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Abstract

In departmentalized elementary schools, teachers specialize in one or more core subjects and
instruct different groups of students throughout the day. Proponents argue that this model leads
to higher quality instruction because teachers can specialize in their strongest subjects and that
it better prepares students for middle and high school, which are typically departmentalized.
Using a difference-in-differences design with seven cohorts of elementary students in
Massachusetts, we find that students in departmentalized elementary schools have better
academic outcomes in middle school. The effects are concentrated in the first year of middle
school, where each year of elementary school departmentalization improves test scores by
about 0.03 standard deviations in math and ELA. The math and ELA effects mostly fade out by
the end of 8th grade, although we do find persistent effects on science tests.
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1. Introduction

Although most elementary school teachers are generalists and teach multiple subjects,
about 15% specialize in fewer subjects and instruct multiple classes of students throughout the
day (National Center for Education Statistics [NCES], 2023). Proponents of this
departmentalized instruction (DI) model argue that it leads to higher quality instruction in the
short run with teachers focusing on material in which they have a comparative instructional
advantage (Backes et al., 2023a; Bastian & Fortner, 2020). But research has also found that
individual teachers are less effective when they specialize and have less knowledge of their
students’ individual academic needs (Backes et al., 2023a; Bastian & Fortner, 2020; Hwang &
Kisida, 2022; Fryer, 2018). The empirical literature on these departmentalized models has
therefore reached mixed conclusions about their aggregate short-run effects (Backes et al.,
2023a; Fryer, 2018).

Regardless of its effects in the short run, DI involves trade-offs between teacher content
knowledge and student-teacher relationships that may have differing effects over longer time
horizons. The switch to middle school coincides with a decline in engagement and achievement
that may be partially attributable to changes in classroom organization and school structure
(Marks, 2000; Rockoff & Lockwood, 2010). Proponents of DI argue that it prepares students for
this transition by improving instruction and acclimating students to middle school routines (Chan
et al., 2009). On the other hand, student-teacher relationships contribute to the development of
independent study habits that have important long-run effects on students’ academic success
(Davis, 2003; Jackson, 2018). To the extent that it disrupts these relationships, elementary DI
could exacerbate the difficulties students encounter in the transition to middle school.

In this paper, we provide some of the first evidence on the longer-run effects of DI on

academic outcomes in middle and high school. We follow seven cohorts of elementary school



students and assess outcomes between fifth and tenth grades. Using a difference-in-differences
design that exploits variation in DI practices across cohorts from the same elementary school, we
find that an additional year of DI increases student test scores in secondary school by about 0.01
standard deviations in math and ELA, and by about 0.02 standard deviations in science. These
effects are largest in the transitional year between elementary and middle school and fade out in
math and ELA by the end of eighth grade; the positive effects are more persistent in science.
Overall, the findings suggest that elementary DI better prepares students for middle school but
may not have lasting effects on academic outcomes.

2. Background and Literature Review

The existing literature on DI and teacher specialization is limited to short-run analyses
and has produced mixed results. Fryer (2018) randomly assigned elementary schools in Houston
to switch to DI and found that it reduced student achievement by about 0.05 standard deviations
in both math and reading over a two-year period. Backes et al. (2023) study DI in Massachusetts
using a difference-in-differences design. They found positive effects of DI on reading tests and
null or small positive effects on math achievement. Bastian and Fortner (2020) and Hwang and
Kisida (2022) examined teacher specialization in elementary schools and found little relationship
between specialization rates and student achievement. There has not been any research to date on
the longer-run effects of DI despite the fact that much of the debate on elementary DI focuses on
the middle school transition and how it might affect achievement in later years.

Departmentalization is intended to provide deeper instruction by allowing teachers to
specialize only in their stronger subjects. Backes et al. (2023a) and Bastian and Fortner (2020)
find that this results in better matches between teacher and subject matter. Prior research has
shown that teacher effects persist for several years (Chetty et al., 2014; Jacob et al., 2010;

Kinsler, 2012). The persistent effects of teachers are only partly explainable based on their



contemporary effects on test scores, which suggests that some teachers are better at imparting
foundational skills (Gilraine & Pope, 2021). If specialization extends the research of these
teachers, then learning gains from DI may persist into future years.

Elementary DI may also facilitate tracking or ability grouping because students attend
multiple classes and class assignments are more flexible. For instance, DI allows schools to
operate advanced classes only in certain subjects or to assign students to tracks separately by
subject (Chan & Jarman, 2004). Students who have earlier access to advanced material may be
better prepared for instruction in middle schools. This flexibility was one motivation for New
York City’s inclusion of DI in an initiative to expand access to algebra in middle schools (New
York City Department of Education, 2015). To the extent that these reforms better prepare
students for later courses, we might expect some students to enroll in more advanced coursework
in later grades.

Finally, DI may smooth the transition to middle school, which entails significant changes
in school organization and academic routines. Many students first encounter a departmentalized
structure, with different teachers for each subject, when they enter middle school. This transition
is associated with significant declines in student engagement, achievement, and the strength of
student-teacher relationships (Anderman, 2003; Anderman & Machr, 1994; Harter et al., 1992;
Marks, 2000; Rockoff & Lockwood, 2010; Schwerdt & West, 2013). The structure and routines
of departmentalized elementary schools mimic those found in middle schools and establishing
them earlier in a closer-knit school setting may allow students to “rehearse” for the middle
school transition (Chan et al., 2009; Haley, 2018). For instance, Chan et al. (2009) argue that
“self-contained classroom organization may be a good way to ease students from home setting to

school setting. However, when students come to fourth and fifth grades, a change in academic



organization is needed to work toward a seamless transition as they move from elementary to
middle schools.”

These mechanisms suggesting potentially positive effects of DI must be considered
against the potential drawbacks of the weaker student-teacher ties in departmentalized models.
That is, DI may merely accelerate the drawbacks associated with standalone middle schools
rather than prepare students for change. In surveys, teachers report that self-contained models
better support students’ emotional wellbeing (Brobst & Markworth, 2018). Empirically, Fryer
(2008) finds that teachers report knowing their students less well under DI, while Backes et al.
(2024) find that students report less engagement in DI schools. Part of the longer-run effects of
teachers comes from imparting effective academic habits (Davis, 2003; Jackson, 2018), a process
that may be interrupted in the departmentalized model. If students fail to develop as independent
learners under these structures, their academic performance may also suffer in later grades.

Taken together, these research literatures suggest considerable ambiguity about the
longer-run effects of DI. The empirical results in the short-run have so far been mixed. But, more
importantly, the theoretical literatures on teacher specialization and teacher-student relationships
point in opposite directions. In this paper, we provide direct empirical evidence based on changes
over time in school instructional models.

3. Data

3.1 Categorizing Instructional Models

Our sample includes students who enroll in public elementary schools in Massachusetts as
third graders between 2012 and 2018, excluding students enrolled in K-8 schools. We omit K-8
schools given the focus on middle school transitions and because part of the research design
relies on comparing outcomes for students attending the same middle school but different

elementary schools. To the extent possible given years of available data for each cohort, we



follow students from the first grade higher than those offered by their elementary school through
10" grade. We use data on elementary school instruction prior to the pandemic: 2012-2018 third

grade cohorts for K-4 schools, 2012-2017 cohorts for K-5 schools, and 2012-2016 cohorts for K-
6 schools.! We then follow students through the 2023 school year.

We follow Backes et al. (2023a) and use student and teacher class assignment data to
characterize instructional models. We first identify self-contained classrooms where students
have only one teacher for the core academic courses or multiple co-teachers who all teach the
same set of classes together. We define a school-grade-year cell as departmentalized if fewer
than 50% of the students are in self-contained classrooms; most school-grade-year cells are
either almost entirely self-contained or entirely departmentalized. Among departmentalized
schools, 67% have no students in self-contained classrooms and only 12% have more than 20%
of their students in self-contained classes.

After characterizing schools’ instructional models, we identify the first school a student
enrolls in for third grade. We then calculate the number of years of exposure students have to DI
in elementary school assuming that students attended school continuously between third grade
and the highest grade offered in the schools in which they are enrolled in 3™ grade. We use the
anticipated DI exposure as an intent-to-treat measure to avoid the potential concern that school
mobility is associated with instructional model. We explore the relationship between anticipated

and observed exposure to DI in elementary school in Section 5.

! We use shorthand such as “K-5" for ease of notation, but note that we also include schools that do not offer
kindergarten; i.e., grade 1-5 schools. We do not include schools whose grade configuration changed during the
sample period (e.g., from K-5 to K-6).



3.2  Sample and Summary Statistics

We link the elementary school data to data on students’ academic and behavioral outcomes
in grades 5 through 10. For each student, we retain outcomes for grades above the highest grade
offered in the elementary school in which they were enrolled in for third grade. The student
achievement outcomes include tests offered through the state standardized testing system,
including: math and ELA tests in grades 5 — 8 and 10; tests of science, technology, and
engineering in 8" grade; and a biology test taken after the completion of a biology course in 9™
or 10" grade. We also measure students’ grade point average in core academic subjects (math,
ELA, science, and social studies) in grades 6 through 10 to obtain an annual measure of core
subject GPA.?

We next construct measures of course taking using student schedule data. Massachusetts
uses a state course coding system based on the School Codes for the Exchange of Data (SCED)
system (Bradby et al., 2007; National Forum on Education Statistics, 2011) that standardizes
course identification across districts. We first identify students taking advanced math courses,
which are more typically differentiated from standard courses in middle and early high school
than in other subjects. We identify these as either above-grade-level math courses for students in
grades 6 — 8 or courses at a level above the grade level standard in the state curricular
frameworks.> We also identify students taking supplemental courses designed to help students

reach grade level in a particular subject.* Finally, we use two behavioral measures included in

2 Course grades are typically not available for students in fifth grade.

3 In grades 6 through 8, most students are assigned a course titled “Grade X Mathematics” that covers instruction of
topics in the state curricular frameworks. The above-level courses we consider are: Pre-Algebra or Algebra in 6™
and 7" grade; Algebra or Geometry in 8" grade; Geometry, Algebra II, or Trigonometry/Pre-Calculus in 9" grade;
and Algebra II or Trigonometry/Pre-Calculus in 10" grade. Because there is considerably less differentiation by
course title in other subjects, we do not consider advanced course-taking in other subjects.

4 We did not include supplemental courses in the original pre-registration (Backes et al., 2023b); however, in
subsequent work, we have found these courses strongly predict baseline achievement in both middle and high



the administrative data: the total number of absences in each school year and the number of days
a student is suspended in each school year.

Since 2018, Massachusetts has surveyed students in 5", 8" and 10" grade about the
climate in their schools. The survey asks about experiences with school staff and other students.
It consists of three dimensions (environment, engagement, and safety) each of which includes
three distinct topics. The engagement dimension includes cultural competency (e.g., the extent to
which students and faculty value diversity), participation in classroom and school life, and
relationships with students and faculty. The safety dimension includes emotional safety (e.g., the
extent to which students are comfortable approaching faculty with problems), physical safety,
and bullying. The environment dimension includes topics on the instructional environment,
mental health, and discipline. The surveys are included in the state standardized testing system
and thus have high response rates. For the middle school grades we use in this study, response
rates are generally around 80% (77-82%) except for the 2020-2021 school year (66% in 5
grade, 69% in 8™ grade).

We summarize the data in Table 1. The main analysis sample includes students who are
currently enrolled in Massachusetts public schools and enrolled in grades above the highest
grade offered by their grade 3 elementary school. The first row displays the average number of
years of exposure to elementary school DI. Because DI in K-4 schools is relatively rare, students
in grade 5 who have advanced past elementary school typically have few years of DI exposure.
Among students in higher grades, who mostly frequently attend K-5 schools, the average length

of DI exposure is about 0.6 — 0.7 years.

school, which we interpret as evidence that they usefully proxy for students’ academic track (Backes et al., 2023c).
Nonetheless, we view their inclusion as exploratory given their omission from the pre-registration report.



In Figure 1, we plot average student achievement by grade and elementary school grade
configuration (K-4, K-5, and K-6). The plots show the average differences from third grade test
scores (the first grade of testing in Massachusetts). As in Rockoff and Lockwood (2010) and
Schwerdt and West (2013), student achievement declines in the first year of middle school and
gradually recovers thereafter. The declines are largest for K-4 transitions (about 0.12 standard
deviations in math and ELA) and somewhat smaller for K-5 and K-6 (about 0.03 — 0.09 standard
deviations). In the remaining sections, we investigate the extent to which elementary school
structure influences these trajectories.

4. Research Design

We assess the long-run effects of DI using a difference-in-differences design that exploits

variation in exposure to DI across cohorts in the same elementary school. We estimate
Yiecgs = Dlec8 + Ocg + Agc + €iecgs (1)

where 7 indexes student, e indexes elementary school, ¢ indexes cohort (year of first third grade
enrollment), g indexes current grade, and s indexes current school. DI, is a measure of DI
exposure in elementary school; in our baseline specification, this is the number of years of DI
instruction assuming a student continuously attends their elementary school from the third grade
to the highest enrolled grade in that school. In the baseline specifications, we estimate intent-to-
treat effects that use the instructional modality for the first school in which a student enrolled in
third grade. In addition, we also assess treatment-on-the-treated effects using a student’s
observed school in each grade. We cluster standard errors at the elementary school level.

The research design in Eq. (1) compares changes in outcomes for students who attend
elementary schools that switch instructional models to those in schools with a constant

instructional model. The primary threat to this design is that changes in instructional models are



correlated with other school or district initiatives that may affect student outcomes in later
grades. For instance, the New York City algebra initiative discussed in previous sections
suggests that districts might combine DI with policy changes affecting students in later grades.
To test this possibility, we exploit the fact that multiple elementary schools typically feed into a
single middle or high school. We can therefore compare changes in student outcomes across
cohorts in elementary schools that switch models to other cohorts in the same middle or high
school whose elementary schools did not switch models. In practice, we add a current-school-by-
cohort fixed effect to Eq. (1):

Yiecgs = DlecO + Opg + Age + Vsc + Eiecgs (2)
This specification allows the time trend to vary across middle or high schools, which allows for
the introduction of other policies affecting instruction at higher grade levels that might coincide
with changes in elementary DI. This would cover, for instance, the New York City algebra
initiative discussed earlier. Because this specification also allows for changes in unobserved
factors across cohorts for students enrolled in the same school, these results should not be
sensitive to broader changes in district policy that occur simultaneously with changes in the
instructional models used in elementary schools, including those that might affect student
learning in earlier grades.

An additional concern in both designs is that schools adjust instructional models based on
the current cohort of students. For instance, if schools departmentalize instruction for more
advanced students, then we may find that DID designs falsely conflate compositional changes
with the long-run effects of DI. In Table 2, we regress baseline student characteristics measured
in 2" grade on the cohort DI measures. The sample includes students in the analytic sample

(grades 5 — 10), but we use grade 2 characteristics because very few schools departmentalize that



early, so nearly all of these are measured prior to any potential treatment. The first characteristic
is on-time grade progression, which is our sample selection indicator. We find no evidence of
differential sample selection associated with DI in elementary school. We do, however, find
some evidence that changes in DI are associated with compositional changes. DI is associated
with more English learners and fewer special education students; the special education result is
robust to the inclusion of school-by-cohort FE. Notably, the sorting patterns do not suggest any
directionally consistent selection into instructional model. Nonetheless, adding controls for
student background does not meaningfully change the results.

5. Results

5.1  School Assignments and Observed Treatment

We first demonstrate that DI assigned in a student’s first third grade school predicts
observed DI in Table 3. In the first column, we regress a student’s number of observed years in
elementary DI on the cumulative DI exposure and elementary school and cohort fixed effects
(Panel A) and school-by-cohort fixed effects (Panel B). In the remaining columns, we repeat this
exercise using DI status in each grade as the outcome. Overall, each year of assigned elementary
DI raises actual DI by about 0.9 years. We also observe changes in treatment throughout the
upper elementary grades: one year of DI is associated with an increase in the likelihood of
departmentalization of 29 percentage points in 3™ grade, 35 percentage points in 4™ grade, 23
percentage points in 5 grade, and 3 percentage points in 6™ grade.

5.2 Dynamic Effects and Pre-Treatment Trends

Before turning to the estimated long-run effects of DI on student outcomes, we first plot the

dynamic effects of DI in Figure 2. Because the treatment is continuous, we therefore follow
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Freyaldenhoven et al. (2021) and estimate a version of Egs. (1) and (2) that include

transformations of the cohort leads and lags of DI:°

2

Yiecgs = z (Dlec - Dle,c—k)ak + 53Dle,c—3 + 5—4(1 - DIe,c+4) + eeg + Agc + €iecgs
k=-3k#-1

We bin the effects at = -4 and ¢ = 3. All effects are normalized relative to the next cohort’s DI
exposure.

There are two notable features of the results in Figure 2. First, we find little evidence of
pre-existing trends in the academic outcome measures. Conditional on a cohort’s DI treatment,
leads of the treatment at the elementary school level are not predictive of changes in achievement
outcomes. This is less true of grade point average, although the apparent pre-trend disappears in
the model with school-by-cohort FE. Second, the estimated effects of DI increase over time, at
least for the standardized achievement outcomes. Because the treatment variables are continuous
measures of DI, this pattern suggests that the effect of a single year of DI in elementary school is
more impactful the more years an elementary school has implemented DI.

5.3 Effects on Academic Outcomes

We present the main estimates of the effects of DI on academic outcomes in middle and
high school in Table 4. The results in the first panel correspond to the baseline difference-in-
differences design, while the second panel adds school-by-cohort FE to allow cohort trends to
vary at the middle- or high-school level. We first examine the average of math and ELA test
scores. The point estimates suggest that an additional year of DI raises achievement by 0.01

standard deviations on average, although the effect is not statistically significant. Results are

5 The usual alternative to this specification is to include distributed lags of the treatment variable and then plot the
cumulative effects of a one-unit change in treatment. Freyaldenhoven et al. (2021) note that their transformation
produces the identical effects and obviates the need to compute the cumulative treatment effects for each event-time.
We impute an unchanged treatment status for any period outside our observation window.

11



similar for math and ELA tests as the dependent variables. The math result is significant when
we include school-by-cohort FE, and marginally significant in ELA without, but there are no
clear trends. The effects are more positive for science, where we find that an additional year of
DI raises achievement by about 0.02 standard deviations. This latter result accords with the
evidence on the short-run effects of DI, which consistently show larger effects in science than in
other subjects (Backes et al., 2024; Bastian & Fortner, 2020). The consistently larger effects in
science may reflect the fact that it is the subject that typically receives the least instructional time
in the mainstream, self-contained elementary classroom (Perie et al., 1997). Finally, we find little
evidence of any effect on grades. Although the baseline estimate is marginally significant, recall
that there was some evidence of a pre-treatment trend in this outcome. When we include school-
by-cohort FE, the result is much closer to zero.

We next estimate the effects of elementary school DI by grade by interacting the DI
measure with grade level. We plot the results in Figure 3. Recall that most elementary schools
serve grades K through 5, so the first year of middle school is typically in 6 grade. For the math
and ELA tests, we observe relatively large effects in 6™ grade (0.02 in math; 0.03 in ELA) that
fade out to close to zero by 8" grade. The science results are more imprecise, but we find
positive effects on both the middle school (8" grade) and high school (biology) tests.

We investigate these patterns further in Table 5. We interact the DI dosage variable with an
indicator for whether the student’s current grade is the transitional grade between elementary and
middle school. We define the transitional grade based on the grade range of a student’s initial
elementary school and their current grade level. For example, a student enrolled in a K-5 school
would experience their transition grade in sixth grade. We omit science tests from these analyses

because there is not a science test for the modal transitional grade in our sample (6™ grade).
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The first two panels replicate the analysis in Table 4. Consistent with the estimated effects
by grade, the effects of elementary DI are most apparent in the transitional year. We estimate that
an additional year of DI improves test scores by about 0.03 standard deviations in the transitional
grade and estimates are similar in both math and ELA. In all other grades, the point estimates are
close to zero and not statistically significant.®

There are two potential explanations for the effects of elementary DI on achievement
during the transitional year. Backes et al. (2024) find that DI raises student achievement during
elementary school. Given the well-documented tendency for the effects of educational
interventions to fade out over time, the effects may be largest during the transitional year because
it is most proximate to the elementary grades when students were treated. In this case, the effects
of DI might reflect better academic preparation during elementary school, but not necessarily the
kinds of middle school “rehearsal” effects suggested by Chan et al. (2009) and others. On the
other hand, if these middle school rehearsal effects are an important explanation, we would
expect to see that elementary DI leads to smaller declines in achievement — and hence higher test
scores — as students switch from elementary to middle school.

We test these explanations in the remaining panel using the first difference in test scores for
grades 5 — 8.7 We use the more conservative specification with school-by-cohort FE, but results
are similar in both specifications. The difference in test scores during the transitional year is the
change in test scores from the last year of elementary school to the first year of middle school.

This measure therefore captures changes in the negative middle school transition shock

® We omit K-8 schools given our focus on the middle school transition. Nonetheless, we can examine whether
similar trends hold in these schools. In K-8 schools, the vast majority of grades 6-8 are departmentalized (about 93%
for grade 6, and over 99% for grades 7 and 8). We thus examine the impact of an additional year of DI in grades 3-5
on student outcomes in grades 6-8. Although estimates are imprecise, we do not observe any evidence that DI in
early grades in K-8 schools better prepares students for departmentalized upper grades within these same schools.
Results are available upon request.

7 We omit high schools from this analysis given that there is no 9™ grade math or ELA test in Massachusetts.
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associated with elementary DI. We estimate that elementary DI increases this difference by about
0.01-0.02 standard deviations per year, with somewhat larger effects in math than ELA. This
suggests that part of the elementary DI effect comes from reducing the decline in test scores
during the middle school transition, consistent with the rehearsal effects hypothesis described
above. Comparing the estimates to those in the second panel, the findings suggest that about 50%
of the elementary DI effect operates through reducing test score declines during the transitional
year. That also suggests that about half of the effect can be explained by better preparation
during elementary school and fade-out on the test score effects. Consistent with the fade-out
hypothesis, test score growth is lower by about 0.01 standard deviations per year in the other
middle school grades. Consequently, the achievement effects fully fade out by the end of 8"
grade in math and ELA.

The estimated effects shown so far assume that each additional year of DI has a constant
effect on student achievement. In Table 6, we relax this assumption. The effects of a single year
of DI in elementary school are about one quarter to one half the magnitude of the continuous
measure and not statistically significant. On the other hand, we estimate that two or three years
of elementary DI increase achievement by about 0.02 — 0.03 standard deviations in math and
ELA and about 0.05 standard deviations in science. We find little consistent evidence of any
effect on grades.

Overall, the results indicate that student achievement would be about 0.06 standard
deviations higher in 6 grade in both math and ELA for students who spent all of third through
fifth grade in DI. It is useful to compare this to the effects of middle school transitions found in
the previous literature. Both Rockoff and Lockwood (2010) and Schwerdt and West (2013)

estimate that middle school transitions reduce achievement by about 0.10 — 0.13 standard

14



deviations. Our results therefore suggest that early transitions to DI can ameliorate much of the
negative effects of middle school transitions.

5.4 Accounting for Staggered Treatment Timing

Several recent studies have shown possible biases associated with traditional two-way fixed
effects (TWFE) estimators for the difference-in-differences design (Goodman-Bacon, 2021; Roth
et al., 2023). To ensure that our results are not sensitive to these issues, we implement an
alternative estimator in the spirit of the stacked difference-in-differences procedure developed by
Cengiz et al. (2019). We first divide treated units into mutually exclusive groups based on
patterns of DI exposure across cohorts. For example, one such group is formed by elementary
schools whose 2012 through 2014 third grade cohorts experienced no DI, whose 2015 cohort
experienced one year of DI, and whose 2016 through 2018 cohorts experienced two years of DI.
We then match each of these timing groups to the entire sample of never-DI schools. Let each
such sample consisting of one timing group and the untreated schools be denoted by k. We
estimate the stacked DID

Yiecgk = DlecG + Oegi + Agek + €iecgr (3)

by interacting the elementary school and time indicators with the stacked sample
indicators. Because there is no variation in treatment timing within subsample, the estimates
from Eq. (3) are uncontaminated by differential treatment timing. We again cluster standard
errors by school. Results for these specifications are shown in Table 7. For the academic
outcomes examined in this section, results are quite similar for the overall estimates of DI and
for the effect of DI in transitional grades. If anything, the results for math and ELA in
transitional grades are somewhat larger, with a coefficient of 0.03 standard deviations for the

combined result.
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6. Mechanisms

In the prior section, we found that students who attend departmentalized elementary
schools have higher achievement, particularly during the first year of middle school. In this
section, we consider possible explanations for these findings.

6.1 Course-Taking, Attendance, and Engagement

In Table 7, we estimate the effects of DI on several intermediate outcomes that might proxy
for student engagement in school. These include two measures for engagement in school
(absences and suspensions), two measures for the academic level of courses taken (taking a
supplemental class designed to help students reach grade level and taking an advanced math
class), and an index of academic engagement from the student surveys. One limitation of the
student surveys is that they are only available for some cohorts, and only in 5" and 8" grades; as
a consequence, almost all of the observations are from 8™ grade.

Across all grades, we only find consistent effects of DI on absences. We estimate that a
year of DI reduces absences by about 1 percent; this result is not sensitive to specification. In our
baseline specifications, students attending departmentalized elementary schools are less likely to
take advanced math courses and more likely to take supplemental courses, but these effects are
not robust to controlling for school-specific trends. The point estimates are not significant and
are close to zero. The survey results are less precise, but there is no clear evidence that students
from departmentalized elementary schools self-report higher engagement, at least in 8" grade.

In the remaining panel, we repeat these analyses by transitional grade given the pattern of
results in Table 5 and Figure 3. Notably, we do not find a statistically significant effect on
attendance in the transitional grade; rather, unlike the test score effects, the effect on attendance

appears to persist into later years. In these specifications, we also find some evidence that
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students in departmentalized elementary schools are tracked into higher-level math classes, but
only in the first year of middle school, when these courses are less frequently offered.

Overall, the evidence that DI affects engagement in middle school is mixed. We find
positive effects on attendance that appear to persist throughout middle school. We also find some
evidence that students take more advanced math classes, but only in the first year of middle
school. This latter finding could reflect the fact the students from departmentalized elementary
schools enter middle school with higher test scores, which determines course assignments in
some places.

6.2  Persistence of Teacher Effects

Backes et al. (2024) find that elementary schools change teacher assignments when they
departmentalize. Schools are more likely to assign teachers to the subjects in which they have a
comparative advantage and increase the likelihood that teachers with subject-specific credentials
teach the corresponding subjects. These changes in teacher staffing appear to offset the negative
penalties to the departmentalized format for individual teachers. Prior research indicates that
teacher contributions to student test scores persist to some extant across school years; estimates
of the persistence in contemporaneous teacher effects vary between 20 and 50% (Chetty et al.,
2014b; Jacob et al., 2010; Kinsler, 2012). In order to further test whether better academic
preparation in elementary school could explain the benefits of DI in middle school, we follow
Jacob et al. (2010) and estimate the persistence of prior teacher effects and how this varies by the
instructional model used in elementary school.

We focus on fourth and fifth grade teachers (for whom we can estimate value added) and
sixth grade test scores, where we observe the largest effects of DI. We first use data on teacher
assignments in elementary schools between 2012 and 2019 to estimate teacher value added for

fourth and fifth grade students in our elementary school sample. We estimate the VA model
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Yiigst = XijgseB + Ogst + €ijgst

& = 0" Xjciey=jYijgst — XijgseB + 045t (3)
where @;; is the average of the residuals from the VA model for a teacher’s students in each year.
The control vector X4 includes cubic polynomials in students’ prior math and ELA test
scores, gender, race/ethnicity, FRL eligibility, special education status, and English language
learner status, as well as the means of these variables at the classroom level. We estimate Eq. (3)
separately by subject for math and ELA teachers. We also include a school-grade-year fixed
effect, 8y, to separate teaching effectiveness from the contributions of elementary schools’
instructional models. Following Chetty et al. (2014a) and Stepner (2013), we then construct a
forecast of teacher effectiveness in year 7 by aggregating the teacher effectiveness estimates, @jq,
from other years based on their ability to predict teacher effectiveness in year £. We omit data
from year ¢ in these forecasts so that the second-stage regressions of students’ middle school test
scores on teacher VA does not use a VA measure relying on their own elementary school test
scores.

We then link the teacher VA estimates to linked student-teacher data in sixth grade. By
construction, the VA estimates use data from students’ elementary schools and the linked
student-teacher dataset uses data from students’ middle schools. We then estimate the following
two-stage least squares regressions based on those in Jacob et al. (2010):

Yict = Yict—k6k + XieB + DIyt A + Oce + €t
Yict—-k = &];(_t;:k)f’k + Xit + DIjr 1§ + Ver + Nice 4)
In Eq. (4), we instrument for prior achievement Y;.;_j in year t-k with VA for the teacher

assigned to student i in year -k (omitting data from the year in question) dJ;(_t,; ). The control

vector includes the same student variables included in the VA model, twice lagged achievement,
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and a classroom fixed effect. As discussed in Jacob et al. (2010), §; provides an estimate of the
proportion of the variance in teacher effects on test scores in year ¢-k that persist to year . To test
whether this persistence is constant across elementary school instructional models, we construct

two instruments by interacting estimated teacher VA c’f];(_t,: *) with an indicator for each of the

two possible instructional models for a student in year #-k and conduct the overidentification test
that &), does not vary with the choice of instrument.

The results are shown in Table 9. In the first panel, we follow Jacob et al. (2010) and
estimate the persistence of student learning by instrumenting prior test scores with twice-lagged
test scores. The general persistence of student learning varies between 0.93 and 0.97 across tests
but is similar in both DI and self-contained classrooms. In the second panel, we instrument prior
achievement with the lagged teacher’s VA estimate. In ELA, the persistence of teacher effects is
about 0.2 in both DI and non-DI elementary schools. Hence, about 20% of teacher value-added
persists into the next school year across the elementary-middle school transition. This is nearly
identical to the rate of persistence found in Jacob et al. (2010). We do not reject the null
hypothesis of the overidentification test that the two persistence rates are equal. The persistence
of teacher effects does appear to differ in math, however. The rate of persistence in math VA is
about 0.14 in non-DI models and 0.24 in DI models. In other words, the persistence rate is about
10 percentage points higher in DI than non-DI schools. In this case, the overidentification test
does indicate that the difference in persistence between DI and non-DI elementary schools is
statistically significant. In the final set of columns, we test differences in teacher persistence for
both subjects simultaneously and do not find that the overall difference is jointly significant

across subjects.
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Overall, the results on teacher persistence provide some evidence that DI supports
learning that persists, at least in math. A greater proportion of math teachers’ contributions to
student test scores persists into middle school when elementary schools departmentalize.
However, we generally observe that these improvements in achievement are relatively short-
lasting and mostly disappear by 8" grade. Although Gilraine and Pope (2021) suggest that
teachers with more persistent effects also improve longer-run outcomes, it is unclear whether that
holds in this setting.

7. Discussion

Proponents of transitioning upper elementary grades to DI focus on preparing students
academically for middle school. Students gain experience taking multiple classes, transitioning
between classrooms, and studying with more than one teacher. These experiences are intended to
cultivate independent academic skills that will benefit them in the middle school environment.
They are also matched with subject-matter specialists, who may better instill foundational
concepts that will benefit them in more advanced courses. These arguments suggest that DI
should improve student learning after they leave elementary school.

In this paper, we provide some of the first evidence on these hypotheses. We find clear
evidence that elementary DI prepares students for the transition to middle school. We find that
students have higher achievement in middle school after their elementary schools switch to
departmentalized models. The effect is mostly concentrated in the transitional school year, where
the estimated effect is about 0.03 standard deviations in both math and ELA tests per year of
elementary DI. Our estimates suggest about half of this effect is driven by improvements in
learning during elementary school, and the other half comes from a smaller decline in

achievement during the elementary-to-middle school transition. The total effect of having
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attended a fully departmentalized elementary school is nearly enough to offset the middle school
transition effect found in prior research (Rockoff & Lockwood, 2010; Schwerdt & West, 2013).

Nonetheless, we find mixed evidence on the persistence of elementary DI effects. Student
achievement gains in math and ELA mostly fade out in later grades; by 8th grade, we estimate
null effects of elementary DI on test scores in these subjects. The effects on science tests, by
contrast, persist through the first year of high school. Students exposed to DI are no more likely
to reach more advanced math courses or earn better course grades, and we find little evidence
that students from departmentalized elementary schools report higher engagement in school by
eighth grade.

One important caveat is that the lack of an observed effect on intermediate outcomes does
not necessarily imply that DI has no long-run benefit to students. Educational interventions
frequently produce short-term test score gains that fade out in subsequent grades, only to
eventually reappear on longer-run outcomes. Examples include pre-kindergarten programs
(Anderson, 2008; Deming, 2009), reductions in class size (Chetty et al., 2011), and exposure to
effective teachers (Chetty et al., 2014). Although we observe rapid fade-out in math and ELA
test score effects after the first year of middle school, effects on science tests appear more
persistent and departmentalized teachers impart greater long-run learning than non-

departmentalized teachers, at least in math.
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Tables and Figures

Table 1. Summary Statistics for Middle and High School Outcomes

5 6 7 8 9 10

Years of Assigned DI 0.18 0.58 0.63 0.64 0.68 0.68
Years of Observed DI 0.24 0.59 0.63 0.63 0.68 0.68
On-time Progress 0.95 0.93 0.90 0.88 0.86 0.86
Enrolled in MA Schools 0.96 0.94 0.92 0.90 0.90 0.86
Math Test -0.05 0.06 0.07 0.06 0.12
ELA Test -0.03 0.06 0.06 0.08 0.13
Science Test 0.08 0.12 -0.02
Grade Point Average 3.26 3.16 3.11 2.85 2.96
Absences 7.24 7.63 8.59 10.34 11.74 12.44
Days Suspended 0.08 0.16 0.21 0.28 0.44 0.36
Advanced Math 0.00 0.02 0.20 0.28 0.28 0.26
Supplemental Course 0.09 0.11 0.11 0.11 0.04 0.04
Observations 69464 227580 246273 252010 239854 184413

Notes: Sample includes all students who enroll in an elementary school (K-4, K-5, or K-6) in Massachusetts for

third grade.
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Table 2. Changes in Instructional Models and Student Observables

Baseline DID School-Cohort FE
On-time Progress 0.002 0.001
(0.001) (0.001)
Limited English Proficient 0.007** 0.002
(0.003) (0.003)
Male -0.001 0.002
(0.002) (0.003)
FRL 0.000 -0.005
(0.003) (0.003)
Special Education -0.004* -0.005**
(0.002) (0.002)
Asian -0.001 0.000
(0.001) (0.001)
Black 0.002 0.002
(0.001) (0.002)
Hispanic 0.000 0.002
(0.002) (0.002)

Notes: Estimated effects of years of DI exposure in elementary school on student attrition and baseline
characteristics using main regression sample. On-time progression indicates that a student is enrolled in a

Massachusetts public school and is in the expected grade given the year of the student’s first enrollment in third

grade. Enrolled in MA school indicates that a student is enrolled in a Massachusetts public school. All other student
characteristics are measured in the year prior to first third grade enrollment. All regression models include
elementary school and cohort fixed effects. Standard errors clustered by elementary school in parentheses.

*p<0.10 ** p <0.05 *** p < 0.01
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Table 3. Intent-to-Treat Effects on Observed Treatment

Observed DI by Grade
Observed DI
Years Grade 3 Grade 4 Grade 5 Grade 6
Baseline DID
DI Years 0.896*** 0.289%** 0.347%%** 0.229%%** 0.025%%**
(0.008) (0.017) (0.013) (0.017) (0.006)
Num. Obs. 1219594 1219594 1219594 1219594 1219594

School-Cohort FE

DI Years 0.850%** 0.279%** 0.335%** 0.211%** 0.019%***
(0.007) (0.017) (0.012) (0.013) (0.003)

Num. Obs. 1107601 1107601 1107601 1107601 1107601

Notes: Estimated effects of years of DI in elementary school cohort. Treatment is the number of years a student
would have spent in DI assuming on-time grade progression in their assigned school in third grade. Years of DI (row
1) is the number of years a student is observed in DI during elementary school. Elementary school indicates the
school a student first attends third grade. School indicates a student’s current school. Standard errors clustered by
elementary school in parentheses. * p <0.10 ** p <0.05 *** p <0.01
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Table 4. Effects of DI on Academic Outcomes in Middle and High School

Math & ELA Math ELA Science Grades
Baseline DID
DI Years 0.010 0.009 0.011* 0.015%* 0.011*
(0.006) (0.007) (0.006) (0.006) (0.006)
Num. Obs. 847398 841595 843200 337933 911277

School-Cohort FE

DI Years 0.009* 0.012%* 0.007 0.020%* 0.002
(0.006) (0.006) (0.006) (0.006) (0.005)
Num. Obs. 846917 841129 842745 337661 910512

Notes: Estimated effects of years of DI in elementary school cohort. Treatment is the number of years a student
would have spent in DI assuming on-time grade progression in their assigned school in third grade. Years of DI (row
1) is the number of years a student is observed in DI during elementary school. Elementary school indicates the
school a student first attends third grade. School indicates a student’s current school. Standard errors clustered by
elementary school in parentheses. * p <0.10 ** p <0.05 *** p < (.01
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Table 5. Effects of DI in Transitional and Non-Transitional Grades

Math & ELA Math ELA Grades
Baseline DID
Non-Transitional Grade 0.003 0.004 0.003 0.010
(0.006) (0.007) (0.006) (0.006)
Transitional Grade 0.029%** 0.027%%** 0.033%** 0.018**
(0.008) (0.009) (0.008) (0.008)
Num. Obs. 847398 841595 843200 911277
School-Cohort FE
Non-Transitional Grade 0.004 0.007 0.001 0.001
(0.0006) (0.006) (0.0006) (0.005)
Transitional Grade 0.028%** 0.028%** 0.028#** 0.006
(0.008) (0.008) (0.009) (0.007)
Num. Obs. 846917 841129 842745 910512

First Differences (School-Cohort FE)

Non-Transitional Grade -0.007* -0.004 -0.011**
(0.003) (0.004) (0.004)

Transitional Grade 0.015%** 0.017** 0.011
(0.005) (0.008) (0.007)

Num. Obs. 599363 593568 594946

Notes: Estimated effects of years of DI in elementary school cohort. Treatment is the number of years a student
would have spent in DI assuming on-time grade progression in their assigned school in third grade. Transitional
grade indicates the grade above the highest grade offered in elementary school. Elementary school indicates the
school a student first attends third grade. School indicates a student’s current school. Standard errors clustered by
elementary school in parentheses. * p <0.10 ** p <(0.05 *** p <0.01
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Table 6. Effects of DI by Years of Assignment

Math &
ELA Math ELA Science Grades
Baseline DID
1 Year DI 0.006 0.008 0.006 0.029%#** 0.018*
(0.009) (0.011) (0.010) (0.011) (0.010)
2 Years DI 0.031%** 0.025 0.039%** 0.057#** 0.026*
(0.014) (0.016) (0.015) (0.014) (0.013)
3+ Years DI 0.019 0.023 0.019 0.027 0.028
(0.019) (0.021) (0.018) (0.019) (0.019)
Num. Obs. 847398 841595 843200 337933 911277
School-Cohort FE
1 Year DI 0.002 0.003 0.002 0.021* -0.004
(0.010) (0.010) (0.010) (0.011) (0.009)
2 Years DI 0.028** 0.031** 0.025* 0.052%** 0.016
(0.014) (0.015) (0.015) (0.015) (0.011)
3+ Years DI 0.024 0.032* 0.018 0.054%** -0.001
(0.018) (0.018) (0.019) (0.018) (0.016)
Num. Obs. 846917 841129 842745 337661 910512

Notes: Estimated effects of years of DI in elementary school cohort. Treatment is the number of years a student

would have spent in DI assuming on-time grade progression in their assigned school in third grade. Years of DI (row

1) is the number of years a student is observed in DI during elementary school. Elementary school indicates the
school a student first attends third grade. School indicates a student’s current school. Standard errors clustered by

elementary school in parentheses. * p <0.10 ** p <0.05 *** p < (.01
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Table 7. Stacked Difference-in-Differences Estimates

Math + ELA Math ELA Science GPA
1) 2) 3) 4) (5)
Overall 0.009 0.008 0.010%* 0.010 0.013**
(0.006) (0.007) (0.006) (0.006) (0.006)
Non-Transitional Grade  0.002 0.003 0.002 0.012*
(0.006) (0.007) (0.006) (0.006)
Transitional Grade 0.030%** 0.024%** 0.036*** 0.018%**
(0.008) (0.009) (0.009) (0.008)

Notes: Estimated effects of years of DI in elementary school cohort. Treatment is the number of years a student
would have spent in DI assuming on-time grade progression in their assigned school in third grade. Transitional
grade indicates the grade above the highest grade offered in elementary school. Elementary school indicates the

school a student first attends third grade. Timing group represents the group of elementary schools whose cohorts

experienced identical patterns of DI exposure. Data are stacked such that each timing group is matched to the entire

sample of never-treated elementary schools. Standard errors clustered by elementary school in parentheses. * p <

0.10 ** p < 0.05 *** p < 0.01
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Table 8. Effects of DI on Course-Taking and Behavioral Outcomes

Courses Surveys
Advanced Supplemental

Absences Suspensions  Math Class Engagement
Baseline DID
DI Years -0.012%* 0.000 -0.006** 0.008* 0.020%*

(0.005) (0.002) (0.002) (0.004) (0.010)
Num. Obs. 910164 929646 1107589 1107589 160320
School-Cohort FE
DI Years -0.011%** -0.002 0.002 -0.001 0.009

(0.005) (0.002) (0.002) (0.001) (0.009)
Num. Obs. 909371 928670 1107589 1107589 160254

Effects of DI by Grade (School-Cohort FE)

Non-Transitional Grade — -0.014%** -0.002 0.001 -0.001
(0.005) (0.002) (0.002) (0.001)

Transitional Grade -0.002 -0.002 0.011%** 0.000
(0.006) (0.003) (0.003) (0.006)

Num. Obs. 909371 928670 1107589 1107589

Notes: Estimated effects of years of DI in elementary school cohort. Treatment is the number of years a student
would have spent in DI assuming on-time grade progression in their assigned school in third grade. Elementary
school indicates the school a student first attends third grade. School indicates a student’s current school. Standard
errors clustered by elementary school in parentheses. * p < 0.10 ** p < 0.05 *** p <0.01
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Table 9. Persistence of Elementary Teacher Effects by Instructional Model

ELA Math Combined
(H (2 3 “4) (©) )
Long Run 0.961***  (967***  (.933%** () 94Q%** () Q47*%* () Q57***
(0.008) (0.005) (0.006) (0.004) (0.006) (0.003)
N 213921 213921 202884 202884 416805 416805
Value Added 0.220* 0.186***  (0.235%** (. 139*%**  (230%*** (), ]158***
(0.091) (0.026) (0.041) (0.018) (0.048) (0.016)
N 171403 171403 173703 173703 345106 345106
Overidentification Test:
F statistic 0.129 3.932 1.785
p-value 0.719 0.047 0.182

Notes: Estimated persistence of teacher effects. Sample includes students in transitional grades (grade higher than

offered in elementary school). Estimates are derived from regressions of contemporaneous achievement in grades 5,
6, or 7 on lagged achievement, student race/ethnicity, gender, FRL status, participation in special education or
English language learner programs, classroom fixed effects, and (in the second panel) twice-lagged achievement.
Estimates in columns (1) and (3) use students whose classrooms were self-contained in the last grade of elementary
schools; estimates in columns (2) and (4) use students whose classrooms were departmentalized in the last grade of
elementary schools. Long-run persistence is estimated by instrumenting lagged achievement with twice-lagged
achievement. The value added persistence is estimated by instrumenting lagged achievement with the lagged
teacher’s VA estimate. The overidentification test is constructed by fully interacting the model (including

instruments) with DI status. Standard errors clustered by elementary school in parentheses. * p < 0.10 ** p < 0.05

5% < 0,01
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Figure 1. Student Achievement by Grade and Elementary School Configuration

ELA Math

Test Scores

Grade Level ® K-4 & K-5 = K-6

Notes: Standardized student achievement by elementary grade configuration and grade level. Student test scores
centered around 3" grade test scores. Elementary school grade level based on first school with 3™ grade enrollment.
Sample includes all students in main analysis sample observed in each of grades 3 — 8 with math and reading scores.
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Figure 2. Dynamic Effects of Elementary DI on Students’ Long-Run Qutcomes

Math ELA
0.025 A
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-3 2 -1 0 1 2 -3 2 -1 0 1 2

Model + Baseline

Event Time

School-Cohort FE

Notes: Estimated effects of years of exposure to DI in elementary school by event time estimated as described in the
text. Regression uses cohort leads and lags of DI transformed using method suggested by Freyaldenhoven et al.
(2021) for event studies. Effects binned at = -4 and t = 3. Regressions additionally include cohort-by-grade and
elementary school-by-grade fixed effects. Confidence intervals constructed using standard errors clustered by
elementary school.
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Figure 3. Effects of Elementary DI on Test Scores by Grade

Math ELA
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fot I T
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Grade
Model + Baseline DID School-Cohort FE

Notes: Estimated effects of years of DI in elementary school cohort by current grade. Treatment is the number of

years a student would have spent in DI assuming on-time grade progression in their assigned school in third grade.
All models include elementary school-grade and cohort-grade FE. Confidence intervals constructed using standard

errors clustered by elementary school.
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