models found that 

writing more about chronological elements was associated with increased odds of 

receiving a relatively higher AP exam score (OR = 1.07, 95% CI = [1.03, 1.11], Z = 3.65, 

p < .001). However, this main-effect was qualified by two-way interactions between the 

topic and each of the belonging treatment conditions (high school stories : OR = 1.09, 

95% CI = [0.99, 1.20], Z = 1.74, p = .082; college stories: OR = 1.10, 95% CI = [1.00, 

1.21], Z = 1.91, p = .056). Follow-up simple slope analyses revealed that writing more 

about chronological elements was associated with higher odds of receiving a relatively 

better AP exam score in both belonging treatment conditions (high school stories: OR = 

1.09, 95% CI = [1.03, 1.16], Z = 2.82, p = .005; college stories: OR = 1.10, 95% CI = 

[1.04, 1.17], Z = 3.10, p = .002). There was no association in the study skills control 

condition (OR = 1.00, 95% CI = [0.92, 1.08], Z = -0.01, p = .996). 
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Discussion 

 Study 1C contributed to understanding of the social-belonging intervention in at-

least two ways. First, in support of my hypothesis, I found that the content of students 

responses was predictive of academic outcomes. Beyond helping us immediately 

understand how different experiences in AP relate to performance, this finding serves as a 

source of validity for the algorithmically generated topics. In addition to main-effect 

findings, I also found evidence suggesting that, for some topics, this relationship differed 

by condition. This is important because it shows intervention effect heterogeneity at the 

topic-level, which can help us understand overall effect heterogeneity; I discuss this idea 

in greater depth in the general discussion. 

In considering specific findings, Figure 5 demonstrates one especially salient 

trend: writing more about any of the four topics in the fit, belonging, and social 

relationships theme tended to predict poorer performance on AP exams. From past 

research we know that that threats to belonging lead to poorer academic performance 

(e.g. Walton & Cohen, 2007; Brady et al., 2020).  From this perspective, it could be that 

the amount students wrote about topics in the fit, belonging, and social relationships 

theme functioned as a surrogate measure of belonging threat. This interpretation is 

strengthened by findings from Study 1B. Lower-income and URM students were the only 

subgroups of students that wrote more about any of the topics in the aforementioned 

theme. 

There were also cases were writing about a particular topic was consistently 

positively associated with students’ AP exam scores. For instance, students who wrote 

about preparing for college and the future and time management and habit formation 

tended to receive higher scores. This may indicate that writing about those topics 
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functioned as a surrogate measure of preparedness or academic motivation. In the latter 

case, this may have important practical implications. By considering the types of 

motivating reasons for taking AP, perhaps like those found in the qualitative analysis for 

preparing for college and the future, we could learn more about potential protective 

factors for at-risk students. To test this possibility, future work could examine how 

writing about preparing for college and the future interacts with writing about a topic in 

the fit, belonging, and social relationships theme.  

Another contribution of Study 1C was showing that writing more or less about a 

given topic had different relationships across experimental conditions; in other words, 

there was heterogeneity in the effects of condition that was predicted by how much 

students wrote about a given topic. While in general writing more about fit, belonging, 

and social relationships was negatively associated with students’ AP exam scores, there 

was one notable exception: no association was observed between prospective fit & rigor 

if and only if students were in the high school stories treatment condition. This pattern of 

results is suggestive of past work where the authors found that their affirmation 

intervention “untethered” minority middle-school students’ sense of belonging from their 

academic performance (Cook et al., 2012). Under that interpretation, writing more about 

prospective fit & rigor would be considered to mediate treatment effects by breaking the 

negative relationship between feelings of belonging as captured by that topic and 

academic achievement. It is also possible that prospective fit & rigor served as a 

moderator. In the general discussion, I expand on these findings. 
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GENERAL DISCUSSION 

In the present work, I sought to learn more about both the social-belonging 

intervention and the factors that determine for whom and when it will be successful. To 

accomplish my goal, I focused on analyzing the content of students open-ended responses 

to the intervention materials.  

In Study 1A, I used topic modeling to represent and to facilitate analysis of 

content. In total, I reviewed and analyzed twelve topics identified by the model. During 

this qualitative analysis, it was found that students’ responses tended to evoke important 

key themes from the message of their assigned condition. In total I found that seven of 

the topics clustered into two condition related themes: (1) fit, belonging, and social 

relationships and (2) study skills and time management. Students also wrote about other 

distinct aspects of AP, to include descriptions of structural challenges and of personal 

motivations for enrolling. 

Studies 1B and 1C were conducted to extend our understanding of the topics from 

a quantitative point of view. In Study 1B I tested predictors of each individual topic 

score. In line with my expectations, I found directionally consistent effects of condition 

for each of the topics in the two condition related themes. I also tested whether students’ 

race and socioeconomic status could predict how much they wrote about a given topic 

within a particular condition. In keeping with my general hypothesis, I found meaningful 

differences in the topic score distributions for each subgroup of students. Study 1C 

focused on understanding how writing about each topic related to academic outcomes, as 

measured by students AP exam scores. This study had two primary hypotheses: (1) what 

students wrote would relate to academic outcomes; and (2) that those relationships would 

differ by condition. In short, I found support for each hypothesis. Implications of my 
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findings in terms of understanding the social-belonging intervention and in terms of 

identifying potential sources for intervention effect heterogeneity are discussed in the 

following sections. 

Understanding Intervention Effect Heterogeneity in the Social-Belonging 

Intervention 

An important contribution from the present work is to show that what students 

wrote about when completing a social-belonging intervention can be used to help us 

understand sources of intervention-effect heterogeneity. In the discussion sections for 

Studies 1B and 1C, I focused on how the results directly contributed to that goal. In this 

section, I shift the focus to how the present work can inform future studies to that same 

end. Consider the following example. In looking at Figure 1 from Study 1B, the odds 

ratios for the two treatment conditions – relative to the study skills control condition – 

appear nearly identical across the twelve topics. When taken together with the findings 

related to prospective fit and rigor from Study 1C, this leads to a natural question: “if 

students are writing about similar things in similar amounts in each of the two treatment 

conditions, why could the effects on academic outcomes be different across conditions?” 

By considering possible answers to this question from the prospective that writing a 

certain way about prospective fit and rigor mediates treatment effects, we can begin to 

pinpoint potential sources of intervention effect heterogeneity. 

The first potential answer, one that suggests how the topic is written about could 

be a moderator, is given as follows: it could be that “seemingly slight” differences in the 

odds ratios between the two conditions at the aggregate level belie important differences 

in the distribution of topic scores at the individual level. That is, it could be that what 

individual students wrote about was not phenomenologically the same across conditions, 
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perhaps due to a number of smaller shifts in response composition at the individual topic 

level. For example, Study 1B found that many subgroups of students in the college stories 

condition tended to write more about preparing for college and the future. Because LDA 

produces topic scores that are relative, this means that they necessarily had to have lower 

scores on one or all of the other eleven topics. It could also be that rather than writing 

about prospective fit and rigor in reference to their AP courses, they wrote about 

presumptive challenges, either positively or negatively, related to college. In either case, 

it is easy to see how the responses could be imbued with a fundamentally different kind 

of psychological meaning. 

Besides potentially important differences in the total topic distribution at the 

individual level, it could also be that how the topics were written about differed by 

condition. One possibility is that the tone or valence may have differed across conditions. 

It could be the case that students in the high school stories treatment condition who wrote 

about prospective fit and rigor were more likely to echo the treatment message, and 

presumably would then have written positively overall. This may be the case if student 

perceived stories from their peers as more in-line with the idea that their belonging 

concern would go away in time. Likewise, students in the college stories condition may 

not have felt the impact of the treatment message, or may have fundamentally perceived a 

different message, because it came from a college student rather than a peer “like them” 

For students reported not feeling “smart enough” to belong in AP, it is not difficult to 

imagine that they would related concerns about college, concerns that may cause them to 

discount the treatment message when it comes from who is on at-least some level 

objectively successful in school. Therefore, they may have wrote negatively about 



 61 

prospective fit and rigor, presumably because the intervention did not convincingly argue 

that belonging concerns would fade in time for students like them. 

Though I have touched on the following idea briefly, that is who wrote about each 

topic may have differed in meaningful ways between the two conditions, it is worth 

discussing more explicitly. Study 1B found that lower-income Hispanic students were 

more likely to write about prospective fit and rigor in the high school stories treatment 

condition but not in the college stories treatment condition. This finding may suggest a 

moderated mediation model like described by Tibbetts et al., (2016). That is, writing 

about that topic mediated intervention effects, but only for some students. In the present 

work then, the particular topic would have been a moderator, while the “third variable” 

would have been identifying as a lower-income Hispanic student.  

In the next section, I discuss potential implications of these and other findings for 

customizing social-belonging intervention materials. In doing, I consider how the 

differences between the intervention materials associated with the two treatment 

conditions represent additional variables that can help us understand intervention effect 

heterogeneity. 

Customizing the Social-Belonging Intervention 

Past research suggests that customizing social-belonging interventions to address 

context-specific threats may be beneficial (i.e. Binning et al., in press). However, Walton 

& Brady (2020) suggest that how and when we should customize the materials are both 

open questions. One method they propose is a bottom-up approach. In order to build an 

understanding of the psychological context, they suggest directly asking students about 

the threats they face to their senses of belonging. The present work illustrates a related 

approach an interventionist might take, namely: analyzing responses from past 
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experiments. Qualitative analyses from the present work found examples of students 

describing different worries about belonging in AP. However, across topics, there was 

one especially salient concern: students often wrote about the implications of not feeling 

like one of the “smart kids.” For example, in a response focused on affective belonging, 

one student wrote, “I feel that AP classes discriminate smart kids from less smart kids.” 

Taken together with results from Study 1A, this suggests that customizing the social-

belonging intervention’s treatment message to address this concern could be beneficial 

for AP students. 

In the prior discussion, customization referred to adapting the social-belonging 

intervention to address context specific threats, for example, by changing the treatment 

message in some fundamental way. However, Walton & Brady (2020) also state that 

there are advantages to using mostly standardized materials.  Findings from the present 

work suggest that there may be a middle ground: altering seemingly minor details to 

make the materials more relevant, without altering the core treatment message.  

To whom the stories that students read were attributed represented the only 

difference between the two treatment conditions; in the high school stories treatment 

condition, the writers were all said to be high school aged peers, while in the college 

stories treatment condition, some were said to be current college students. The content of 

the individual stories was largely the same and was only altered to be syntactically 

consistent with the role of the speaker. And yet, across studies, I found a number of 

differences between the two conditions, more than might be expected given such a 

seemingly small alteration.  For example, I noted in the discussion for Study 1B that the 

number of student subgroup level differences in the amount written about a topic was 

nearly twice as high in the college stories treatment condition. Next, Study 1C found 
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differences across the two conditions in terms of the strength and direction of association 

for a given topic with students’ AP exam scores  

Why might a seemingly small alteration lead to such differences? One possibility 

is that students found the treatment message more relatable when it came from similarly 

aged-peers. In support of this conclusion, consider the pattern of results from Study 1C in 

Figure 5 related to social support. Though two-way interactions were not observed 

between condition and social support, the pattern of the simple slopes is nearly identical 

to that of the one for prospective fit and rigor. This may indicate that worries about social 

support were intertwined with the belonging concerns captured by prospective fit and 

rigor. In this case, hearing from similarly aged-peers that these concerns are normal and 

would diminish with time may have addressed what was essentially a “dual-threat” to 

belonging: concerns about prospective fit and rigor and social support. 

Another possibility is suggested by Study 1B: the message of the college stories 

treatment condition may have been diluted or confounded by the introduction of a new 

contextual element. In other words, it may have led students to reflect on future 

challenges and concerns in a way that did not ameliorate belonging threats within the 

current context. Under this assumption, the 7 subgroup differences found in the high 

school stories treatment condition, when compared to the 13 found in the college stories 

condition, could reflect more uniformity in how the condition message was perceived. In 

addition, consider the following pattern of results: lower-income Hispanic students wrote 

more about prospective fit and rigor and affective belonging in the college stories 

treatment condition and less about preparing for college and the future; they also wrote 

more about prospective fit and rigor in the high school stories treatment condition. While 

in each case lower-income Hispanic students wrote more about belonging related topics, 
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it may be that only the high school stories treatment condition led them to write in a way 

that helped them internalize the treatment message. Moreover, writing more about one 

topic necessarily means they must have written less about another. Therefore, the fact 

that they wrote less about preparing for college and the future in the college stories 

condition may reflect the presence of a “distracting” element in the materials that tended 

to cause other students to write less about the core theme of the intervention. 

Additional Future Directions 

Throughout, I have noted opportunities for future work, which I briefly elaborate 

on here. In each instance, I intend to use the same dataset to extend the analyses 

conducted within this work. Study 1A found students who wrote both positively and 

negatively about topics like affective belonging and social support, and it seems 

straightforward from the examples to conclude that those students were having 

fundamentally different kinds of experiences in AP. In response to this observation, I 

intend to add a numerical sentiment dimension to each response to augment the topic 

data. My hope is that this will help us understand who wrote more positively and 

negatively about what and the ways that those relationships might moderate or otherwise 

predict condition-specific treatment effects. Like I discussed prior, it could the case that a 

particular treatment condition was more likely to evoke a positively written response 

about belonging themed topics from students. 

I also intend to investigate how race and social class moderate the relationship 

between writing about a particular topic and academic outcomes. Specifically, I expect 

that writing about different topics will have different effects on academic outcomes based 

on students’ race and social class. By examining this possibility from a bottom-up data-

driven perspective, I hope to learn more about the potential of the social-belonging 
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intervention to address concerns unique to certain subgroups of students within AP. For 

instance, prior qualitative work with AP students shows that concerns related to social 

support may be especially prevalent amongst Hispanic students Bjorklund (2019). 

In this case, for those students, a custom intervention message that encourages them to 

reflect on positive sources of social support could be especially valuable. Using the 

present data source, I intend to investigate whether or not writing about social support 

mediated treatment effects specifically for Hispanic students, which would be one way to 

test that possibility.  

Limitations 

 One limitation of the present work is that only high school student responses were 

included. Future studies could use topic modeling to simultaneously analyze the content 

of responses from social-belonging interventions administered during different periods of 

educational transition (i.e. high school to college or elementary school to middle school). 

The topics generated would be reflective of a broader spectrum of student perspectives, 

and moderation analyses by education level could investigate the relationship between 

education level and topic.  

Several potential limitations of LDA should also be noted. As I have alluded to 

throughout, the topic scores provided by LDA are relative measures. This means that they 

do not capture potentially important differences in absolute quantity. To make this idea 

concrete, consider two hypothetical responses that each have a score of .25 on affective 

belonging. In addition, though the first hypothetical response consists of two full 

paragraphs, the second contains only a brief incomplete sentence. Granted, this is an 

exaggerated example, but it demonstrates an important point, namely: LDA may not 

distinguish between those two students at the individual topic-level. And yet, it is easy to 
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imagine how the first response is more likely to have discussed the topic to a meaningful 

degree. Including additional absolute magnitude kinds of information in predictive 

models that include the standard topic scores is one way to address this limitation.  

 I discussed that sentiment is not explicitly modelled by LDA, but I should also 

note that this does not mean that sentiment information cannot implicitly contribute to the 

formation of the topic distributions. Recall from Study 1A, that time management and 

habit formation tended to talk more positively about building time management skills, 

while time pressure and workload tended to focus more on negative emotions and 

cognitions related to time burdens. Though the topics were about similar subjects, the 

sentiment and overall content both differed. Thus, the limitations related to sentiment 

apply to both within and between topic differences, each of which can be at-least partly 

addressed by adding additional sentiment information.  

Conclusion 

Students’ responses to the saying-is-believing exercises they complete as apart of 

social psychological interventions are a rich and largely untapped data source. The 

present work argues that natural language methods can be used to effectively realize that 

potential. It does this in part by demonstrating that such methods are capable of 

extracting psychologically meaningful constructs from students’ responses to a social-

belonging intervention. This work also illustrates that those constructs, i.e. the content of 

students’ responses, is important and reflective of their transitionary experiences. What 

students wrote about was broadly predictive of their academic outcomes as well as 

intervention effects. Moreover, because what students wrote about related to treatment 

effects and because who wrote about what differed by race and social class, these 

findings showcase the potential of students’ responses to advance our understanding of 
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sources of effect heterogeneity in social-belonging interventions. If we know who 

experiences belonging threats and when, as well as how writing about related topics 

translates to intervention effects, we can develop procedures for customizing the 

intervention for new contexts and new populations, procedures that are directly informed 

by the students. That is, we can use our knowledge of for whom and when adaptations of 

a social-belonging intervention can be successful to translate and scale the intervention to 

address longstanding threats to equity in education. 
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APPENDIX A: Additional Tables 

Table 5 

AP exam score regressed on Prospective fit and rigor 

  Topic Main Effect 
Model 

Condition X Topic 
Model 

Predictors Odds Ratios Odds Ratios 

Prospective fit and rigor 0.92 *** 
(0.88 – 0.96) 

0.86 ** 
(0.77 – 0.95) 

High school stories treatment 0.91  
(0.81 – 1.04) 

0.84 * 
(0.73 – 0.97) 

College stories treatment 1.01  
(0.89 – 1.15) 

1.01  
(0.88 – 1.17) 

School-year: 2017 2.47 *** 
(2.22 – 2.73) 

2.46 *** 
(2.22 – 2.73) 

History & Social Science 0.64 *** 
(0.58 – 0.70) 

0.64 *** 
(0.58 – 0.70) 

Math & Computer Science 1.02  
(0.89 – 1.17) 

1.02  
(0.89 – 1.17) 

Sciences 0.45 *** 
(0.40 – 0.51) 

0.45 *** 
(0.40 – 0.51) 

World Languages & Cultures 37.89 *** 
(30.61 – 46.89) 

38.10 *** 
(30.78 – 47.15) 

Lower-income 0.48 *** 
(0.42 – 0.56) 

0.48 *** 
(0.42 – 0.56) 

Hispanic 0.46 *** 
(0.39 – 0.53) 

0.46 *** 
(0.40 – 0.53) 

Black 0.52 *** 
(0.39 – 0.69) 

0.52 *** 
(0.39 – 0.68) 

Asian 1.08  
(0.93 – 1.25) 

1.08  
(0.93 – 1.25) 

Male 1.28 *** 
(1.16 – 1.42) 

1.28 *** 
(1.16 – 1.42) 

Sophomore (10th) 0.56 *** 
(0.44 – 0.70) 

0.56 *** 
(0.45 – 0.70) 

Junior (11th) 0.34 *** 
(0.27 – 0.44) 

0.34 *** 
(0.27 – 0.44) 

Senior (12th) 0.18 *** 
(0.13 – 0.24) 

0.18 *** 
(0.13 – 0.24) 

Prospective fit and rigor X High school stories 
treatment 

 
1.15 * 

(1.02 – 1.31) 
Prospective fit and rigor X College stories treatment 

 
1.03  

(0.91 – 1.17) 

Random Effects 
σ2 3.29 3.29 
τ00 2.36 Student ID 2.36 Student ID  

0.86 School ID 0.86 School ID 
ICC 0.49 0.49 
N 6673 Student ID 6673 Student ID  

38 School ID 38 School ID 
Observations 15498 15498 
Marginal R2 / Conditional R2 0.148 / 0.569 0.148 / 0.569 
* p < .05   ** p < .01   *** p < .001 
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Table 6 

AP exam score regressed on Affective belonging 

  Topic Main Effect  
Model 

Condition X Topic  
Model 

Predictors Odds Ratios Odds Ratios 

Affective belonging 0.93 *** 
(0.90 – 0.97) 

0.88 * 
(0.78 – 0.98) 

High school stories treatment 0.92  
(0.82 – 1.05) 

0.90  
(0.78 – 1.04) 

College stories treatment 1.03  
(0.91 – 1.16) 

0.99  
(0.86 – 1.14) 

School-year: 2017 2.47 *** 
(2.22 – 2.74) 

2.47 *** 
(2.22 – 2.73) 

History & Social Science 0.64 *** 
(0.58 – 0.70) 

0.64 *** 
(0.58 – 0.70) 

Math & Computer Science 1.02  
(0.89 – 1.16) 

1.02  
(0.89 – 1.16) 

Sciences 0.45 *** 
(0.40 – 0.51) 

0.45 *** 
(0.40 – 0.51) 

World Languages & Cultures 37.59 *** 
(30.37 – 46.52) 

37.57 *** 
(30.36 – 46.49) 

Lower-income 0.49 *** 
(0.42 – 0.56) 

0.49 *** 
(0.42 – 0.56) 

Hispanic 0.46 *** 
(0.40 – 0.53) 

0.46 *** 
(0.40 – 0.54) 

Black 0.53 *** 
(0.40 – 0.70) 

0.53 *** 
(0.40 – 0.70) 

Asian 1.09  
(0.94 – 1.27) 

1.09  
(0.94 – 1.26) 

Male 1.29 *** 
(1.16 – 1.43) 

1.29 *** 
(1.16 – 1.43) 

Sophomore (10th) 0.56 *** 
(0.44 – 0.70) 

0.56 *** 
(0.44 – 0.70) 

Junior (11th) 0.34 *** 
(0.27 – 0.44) 

0.34 *** 
(0.27 – 0.44) 

Senior (12th) 0.18 *** 
(0.13 – 0.24) 

0.18 *** 
(0.13 – 0.24) 

Affective belonging X High school stories treatment 
 

1.07  
(0.94 – 1.21) 

Affective belonging X College stories treatment 
 

1.08  
(0.95 – 1.23) 

Random Effects 
σ2 3.29 3.29 
τ00 2.37 Student ID 2.36 Student ID  

0.86 School ID 0.86 School ID 
ICC 0.50 0.50 
N 6673 Student ID 6673 Student ID  

38 School ID 38 School ID 
Observations 15498 15498 
Marginal R2 / Conditional R2 0.148 / 0.570 0.148 / 0.570 
* p < .05   ** p < .01   *** p < .001 
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Table 7 

AP exam score regressed on Cognitive belonging 

  Topic Main Effect Model Condition X Topic Model 

Predictors Odds Ratios Odds Ratios 

Cognitive belonging 0.93 *** 
(0.90 – 0.96) 

0.91 ** 
(0.86 – 0.97) 

High school stories treatment 0.91  
(0.80 – 1.03) 

0.91  
(0.79 – 1.05) 

College stories treatment 1.01  
(0.89 – 1.14) 

0.96  
(0.83 – 1.11) 

School-year: 2017 2.46 *** 
(2.22 – 2.73) 

2.46 *** 
(2.22 – 2.73) 

History & Social Science 0.64 *** 
(0.58 – 0.70) 

0.64 *** 
(0.58 – 0.70) 

Math & Computer Science 1.02  
(0.89 – 1.17) 

1.02  
(0.89 – 1.17) 

Sciences 0.45 *** 
(0.40 – 0.51) 

0.45 *** 
(0.40 – 0.51) 

World Languages & Cultures 38.07 *** 
(30.76 – 47.12) 

38.08 *** 
(30.77 – 47.13) 

Lower-income 0.49 *** 
(0.42 – 0.56) 

0.49 *** 
(0.42 – 0.56) 

Hispanic 0.45 *** 
(0.39 – 0.53) 

0.45 *** 
(0.39 – 0.53) 

Black 0.53 *** 
(0.40 – 0.70) 

0.53 *** 
(0.40 – 0.70) 

Asian 1.09  
(0.94 – 1.26) 

1.09  
(0.94 – 1.26) 

Male 1.30 *** 
(1.17 – 1.44) 

1.30 *** 
(1.17 – 1.44) 

Sophomore (10th) 0.56 *** 
(0.44 – 0.70) 

0.56 *** 
(0.44 – 0.70) 

Junior (11th) 0.34 *** 
(0.27 – 0.44) 

0.34 *** 
(0.27 – 0.44) 

Senior (12th) 0.18 *** 
(0.13 – 0.24) 

0.18 *** 
(0.13 – 0.24) 

Cognitive belonging X High school stories treatment 
 

1.00  
(0.93 – 1.09) 

Cognitive belonging X College stories treatment 
 

1.05  
(0.97 – 1.14) 

Random Effects 
σ2 3.29 3.29 
τ00 2.36 Student ID 2.36 Student ID  

0.85 School ID 0.86 School ID 
ICC 0.49 0.49 
N 6673 Student ID 6673 Student ID  

38 School ID 38 School ID 
Observations 15498 15498 
Marginal R2 / Conditional R2 0.148 / 0.569 0.148 / 0.569 
* p < .05   ** p < .01   *** p < .001 
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Table 8 

AP exam score regressed on Social support 

  Topic Main Effect  
Model 

Condition X Topic  
Model 

Predictors Odds Ratios Odds Ratios 

Social support 0.94 ** 
(0.91 – 0.98) 

0.91 ** 
(0.85 – 0.98) 

High school stories treatment 0.90  
(0.79 – 1.02) 

0.86 * 
(0.75 – 0.99) 

College stories treatment 1.00  
(0.88 – 1.13) 

0.98  
(0.85 – 1.13) 

School-year: 2017 2.47 *** 
(2.22 – 2.74) 

2.47 *** 
(2.23 – 2.74) 

History & Social Science 0.64 *** 
(0.58 – 0.70) 

0.64 *** 
(0.58 – 0.70) 

Math & Computer Science 1.02  
(0.89 – 1.17) 

1.02  
(0.90 – 1.17) 

Sciences 0.45 *** 
(0.40 – 0.51) 

0.45 *** 
(0.40 – 0.51) 

World Languages & Cultures 37.63 *** 
(30.41 – 46.57) 

37.69 *** 
(30.46 – 46.64) 

Lower-income 0.48 *** 
(0.42 – 0.56) 

0.48 *** 
(0.42 – 0.56) 

Hispanic 0.46 *** 
(0.39 – 0.53) 

0.46 *** 
(0.40 – 0.53) 

Black 0.52 *** 
(0.39 – 0.69) 

0.52 *** 
(0.39 – 0.69) 

Asian 1.10  
(0.95 – 1.27) 

1.10  
(0.95 – 1.27) 

Male 1.29 *** 
(1.16 – 1.43) 

1.29 *** 
(1.16 – 1.43) 

Sophomore (10th) 0.55 *** 
(0.44 – 0.69) 

0.55 *** 
(0.44 – 0.69) 

Junior (11th) 0.34 *** 
(0.26 – 0.43) 

0.34 *** 
(0.26 – 0.43) 

Senior (12th) 0.18 *** 
(0.13 – 0.24) 

0.18 *** 
(0.13 – 0.24) 

Social support X High school stories treatment 
 

1.07  
(0.97 – 1.17) 

Social support X College stories treatment 
 

1.03  
(0.94 – 1.13) 

Random Effects 
σ2 3.29 3.29 
τ00 2.36 Student ID 2.36 Student ID  

0.85 School ID 0.86 School ID 
ICC 0.49 0.49 
N 6673 Student ID 6673 Student ID  

38 School ID 38 School ID 
Observations 15498 15498 
Marginal R2 / Conditional R2 0.148 / 0.569 0.148 / 0.569 
* p < .05   ** p < .01   *** p < .001 
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Table 9 

AP exam score regressed on Preparing for college and the future 

  Topic Main Effect 
Model 

Condition X Topic 
Model 

Predictors Odds Ratios Odds Ratios 

Preparing for college and the future 1.09 *** 
(1.06 – 1.12) 

1.06  
(1.00 – 1.14) 

High school stories treatment 0.85 * 
(0.75 – 0.96) 

0.84 * 
(0.73 – 0.97) 

College stories treatment 0.94  
(0.83 – 1.06) 

0.90  
(0.78 – 1.04) 

School-year: 2017 2.49 *** 
(2.25 – 2.76) 

2.49 *** 
(2.25 – 2.76) 

History & Social Science 0.64 *** 
(0.58 – 0.70) 

0.64 *** 
(0.58 – 0.70) 

Math & Computer Science 1.02  
(0.90 – 1.17) 

1.02  
(0.90 – 1.17) 

Sciences 0.45 *** 
(0.40 – 0.51) 

0.45 *** 
(0.40 – 0.51) 

World Languages & Cultures 37.86 *** 
(30.60 – 46.85) 

37.90 *** 
(30.63 – 46.90) 

Lower-income 0.49 *** 
(0.42 – 0.56) 

0.49 *** 
(0.42 – 0.56) 

Hispanic 0.46 *** 
(0.40 – 0.53) 

0.46 *** 
(0.40 – 0.53) 

Black 0.53 *** 
(0.40 – 0.70) 

0.53 *** 
(0.40 – 0.70) 

Asian 1.10  
(0.95 – 1.27) 

1.09  
(0.94 – 1.27) 

Male 1.29 *** 
(1.16 – 1.43) 

1.29 *** 
(1.17 – 1.43) 

Sophomore (10th) 0.55 *** 
(0.44 – 0.69) 

0.55 *** 
(0.44 – 0.69) 

Junior (11th) 0.33 *** 
(0.26 – 0.43) 

0.33 *** 
(0.26 – 0.43) 

Senior (12th) 0.17 *** 
(0.13 – 0.23) 

0.17 *** 
(0.13 – 0.23) 

Preparing for college and the future X High school stories 
treatment 

 
1.02  

(0.94 – 1.11) 
Preparing for college and the future X College stories 
treatment 

 
1.04  

(0.96 – 1.13) 

Random Effects 
σ2 3.29 3.29 
τ00 2.35 Student ID 2.35 Student ID  

0.85 School ID 0.85 School ID 
ICC 0.49 0.49 
N 6673 Student ID 6673 Student ID  

38 School ID 38 School ID 
Observations 15498 15498 
Marginal R2 / Conditional R2 0.149 / 0.569 0.149 / 0.569 
* p < .05   ** p < .01   *** p < .001 
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Table 10 

AP exam score regressed on Reasons for AP 

  Topic Main Effect  
Model 

Condition X Topic  
Model 

Predictors Odds Ratios Odds Ratios 

Reasons for AP 0.96 * 
(0.92 – 0.99) 

0.93 * 
(0.87 – 0.99) 

High school stories treatment 0.89  
(0.79 – 1.01) 

0.88  
(0.76 – 1.01) 

College stories treatment 1.00  
(0.88 – 1.13) 

0.96  
(0.83 – 1.10) 

School-year: 2017 2.46 *** 
(2.22 – 2.73) 

2.46 *** 
(2.22 – 2.73) 

History & Social Science 0.64 *** 
(0.58 – 0.70) 

0.64 *** 
(0.58 – 0.70) 

Math & Computer Science 1.02  
(0.90 – 1.17) 

1.02  
(0.90 – 1.17) 

Sciences 0.45 *** 
(0.40 – 0.51) 

0.45 *** 
(0.40 – 0.51) 

World Languages & Cultures 37.85 *** 
(30.59 – 46.85) 

37.86 *** 
(30.59 – 46.85) 

Lower-income 0.48 *** 
(0.42 – 0.56) 

0.48 *** 
(0.42 – 0.56) 

Hispanic 0.45 *** 
(0.39 – 0.53) 

0.45 *** 
(0.39 – 0.53) 

Black 0.52 *** 
(0.40 – 0.70) 

0.53 *** 
(0.40 – 0.70) 

Asian 1.09  
(0.94 – 1.26) 

1.09  
(0.94 – 1.26) 

Male 1.30 *** 
(1.17 – 1.44) 

1.30 *** 
(1.17 – 1.44) 

Sophomore (10th) 0.56 *** 
(0.44 – 0.70) 

0.56 *** 
(0.44 – 0.70) 

Junior (11th) 0.34 *** 
(0.27 – 0.44) 

0.34 *** 
(0.27 – 0.44) 

Senior (12th) 0.18 *** 
(0.13 – 0.24) 

0.18 *** 
(0.13 – 0.24) 

Reasons for AP X High school stories treatment 
 

1.03  
(0.93 – 1.13) 

Reasons for AP X College stories treatment 
 

1.06  
(0.97 – 1.17) 

Random Effects 
σ2 3.29 3.29 
τ00 2.37 Student ID 2.37 Student ID  

0.86 School ID 0.86 School ID 
ICC 0.49 0.50 
N 6673 Student ID 6673 Student ID  

38 School ID 38 School ID 
Observations 15498 15498 
Marginal R2 / Conditional R2 0.147 / 0.569 0.147 / 0.569 
* p < .05   ** p < .01   *** p < .001 
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Table 11 

AP exam score regressed on Note take and exam preparation 

  Topic Main Effect 
Model 

Condition X Topic 
Model 

Predictors Odds Ratios Odds Ratios 

Note taking and exam preparation 1.01  
(0.98 – 1.04) 

1.04  
(1.00 – 1.07) 

High school stories treatment 0.90  
(0.79 – 1.03) 

0.99  
(0.86 – 1.15) 

College stories treatment 1.01  
(0.88 – 1.15) 

1.07  
(0.92 – 1.24) 

School-year: 2017 2.47 *** 
(2.23 – 2.74) 

2.46 *** 
(2.22 – 2.73) 

History & Social Science 0.64 *** 
(0.58 – 0.70) 

0.64 *** 
(0.58 – 0.70) 

Math & Computer Science 1.02  
(0.89 – 1.17) 

1.02  
(0.90 – 1.17) 

Sciences 0.45 *** 
(0.40 – 0.51) 

0.45 *** 
(0.40 – 0.51) 

World Languages & Cultures 37.69 *** 
(30.46 – 46.65) 

37.67 *** 
(30.44 – 46.62) 

Lower-income 0.48 *** 
(0.42 – 0.56) 

0.48 *** 
(0.42 – 0.56) 

Hispanic 0.46 *** 
(0.39 – 0.53) 

0.46 *** 
(0.39 – 0.53) 

Black 0.52 *** 
(0.39 – 0.69) 

0.52 *** 
(0.40 – 0.69) 

Asian 1.09  
(0.94 – 1.26) 

1.09  
(0.94 – 1.26) 

Male 1.29 *** 
(1.16 – 1.43) 

1.30 *** 
(1.17 – 1.44) 

Sophomore (10th) 0.56 *** 
(0.44 – 0.70) 

0.56 *** 
(0.44 – 0.70) 

Junior (11th) 0.34 *** 
(0.27 – 0.44) 

0.34 *** 
(0.27 – 0.44) 

Senior (12th) 0.18 *** 
(0.13 – 0.24) 

0.18 *** 
(0.13 – 0.24) 

Note taking and exam preparation X High school stories 
treatment 

 
0.88 ** 

(0.80 – 0.96) 
Note taking and exam preparation X College stories 
treatment 

 
0.94  

(0.86 – 1.04) 

Random Effects 
σ2 3.29 3.29 
τ00 2.37 Student ID 2.37 Student ID  

0.86 School ID 0.86 School ID 
ICC 0.50 0.50 
N 6673 Student ID 6673 Student ID  

38 School ID 38 School ID 
Observations 15498 15498 
Marginal R2 / Conditional R2 0.146 / 0.569 0.147 / 0.570 
* p < .05   ** p < .01   *** p < .001 
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Table 12 

AP exam score regressed on Time management and habit formation 

  Topic Main Effect 
Model 

Condition X Topic 
Model 

Predictors Odds Ratios Odds Ratios 

Time management and habit formation 1.10 *** 
(1.07 – 1.14) 

1.09 *** 
(1.05 – 1.14) 

High school stories treatment 0.96  
(0.85 – 1.09) 

0.95  
(0.82 – 1.10) 

College stories treatment 1.07  
(0.94 – 1.21) 

1.03  
(0.89 – 1.19) 

School-year: 2017 2.46 *** 
(2.22 – 2.73) 

2.46 *** 
(2.22 – 2.73) 

History & Social Science 0.64 *** 
(0.58 – 0.70) 

0.64 *** 
(0.58 – 0.70) 

Math & Computer Science 1.02  
(0.89 – 1.17) 

1.02  
(0.89 – 1.17) 

Sciences 0.45 *** 
(0.40 – 0.51) 

0.45 *** 
(0.40 – 0.51) 

World Languages & Cultures 38.25 *** 
(30.90 – 47.33) 

38.25 *** 
(30.91 – 47.34) 

Lower-income 0.48 *** 
(0.42 – 0.56) 

0.49 *** 
(0.42 – 0.56) 

Hispanic 0.46 *** 
(0.39 – 0.53) 

0.46 *** 
(0.39 – 0.53) 

Black 0.53 *** 
(0.40 – 0.70) 

0.53 *** 
(0.40 – 0.70) 

Asian 1.07  
(0.92 – 1.24) 

1.07  
(0.92 – 1.24) 

Male 1.30 *** 
(1.17 – 1.44) 

1.30 *** 
(1.17 – 1.44) 

Sophomore (10th) 0.55 *** 
(0.44 – 0.69) 

0.55 *** 
(0.44 – 0.69) 

Junior (11th) 0.34 *** 
(0.26 – 0.44) 

0.34 *** 
(0.26 – 0.44) 

Senior (12th) 0.18 *** 
(0.13 – 0.24) 

0.18 *** 
(0.13 – 0.24) 

Time management and habit formation X High school  
stories treatment 

 
1.00  

(0.92 – 1.09) 
Time management and habit formation X College stories 
treatment 

 
1.05  

(0.97 – 1.14) 

Random Effects 
σ2 3.29 3.29 
τ00 2.36 Student ID 2.36 Student ID  

0.85 School ID 0.85 School ID 
ICC 0.49 0.49 
N 6673 Student ID 6673 Student ID  

38 School ID 38 School ID 
Observations 15498 15498 
Marginal R2 / Conditional R2 0.150 / 0.570 0.150 / 0.570 
* p < .05   ** p < .01   *** p < .001 
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Table 13 

AP exam score regressed on Time pressure and workload 

  Topic Main Effect 
Model 

Condition X Topic 
Model 

Predictors Odds Ratios Odds Ratios 

Time pressure and workload 0.99  
(0.96 – 1.03) 

1.00  
(0.95 – 1.05) 

High school stories treatment 0.89  
(0.78 – 1.00) 

0.87  
(0.76 – 1.01) 

College stories treatment 0.99  
(0.87 – 1.12) 

1.02  
(0.88 – 1.18) 

School-year: 2017 2.47 *** 
(2.23 – 2.74) 

2.47 *** 
(2.23 – 2.74) 

History & Social Science 0.64 *** 
(0.58 – 0.70) 

0.64 *** 
(0.58 – 0.70) 

Math & Computer Science 1.02  
(0.90 – 1.17) 

1.02  
(0.89 – 1.17) 

Sciences 0.45 *** 
(0.40 – 0.51) 

0.45 *** 
(0.40 – 0.51) 

World Languages & Cultures 37.67 *** 
(30.44 – 46.61) 

37.69 *** 
(30.46 – 46.65) 

Lower-income 0.48 *** 
(0.42 – 0.56) 

0.48 *** 
(0.42 – 0.56) 

Hispanic 0.46 *** 
(0.39 – 0.53) 

0.46 *** 
(0.39 – 0.53) 

Black 0.52 *** 
(0.39 – 0.69) 

0.52 *** 
(0.40 – 0.70) 

Asian 1.09  
(0.94 – 1.26) 

1.09  
(0.94 – 1.27) 

Male 1.29 *** 
(1.16 – 1.43) 

1.29 *** 
(1.16 – 1.43) 

Sophomore (10th) 0.56 *** 
(0.44 – 0.70) 

0.56 *** 
(0.44 – 0.70) 

Junior (11th) 0.34 *** 
(0.26 – 0.44) 

0.34 *** 
(0.26 – 0.44) 

Senior (12th) 0.18 *** 
(0.13 – 0.24) 

0.18 *** 
(0.13 – 0.24) 

Time pressure and workload X High school stories 
treatment 

 
1.02  

(0.94 – 1.10) 
Time pressure and workload X College stories  
treatment 

 
0.96  

(0.89 – 1.05) 

Random Effects 
σ2 3.29 3.29 
τ00 2.37 Student ID 2.37 Student ID  

0.86 School ID 0.86 School ID 
ICC 0.50 0.50 
N 6673 Student ID 6673 Student ID  

38 School ID 38 School ID 
Observations 15498 15498 
Marginal R2 / Conditional R2 0.146 / 0.569 0.146 / 0.570 
* p < .05   ** p < .01   *** p < .001 
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Table 14 

AP exam score regressed on Hard work and working hard 

  Topic Main Effect 
Model 

Condition X Topic 
Model 

Predictors Odds Ratios Odds Ratios 

Hard work and working hard 0.99  
(0.95 – 1.02) 

0.92 * 
(0.85 – 0.98) 

High school stories treatment 0.89  
(0.79 – 1.01) 

0.82 ** 
(0.71 – 0.95) 

College stories treatment 0.99  
(0.88 – 1.12) 

0.93  
(0.80 – 1.07) 

School-year: 2017 2.47 *** 
(2.23 – 2.74) 

2.46 *** 
(2.22 – 2.73) 

History & Social Science 0.64 *** 
(0.58 – 0.70) 

0.64 *** 
(0.58 – 0.70) 

Math & Computer Science 1.02  
(0.90 – 1.17) 

1.02  
(0.89 – 1.17) 

Sciences 0.45 *** 
(0.40 – 0.51) 

0.45 *** 
(0.40 – 0.51) 

World Languages & Cultures 37.72 *** 
(30.48 – 46.68) 

37.71 *** 
(30.47 – 46.66) 

Lower-income 0.48 *** 
(0.42 – 0.56) 

0.48 *** 
(0.42 – 0.56) 

Hispanic 0.46 *** 
(0.39 – 0.53) 

0.45 *** 
(0.39 – 0.53) 

Black 0.52 *** 
(0.39 – 0.69) 

0.52 *** 
(0.39 – 0.69) 

Asian 1.09  
(0.94 – 1.26) 

1.09  
(0.94 – 1.26) 

Male 1.29 *** 
(1.16 – 1.43) 

1.29 *** 
(1.16 – 1.43) 

Sophomore (10th) 0.55 *** 
(0.44 – 0.70) 

0.56 *** 
(0.44 – 0.70) 

Junior (11th) 0.34 *** 
(0.26 – 0.44) 

0.34 *** 
(0.27 – 0.44) 

Senior (12th) 0.18 *** 
(0.13 – 0.24) 

0.18 *** 
(0.13 – 0.24) 

Hard work and working hard X High school stories 
treatment 

 
1.12 * 

(1.02 – 1.22) 
Hard work and working hard X College stories treatment 

 
1.10 * 

(1.01 – 1.21) 

Random Effects 
σ2 3.29 3.29 
τ00 2.37 Student ID 2.37 Student ID  

0.86 School ID 0.86 School ID 
ICC 0.50 0.50 
N 6673 Student ID 6673 Student ID  

38 School ID 38 School ID 
Observations 15498 15498 
Marginal R2 / Conditional R2 0.146 / 0.570 0.147 / 0.569 
* p < .05   ** p < .01   *** p < .001 
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Table 15 

AP exam score regressed on Experienced AP challenges 

  Topic Main Effect 
Model 

Condition X Topic 
Model 

Predictors Odds Ratios Odds Ratios 

Experienced AP challenges 1.00  
(0.96 – 1.04) 

1.05  
(0.99 – 1.12) 

High school stories treatment 0.89  
(0.78 – 1.00) 

0.92  
(0.79 – 1.06) 

College stories treatment 0.99  
(0.87 – 1.12) 

1.11  
(0.96 – 1.28) 

School-year: 2017 2.47 *** 
(2.23 – 2.74) 

2.48 *** 
(2.23 – 2.75) 

History & Social Science 0.64 *** 
(0.58 – 0.70) 

0.64 *** 
(0.58 – 0.70) 

Math & Computer Science 1.02  
(0.90 – 1.17) 

1.02  
(0.89 – 1.17) 

Sciences 0.45 *** 
(0.40 – 0.51) 

0.45 *** 
(0.40 – 0.51) 

World Languages & Cultures 37.68 *** 
(30.44 – 46.63) 

37.68 *** 
(30.45 – 46.63) 

Lower-income 0.48 *** 
(0.42 – 0.56) 

0.49 *** 
(0.42 – 0.56) 

Hispanic 0.46 *** 
(0.39 – 0.53) 

0.45 *** 
(0.39 – 0.52) 

Black 0.52 *** 
(0.39 – 0.69) 

0.52 *** 
(0.39 – 0.68) 

Asian 1.09  
(0.94 – 1.26) 

1.09  
(0.94 – 1.26) 

Male 1.29 *** 
(1.16 – 1.43) 

1.29 *** 
(1.16 – 1.43) 

Sophomore (10th) 0.55 *** 
(0.44 – 0.70) 

0.55 *** 
(0.44 – 0.69) 

Junior (11th) 0.34 *** 
(0.26 – 0.44) 

0.34 *** 
(0.26 – 0.43) 

Senior (12th) 0.18 *** 
(0.13 – 0.24) 

0.18 *** 
(0.13 – 0.24) 

Experienced AP Challenges X High school stories 
treatment 

 
0.96  

(0.88 – 1.05) 
Experienced AP Challenges X College stories  
treatment 

 
0.88 ** 

(0.80 – 0.96) 

Random Effects 
σ2 3.29 3.29 
τ00 2.37 Student ID 2.37 Student ID  

0.86 School ID 0.86 School ID 
ICC 0.50 0.50 
N 6673 Student ID 6673 Student ID  

38 School ID 38 School ID 
Observations 15498 15498 
Marginal R2 / Conditional R2 0.146 / 0.569 0.147 / 0.569 
* p < .05   ** p < .01   *** p < .001 
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Table 16 

AP exam score regressed on Chronological elements 

  Topic Main Effect 
Model 

Condition X Topic 
Model 

Predictors Odds Ratios Odds Ratios 

Chronological elements 1.07 *** 
(1.03 – 1.11) 

1.00  
(0.93 – 1.08) 

High school stories treatment 0.87 * 
(0.77 – 0.98) 

0.82 ** 
(0.71 – 0.94) 

College stories treatment 0.97  
(0.85 – 1.09) 

0.90  
(0.78 – 1.04) 

School-year: 2017 2.47 *** 
(2.23 – 2.74) 

2.47 *** 
(2.23 – 2.74) 

History & Social Science 0.64 *** 
(0.58 – 0.70) 

0.64 *** 
(0.58 – 0.70) 

Math & Computer Science 1.02  
(0.89 – 1.17) 

1.02  
(0.89 – 1.17) 

Sciences 0.45 *** 
(0.40 – 0.51) 

0.45 *** 
(0.40 – 0.51) 

World Languages & Cultures 37.82 *** 
(30.56 – 46.81) 

37.84 *** 
(30.58 – 46.83) 

Lower-income 0.49 *** 
(0.42 – 0.56) 

0.49 *** 
(0.42 – 0.56) 

Hispanic 0.45 *** 
(0.39 – 0.53) 

0.45 *** 
(0.39 – 0.53) 

Black 0.52 *** 
(0.40 – 0.70) 

0.52 *** 
(0.39 – 0.69) 

Asian 1.09  
(0.94 – 1.26) 

1.09  
(0.94 – 1.26) 

Male 1.30 *** 
(1.17 – 1.44) 

1.30 *** 
(1.17 – 1.44) 

Sophomore (10th) 0.56 *** 
(0.44 – 0.70) 

0.56 *** 
(0.44 – 0.70) 

Junior (11th) 0.34 *** 
(0.26 – 0.44) 

0.34 *** 
(0.26 – 0.44) 

Senior (12th) 0.18 *** 
(0.13 – 0.24) 

0.18 *** 
(0.13 – 0.24) 

Chronological elements X High school stories 
treatment 

 
1.09  

(0.99 – 1.20) 
Chronological elements X College stories  
treatment 

 
1.10  

(1.00 – 1.21) 

Random Effects 
σ2 3.29 3.29 
τ00 2.36 Student ID 2.36 Student ID  

0.86 School ID 0.86 School ID 
ICC 0.49 0.49 
N 6673 Student ID 6673 Student ID  

38 School ID 38 School ID 
Observations 15498 15498 
Marginal R2 / Conditional R2 0.147 / 0.569 0.148 / 0.569 
* p < .05   ** p < .01   *** p < .001 
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