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Abstract 

This study estimates the causal impact of deploying part-time subject-specialist teachers in elementary 

schools on students’ academic outcomes, drawing on a cluster-randomized controlled trial conducted in Chiba 

Prefecture, Japan. In schools randomly assigned to receive part-time science specialists, students’ science 

achievement increased by 0.153–0.162 standard deviations (SD), which is a relatively large effect compared 

to many other educational interventions such as class size reduction. Moreover, mathematics achievement 

improved by 0.101–0.108 SD, while Japanese language achievement remained unaffected. In contrast, the 

deployment of part-time mathematics specialists had no statistically significant effect on student performance. 

There is no evidence that the introduction of part-time subject-specialists altered teachers’ classroom 

preparation time for other subjects. Science is a subject that demands a high level of content expertise, and 

prior studies indicate that as teachers gain more experience, their anxiety in teaching science decreases, while 

their self-efficacy increases. Given that the assigned specialists were relatively older and experienced part-

time teachers, the results suggest that leveraging their expertise and confidence may have contributed to the 

observed academic gains. The findings highlight the potential of strategically utilizing experienced specialist 

teachers to improve science education in the upper grades of elementary school. 
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1 Introduction

In recent years, the shortage of teachers and the problem of excessive working hours in Japanese

primary schools have become urgent policy concerns. In response, the government has imple-

mented a range of reforms aimed at improving teachers’working conditions and securing a sustain-
able teaching workforce. Among these reforms, the introduction of subject-specialist teachers has

attracted particular attention.

Traditionally, Japanese primary schools have operated under a homeroom-based system, in

which a single teacher is responsible for teaching all subjects to one class. Since the 2022 academic

year, however, subject specialization has been introduced in the upper grades (Grades 5 and 6) of

public primary schools. Because subject specialization has long been the norm in middle schools,

this reform was also expected to mitigate the so-called “seventh-grade gap”—a phenomenon in

which students experience adjustment difficulties and increased absenteeism due to the sharp ped-

agogical discontinuity between primary and middle school.

Although the initial implementation of subject specialization targeted upper grades, policymak-

ers have begun to discuss its possible expansion to Grades 3 and 4. In its August 2024 report,

Central Council for Education, MEXT proposed extending subject specialization to Grade 3 and 4

classrooms 1.

Grade 4 students in Japan receive approximately 1,015 hours of instruction annually—roughly
equivalent to the instructional time in upper elementary grades and even in middle school. To al-

leviate the substantial workload placed on teachers under the traditional homeroom-based model,

some schools have begun piloting departmentalized teaching in Grade 4. Consistent with the CCE’
s recommendations, the Ministry of Education, Culture, Sports, Science and Technology (MEXT)

announced on December 24, 2024, its plan to expand the use of subject-specialist teachers at this

level. MEXT subsequently reached an agreement with the Ministry of Finance on the fiscal year

2025 budget, and corresponding updates to relevant regulations and curriculum guidelines are ex-
1Foreign language, science, math, and physical education are identified as priority subjects for subject-specialist

instruction.
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pected to follow.

While the government has strongly promoted subject specialization, its impact on students’aca-
demic performance and non-cognitive skills remains underexplored. Previous studies have reported

mixed findings, suggesting the need for a rigorous causal evaluation in the Japanese context.

Proponents of subject specialization argue that reducing the number of subjects allocated to

each teacher allows for deeper preparation, repeated teaching opportunities, and ultimately higher

instructional quality (Chan & Jarman, 2004). Critics, however, contend that subject specialization

increases the number of students per teacher, making it more difficult to monitor individual progress

(Anderson, 1962). Others have pointed to potential losses in instructional coherence (McGrath

& Rust, 2002) and to difficulties integrating concepts across subjects, which may hinder deeper

understanding (Bastian & Fortner, 2020).

Empirical evidence is similarly mixed. For instance, Fryer Jr. (2018) conducted a randomized

controlled trial (RCT) in Texas elementary schools and found that departmentalized instruction

lowered student achievement and increased disciplinary problems and absenteeism. In contrast,

more recent quasi-experimental studies in the United States suggest that the effects may depend on

subject area, teacher experience, and the implementation model (Hwang and Kisida, 2022; Backes

et al., 2024). Yet, to our knowledge, no prior research has rigorously examined this issue in Japan,

a context where teaching practices, teacher assignment, and professional norms differ substantially

from those in Western settings.

This study addresses that gap by utilizing field experiment data from public primary schools in

Chiba Prefecture, Japan, to evaluate the impact of introducing subject-specialist teachers on both

academic performance and non-cognitive skills. Unlike a complete shift to a departmentalized

teaching model, the intervention in this study retained the homeroom system while assigning part-

time specialist teachers specifically for mathematics and science classes. We conducted an RCT

across 60 public elementary schools identified as relatively low-performing within the prefecture.

Of these, 20 schools were randomly selected to receive part-time mathematics specialists, another

20 to receive part-time science specialists, while the remaining 20 schools served as the control
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group.

Introducing science specialist teachers led to an increase of 0.178 standard deviations (SD) in

students' science test scores with statistical significance. Moreover, mathematics achievement im-

proved by 0.127 SD with statistical significance, which suggests possible spillover effects from

enhanced science instruction. Positive effects were observed in students' learning strategies and

non-cognitive skills as well. In contrast, no significant changes were found in either subject in

schools where mathematics specialists were introduced, and no spillover effects on Japanese lan-

guage achievement was observed in either intervention. Placebo tests using data from fifth grade

students, who were not part of the intervention, further confirmed that the observed effects were

unlikely to be coincidental.

The intervention appears to be highly cost-effective as well. An analysis of fifth grade data

shows that implementing subject-specialist teaching only through sorting teachers within a school

and without adding part-time specialists did not improve student achievement. Also, consistent

with existing literature, a negative impact on performance in mathematics was observed. A cost-

effectiveness comparison showed that raising science achievement by 1 SD per student through

introducing part-time science specialists cost 79,413 JPY (539 USD). Conversely, it cost 966,446

JPY (6,555 USD) to introduce a smaller class size policy (see Appendix B.2 for calculation details).

One possible explanation for strong effects only appearing in the science subject-specialist inter-

vention is the subject’s higher degree of specialization, and the fact that many teachers experience
lower self-efficacy and higher anxiety when teaching science. Prior research indicates that such

anxiety and low efficacy tend to be mitigated with experience (Nakajima and Kusaka, 2020), sug-

gesting that the intervention’s reliance on older, more experienced part-time teachers may have

been advantageous. Notably, homeroom teachers did not increase their lesson preparation time in

other subjects. However, teachers’growth mindset improved following the intervention.
This paper proceed as the follows. Chapter 2 reviews domestic and international literature on

subject-specialist teaching and related economic literature. Chapter 3 describes the details of the

intervention. Chapters 4 and 5 explains the data and empirical strategy. Chapter 6 reports the ef-
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fects of the intervention on student achievement and teacher work practices. Chapter 7 concludes

with policy implications. This study provides insights for refining education policy for Chiba Pre-

fecture, and broader education strategies. Chiba Prefecture’s approach underscores the importance

of evidence-based policymaking and offers critical insights into how education systems can be

updated.

2 Literature Review

Many studies conducted overseas have argued that, in theory, departmentalization and the im-

plementation of subject-specialist teachers could enhance instructional productivity by exploiting

teachers' comparative advantages. Empirical findings, however, reach an opposite conclusion, par-

ticularly at the primary education level. Improvements in student achievement are rarely observed,

and in some cases, negative effects have been documented (Fryer Jr., 2018; Bastian and Fortner,

2020; Hwang and Kisida, 2022). Among the existing studies, Fryer Jr. (2018) is particularly rel-

evant to the present research. The author conducts a cluster RCT in low-performing public ele-

mentary schools in Houston, Texas. In 23 randomly selected schools, a departmentalized system

was introduced, while the remaining 23 schools continued with the conventional homeroom-based

model. After one year, students in the treatment schools scored 0.12 (SD) lower than their peers

in the control group, and this negative effect persisted into the succeeding year. The impact was

especially large among students in special education programs and those taught by inexperienced

teachers. Furthermore, the incidence of major behavioral infractions increased by a factor of 1.13,

and students attended 0.36 fewer days per year on average. Despite teaching fewer subjects, teach-

ers were responsible for a larger number of students, making it more difficult to tailor instruction to

individual learning needs. Teacher satisfaction in the treatment group was also significantly lower

than in the control group.

Similarly, Hwang and Kisida (2022) showed that the increase in the number of students per

teacher under departmentalization led to weaker teacher–student relationships, resulting in negative
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effects on student achievement. Once again, themost severe impacts were observed among students

from disadvantaged backgrounds, such as those with low prior achievement or from low-income

households. However, the study found no significant effects on overall school level academic

performance, absenteeism, or disciplinary incidents, suggesting that any positive effects for some

groups may have been offset by negative effects for vulnerable students, leading to negligible net

outcomes.

In contrast, Backes et al. (2024) reported positive effects of departmentalization on student

achievement. Using eight years of administrative data from elementary schools in Massachusetts,

they found a gain of 0.03–0.07 SD in English language arts (ELA), 0.04–0.06 SD in science, and

0.00–0.04 SD in mathematics. The authors attributed these improvements to a key feature of their

reform. Teachers were assigned to subjects that aligned with their strengths, enabling gains through

better congruence with teachers’ comparative advantages. In other words, the benefits of depart-

mentalization depend less on reducing the number of subjects taught by each teacher, and more on

creating environments where each teacher can leverage their own strengths.2 Nevertheless, neg-

ative effects on student adjustment and teacher-student attachment were observed. Survey data

indicated that students taught under the departmentalized model reported lower ratings of teacher–
student relationships and learning environments.

The effects of departmentalization also have been found to vary by subjects and grades. Bastian

and Fortner (2020) analyzed the impact of departmentalization on test scores from approximately

660,000 fourth and fifth grade students, and data from 50,000 teachers in North Carolina. They

found negative effects on mathematics and reading achievement but positive effects of 0.04–0.06
SD in science. Moreover, the negative impacts were stronger among younger students. Addition-

ally, Backes et al. (2025) found that departmentalization in elementary school had beneficial effects

on academic performance and adaptation to middle school using data from Massachusetts. By ex-

ploiting variations in the timing of departmentalization across grades within the same schools, the
2A key difference between Fryer Jr. (2018) and Backes et al. (2024) lies in their institutional design. In the for-

mer, departmentalization was implemented within individual grade levels, whereas the latter study reassigned teachers
across the entire school level, which may account for the difference in outcomes.
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study found that each additional year of exposure to departmentalization in elementary school was

associated with increases of 0.01 SD in mathematics and ELA and 0.02 SD in science in middle

school. The effects were largest immediately after transition to middle school but persisted through

grade 8 in science, even as they faded in mathematics and ELA.

Departmentalization also has significant impact on teachers. Fryer Jr. (2018) reports that teach-

ers in the departmentalized schools taught 23% more students than those in homeroom systems.

The increased teaching load across multiple classes made it more difficult to engage deeply with

individual students, leading to declines in both teacher satisfaction and instructional quality. On

the other hand, Bastian et al. (2023) reported that departmentalization reduced teacher attrition,

particularly among teachers working in urban or suburban schools (by 2.7 percentage points) and

among Black teachers (by 5.3 percentage points).

Overall, the literature in overseas settings offers a mixed set of findings on the impact of depart-

mentalization on student achievement, the persistence of its effects, subject and grade level hetero-

geneity, and teacher outcomes. A plausible explanation is that potential productivity gains from

leveraging teachers’comparative advantages are offset by negative consequences, such as lower

student adjustment and weaker teacher–student attachment. These trade-offs underscore the impor-
tance of institutional design for the successful implementation of departmentalization, particularly

in the early years of schooling.

How has departmentalization been evaluated in Japan? As noted above, MEXT announced

plans to implement departmentalization nationwide for upper elementary grades beginning in the

2022 academic year, and several municipalities have adopted the system (see Appendix B.1 for

details). A number of domestic surveys have examined the effects of departmentalization on student

achievement and teacher workload.

Some findings are positive. Departmentalization allows teachers more time to plan lessons and

develop pedagogically, which potentially enhances instructional quality and leads to improvements

in student comprehension and motivation. For example, a survey conducted in Oita Prefecture re-

ported that after introducing a subject-exchange model of departmentalization, a large portion of
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students agreed with statements such as “I like this subject”and “I understand the content better”
(Oita Prefectural Board of Education, Outcomes and Challenges of Departmentalization, 2022).

Similarly, Tokoro et al. (2022), conducted surveys for students and teachers in Iwate Prefecture, and

found that both students and teachers believed departmentalization contributed to higher academic

achievement and increased motivation due to the novelty of being taught by different teachers for

each subject. Asada and Nakanishi (2018) surveyed elementary schools in Yamaguchi Prefecture,

and reported that students taught under departmentalization expressed significantly lower levels of

anxiety about learning and teachers upon entering middle school, suggesting that departmentaliza-

tion may help mitigate the “seventh-grade gap.”
On the other hand, some studies report negative results. Kajita and Doho (2022) conducted

a survey of principals and teachers at schools selected for departmentalization and received addi-

tional staffing support. Respondents generally viewed departmentalization positively in terms of

increasing student motivation, providing emotional security through exposure to multiple teachers,

and enhancing instruction through specialization. On the other hand, many were skeptical about

its potential to reduce teacher’s workload. Similarly, Tokoro et al. (2022) found that over half of

surveyed teachers expressed anxiety about teaching in other classrooms and managing students,

and that subjects requiring substantial preparation, such as science, could actually increase work-

load. Importantly, most of these evaluations are based on subjective perceptions from students and

teachers, without comparison to the counterfactual of schools that did not implement departmental-

ization. Above all, the lack of quantitative evidence remains a critical gap in Japanese literature.

3 Setting and Research Design

3.1 Overview of Departmentalization

In this study, we conducted a cluster-randomized controlled trial and linked the intervention to

Chiba Prefecture’s academic assessment data to rigorously estimate the causal effects of depart-
mentalization on students' educational outcomes.
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We begin by describing the institutional design of departmentalization in Chiba Prefecture. The

model implemented in Chiba is not a simple arrangement in which a teacher within a school or grade

teaches only one subject. Because Japan faces demographic decline and a shortage of prospective

teachers. Under these conditions, it is crucial to adopt a form of departmentalization that is both

feasible and is expected to be effective. Drawing on insights from studies conducted overseas, the

Japanese system was designed with two features intended to raise student achievement.

First, we retained the conventional homeroom-based system and assigned part-time subject-

specialists for selected subjects. Studies such as Fryer Jr. (2018) suggest that a straightforward

form of departmentalization may adversely affect individual students’achievement. Especially for
younger pupils, the homeroom model plays an important role in promoting school adjustment, sus-

taining teacher–student attachment, facilitating instruction tailored to individual proficiency, and
maintaining teacher satisfaction. Therefore, our design therefore sought to combine the strengths

of both approaches: keeping the homeroom structure as the default while deploying additional

part-time specialists in subjects that demand higher levels of content expertise.

Second, we employ individuals with prior teaching experience, primarily retired teachers. Pre-

vious research indicates that departmentalization staffed by inexperienced teachers can have larger

negative effects on achievement (Fryer Jr., 2018) and that the model is more likely to be adopted

when teacher quality is comparatively low (Hwang and Kisida, 2022). Hence, we consider that en-

suring teacher quality is essential when introducing departmentalization. However, the applicant-

to-position ratio for elementary school teacher recruitment in Chiba was only 1.9:1 in fiscal year

2024, making it difficult to hire teachers with both expertise and experience.

Therefore, we employed former teachers as part-time teachers. Recruitment explicitly targeted

part-time subject-specialists in science and mathematics, and hiring prioritized candidates with

demonstrated expertise in these subjects. The part-time teachers hired through this intervention

had an average age of 55.76 years, and they taught an average of 9.68 classes per week. A single

specialist could be assigned to multiple schools, multiple grades, and multiple classes. In total, 38

specialists accepted posts for fourth-grade classes, which form the basis of our analysis. Beyond
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potential gains in student learning, this assignment of additional teachers also was expected to

reduce homeroom teachers’workloads and contribute to work-style reforms.
A related reference point is the United Kingdom’s supply teacher system, which helps cover

sudden staffing shortages due to absences or parental leave. Contracts range from single-day ar-

rangements to term or year-long appointments and are typically brokered through private agencies.

In Japan, MEXT is considering the establishment of a similar system at a regional level to employ

retired teachers as part-time teachers to fill temporary vacancies (Yomiuri Shimbun, 2025).

In 2024, the UK Department for Education published a report summarizing the current state

and challenges of the supply teacher system (Department for Education, 2024). According to the

report, more than 98% of supply teachers hold a bachelor’s degree or higher, over half are in their
fifties, and many have prior experience teaching as full-time teachers. The system serves diverse

needs, including veteran teachers seeking flexible, lower-burden positions and early-career teachers

aiming to re-enter the profession or to build experience. At the same time, challenges are becom-

ing evident. In a survey targeting principals, 64% reported that the supply teacher system has an

adverse impact on student behavior and 61% reported negative impacts on learning outcomes. Con-

sequently, whether in Chiba or nationwide, any consideration of a mechanism similar to the supply

teacher system should be accompanied by rigorous quantitative evaluation to determine its effects

on student outcomes and on teachers’working conditions.

3.2 Research Design

In selecting schools for the RCT, we leveraged data from the 2022 National Assessment of Aca-

demic Ability to identify public elementary schools in each of the five administrative districts in

Chiba Prefecture with relatively low academic performance and that had no more than four classes

of either third and fourth grade students in the 2023 academic year. From among these schools,

we randomly selected, within each district, four schools to receive a mathematics specialist teacher

(mathematics schools), four schools to receive a science specialist teacher (science schools), and

four schools to serve as a control group without specialist teacher deployment (control schools).
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This resulted in a total of 12 schools per district. Ultimately, 20 mathematics schools, 20 science

schools, and 20 control schools were selected. The deployment of mathematics and science spe-

cialists occurred in separate sets of schools, and no school received specialists for both subjects

simultaneously.

Deployment of part-time teachers began in April, 2023, however, only 55.0% of schools had

their assigned specialist in place at the beginning of the academic year, which starts in April

in Japan. The remaining schools received their assigned teachers after April in which part-time

subject-specialists were successfully deployed in 13 mathematics schools (65.0%) and 15 science

schools (75.0%) by the baseline testing. Eventually, part-time subject-specialists were assigned to

92.5% of mathematics schools and 97.5% of science schools by the end of the academic year.

4 Data

4.1 Standardized Achievement Tests and Surveys

This study draws on data from standardized achievement tests and surveys administered to fourth

grade students in the 2023 academic year, as well as questionnaire responses from their home-

room teachers.3 Standardized assessments in the Japanese language, mathematics, and science,

along with student surveys were conducted during regular class hours. The student survey was

the “Saitama Prefecture Academic Achievement and Learning Conditions Survey,”which has been
implemented in Saitama Prefecture. A distinctive feature of this survey is the inclusion of psy-

chological scales, such as those measuring self-control, that allow for the assessment of students'

non-cognitive skills. The teacher questionnaire was developed and administered by the research

team. Surveys were distributed to homeroom teachers of the 111 classes included in the impact

evaluation, with responses received from 91 teachers (response rate: 81.9%).
3Although part-time subject-specialists were also deployed in third grade classes, no appropriate standardized test

was available for that grade level. Given the constraints, the impact evaluation focused solely on fourth graders. In
addition, standardized achievement tests were administered to fifth graders for the purposes of conducting placebo
tests and comparing the intervention’s effects with other education policies, such as small-size classrooms.
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The baseline survey was conducted in May 2023, just before the deployment of part-time

subject-specialists, and the endline survey was administered one year later, in May 2024. It is

important to note that data from some of the schools included in the evaluation could not be used.

Some schools did not participate in the standardized tests due to internal circumstances, and some

others mistakenly assigned different identifiers to students for the baseline and endline tests. As a

result, the response rate for the baseline survey was 98.5%, and the response rate for the endline

survey was 95.2%.4 Table1 summarizes the number of schools for which data were available and

the actual implementation status of part-time subject-specialists. Appendix Table A1 compares the

average achievement scores of one mathematics school and one science school that dropped out

after the baseline with those of the remaining schools. The results indicate that attrition had little

to no impact on the analysis results.

Table 1: Status of Program Implementation

Mathematics Schools（T1） Science Schools（T2） Control（C）
Number of Assigned Schools 20 20 20
Number of Classrooms（＝ Number of Homeroom Teachers） 40 36 35
Number of Schools Where Assignment Took Place by Baseline Testing 13 15 20
Number of Schools Where Assignment Was Completed by April 8 14 -
Number of Schools Responding to Baseline Survey 19 20 20
Number of Schools Responding to Endline Survey 18 19 20
Number of Students Enrolled at Time of Baseline Survey 1,021 852 913
Number of Students with Available Data at Baseline Survey 989 852 913
Number of Students with Available Data at Endline Survey 977 764 913

4Response rates were calculated by dividing the number of students who participated in the achievement tests by
the total number of enrolled students as of April 2, 2023.
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4.2 Instruments

The primary outcome variable in this study is students' academic outcomes measured through the

standardized achievement test. The test scores used in mathematics, Japanese language, and sci-

ence were used, which were normalized to have a mean of 0 and a variance of 1. Although subject-

specialist teachers were deployed only in mathematics and science, Japanese language assessments

also were conducted to test for possible spillover effects. We tested whether reductions in home-

room teachers' workloads due to an assigned specialist may have allowed more preparation time

for other subjects and thereby improved student performance beyond mathematics and science.

The student survey includesmeasurements on learning strategies and non-cognitive skills. Learn-

ing strategies refer to deliberate actions taken by students to enhance the effectiveness of their learn-

ing. The survey measured five types of learning strategies: (1) flexible (adapting study methods

to one’s circumstances); (2) planning (systematic approaches to study); (3) task-oriented (learning
through concrete activities such as note-taking); (4) cognitive (learning attitude aiming to deepen

understanding); and (5) effort regulation (managing emotions, such as frustration to maintain mo-

tivation). These scales were developed by Sato and Arai (1998) and were computed based on

students' responses to the survey. Higher scores indicate maturity with each learning strategy.

Non-cognitive skills were measured using a self-control scale and a self-efficacy scale, both

measured through eight items. The self-control scale is a Japanese translation of Tsukayama et al.

(2013), while the self-efficacy scale is a translation of the “Self-Efficacy for Learning and Perfor-

mance” subscale from Pintrich et al. (1991). Higher scores indicate lower self-control and self-

efficacy.

A separate teacher survey was administered through the Chiba Prefectural Board of Education

in February 2024. This survey collected information on teachers' gender, age, educational back-

ground, years of teaching experience, working hours, lesson preparation time, perceived workload,

instructional practices, mental health, and growth mindset. Variables, such as working hours, are

impacted by the intervention, since the survey was conducted after the deployment of specialist

teachers.
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Perceived workload was measured using eight items (e.g., “The class size is too large”), with re-
sponses collected on a four-point Likert scale ranging from “strongly agree”to “strongly disagree.”
These items match to those used in the teacher survey for the 2019 Trends in International Mathe-

matics and Science Study (TIMSS). Instructional practices were assessed across three domains: (1)

Lecture-based instruction – listening to teacher explanations of lesson content or problem-solving

methods. (2) Pattern practice instruction – memorizing formulas or practicing problem-solving in-

dependently. (3) Active and dialogue-based instruction – engaging in class-wide activities under

teacher guidance, presenting one’s own ideas, applying previously learned concepts to new prob-

lems, and participating in peer discussions. Responses were collected on a four-point scale ranging

from “always or almost always” to “never.” These items were also drawn from the 2019 TIMSS

teacher questionnaire. Mental health was measured using the WHO-5 Well-Being Index. Respon-

dents rated five items (e.g., “I felt cheerful and in good spirits”) on a six-point scale ranging from
5 (“at all times”) to 0 (“not at all”), with higher scores indicating better mental well-being. Finally,
teachers’growthmindset, the belief that intellectual ability can be improved through effort and effec-
tive learning strategies, was measured using two statements adapted from Yeager et al. (2022): “To

become a top-performing student in science or mathematics, special innate talent is required, and it

is not something that can be developed through teaching.” and “People possess a certain fixed level

of intelligence, and it cannot be significantly changed.” Responses were collected on a six-point

scale from 6 (“strongly agree”) to 1 (“strongly disagree”). Previous research shows that students
taught by teachers with a strong growth mindset demonstrate significantly greater improvements

in mathematics achievement following educational interventions (Yeager et al., 2022).

4.3 Descriptive Statistics

Table 2 presents the baseline descriptive statistics for student-level variables. Column (1) reports

the mean values for mathematics treatment schools, Column (2) for the science treatment schools,

and Column (3) for the control group schools. Column (4) shows the mean differences between the

mathematics treatment schools and the control schools, while Column (5) presents the differences
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between the science treatment schools and the control schools.

No statistically significant differences are observed in baseline test scores for science, mathe-

matics, or Japanese language among the three groups. Similarly, there are no significant differences

in student characteristics, learning strategies, or non-cognitive skills, indicating that the treatment

and control groups are balanced prior to the deployment of specialist teachers.

Table 2: Student-level Descriptive Statistics and Baseline Balance

(1) Mathematics Schools (2) Science Schools (3) Control Schools (1)-(3) (2)-(3)
N N N

Science (standardized score) 983 0.138 854 0.239 910 0.154 -0.016 0.085
Mathematics (standardized score) 988 0.002 861 0.063 914 -0.013 0.015 0.076
Japanese (standardized score) 986 -0.037 861 0.077 913 0.002 -0.040 0.074
Learning Strategies: Flexible 975 0.033 854 0.031 897 0.038 -0.005 -0.007
Learning Strategies: Planning 974 0.029 857 0.007 896 0.022 0.007 -0.014
Learning Strategies: Task-Oriented 973 0.099 855 0.016 897 0.027 0.072 -0.011
Learning Strategies: Cognitive 975 -0.000 859 0.000 902 0.014 -0.015 -0.014
Learning Strategies: Effort Regulation 975 -0.006 858 0.023 897 0.029 -0.036 -0.006
Self-Efficacy 979 0.048 859 0.094 905 0.103 -0.055 -0.009
Self-Control 986 -0.032 859 0.040 901 -0.003 -0.028 0.043
Gender (Share Male) 997 0.488 869 0.503 920 0.467 0.021 0.035
Number of Students 20 51.050 20 42.600 20 45.650 5.400 -3.050
Number of 3rd Grade Classes 20 1.900 20 1.850 20 1.800 0.100 0.050
Number of 4th Grade Classes 20 1.950 20 1.650 20 1.650 0.300 0.000

Note: Columns (1)–(3) report the mean values of each variable for the mathematics treatment schools, science treatment schools, and control
schools, respectively. Columns (1–3) and (2–3) show the mean differences between the mathematics treatment and control schools, and between
the science treatment and control schools, respectively. ***, **, and * indicate statistical significance at the 0.1%, 1%, and 5% levels, respectively.
In the tests of mean differences, we control for district fixed effects and the number of classes in each school, and use standard errors clustered at
the school level.

14



5 Empirical Strategy

To assess the effect of deploying subject-specialist teachers on students' academic performance, we

estimated a value-added (VA) model using students’test scores as the dependent variable. Our first
step was to estimate the Intention-to-Treat (ITT) effect based on the following specification 1.

Yist = α + β Yist−1 + τ1 D
T1
is + τ2 D

T2
is + γXis + εist (1)

In specification 1, Yist denotes the academic achievement of student i in school s at time t

(endline), while Yist−1 represents the baseline achievement at time t − 1. The variable DT1
is is a

dummy that equals 1 if school s is assigned a mathematics specialist teacher, andDT2
is is a dummy

that equals 1 if school s is assigned a science specialist teacher. The vector Xis includes a set of

control variables such as student gender, class size, and total enrollment.

As shown in Table 1, specialist teachers were deployed in only 13 mathematics schools and

15 science schools by the baseline testing. Due to this partial compliance, we further estimated

the Local Average Treatment Effect (LATE) by employing random assignment as an instrumental

variable (IV). The estimation followed a standard two-stage least squares (2SLS) approach, with

the first-stage equations specified as:

DT1
is = π1 Z

T1
is + π2 Z

T2
is + π3Xis + uis (2)

DT2
is = ρ1 Z

T1
is + ρ2 Z

T2
is + ρ3Xis + vis (3)

The second-stage equation is then given by:

Yist = α + β Yist−1 + γ1 D̂
T1
is + γ2 D̂

T2
is + γXis + εist. (4)
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Here, ZT1
is 、ZT2

is are dummy variables indicating whether school s was randomly assigned to the

mathematics or science treatment group, respectively. The terms DT1
i , DT2

i indicate whether a

mathematics or science specialist teacher was actually deployed. By using random assignment as

an instrument for actual deployment, the 2SLS estimation isolates the causal impact of the specialist

teacher intervention under conditions of imperfect treatment compliance.

6 Results

6.1 ITT

Table 3 reports the results of the ITT estimation based on the VA model. All specifications include

fixed effects for educational districts (Strata FE). Standard errors are clustered at the school level.

The coefficient on DT2
is is positive and statistically significant for both science and mathematics.

This indicates that the deployment of science specialist teachers led to an improvement in students’
academic performance in schools assigned to the science school treatment. Specifically, students

in these schools experienced an increase of 0.166 SD in science test scores and 0.119 SD in math-

ematics test scores. The latter result suggests the presence of a spillover effect: improvements in

science performance can enhance mathematics outcomes, a pattern documented in prior studies

(e.g., Judson and Sawada, 2000). This implies that the assignment of science specialists not only

boosted achievement in science but also indirectly contributed to gains in mathematics.

In addition, among the various learning strategies measured, flexible strategies, defined as stu-

dents' ability to adapt their learning approaches to suit their circumstances, showed a statistically

significant positive effect. No statistically significant changes were observed for non-cognitive

skills. By contrast, in schools assigned a mathematics specialist (DT1
is ), there were no statistically

significant effects on student achievement in mathematics, science, Japanese language, or on learn-

ing strategies or non-cognitive outcomes. The absence of a clear effect on mathematics achieve-

ment suggests that no spillover benefits were observed for science. Furthermore, in both science

and mathematics treatment schools, there is no evidence of spillover effects on Japanese language
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achievement.
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6.2 LATE

Table 4 presents the LATE estimates, which closely mirror the ITT results reported in Table 3. In

schools assigned to the science school treatment, the deployment of specialist teachers led to an

improvement of 0.178 SD in science test scores and an improvement of 0.127 SD in mathematics
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test scores. Moreover, students in the science school treatment exhibited a 0.110 SD increase in

the use of flexible learning strategies and a 0.142 SD improvement in self-control. None of these

effects were observed in schools assigned to the mathematics school treatment. In both treatment

groups, there was no evidence of significant effects on Japanese language achievement. Overall, the

LATE estimates are highly consistent with the ITT results in terms of both statistical significance

and effect size. Moving forward, we focus primarily on the LATE results.
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6.3 Effects on Science Achievement by Subfield

Table 5 presents the estimated effects of the intervention on science achievement across differ-

ent subfields. The assessment distinguishes five domains, basic, applied, knowledge/skills, in-

quiry/reasoning/expression, and proactive attitude, as defined by the organization responsible for

administering the standardized test. The results show that the intervention in science treatment

schools had positive effects on all domains except proactive attitude, with particularly pronounced

improvements observed in the knowledge and skills domain (0.201 SD).

Table 5: Effects on Science Achievement by Subfield (LATE)

Basic Applied Knowledge/Skills Inquiry/Reasoning/Expression Proactive Attitude

DT1 (Math Treatment school) -0.035 -0.071 -0.039 -0.045 -0.010
(0.084) (0.072) (0.085) (0.074) (0.072)

DT2 (Science Treatment school) 0.172** 0.157* 0.201*** 0.131* 0.096
(0.059) (0.064) (0.058) (0.065) (0.057)

Yit−1 0.260*** 0.170*** 0.256*** 0.214*** 0.150***
(0.050) (0.039) (0.048) (0.047) (0.036)

Strata FE YES YES YES YES YES
Covariates YES YES YES YES YES
F-statistic 35.35 35.47 35.27 35.47 35.23
P-value 0.805 0.837 0.462 0.710 0.578

N 2,395 2,395 2,395 2,395 2,395
R2 0.093 0.046 0.093 0.060 0.027

Note: ***, **, and * indicate statistical significance at the 0.1%, 1%, and 5% levels, respectively. Standard errors are clustered at the school level.
In addition to strata fixed effects, the regressions control for student gender, number of classes, and total student enrollment as covariates.
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6.4 Attrition

Appendix Table A2 examines the potential effects of attrition by estimating a model in which the

dependent variable is a dummy variable equal to 1 if a student dropped out of the sample at either

the baseline or endline, and 0 otherwise. While students who dropped out were more likely to

have lower academic performance in t− 1, there is no statistically significant correlation between

attrition and the assignment of subject-specialist teachers.

Appendix Table A3 further explores this issue by estimating the LATE using an instrumental

variable equal to 1 if the specialist teacher was assigned by April and 0 if the assignment occurred

later. The results show that the coefficient for science treatment schools is larger than in Table 3,

and this difference is statistically significant. This suggests that schools where specialist teachers

were deployed earlier experienced stronger effects, indicating that the duration of specialist teacher

assignment may play a critical role in determining the magnitude of the intervention’s effect.

6.5 Placebo Test

Although the intervention targeted fourth grade students in the 2023 academic year, standardized

achievement tests were also administered to fifth grade students who were not part of the inter-

vention. Using this data, we conducted a placebo test by estimating the coefficient on a dummy

variable equal to 1 if a fifth grade student attended a school where the fourth grade cohort had

been assigned to either the mathematics or science treatment group, and 0 otherwise. The results,

reported in Table 6, show no significant effects on academic achievement for fifth grade students

in either treatments. This finding supports the robustness of our main results by confirming that the

observed effects are not driven by unobserved school level factors unrelated to the intervention.
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6.6 Cost-effectiveness Analysis: Comparison with Class Size Reduction

We next compare the effects of the intervention with those of other educational policies, using data

from fifth grade students in 2023 who were not part of the intervention. As noted earlier, under na-

tional education policy, subject-specialist teaching had already begun to be introduced for fifth and

sixth grade classes. Among the fifth-grade cohort examined here, approximately 55.2% of schools
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had implemented subject-specialist teaching in science, and 10.3% in math. It is important to note,

however, that this type of subject-specialist teaching differs from the intervention analyzed in this

study. In these schools, instead of maintaining a homeroom-based system and assigning part-time

subject-specialists to specific subjects, the conventional model involves full departmentalization

without additional part-time staffing.

Table 7 presents the results of OLS estimations in which a dummy variable, taking the value

of 1 if departmentalization is implemented and 0 otherwise, is regressed on various academic out-

comes. The results indicate that departmentalization exerts little to no effect on overall academic

achievement. However, schools that introduced departmentalization teaching in science show a

statistically significant negative impact on students' mathematics performance (–0.135 SD). This
analysis revealed that implementing subject specialization in the core curriculum is associated with

a negative effect on mathematics achievement. This finding is consistent with prior international

evidence (e.g., Fryer Jr., 2018), suggesting that a simple implementation of subject specialization

does not necessarily yield positive outcomes.
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Table 8 examines the effects of departmentalization on students' learning strategies and non-

cognitive skills. The results show that departmentalization in mathematics enhances students' use

of planning strategies (approaches that emphasize systematic and organized learning). However,

although not statistically significant, departmentalization is associated with a decline in strategies

in other categories, and no consistent pattern emerges across outcomes.
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Table 7 illustrates the effects of class size reduction as well. In the case of science, reducing the

number of students per class by ten leads to an increase in achievement of 0.09 SD. According to

Ito et al. (2020), an analysis of class size reduction in one Japanese municipality, covering students

from fourth grade in elementary school through ninth grade in junior high school, estimated that a

reduction of ten students per class yields at most a 0.03 SD improvement in academic achievement.

The key issue here lies in the policy’s cost-effectiveness.
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As shown in Appendix B.2, the cost per student of achieving a 1 SD improvement in science

achievement is approximately 79,413 JPY (539 USD) under the current intervention with part-

time subject-specialists, compared with 966,446 JPY (6,555 USD) under a small class size policy.

These numbers demonstrate that implementing part-time specialist teachers is substantially more

cost-effective.

6.7 Heterogeneity

We next examine heterogeneity by students' gender, baseline achievement, and socioeconomic sta-

tus (SES). At the baseline, there is no statistically significant gender gap in average achievement

in mathematics, whereas girls outperform boys in science. Given such heterogeneity, Appendix

Table A5 tests whether the deployment of part-time subject-specialists has differential effects for

boys and girls. The LATE estimates, including the interaction between the intervention indicator

and gender, show no systematic gender-specific patterns.

Appendix Table A6 investigates whether treatment effects vary by students' baseline achieve-

ment. As it is also clear from Table 4, the coefficient on baseline achievement, Yist, is smaller in

science than in mathematics or Japanese. This suggests that science achievement is less about ac-

cumulation and changes in rank are more likely to occur. Classifying students into top, middle, and

bottom terciles of baseline achievement, we find that in science schools the scores of students who

were in the top tercile at baseline decline by −0.316 SD, consistent with returns to the mean. By

contrast, the interaction between the science-school treatment indicator and a dummy for top tercile

baseline achievement is 0.565 s.d and statistically positive, offsetting the decline among initially

high-achieving students. This pattern indicates that for students who were already strong in science,

the intervention was particularly effective in maintaining or improving science achievement.

Appendix Tables A7 and A8 examine whether the intervention effects vary according to SES

and the classroom teacher’s years of experience. The results show no significant heterogeneity by

SES in science schools. In mathematics schools, however, students from lower-SES backgrounds

exhibit declines in flexible learning strategies, planning strategies, and effort regulation strategies.
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In contrast, self-control improves among students from lower-SES households. Regarding teacher

experience, the results indicate that longer teaching experience is associated with larger gains in

science achievement, although the coefficient is not large in magnitude. Overall, these analyses

suggest that, particularly in science schools where the intervention produced notable improvements

in cognitive outcomes, there is little evidence of heterogeneity that raises concern when considering

the potential scale-up of the program.
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6.8 Impact on Homeroom Teachers

Next, we estimate the impact of the intervention on homeroom teachers using data from the teacher

survey conducted in February 2024. Table 9 reports the results of balance tests based on teacher

characteristics determined prior to the start of the intervention. Given the relatively small sample

size, homeroom teachers in mathematics and science schools tend to have longer teaching experi-

ence compared to those in control schools. In addition, science schools have a higher proportion

of teachers with a university degree or higher. These variables are controlled for as covariates in

the following analyses.

Table 9: Descriptive Statistics (Teacher Characteristics Before Intervention)

(1) Math Treatment (2) Science Treatment (3) Control (1)-(3) (2)-(3)
N N N

Gender (Female = 1) 34 0.559 22 0.409 35 0.457 0.102 -0.048
Age 34 37.588 22 38.909 35 34.686 2.903 4.223
Years of teaching experience 34 12.647 22 14.364 35 8.743 3.904* 5.621**
Experience outside teaching (Yes = 1) 34 0.147 22 0.136 35 0.229 -0.082 -0.092
Educational attainment (Bachelor’s or above = 1) 34 0.941 22 1.000 35 0.914 0.027 0.086*
Possesses secondary school teaching license (Yes = 1) 34 0.353 22 0.545 35 0.514 -0.161 0.031

Note: ***, **, and * indicate statistical significance at the 0.1%, 1%, and 5% levels, respectively.

Table 10 shows the estimated effects of assigning specialist teachers on homeroom teachers.

First, and most importantly, the deployment of specialist teachers did not significantly affect home-

room teachers' time spent at school, time for lesson preparation, or perceived workload. For in-

structional practices, repetitive instruction declined in mathematics schools, while lecture-based

instruction decreased in science schools. However, there is no evidence of a corresponding in-

crease in student-centered instructional approaches, leaving the precise nature of the changes in

teaching practices somewhat unclear. Moreover, the absence of clear spillover effects on Japanese

language instruction suggests that the presence of specialist teachers did not substantially influence

homeroom teachers' instructional methods or overall teaching quality. On the other hand, in both

mathematics and science schools, teachers' growth mindsets showed notable improvement.
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6.9 Implication from Results

In this section, we interpret the results. A key question is why the deployment of specialist teach-

ers significantly improved student achievement only in science schools. Science is a subject with a

high level of specialized knowledge, and elementary school teachers in Japan are often reported to

experience considerable anxiety about teaching science due to insufficient subject-specific knowl-
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edge. According to the 2008 Survey on the Status of Science Education in Elementary Schools

conducted by the Japan Science and Technology Agency, approximately 50% of homeroom teach-

ers sampled from public elementary schools nationwide reported a lack of confidence in teaching

science overall. Many teachers felt particularly unprepared in the areas of physics and earth sci-

ences, and this lack of confidence was especially pronounced among teachers with fewer than ten

years of teaching experience (Hanagami et al., 2009). Moreover, about 70% of respondents rated

their knowledge and skills related to science experiments as low, and a large proportion reported a

lack of confidence in guiding students' independent research.

More recent municipal-level surveys have found similar trends, such that elementary school

teachers continue to feel anxious about teaching science (Namikoshi, 2025). An analysis of a survey

of 488 science teachers by Nakajima and Kusaka (2020) shows that anxiety about teaching science

tends to decrease with teaching experience, as teacher self-efficacy increases. A study surveying

both homeroom and specialist science teachers (Hayashi and Misaki, 2017) shows that homeroom

teachers perceive themselves as less specialized and report insufficient time for lesson preparation

compared to specialist teachers. In addition, homeroom teachers value the subject expertise and

thorough preparation that subject-specialist teachers bring to science instruction.

Studies from overseas point to similar challenges of teaching science in elementary schools.

The 2018 National Survey of Science and Mathematics Education in the United States (Banilower

et al., 2018), which surveyed approximately 7,000 teachers, found that only 31% of teachers re-

ported feeling “very well prepared”to teach science, compared with 77% for language arts, 73%

for mathematics, and 42% for social studies. A study by Cantrell et al. (2003), which tracked

changes in science teaching self-efficacy among 268 pre-service teachers throughout their teacher

training programs, found that practical teaching experience, such as teaching practices, significantly

enhanced self-efficacy. Similarly, Menon and Sadler (2016) examined 62 pre-service teachers in

a physics course and found significant improvements in science teaching self-efficacy following

the course, suggesting that deepening subject knowledge plays a key role in building teacher con-

fidence. Taken together with studies showing that teacher self-efficacy has a positive impact on
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student academic performance (Caprara et al., 2006; Mojavezi and Tamiz, 2012), in the case of

science, teachers' subject-specific knowledge and experience has a particularly strong influence on

students' learning outcomes.

The specialist teachers deployed in this intervention were, on average, older, as many were

rehired after reaching their retirement age. It is therefore possible that their extensive teaching

experience contributed to the delivery of high-quality instruction and the observed learning gains.

Through group interviews with specialist teachers in elementary schools, Okada (2024) shows that

teachers with substantial prior homeroom teacher experience tend to incorporate classroom goals

and overall classroom management policies into their instructional practices after transitioning to

a specialist role. Since all of the specialist teachers assigned in this intervention had prior experi-

ence as homeroom teachers, it is plausible that they engaged in similarly comprehensive forms of

instruction, as suggested by Okada (2024). Notably, no comparable evidence has been identified

in the context of mathematics.

Meanwhile, both mathematics and science schools exhibited increases in teachers’growth mind-
sets, suggesting that the deployment of specialist teachers may have had a positive influence on

homeroom teachers' beliefs about their capacity to develop professionally. Although the precise

mechanism remains unclear, it is possible that communication and collaboration with more expe-

rienced specialist teachers facilitated this shift in mindset. Prior research conducted in other coun-

tries has shown that improvements in teachers' growth mindsets have a positive impact on student

achievement (Yeager et al., 2022).

With the cooperation of the Chiba Prefectural Board of Education, the authors conducted three

rounds of interviews with both homeroom and specialist teachers. Although purely anecdotal, sev-

eral science specialist teachers, more so than those teaching mathematics, reported that they were

able to devote more time to lesson planning and assessment than they could while in full-time em-

ployment. In detailed discussions, they explained that, for example, in the unit on “Seasons and

Living Things,” they incorporated outdoor activities, and in the unit on “Objects’ Temperature and

Volume,” they designed experiments to enhance students' engagement. They described how they
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were able to devote more time to fostering students' thinking and observational skills by integrating

experiments, audiovisual materials, and hands-on model construction. These accounts suggest a

more active shift toward inquiry-based learning. Science, in particular, is a subject that requires

extensive preparation time, and teachers noted that it had been difficult to devote sufficient time to

such exploratory activities while working full-time.

However, there were also reports that specialist teachers tended to extend class time, sometimes

starting lessons earlier or shortening break times, which created additional coordination burdens for

homeroom teachers. Some homeroom teachers mentioned that when a positive working relation-

ship was established, they learned a great deal from the specialist teachers' instructional methods

and approaches to interacting with students. At the same time, they noted that assessments needed

to be carefully aligned between homeroom and specialist teachers, and that this coordination ef-

fort meant the deployment of specialist teachers did not immediately translate into a reduction in

workload. These field observations broadly align with the empirical findings that the presence of

specialist teachers did not significantly affect homeroom teachers’time at school, lesson preparation
time, or perceived workload.

7 Conclusion

This study has investigated the causal effects of deploying part-time specialist teachers in upper-

elementary grades on students’academic achievement and learning attitudes, based on evidence

from a cluster-randomized controlled trial conducted in Chiba Prefecture, Japan. The analysis

revealed that in schools where specialist teachers were assigned to science classes, students' science

achievement improved significantly by approximately 0.18 SD, and positive spillover effects also

were observed in mathematics (about 0.13 SD In contrast, the deployment of specialist teachers in

mathematics had no statistically significant effects on achievement in either mathematics or science.

No spillover effects were observed in Japanese language achievement for either treatment arms.

Furthermore, students in science schools exhibited improvements in flexible learning strate-

31



gies (ability to adapt learning approaches to different contexts) and in self-control. This suggests

that high-quality, subject-specific instruction delivered by specialist teachers may have encouraged

more autonomous learning behaviors in students. Although there were no significant changes in

homeroom teachers' lesson preparation time or allocation of instructional time across subjects, their

growth mindset improved significantly, indicating that collaboration with specialist teachers may

have contributed to teachers' own learning and professional development.

Placebo tests confirmed that no similar effects were observed among fifth graders, who were

not part of the intervention, supporting the robustness of the findings. In addition, schools that

received specialist teachers earlier tended to show larger treatment effects, suggesting that the du-

ration of specialist deployment plays an important role in improving learning outcomes. A com-

parison with other educational interventions using the same dataset further demonstrated that the

specialist teacher programwas highly cost-effective: The cost per student for a 1 standard deviation

increase in achievement was 79,413 JPY (539 USD), approximately one-twelfth the cost of class

size reduction policies.

These findings suggest that the effectiveness of departmentalization is not uniform across sub-

jects and underscore the importance of designing systems that account for subject characteristics

and teacher expertise. In particular, deploying experienced retired teachers as part-time specialists

in highly specialized subjects such as science has the potential to enhance both student achieve-

ment and the professional practice of teachers. Future work should explore sustainable and effec-

tive models of departmentalization, including the optimal forms of collaboration between specialist

and homeroom teachers and the integration of cross-curricular learning approaches.
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A Tables

Table A1: Impact of Attrition

Non-dropped(a) Dropped from Sample(b) (a)-(b)

Math Schools（T1） Math -0.022 0.140 -0.162
N 977 11
Science -0.045 0.340 -0.385
N 970 11
Japanese Language -0.049 -0.071 0.022
N 975 11

Science Schools（T2） Math 0.064 -0.149 0.214
N 777 84
Science
N
Japanese Language 0.088 -0.149 0.238*
N 777 84
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Table A2: Relationship of Attrition and Subject-specialist Deployment

Science Math Japanese Language

DT1（Math School） -0.107 -0.125 -0.124
(0.080) (0.082) (0.082)

DT2（Science School） -0.137 -0.034 -0.034
(0.085) (0.114) (0.114)

Yit−1 -0.010 -0.026*** -0.020**
(0.005) (0.007) (0.007)

Strata FE YES YES YES
Covariates YES YES YES

N 2,631 2,732 2,732
R2 0.109 0.126 0.123

Note: ***, **, and * indicate statistical significance at the 0.1%, 1%, and 5% levels, respectively. Standard errors are clustered at the school level.
In addition to strata fixed effects, the regressions control for number of classes and total student enrollment as covariates.
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Table A3: Effect of Subject-specialist Teacher Deployment (IV: whether deployment happened
from the beginning of the new academic year or not)

Science Math Japanese Language

DT1（Math School） -0.083 0.028 0.041
(0.149) (0.130) (0.095)

DT2（Science School） 0.247* 0.177* 0.071
(0.098) (0.077) (0.068)

Yit−1 0.274*** 0.724*** 0.727***
(0.053) (0.026) (0.033)

F-statistic 8.911 8.617 8.435
P-value 0.221 0.766 0.917

Strata FE YES YES YES
Covariates YES YES YES

N 2,395 2,394 2,399
R2 0.093 0.514 0.532

Note: ***, **, and * indicate statistical significance at the 0.1%, 1%, and 5% levels, respectively. Standard errors are clustered at the school level.
In addition to strata fixed effects, the regressions control for number of classes and total student enrollment as covariates.
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Table A4: Effect of Subject-specialist Teacher Deployment (Using IRT Theta Score)

Math Japanese Language

DT1（Math School） 0.002 0.021
(0.068) (0.049)

DT2（Science School） 0.111* 0.050
(0.049) (0.046)

Yit−1 0.717*** 0.713***
(0.028) (0.034)

Strata FE YES YES
Covariates YES YES
F-statistic (Weak instrument) 35.96 36.03
P-value (Exogeneity) 0.578 0.560
N 2,445 2,418
R2 0.513 0.524

Note: ***, **, and * indicate statistical significance at the 0.1%, 1%, and 5% levels, respectively. Standard errors are clustered at the school level.
In addition to strata fixed effects, the regressions control for number of classes and total student enrollment as covariates.
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Table A5: Effect of Subject-specialist Teacher Deployment (Heterogeneity: Gender)

Academic Achievement Learning Strategies Non-cognitive Skills

Science Math Japanese Language Flexible Planning Task-oriented Cognitive Effort Regulation Self-Efficacy Self-Control

DT1（Math School） -0.066 0.020 0.078 0.048 -0.008 0.064 0.005 -0.036 -0.064 0.011
(0.091) (0.067) (0.075) (0.068) (0.098) (0.078) (0.106) (0.104) (0.080) (0.097)

DT2（Science School） 0.180** 0.117* 0.070 0.074 0.037 0.148* 0.135 -0.080 -0.046 -0.176
(0.064) (0.058) (0.067) (0.066) (0.095) (0.072) (0.096) (0.087) (0.072) (0.098)

Female -0.026 -0.020 0.048 -0.159** -0.161** 0.108 -0.136 0.022 -0.190*** 0.242***
(0.045) (0.046) (0.044) (0.052) (0.062) (0.061) (0.072) (0.057) (0.051) (0.065)

DT1× Female 0.040 -0.005 -0.112 0.067 0.126 0.002 0.051 -0.078 0.087 0.013
(0.132) (0.085) (0.085) (0.094) (0.087) (0.092) (0.113) (0.103) (0.082) (0.109)

DT2× Female -0.003 0.018 -0.038 0.071 0.071 -0.060 -0.000 0.066 0.157* 0.066
(0.084) (0.059) (0.064) (0.077) (0.094) (0.101) (0.102) (0.101) (0.080) (0.117)

F-statistic 15.01 17.74 16.41 21.12 21.45 21.16 23.53 20.29 20.33 19.78
P-value 0.645 0.637 0.649 0.628 0.534 0.415 0.459 0.335 0.229 0.983

N 2,395 2,394 2,399 2,334 2,334 2,333 2,203 2,335 2,350 2,353
R2 0.098 0.514 0.532 0.183 0.185 0.199 0.166 0.204 0.240 0.099

Note: ***, **, and * indicate statistical significance at the 0.1%, 1%, and 5% levels, respectively. Standard errors are clustered at the school level.
In addition to strata fixed effects, the regressions control for the baseline test score, number of classes, and total student enrollment as covariates.
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Table A6: Effect of Subject-specialist Teacher Deployment (Heterogeneity: Baseline Test Score)

Academic Achievement Learning Strategies Non-cognitive Skills

Science Math Japanese Language Flexible Planning Task-oriented Cognitive Effort Regulation Self-Efficacy Self-Control

DT1（Math School） -0.034 0.109 0.155 0.190 0.114 0.178 0.054 -0.063 -0.007 0.112
(0.177) (0.127) (0.134) (0.116) (0.128) (0.109) (0.130) (0.150) (0.109) (0.130)

DT2（Science School） -0.036 0.056 0.069 0.159 0.071 0.110 0.083 -0.043 -0.015 -0.194
(0.139) (0.061) (0.061) (0.092) (0.110) (0.087) (0.111) (0.123) (0.093) (0.129)

Bottom tercile -0.125 -0.177* -0.202** 0.011 0.005 -0.173 0.059 -0.010 -0.055 -0.468***
(0.141) (0.074) (0.068) (0.121) (0.093) (0.096) (0.099) (0.098) (0.075) (0.088)

Middle tercile -0.209 -0.207* -0.059 0.153 -0.022 -0.198* -0.002 -0.021 -0.104 -0.331***
(0.147) (0.088) (0.073) (0.100) (0.073) (0.101) (0.109) (0.085) (0.078) (0.082)

Top tercile -0.316* 0.168 0.062 0.052 -0.105 -0.163 0.207 0.080 -0.021 0.163
(0.154) (0.110) (0.098) (0.109) (0.086) (0.116) (0.109) (0.083) (0.098) (0.096)

DT1× middle tercile -0.021 -0.097 -0.187 -0.224 -0.085 -0.176 0.090 0.017 -0.004 -0.152
(0.198) (0.129) (0.143) (0.161) (0.120) (0.117) (0.127) (0.143) (0.094) (0.127)

DT1× top tercile -0.016 -0.229 -0.251 -0.123 -0.109 -0.205 -0.190 -0.064 -0.052 -0.177
(0.289) (0.192) (0.247) (0.210) (0.163) (0.161) (0.172) (0.153) (0.153) (0.156)

DT2× middle tercile 0.157 0.127 -0.067 -0.134 -0.030 -0.038 0.180 -0.037 0.072 0.058
(0.200) (0.082) (0.080) (0.110) (0.098) (0.115) (0.126) (0.119) (0.082) (0.152)

DT2× top tercile 0.565* 0.122 0.051 -0.007 0.053 0.085 -0.032 0.035 0.083 0.153
(0.270) (0.080) (0.077) (0.138) (0.106) (0.112) (0.139) (0.146) (0.080) (0.157)

F-statistic 10.46 11.85 9.602 11.85 14.06 16.14 16.02 14.24 14.91 15.56
P-value 0.639 0.659 0.734 0.608 0.545 0.411 0.466 0.329 0.220 0.996

N 2,395 2,394 2,399 2,334 2,334 2,333 2,203 2,335 2,350 2,353
R2 0.111 0.527 0.532 0.183 0.184 0.202 0.165 0.205 0.239 0.134

Note: ***, **, and * indicate statistical significance at the 0.1%, 1%, and 5% levels, respectively. Standard errors are clustered at the school level.
In addition to strata fixed effects, the regressions control for baseline test score, the number of classes, and total student enrollment as covariates.
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Table A7: Effect of Subject-specialist Teacher Deployment (Heterogeneity: Household SES)

Academic Achievement Learning Strategies Non-cognitive Skills

Science Math Japanese Language Flexible Planning Task-oriented Cognitive Effort Regulation Self-Efficacy Self-Control

DT1（Math School） -0.044 -0.090 0.123 0.399* 0.466* 0.329 0.221 0.255 0.069 0.442**
(0.224) (0.197) (0.141) (0.185) (0.196) (0.177) (0.173) (0.158) (0.171) (0.153)

DT2（Science School） 0.083 -0.100 -0.046 0.181 0.239 0.179 0.188 -0.092 -0.072 0.002
(0.207) (0.138) (0.123) (0.193) (0.211) (0.203) (0.191) (0.186) (0.158) (0.181)

Low SES 0.000 0.001 0.036 0.011 0.051 0.011 0.031 0.052 0.007 0.064***
(0.029) (0.029) (0.042) (0.022) (0.027) (0.024) (0.021) (0.029) (0.021) (0.017)

DT1× low SES 0.002 0.036 -0.030 -0.105 -0.126* -0.086 -0.057 -0.092 -0.027 -0.125**
(0.068) (0.059) (0.042) (0.054) (0.056) (0.054) (0.051) (0.047) (0.049) (0.044)

DT2× low SES 0.030 0.074 0.012 -0.024 -0.048 -0.021 -0.016 0.026 0.036 -0.034
(0.061) (0.042) (0.017) (0.054) (0.063) (0.058) (0.054) (0.061) (0.050) (0.054)

F-statistic 16.49 20.30 17.55 30.73 31.46 30.51 35.92 30.24 30.22 27.67
P-value 0.392 0.344 0.494 0.357 0.237 0.228 0.208 0.280 0.280 0.374

N 2,395 2,394 2,402 2,334 2,334 2,333 2,203 2,335 2,350 2,353
R2 0.097 0.515 0.532 0.185 0.187 0.202 0.168 0.207 0.239 0.103

Note: ***, **, and * indicate statistical significance at the 0.1%, 1%, and 5% levels, respectively. Standard errors are clustered at the school level.
In addition to strata fixed effects, the regressions control for number of classes and total student enrollment as covariates. Low SES is based on the
ratio of students receiving school attendance support.
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Table A8: Effect of Subject-specialist Teacher Deployment (Heterogeneity: Homeroom Teacher’s
Year of Experience)

Academic Achievement Learning Strategies Non-cognitive Skills

Science Math Japanese Language Flexible Planning Task-oriented Cognitive Effort Regulation Self-Efficacy Self-Control

DT1（Math School） -0.005 -0.007 -0.002 0.146 0.087 0.194 0.089 -0.067 -0.013 0.099
(0.155) (0.107) (0.097) (0.123) (0.163) (0.146) (0.159) (0.156) (0.141) (0.147)

DT2（Science School） -0.023 0.172* 0.119 0.250* 0.188 0.168 0.314* -0.036 -0.067 -0.255
(0.102) (0.085) (0.086) (0.107) (0.151) (0.125) (0.133) (0.144) (0.141) (0.180)

Year -0.009 -0.006 -0.008 -0.004 -0.003 0.003 0.012 -0.006 -0.002 -0.010
(0.007) (0.009) (0.007) (0.007) (0.013) (0.010) (0.011) (0.012) (0.009) (0.011)

DT1 × year -0.000 0.004 0.004 -0.006 -0.004 -0.015 -0.011 -0.001 -0.002 -0.006
(0.014) (0.011) (0.010) (0.012) (0.014) (0.012) (0.012) (0.012) (0.011) (0.011)

DT2 × year 0.025** 0.002 0.001 -0.007 -0.008 -0.007 -0.021 0.002 0.008 0.016
(0.009) (0.010) (0.009) (0.010) (0.013) (0.011) (0.013) (0.013) (0.012) (0.014)

F-statistic 11.46 13.10 12.06 16.80 16.93 16.59 17.75 16.60 16.49 15.96
P-value 0.607 0.992 0.451 0.558 0.493 0.614 0.472 0.358 0.0752 0.658

N 2,180 2,168 2,173 2,114 2,113 2,112 1,994 2,115 2,129 2,133
R2 0.104 0.504 0.527 0.179 0.176 0.205 0.160 0.202 0.240 0.107

Note: ***, **, and * indicate statistical significance at the 0.1%, 1%, and 5% levels, respectively. Standard errors are clustered at the school level.
In addition to strata fixed effects, the regressions control for student gender, number of classes, and total student enrollment as covariates.The year
variable indicates the homeroom teacher’s years of experience.

44



B Appendix

B.1 Examples of Departmentalization in Japan

Ibaraki Prefecture piloted departmentalization in a limited number of public elementary schools in
2020 and implemented it across all 469 public elementary schools in the prefecture (including pub-
lic integrated elementary-middle schools) in 2021. The departmentalization occurred primarily in
mathematics, science, and English for upper-grade students (Ibaraki Prefectural Board of Education,
2023). In this system, teachers holding middle school teaching licenses are assigned to elementary
schools and assume responsibility for three to five lessons per class per week in these subjects. This
allows, for instance, teachers with a middle school mathematics license to teach mathematics at the
elementary school level, thereby strengthening subject-specialization instruction.

In Saitama City, where integrated elementary and middle school education is promoted, depart-
mentalization was first introduced in 10 pilot schools in fiscal year 2021 and expanded to all 104
public elementary schools in 2023. The city also announced plans to extend the program to mid-
dle schools starting in fiscal year 2027 (Saitama City, 2025). There are also cases where middle
school instructors teach classes in the upper grades of elementary school, thereby leveraging the
benefits of integrated education. Oita Prefecture implemented departmentalization in 27 elemen-
tary schools since the fiscal year 2020. Initially, specialist instruction was provided in science and
foreign languages; from 2022 onward, homeroom teachers began exchanging responsibility among
each other for the five core subjects (Japanese, social studies, mathematics, science, and foreign
languages) (Oita Prefectural Board of Education, 2025). In other words, teachers exchange respon-
sibility for certain subjects to make better use of their expertise. Tottori Prefecture began piloting
departmentalization in 2016 and has since developed implementation models suited to different
school sizes (Tottori Prefecture Board of Education, 2025). For example, in schools with only one
class per grade, fifth and sixth grade teachers exchange subjects with each other. In schools with
two classes per grade, subject exchanges occur within the grade. In schools with three or more
classes per grade, part-time subject-specialists or non-homeroom teachers are added to the system.
Miyazaki Prefecture introduced departmentalization in 19 pilot schools in 2020 and expanded it
to 43 schools in 2022 (Miyazaki Prefecture Board of Education, 2023). The basic approach is the
exchange of subjects among homeroom teachers within a school, but some schools combine this
with an “add-on” model, in which additional specialist teachers are assigned to certain subjects or
grades.

In summary, the methods of deploying subject-specialist teachers and the subjects targeted for
departmentalization vary widely across municipalities. A casebook, “Casebook on Departmen-
talization in Upper Grades of Elementary Schools” (MEXT, 2023), compiled by the Ministry of
Education, Culture, Sports, Science and Technology (MEXT) introduces several approaches for
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departmentalization. This includes hiring new specialist teachers, subject exchanges among home-
room teachers, and utilizing middle school teachers so that different teachers are responsible for
each of the five core subjects (Japanese, social studies, mathematics, science, and English). Dur-
ing the early stages of implementation, English, science, mathematics, and physical education were
often prioritized as “focus subjects” for departmentalization. More recently, however, some munic-
ipalities have expanded the practice to cover all five core subjects, including Japanese and social
studies. In integrated elementary-middle schools, there are cases where middle school subject-
specialists also teach classes at the elementary level. This approach not only provides specialized
instruction from the early stages of schooling, it also helps ensure a smoother transition to middle
school, mitigating what is often referred to as the “grade seven gap,” which students experience
when enrolling in middle school.

B.2 Cost–Effectiveness Calculation

This section presents the basis for calculating the cost-effectiveness of deploying specialist science
teachers and reducing class size.

Cost-Effectiveness of Deploying Specialist Science Teachers The total annual cost of deploying
specialist science teachers was calculated as:「Total Cost = (Number of Schools with Science Spe-
cialists) × (Number of Classes per School) × (Standard Instruction Hours) × (Hourly Wage Rate)」
. In this calculation, the number of schools refers to the actual number of schools where specialist
science teachers were assigned (15 schools), and the number of classes refers to the average number
of fourth grade classes in those schools (1.85 classes). The standard number of instruction hours
(105 hours per year) and the hourly wage rate for teachers (3,100 JPY per hour) were taken from
guidelines issued by the Ministry of Education, Culture, Sports, Science and Technology (MEXT)
(2021) and the Chiba Prefecture Board of Education (2025), respectively. Based on these figures,
the total cost of deploying specialist science teachers across the 15 schools was calculated to be
9,032,625 JPY.

Given that the average number of fourth grade students in these schools was 42.6, the total
number of students who received instruction from specialist science teachers was 639. Accord-
ingly, the cost per student was calculated to be 14,135.56 JPY. Since the deployment of specialist
science teachers increased science test scores by 0.178 SD (see Table 4, LATE estimate), the cost
of achieving a one standard deviation increase in test scores is estimated to be 79,413.28 JPY.

Cost-Effectiveness of Class Size Reduction The cost of class size reduction is estimated based
on the expenditure required to reduce the number of students per teacher by one. Since the marginal
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cost of reducing class size increases as class sizes become smaller, this approach yields a conser-
vative estimate which is likely to be lower than the actual cost of implementing a small class size
policy.

Given that the average number of fifth grade classes per school is 1.65 and the average number
of students per class is 26.6, reducing the class size by one student would require the equivalent of
hiring an additional 0.064 teachers per school. With the average teacher salary in Chiba Prefecture
being 5,923,000 JPY per year (Chiba Prefecture, 2022), the cost of reducing class size by one
student is estimated to be 381,755.86 JPY per school. As the average number of fifth grade students
per school is 43.9, the per-student cost of implementation is calculated to be 8,698.01 JPY. Since
reducing class size by one student increases test scores by 0.009 SD (see Table 7), the cost of
achieving a one standard deviation increase in test scores is estimated to be 966,446.06 JPY.

Taken together, these calculations indicate that the deployment of specialist science teachers
is substantially more cost-effective than reducing class size. Using the estimates derived from
the Chiba Prefecture data, the specialist teacher intervention is approximately 12.2 times more
cost-effective. Considering that the cost estimate for class size reduction is conservative, the true
difference in cost-effectiveness is likely to be even larger.
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