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ABSTRACT KEYWORDS

We document the next-year carryover effects on grades and risk of course Identity-based motivation;

failure (N=875) of Pathways-to-Success, a whole-class, teacher-trained, and §°da' a”?’ beha"io‘ra' .

teacher-led universal intervention. Structural equation modeling reveals ~ intervention; sustainability;

that higher fidelity is associated with higher identity-based motivation. L‘?aCher'IEd; transition to
. - s . N (Fro B - . igh school

Through identity-based motivation, higher fidelity is associated with better

8th-grade academic outcomes, and through 8th-grade outcomes, 9th-

grade outcomes. Providing support for the theorized process model,

effects are robust across tools for coding and modeling the identity-based

motivation construct. Pathways-to-Success supports school-focused identity-

based motivation and hence, academic attainment, via activities that bol-

ster students’ existing identity-based motivation in three ways. Activities

help students see that they and their peers all (1) have skills and abilities

to succeed in school this year and into the future, (2) imagine some future

as an adult with school as the path to get there, and (3) interpret difficul-

ties and setbacks as indicators of importance, not only of low odds or

impossibility. Our results contribute to studies documenting the effects of

Pathways-to-Success on 8th-grade outcomes by extending effects to 9-

grade and suggesting the robustness of the key mediating construct,

increasing confidence in the effects and process model.

Some but not all promising social and behavioral interventions yield discernible effects on student
academic outcomes (e.g., Bradshaw et al,, 2009; Cook et al., 2014; Gresham, 2004). The successful
ones are associated with small but statistically significant improvements in academic outcomes, typic-
ally measured at the end of the intervention (e.g., Durlak et al., 2022; Gage et al, 2017; Kase et al,
2017). Successful interventions are more likely to be replicable and hence more worth testing for their
staying power and robustness if they are manualized, provide training materials, document implemen-
tation fidelity, and test process models (e.g., Dekker & Meeter, 2022; Giner-Sorolla et al., 2024; Zhang
et al, 2023). Documenting staying power matters since staying power implies that investing in the
intervention will yield longer-term effects. The current paper focuses on a manualized successful inter-
vention, Pathways-to-Success (Oyserman, 2015), addressing two related questions: The staying power
of impact on academic outcomes from the end of middle school to the first year of high school, and
the robustness of the theoretical process model underlying the intervention to two alternate coding
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and analytic strategies. In the case of the Pathways-to-Success intervention, staying power entails
effects lasting from middle school through the first year of high school, which is a critical window for
preventing student dropout (e.g., Allensworth & Easton, 2007). As detailed next, coding and analytic
strategy robustness are important for two reasons. First, they are components of intervention durabil-
ity. Second, they advance understanding of the posited active ingredient, identity-based motivation
(IBM), and hence, research on the future self.

Why consider pathways-to-success

IBM: the theoretical underpinning of pathways-to-success

IBM theory is a social cognitive theory of self, self-regulation, and goal pursuit (Oyserman, 2007,
2009, 2024). It provides a novel perspective on a familiar paradox: people can imagine their future
selves without taking or sustaining future-focused action. IBM theory explains how this can be true
by focusing on the inferences people draw from difficulty as an underappreciated aspect of how
and when identities motivate current action (Elmore & Oyserman, 2012; Oyserman, 2007, 2024;
Oyserman et al., 2012). This contrasts with other theories about the future self, which do not con-
sider the inferences people draw from their metacognitive experience of difficulty while thinking
about tasks and goals. Instead, these alternative theories focus on the accessibility, valence, or con-
tent of the future or possible self, the experienced continuity between the current and future self, or
the experienced gap between the current and future self (for a full review, Oyserman & Horowitz,
2023). As reviewed fully by Oyserman and Horowitz (2023), the literature is siloed. Some studies
test whether the content, valence, or accessibility of a possible or future self is associated with
behavior. Another set of studies tests whether experiencing continuity between the current and
future self is associated with behavior. A third set of studies tests whether experiencing a gap
between the current and future self is associated with behavior. Each set of studies yields supporting
evidence, yet if what matters for behavior is the content of a future imagined identity, why would
having experienced continuity between current and future “me” without a focus on identity content
matter? And the reverse, if what matters is a general sense of continuity between current and future
“me”, why would the content or valence of a particular possible identity matter? Parallelly, if what
matters for behavior is experienced continuity between current and future “me”, why would experi-
encing a gap matter? Each of these alternatives is supported by some evidence, but none of these
alternative models can explain the existence of evidence supporting the alternative models. In con-
trast, the IBM theory can explain all of it. It does so by focusing on three aspects of motivation
and their recursive connections. These three aspects are the inferences people draw about who they
are and can become when thinking about tasks and goals feels hard, the dynamic construction of
identity content and certainty, and the extent to which actions to attain goals feel like ‘me’ things
to do (for a review, Oyserman, 2007, 2024).

IBM theory predicts that though people prefer to act in ways that fit their future self, the on-the-
mind aspect of their future self, what they infer when thinking about that future self, or self-related
tasks, feels hard to do, and their in-the-moment actions are recursively related. Specifically, IBM the-
ory posits that when thinking about a task or goal feels hard to think about, people can draw two
inferences from that metacognitive experience of difficulty. They can infer it is not for them (diffi-
culty-as-impossibility) and that it is important to them (difficulty-as-importance). If the former is
accessible, people tend to feel unsure that they can attain whatever identity is on their minds and
withdraw effort from related tasks'. Parallelly, feeling less certain that a current or possible identity is
a good fit for oneself increases the likelihood that one will make a difficulty-as-impossibility inference
when making sense of metacognitive difficulty. In contrast, if a difficulty-as-importance inference is
accessible, people tend to feel surer about attaining the on-the-mind identity and continue engaging.

Evidence for these posited processes comes from measurement and experimental data (for a
summary, Oyserman, 2024). Although mostly tested in the U.S., the IBM theoretical model is also
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used to make sense of educational progress outside the U.S. (e.g., in Australia, see Bennett et al.,
2016; in Greece, see Efthymiadou et al., 2025). For example, in Greece, how much students
endorse difficulty-as-importance and difficulty-as-impossibility, their strategy plausibility score,
and having school-focused possible identities have separate associations with grade point average
(Efthymiadou et al. 2025). Lee (2024) also documents associations over time with separate effects
of difficulty-as-importance and difficulty-as-impossibility scores on probationary college students’
positive self-regard and self-regulation.

Turning to tests of the three aspects of IBM, the first aspect entails identity content. As high-
lighted by the above-noted review by Oyserman and Horowitz (2023), having a possible future
identity is necessary but insufficient to motivate action consistently. The second aspect entails the
inferences people draw from their metacognitive experiences of difficulty while considering their
possible identity. Validated and reliable brief scales for measuring individual differences in endors-
ing difficulty-as-importance and difficulty-as-impossibility exist (Fisher & Oyserman, 2017;
Oyserman, 2024). Discriminant validity studies show that the correlation between how people score
on difficulty-as-importance and difficulty-as-impossibility scales is, on average, small and negative,
and the confidence interval around the correlation typically includes 0 (the scale scores are not cor-
related, e.g., Fisher & Oyserman, 2017; Yan et al., 2024). Scale scores are also distinct from related
scales including optimism (“Things will be OK”), conscientiousness (“I follow through with my
plans”), efficacy (“If I try, I can succeed”), growth mindset (“If I try, I can change”), grit (“I am
someone who keeps trying”), locus of control (“My success is in my control”), promotion focus (“I
am focusing on attaining successes.”) and prevention focus (“I am focusing on avoiding failures”).
Rather than answering the question “Will effort matter for me?” or the related question “What is
the way for me to strive?”, difficulty-as-importance answers the question “Why should I try?” by
affirming “Because this matters for me.” Difficulty-as-impossibility answers a different question: “Is
this where I should put my time and effort?” Making progress on goals requires flexible access to
both difficulty-as-importance and difficulty-as-impossibility inferences to focus engagement and
reduce perseverance (O’Donnell & Oyserman, 2023; Oyserman, 2024). Intervention studies measur-
ing both inferences among children typically use the six-item, 5-point Likert response (1 = strongly
disagree to 5= strongly agree, from Elmore et al., 2016).

The third aspect of IBM entails a readiness to act in ways that make sense given accessible
identities and inferences from metacognitive difficulty. Beyond general readiness, IBM research
documents that goal progress requires an accessible array of strategies. Without strategies linked
to accessible identities, aspirations may fail to trigger action over time (for comparison by socioe-
conomic status, Oyserman et al., 2011). Empirically, sustained action is more likely when strat-
egies are concrete (depicting what the action specifically entails) and account for the social
context in which goal striving occurs (anticipating strategies needed given social context, for a
review, Oyserman et al., 2012). This combination of having possible identities linked to concrete
strategies that connect to the social context has been termed having a “plausible roadmap” or
simply “plausibility” (Oyserman et al., 2004). Oyserman and colleagues (2004) had skilled coders
code idiographic responses to open-ended prompts regarding next-year expected and to-be-
avoided possible identities and actions to work on them to obtain a single plausibility score. The
plausibility score predicted academic outcomes better than the content of possible identities alone
or other ways of coding possible identities and counting strategies (Oyserman et al., 2004).

However, skilled coding is impossible to sustain at scale. Researchers have explored alternative
approaches using large language models (LLMs) to obtain word embeddings that are then trans-
formed into continuous values representing the functional relationship between the idiographic
content of possible identities and strategies and GPA using Support Vector Regression (SVR;
O’Donnell & Oyserman, 2023). Using such LLM methods rather than a prompt-based LLM like
ChatGPT avoids the limitations of content or "natural language" generation (e.g., hallucinations,
Ji et al., 2023; Rawte et al, 2023). But, compared with human coding, it does not specifically
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classify the components of plausibility using previously human-coded data as a benchmark. In
the current paper, we address this limitation of prior LLM approaches.

Pathways-to-Success is feasible to implement and yields replicable results

Pathways-to-Success is a social and behavioral intervention program rooted in IBM theory
(Oyserman, 2015). It is a whole-class, universal program that translates IBM theory into brief,
classroom-period-length activities teachers implement in the first six weeks of the school year
(Oyserman, 2015). When implemented as intended, Pathways-to-Success supports the three
aspects of student IBM: their possible identities, their strategies to work on their possible identi-
ties, and the meaning they make of difficulties along the way. Teachers can train other teachers
to deliver the Pathways-to-Success intervention with fidelity (Horowitz et al., 2018). Successful
delivery has proved transferable to different contexts (as noted in Dekker & Meeter, 2022).
Classrooms within the U.S. (Oyserman et al., 2002) and outside (e.g., Florea & Negru-Subtirica,
2025) report successful implementation. Fidelity assessment is manualized (Oyserman, 2015), and
fidelity matters for student academic outcomes (Oyserman et al., 2021).

The Pathways-to-Success implementation manual and fidelity coding measures are published
(Oyserman, 2015). The published manual has been commended for reporting the full information
needed for replication (e.g., Lewis & Wai, 2021; Premachandra & Lewis, 2022). Google Scholar
lists over 250 citations to the published manual (as of early 2025), including papers describing
further intervention work (e.g., Destin & Hernandez, 2021; Melguizo et al., 2021). For example,
Florea and Negru-Subtirica (2025) replicate the positive effect of Pathways-to-Success on students’
difficulty-as-importance and difficulty-as-impossibility beliefs; other teams document its impact
on students’ possible identities as engineers (Obery et al., 2023) and scientists (Kim et al., 2025).

Fit with What Works Clearinghouse recommendations

The United States Department of Education (DOE) set up the What Works Clearinghouse
(WWCQC) to help identify intervention options and highlight the theoretically posited concepts
empirically associated with better school outcomes. Pathways-to-Success addresses the only
Recommendation in the latest WWC Practice Guide, Preventing Dropout in Secondary Schools,
that the WWC views as backed by strong, not moderate or minimal, evidence (Rumberger et al.,
2017). This Recommendation is to “engage students by offering curricula and programs that con-
nect schoolwork with college and career success and improve students’ capacity to manage chal-
lenges in and out of school.” Pathways-to-Success does this through activities whose impact has
been tested with a randomized control trial (RCT; Oyserman et al., 2006).

Prior rigorous sequential evaluations

Pathways-to-Success was initially manualized as an afterschool program, School-to-Jobs, imple-
mented by undergraduate and graduate students in nine consecutive weekly sessions at the begin-
ning of the school year (Oyserman et al., 2002). Compared to students attending other
afterschool programs, those in School-to-Jobs significantly improved from baseline to end-of-year
on the measured outcomes of school bonding and concern, frequency of being sent out of class,
school absences, count of balanced school-focused possible selves, and plausible strategies (coded
on a 0 to 4 scale from open-ended idiographic responses).

Next, School-to-Jobs was manualized as an in-school program and delivered in classrooms by
community members (African American adults living in Detroit with undergraduate degrees in
subjects other than education; for details on training and sample, Oyserman et al., 2006). This
transition from after-school to in-school was accomplished by dividing session content into class
periods for twice-weekly delivery across six weeks and testing effectiveness with a rigorous
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National Institutes of Health-funded RCT (Oyserman et al., 2006). The RCT yielded meaningful
and statistically significant positive impacts on end-of-8th-grade academic outcomes (decreased
grade retention, increased attendance, better performance in core courses, and higher test scores)
and possible identity content, structure, and strategy plausibility. Possible identity content and
structure were coded from ideographic responses to open-ended probes and coding taken from
Oyserman and colleagues (2004). Probes asked what the students expected they might become
and wanted to avoid becoming in the coming year, if they were doing something now to work
on these expectations and concerns, and if so, what they were doing. Skilled coders coded plausi-
bility using the 6-point omnibus scale from Oyserman and colleagues (2004). Effects on academic
outcomes persisted or grew larger by the end of 9th grade. Posited effects on difficulty-as-impor-
tance and difficulty-as-impossibility were not assessed as these scales had not yet been developed
(initial experimental tests used priming only).

A third, DOE-funded follow-up showed that eighth-grade teachers could implement with fidel-
ity, as assessed from a videotape of each session, and that fidelity mattered by yielding better aca-
demic outcomes as assessed by reduced risk of course failure and better grade point averages
(Horowitz et al, 2018). A follow-up of this teacher-led version of School-to-Jobs, labeled
Pathways-to-Success, with a larger sample, replicated this result (Oyserman et al, 2021).
Moreover, fidelity positively affected IBM (as operationalized using the SVR scores published by
Oyserman and O’Donnell, 2023, to code possible identities and strategy plausibility, and the diffi-
culty-as-importance and difficulty-as-impossibility scale scores published by Elmore et al., 2016).

Open questions

We started with two open questions: do the positive effects of Pathways-to-Success on academic
outcomes continue through a second follow-up year, and are they robust to ways of coding and
analyzing the ideographic responses to open-ended possible identities and strategies probes? The
staying power and robustness are the central practical questions, as detailed next, addressing
robustness also advances research on the future self.

IBM theory predicts that in tandem, possible identities, plausible strategies, difficulty-as-impor-
tance, and difficulty-as-impossibility support the successful pursuit of academic goals. This theorized
relationship among these aspects of IBM can be operationalized as a latent construct. Though not yet
tried, a more accurate way would be to consider each aspect as part of a multi-faceted profile (a com-
posite variable approach, see Bollen & Bauldry, 2011). Moreover, ideographic responses to open-
ended probes provide insight into what is on students’ minds rather than how much they agree or
disagree with presented options (as is the case with closed-ended measures). Coding requires skilled
coders. The advantage of skilled coders is offset by cost, error, and fatigue when they code at scale.
The alternative is a machine-learning approach that yields a score reflecting the algorithm’s certainty
that the categorization fits requirements (an accuracy or prediction score). Prior approaches captured
the content of possible identities and strategies either with prediction scores reflecting certainty of
matching the human-coded material used to teach and test the algorithm (Horowitz et al., 2020) or
SVR scores capturing the effect of possible identities and strategies scores on academic outcomes
(O’Donnell & Oyserman, 2023). While useful, these approaches did not specifically operationalize
plausibility in ways that parallel human coding.

Current study

We address the staying power (SRQ1) and robustness (SRQ2) open questions by adding 9th-
grade data to the data reported by Oyserman and colleagues (2021). We provide our code in
OSE: https://osf.io/h4xdj/?view_only=4eaeOafeaf704db7a7ce783987745168
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SRQ1 Staying Power: Does the indirect effect of fall 8"-grade Pathways-to-Success delivered with fidelity on
spring 8"-grade academic outcomes via IBM carry over to spring of 9th-grade academic outcomes (Figure 1,
top panel)?

SRQ2: Robustness of Effects: Are SRQ1 indirect effects robust to the method used to code and statistically
represent IBM (Figure 1, middle and bottom panels)?

Materials and methods
Methods

Sample

Our initial sample, taken from Oyserman and colleagues (2021), included 8th-graders (N=1,142,
51% girls, 87% free/reduced-price lunch) who participated in Pathways-to-Success in 40 classrooms in
10 high-poverty schools in the Chicago Public Schools (CPS) district (class size M = 28.70, SD = 4.68)
during the academic years 2014-2015, 2015-2016, or 2016-2017. As detailed by Oyserman and

Predicted Process Model

EO=—(E—

IBM as a Latent Construct

7th-grade
academic risk

Possible identities
and strategics score

from Word2Vec + SVR

Difficulty-as-importance Difficulty-as-impossibility

Identity-based
motivation

IBM as a Composite Profile Construct

School-focused possible
identities count

from LLM

Concrete strategics score

from LLM

Possible identities

Difficulty-as-impossibility and strategics score
from LLM + SVR.

Multiple strategies score
from LLM

Context-aware strategies

score from LLM

Figure 1. Predicted process model (top panel), IBM operationalized as a latent construct (middle panel) or as a composite profile
construct (bottom panel).
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colleagues (2021), students resembled the student population of urban districts (64% Hispanic or
Latinx; 20% African American or Black; the remaining 16% White, Asian, Multiracial, or another
race-ethnicity). Implementers (N = 28) were the 8th-grade teachers teaching one or more core subjects
in the participating schools and trained by teachers who had implemented Pathways-to-Success with
the highest fidelity in their cohort. The Oyserman and colleagues’ (2021) analytic sample (n=1011)
dropped students lacking parental consent. The novel data for the current study are end-of-9th-grade
administrative data for students still in the CPS system (final analytic N= 875, after excluding stu-
dents lacking high school or IBM measurement data).

Data

Data collection procedures were detailed by Oyserman and colleagues (2021). Briefly, CPS provided
administrative data as part of a data-sharing agreement with the American Institutes for Research.
Students gave their feedback on the program approximately two days after their last session (late
October or early November) and in late May or early June reported on their IBM (using the above-
described structured open-ended responses for possible identities and strategies, six-item difficulty-as-
importance scale, and six-item difficulty-as-impossibility scale). Before collecting data, the project
obtained IRB approvals (Chicago Public Schools Research Review Board (CPS Project ID: 921) and
USC (USC: UP 1400287).

Academic outcomes. The new data for this study were our predicted variables, 9th-grade grade
point average (GPA), and risk of course failure. We followed Oyserman and colleagues’ (2021)
calculations of GPA and risk of course failure and used their data for 7th-grade (lagged control)
and 8th-grade (proximal mediator) GPA and risk of course failure.

Fidelity scoring. We used the published fidelity scores from Oyserman and colleagues (2021). As
an overview, teachers videotaped each session, and trained coders assessed each session recording
using a structured set of rubrics. These rubrics and student feedback responses were compiled to
create the five factors of fidelity (dosage, adherence, student responsiveness, quality of delivery,
and student fidelity of receipt). The five factors were averaged to create an overall fidelity score.
Individual scores for students nested in classrooms could be calculated because student responses
were included in three factors (responsiveness, quality, and receipt).

School-focused possible identities and strategies. Large language models rely on co-occurrences of
words and phrases to categorize content and provide a quantified certainty score that the sought-after
content was recognized. As pertains to school-focused possible identities and strategies, the published
8th-grade results (Oyserman et al, 2021) used the coding approach provided by O’Donnell and
Oyserman (2023) who used Word2Vec (Mikolov et al, 2013) to obtain support vector regression
scores representing confidence that students’ idiographic description of their possible identities and
strategies are positively associated with subsequently better GPA. It applies sigmoid kernel regression
to represent the mathematical relationship between how students describe their possible identities and
linked strategies and their subsequently attained grades from school records. O’Donnell and
Oyserman (2023) describe multiple checks on reliability for their Word2Vec approach; these include
correlation with human-coded plausibility scores, and comparison of results from possible identity
and strategy responses to results using other student-generated text.

In the current study, we developed an alternative, rule-based machine learning approach that
more closely parallels how skilled human coders categorize possible identities as school-focused
and assess the plausibility of their strategies to achieve their school-focused possible identities
(Oyserman et al., 2004). We used the O’Donnell and Oyserman (2023) SVR approach to capture
features of possible identities that predict academic outcomes. As a second latent construct, as detailed
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in the Appendix, we used large language models (LLMs) trained on human-coded data to create
scores for the four aspects of possible identities and strategies that together instantiate plausibility. We
used the LLM DistilBERT (Sanh et al., 2019) to get a vector representation of the content of each stu-
dent’s possible identities and strategies. This approach has two major advantages relative to
Word2Vec. First, it produces a 768-dimensional vector that captures more subtle nuances of student
writing content. Second, it considers the contextual meaning of words, a better fit to human coding
of student responses. Indeed, our LLM-based functional score for the possible identities and strategies
significantly correlated with GPA at p < .001 (7th-grade r = .43, 8th-grade r = .42, and 9th-grade
r = .32, compared to the r=0.26 for 8th-grade outcomes in Oyserman and colleagues’ 2021 model).

Next, we used the LLM DeBERTa-v3-small (He et al., 2021) to create a machine-coded plausibility
score comprising the four elements of plausibility used by skilled human coders in coding plausibility
(described by Oyserman et al., 2004: the number of school-focused possible identities, having multiple
(three or more) strategies to attain them, at least two of which are concrete, and at least one of which
focuses on the social aspect of the school context (e.g., teachers, classmates). We computed continu-
ous scores for each element to increase measurement sensitivity. While Oyserman and colleagues
(2004) had skilled coders take an omnibus approach, we unpacked this into a set of criteria for opera-
tionalizing each plausibility element, and human coders coded responses using these criteria to train
and test the LLM. The accuracy of the machine-coded score compared to the human-coded score
ranged between 88.80% and 93.50% across the four elements, indicating high reliability.

Identity-based motivation. The published 8"-grade effects evaluation operationalized IBM using
the outcome-based Word2Vec functional score described above and latent constructs representing
difficulty-as-importance and difficulty-as-impossibility (Oyserman et al., 2021). Figure 1, middle
panel, depicts this three-element latent IBM construct. We compare this three-element approach
with the Bollen and Bauldry (2011) composite variable approach which allows us to include the
relationships among our LLM-based plausibility variables, LLM-based possible identities func-
tional score, and difficulty-as-importance and difficulty-as-impossibility constructs (see Appendix
for the items) as shown in Figure 2, bottom panel.

Results
IBM measurement model: a profile analytic approach

We established a measurement model for IBM using our machine-coded plausibility score, LLM-
based possible identities functional score, difficulty-as-importance, and difficulty-as-impossibility.
We fitted a four-factor confirmatory factor analytic (CFA) model using the lavaan R package, as
shown in Appendix Figure S1. We used full information maximum likelihood estimation to
account for missing data (estimator set to “MLR”). This computed a scaled y* statistic and sand-
wich estimates of standard errors that are robust to deviation from multivariate normality. We
assessed model fit using goodness-of-fit indices including RMSEA, CFI, and SRMR (Hu &
Bentler, 1998), finding an adequate fit, scaled y* (N=875, df=114) = 241.12, p < .001, RMSEA
= .040, 90% CI [.033, .047], CFI = .975, SRMR = 0.032. Having established fit, we used the
Bartlett scoring method (e.g., Grice, 2001) to compute each student’s 4-item IBM score estimate
from the CFA model’s factor scores. We used the method proposed by Lai and Hsiao (2022) to
estimate and account for the measurement error of student-level IBM in our structural models.

Structural model

We ran two structural models, one for SRQ! Staying Power and one for SRQ2 Robustness of
Effects. The first used the composite IBM score to examine IBM’s direct and indirect effects on
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SRQ1 Path Diagram
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Figure 2. Path diagram for SRQ1 and SRQ2 with IBM operationalized as a composite construct (top panel) or as a latent con-
struct (bottom panel). Note. Solid (dashed) paths indicate significant (non-significant) coefficients at p < .05. The numbers repre-
sent standardized coefficients. The top panel model has adequate fit, scaled XZ (N=875, df=14) = 38.522, p < .001, RMSEA =
.042, 90% CI [.026, .058], CFl = .984, SRMR = 0.032. The bottom panel model has adequate fit, scaled 12 (N=875, df=161) =
327.724, p < .001, RMSEA = .032, 90% Cl [.027, .037], CFl = .972, SRMR = 0.049.

9th-grade academic outcomes. The second substituted the composite IBM score for the latent
IBM score to replicate the process model from Oyserman and colleagues (2021). We use Mplus
8.10 with maximum likelihood estimation, robust standard error, test statistics (i.e., the
“ESTIMATOR =MLR” option), and cluster-robust standard errors (“TYPE=COMPLEX”) to
account for the nesting of students in classrooms in our data. We provide the related simple cor-
relation matrices in the Appendix As Table Al (latent factor model) and Table A2 (composite
profile model).

SRQ1: Effects have staying power

As detailed in Figure 2, top panel, we found significant paths from 7th-grade academic trajectory
to 8th-grade trajectory and lagged 9th-grade trajectory (controlling for the effects of 8th-grade).
Students’ 8th-grade academic outcomes positively predicted their 9th-grade academic outcomes
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(p = .50, p < .001). Their 7th-grade academic outcomes also positively predicted 9th-grade out-
comes above and beyond the effects of their 8th-grade outcomes (f = .19, p = .001). Paralleling
Oyserman and colleagues (2021), IBM positively predicted 8th-grade outcomes (f = .07, p =
.002). It had an indirect effect through 8th-grade outcomes with an estimated standardized indir-
ect effect of f = .04, p < .05 (not a direct effect on 9th-grade outcomes (f = .04, p = .395).
Paralleling the prior analyses (Oyserman et al., 2021), fidelity’s effect on academic outcomes was
also not direct (direct effect on 9th-grade academic outcomes (f = —0.00, p = .367); its effect
was indirect via the path from IBM to 8th-grade academic outcomes. Prior academic trajectory
and higher fidelity were associated with significantly higher IBM scores in the spring of 8th grade,
and this was associated with significantly better 8th-grade academic outcomes that carried over to
significantly better 9th-grade academic outcomes.

SRQ2: effects are robust to different ways of coding and operationalizing IBM

Our model provided an adequate fit to the data, whether we modeled IBM as a composite using
LLMs to code two features of possible identities and strategies (Figure 2, top panel) or a latent
construct (Figure 2, bottom panel). The basic pattern of significant effects is parallel between the
two models, with prior academic trajectory and fidelity with which a student experienced
Pathways-to-Success both associated with more IBM and with IBM and prior academic trajectories
associated with better subsequent academic outcomes. Hence, we found evidence to support
robustness. Results were consistent regardless of how the core constructs (idiographic possible
identities and strategies) were coded or how possible identities and strategies and close-ended dif-
ficulty-as-importance and difficulty-as-impossibility responses are operationalized (statistically
modeled) to represent IBM.

The two models appear to give different-sized coefficients for each path. However, the absolute
values of the coefficients are not directly comparable across the two models because the models
differently address measurement error. The relative sizes of coefficients within a model are also
not comparable across models because the coefficients have different interpretations. Specifically,
the coefficients in the latent IBM model represent values one would have obtained if one could
measure the latent IBM construct without any error. While in the composite IBM model, the
coefficients represent associations with the observed IBM components. Because there are three
indicators, the latent IBM model makes a relatively big adjustment on the coefficients, resulting
in more uncertainty in the coefficients, as reflected in the standard error (SE) estimates. Because
of this, the Wald test statistics of the coefficients between the two models are more similar than
they might seem: for example, in the composite IBM model, the standardized path coefficient
from the IBM composite to 8th-grade academic outcomes was .07, SE = .023, z=3.04, p = .002;
in the latent IBM model, the standardized path coefficient from the latent IBM construct to 8th-
grade academic outcomes was .44, SE = .093, z=4.75, p < .001. Hence the composite IBM
model implies that prior academic outcomes leave little room for other effects. In contrast, the
latent IBM model implies that prior academic outcomes leave room for other effects and that
IBM matters with approximately equal weight as prior academic outcomes. True effects are likely
to include both possibilities; different ways of handling measurement errors are at least partially
responsible for the apparent discrepancy between models.

Discussion

We started with an applied perspective on choosing school-based social and behavioral interven-
tions: stakeholders want investments that last from the end of the intervention through the school
year and onward through the next school year. They feel more confident if significance does not
depend on a particular analytic technique or coding method. We examined Pathways-to-Success, a
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manualized intervention with published information on training and effects of the theorized
active ingredient and of receiving the intervention with fidelity. We documented that these effects
carry over from the end of one school year to the end of the next school year, from middle
school to high school via the effects of fidelity on the postulated active ingredient, identity-based
motivation. These effects are robust- they are not dependent on a single IBM operationalization
or coding method. The mediation via IBM remains, even though the models differ in analytic
choices- how they handle measurement error, the mechanics of coding possible identities and
strategies, and the analytic choices in the construction of the IBM effect. The continuation and
robustness of results to these variations increases confidence in Pathways-to-Success’ effectiveness.

While our focus is practical, we also contribute to the theoretical literature by operationalizing
IBM as a composite profile of four aspects: count of school-focused possible identities, scoring of
school-focused strategies as a plausible roadmap, difficulty-as-importance, and difficulty-as-impossibil-
ity scores. Our operationalization is compatible with the theorized recursive connections among these
aspects and yields parallel effects to a latent construct operationalization. Moreover, we provide the
tools for districts to code and account for ideographic information on the number of school-focused
possible identities students generate and the plausibility of their generated strategies as a roadmap to
work toward these identities, as well as measures of difficulty-as-importance and difficulty-as-improve-
ment. Taken together, our results increase confidence in the staying power of Pathways-to-Success, a
relevant criterion for schools and districts considering Pathways-to-Success as a social behavioral inter-
vention to support students’ IBM, and in doing so, their academic outcomes.

Note

1. As detailed in Oyserman and colleagues (2012), Identity-based motivation theory uses the term identity
rather than self to describe the content of the self, the term self-concept to describe an organizational
structure of the self (e.g., independent self-concept, interdependent self-concept), and the term self to
describe the object of reflection “me.” In doing so, IBM theory attempts to reduce confusion as to whether
the focus is on particular content (a current, past, or possible future identity) or on a more general feeling
about the self (efficacy, optimism, esteem) that can occur when the same term is used for multiple
meanings. For example, a possible self could mean a particular content, a general valence, or just the
existence of an imagined future.
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Appendix

Large language model approaches

In coding ideographic responses to open-ended possible identity and strategy probes, we paired
two large language model approaches to capture the complexity of open-ended possible identity
and strategy responses. First, a functional possible identity approach based on students’ possible
identities and strategies to capture the content and structure of possible identities that predict
students’ grades. Second, a rule-based plausibility approach decomposed the operationalization
of possible identity plausibility into four simple rules that undergrads could follow. Next, we
detail the steps involved in each approach.

The “functional possible identity” approach

We obtained transformer word embeddings for possible identities and strategies using
DistilBERT. The output from DistilBERT was 768 numerical values representing what students
wrote for their possible identities and strategies. The 768 numerical values were used as the input
values in a support vector regression analysis to predict grades. We trained the model to predict
grades using k-fold validation with 10 folds. The model is trained on k-1 of these folds (in this
case, 9 folds) and tested on the remaining fold. This process is repeated k times, with each fold
serving as the test set exactly once. This allowed us to obtain predicted values for our entire data-

set without rendering part of the dataset unusable as a training dataset.
We used these LLM-based functional scores in our composite profile construct to represent

the functional relationship between students’ possible identities and strategies on the one hand
and their grades on the other. To do so, we employed an iterative modeling approach using SVR
with a sigmoid kernel, evaluating the model using stratified 5-fold cross-validation, optimizing for
Root Mean Square Error (RMSE) performance. The final hyperparameters selected were a gamma
of 0.0036333, a regularization parameter Cost of 3.7, and an epsilon of 0.00. The embeddings
derived from DistilBERT provided contextual information to capture the underlying patterns in
students’ possible identities and strategies. This allowed the model to balance accuracy and gener-
alization across contexts. Figure Al shows that the possible identities content functional score
and the possible identities plausibility construct are moderately correlated and not redundant.

The rule-based plausibility approach

Plausibility has previously been coded as an omnibus score requiring a high level of training. We
expanded the previously published coding dictionary so that we could train three undergraduates
to code the four questions embedded in the omnibus score: Were there school-focused possible
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Figure A1. Identity-based motivation as a four-factor relationship: Confirmatory Factor Analysis.
Note: The numbers represent standardized coefficients. The four-factor model has adequate fit, RMSEA = .040, 90% Cl [.033,
.047], CFl = .975, SRMR = 0.032.

identities (if yes, then count; if no, then score 0 and stop)? Were there at least three strategies to
attain the school-focused possible identities? (yes, no) Were at least two of these strategies specific
and concrete? (yes, no) Did at least one of these strategies consider social context? (yes, no). We
used the coding dictionary to train undergraduates to attain sufficient inter-rater reliability (IRR)
with each other before they could begin independent coding. We aimed for a minimum of 80%
agreement in their categorizations of each plausibility element. Coders discussed discrepant codes
to agreement under the supervision of a member of the author team to ensure comprehension
and accuracy. Undergraduates coded the responses of n=1844 students using the same training
data sets as used in Oyserman and colleagues (2021) and baseline data from a third data set (IES
Goal 2 Grant #R305A140281, I3 Grant #U411C150011, EIR (Pilot) Grant: S411B200027). As a

result of the IRR process, about 20% of the dataset was double-coded.
We used these human-generated codes to train our machine algorithms for the rules and

checked whether these four codes were best considered separate factors or a single score.
The first rule was like a funnel: students who scored 0 on rule 1 received 0 as codes on all other

rules. We trained our models by building on advances in large language models that outperform tra-
ditional natural language processing models (e.g., recurrent or convolutional neural networks Devlin
et al., 2019). We trained various LLMs including BERT, roBerta, T5, Electra to complete the task,
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finding that DeBERTa-v3-small had the most consistent results for the dataset. We used RayTune to
conduct hyperparameter tuning and 5-fold validation for the final machine coding. The machine algo-
rithm provides a binary output of score 0 or 1 and a continuous value approximately between —4

and +4 representing its confidence in making the scoring classification.
The more positive the score is, the more confident the algorithm is that the rule is scored 1

and the more negative the score the more confident the algorithm is that the rule is scored 0.
This confidence score provides an advantage of creating more granularity in the coding, hence

we used the confidence score for each aspect of plausibility in our analysis.
Using responses from students with complete data, the machine algorithm was 93.50% accurate

compared to human code. Accuracy was 92.00% for multiple strategies to work on school-focused
possible identities, 88.80% for whether these strategies were specific, concrete, and actionable, and
91.7% for whether at least one of these strategies dealt with the social context entailed in making pro-
gress on school-focused possible identities. Accounting for trickle-down inaccuracy in coding, we esti-
mated the practical accuracy of coding future data in the range of 85% to 91% across the four codes.

Creating the difficulty-as-importance and difficulty-as-impossibility latent constructs
Students read and rated (1 =strongly disagree to 5= strongly agree) these statements from Elmore

and colleagues (2016).

Difficulty-as-importance

—

If ’'m working on a task that feels difficult, it means that the task is important.

A sign that a task is important to me is how difficult it feels while working on it. If it feels difficult, it’s
important.

Struggling to complete a task reminds me that the task is important.

If a task is difficult, it is probably important for me to do well at it.

Tasks that feel difficult are important tasks.

If a task is difficult, it means that it’s important for me.

N

Uk W

Difficulty-as-impossibility

If I feel stuck on a task, it’s a sign that my effort is better spent elsewhere.

If working on a task feels very difficult, that type of task may not be possible for me.
If a task feels too difficult, I should move on to something else.

When working on a task feels hard, that feeling means it’s not for me.

Finding a task really difficult tells me that I can’t complete that task.

If a task feels really difficult, it may not be possible for me.

A

Confirmatory factor analysis of the 4-factor identity-based motivation profile

Table A1. Correlations Between Variables in the IBM Latent Construct Model.

Correlations

B 1 2 3 4 5 6 7

1. 7th Grade Academic Outcome - 738 574 —0.244 -0.019 125 234
2. 8th Grade Academic Outcome <.001 - 657 —0.357 .034 122 281
3. 9th Grade Academic Outcome <.001 <.001 - —0.235 -0.013 .049 213
4. Difficulty-as-Impossibility <.001 <.001 <.001 - .036 —0.153 —0.233
5. Difficulty-as-Importance 665 383 .002 511 - .186 .094
6. Fidelity 079 074 228 .001 <.001 - 147
7. Possible Identity Score (Word2Vec + SVR) <.001 <.001 <.001 <.001 .004 <.001 -

Note. The upper triangle shows correlations between latent and observed variables included in the IBM latent construct model.
The lower triangle shows p-values.
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Table A2. Correlations between variables in the IBM composite path model.
Correlations

Measure 1 2 3 4 5 6 7 8

1. 7th Grade Academic Outcome - 738 574 —0.244 —0.019 112 125 419
2. 8th Grade Academic Outcome <.001 - .657 —0.357 .034 245 122 440
3. 9th Grade Academic Outcome <.001 <.001 - —0.235 —0.013 222 .049 327
4. Difficulty-as-Impossibility <.001 <.001 <.001 - .036 —0.193 —0.153 —0.290
5. Difficulty-as-Importance 665 383 .002 511 - 155 .186 —0.003
6. LLM-Coded Plausibility Score .012 <.001 <.001 <.001 <.001 - 114 312
7. Fidelity .079 .074 228 .001 <.001 .052 - 102
8. Possible Identities Score (LLM + SVR) <.001 <.001 <.001 <.001 922 <.001 .062 -

Note. The upper triangle shows correlations between latent and observed variables included in the IBM composite path model.
The lower triangle shows p-values.
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