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ABSTRACT

When Effective Teacher Training Falls
Short in the Classroom: Evidence from an
Experiment in Primary Schools’

While in-service teacher training programs are designed to enhance the performance of
several cohorts of students, there is little evidence on the persistence of their effects. We
present the two-year results of a large-scale, randomized study of an intensive in-service
teacher training program in France: during and after implementation. Our estimates
highlight the short-run effectiveness of the training program; it successfully improves
students’ outcomes but only during the implementation year. A detailed analysis of
teachers’ outcomes indicates that teachers changed their pedagogical vision and practices
but struggled to apply acquired skills to contents not directly covered in the training.
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1 Introduction

In-service teacher training programs are designed to improve teachers’ pedagogical
skills with the ultimate goal of enhancing the performance of several cohorts of stu-
dents. Since training a single teacher can impact the academic outcomes of multiple
cohorts, effective training programs can be regarded as one of the most cost-effective
educational policy tools. However, the long-term effectiveness of these programs hinges
on teachers’ ability to apply the acquired teaching skills in their regular classes rou-
tinely. While short-term evaluations can provide valuable insights into the effectiveness
of skills taught during the training, it is crucial to assess whether the training program’s
effect persists over time.

In this article, we assess the effectiveness of an intensive in-service teacher training
program of inquiry-based learning during and after its implementation. Our training
program targets French school teachers of Grades 3 to 5, who generally teach all the
subjects to one class of students. French primary school teachers follow the national
curriculum that specifies, among other things, the eight science topics to be covered
and recommends the use of the inquiry-based learning method—a method considered
one of the best pedagogical approaches to teaching science that the United States
National Research Council has long endorsed (Council et al., 2000).! Our training
program is independently implemented by nine local training centers, Maisons pour la
Science, in three regional school districts. A large part of the training content consists
in designing a teaching sequence based on one or two of the eight science topics. The
content of such a sequence can be easily re-used in class, sometimes with the help of
a trainer. The training program consists of a total of 80 hours over two years, making
it intensive with respect to routine training programs—only 9.5 hours per year in the
three regional school districts?—and likely to be effective with regard to the education
literature.?

We conduct a large randomized evaluation in which we allocate the 134 teachers

who registered for our training program into a treatment and a control group. Only

nquiry-based learning in science involves encouraging students’ active role in conducting and
designing experiments, defining research questions, scientific problems, and hypotheses, and finding
solutions to enhance students’ engagement in class, motivation in the discipline, and, eventually,
scientific skills and knowledge.

2We obtain this number by surveying the peers of registered teachers.

3 Compared with the international literature, the intensity of the program we investigate is also
in line with the programs that have proven effective in the past: equivalent to Newman et al. (2012)
but lower than Meyers et al. (2016) (see Table Al).



teachers in the treatment group benefit from the two-year training program. We col-
lect information for all registered teachers and their respective students during two
academic years: during the second (and last) year of our in-service teacher training
program and one year after, once teachers no longer benefit from trainers’ support.
We assess the scientific skills, knowledge, and motivation of the two successive cohorts
of students at the beginning and the end of both academic years. Each of the student
cohorts is of about 2,500 students. In addition, we collect information on teachers’ ped-
agogical skills and practices in science, including very detailed information on topics
covered in the classroom, a well-defined and easily measurable dimension of practices.
We can cross this data with information on the topics covered in each training center
within each regional school district, which vary. Importantly, control teachers are all in
the catchment area of a training center, so we know which topics they would have been
exposed to if they had been in the treatment group. This design, with information
at the training center, teacher and student levels, and over two years, helps interpret
the mechanisms underlying the potential effectiveness of our program. Two years of
evaluation allow us to capture the immediate and medium-term effects of the training
program. With teacher’s and student-level data, we can see whether our program af-
fects teachers’ practices and ultimately affects students’ achievement and motivation.
Finally, the variation in topics covered in training sessions enables us to assess the
impact of those sessions on teaching practices. Specifically, we can determine whether
covering a specific topic in the training affects both the likelihood a teacher teaches
that topic in the classroom and the manner she does so. Furthermore, we can observe
whether teaching practices evolve for topics that were not covered during the training
sessions.

While we face inherent difficulties associated with conducting and evaluating a
teacher training program at a large scale, we see high program adherence and low lev-
els of differential attrition. The first difficulty regards selection in teacher enrollment.
By comparing registered teachers to their non-registered peers who work at the same
schools, we observe that registered teachers are more likely to hold a scientific degree,
are older and more experienced, and teach more hours of science. Since our experimen-
tal context closely mimics a policy scale-up context, those results highlight potential
challenges that would face policymakers who wish to target intensive science train-
ing programs to teachers with low science knowledge levels. Nevertheless, treatment

teachers are highly satisfied with the training program and almost perfectly adhere



to it: they receive an average of 66 hours of in-service training over the two years,
which is fairly close to the objective of 80 hours.* The experimental setting generates
a 61-hour net increase in in-service teacher training compared to the control group.
Because Grade 3 to 5 teachers can switch to teaching in Grade 1 or 2, teacher attri-
tion increases by seven percentage points (or ten teachers) between the two evaluation
years. However, our experiment does not suffer from statistically significant differential
attrition, and our samples of students in both treatment arms are statistically identical
in both evaluation years.

Our first main results highlight the short-run effectiveness of the training program
in improving students’ achievement. At the end of the first evaluation year, while
students’ motivation and scientific skills are similar across the two treatment arms,
students’ scientific knowledge is about ten percentage points of a standard deviation
(SD) higher in the treatment group than in the control group. However, the positive
effects of our training program vanish a year later when teachers no longer receive
support from trainers. At the end of the second evaluation year, while the average
scientific knowledge of the second cohort of students is statistically identical across
the control and the treatment groups, students’ scientific motivation in the treatment
group is lower by about ten percentage points of an SD than in the control group.

We investigate teachers’ practices to understand the short-run effectiveness of the
program on students’ achievement. Estimates on teacher outcomes suggest that our
training program leads to a change in teaching practices toward inquiry-based learning
guidelines. In both evaluation years, treatment teachers teach more science per week
(+0.17 and +0.22 hours), and their inquiry-based declared practices and knowledge
indices tend to outperform those of control teachers. The effects on pedagogical skills
and knowledge indices are insignificantly different from zero but rather large, especially
one year after the end of the training program (40.24 and +0.27 SD). The fact that
all the point estimates are positive and become more prominent after the end of the
program is consistent with an effective teacher training program that leads teachers to
follow inquiry-based learning guidelines even after the training program ends.

Importantly, however, we observe two main differences in teachers’ practices be-
tween the two evaluation years. While during the training year, treatment teachers

concentrate their teaching on topics covered during the training sessions, one year af-

4See Table 3. The difference between the 80 scheduled hours and the 66 effective hours, as reported
by treatment teachers, is likely due to imperfect take-up (95% take-up in the treatment group),
absenteeism, and recall bias.



ter, they revert to also teaching uncovered topics. In addition, the program’s positive
effect on the frequency of hands-on experiments—experiments at the heart of the pro-
gram, in which students actively participate—disappears in the second evaluation year.
We can show that the initial aggregate increase in the hands-on approach is entirely
driven by a change in teaching practices for the very topics covered during the train-
ing sessions. Because hands-on experiments must be tailored to each science topic,
this suggests that, without the trainers’ support, treatment teachers fail to design new
experiments that involve students’ participation. Furthermore, the negative effect of
our program on students’ motivation in the second evaluation year could indicate dif-
ficulties teachers face when independently implementing inquiry-based pedagogy to a
different set of science topics.® Overall, those results call for teacher training programs
that offer longer-term support from trainers or comprehensive curriculum coverage,

providing teachers with a broad range of tools they can use in their regular classes.

Contributions and Related Literature

Our results relate to three strands of the literature and provide new insights into the
effectiveness of an intensive in-service training program in the short and longer term.

Our results first relate to the literature that rigorously evaluates the effectiveness
of in-service teacher training programs in a policy-relevant context. Despite the rel-
evance of evaluating those programs, rigorous evidence is relatively scarce (Gersten
et al. (2014); Yoon et al. (2007)). Our paper probably most closely relates to the
recent study of Loyalka et al. (2019), who conduct a thorough evaluation of a 15-
day government-sponsored teacher training program in China, with measures at the
teacher and student levels. Our intervention settings mimic a policy scale-up context,
are based on a validated pedagogical method, and we also find high satisfaction rates
among treatment teachers. However, in contrast to Loyalka et al. (2019)’s study, our in-
tervention program consists of 80 hours of training spread out over two years—against
a one-shot 15 days of training. In addition, we find positive impacts on students’

performance during the program implementation period—while they find no impacts

5This interpretation is consistent with findings in the literature that the effectiveness of inquiry-
based learning is very sensitive to the quality of its implementation and the guidance provided to
students (Kirschner et al., 2006; Crawford, 2007; Lazonder and Harmsen, 2016).

SFor instance, of the 643 United States studies of math teacher training interventions in Grades
K-12, Gersten et al. (2014) find that only five of them meet What Works Clearinghouse evidence
standard. Over 1,300 identified PD studies in the United States, Yoon et al. (2007) find that only
nine have pre-and post-test data and a control group.



at all. Our result is consistent with recent reviews that suggest that only intensive
programs can be effective (Yoon et al. (2007); Fryer (2017)).” In Appendix Table A1,
which displays the estimated effectiveness of 18 recent evaluation studies, only studies
that tend to be very intensive show positive impacts.® For instance, Borman et al.
(2007) find positive effects of the Success for All program in the United States, and
Sirinides et al. (2018) find that the Reading Recovery program improves first graders’
reading skills. Other results based on non-experimental variation, such as Bouguen
(2016); Machin and McNally (2008); Angrist and Lavy (2001), confirm that intensive
training programs, based on validated pedagogical approaches, can efficiently modify
teaching practices and students’ performance.

Importantly, our study evaluates the effects of the teacher training program one
school year after its end, assessing whether our program achieves its intended goals
of enhancing the academic outcomes of several cohorts of students. Very few studies
have investigated the teacher-training program’s effectiveness after the intervention’s
end. Some exceptions are Borman et al. (2007); Sirinides et al. (2018).° While we
find that the training program effect disappears after its end, Borman et al. (2007)
and Sirinides et al. (2018) find a positive effect on students’ achievement during and
after the training program. However, one key difference between those two studies and
ours is the ongoing support teachers receive during the evaluation. Indeed, after the
initial training year, the Success for All program includes approximately 15 days of
additional training each year (Borman et al., 2007), and Reading Recovery teachers
continue to receive coaching and participate in feedback sessions on teaching practices
periodically (Sirinides et al., 2018). In our case, teachers are entirely left on their

own once the training program concludes. Our findings suggest that, even though our

"In his recent review of the experimental literature, Fryer (2017) finds that among 21 rigorous
and experimental professional development studies in high-income countries, only five show positive
impacts. Several encouraging results were found in low-income countries (Piper et al., 2018; Cilliers
et al., 2020; Kerwin and Thornton, 2021; Cilliers et al., 2022), but the low level of initial teacher
training makes these results hard to compare to our context.

8We consider post-2000 studies that are rigorous and sufficiently powered. We did not conduct
a systematic literature review. Eleven studies have been identified in Fryer (2017) or in Yoon et al.
(2007). The rest of the studies are more recent, conducted outside the United States, or use quasi-
experimental methods. A study is well-powered if it has an ex-ante MDE below 0.30 SD.

9The study of Newman et al. (2012) could only capture the results after one year out of the two
years of intervention because the randomization was compromised in the second year. Garet et al.
(2008); Meyers et al. (2016) also evaluate their program over two years. However, Garet et al. (2008)’s
evaluated program is ineffective even during implementation. In the case of Meyers et al. (2016), the
randomization is done at the school level, and the authors note that it is possible that trained teachers
taught surveyed students in lower grades, potentially exposing students for several years.



training program effectively improves students’ scores during its implementation, it
falls short in the classroom as teachers struggle to implement inquiry-based learning
guidelines for a different topic set without the trainers’ support.

If our results do not directly speak to the effectiveness of follow-up interventions,
they call for professional development programs that provide relevant follow-up and
contribute to the implementation research literature on training practitioners.'® This
literature identifies key components for training programs’ success, such as the need
to motivate practitioners (Kealey et al., 2000), the need for specific training for a
given curriculum (Ross et al., 1991), and the need for guidance on the flexible use
of specific guidelines (Dansereau and Dees, 2002). In our context, we see that the
program successfully motivates the teachers who express high satisfaction levels and
successfully change their practices, mainly when teaching topics covered during the
training sessions. However, it failed to provide flexible enough tools so that teachers
could apply them to all regular classes.

Finally, our experiment relates to the literature that investigates the impact of
training teachers on the inquiry-based learning method. Since Bruner (1961), the
inquiry-based approach has become popular and has been the subject of abundant
theoretical literature. However, the benefit of training teachers using this approach
has rarely been rigorously evaluated at scale. To the best of our knowledge, among
the 18 recent rigorous studies we identified in the literature (see Table A1), only two
specifically analyze the impact of an inquiry-based teacher training program on either
science, technology, or mathematics (STEM). Both studies find positive effects on the
achievement of Grade 4 to 8’s students. In the first study, conducted in Alabama,
Newman et al. (2012) find that a reasonably intensive inquiry-based training program
has small but significant effects on mathematical skills (-+0.05 SD) but no significant
impacts on scientific skills."! In the second study, in Missouri Meyers et al. (2016)
find that a very intensive program (240 hours of training over two years) impacts

students’ performance in mathematics.'?> Our study provides additional evidence that

OFor a review, see Fixsen et al. (2005). The importance of follow-up interventions is frequently
mentioned, such as in Parsad et al. (2001); Guskey (2002); Popova et al. (2022).

1 The intervention is relatively similar to ours and includes ten days of teacher training during the
summer and several follow-up training sessions over two years. The evaluation analyzes the impact
on Grade 4 to 8’s students on math, science, and technology.

12The program is comprehensive (at the school level), intensive, and relies heavily on inquiry-based
principles. The study targets seventh- and eighth-grade students and finds impacts on mathematics
skills between 0.13 SD and 0.18 SD three years after the beginning of the program. However, since
the randomization is done at the school level, the authors cannot exclude that surveyed students were



an intensive inquiry-based program can lead to a change in teacher practices and to an
increase in students’ scientific knowledge, even in low Grades (3-5).

In the rest of the article, we describe the teacher training program conducted by
the Maisons pour la Science in Section 2. Section 3 then presents the experimental
setting, data, and compliance. Section 4 gives the evaluation results for students, and
section 5 investigates teachers’ outcomes and interprets our findings. Finally, section

6 concludes.

2 Training Program: Background and Content

This paper studies a teacher training program delivered by local training centers, the
Maisons pour la Science, referred to as Maisons in the rest of the paper. The objective
of the program is to train teachers in the inquiry-based learning method with the
ultimate goal of improving their students’ scientific skills, knowledge, and motivation.
We begin by providing an overview of the program, its origin, and the French primary

school context.

2.1 Background of the Training Program

The teacher training program was initiated by the Grand emprunt—a 57 billion euro
loan contracted by the French Government to stimulate the economy in the aftermath
of the 2008 financial crisis. The objective of the loan was to finance innovative projects
in strategic domains such as scientific knowledge, innovation, and education. The
foundation La Main a la Pdate, an influential and experienced actor in the field of
scientific awareness at school, received a grant to support a vast project aiming at
improving the scientific knowledge and motivation of French students. It established
local training centers, the Maisons, within local universities of several school districts.
The Maisons then designed and implemented our teacher training program for primary

school teachers teaching in Grades 3 to 5.

2.2 French Primary Schools

In France, primary school covers Grades 1 to 5 —children from ages six to eleven. Pri-

mary school teachers’ initial education typically includes one undergrad degree and one

exposed for several years to trained teachers.



teacher’s initial certification obtained in national certification/training centers.'® To
join a certification center, most teachers have to pass a competitive national exam. The
initial certification typically lasts one year, during which the new teachers take theoret-
ical lectures and conduct in-class teaching sequences. Teachers’ initial and in-service
training in science varies depending on the age of the teacher, her initial education
(scientific or not), and her pedagogical training.

In the vast majority of schools, primary school teachers are responsible for teaching
all the subjects to one class of students in the same Grade. They can teach any Grade
between 1 and 5. French teachers follow the national curriculum that specifies the
teaching time, the topics to be covered, and the competencies that the pupils should
master at the end of each school year. For instance, Grade 3 to 5 teachers should devote
two hours per week to science and technology and cover eight science topics.'* While
the French curriculum recommends the inquiry-based learning method and scientific
experiments, teachers are free to use the most suitable pedagogical method. The
Maisons’ training program aims at providing primary school teachers with inquiry-

based learning teaching skills for science and technology.

2.3 The Maisons’ Training Program

Inquiry-based learning in science is considered one of the best pedagogical approaches
to teaching science that the United States National Research Council has long endorsed
(Council et al., 2000). It involves encouraging students’ active role in conducting and
designing experiments, defining research questions, scientific problems, and hypothe-
ses, and finding solutions to enhance students’ engagement in class, motivation in the
discipline, and, eventually, scientific skills and knowledge. The training program aims
to help teachers implement in-class hands-on experiments by supplying designs of ex-
periments and materials for science topics included in the national curriculum. The
program lasts two consecutive school years and comprises 80 hours of training. It in-
cludes training sessions at the Maisons, engaged discussions between trained teachers,

attendance at scientific conferences, and in-class educational support.!?

13 These centers are also responsible for in-service training. The training we analyzed in this paper
was mostly conducted by trainers from these national training centers.

4Note that we are here referring to the curriculum in 2014 as it has been modified since then.

15In a companion paper that specifically focuses on the qualitative analysis and relies in part on
videos taken during the training sessions and in-class with some of the volunteer teachers, Munier
et al. (2021) precisely describe the different stages of the training program in one of the Maisons. We
summarize the information about the intervention in Appendix Table A2. The training was conducted



The training sessions at the training centers occurred during regular teaching hours.
The school district managers appointed a substitute teacher, ensuring the program did
not reduce normal teaching hours. Substitute teachers have the same qualifications
as regular teachers, and 40 hours of absence yearly represents less than 4% of the
overall yearly teaching time. We, therefore, do not believe that the substitution had

any adverse effect on students’ performance.

3 Experimental Setting, Data and Compliance

3.1 Survey Protocol and Teacher Selection

We evaluate the teacher training program in three regional school districts: Auvergne,
Lorraine, and Midi-Pyrénées.'® Any primary school teachers in one of those school
districts could register for the training program. A total of 134 teachers registered
in 2014. They work in 111 schools across three school districts and nine local school
districts. In this paper, we follow those teachers for three years. Each registered teacher
first fills out a registration form in 2014 called “Q0”. The registered teachers and their
respective students answer follow-up surveys at the beginning and at the end of two
academic years: the second and last year of training (year 2) and one year after the
training program ends (year 3). Figure 1 depicts the survey protocol.!” Note that
because teachers usually change student groups between two consecutive school years,
students in years 2 and 3 are, in most cases, different students.!® Consequently, our
data set comprises a panel of teachers and a repeated cross-section of students.

The second panel of Table 1 shows that registered teachers are more experienced
and interested in science than their non-registered peers. This panel describes the

characteristics of the registered teachers and of a group of non-registered teachers called

by three contributors: professional trainers from the national certification and training centers, field
trainers who observed and assisted the teachers during the science sequences in her classrooms, and
scientists who gave lectures on a specific curriculum topic. The training program covered four topics in
this Maison; most hours were conducted in person at the training center, and additional hours were
conducted in class. During these in-class sessions, the teachers implemented the science sequence
designed at the training centers with the support of a field trainer.

16 A fourth region was originally included but dropped out due to a lack of teacher enrollment and
difficulty in finding substitute teachers.

I"Note that due to implementation difficulties, the teachers in one local school district started their
training one year later in 2015/2016 and were surveyed in 2016,/2017 and 2017/2018.

18In a few cases, the teacher “followed” her students, i.e., she moved to the upper-level grade and
therefore had the same students in year 2 and in year 3.



“peer teachers”. To create the group of peer teachers, we asked each of the registered
teachers to name one of their school colleagues in Grades 3 to 5 who would be willing
to participate in our survey.!'® Registered teachers are significantly older (+2.2 years),
have more teaching experience (+3.8 years), and are more likely to hold a degree in
science (+ 16 pp) than peer teachers.?® Prior to applying for the Maisons’ training,
they are also more likely to have benefited from any in-service training in science (+3.2
hours per year) and to have benefited from training from the Maisons or from other
La Main a la pate organizations than their peers.?!

Overall, these results suggest that this very intensive teacher training program
attracted teachers who are already fairly interested in and accustomed to the topic
being taught. While the Maisons and the school district managers were aware of this
potential selection issue, their effort to attract teachers with a lower level of scientific
awareness mostly failed. More generally, we believe that this selection effect reflects
an important conundrum for teacher training: targeting the program to teachers who
need it the most is challenging.

Anecdotally, even though registered teachers are more exposed to in-service science
training than their peer counterparts, the average number of science training hours they
declared receiving per year remains relatively small (two hours per school year), espe-
cially when compared with the number of hours of training provided by our intervention
(forty hours per school year). The intensity gap between our training intervention and
the usual number of hours of science training among peer teachers is even larger: peer
teachers declare receiving an average of one hour of training per year (conditioning on
those who benefit from a science training program, the average training program is of
nine and a half hours per year). The intervention, therefore, constitutes a significant
increase in in-service training exposure, even for registered teachers.

Appendix Table A4 shows that while registered teachers are very specific teachers,
their students are similar to the students of their peers, indicating no selection at the
student level. Our cohorts of students are, therefore, likely comparable to the average

students in similar schools and school districts.

19Peer teachers first fill out our survey in year 2. We use this information to characterize our sample
of registered teachers.

20Compared to the national average (DEPP, 2018), registered teachers are less likely to be female
(74% against 81.6%) and are older (45 years old against 42).

21The Maisons were already open a few years before the beginning of the experiment. The Maisons
provided training hours in science, but the intensity was not comparable with the training program
we study in this experiment. The Main ¢ la pdte foundation has other interventions about science in
primary schools.

10



3.2 Teacher Randomization

To measure the effectiveness of the program, we randomly assigned the 134 registered
teachers into a control and a treatment group. To do so, we used the information reg-
istered teachers provided when filling out the registration questionnaire Q0. However,
because each local school district administered QO at different points in time (between
June and September 2014), we conducted the randomization in each district separately.
In most districts (five school districts), we stratified the randomization using baseline
teaching experience only. In three other school districts, we additionally used both
experience and an index of teaching practices. In the school districts where several
teachers from the same school applied to the program, we stratified at the school level.
Finally, in one district, teachers did not fill out QO before randomization; in this case,
we used the municipality as a stratification variable. Finally, since each training center
had a fixed number of available teacher training slots, each local school district had
a different probability of assignment to the treatment group. In the remainder of the
paper, we account for this specificity by including sampling weights proportional to the
inverse of the assignment probability in regressions; we also include strata fixed effects.

The first panel of Table 1 displays the balance checks at the teacher level. Four-
teen out of fifteen relevant teachers’ characteristics are statistically identical between
the treatment and control groups. Using the multi-hypothesis testing step-up method
developed by Benjamini and Hochberg (1995), we find that none of the coefficients is
significant at the 10% level. 22 Nevertheless, we observe that the treatment group
had declared teaching science slightly more than the control group one year before the
intervention started. Since this variable is one of the intermediary outcomes, this un-
fortunate imbalance is a potential source of concern. In the remainder, as a robustness
test, we will add baseline hours of science to our regressions.

Note that by design, students are not directly randomly allocated to control and
treatment groups. Only teachers are. There is, therefore, a risk that post-randomization
treatment teachers are assigned to better or worse students than control teachers. In
Appendix Table A4, we compare average students’ test scores at the beginning of each
of the two evaluation years (baselines) between control and treated teachers.?® All

indices are balanced at both baselines —i.e., at the beginning of each school year—

22 The minimum value to reject at least one of the 15 outcomes tested is 59%. In other words, the
minimum Q-value is 59% for these fifteen coefficients, far from standard significant levels.

23 As mentioned previously, because teachers generally teach the same Grade year after year, the
student questionnaires are generally administered to two different cohorts of students.

11



suggesting an absence of selection in students’ assignments between treatment arms.

3.3 Differential Attrition across Survey Waves

Our study suffers from a relatively high level of attrition due to an increasing number of
teachers switching to teaching in Grades 1 and 2 over time. Still, there is no statistically
significant differential attrition. Table 2 investigates the class, student, and teacher
attrition rates. Class attrition rises from 8% (ten teachers) in year 1 to 15% (twenty
teachers) in year 2 and is almost fully driven by teachers who switch to teaching
in Grades 1 and 2. Indeed, only one teacher refused to remain in our study. All
other teachers accepted that we surveyed their students. The only reason we cannot
survey their students is if they are not teaching in Grades 3 to 5. The differential
attrition decreases from -5.3% to -7.5% over the two years. Still, it remains insignificant,
suggesting that the treatment did not significantly reduce teachers’ incentives to teach
in the lower Grades of primary schools. On the contrary, differential student attrition
rates are close to zero and remain constant across the two years. This attrition is due
to students refusing to answer or being absent on the evaluation day. Finally, because
our teacher questionnaire concern teaching practices in science for Grade 3 to 5, there
are three reasons for teacher attrition displayed in the last panel. If a teacher (i) does
not teach science, (ii) does not teach in Grades 3 to 5, (iii) refuses to answer our
survey. Comparing class and teacher attrition indicates that very few teachers refused
to answer our survey (2% in year 2 (Q2) and 4% in year 3 (Q4)) or do not teach science
(1% in year 2 (Q2) and 5% in year 3 (Q4)).?* The bulk of the class and teacher attrition
rates is driven by teachers who switch to teach in Grades 1 to 2. Treatment teachers
tend to continue teaching in Grades 3 to 5 longer than control teachers, explaining the
small and non-significant differential attrition rates.

Nevertheless, attrition rates at the end of the two evaluation years (Q2 and Q4)
are relatively high and may distort our sample. Appendix Table A3 displays the
balance checks for the relevant baseline teacher characteristics using the sample of
respondents of our teacher questionnaire in Q1 (year 1), Q2 (year 2), and Q4 (year 3).?°
An unfortunate imbalance rate appears significant for the baseline variable “practices

inquiry-based” in year 2. In the remainder, as a robustness test, we will also add

24 As mentioned in section 2.2, primary school teachers usually teach all subjects.

25Using the terminology of Ghanem et al. (2022), this corresponds to a selective attrition test
that examines whether, conditional on non-attrition status, baseline observable characteristics differ
between the treatment and control groups.
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Table 1: Pre-Randomization Teacher Characteristics

Treatment v. Control Volunteer v. Peer
Obs. Control (1) Obs.  Peer (2)
Socio-economic characteristics
Gender, 1= female 134 0.740 -0.013 223 0.679 0.060
(0.079) (0.066)
Birth year 132 1970 -0.631 214 1971 -2.159*
(1.147) (1.148)
Higher education in years 132 2.836 0.353 215 3.157 -0.168
(0.221) (0.194)
Holds a scientific degree 132 0.637 -0.124 212 0.396  0.157*
(0.086) (0.082)
Had a career in science 132 0.146 -0.019 213 0.107 0.022
(0.057) (0.051)
Teaching experience 132 17.456 0.379 214 14.343 3.838%**
(1.086) (1.192)
In-service training last year
Received some training 132 0.287 -0.007 214 0.145  0.170**
(0.061) (0.067)
Total training hours 116 4.660 0.848 197 3.460 3.836
(2.220) (2.852)
Total training hours in science 118  2.077 1.470 199 0996  3.229**
(1.067) (1.482)
Received Maisons training 132 0.203 -0.042 214 0.015  0.175%**
(0.062) (0.046)
Received La Main a la Pate 132 0.174 -0.071 214 0.011  0.137%**
(0.048) (0.040)
Teaching practices last year
# of hours of sciences 132 1.920  0.278** 189  1.234  0.820%**
(0.111) (0.114)
# of topics covered (max 8) 132 5.098 0.267 205 4.746 0.388
(0.262) (0.254)
% of sessions with expe. 132 0.569 0.030 205 0.588 -0.001
(0.035) (0.037)
Practices inquiry-based 132 0.814 0.083
(0.059)
Observations 134 62 402 134

The table shows the differences between treatment and control teachers before randomization at QO in the
first panel. In the second panel, the table shows the difference between the volunteer teachers (treatment
and control) and the peer teachers (collected in Q1). Column Obs. gives the number of observations, column
Control the average in the control group, Peer the average for the peer teachers, and columns (1) and (2)
the results of the regression of the dependent variables against the treatment variable or the registered teacher
variable. All regressions are weighed and include strata fixed effects. Standard errors are given below the
regression coefficients in parentheses. 13
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baseline “practices inquiry-based” to our regressions.

Table 2: Differential Attrition

Obs.  Control (1) (2)
Teacher surveys
Teacher attrition
...at QO 134 0.018  -0.007
(0.022)
.oat Q1 134 0.013 0.038
(0.030)
.oat Q2 134 0.156  -0.080
(0.056)
.ooat Q4 134 0.246  -0.024
(0.075)
Student surveys
Class attrition
.oat Q2 134 0.106  -0.053
(0.046)
.oat Q4 134 0.185  -0.075
(0.064)
Student attrition
.oat Q2 2,935 0.083  -0.004 -0.005
(0.011) (0.011)
cooat Q4 2,724 0.083 0.002 0.001
(0.012) (0.012)
Number of clusters 134 134
Controlling for grade level N Y

The table provides the attrition rates at the teacher level for each
survey wave and at the student level in years 2 and 3. “Column
Obs.” gives the number of observations, “Control” the average in
the control group, “(1)” the differential attrition without controlling
for Grade level, and “(2)” with grade level control.

p<0.01 *** p<0.05 ** p<0.1 *
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Figure 1: Survey Protocol
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The figure presents the survey protocol for the main sample for the school year
2013-2014 until the school year 2016-2017. Note that an additional school dis-
trict, not shown here, implemented the same protocol but one year later, i.e., the
training program happened in the school year 2015-2016 and 2016-2017, and the
surveys happened in 2016-2017 and 2017-2018. However, those schools filled out
the QO survey and were randomized at the same time as the rest of the sample.
Besides, note that an additional teacher survey was implemented in September of
the school year 2016-2017 (Q3): since we do not rely on this survey in this paper,

we do not report it here.
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3.4 Exposure to Training

Treatment teachers almost perfectly adhere to the training program. Table 3 presents
the exposure to the training program using data from the Q1 and Q2 teacher surveys.2¢
Being assigned to the treatment group significantly increases the teacher’s probability
of being enrolled in the program (+ 72 pp in the first year; +87 pp in the second year).
The difference between the experimental groups in terms of hours of training is large
and significant. Over the two years, our results indicate that 95% of the treatment
teachers received some form of training provided by the Maisons. The program also
significantly increases the average hours of training received: compared to the control
group, treatment teachers reported 32 additional hours of Maisons training the first
year and another 30 additional hours the second year. Overall, treatment teachers
reported approximately 78 hours of training over the two years and about 66 hours
offered by the Maisons, close to the objective of offering 80 hours.

Because one of the Maisons authorized a few control teachers to attend some hours
of training sessions, 15.5% of control teachers report having benefited from training
conducted by a Maison. However, control teachers only received an average of four
and a half hours of the Maisons’ training over the two years, meaning that treated
control teachers only received 29 hours of training over the two years.?” These treated
control teachers, therefore, received a relatively weak treatment, incomparable with
the intensity received by treatment teachers.

In addition, we look at whether enrolling into the Maisons training program had
spill-over effects on other training programs’ enrollment during or after the interven-
tion. Specifically, we could be worried that the intensive training program offered by
the Maisons is a substitute for other training programs provided by other institutions
in science or other topics. We do not find evidence of such substitution. In both year
1 and year 2, the impact on “# of hours any training” is comparable to the impact
on “# of hours of training from Maisons,” indicating no systematic substitution pat-
terns. Likewise, we do not find any significant spill-over on enrolling in other training

programs one year after the end of the Maisons program. By year 3, teachers in both

26This data is based on teacher reports; they are consistent with the monitoring data collected by
the Maisons (results not shown here). For instance, according to the Maisons, treatment teachers
benefited from an extra 35 hours the first year (against 32 hours as declared by teachers) and 22
hours the second year (against 28 as declared by teachers) for a total differential take-up of 57 hours
compared to 60 hours when using self-declared teacher measures.

274.54/0.155 = 29.3 hours. This number is consistent with our monitoring data from the Maisons.
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Table 3: Exposure to Training

Year 1 & Year 2
Received any training

... from Maisons
# of hours of any training
... from Maisons

Year 1
Received any training

... from Maisons
# of hours of any training
... from Maisons

Year 2
Received any training

... from Maisons
# of hours of any training
... from Maisons

Year 3
Received any training

... from Maisons
# of hours of any training

... from Maisons

Obs. Control Impact
132 0.444  0.542%**
(0.064)
132 0.155  0.791°%**
(0.053)
132 10.751  67.19%**
(4.894)
132 4.539  61.01%**
(4.886)
129  0.275  0.662%**
(0.066)
129 0.142  0.721%**
(0.060)
129  6.187  36.36***
(3.423)
129 3.747  31.72%**
(3.460)
127 0.266  0.649%**
(0.069)
127 0.031  0.868%**
(0.042)
127 4.974  29.76%**
(3.187)
127 0.942  28.00%**
(2.439)
115 0.243 0.024
(0.085)
115 0.111 -0.058
(0.057)
115 5.228 0.124
(2.329)
115 3.579 -1.629
(2.254)

The table shows differences between the treatment and control groups
(column Impact) in terms of the exposure to training programs, both
overall exposure and exposure to the training program provided by
the Maisons. Column Obs. gives the number of volunteer teachers
surveyed, Control the average in the control group, and Impact the
treatment coefficient. All regressions are weighted and include strata
fixed effects. Standard errors are'Below the regression coeflicients in

parentheses.
p<<0.01 *** p<0.05 ** p<0.1 *



groups find themselves back in the same pre-intervention situation with about 3 hours
of training per year provided by the Maisons, not significantly different in the treatment
and control groups.

Finally, in results not presented here, treatment teachers expressed high satisfaction
with the program: 86% were somewhat or very satisfied after the first training year
and 87% after the second training year. They expressed satisfaction with all aspects
of the training: in-class visits (95% are satisfied), on-site training sessions (92% are
satisfied), and group work (87% are satisfied).

We now turn to our main results, the estimated impact of the program on students’

performance.

4 'Training Program’s Effects on Students’ Performance

4.1 Measures of Student Outcomes

To estimate the effect of the intervention on students’ achievement in science, we con-
struct three students’ test scores: scientific knowledge, scientific skills, and scientific
motivation. We developed our tests using the expertise of developmental psychologists.
Most of the questions are taken from statistically validated standardized tests docu-
mented in an extensive literature review on student science assessments (Djeriouat,

2015). We describe below each of our three indices:?®

e Scientific knowledge: This index assesses the scientific knowledge of students. All
the questions are based on the French curriculum in science for Grades 3 to 5.
In accordance with it, while a few questions are specific to a given grade, a few
others are common to multiple Grade levels (i.e., when a given topic must be
covered at multiple Grade levels). This feature makes it possible to observe the

progression of pupils over time.

e Scientific skills: This index aims at assessing skills developed with inquiry-based
learning, such as scientific reasoning or analogical reasoning. The questions refer
to situations consistent with the French curriculum and, whenever possible, are

taken from the existing literature.

280ur companion paper, Munier et al. (2021), describes our instruments in greater detail.

18



e Scientific motivation: This index captures students’ attitudes toward science.
This instrument is largely taken from Kind et al. (2007), which develops measures
of students’ attitudes toward science. This questionnaire is common to the three

grade levels.

The observed correlations between test scores, over time and with student charac-
teristics support the validity of our student instrument. First, as shown in Appendix
Table A5, our measures of student knowledge and skills are highly correlated with
each other (p = 0.501) but not perfectly correlated, which suggests that they measure
different dimensions of scientific performance. The correlation between knowledge and
motivation is much lower (p = 0.05), while the one between skills and motivation is
null. Second, the three test scores are correlated over time between baseline and end-
line (p well above 0.5). Because our indices are standardized using the control group’s
baseline scores, the averages in control mean column of Table 4 directly measure con-
trol group students’ progress expressed in control group standard deviation (SD) over
each academic year. Our tests properly capture the natural progression of students
over time. For instance, over year 2, students’ average performances in the control
group increased by 0.74 SD and 0.54 SD in knowledge and skills, respectively. Stu-
dents’ motivation tends to decline during the school year, a dynamic already described
by Gillet et al. (2012); Opdenakker et al. (2012). Last, Table A5 provides a set of
correlations between the different test scores and some student characteristics. Our
tests are properly correlated with the Grade level, and late students—students who
were held back at least once— perform about 0.15 SD below the rest of the class in

scientific skills and knowledge.?’

4.2 Impacts on Students’ Performance

Columns (1) and (2) of Table 4 present the estimated effects of the training program
on the three students’ indices at the end of survey years 2 and 3. Specifically, this
Table shows the difference between the test scores of students in treatment and control

groups that were measured by v; when running the following OLS regression:

Vit = Yo +Nnlis + Xiy2 + Vig,

29Because at least some items of our tests are the same across grades, we expect a progression across
grades.
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with y the outcome of interest (knowledge, skills, or motivation) of student ¢ in the
evaluation year ¢. T is the treatment status of the teacher of student ¢ in year ¢t and
X is a set of control variables at the student level.?® In the first column of Table 4, we
control for the Grade level and the strata fixed effects, whereas in the second column,
in addition to baseline hours of science taught and baseline practices of inquiry-based
learning, we also control for baseline scores, which increases the precision of the esti-
mates.3 All OLS regressions are with robust standard errors clustered at the teacher
level. All observations are weighted by randomization probabilities, and regressions
include strata fixed effects. Moreover, because we are testing several treatment param-
eters, we provide the g-value for the false discovery rate in brackets (Anderson, 2008)
which can be interpreted as a p-value, robust to multiple hypothesis testing. Because
our three test scores are standardized using the control group’s pre-test scores, our
estimates can therefore be directly interpreted as effect sizes.

At the end of year 2 — the year during which the teacher receives her final year of
training — students in the treatment group outperform students in the control group.
After controlling for baseline results (Column 2 of Table 4), the impact is positive (+
0.1 SD) and significant at 5%. The result is also significant when accounting for multi-
hypothesis testing but less so, with a g-value of 5.8%. Scientific skills and motivation
are, however, unaffected in year 2, although both dimensions were the prime objective
of the program.>?

One year after the end of the training in year 3 (same teachers but different stu-
dents), the impact on knowledge vanishes, and scientific skills remain unaffected. Fur-
thermore, students’ motivation is negatively affected (-0.10 SD). This result remains
significant at 1% even when controlling for multi-hypothesis testing. This somewhat
unexpected result is very robust. In the Appendix Table C3, we decompose the mo-
tivation index into three sub-indices. All of them are negatively impacted in year 3.
Furthermore, this phenomenon is observed in each of the three regional school districts
(F-test 0.06, p-value 0.94 for the test of equal effect in each region).

The change in class attrition rates across the two evaluation years does not drive the

30For any given year, we identify “treatment students” as students currently taught by a treatment
teacher and “control students” as students currently taught by a control teacher.

31We impute missing observations at baseline and add a dummy variable that indicates imputation
as a control variable. This imputation strategy avoids losing observations.

32Given the high level of precision at the student level, our estimates are unlikely to suffer from
type I error: the confidence intervals for skills and motivation closely lie around zero, and we are able
to detect impacts as low as 0.1 SD (effect on knowledge in year 2).
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difference in the program’s impact between years 2 and 3. Indeed, Column 2 of Table
4 includes control variables for all imbalance rates, including those which occur with
attrition, and the point estimate of the effect on scientific knowledge drops to a fairly
precise zero in the second year (0.02 SD with a standard error of 0.048). In addition,
Appendix Table B1 shows the program’s impact on students’ outcomes restricting the
sample to the 112 teachers’ classes that participated in both evaluation years. Even
though precision is lower due to a smaller sample of classes, results in both years are
qualitatively the same, with an increase of +0.07SD in students’ scientific knowledge
in the first evaluation year.

Finally, we find no heterogeneous effects of the training program by students’ and
teachers’ baseline characteristics. Appendix Table A6 and A7 show the interaction
coefficients between the treatment and different sets of baseline characteristics (student
scores, student gender, initial teacher training in science, or teacher gender). They are
all insignificant and close to zero.

In the next section, we investigate our teachers’ outcomes to help rationalize the

decreasing effects of the training program on students’ achievement.

5 Training Program’s Effects on Teachers’ Practices

5.1 Measures of Teacher Outcomes

To construct our teacher outcomes, we leverage the rich data obtained from teacher
questionnaires covering the two years: the second training year (year 2, Q2), and the

post-training year (year 3, Q4).3> We create two inquiry-based learning indices:

e Declared Practices: The teacher survey contains questions about the five main
practices related to inquiry-based learning: introducing a scientific problem, for-
mulating a hypothesis, linking models and observations, framing students’ vision,
and evaluating students. For each dimension, through sub-items, we ask teachers
if they implemented them in class. For each dimension, we test the consistency of
the sub-items using Cronbach alphas. We keep the dimensions that are internally

consistent, with a Cronbach alpha above 0.7, and aggregate them in one index.3

33 In the Appendix, we also present the results for the first training year (year 1, Q1).

34As a result, for the Declared practices index, we are left with “introducing scientific problems”,
“framing students’ vision”, and “evaluating students”. We also submitted a questionnaire eliciting the
teacher’s vision of science at the end of the third year. The treatment did not affect this at all, and
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Table 4: Impacts on Students’ Scores

Treatment v. Control

Obs.  Control (1) (2)

Year 2

Endline knowledge 2,694  0.737 0.116%*  0.097**
(0.057) (0.041)
[0.152] [0.058]

Endline skills 2,694  0.542 0.013 0.015
(0.048) (0.035)
[1.000] [0.821]

Endline motivation 2,686 -0.071 -0.036 -0.018
(0.040) (0.037)
[0.587] [0.821]

Year 3

Endline knowledge 2,489  0.514 0.029 0.018
(0.061) (0.048)
[0.734] [1.000]

Endline skills 2,489 0.374 -0.030 -0.010
(0.054) (0.044)
[0.734] [1.000]

Endline motivation 2,488 -0.051 -0.131*** _0.094**
(0.045) (0.038)
[0.012] [0.048]

Number of clusters 124 114
Controlling for baseline variables N Y

The table gives the impact of the program on student performance. Column Obs.
gives the number of students surveyed, Control the average in the control group,
which can be read as the progression during the year in terms of baseline standard
deviations. In column (1), we only control for Grade fixed effects. In column (2),
we add baseline scores, baseline hours of science taught, and baseline inquiry-based
learning practices. All regressions include strata fixed effects and are weighted by
sampling probabilities. Standard errors are clustered at the teacher level and are
given below the regression coefficients in parentheses. The coefficients in brackets
p-values robust to multiple testing.

p<0.01 *** p<0.05 ** p<0.1 *
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e Normative Statement: The teacher survey also contains questions about the per-
ceived importance of the five main practices for teaching science.?® We aggregate

four of the five normative dimensions into a Normative statements index.3%

In addition, we consider more quantitative measures of science intensity, namely the
declared number of hours of science taught per week, the number of topics covered in
class, the share of topics covered that include scientific experiments, and whether these
experiments were hands-on or not.?” We also monitor which science topics teachers
choose to teach in years 1, 2, and 3.

Because we want to compare the evolution of teaching practices between the two
evaluation years, in the following, we will restrict the sample to teachers who answered
in both survey waves, in years 2 and 3.3 We start by analyzing the relationship

between the topics covered during the training program and those covered in class.

5.2 Impacts on Topics Covered in Class

The primary school science curriculum in France can be divided into eight topics (e.g.,
“Earth and the Universe”, “Energy” or “Technical objects”). A large part of the Maisons’
training content consisted in designing a teaching sequence based on one (sometimes
two) of these topics. For instance, one training center used medieval machinery to
illustrate the operation of levers and pulleys, a sequence that belongs to the topic
“Technical objects”. The content of such a sequence covered during the training can
be easily re-used in class, sometimes with the help and presence of a trainer. Each
year, we collected information on the topics covered in each training center within
each regional school district (the three regions are then divided into nine local school

districts). The sample is therefore composed of 15 local district-year observations that

answers do not correlate with student performance, so we do not present this data here.

35For instance, we ask Should inquiry-based teaching include introducing a problem that should be
solved: always, often, etc.; or Do you think helping students to separate models from reality is: very
important, important, etc.

36For the Normative statements index, we only keep the teachers’ normative statements on “the
importance of introducing a scientific problem”, “formulating a hypothesis”, “linking model and obser-
vation”, and “evaluating students” (see Table B6).

37We consider an experiment as hands-on if the students were directly involved in the design and
implementation of the experiment, as opposed to an experiment conducted by the teacher only.

38In the Appendix, we present the Tables for the unrestricted sample. Results are qualitatively the
same. In addition, Table B2 presents the program’s impact on students’ outcomes considering the
restricting sample of teachers who answered both survey waves. Results are qualitatively unchanged.
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generate variation in the topics covered during training.®”

In our teacher surveys, we list all possible topics and ask each teacher to list the
ones they covered with their students during the year so that we have information for
each of the three years. Using this data, we measure how much the training sessions
influenced teaching by estimating whether a topic covered during training was more
likely to be covered in class subsequently (in the same or the following years).

We define W;,; as a dummy variable that takes the value one if a teacher j covered
topic p in year t. Accordingly, define Z.;), if topic p has been used in the training
center c(j) where teacher j belongs during year ¢. Importantly, Z, () is also defined
for the control teachers: because we know where they teach, we also know which topics
they would have been exposed to if they had been trained. We estimate the following

regression separately for every year ¢:
Wipt = Bo + B1Zejypt + BaZeiype X Tj + B3Tj + €jpt

where Tj is a treatment group dummy. In this model, ; should be zero because
training topics should not affect control teachers. The parameter of interest is fg; it is
positive if trained teachers use the training material in their class. Finally, 83 would
be positive if treatment teachers covered more topics and negative otherwise. We also
estimate a variant of this equation using Z.(;),—1 to learn whether training from earlier
years remains influential.

Table 5 gives the above regression results.! The constant coefficients of Table
5 indicate that slightly more than half of the existing topics were covered in class
in year one, on average, in the control group. Columns (1) and (4) show same-year
relationships, whereas the other columns verify whether training topics from an other
year influenced the class topics in the current year. In Columns (1) and (4), the
interaction terms (f;) indicate that this probability of teaching a topic that has been
covered by the training program in that same year increases by 33 and 24 percentage
points in the treatment group in years 1 and 2, respectively. As expected, the training
topics covered during the training do not affect the topics covered in class in the control

group (the training topic coefficient is close to 0). In addition, the interaction term

39Tn one of the regional districts that contains three local districts, all of the sessions occurred during
the first year of training, while in the others, the topic sessions were spread over the two years.

400f note, in this analysis, we have a maximum of 134 teachers * 8 topics = 1072 data points.

41 Appendix Tables B3 show the results if we control for baseline covariates, and Table B4 presents
the results on the entire sample. The coefficients are of similar magnitude.
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Table 5: Effects of Training Topics on Class Topics

Year 1 Year 2 Year 3
Class topic Class topic Class topic
(1) (2) (3) (4) (5) (6)
Training topic Year 1 0.325*** 0.079 0.160*
x Treatment (0.082) (0.082) (0.083)
Training topic Year 2 -0.015 0.236%** 0.129
x Treatment (0.096) (0.077) (0.101)
Training topic Year 1 -0.010 -0.020 -0.082
(0.066) (0.062) (0.058)
Training topic Year 2 0.076 -0.063 -0.085
(0.079) (0.052) (0.079)
Treatment -0.048 0.035 -0.058 -0.080°* -0.017 -0.000
(0.041) (0.039) (0.045) (0.041) (0.043) (0.041)
Constant 0.548%**  (.533*** 0.551%#*  (0.558%H* 0.542%%* (.53 7***
(0.031) (0.030) (0.034) (0.029) (0.034) (0.033)
744 744 768 768 768 768

The table shows the regression of a dummy for covering each of the eight possible topics in each class, each year,

on a treatment dummy and dummies for that very topic being covered in the local training center. Each column
is a different regression. All regressions include strata fixed effects and are weighted by sampling probabilities.
Standard errors are clustered at the teacher level and are given below the regression coefficients in parentheses.
p<0.01 *** p<0.05 ** p<0.1 *
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coefficient in Column (2) indicates that training topics from year 2 have no effect on
the topics covered in class in year 1.

The relationship between topics in training and in class weakens in subsequent
years. Column (3) illustrates that the training topics in year 1 have little influence on
the topics covered in class in year 2 (+0.08). Columns (5) and (6) indicate that in year
3 when the training program is over, training topics covered in years 1 or 2 are covered
in class more often in the treatment group, but by only 16 and 13 percentage points,
respectively.

Interestingly, in year 2, the negative coefficient on the treatment dummy indicates
that fewer different topics were covered in the treatment group, suggesting that the
training may have induced teachers to cover fewer topics. In year 3, this effect disap-
pears, suggesting that treatment teachers revert to teaching topics uncovered by the
training program. In Table 6, we more directly regress the number of different top-
ics covered in the year on the treatment dummy: it is indeed lower in the treatment
group in year 2, but not in year 3 anymore. This finding is compatible with the fact
that French teachers must cover the full science curriculum, which includes topics not
covered in training, and take a different approach only during training. Overall, our
results indicate that trainers influenced teachers’ topic choices, especially during the
training program.

We now analyze the program’s effects on inquiry-based learning and science teaching

practices.

5.3 Impacts on Reported Teaching Practices

We estimate the effects of the program on teaching practices through the following
OLS regression:

Yir = oo + a1y + X0 + vjy,

where y;; represents the outcome of interest for teacher j in year t. The assignment
status is denoted by T', and X represents a set of control variables. Table 6 presents the
estimated effects measured by ;. While columns (1) and (3) only include strata fixed
effects as control, we account for unfortunate imbalance rates by including the baseline
number of hours in science and inquiry-based learning variables as control variables
in columns (2) and (4). All observations are weighted by randomization probabilities,

and we present robust standard errors.
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Table 6: Impacts on Teacher Practice Indices

Year 2 (Y2) Year 3 (Y3)
Treatment effect Treatment effect
Obs. Mean (1) (2) Obs. Mean (3) (4) Y2 vs Y3

Inquiry-based learning
Declared 96  -0.05  0.262 0.106 96 0.04 0.365*  0.239 0.39
practices (0.208) (0.217) (0.215)  (0.221)
Normative 96 -0.01  0.292 0.231 95 -0.01 0.318 0.266 0.81
statements (0.187)  (0.208) (0.227)  (0.249)
Science intensity
Weekly 96 1.42  0.250*%*  0.166 96 1.34  0.257*%F  0.218* 0.58
hours (0.100)  (0.103) (0.113)  (0.115)
Number of 96 4.36  -0.307 -0.639* 96 4.19 0.183 0.125 0.01
topics (0.347)  (0.339) (0.319) (0.344)
% hands-on 96 0.65 0.116%* 0.096* 96 0.65 0.032 0.010 0.12
experiments (0.051)  (0.052) (0.050)  (0.055)
Baseline Covariates N Y N Y Y

The table gives the program’s impacts on the teachers’ practice indices. We restrict the sample to teachers who
answered both surveys. Columns Obs. give the number of teachers, Mean the average in the control group, (1),
(8) the treatment coefficients (2), (4) the treatment coefficients conditional on baseline hours of science taught
and baseline practices of inquiry-based learning. All regressions are weighted by sampling probabilities and
include strata fixed effects. Robust standard errors are given below the regression coefficients in parentheses.
In column Comparison, we provide the p-value of the statistical comparison of the coefficients across years 2
and 3.

p<0.01 *** p<0.05 ** p<0.1 *
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5.3.1 Inquiry-based learning

Table 6 reports positive, but often insignificant, effects of the program on the Declared
practices and Normative statements indices, which capture whether teachers imple-
ment and understand inquiry-based learning guidelines.*?> Even though the effects are
insignificant, the point estimates of the effects are large and close to the acceptance
standards.*® This is particularly true one year after teachers have completed the entire
training program, in year 3 (0.24SD and 0.27SD controlling for baseline variables).%4
These results suggest that the program effectively improved teachers’ knowledge about
inquiry-based learning guidelines and induced them to implement those guidelines more

often, even one year after the program ends.*

5.3.2 Science intensity

The training program also affects our more quantitative measures of teachers’ practices
in science: the weekly hours of science, the number of covered topics, and the share
of topics that includes hands-on experiments. In both evaluation years, treatment
teachers report teaching +0.17 and +0.22 weekly hours of science more than control
teachers (Table 6).

Interestingly, the program’s effect on the number of topics and hands-on experi-
ments differs between years 2 and 3. While in year 2, treatment teachers concentrate
their class on fewer science topics (-0.64) that have been covered by the training pro-
gram (see Table 5), they revert to teaching a similar number of topics as control teachers
in year 3 (+0.13). In addition, we see a +10 pp increase in the fraction topics in which

teachers include hands-on experiments, but only in year 2.6 Indeed, in year 3, the point

42 Appendix Table B6 displays the effects of the program on the subindices.

43Note that our analysis at the teacher level is based on a maximum of 134 data points and therefore
suffers from limited statistical power.

44 Teacher attrition is not driving the positive estimates on our teachers’ practice indices. Appendix
Table B5 reports the estimated effects of the program on those indices for all observed teachers.
Our sample increases to a bit more than a hundred teachers, and the effect size remains substantial,
especially in year 3, above 0.2SD.

45These results are self-declared and may be subject to desirability bias. Teachers may only answer
our questions based on what they heard in the training sessions. Nevertheless, this reasoning implies
that teachers have learned inquiry-based learning guidelines, which is already a success of the program.

46 Notice that the percentage of science topics taught with experiments conducted by the teacher
only remains unaffected (see Appendix Table B6). This result can be explained by the fact that
preparing and implementing science sequences with hands-on experiments in class is an aspect of the
training program.
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estimate drops to 0.01.47 It suggests that, in addition to influencing the topic choice of
teachers, the program successfully incentivized teachers to use the material developed
during the training program and translate it into their own science sequences in class.
However, this effect is only salient during the training program implementation.

The decreasing effects of the program on the share of topics with hands-on experi-
ments can be driven by treatment teachers stopping implementing experiments or by
treatment teachers facing difficulties in extrapolating their skills to a different set of
topics. Table 7 provides evidence for both explanations. The positive effect on the
share of topics with hands-on experiments in year 2 is primarily driven by topics cov-
ered by the training program in year 2 (+0.29). In year 3, the effect for covered topics
remains positive but smaller and insignificant (+0.10). Treatment teachers continue
to implement the experiments they have learned during the training program one year
after its end but to a lesser extent. However, the effect on topics not covered by the
training program in year 2 is close to zero in both years (+0.04 and -0.03, respectively).
Since hands-on experiments must be tailored to each science topic, this indicates that
treatment teachers were unable to design hands-on experiments for different topics than
those covered by the program. The change in the topic sets between the two years then

contributes to explaining the overall drop in the intensity of hands-on experiments.

5.4 Discussion

Our findings on teachers’ outcomes clearly indicate that the training program influenced
teachers’ practices. During the program implementation, treatment teachers spend
more time teaching science. They understand and declare implementing inquiry-based
learning guidelines, teach topics covered by the program, and use hands-on experiment
designs developed during the training for their science sequences. We also see that
in year 2, teachers concentrate their effort on a smaller number of topics, likely with
more preparation and a stronger focus on hands-on science experiments. One year after
the program ends, treatment teachers still declare implementing inquiry-based learning
guidelines more often and spend more time teaching science than control teachers.
The measurable difference in teaching practices between the two evaluation years
resides in teachers’ science topic choices and the number of hands-on experiments. Be-

tween the two evaluation years, the number of covered topics reverted to pre-treatment

4"Even though the sample size is small, the difference in effects between year 2 and year 3 is almost
significant with a p-value of comparison of coefficients of 0.12.
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Table 7: Impacts on Hands-On Approach

Year 2 (Y2) Year 3 (Y3)
Treatment effect Treatment effect
Obs. Mean (1) (2) Obs. Mean (3) (4) Y2 vs Y3

% topics with hands-on experiments

if covered 61 0.61 0.269%*  (0.294** 56 0.59 0.136 0.103 0.24

topics (0.122) (0.138) (0.123) (0.139)

if not 96 0.65 0.065 0.037 96 0.66 -0.008 -0.029 0.32
(0.069) (0.070) (0.058) (0.062)

Baseline covariates N Y N Y Y

The table gives the impacts of the program on the share of topics with hands-on experiments depending on
whether the topics have been covered by the training program in year 2 or not. We restrict the sample to
teachers who answered both surveys. Columns Obs. give the number of teachers, Mean the average in the
control group, (1), (3) the treatment coefficients (2), (4) the treatment coefficients conditional on baseline
hours of science taught and baseline practices of inquiry-based learning. All regressions are weighted by
sampling probabilities and include strata fixed effects. Robust standard errors are given below the regression
coefficients in parentheses. In column Y2 vs Y3, we provide the p-value of the statistical comparison of the

coefficients across years 2 and 3.
p<0.01 *** p<0.05 ** p<0.1 *

levels, and the share of topics taught with hands-on experiments dropped to reach base-
line levels. Given the high level of reported satisfaction with the training program, the
decay in the use of the training material in class is unlikely caused by teacher dissat-
isfaction with it. This could, however, be explained by the fact that teachers must
cover the full science curriculum, and may have lacked time in the second evaluation
year. Indeed, in year 3, treatment teachers teach more topics but do not increase the
number of hours in science compared to year 2. They may have chosen to include fewer
time-consuming hands-on experiments in their science sessions.

A second explanation relies on the fact that not all topics were covered by the train-
ing program, and hands-on experiments must be tailored to each science topic. Our
results indicate that, without the help of the trainers, treatment teachers faced difficul-
ties in designing new experiments that involve students’ participation, and likely did
not maintain the quality of previous year’s activities. This interpretation is consistent
with the main conclusions of the qualitative analysis of training sessions and class se-
quences of the same program by (Munier et al., 2021): “It is as if training courses were
designed solely to enhance or supplement teachers’ scientific knowledge, and provide

them with "turnkey" pedagogical situations, with no attempt to develop structured
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knowledge of classroom implementation, either didactic or general pedagogical”.

The decay in the program’s effect on students’ scientific knowledge and its nega-
tive impact on students’ motivation in the second evaluation year is consistent with
difficulties teachers may have faced when implementing inquiry-based learning peda-
gogy to a different set of science topics independently. Indeed, there is evidence in
the literature that the effectiveness of inquiry-based learning is sensitive to the quality
of its implementation and the guidance provided to students (Kirschner et al., 2006;
Crawford, 2007; Lazonder and Harmsen, 2016).*® Overall, those results suggest that
trainers’ support was key in improving children’s outcomes. They call for teacher train-
ing programs that offer longer-term support from trainers or comprehensive curriculum
coverage, providing teachers with a broad range of tools they can use in their regular

classes.

6 Conclusion

The primary objective of in-service teacher training programs is to improve teachers’
practices and enhance the academic outcomes of several cohorts of students. Assess-
ing the effectiveness of such programs hence requires long-term evaluations that span
beyond the duration of the training itself. In this paper, we use a randomized con-
trol trial to evaluate the impact of an intensive inquiry-based learning teacher training
program over two years: during and after the program implementation. Our study
suffers from attrition inherent to teacher evaluation programs but benefits from high
adherence rates and high satisfaction rates among treatment teachers.

Our first findings reveal the effectiveness of the training program. During its imple-
mentation, students’ scientific knowledge improves. The change in teachers’ practices
is consistent with this improvement: teachers spend more time teaching science, con-
duct more hands-on experiments in topics covered by the program, and implement the
inquiry-based learning guidelines more often.

However, these effects are short-lived. We find that the positive effects on students’
performance vanish one year after the completion of the program. Furthermore, the

program negatively impacts students’ motivation in this second evaluation year. We

48 An alternative explanation could be that in the first evaluation year, trainers’ direct class input
positively influenced students’ knowledge. However, direct trainers’ interventions were limited to a
few hours, and we believe the program’s effects in the first evaluation year most likely came from a
change in teachers’ practices.
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analyze teaching practices and identify two main differences across the two evaluation
years. First, teachers cover science topics that weren’t necessarily covered in training.
Second, they include fewer hands-on experiments in their sequences. Those differences,
coupled with the negative effect on students’ motivation, are indicative of difficulties
that teachers may have faced when implementing inquiry-based learning guidelines for
a different set of science topics in the absence of ongoing support from the trainers.
Overall, our results call for sustained support from trainers or comprehensive cur-
riculum coverage that would equip teachers with a broad range of tools applicable to
their regular classroom practices. Additionally, our results underscore the importance
of conducting large-scale, long-term evaluations of teacher training programs to assess
their effectiveness in enhancing the academic outcomes of not one but multiple student

cohorts.

References

Allen, J. P., Pianta, R. C., Gregory, A., Mikami, A. Y., and Lun, J. (2011). An
interaction-based approach to enhancing secondary school instruction and student
achievement. Science, 333(6045):1034-1037.

Anderson, M. L. (2008). Multiple inference and gender differences in the effects of early
intervention: A reevaluation of the abecedarian, perry preschool, and early training
projects. Journal of the American Statistical Association, 103(484):1481-1495.

Angrist, J. D. and Lavy, V. (2001). Does teacher training affect pupil learning? evi-
dence from matched comparisons in jerusalem public schools. Journal of labor eco-
nomics, 19(2):343-369.

Benjamini, Y. and Hochberg, Y. (1995). Controlling the false discovery rate: a practical

and powerful approach to multiple testing. Journal of the Royal statistical society:
series B (Methodological), 57(1):289-300.

Borman, G. D., Slavin, R. E., Cheung, A. C., Chamberlain, A. M., Madden, N. A.,
and Chambers, B. (2007). Final reading outcomes of the national randomized field
trial of success for all. American Educational Research Journal, 44(3):701-731.

Bos, J. M., Sanchez, R. C., Tseng, F., Rayyes, N., Ortiz, L., and Sinicrope, C. (2012).
Evaluation of quality teaching for english learners (qtel) professional development.
final report. ncee 2012-4005. National Center for Education Evaluation and Regional
Assistance.

Bouguen, A. (2016). Adjusting content to individual student needs: Further evidence
from an in-service teacher training program. Economics of Education Review, 50:90—
112.

Bruner, J. S. (1961). The act of discovery. Harvard educational review.

32



Campbell, P. F. and Malkus, N. N. (2011). The impact of elementary mathematics
coaches on student achievement. The Elementary School Journal, 111(3):430-454.

Cilliers, J., Fleisch, B., Kotze, J., Mohohlwane, N., Taylor, S., and Thulare, T. (2022).
Can virtual replace in-person coaching? experimental evidence on teacher pro-
fessional development and student learning. Journal of Development Economics,
155:102815.

Cilliers, J., Fleisch, B., Prinsloo, C., and Taylor, S. (2020). How to improve teach-
ing practice? an experimental comparison of centralized training and in-classroom
coaching. Journal of Human Resources, 55(3):926-962.

Council, N. R. et al. (2000). Inquiry and the national science education standards: A
guide for teaching and learning. National Academies Press.

Crawford, B. A. (2007). Learning to teach science in the rough and tumble of practice.
Journal of Research in Science Teaching, 44:613 — 642.

Dansereau, D. F. and Dees, S. M. (2002). Mapping training: The transfer of a cog-
nitive technology for improving counseling. Journal of substance abuse treatment,
22(4):219-230.

DEPP (2018). Bilan social du ministére de I’éducation nationale et de la jeunesse.

Djeriouat, H. (2015). Comment évaluer des connaissances scientifiques des éléves 7
analyse de 'existant. validation du questionnaire d’évaluation des connaissances et
attitudes vis a vis de la science. Rapports non publiés.

Fixsen, D. L., Naoom, S. F., Blase, K. A., Friedman, R. M., Wallace, F., et al. (2005).
Implementation research: a synthesis of the literature. 2005. Tampa, FL: University
of South Florida, Lowis de la Parte Florida Mental Health Institute, The National
Implementation Research Network (FMHI Publication# 231), 119.

Fryer, R. (2017). The production of human capital in developed countries: Evidence
from 196 randomized field experiments. In Handbook of economic field experiments,
volume 2, pages 95-322. Elsevier.

Garet, M. S., Cronen, S., Eaton, M., Kurki, A., Ludwig, M., Jones, W., Uekawa, K.,
Falk, A., Bloom, H. S., Doolittle, F., et al. (2008). The impact of two professional
development interventions on early reading instruction and achievement. ncee 2008-
4030. National Center for Education Evaluation and Regional Assistance.

Gentaz, E., Sprenger-Charolles, L., Colé, P., Theurel, A., Gurgan, M., et al. (2013).
Evaluation quantitative d’un entrainement & la lecture & grande échelle pour des en-
fants de cp scolarisés en réseaux d’éducation prioritaire: apports et limites. Approche
neuropsychologique des apprentissages chez l'enfant (ANAE), 123:172-181.

Gersten, R., Dimino, J., Jayanthi, M., Kim, J. S., and Santoro, L. E. (2010). Teacher
study group: Impact of the professional development model on reading instruction
and student outcomes in first grade classrooms. American FEducational Research
Journal, 47(3):694-739.

Gersten, R., Taylor, M. J., Keys, T. D., Rolthus, E., and Newman-Gonchar, R. (2014).

33



Summary of research on the effectiveness of math professional development ap-
proaches. National Center for Education Evaluation and Regional Assistance. Wash-
ington, DC.

Ghanem, D., Hirshleifer, S., and Ortiz-Becerra, K. (2022). Testing attrition bias in
field experiments. Working Paper 202218, University of California at Riverside,
Department of Economics.

Gillet, N., Vallerand, R. J., and Lafreniére, M.-A. K. (2012). Intrinsic and extrinsic
school motivation as a function of age: The mediating role of autonomy support.
Social Psychology of Education, 15(1):77-95.

Guskey, T. R. (2002). Professional development and teacher change. Teachers and
teaching, 8(3):381-391.

Harris, D. N. and Sass, T. R. (2011). Teacher training, teacher quality and student
achievement. Journal of public economics, 95(7-8):798-812.

Kaiser, H. F. (1960). The application of electronic computers to factor analysis. Edu-
cational and psychological measurement, 20(1):141-151.

Kealey, K. A., Peterson Jr, A. V., Gaul, M. A.; and Dinh, K. T. (2000). Teacher
training as a behavior change process: principles and results from a longitudinal
study. Health Education & Behavior, 27(1):64-81.

Kerwin, J. T. and Thornton, R. L. (2021). Making the grade: The sensitivity of
education program effectiveness to input choices and outcome measures. Review of
Economics and Statistics, 103(2):251-264.

Kim, J. S., Olson, C. B., Scarcella, R., Kramer, J., Pearson, M., van Dyk, D.,
Collins, P., and Land, R. E. (2011). A randomized experiment of a cognitive strate-
gies approach to text-based analytical writing for mainstreamed latino english lan-
guage learners in grades 6 to 12. Journal of Research on Educational Effectiveness,
4(3):231-263.

Kind, P., Jones, K., and Barmby, P. (2007). Developing attitudes towards science
measures. International journal of science education, 29(7):871-893.

Kirschner, P.; Sweller, J., and Clark, R. (2006). Why minimal guidance during in-
struction does not work: An analysis of the failure of constructivist, discovery,
problem-based, experiential, and inquiry-based teaching. FEducational Psychologist,
41(2):75-86.

Lazonder, A. and Harmsen, R. (2016). Meta-analysis of inquiry-based learning: Effects
of guidance. Review of Educational Research, 86(3):681-718.

Loyalka, P., Popova, A., Li, G., and Shi, Z. (2019). Does teacher training actually work?
evidence from a large-scale randomized evaluation of a national teacher training
program. American Economic Journal: Applied Economics, 11(3):128-54.

Machin, S. and McNally, S. (2008). The literacy hour. Journal of Public Economics,
92(5-6):1441-1462.

Meyers, C. V., Molefe, A., Brandt, W. C., Zhu, B., and Dhillon, S. (2016). Impact

34



results of the emints professional development validation study. Educational Evalu-
ation and Policy Analysis, 38(3):455-476.

Munier, V., Béchtold, M., Cross, D., Chesnais, A., Lepareur, C., K., M., Gurgand,
M., and Tricot, A. (2021). Etude didactique de I'impact d’un dispositif de formation
continue & un enseignement des sciences fondé sur l'investigation. impact sur les
éleéves / impact sur les enseignants. Recherches en Didactique des Sciences et des
Technologies.

Newman, D., Finney, P. B., Bell, S., Turner, H., Jaciw, A. P., Zacamy, J. L., and
Gould, L. F. (2012). Evaluation of the effectiveness of the alabama math, science,
and technology initiative (amsti). final report. ncee 2012-4008. National Center for
Education Evaluation and Regional Assistance.

Opdenakker, M.-C., Maulana, R., and den Brok, P. (2012). Teacher—student interper-
sonal relationships and academic motivation within one school year: Developmental
changes and linkage. School Effectiveness and School Improvement, 23(1):95-119.

Parsad, B., Lewis, L., and Farris, E. (2001). Teacher preparation and professional
development, 2000. US Department of Education, Office of Educational Research
and Improvement.

Piper, B., Simmons Zuilkowski, S., Dubeck, M., Jepkemei, E., and King, S. J. (2018).
Identifying the essential ingredients to literacy and numeracy improvement: Teacher
professional development and coaching, student textbooks, and structured teachers’
guides. World Development, 106:324—-336.

Popova, A., Evans, D. K., Breeding, M. E., and Arancibia, V. (2022). Teacher profes-
sional development around the world: The gap between evidence and practice. The
World Bank Research Observer, 37(1):107-136.

Randel, B., Beesley, A. D., Apthorp, H., Clark, T. F., Wang, X., Cicchinelli, L. F.,
and Williams, J. M. (2011). Classroom assessment for student learning: Impact on
elementary school mathematics in the central region. final report. ncee 2011-4005.
National Center for Education Fvaluation and Regional Assistance.

Rimm-Kaufman, S. E., Larsen, R. A., Baroody, A. E., Curby, T. W., Ko, M., Thomas,
J. B., Merritt, E. G., Abry, T., and DeCoster, J. (2014). Efficacy of the responsive
classroom approach: Results from a 3-year, longitudinal randomized controlled trial.
American Educational Research Journal, 51(3):567-603.

Ross, J. G., Luepker, R. V., Nelson, G. D., Saavedra, P., and Hubbard, B. M. (1991).
Teenage health teaching modules: impact of teacher training on implementation and
student outcomes. Journal of School Health, 61(1):31-35.

Sirinides, P., Gray, A., and May, H. (2018). The impacts of reading recovery at scale:
Results from the 4-year i3 external evaluation. FEducational Evaluation and Policy
Analysis, 40(3):316-335.

Yoon, K. S., Duncan, T., Lee, S. W.-Y ., Scarloss, B., and Shapley, K. L. (2007). Review-
ing the evidence on how teacher professional development affects student achieve-

35



ment. Working Paper 033, Regional Educational Laboratory Southwest (NJ1).

36



‘(urer3oxd Sururer) Iotoee) oY) WOIJ PIYJoUS( SRY I9TDRd) IIDT[) I9)Je IeaA 9UO }sed] JB PIAGAINS SIDTDRIY) JO SHUOPNIS) JOU 10
JURDOYIUSIS ST UOTUDAIDIUI-)s0d SJUSPNIS UO SNSAT ] IDIDM UO UOIJRULIOJUT S9p1a0Id wwum[od Ise] oY, "(%0T 18 JUedyIusds 10j
§) 90UROYIUSIS A} PUR UOIIRIADD PIRPUR)S UT PasseIdxa azIs 109Jjo o) ‘(sIeed pue syjuow ‘sAep ‘smoy| 10] £ w ‘p ‘) Aysuajur
ot} ‘(srenprarput/siojsnio) ozis ojdures oty ‘opeisd oty ‘(1) Surpeor ‘(wr) syyewr (3) TerdousS- o1doy oy ‘~urerdord Jururery oy
Jo o1dog a1y —(N) [euewiLIedxX-UoN 10 T, )Y —UuSisep Jo adAy} o1y ‘A1punoo a1y ‘wonyeorjqnd jo reak o1} ‘Apnjys oY) 0} 9oULIdfo1
oty opraoid opy  “(ps Qg mo[pq N °Iue-xo) patomod Appueniyns pue ‘snoroSur ‘(g0Qg-1sod) JUed0I oIe SAIPNYS POPNIU]
“(,0g @ouIs) seIpnjs SUIUIRI) ISTDRD) JUSDSI PUR (SPOYIOW [RJUSWILIDAXE-UOU SNOIOSFLI 10 [ )Y) SNOIOFLI A1) S)SI[ S[qe) BT,

- su 00° pGI 19991/00€ 6-LD w DY RUIYD) (6102) T 10 eRA0]
- s aN "SuouL ChEV/S11T )| 1 AN Qo] (910z) uensnog
s s AT-eT A2 Ue 2L0¢/09 8-LD rw 1Dy VSN (9102) ‘T8 %0 S1LdN
- s v “suojuL ¥8L6 D 1 Iy vsn (8102) ‘Te %0 soprutg
- su 00’ 707 $062/7¢ G-€D 3 Iy vsn (¥10g) Te %0 ueuynEey-Wy
- su 00° q gy 86£2/96 )| 1 DY oouRIL] (€10g) Te 30 zejuon
- su 10° sep 1 08181/2¢ 8-9D 1 Iy vsn (2102) Te 90 sog
- s G0’ £z ‘P 01 000€/28 8D st IOy vsn (2102) Te 10 uRUWIMON
su su o’ A1on 65LVT/9¢ G-¢n w Iy vsn (1T0g) sns{re]y pue [pqdure)
- su 00’ VN 000.8%/1€01  wiad T AN vsn (1T0g) sse§ pue sture
- s ee A1 L€TT/9L G-7H 3 104 vsn (1102) ‘T8 % uo[y
- su or’ j[os 00L¥/L9 S0 w 10y vsn (1102) ‘T8 10 [PpuRY
- su G0’ 7 9% 9z.L5/€0T z1-9o 1 IoY vsn (1T0g) Te %0 Wiy
- su €T wy ‘Yoz 897/18 11) 1 Iy vsn (0T0Z) T 7o uegsION)
- s 60" "SuojuL w9 1/000%1 D 1 AN M (800¢) AT[eNPIN pue urgoey
su su 0 A7 ‘U801 000S/06 wird 1 Iy vsn (800%) Te 30 jo1en)
s s ge-le AT ‘uge 081%/G¢ ZH-M 1 Iy vsn (L00g) Te 30 ueuLIOg
- s 9-¢ PII 098/1¢ wirad ru AN [oeIs| (100z) Aae pue jsusuy
*JouI
-13sod 31§ S Aysuaquy ordwreg opeir) o1dol uldIso( AIuno)) (reax) sioyny

9INYRIN] oY) Jo Arewiwung Ty 9[qR],

So[qe], [eUolIpPY v XIpuaddy

37



(120%) ‘T 90 IaTuny WOoj Uay®) ST (R} ST} Ul PAUIRIUOD UOTRULIOJUL A1, "90USIDS Jnoqe adusnbas Jurypes) e juetaduil d[o1] 09 WOOISSR[D
S 00UTRI) 91} 01 SUTWIOD (SUSPNIS A[[eNST) SIOUTRI) 018 SIOUTRI) PO PUR ‘SIOIULD UOIPeIYIIIe0 o) WO SIoUTRI) oI sIourel) JJSH "Ieod ouo
SuLmp UOsTRJA 93 JO dUO UI PIjonpuod werdoid Sururer) 9Uo Jo sIOY Jo Ioquunu Surpuodsaliod 91} PUR SIIIAIIOR 1} SOCLIISIP d[q®) T,

T SIq ¥ SIY 6€ [®I0L

Iourel) pY [ 2y Iourel) qJSH T SI ¢  poyjew peaseq-Aimnbuj
Iouter) peg T Zy JsUeDs | S ¢ SIY ¢l POOM
1aurer) qJSH sIy 9 s100[qo Tearuyoay,

Iourer} JSH T 23 ISIU0IS | sIy g  Awouoljse pue JySI]
ouren ppy [ 2y oureny HJSH 1 T SIU G S 9 Aurpey
Iourel], owl} uoryeredal JIoureI) POY YHM SSe[D-U]  SOINJIA| so1dog) uoIssog

IedA ouo SuLmp uostppy e ur wersord Sururer) v jo uonyduosa( gy o[qRL

38



‘sosorjuaed Ul SJUSIDIO0D UOISSOIIOT ) MO[oq
UDALS OIR SIOLID PIRPURIG "SJOSJJ0 POXT RIRIIS 9PN[OUL PUR POYSIOM dIR SUOISSaIFal [y dNoId [01)U0d JY) Ul 98RISAR ST} J04JU0))
UWN[0D PUR ‘SUOIIBAIISCO JO IOQUINU 9YY) SOAIS ‘s¢() UWN[O)) "¢ I0 g ‘T sIvok Ul aareuuonsenb Ioroes) o) 03 popuodsol oym
s1ayoRra) Jo ojdwres a1} Uo () IB® UOIIRZIWOPURI SI0J0( SISYDR) [OIJU0D PUR JUSTIIRSI) USMID( SOOUIIPIP ) SMOYS S[(R) 9T,

97 20T €g 61T 19 62T SUOTYRAIIS( ()
(690°0) (¥90°0) (650°0)
PIT0  €6L0 10T #IGT0  F8L0 61T 690°0 Gz8'0  8TT poseq-Armbur seorjovig
(170°0) (8€0°0) (9€0°0)
60’0 FLG0 10T Y00 F9G0 61T 1€0°0 0L6°0 ST *0dXd 1A SUOISSAS JO
(e¥€0) (¥82°0) (€92°0)
PGS0 990°G 10T I8T°0  GPT'S 61T L12°0 eIre  8al (8 xewr) poroaod sotdoy jo #
(9€1°0) (€21°0) (z11°0)
61270  ¥€6'T 10T «1€20  €86'T 61T +xxL62°0  GT6'T  8TI $9OUAS JO SINOY JO #
0 Jeak ur sed1joead Sulyoea],
(¥50°0) (€50°0) (670°0)
650°0-  OFT'0  TOT 1.00- 0870 61T £280°0-  9LT0 ST 918 B[ ® UIRI BT PO
(L90°0) (290°0) (£90°0)
L0000 0910 10T L0000 6LT0 61T 960°0- 9020 ST Surure1) SUOSTR]Y PIAIEINY
(e¥z'1) (2s1°1) (260'1)
088°0  ¥90°T 68 697 T 880'T 80T 1861 80T'Z  GIT  90UdDS ul sImoy Sururer) [ejo],
(¥go1) (128°2) (628'9)
91€'0-  €23Cl 68 01€'T-  6€T'TT 80T VeTT-  SPETT GIT smoy Sururer) @40,
(L90°0) (€90°0) (190°0)
g100-  G8¢’0 10T 9¢0°0-  I8¢°0  6TT LT0°0- 1620 8T Sururer) 9wos poArNY
0 Teak ul Sulured) 99IAJSS-U]
(c1e1) (612°1) (660'T)
Gy8'0  8GELT 10T 007°0-  FTLVLT 61T 685°0  TCVLT 8T oouaLIdxXD Suryoea,
(990°0) (£90°0) (860°0)
L£0°0-  2LT0 10T G00°0-  FIT0 61T 920'0-  8FT'0 ST 9OUDIOS UI 10018 © PRH
(860°0) (960°0) (880°0)
g60°0-  LL90 10T LL00- €190 61T 8210~ Gv9'0 8T 99189p OYIIUIOS © SP[OY
(08z°0) (9%2°0) (1€2°0)
0620  €68C 10T L6€°0  998°C 61T Gee0 78 STl s1eak ur uoryeINpo TSI
(voe'1) (1€2°1) (GL1'1)
G6L°0- LL'696T  TOT €600  T6'696T 61T 065°0-  00°0L6T  SCI 1ok g
(L0T°0) (680°0) (180°0)
0£00  TL90  T0T €00°0-  €1L0 6T €20'0-  LE€L0  6aT o[ewo} =T ‘Iopuor)
momummhmauﬁ.ﬂdﬂo QMEOQoownomoom
(€)  romuop  sqQ (@)  1omuop  'sq0 (1) 1omu0)  "$q0
mw hﬁ®> G hﬁ®> T .HN®>

¢ pPuR g ‘T SIedX Ul SIoUDR9], JUopuodsoy] U0 SOISLI9ORIRY)) IOYDRY ], UOIJRZIWOPURY-0I] £V 9[qR],

39



Table A4: Balance Checks - Students’ Outcomes and Characteristics

Treatment v. Control Volunteer v. Peer
Obs.  Control (1) Obs.  Peer (2)
Year 2
Baseline knowledge 2,689  -0.035 0.017 4,495 -0.064  0.049
(0.058) (0.044)
Baseline skills 2,689 -0.020  -0.056 4,495 -0.132 0.084
(0.074) (0.063)
Baseline motivation 2,672  -0.009 0.015 4,461 0.079 -0.075%*
(0.046) (0.036)
Grade 3 3,063  0.223 0.076 5,207  0.248 0.017
(0.064) (0.062)
Grade 4 3,063  0.330 -0.054 5,207 0.394  -0.097*
(0.065) (0.056)
Grade 5 3,063  0.447 -0.022 5,207  0.358 0.080
(0.072) (0.068)
Late student 3,063  0.087 -0.022%* 5,207  0.073 0.003
(0.012) (0.008)
Female student 3,063  0.474 0.023 5,207  0.498 -0.010
(0.016) (0.014)
Year 3
Baseline knowledge 2,529  -0.027  -0.003 3,971 -0.039 0.005
(0.062) (0.062)
Baseline skills 2,529  -0.039  -0.097 3,971 -0.143 0.007
(0.085) (0.086)
Baseline motivation 2,516  0.012 -0.053 3,951 -0.001  -0.006
(0.053) (0.044)
Grade 3 2,883  0.235 0.115 4,408  0.260 0.051
(0.072) (0.069)
Grade 4 2,883  0.316 -0.037 4,408 0.423  -0.111
(0.066) (0.072)
Grade 5 2,883  0.448 -0.079 4,408 0.317 0.060
(0.069) (0.081)
Late student 2,826  0.083  -0.025* 4,351 0.110 -0.033*
(0.013) (0.019)
Female student 2,826  0.476 0.011 4,351 0.511 -0.022
(0.016) (0.017)

The table provides the baseline difference, in years 2 and 3, between the students in
the treatment and control group and the difference between peer students and students
of volunteer teachers. Column Obs. gives the number of students, Control the average
in the control group, Peer the average of the peer students, and column (1) and (2) the
difference between treatment and control and peer student and students of volunteer
teachers respectively. All observations are weighted by sampling probabilities. We
control for strata-fixed effects. Standard errors are clustered at the teacher level and
given below the regression coefficients in parentheses.

p<0.01 *** p<0.05 ** p<0.1 *
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Table A5: Correlations between Test Scores and
Student Characteristics

Baseline  Baseline  Baseline
knowledge  skills  motivation

Baseline scores

Knowledge 1 0.501 0.059
[0.000] [0.000] [0.452]
Skills 0.501 1 -0.006
[0.000] [0.000] 1]
Motivation 0.059 -0.006 1
[0.452] 1] [0.000]
Endline scores
Knowledge 0.551 0.463 0.076
[0.000] [0.000] [0.034]
Skills 0.439 0.603 0.022
[0.000] [0.000] [1]
Motivation 0.058 0.005 0.529
[0.499] 1] [0.000]
Student characteristics
Grade 3 -0.13 -0.308 0.081
[0.000] [0.000] [0.016]
Grade 4 -0.055 -0.09 0.015
[0.761] [0.003] [1]
Grade 5 0.153 0.325 -0.078
[0.000] [0.000] [0.028]
Late student -0.165 -0.143 0.023
[0.000] [0.000] [1]
Female student -0.051 0.056 -0.046
[1] [0.652] [1]
Observations 2016 2016 2005

The table provides the correlation between our student test score
measures and student characteristics across time (baseline versus
endline) in the control group, years 2 and 3 pooled. In square
brackets, we provide the Bonferroni-adjusted p-values.
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Appendix B: Robustness Checks on Main Results

Table B1: Impacts on Students’ Scores - Class Attrition Sample

Treatment v. Control

Obs.  Control (1) (2)

Year 2

Endline knowledge 2,427  0.742 0.090 0.071%*
(0.060) (0.043)
[0.680] [0.419]

Endline skills 2,427  0.531 -0.000 0.002
(0.051) (0.037)
[0.918] [1.000]

Endline motivation 2,420  -0.050 -0.043 -0.022
(0.043) (0.040)
[0.680] [1.000]

Year 3

Endline knowledge 2,473  0.512 0.031 0.021
(0.063) (0.049)
[0.718] [0.990]

Endline skills 2,473  0.380 -0.034 -0.015
(0.055) (0.045)
[0.718] [0.990]

Endline motivation 2,472  -0.053  -0.135%** _0.091**
(0.046) (0.039)
[0.013] [0.072]

Number of clusters 112 112
Controlling for baseline variables N Y

The table gives the impact of the program on student outcomes. The sample is
restricted to classes that participated in both survey waves. Column Obs. gives the
number of students surveyed, Control the average in the control group, which can be
read as the progression during the year in terms of baseline standard deviations. In
column (1), we control for Grade-fixed effects. In column (2), we add baseline scores,
baseline hours of science taught, and baseline inquiry-based learning practices. All
regressions include strata fixed effects and are weighted by sampling probabilities.
In parentheses are standard errors clustered at the teacher level. In brackets are
p-values robust to multiple testing. p<0.01 ***, p<0.05 ** p<0.1 *.

44



Table B2: Impacts on Students’ Scores - Teacher Attrition Sample

Treatment v. Control

Obs.  Control (1) (2)
Year 2
Endline knowledge 2,070  0.717 0.121%* 0.086*
(0.062) (0.044)
[0.194] [0.193]
Endline skills 2,070  0.488 0.022 0.001
(0.055) (0.039)
[0.864] [1.000]
Endline motivation 2,067  -0.030 -0.035 -0.025
(0.046) (0.044)
[0.800] [1.000]
Year 3
Endline knowledge 2,107  0.481 0.016 0.022
(0.070) (0.052)
[1.000] [0.835]
Endline skills 2,107 0.355 -0.017 0.021
(0.065) (0.051)
[1.000] [0.835]
Endline motivation 2,106 -0.012 -0.153%F* _0.098**
(0.049) (0.043)
[0.008] [0.081]
Number of clusters 95 95
Controlling for baseline variables N Y

The table gives the impact of the program on student outcomes. The sample is
restricted to teachers that participated in both teacher survey waves. Column Obs.
gives the number of students surveyed, Control the average in the control group,
which can be read as the progression during the year in terms of baseline standard
deviations. In column (1), we control for Grade-fixed effects. In column (2), we
add baseline scores, baseline hours of science taught, and baseline inquiry-based
learning practices. All regressions include strata fixed effects and are weighted by
sampling probabilities. In parentheses are standard errors clustered at the teacher
level. In brackets are p-values robust to multiple testing. p<0.01 *** p<0.05 **

p<0.1 *.
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Table B3: Effects of Training Topics on Class Topics - Controlling for Baseline Covariates

Year 1
Class topic

(1) (2)

Year 2
Class topic

(3) (4)

Year 3
Class topic

() (6)

Training topic Year 1 0.325%** 0.080 0.164*
x Treatment (0.081) (0.082) (0.083)
Training topic Year 2 -0.041 0.205%** 0.117
x Treatment (0.095) (0.076) (0.102)
Training topic Year 1 -0.010 -0.020 -0.084
(0.066) (0.063) (0.058)
Training topic Year 2 0.091 -0.045 -0.078
(0.079) (0.051) (0.079)
Treatment -0.083* 0.004 -0.100*%*  -0.114%** -0.025 -0.004
(0.042)  (0.040) (0.042)  (0.040) (0.045)  (0.042)
Constant 0.289%**  (0.267*** 0.245%F%  (0.262%** 0.452%F*%  (.452%**
(0.055)  (0.057) (0.053)  (0.051) (0.061)  (0.063)
744 744 768 768 768 768

The table shows the regression of a dummy for covering each of the eight possible topics in each class, each
year, on a treatment dummy and dummies for that very topic being covered in the local training center. Each
column is a different regression. The estimated coefficients are conditional on baseline hours of science taught
and baseline practices of inquiry-based learning. All regressions include strata fixed effects and are weighted
by sampling probabilities. Standard errors are clustered at the teacher level and are given below the regression

coefficients in parentheses.

p<0.01 *** p<0.05 ** p<0.1 *

46



Table B4: Effects of Training Topics on Class Topics - Unrestricted Sample

Year 1 Year 2 Year 3
Class topic Class topic Class topic
(1) (2) (3) (4) (5) (6)
Training topic Year 1 0.219*** 0.147** 0.129
x Treatment (0.067) (0.073) (0.080)
Training topic Year 2 0.032 0.2547%%* 0.107
x Treatment (0.080) (0.068) (0.100)
Training topic Year 1 0.045 -0.028 -0.058
(0.051) (0.053) (0.054)
Training topic Year 2 0.056 -0.079* -0.076
(0.064) (0.047) (0.077)
Treatment -0.022 0.025 -0.070*  -0.080** -0.022 -0.009
(0.033) (0.030) (0.035) (0.033) (0.039) (0.036)
Constant 0.545%F*  (0.546%** 0.554%%*  0.562%** 0.546%*F*  (0.544***
(0.023) (0.022) (0.026) (0.023) (0.030) (0.029)
1032 1032 952 952 816 816

The table shows the regression of a dummy for covering each of the eight possible topics in each class, each year,
on a treatment dummy and dummies for that very topic being covered in the local training center. Each column
is a different regression. All regressions include strata fixed effects and are weighted by sampling probabilities.
Standard errors are clustered at the teacher level and are given below the regression coefficients in parentheses.
p<0.01 *** p<0.05 ** p<0.1 *
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Table B5: Impacts on Teacher Practice Indices - Unrestricted Sample

Year 2 (Y2) Year 3 (Y3)
Treatment effect Treatment effect
Obs. Mean (1) (2) Obs. Mean (3) (4) Y2 vs Y3

Inquiry-based learning
Declared 119 -0.000 0.104 -0.046 101  -0.000 0.440**  0.297 0.03
practices (0.176)  (0.176) (0.202)  (0.208)
Normative 119  0.000 0.146 0.105 100  0.000 0.295 0.242 0.44
statements (0.180)  (0.195) (0.208)  (0.231)
Science intensity
Weekly 119 1.429 0.252*¥**  (.180* 102 1.349 0.252**  (.186* 0.95
hours (0.093)  (0.095) (0.107)  (0.108)
Number 119  4.420 -0.272 -0.467* 102 4.260 0.075 0.038 0.06
of topics (0.267)  (0.269) (0.283)  (0.309)
% hands-on 119  0.652  0.088** 0.068 102 0.644 0.025 -0.004 0.17
experiments (0.044)  (0.046) (0.049)  (0.050)
Baseline covariates N Y N Y Y

The table gives the program’s impacts on the teachers’ practice indices. Column Obs. gives the number of
teachers, Control the average in the control group, (1) the treatment coefficients (2) the treatment coefficients
conditional on baseline hours of science taught and baseline practices of inquiry-based learning. All regressions
are weighted by sampling probabilities and include strata fixed effects. Robust standard errors are given below
the regression coefficients in parentheses. In column “Year comparison” we provide the p-value of the statistical
comparison of the coefficients across years 2 and 3.

p<0.01 *** p<0.05 ** p<0.1 *
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Appendix C: Robustness of Results on Students Moti-
vation

To understand how robust the negative effect on motivation is, we create sub-components
of the motivation index using a Principal Component Analysis (PCA). Following the
Kaiser criterion, we retained all the components with an eigenvalue greater than one
(Kaiser (1960)). This gave us three main components, from which we create a simple
averaged index of the (normalized) variables strongly loaded on each factor. Those
three sub-dimensions are balanced at baseline (cf. Table C2) and have a relatively
high Cronbach Alpha*®. We label the three sub-dimensions “I like science”, “Scientific
mindset” and “Science is easy”.%

Table C3 presents the causal effects of the training on those three dimensions of
motivation. At the end of year 2 (upper panel), the three coefficients are slightly
negative but not significant in both column (1) — controlling for grades only — and
column (2) — controlling for baseline scores, baseline hours of science taught, and
baseline practices of inquiry-based learning. In survey year 3 (bottom panel), the three
coefficients are negative (between -0.4 SD and -0.09 SD) in both columns and very
significant, even when controlling for multi-hypothesis testing. This indicates that the
negative motivation effect is a robust feature of the data, not driven by a few items or
mere chance.

9The first component has a Cronbach Alpha above 0.85, the second of about 0.6 and the third one
of about 0.5.
50The details of those new indexes are in the Appendix Table C1.
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Table C1: Sub-Components of the Motivation Index

"T like science"

‘ "Scientific mindset"

‘ "Science is easy

n

Component 1

‘ Component 2

‘ Component 3

I love science

[ am always curious about
how new technologies work

I find science easy

Later, I plan to study science

To understand science, ex-
periences are better than
lessons

I do well in science

At home I like to play scien-
tific games

I like to have scientific ev-
idence before I think some-
thing is true

I like to observe plants and
animals when I go for a walk.

I like to discuss science with
my classmates

I prefer to learn science by
doing experiments

I like to take my toys apart
to try and figure out how
they work.

I would like to participate in
science competitions

Science is my favorite sub-
ject

I think I have a scientific
mind

I like to watch science shows
on TV or on my computer.

I like to read magazines and
science books.

The tables describe the item content of the three components of the motivation index.

o1




Table C2: Balance Checks - Sub-Components of the Motivation Index

Treatment v. Control

Volunteer v. Peer

Obs.  Control (1) Obs.  Peer (2)
Year 2
I like science 2,670  0.002 0.025 4,459 0.064 -0.044*
(0.032) (0.026)
Scientific mindset 2,658 -0.012 -0.054 4,439 -0.002 -0.038
(0.033) (0.027)
Science is easy 2,660  -0.008 0.035 4437 0.043 -0.034
(0.025) (0.024)
Year 3
I like science 2,516  0.026 -0.032 3,951 0.031 -0.017
(0.038) (0.031)
Scientific mindset 2,507  -0.030  -0.066** 3,938 -0.046 -0.006
(0.031) (0.028)
Science is easy 2,511  -0.008 0.015 3,943 -0.033 0.031
(0.032) (0.030)
Number of clusters 134 134

The table provides the baseline difference between the treatment and control students and
the baseline difference between the students of the volunteer teachers and the peer students.
Column Obs. gives the number of observations, Control the average in the control group, (1)
the difference between treatment and control, Peer the average in the group of peer students,
and (2) the difference between students of the volunteer teacher and the peer students. All
regressions are weighted by sampling probabilities and include strata fixed effects. Standard
errors are clustered at the teacher level and given below the regression coefficients in paren-

theses.
p<0.01 *** p<0.05 ** p<0.1 *
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Table C3: Impacts on Students’ Scientific Motivation

Treatment v. Control

Obs.  Control (1) (2)

Year 2

I like science 2,686 -0.095 -0.015 -0.001
(0.028) (0.027)
[1.000] [1.000]

Scientific mindset 2,685  0.055 -0.028 -0.009
(0.026) (0.026)
[1.000] [1.000]

Science is easy 2,685  0.011 -0.020 -0.022
(0.024) (0.026)
[1.000] [1.000]

Year 3

I like science 2,488 -0.059  -0.069**  -0.045*
(0.032) (0.025)
[0.013] [0.032]

Scientific mindset 2,488  0.043  -0.080***  -0.060**
(0.025) (0.026)
[0.006] [0.026]

Science is easy 2487 -0.036  -0.076*** -0.071***
(0.028) (0.027)
[0.009] [0.026]

Number of clusters 124 114
Baseline covariates N Y

The table provides the impact of the program on the motivation index
sub-components. Column Obs. gives the number of observations, Control
the average in the control group, (1) the difference between treatment
and control, (2) the treatment coefficient conditional on baseline hours
of science taught and baseline practices of inquiry-based learning. All
regressions are weighted by sampling probabilities and include strata fixed
effects. Standard errors are clustered at the teacher level and given below
the regression coefficients in parentheses. In square brackets, we provide
the p-values robust to multiple testing. p<0.01 *** p<0.05 ** p<0.1 *
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