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Abstract:
Children’s self-regulation abilities are key predictors of educational success and other life outcomes
such as income and health. However, self-regulation is not a school subject, and knowledge about how
to generate lasting improvements in self-regulation and academic achievements with easily scalable,
low-cost interventions is still limited. Here, we report the results of a randomized controlled field study
which integrates a short self-regulation teaching unit based on the concept of mental contrasting with
implementation intentions into the school curriculum of first graders. We demonstrate that the
treatment increases children’s skills in terms of impulse control and self-regulation while also
generating lasting improvements in academic skills like reading and monitoring careless mistakes.
Moreover, it has a substantial effect on children’s long-term school career by increasing the likelihood
of enrolling in an advanced secondary school track three years later. Thus, self-regulation teaching can
be integrated into the regular school curriculum at low cost, is easily scalable and can substantially
improve important abilities and children’s educational career path.
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Introduction
Self-regulation refers to the capacity to regulate attention, emotion, impulses, and behavior directed
at pursuing individually valued goals1-5. Children’s early self-regulation plays a major role in their
school readiness, their school achievement, and in a range of later life outcomes, such as educational
attainment, income and wealth, health, and criminal behavior6-13. In addition, the proliferation of
recently developed distance learning methods greatly increases the demands on children’s selfregulation capabilities14,15 – prompting leading institutions such as the UNESCO to conclude that
self-regulation is the key 21st century skill for student success and should thus be primarily
promoted16. A considerable literature emphasizes that self-regulation and related skills are malleable
in children17-23, especially by use of explicit strategy instruction24-26, and that influences during early
childhood and in younger ages generally play an important role in later skill formation27-31.
Despite its fundamental importance, self-regulation is not a school subject—such as reading,
language, or math—that is directly taught in schools as a regular part of the curriculum. It is at best
an implicit part of normal school education that typically lacks a sufficient curricular basis. A key
challenge for introducing self-regulation into the curriculum is due to the many other competing
demands on scarce teaching time; adding further subjects or replacing valuable teaching time
foreseen for other important topics thus entails various direct and indirect costs. Imagine, however,
an effective method of teaching self-regulation that does not compete with other uses of teaching
time, but which substantially improves learning in other school subjects and thus positively affects
children’s educational career path. Moreover, suppose that teachers could learn this method in little
time by equipping them with appropriate knowledge and materials. Such a method would not only
greatly reduce the opportunity cost of improving self-regulation, but would, in addition, enhance the
teaching of other school subjects and be easily scalable.
Here, we propose that a short self-regulation teaching unit consisting of five lessons
developed on the basis of “Mental Contrasting with Implementation Intentions (MCII)” can fit that
bill32-34. MCII is a metacognitive strategy that addresses goal setting and goal striving as well as
overcoming obstacles that prevent individuals from reaching their goals. The general idea underlying
MCII is that once individuals set a goal, they imagine the positive consequences of achieving the
goal, which enhances goal commitment, but they also contrast the goal with the obstacles that are
currently in their way. This constitutes the mental contrasting (MC) part of MCII. Subsequently,
MCII requires the identification of concrete behaviors for overcoming the barriers and of forming
implementation intentions in the form of “when-then” plans that indicate a concrete self-regulatory
action whenever the identified obstacle emerges. This latter part of the strategy—the implementation
intention (II) part—is intended to automatize the implementation of behaviors that help overcome the
obstacles.
Mental contrasting with implementation intentions provides a general method for helping
individuals achieve desirable goals32-34. It has the advantage that it can be applied to a wide range of
different goals35. Because these goals can also be directly related to various school subjects, MCII
can, in principle, be used to enhance learning in these fields. A potential disadvantage is that it is
very hard – and in the opinion of some teachers impossible – to teach the abstract concept of MCII to
young children such as first graders. In fact, when we first discussed this concept with the
schoolteachers, they were extremely skeptical whether MCII could be applied to first graders
because children at that age have very limited abilities to understand general, abstract ideas and their
reading and writing abilities are also very limited (e.g., they typically do not know all letters of the
alphabet yet). In addition, children at that age are often characterized by limited goal setting skills,
patience, attention span and inhibition skills, as well as a lack of perseverance, and they do not feel
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responsible for their own learning progress. These limits also constrain them in transferring the
method to other tasks and contexts. However, these limitations are at the same time exactly the
reason why young children like first graders would particularly benefit from effective self-regulation
strategies.
According to a recent meta study36, there are no studies where self-regulation based on MCII
is taught by the schoolteachers and integrated into the regular school curriculum. Two previous
studies recruited sixth- and seventh graders37 and fifth-graders38, but MCII was provided by trained
experts outside of regular classroom teaching in both studies. The first study found that parent-rated
self-regulation is higher in treated children two weeks after the intervention. The second study
reports that the MCII-treated children have better report card and behavioral grades at the end of the
3rd quarter—during which MCII was implemented—but these effects became small and insignificant
in the 4th quarter. Thus, the longer-run effects of MCII on children’s academic outcomes and school
careers are basically unknown39 and it remains unclear whether MCII can be successfully integrated
into the early school curriculum to enhance not only young children’s self-regulation skills but also
their skills in traditional school subjects such as reading. Here, we develop a relatively brief and
scalable self-regulation teaching unit based on MCII, delivered by teachers and integrated into the
regular school curriculum, and we test whether it can yield sustained benefits in academic outcomes
for children in primary school.
To do so, we conducted a randomized field experiment with 572 schoolchildren in 31 first
grade classes in 12 schools in Germany (Supplementary Information, Section 1.1., Figure S1, and
Table S1). In the treatment condition, the children were taught five self-regulation lessons on the
basis of MCII. These lessons were spread over five weeks and directly tied to the teaching of skills
that are fundamentally important for first graders—practicing reading and monitoring own mistakes.
The fact that we did not apply MCII to math enables us to examine whether the taught self-regulation
skills automatically extend to and improve academic skills in other—untrained—fields as well. The
children’s regular schoolteachers conducted the self-regulation teaching. It was embedded in
everyday classroom activities and introduced to the children as part of their regular curriculum.
Therefore, the children perceived it as a natural part of classroom teaching, which makes Hawthorne
effects unlikely to occur.
The control group received regular classroom teaching which consisted of language lessons
(reading and writing) and math lessons. Therefore, we can address the question of whether the selfregulation teaching lessons actually yield larger or smaller benefits than using scarce teaching time
for the standard curriculum—a question of utmost importance for (educational) policy.
Because entire (treatment) classes are taught MCII and the control group classes continue
with the standard curriculum, we randomized at the class level within schools with at least one
treatment and one control class per school. This has the advantage that we can control for school
fixed effects and that potential within-class peer effects of the self-regulation intervention can play a
role. Consider, for example, children who often disturb in class and disrupt their peers. Selfregulation teaching could help improve these children’s behavioral control and thus improve their
educational performance. In addition, other children in the classroom might also benefit from a
quieter classroom environment and thus also improve their educational performance. In essence, our
setting allows us to evaluate the total effect of teaching self-regulation in school, including
reinforcing peer effects.
In view of the challenges involved in teaching MCII to first graders, we developed five
completely scripted school lessons (lasting 50 min. each) and a detailed set of materials to address
these challenges (Methodology, Section A). We also instructed the teachers in a three-hour workshop
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how to implement self-regulation teaching in the classroom (Supplementary Information, Section
1.2). Importantly, while teachers were instructed how to conduct the lessons, they were not informed
about any specific hypotheses related to the intervention.
To assess the intervention effects, we administered standardized computer-based tests of
children’s self-regulation abilities as well as their academic abilities in reading and math
(Methodology, Section B). The staff that conducted these tests was blind to treatment conditions, and
the teachers were neither involved in the tests nor informed about their content nor the test results. In
addition, we complemented these tests with teachers’ assessments of the children’s reading and selfregulation skills. The combination of objective, computer-based tests with teachers’ ratings also
enables us to check the credibility and validity of the teachers’ ratings. To learn about the dynamic
effect of the intervention, the outcome evaluations were carried out in four waves extending over the
course of more than one year: prior to treatment (t0), 4–5 weeks after the treatment (t1), as well as 6
months (t2) and 12–13 months (t3) after treatment. All objective tests were adapted to the children’s
age. Furthermore, in a three-year follow-up we collected information about the children’s secondary
school track enrollment. The choice of secondary school track is a high-stakes educational decision
in Germany, as it strongly predicts the likelihood of later enrollment at a university/college. It is
therefore of direct relevance to adult labor market outcomes. If self-regulation teaching improves key
skills, the trained children may have a higher propensity to move into an advanced school track
(college preparatory, referred to as Gymnasium in German) in secondary school.
What should we expect regarding the effects of the self-regulation teaching unit? Effects may
not occur directly after the teaching unit because it takes time for the children to internalize the
strategy, to apply it repeatedly to different contexts, to learn from the feedback that they receive, and
to get more proficient in using it. Therefore, we conjectured that the outcome measures in t1
(assessed 4–5 weeks after the teaching unit) may not yet show clearly visible treatment effects.
In terms of outcome categories, we expected that if MCII teaching generates treatment effects,
these effects are more likely to show up in domains to which MCII has been directly applied—
reading skills and the ability to find careless mistakes (outcome category 1). We also conjectured that
it might enable the children to better inhibit prepotent impulses and improve their self-regulatory
classroom behaviors (outcome category 2). This conjecture follows from the fact that MCII
represents a self-regulation strategy that requires the children to approach goal implementation in a
systematic manner by overcoming obstacles that often come in the form of strong temptations. In
contrast, we were considerably more pessimistic about the children’s ability to automatically
generalize and extend the strategy to other academic subjects or other domains. It is, perhaps, too
much to expect first-graders to already have the cognitive capacity for abstract thinking and
generalization that these automatic extensions to other academic domains require.
With regard to the impact of MCII teaching on children’s longer run school career path, we
remained entirely agnostic. In this context, it is important to keep in mind that previous studies on
MCII teaching in school children only reported very short run effects37 or effects that vanished in the
next school quarter38. Thus, showing a sustained effect of the teaching unit after 6 months (t2) and
after 12-13 months (t3) goes already considerably beyond the previously available evidence. While it
is definitely possible that a short run intervention like ours triggers a process that benefits the
children several years after the teaching unit, it is also entirely possible that the benefits deteriorate
and vanish.
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Results
Randomization and Sample Balance
The randomization into treatment and control group led to a balanced sample, as documented in tests
for differences between treatment and control group conducted by regressing various sociodemographic background variables measured at baseline (t0) on the treatment dummy
(Supplementary Information, Table S2). Similarly, we test for imbalances in our outcome measures
prior to treatment (Supplementary Information, Table S3). Overall, there is no evidence for
imbalances between treatment and control group beyond differences caused by chance; moreover,
we control for any residual nonsignificant imbalances in our econometric analyses by controlling for
the children’s baseline characteristics (Supplementary Information, Section 1.5, for more details).
Main Results
The following results are based on OLS regressions that regress the respective outcomes (e.g.,
reading abilities displayed in the reading test) at three different points in time—at t1 (4–5 weeks after
the treatment), t2 (6 months after the treatment), and t3 (12–13 months after the treatment) —on a
treatment dummy and control variables. As we stratified our randomization on the school level, we
include school-fixed effects. Doing so removes noise that is due to school facilities or social
background differences between schools. To increase the precision of the estimated treatment effect,
we also include the respective baseline outcome score (measured prior to treatment at t0) in each
regression as a control variable (Supplementary Information, Section 1.5). It has been shown that this
method provides more precise results than the difference-in-differences estimators that compare the
outcome changes from pre- to post-teaching measures between treatment and control groups40,41. We
allow for interdependence of observations within classrooms by clustering the standard errors at the
classroom level, and we also report p-values that are adjusted for multiple hypothesis testing42
(Supplementary Information, Section 1.5). All outcomes are standardized in order to make treatment
effects comparable in size.
MCII teaching already has a significant effect in t1 on the reading test (0.20 SD, p = 0.020, Fig.
1, Table S4), but this effect is somewhat fragile as indicated by the larger confidence intervals in t2
(0.21 SD, p = 0.111). However, the treatment effect in t3 becomes sizeable and highly significant
(0.39 SD, p = 0.006). Although the teachers were blind to all computer-based tests, a similar picture
emerges from the teachers’ assessment of the children’s overall reading abilities. They indicate no
treatment effect in t1 (0.002 SD, p = 0.983), a treatment effect in t2 that just passes the 5%
significance threshold (0.288 SD, p = 0.049) and again a sizeable and robustly significant effect in t3
(0.366 SD, p = 0.005). It is reassuring that the teachers’ assessments of overall reading ability are
quite consistent with the results from the objective reading test, even though the teachers were not
involved in the reading test and did not know its results, suggesting that demand effects do not drive
teachers’ assessments.
Further evidence for the credibility of teachers’ assessments is provided by the strong
correlation (Spearman’s rank correlation, ρ = 0.78, p < 0.001) between the children’s average score
in the four objective reading tests (in t0, t1, t2, and t3) and the teachers’ average reading assessment of
the children. In addition, we observe that the teachers’ ratings in the first assessment after the selfregulation intervention (in t1) are even more conservative than the results of the objective computerbased reading tests. In the presence of demand effects, one would expect the opposite result, i.e., that
the teachers report overly optimistic reading assessments. The teachers’ overall assessment of
children’s ability to find careless mistakes follows a similar time pattern as their assessment of the
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overall reading ability (Fig. 1): there is no treatment effect in t1 (0.025 SD, p = 0.858) but significant
and increasing treatment effects in t2 (0.474 SD, p = 0.013) and t3 (0.691 SD, p = 0.001).

Figure 1--- The effects of self-regulation teaching on reading and finding careless mistakes. The dots show point
estimates (as fractions of a standard deviation of the respective outcome) of how MCII teaching changes the outcome
indicated in the panel title relative to the control group. Reading test is the score from the reading comprehension test,
Overall reading ability indicates the teachers’ overall assessment of the children’s reading abilities. Careless mistakes
shows the teachers’ assessment of the children’s ability to find careless mistakes. All p-values refer to two-sided t-tests.
The bars indicate 95% confidence intervals. All estimates are based on least squares models controlling for school ﬁxed
effects, pre-treatment outcome scores, and further controls (see Supplementary Information, Sections 1.5 and Table S4,
for more details and p-values adjusted for multiple hypothesis testing). Standard errors are clustered at the classroom
level.
The above-reported effect sizes are quite substantial as it has been pointed out that “in realworld settings, a fifth of a standard deviation (0.2 SD) is a large effect”43. This assessment is
supported by ‘the best evidence synthesis’ literature44 which suggests the use of empirical
benchmarks from high quality field research on education instead of benchmarking on the basis of
laboratory studies45,46. A comparison of our results with the control group’s scores provides another
intuitive benchmark for assessing the effect size. For example, if we compare the treatment effect on
the reading score in t3 to the distribution of the control group's reading scores, we find that the effect
size of 0.39 SD moves the median child’s reading score in the control group from the 50th to the 75th
percentile. For the careless mistakes’ outcome, the treatment effect is very similar in size, moving the
median control group child again from the 50th to the 75th percentile. Thus, taken together, these
7

results suggest that the application of five lessons of MCII teaching to reading and finding careless
mistakes causes significant and sizeable outcome improvements one year later in these domains.
How does MCII teaching affect the ability to inhibit pre-potent impulses (“inhibition”), the
ability to attend and quickly respond to stimuli that require an action (“attention”), and overall selfregulation ability as assessed by teachers (outcome category 2)? We find a significantly positive
treatment effect (Fig. 2, Table S5) on inhibition (measured by the negatively signed commission
errors in the go/no-go task; 0.26 SD, p < 0.001) and attention (measured by the negatively signed
omission errors in this task; 0.56 SD, p < 0.001) 12–13 months after the treatment (t3). Interestingly,
as with the measures in outcome category 1, the effects are weaker and non-significant 4–5 weeks
after the teaching unit (in t1), suggesting that the teaching needs time to come to fruition.

Figure 2 --- The effects of self-regulation teaching on inhibition, attention, and overall self-regulation. The dots
show point estimates (as fractions of a standard deviation of the respective outcome) of how MCII teaching changes the
outcome indicated in the panel title relative to the control group. Inhibition measures the children’s ability to inhibit
prepotent impulses (by the negatively signed commission errors) in the go/no-go task, Attention indicates the ability to
respond properly to the stimuli that require an action (measured by the negatively signed omission errors) in the go/no-go
task. Overall self-regulation indicates the children’s assessment of their everyday self-regulation behaviors in the
classroom by the teachers. All p-values refer to two-sided t-tests. The bars indicate 95% confidence intervals. All
estimates are based on least squares models controlling for school ﬁxed effects, pre-treatment outcome scores, and
further controls (see Supplementary Information, Sections 1.5 and Table S5, for more details and p-values adjusted for
multiple hypothesis testing). Standard errors are clustered at the classroom level.

The teachers’ assessments of the children’s overall self-regulation behavior in the classroom
displays a roughly similar time pattern: the treatment effect is significant and largest after 12–13
months (0.57 SD, p < 0.0001) and similar in size to the effect on attention, yet the treatment effects
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in the previous waves (t1 and t2) are already significant due to smaller standard errors (t1: 0.30 SD, p
= 0.002; t2: 0.29 SD, p = 0.005) and slightly larger effect sizes compared to the inhibition and
attention outcome. Thus, both the results from standardized computer-based tests and the findings
from teachers’ ratings suggest that the treatment improved the children’s self-regulation abilities. In
addition, we also collected parent ratings of their children’s self-regulation six months after the
training (in t2). However, the parents’ response rate was, unfortunately, considerably lower (63
percent) compared to the teachers’ response rate (92 percent). The parent ratings also suffer from
several other problems adding noise to the measurement (Supplementary Information, Section 1.4
and Table S15). Albeit these problems may prevent us from finding significant results, if the parent
ratings point in the same direction as the other self-regulation measures, they complete the overall
picture. We indeed find that parent-assessed self-regulation skills are 0.13 SDs higher in the
treatment group but the effect is not statistically significant (p = 0.144; see also Supplementary
Information, Section 1.4 and Table S15). Nevertheless, by pointing in the same direction they are
consistent with the other results on self-regulation.
To what extent does MCII teaching spill over to an academic domain that was not targeted by
the teaching unit or leads to an increase in stamina in a tedious letter detection task? We address
these questions with two outcome measures—children’s math skills (measured by arithmetic and
geometry tests) and the letter discrimination task that requires stamina and frustration tolerance
(Supplementary Information, Section 1.4). Here, we find that MCII teaching has basically no impact
at all on these outcomes (Supplementary Information, Fig. S14 and Table S6). Moreover, there is no
time trend whatsoever across all outcome evaluation waves: the treatment effect for these outcomes
is always close to zero, suggesting that first graders do not automatically generalize the MCII
teaching to new academic domains or to tedious tasks that require stamina and high frustration
tolerance.
Does teacher quality or experience affect the treatment effect? This question is relevant, as
more experienced teachers are typically better at educating children47 and therefore might also have
been better in teaching MCII. However, the fact that we developed detailed and fully scripted lessons
for teaching MCII made it easy for the teachers to teach and apply MCII, and this may have
mitigated effects of teacher experience on the treatment effect. Indeed, if we control for teacher
experience (Supplementary Information, Table S8) we find that classes with teachers with a belowmedian experience do not show a significantly lower treatment effect. In addition, we also do not
find heterogeneous treatment effects for demographic variables such as gender, age, and migration
background. Moreover, MCII teaching benefits children with low and high self-regulation abilities at
baseline alike. It is in this regard different from the effects of growth mindset interventions whose
effects seem to occur primarily in low achieving children48.
Effects on Secondary School Track Choice Three Years after Treatment
Given that we found treatment effects on important outcomes in a one-year follow-up, the
question arises whether the MCII teaching has an even longer run effect on a high-stakes outcome.
We therefore evaluate its effect on secondary school track choice three years after the MCII
teaching—a very important and far-reaching educational decision. It turns out that children in the
treatment group are 13.3 percentage points more likely to choose the advanced track (Fig. 3 and
Table S7, column 1, p = .006) if we estimate the treatment effect with a linear probability model. The
result is very similar when we estimate a probit model.
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Figure 3 --- The long-term effects of self-regulation teaching on children’s enrollment in advanced secondary
school track. The left bar shows the socio-economic gap in enrollment to the advanced track of secondary school based
on whether the child’s mother has a university degree for the control group (controlling for baseline IQ). Children whose
mother has a university degree are 21.4 percentage points more likely to enroll in the advanced track. The right bar shows
the estimated 13.3 percentage point increase in enrollment generated by the MCII teaching (based on Table S7, Column
1). The estimate is based on a linear probability weighing model controlling for school ﬁxed effects and further controls
(see Supplementary Information, Sections 1.5 and Table S7) but the results are robust to using probit or inverse
probability weighting models. All p-values refer to two-sided t-tests. The bars indicate 95% confidence intervals.
Standard errors are clustered at the classroom level.
To benchmark the size of this effect, we compare it to the difference in enrollment in the
advanced track by maternal education in the control group (controlling for baseline IQ): children
whose mothers have a university degree are 21.4 percentage points more likely to be enrolled in an
advanced track secondary school compared to those whose mothers do not have a university degree.
Thus, the treatment effect of MCII teaching is roughly 13.3/21.4 = 62% as large as this important
socioeconomic gap.
Because there is attrition in parents’ participation in the survey that asks about school track
choice, we also examined the robustness of our findings by testing whether attrition is related to
treatment assignment. Fortunately, however, this is not the case: If we regress participation in the
survey on the treatment condition, gender of the child, age of the child and school fixed effects we do
not find significant effects. In addition, we control for attrition by inverse probability weighting and
show that the treatment effect on school track choice is robust (Table S7, column 3, p = 0.001).
The results described above indicate that MCII teaching caused improvements in outcome
category 1 (Fig. 1) and outcome category 2 (Fig. 2). Is the improvement in outcome measures in
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these two categories a reason for the significantly higher enrollment of the treated children in an
advanced track secondary school? To examine this question, we conducted a mediation analysis and
included the t3-values of these outcome measures as regressors for the school track choice (Table S7,
column 2 and column 4). We indeed find that the children’s performance in the reading test (p =
0.028), their ability to find careless mistakes (p = 0.030), and their overall self-regulation ability (p =
0.025) in t3 are significant mediators of the treatment effect on school track choice. Reading ability
as indicated by the reading test in t3, in particular, seems to be a strong mediator of school track
choice—a one SD increase in reading ability is associated with a 15.3 percentage points increase in
advanced school track choice. However, a one SD improvement in finding careless mistakes or in
overall self-regulation is also associated with substantial increases in enrolling in the advanced track
by 6.3 and 8.3 percentage points, respectively. Moreover, the treatment variable is no longer
significant if we include the children’s abilities in t3.

Discussion
Self-regulation is generally thought to be of fundamental importance for children’s educational and
lifetime success. There is also reason to believe that the earlier schoolchildren acquire self-regulation
skills, the more they benefit from them in the long run. However, how can the teaching of effective
self-regulation to young schoolchildren be integrated into their school curriculum without reducing
other productive uses of teaching time? Is it possible to teach self-regulation in a way that it even
substantially improves children’s performance in core school subjects and thus has the potential to
affect their educational career path? And how can this teaching method be designed to render it
easily scalable to a larger subject population? As an answer to these questions, we have proposed a
few self-regulation teaching lessons that are based on MCII.
We conducted a randomized-controlled field experiment involving 572 first graders that
overcomes the challenges of teaching MCII-based self-regulation to first graders. The findings
indicate that five self-regulation teaching lessons spread over five weeks can be used to generate
substantial improvements in academic skills—such as reading—that are part of the standard
curriculum. In addition, we show that teaching self-regulation has far transfer effects on general
inhibitory and attentional abilities and improves the children’s overall self-regulation behavior in the
classroom.
We do not observe fade-out effects for the positively affected skills. Potential reasons for the
observed sustainability are that the skills we address are thought to be not only malleable but also
fundamental49 in the sense that they are crucial for the further development of self-regulation (selfproductivity) and they increase the productivity of other skill investments (dynamic
complementarity)50. Moreover, our intervention differs in important aspects from the two MCII
studies in a school context mentioned above37,38: our intervention is more intensive (five hours), it is
conveyed in a playful, vivid, and meaningful manner, and we apply it not only to one but to several
different goals, making it more likely that children will internalize the meta-cognitive strategy, thus
enhancing self-regulation behavior at school in general. By addressing basic literacy skills and the
monitoring of careless mistakes in particular, we also directly target skills that are fundamental for
subsequent learning progress, both within and beyond the domain of reading. A distinguishing
feature of our intervention is also that we randomized between (and not within) school classes.
Hence, we take advantage of beneficial peer or classroom effects that may lead to a subsequently
enriched environment in the treated classes, which may be crucial for sustaining earlier skill gains49.
Positive peer group effects appear particularly plausible in view of the fact that the children stay
together in the same class for four years in primary school. Overall, this sustainability translates into
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a striking effect on children’s school career choices three years after the MCII teaching—making it
considerably more likely that they will be enrolled in an advanced track secondary school, which is
known to deeply affect the children’s life-time education and labor market trajectory.
Despite all our efforts to provide reliable and robust evidence, we acknowledge certain
limitations of our study. First, some of our outcome measures were rated by teachers who were not
blind to treatment condition. In this context it is important to emphasize that our main conclusions
are based on both standardized computer-based tests of, e.g., reading ability and teachers’ ratings of
children’s reading ability. Moreover, the strong correlation between the results of the objective tests
and the teachers’ ratings makes us confident about the reliability of our measures. Also, the treatment
effects measured using objective tests and using teachers’ ratings are very similar with regard to
effect size and temporal patterns. Nevertheless, while these patterns provide little reason to doubt the
validity of the teachers’ ratings, we cannot fully rule out that they may contain some bias.
Second, the sample from which we draw inferences adds limitations. Especially in light of the
classroom-level randomization, our sample size is limiting, e.g., the analysis of heterogeneous
treatment effects. We also target a specific (and challenging) age group (first graders) in a specific
education system of a developed country (Germany). Further research is necessary to learn whether
the findings also hold in different age groups, in other education systems, or for settings in
developing countries.
Finally, while the number of lessons replaced by our self-regulation teaching unit is very small
and therefore, in our view, negligible, we do not have perfect control over the amount of time that
treatment vs. control classes spent practicing reading or learning to find careless mistakes. We deem
it highly unlikely that a few additional lessons of practicing reading would yield these large and
long-term effects and prefer the interpretation that children learned a self-regulation strategy that
helped them to improve their learning and goal striving over the following three years.
The implementation of the teaching lessons is associated with very little cost per child, as the
teaching hours require only a few hours of training for the teachers and five teaching lessons for the
children. Moreover, they yield high benefits even if we make rather conservative assumptions by
only counting the benefits from improved reading abilities and neglecting improvements in overall
self-regulation, inhibition control, or the finding of careless mistakes (Supplementary Information,
Section 1.6). If we consider only the benefits of improved reading skills that already accrue one year
after the MCII teaching, the cost-to-benefit ratio is 1:1.5, meaning that the benefits amount to €1.5
for every Euro spent. If we take a longer run perspective and calculate the increased lifetime earnings
from improved reading skills, the cost-benefit ratio is even in the range of 1:10.
In addition to its very favorable cost-benefit ratio, the proposed method of teaching selfregulation is also easily scalable to a much larger population, as there is little reason to believe that
the fully scripted self-regulation lessons we developed could not be applied to other first graders. All
it takes is as little as three hours of training for the teachers to render them able to apply the method.
Finally, the findings also indicate that—at least among first graders—self-regulation teaching did not
automatically transfer to other academic subjects like math in the one-year period after the
intervention. However, if it is possible to apply self-regulation lessons to the teaching of reading
skills, we see little reason why it should not be possible to apply the lessons to teach foreign
languages or other academic subjects. In fact, synergistic benefits might arise if MCII-based selfregulation teaching is applied to more than one academic field. Future research may thus extend the
self-regulation teaching unit to other areas such as math or science. Additionally, collecting
information on the detailed time use of the control classes, more “active” control conditions, as well
12

as detailed data on the use of the self-regulation strategy after the intervention has ended would be
useful to learn about the specific mechanisms underlying the treatment effects.

13

Methodology
The study was conducted in primary schools in Mainz, Germany in 2013/2014. It consisted of a fiveweek intervention, four data collection waves, and a long-term follow-up survey three years after the
intervention. Our study received ethical approval from the Human Subjects Committee of the Faculty
of Economics, Business Administration and Information Technology at the University of Zurich in
September 2012. We confirm that we have complied with all relevant ethical regulations.
In the context of a large school project51, we recruited 12 schools with 31 classes for the
study. There were 599 children in these classes in November 2012. We received 580 parental
consent forms that allowed us to collect data in evaluation waves t0–t3, resulting in a consent rate of
96.8%. We were able to evaluate 572 children of the 580 for whom we received parental consent to
collect data for our final data set. The children we could not evaluate either switched to nonparticipating classes or schools, moved away, or were ill for a longer period of time during data
collection; we did not exclude any available data. Among the sample of 572 children, 292 were girls
(51%) and 280 were boys (49%). Mean age prior to the intervention (Jan 2013) was 6.84 years (SD =
0.36 years). All children received a small toy for participating in the evaluation waves. We did not
pay a financial compensation to children for their participation.
A. Addressing the challenges of teaching MCII to first graders
To address children’s limited ability for abstract thinking, we developed an illustrated storybook with
an appealing main character named “Hurdy”, the hurdle jumper. The story unfolds in an emotionally
involving way so that the children quickly identify with Hurdy, whose first goal is to climb to the top
of a high mountain (Fig. 4). Hurdy imagines the great view he52 will enjoy from the top of the
mountain but contrasts this goal with the many hurdles he faces along the way. Hurdy’s when-then
plan is that “when he faces a hurdle, then he jumps over it”. In this way the abstract MCII strategy is
conveyed in a playful manner; it becomes concrete, vivid, and meaningful for the children. This
enables us to use the main character’s ideas and actions as a role model that helps us transferring the
strategy to further goals, obstacles, and plans. 53
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Figure 4 --- Introducing generic components of MCII to first graders with the help of an emotionally involving
story about Hurdy, the hurdle jumper. (a) Imagining a desirable goal. (b) Identifying obstacles and developing a
solution. (c) When-then rule: Whenever there was a hurdle, Hurdy jumped over it. (d) Enjoying goal achievement. All
scenes (a) – (d) are communicated with the help of a storybook containing both the pictures (on the left) and the text (on
the right) that the teacher read aloud in a stepwise manner. After each step in (a) – (d), the children discussed the story in
the classroom.
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Once the general idea behind MCII was playfully introduced (Fig. 4), the children
subsequently applied it to three goals. To practice the MCII strategy and account for the children’s
limited goal setting skills, the first two goals were set by us. The first goal was to become better in
reading by practicing reading out loud, because reading is a skill that is fundamental for all other
subjects taught in primary school. The second goal was for the children to make fewer careless
mistakes in their own schoolwork by using a self-monitoring technique—the detection (and
correction) of own mistakes. We used this goal because the lack of metacognitive self-monitoring
strategies has been put forward as a major factor explaining cross-country differences in academic
achievements in the PISA study54. The third goal was individually chosen by each child.
Every new goal was introduced with the help of the main character, Hurdy. For example, Fig.
5, illustrates how we used Hurdy as a role model for the application of MCII teaching to the reading
goal. The teacher began by reading aloud a story where Hurdy imagines how wonderful he would be
to be able to read (Fig. 5a). After the teacher had read the story, the children themselves publicly
discussed what they would enjoy most if they were able to read well. Likewise, after the teacher read
aloud about the obstacles that Hurdy faced (Fig. 5b) or the when-then rule that Hurdy developed
(Fig. 5c), the children subsequently discussed publicly the hurdles they face themselves and possible
when-then rules that help them overcome their obstacles.
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Figure 5 --- Applying MCII to the goal of improving reading abilities (a) Imagining a desirable goal. (b)
Identifying obstacles. (c) Developing and implementing a solution for overcoming the obstacle. All scenes (a) – (c) are
communicated with the help of the picture on the left and the text on the right that the teacher read aloud. In addition, the
teacher also read a story (d) about how Hurdy enjoyed the success of becoming a good reader. After the teacher had read
a textbox, the story was discussed in the classroom, and the children contributed their own imaginations, obstacles, and
ideas to the context. In addition, the children applied each step (a) – (d) to their situation by drawing pictures in a
workbook (see Fig S1-S2) that expressed their individual imaginations, obstacles, and when-then rules
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The use of Hurdy as a role model helps us transfer the MCII strategy across different goals
while addressing the children’s limited transfer capabilities. To further deal with this issue, we
applied a scaffolding method that gradually reduces the level of support in the application of MCII.
The children’s obstacles and plans thus become more and more personalized from goal one to goal
three, implying an increasing need for own transfer thinking. In this context, classroom discourse
also played an important role because it served the purpose of fostering the transfer of the MCII
components from the role model’s thoughts, actions, and plans to the children’s individual context.
For example, after the children listened to the short story describing Hurdy’s obstacle towards
becoming better at reading (Fig. 5b), the subsequent classroom discourse induced the children to
undertake a first small step of applying the obstacle identification component of MCII to their own
situations.
To further practice and personalize the application of MCII, each child received a prepared
workbook which visualized the different steps of the MCII strategy. The workbook also contained
space so that the children could apply the strategy to their individual context with their own added
drawings (Fig. S1 and S2). For example, children drew their ideas of the positive consequences of
reaching a goal or of their individual obstacle after discussing it with classmates. The visual structure
in combination with the individual drawings enables the children to internalize the MCII strategy
without requiring reading or writing skills. The children thus experienced a diverse set of interesting
tasks during the MCII teaching lessons—listening to Hurdy’s story, discussing with their classmates,
individualizing their goals in their workbooks—that kept them interested and compensated for their
limited attention spans.
We addressed children’s limited perseverance by spreading the five MCII teaching lessons
over five weeks during which we encouraged them to pursue progressively more ambitious sub-goals
related to reading and monitoring their mistakes. To constantly remind them of the different steps of
the MCII strategy, a large poster that looks exactly like the first figure in their workbook (Fig. S1)
remained on the wall in their classroom during the five weeks. In addition, flash cards (Fig. S3) were
attached to the poster that reminded the children of the current goal, obstacles, and plan.
In principle, we could have involved the parents into the teaching and application of the MCII
strategy. However, we deliberately wanted to avoid this for three reasons. First, involving the parents
complicates the intervention, making it more expensive and less easily scalable. Second, if the
parents take responsibility for implementing parts of MCII, the children’s self-responsibility for their
learning may be undermined. Because we wanted to foster their self-responsibility, the story is based
on Hurdy’s desire to reach the top of the mountain or become a good reader. Likewise, it is Hurdy
who wants to become a good “error detective” (i.e., find careless mistakes), and the children’s third
goal was entirely self-determined. Third, involving parents might introduce heterogeneous treatment
effects that depend on parents’ socio-economic characteristics—a possibility that we wanted to
avoid.
B. Measuring the effects of self-regulation teaching
To evaluate the effects of self-regulation teaching, we measured four types of outcomes. First, we are
interested in outcomes related to the first two goals the MCII strategy was applied to—the reading
goal and the goal of monitoring and correcting one’s own mistakes. We measured reading
comprehension skills with an objective computer-based reading test (Supplementary Information,
Section 1.4) and, in addition, teachers assessed the children’s overall reading abilities. The teachers
also assessed the extent to which the children committed careless mistakes during their usual
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classroom sessions. These measures allow us to answer the question whether MCII is more effective
than usual classroom teaching in fostering children’s abilities in domains to which MCII has been
directly applied. If this was the case, MCII would be directly useful in achieving the goals of the
standard curriculum.
Second, we are interested in outcomes that measure more general self-regulation skills that are
not explicitly taught in the MCII teaching lessons. These are skills such as the ability to inhibit prepotent impulses and to pay attention—measured by an objective computer-based go/no-go task
(Supplementary Information, Section 1.4)—as well as an overall teacher assessment of children’s
self-regulation and discipline in the classroom. In the go/no-go task, the children need to attend to
rapidly emerging and vanishing pictures of different animals; they have to click a button for all
animals (the “go animals”) except for one (the “no-go animal”) within the short time period during
which the animal is on the screen. Because most of the time “go animals” appear on the screen, the
children are tempted to constantly push the button. However, a “no-go animal” appeared
occasionally on the screen, and then they had to refrain from pushing the button. Pushing the button
for “no-go animals” indicates thus a failure to inhibit a prepotent response (commission error), while
not pushing the button for a “go animal” can be interpreted as an attentional failure (omission error).
Overall self-regulation in the classroom was measured with items such as “The child often
disturbs class instruction” or “The child has trouble waiting until it is his/her turn” or “The child has
a lot of self-discipline”. The answers to these items are aggregated into an overall self-regulation
index (Supplementary Information, Section 1.4). Notice that we do not train general inhibitory or
attentional abilities like those required in the go/no-go task during the application of MCII to reading
and careless mistakes. Likewise, the teaching lessons do not directly prevent children from
disturbing class instruction or inducing them to be more patient until “it is his/her turn”. A treatmentinduced improvement in these outcomes therefore indicates far transfer effects.
Third, we want to examine whether the taught MCII strategy automatically spills over to other
academic domains that self-regulation teaching did not target. This helps answer the question
whether first graders automatically apply the strategy to novel academic domains. In this context, we
measure whether MCII teaching improved children’s math skills. In addition, we measure their
stamina in a tedious and frustration-inducing letter discrimination task. In this task, the children saw
a long string of different letters on the screen and they had to indicate only the letter b and p but not
the others. The string of letters is typically so long that children cannot finish a given letter sequence
before the next one appears on a new screen. The task therefore induced an element of frustration
that children need to overcome. Both, the math and the stamina measures are based on an objective
computer-based test (Supplementary Information, Section 1.4).
Finally, and perhaps most importantly from a policy viewpoint, we are interested in how MCII
teaching affects the children’s long-run school career path. For this purpose, we administered a short
survey to parents in which we asked them about their child’s school track in secondary school—a
decision that parents must take roughly half a year before the end of primary school (grade 4).
Therefore, this survey took place during the final months of primary school, i.e., about three years
after the self-regulation teaching unit.
There are essentially three different secondary school tracks available in Rhineland-Palatinate,
the federal state in Germany where we conducted our study: (i) an advanced track (Gymnasium), (ii)
a mixed track (Integrierte Gesamtschule), and (iii) a lower track (Realschule Plus). In RhinelandPalatinate, 86 percent of the children in the advanced track earn a degree that qualifies them for
general university enrollment (Abitur), whereas only 25% percent of children in the mixed track earn
this degree55. For children who enter the lower track in secondary school, the probability of
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switching track is very small (< 5% per year)56. Moreover, by predetermining educational career
paths, early school track choice has substantial influence on later wages57. Thus, the choice of the
secondary school track constitutes a major educational decision that strongly affects a child’s future
outcomes and lifetime earnings.

Supplementary Information (SI) is provided in an online appendix that contains detailed
information on participants, treatment, data collection, outcome measures, the statistical methods, the
data analysis, as well as Supplementary Figures S1–S15 and Supplementary Tables S1–S15.
Data Availability Statement is provided in the Supplementary Information, Section 1.6.
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Supplementary Methods

The study was conducted in primary schools in Mainz, Germany in 2013/2014. It consisted of
a five-week intervention, four data collection waves, and a long-term follow-up survey three
years after the intervention. Our study received ethical approval from the Human Subjects
Committee of the Faculty of Economics, Business Administration and Information Technology
at the University of Zurich in September 2012. We confirm that we have complied with all
relevant ethical regulations.
The study consisted of a pre-intervention data collection wave (t0 ), the five-week intervention period, a data collection wave shortly (4–5 weeks) after the intervention (t1 ), and two
follow-up data collection waves 6 and 12–13 months after the intervention (t2 and t3 ).
We provide details on participants (Section 1.1), the treatment condition (Section 1.2), the
data collection waves (Section 1.3), the outcome measures used (Section 1.4), the data analysis
(Section 1.5), and other details (Section 1.6) below. Supplementary figures are provided in
Section 2, and all supplementary tables in Section 3.

1.1

Supplementary Details on Participants

Sampling of Participants
In February 2012, we received the approval from the Federal Ministry for Education in Rhineland-Palatine to conduct the study with first graders in the city of Mainz. The authority
responsible for elementary schools in Mainz (ADD) contacted schools and provided us with a
list of elementary schools in May 2012. We selected 12 schools for participation in the study
based on two criteria: being located in the city of Mainz and the possibility of including at
least two school classes per school in the study. The participating schools agreed that (i) over a
period of five weeks regular schooling lessons would be replaced by a self-regulation teaching
unit and that (ii) the children would participate in all four planned data collection waves.
Final Sample and Attrition
We recruited 12 schools with 31 classes for the study. The sample consisted of three schools
with four classes, one school with three classes, and eight schools with two classes. There
were 599 children in these classes in November 2012. We received 580 parental consent forms
that allowed us to collect data in evaluation waves t0 –t3 , resulting in a consent rate of 96.8%.
We were able to evaluate 572 children of the 580 for whom we received parental consent to
collect data for our final data set. The children we could not evaluate either switched to nonparticipating classes or schools, moved away, or were ill for a longer period of time during data
collection; we did not exclude any available data. Among the sample of 572 children, 292 were
girls (51%) and 280 were boys (49%). Mean age prior to the intervention (Jan 2013) was 6.84
years (SD = 0.36 years).
Our sample decreased from 572 children in t0 (at baseline) to 531 children in t3 (12–13
months after treatment) due to attrition (see Figure S1). This corresponds to an attrition
rate of 7.2%. This attrition was due to children who switched to non-participating classes
or schools, moved away, or were ill for a longer period of time during data collection; we did
not exclude any available data. Attrition appears non-selective, as we find that the estimated
treatment effects remain stable when we restrict the sample to only those children who remain
in the sample throughout all waves. Results for these estimations can be found in Tables S12–
S14.
We also tried to conduct another randomized field study in Switzerland but failed to do so
because the relevant school authorities were not able to ensure randomization of school classes
into treatment and control classes: several schools/classes were only willing to participate
under the condition of being assigned to the control group.

1

Figure S1: Flow of Participants through the Study (T: Treatment, C: Control)

2

Figure S2: Example of a Workbook Page to be Filled Out By a Child During the Teaching Unit

1.2

Supplementary Details on the Self-regulation Teaching Unit

Background of Self-regulation Strategy and Implementation for First Graders
We developed a teaching unit for the treatment condition that was based on a metacognitive
self-regulation strategy called “Mental Contrasting with Implementation Intentions” (MCII).
MCII consists of two separable concepts from motivational psychology, namely “mental contrasting” and “implementation intentions”. The first process, i.e., mentally contrasting a positive future with the negative present reality, aims at producing goal commitment (depending
on levels of expectations about success) and supporting goal striving [1]. The second process,
implementation intentions, addresses the challenge of overcoming the major barriers to goal
attainment, e.g., getting started, not getting distracted, doing goal-directed activities first,
overcoming barriers, etc. [2]. Implementation intentions usually take the form of a “whenthen-plan”, e.g., “When situation Y occurs, then I will respond with (goal-directed) action
Z!” and have been shown to improve the attainment of a wide range of goals [3]. Empirical
evidence suggests that combining the two concepts and teaching people to apply this MCII
strategy is effective in improving outcomes across a range of domains such as health and nutrition behaviors [4].
However, as pointed out in the main text, no study has so far integrated MCII-based teaching lessons into normal school teaching. Two previous studies recruited sixth- and seventh
graders and fifth-graders, but MCII was provided by trained experts outside of regular classroom teaching in both studies [5, 6]. Thus, the concept has not yet been adapted for first
graders with very limited reading and writing skills. In addition, children at that age are often characterized by limited goal setting skills, patience, attention span and inhibition skills,
as well as a lack of perseverance which may pose major challenges for integrating MCII-based
self-regulation into the normal school curriculum. In order to address these challenges, we
translated the strategy into several child-oriented and easy-to-recall steps. We made the steps
vivid and meaningful for the children by developing a role model (“Hurdy”) and a story that
served as a metaphor for the single steps of the strategy (See Figures 1 and 2 in the main
text).
We developed five teaching lessons on the basis of extensive and detailed instructional
material for the teachers and their students such that MCII-based self-regulation could be
taught in a similar, standardized way across classes and teachers. The material consisted of
a teacher’s manual, an illustrated storybook, a classroom poster, some flashcards, a stamp
and a workbook for the students. The material is based on a main character (named “Hurdy”,

3

Figure S3: MCII-strategy applied to the first goal in a boy’s workbook.
Notes: 1. The child imagines the future outcomes of becoming better in reading and draws books he wants to read
about the universe, rockets, volcanos, experiments and favorite stories. 2. The child contrasts the desired outcome
to his typical obstacle (e.g., the temptation of using his tablet). 3. The child develops a goal-oriented action to
overcome his obstacle. 4. The child forms an implementation intention (e.g., “When I see my tablet, then I first call
my Grandma to read aloud to her.”).

derived from “hurdle jumper”). As the students just began to learn reading and writing before
the intervention but had not yet learned all letters of the alphabet, one of the key challenges
was to teach the MCII strategy without requiring any writing or reading skills. Thus, we put
the main idea of the strategy into an illustrated storybook which the teacher read out for the
students step by step. In this story, each step of the abstract MCII strategy was translated
into a concrete activity of the energetic and emotionally appealing main character of the story
(see Fig. 1 in the main text). With this main character’s activity in mind, it was easy for
the first graders to identify with the main character’s wishes, his obstacles, and his whenthen-plans used to pursue his goals. Besides the illustrated storybook, the teachers received a
detailed manual to implement each lesson precisely according to the suggested timetable and
instructions for each lesson. The children used a prepared workbook to develop personalized
strategies (see Fig. S2 for an example page in students’ workbook) and a stamp was used
for giving individual feedback to achieved goals in the workbook. In addition, a large poster
similar to the workbook page in Fig. S2 (but without the children’s added drawings) was on
the wall in each classroom and related flash cards attached to the poster (see Fig. S4) were
used for demonstrations.
The self-regulation teaching unit consisted of five focused teaching lessons of 50 min each
that were evenly spread over the course of five weeks. Teaching lessons were conducted by the
regular classroom teacher. Prior to the intervention, these teachers participated in a threehour training workshop, during which we taught them (i) the theoretical idea of the MCII
strategy, (ii) the concept for the practical implementation, and provided them with (iii) detailed
instructions for the teaching material, which we developed and designed for the study (see
above). In each teaching lesson a trained research assistant observed the lessons and recorded
a comprehensive documentation of the training as well as compliance to the teaching protocol
in an unobtrusive way; in all classes, compliance was very high. During the course of the selfregulation teaching unit, children pursued three different goals: First, get better in reading;
second, detect own mistakes by using a monitoring strategy (see Fig. S5); third, individual
goals of personal importance.
4

Figure S4: Example for Two Flashcards Used to Develop When-then-Plans (here: translated from
German)

Figure S5: Example for Introducing the Second Goal (Careless Mistakes) in the Storybook

1.3

Supplementary Details on the Data Collection

The main data was collected at four points in time: the first wave took place immediately before the intervention (t0 ), the second wave took place 4–5 weeks after the intervention (t1 ), the
third wave took place six months after the intervention (t2 ), and the fourth wave took place
12–13 months after the intervention (t3 ). In each wave, we collected computer-based outcomes
that measured self-regulation abilities and academic achievement. We describe these outcome measures in detail below. In addition, we administered questionnaires to teachers and
parents. In t3 , we also asked the children a few questions after the computer-based tests.
The data collection was run by a professional data collection service provider experienced
with conducting research projects in these settings. The tests were conducted outside the
classroom; both the children from the control and from the treatment groups participated in
the tests. The data collection was conducted by interviewers experienced in standardized testing procedures and in working with children of that age. They were trained in an eight-hour
training session run by the data collection service provider together with the authors of this
study. Importantly, the interviewers involved in administering the tests to the children (i.e.,
the employees of the data collection service provider) were blind to the children’s assignment
to the treatment conditions. The teachers were not involved in the design and the conduct of
the tests, and they did not even know the content of the tests, i.e., it was impossible for the
teachers to prepare the children for the tests. Finally, three years after the treatment, we also
conducted a survey on school track choice, details see below. This study reports all measures
in this project up to and including the survey on school track choice.
5

Testing Procedures
The tests were administered using computers with 22" touchscreens and headphones. The
instructions were auditive via headphones and supported by visual demonstrations shown on
the screens. The children entered their responses using touchscreens that were easy to handle.
The tests were run in two blocks of about 30 minutes, scheduled on two consecutive days,
primarily during the first or second lesson of the school day. Tests were done in groups of five
children supervised by one “interviewer”. Each child sat in front of a touchscreen positioned
in a standardized way on the desk and had headphones to listen to the instructions. All
children started at the same time, but could complete the test at their own pace. The whole
testing procedure for a class lasted for about three to four school days. Due to these testing
procedures we achieved an exceptionally high degree of standardization, especially through
the instructions via headphones.
All tests were pretested in another primary school that did not participate in the study.
All children received a small toy for participating in the evaluation wave. Over the four data
collection waves, the tasks became generally more difficult to account for the increase in children’s abilities over time.
Parent Questionnaires
Parent questionnaires were only distributed in the data collection waves t0 and t2 , i.e., before
the intervention and 6 months after the intervention. Parent questionnaires included questions on socio-demographic characteristics of the family, parental behavior (also towards the
child as well as educational goals) and parental characteristics as well as the child’s personality, attitude towards school, general health, and everyday behavior (including SDQ). Parents
filled out 467 out of 572 parental questionnaires in t0 (82%) and 419 out of 544 in t2 (77%).
Teacher Questionnaires
In each data collection wave, teachers filled out a questionnaire. These questionnaires contained questions on children’s characteristics and behaviors, and teacher characteristics and
behaviors, as well as experience with and expectations about the intervention (if they were
in the treatment group). In particular, we asked the teachers in every data collection wave
to assess each child’s self-regulation abilities using several questions (see Section 1.4). We
achieved a 100% return rate for the teacher questionnaire in all four evaluation waves.
Survey on Secondary School Track Choice
In addition to the main data collection, we administered a short survey to parents and teachers
when children were in the final grade of primary school (grade 4). This survey was conducted
in April 2016, i.e., three years after the treatment, and asked parents about the secondary
school track the child was enrolled for grade 5. The questionnaire was sent to participating
schools and teachers distributed and collected questionnaires. Parents submitted their answers in a sealed envelope, so that the teacher could not see their response. Teachers also
provided a recommendation which school track the child should attend. However, in our study
context the school track decision is taken by the parents, and teachers’ recommendation is not
binding for the children.
We received a total of 393 questionnaires (74% of the sample in t3 ). This attrition was due
to reasons such as children moving away from the city of our study or parents not answering
our follow-up questionnaire. Importantly, attrition is not systematic: If we regress participation in the survey on secondary school track choice on the treatment condition, gender of the
child, age of the child, and school fixed effects we do not find any significant treatment effect
regardless of whether we use a linear probability regression or a probit regression. Thus, we
conclude that there was no significant difference in attrition between treatment and control
6

group. However, to be on the safe side, we nevertheless control for any residual nonsignificant
differences in attrition by applying inverse probability weighing when we analyze the impact
of self-regulation teaching on secondary school track choice.

1.4

Supplementary Details on Outcome Measures

This section describes the tests that we used to measure the effects of the self-regulation
teaching unit. For the assessment of treatment-related outcomes, we use a computer-based
reading test and teacher-ratings of overall reading ability as well as whether children commit
many careless mistakes. For evaluating improvements on self-regulation abilities in a broader
range, we use computer-based tests of inhibition and attention as well as teacher-ratings on
six items related to self-regulatory behavior (similar to “behavioral grades”). Finally, we report
results on untrained skills, namely math abilities and a letter discrimination task (“bp task”).
We also measured children’s working memory capacity, fluid IQ, children’s reading habits,
and time and risk preferences using computer-based and non-computer-based tasks, but these
measures are not part of the present study. For the ease of interpretation and comparison, we
standardize all test scores to mean = 0 and SD = 1, separately by test and wave. Histograms
of the distribution of all raw test scores (i.e., before standardization) for t0 and t3 are displayed
in Fig. S14.
Self-regulation Teaching Outcomes
Reading Comprehension Skills: Reading comprehension was assessed by a sentence comprehension test in single choice format. On the screen (see Fig. S6), a sentence with one gap
was presented in a line. To fill the gap, the children had to choose from a list of four alternatives presented below the gap. Tapping on one of the words in the list made it appear in the
gap. Children could correct their choice by using the red X button below the list. Children had
to confirm their choice by pushing the green enter-button right beside the sentence.
Generally, there was only one word missing in the sentence. In t2 and t3 there were also
a few gaps to be filled with a combination of two short words. The difficulty of the items was
multidimensional. It varied within a test, and in particular between the evaluation waves,
where it was adjusted to the curriculum. In t0 and t1 , the test contained 10 sentences consisting of 3 to 9 words per sentence. The words only contained those letters that had already been
introduced to the children in earlier lessons during the school year. As most children become
much faster in reading before t2 , the reading comprehension task contained 16 sentences with
4 to 15 words per sentence in t2 , and 16 sentences with 4 to 16 words per sentence in t3 .
Overall Reading Ability: The above-presented measure for reading abilities stems from
an objective, computer-based test and not on subjective assessments. However, these types of
test can, at the same time, only capture specific aspects of overall reading ability. To get a
broader picture of children’s ability in the area of reading, we additionally asked teachers in
the teacher questionnaire (see Section 1.3) for their assessment of children’s overall reading
ability. In each wave, teachers evaluated each child’s overall reading ability using the following
statement: “Overall, the child shows good reading achievements.” Teachers answered on a 7point Likert-type scale with 1 = “does not apply at all” and 7 = “fully applies”. We standardize
the score to mean = 0 and SD = 1 within each wave.
We are aware of the fact that the teachers’ subjective assessments may be a less reliable
measure than objective tests. However, if the treatment affects the objective test measure and
the subjective measure in similar ways, our confidence in the reliability of the treatment effect
is strengthened.
Careless Mistakes: In order to measure whether the self-regulation teaching module on
committing less careless mistakes was successful, we also use information from the teacher
7

Figure S6: Reading Comprehension Task, Screenshot Plus Two Further Examples

questionnaires (see Section 1.3). In each wave, teachers rated each child on the statement
“The child makes a large number of careless mistakes.”, using a 7-point Likert-type scale with
1 = “does not apply at all” and 7 = “fully applies”. We reverse-code the scale (such that higher
values refer to better outcomes) and standardize the score to mean = 0 and SD = 1 within each
wave.
Self-regulation Abilities
Go/No-Go Task: To measure inhibitory abilities, we employed a go/no-go task that was
adapted from Gawrilow & Gollwitzer [7]. In this task, the child had to push a red button
on the touchscreen every time one of four different animals appeared on the screen (rooster,
mouse, cat, pig—see Fig. S7 below). However, the children were told not to push the red button
for one other animal (cow). The procedure of the task is as follows: The red button is displayed
on the touch screen throughout the task. In addition, the children first see an X in the middle
of the screen for 0.6–1.2 seconds (these times randomly vary across items but are equal across
waves). Then the picture of an animal appears with a display time of 1.55 seconds and a time
slot for reaction of 1.55 seconds (the display time for the animal was reduced to 0.65 seconds
in t1 , t2 , and t3 .) In this time window, the children must decide whether to push the button and
to implement the button press. Subsequently, the children again see the X, then the picture,
and so on. In total, 50, 60, 70, and 80 items were presented in t0 , t1 , t2 , and t3 , respectively. In
t0 and t2 , the pictures were animals as described above. The pictures were vehicles in t1 and
t3 (go = car, train, ship, airplane; no-go = truck).
We measure performance in this task in two ways. First, we compute the commission
errors (i.e., the number of times a child fails to inhibit the “go-response” when a no-go item
is displayed), multiply by -1, and standardize the score to mean = 0 and SD = 1 within each
8

Figure S7: The Animals and the “Go-Button” in the Go/No-Go Task

wave. Thus, a higher score indicates better performance in the task (i.e., fewer mistakes). This
outcome is used to assess inhibition control, i.e., the ability to inhibit unwanted, automatic
responses and impulsive actions.
Second, we analyze the omission errors (i.e., the number of times a child fails to push the
red button when a go item is displayed), multiply by -1, and standardize the score to mean = 0
and SD = 1 within each wave. Hence, a higher score indicates better performance in the task
(i.e., fewer mistakes). We use this outcome to measure attention, i.e., the ability to focus on a
given task and not to be distracted.
Overall Self-regulation: Similar to how we measure reading abilities, we wanted to complement the objective, computer-based go/no-go task with a broader assessment of self-regulation
abilities in everyday classroom behavior, using the teacher questionnaire. As mentioned above,
we are aware of the fact that the teachers’ subjective assessments may be a less reliable measure than objective tests. However, if the self-regulation teaching affects the objective test
measure and the subjective measure in similar ways, our confidence in the reliability of the
treatment effect is strengthened.
In each wave, teachers assessed the self-regulation abilities of each child in their class
by answering the questions listed below in each data collection wave. Questions 1–4 were
answered by means of a 7-point Likert-type scale with 1 = “does not apply at all” and 7 = “fully
applies”. The answer options for the questions 5 and 6 are indicated below.
1. The child works in a concentrated and enduring manner.
2. The child makes a large number of mistakes due to inattention (reverse coded).
3. The child has a lot of self-discipline.
4. The child has trouble waiting for his/her turn (reverse coded).
5. The child disturbs class instruction often (reverse coded).
6. Please indicate for each child how often he/she forgot his/her homework or did not do
his/her homework despite having an assignment in the last six months? (1 = never forgot
homework up to 7 = forgot homework often) (reverse coded)
7. How do you rate the child with respect to patience? (1 = very impatient, 7 = very patient)
9

In this study, we analyze item number 2 (“The child makes a large number of mistakes
due to inattention”, reverse coded) separately because this skill was the second goal of our
intervention (see Section “Addressing the challenges of teaching MCII to first graders” in the
main paper). The remaining six items above are analyzed as overall self-regulation. Note that
if we combine item number 2 with the remaining six items to obtain an alternative construct
for overall self-regulation, then our treatment effects in t1 , t2 , and t3 correspond to 0.24 (p =
0.002), 0.35 (p = 0.005), and 0.619 (p < 0.001), i.e., the conclusions from the paper do not change.
Importantly, the teachers had to answer these questions subsequently for each child in
their classroom, i.e., they first rated all children in their class on item 1, then all children
in their class on item 2, etc. This makes it very unlikely that item correlations within child
(or improvements on several dimensions for a child) were driven by teachers just using the
same point on the scale for all items for a single child (e.g., by seeing child A’s name and then
clicking on a “6” for each item for this child—this was not possible in our survey design).
The items above were developed with the purpose of assessing young children’s self-regulation
skills in a classroom context. Also, as many other studies look at effects of self-regulation interventions on “behavioral grades” or “behavioral conduct”, we wanted to have information on
these dimensions for children in our sample; however, at this age there are no such “grades” or
remarks on bad conduct available from the teachers or schools. With this in mind, we designed
the questionnaire, using (and adapting) items from the Strengths and Difficulties Questionnaire (SDQ) proposed by Goodman [8], and on the Self-Control Scale developed by Tangney
et al. [9], which was translated into German and validated by Bertrams & Dickhäuser [10].
The go/no-go task measures children’s ability in inhibitory control and attention using an
objective performance measure that does not depend on an evaluator’s subjective impressions.
In contrast, teachers’ assessments of children’s self-regulation abilities rely on both teachers’
actual experiences with the children and their subjective interpretation of these experiences.
Thus, a sceptic might put less weight on the overall self-regulation score, but, in principle,
one can lend support to the subjective measure by examining whether it correlates with the
objective performance measure. This is based on the idea that if teachers’ assessments contain
an objective rationale, i.e., that their assessments have a meaningful objective basis and are
not purely subjective impressions, then we should observe a positive correlation.
We therefore computed the correlation between the objectively measured performance in
the go/no-go task (averaged for each child over t0 –t3 ) and the teacher-rated assessment of
children’s self-regulation scores (again averaged over t0 –t3 ) to assess the credibility of teachers’
ratings. We find highly significant correlations of ﬂ = 0.36 (p < 0.001) for inhibition, and
ﬂ = 0.32 (p < 0.001) for attention. These correlations are at least in line or even larger in
size than what has been found in other studies [11, 12]. Thus, it appears that overall selfregulation does indeed contain useful information about children’s self-regulation abilities.
Parental Ratings of Self-regulation: To further examine the impact of the self-regulation
teaching unit on “overall self-regulation”, we also analyze parental ratings of items which are
related to self-regulatory skills. However, the parental data pose several challenges that make
it more difficult to analyze and interpret this data: (i) parental ratings are only available at
baseline (t0 ) and for the 6-months follow-up (t2 ), (ii) the sample size is substantially smaller
(for details, see below), and (iii) parental ratings suffer from several problems adding noise to
the measurement (e.g., parents experience children in a different context (home vs. school),
they usually do not have the possibilities to compare their child with many other children (like
teachers do), and children might behave very differently in the school context compared to the
home context).
As noted in Section 1.3, we received n = 467 parental questionnaires in t0 and n = 419
questionnaires in t2 . Since we control for the baseline values of our outcomes in the analysis,
the effective sample is reduced to n = 386 parents responding in t0 and t2 . Because parental
questionnaires were administered in paper-pencil format, we also observe some item nonresponse. Therefore, our final sample size for this analysis is n = 363 (which corresponds to
10

Figure S8: The Input Device for the Arithmetic and Geometry Tasks

63% of our sample at baseline).
In the parental questionnaire, there are five items that enable us to construct a measure
for parent-rated overall self-regulation:
1. My child completes tasks, can concentrate for long periods of time.
2. My child has a lot of self-discipline.
3. My child has trouble waiting for his/her turn (reverse coded).
4. My child frequently interrupts me or other adults during conversations (reverse coded).
5. How do you rate your child with respect to patience? (1 = very impatient, 7 = very
patient)
The parent-rated index of overall self-regulation is computed using the exact same procedure as for the teacher-rated items, i.e., by adding up the standardized scores of all five items
and then standardizing the sum again to mean = 0 and SD = 1. We then use our standard
OLS model and regress the level of parent-rated overall self-regulation in t2 on the treatment
dummy, parent-rated overall self-regulation in t0 , and our standard set of controls (including
school-fixed effects, gender and age). Results are reported in Table S15.
Transfer Outcomes
Math Abilities:
Arithmetic skills were assessed using three different subtasks: a number sense task, an
auditory arithmetic task, and a written arithmetic task. The children had to infer/compute a
correct number from the presented stimuli in all three arithmetic tasks. Children had to enter
the number in an input device on the computer screen that looked like a pocket calculator (see
Fig. S8 below). For example, if the child thought that the correct number is ‘23’ she had to tap
first a ‘2’ so that this number appeared in the empty top left rectangle of the device; then she
had to tap on the number ‘3’ on the input device so that the number 23 appeared in the top
left rectangle of the device. If the child was satisfied with her answer, she had to confirm by
tapping on the green arrow on the top right corner. If the child wanted to correct her answer,
she could do so by tapping on the red “X” on the bottom left corner of the input device.
Note that the children also had to identify a correct number in the geometry task described
below, again using the same input screen in that task.
Number sense task. In this subtask, the children were presented a number of balls on a two
by ten grid that was only shown for 1.7 seconds (see Fig. S9 below showing several different
examples with various levels of difficulty). In general, the display time was too short to count
11

Figure S9: Number Sense Task, Screenshot Plus Two Further Examples

all balls before they disappeared. After the grid had disappeared, the children had to type the
correct number of balls in the grid.
A two by ten grid with the subdivision at 5 is used in the first grade in the participating
primary schools to teach numbers and calculations. To solve the number sense task, children
need to be familiar with the number range up to 20, and a good understanding of the logic of
the grid is useful. Because the children could not count the balls due to the short display time,
they had to capture the pattern of the balls. This involves the assessment of structures as well
as the detection of possible subgroups and the number of balls per subgroup. Children had to
sum up the number of balls from different subgroups or use subtraction in cases where only a
few balls were missing in the grid. For example, consider the first grid below (see Fig. S9) with
18 balls: Depending on the child’s mathematical experience, different strategies are possible
in this grid. A child knowing that 20 balls would fit in the grid and noticing that 2 balls are
missing at the right end of the grid could compute 20-2=18 to arrive at the correct solution.
Another child might recognize 10 balls (2 rows with 5 balls each) in the left half and 8 balls (2
rows with 4 balls each) in the right half of the grid. This child will reach the correct solution by
mentally computing 10+8 after the balls have disappeared. The third grid below (see Fig. S9)
gives an example of a rather difficult item. Children had to quickly recognize and structure
four groups of balls containing different numbers of balls each. The children had to capture
the number of balls in each subgroup simultaneously and to correctly sum up 3+3+1+4. As
one of the fundamental steps in mathematical development at this age is to replace counting
strategies by computing strategies, it is important that the display time was too short to be
able to count the balls.
The number of balls and their distribution within the grid varied across the items and
evaluation waves and was adjusted to the development of children’s mathematical skills. The
size of the grid, however, remained constant over time.
Auditory arithmetic task. This subtask measures arithmetic skills for addition and subtraction of two numbers (see Fig. S10). Computational tasks were presented over the headphone
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Figure S10: Auditory Arithmetic Task, Screenshot Plus Two Further Examples

(e.g. “How much is 9 plus 6?”). Children had to enter their answer into the input matrix. Each
item in this task contained two numbers to be added or subtracted. Each evaluation wave
contained 10 of these auditory arithmetic items.
The difficulty level was adapted to the school curriculum, e.g., with regard to the number
range: In t0 and t1 the number range was up to 20, while in t2 and t3 it expanded to 100. Other
major changes across waves are the increase in complexity of the mental operations and the
need for numerical comprehension. Moreover, for the more difficult items, such as “92 minus
17”, children needed to compute intermediate steps: First, many children would compute 92
minus 10 and keep the intermediate result 82 in mind. Then, they would subtract the remaining 7 from 82, leading to the final result.

Written arithmetic task. In contrast to the auditory task, the arithmetic problems in this
subtask were not presented over the headphones but displayed on the screen. Most problems
contained more than two numbers that needed to be added or subtracted; the reason for this
is that we tried to avoid having children draw a result from their longer-term memory without computing. Each arithmetic problem was visible on the screen during the whole trial (see
Fig. S11). Because of this (i.e., because the subjects did not need to recall the numbers from
memory), the difficulty level of the required mathematical operations was generally set to be
higher than in the auditory task. Children were, for example, required to add and/or subtract
three or four numbers. The difficulty level was also adapted to the curriculum, analogously to
the way it was done in the auditory arithmetic task.
Geometry skills. Geometry skills were assessed by a test that required the children to
assess how many simple-shaped objects—such as triangles, squares, or rectangles—fit into a
larger geometric object (see Fig. S12 below). Depending on the size and the shape of the larger
geometric object, this task can be made harder or easier.
The task contained 10 items in each evaluation wave. The difficulty level varied across
items and evaluation waves. Difficulty varied along various dimensions. Consider the easy
item shown in Fig. S12 (the red square): children could solve the problem without any mental
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Figure S11: Written Arithmetic Task, Screenshot Plus Two Further Examples

rotation of the small square. Furthermore, the larger object is subdivided into two components, making the task even easier. In contrast, for the first item shown in Fig. S12 (the pink
rectangle), children had to mentally rotate the small object to solve the question. For the difficult item in Fig. S12 (the green triangle), children hat to mentally rotate the triangle, store
the number for subparts and keep track of which parts were already counted when filling the
larger geometric object.
Computation of final math test score. For each of the four subtasks (number sense, auditory
and written arithmetic tasks, and geometry), we added up the number of correctly solved items
and standardized each subtask score to mean = 0 and SD = 1 within each wave. We then added
up the four standardized subscores and standardized this composite score to mean = 0 and SD
= 1 to achieve comparability to the other test scores used in our analysis. We increased the
difficulty of these tasks across the four evaluation waves t0 –t3 to avoid ceiling effects due to
children’s development in academic skills with age.
Letter Discrimination Task: Our letter discrimination task (“bp task”) measures attentional stamina and is taken from Esser et al. [13]. In this task, the child saw three lines
filled with the letters “b”, “d”, “g”, “q”, “h”, and “p”, in total 45 letters on the touchscreen (see
Fig. S13 for an example of such a screen). The child had to go through the letters from left to
right, row by row, and tap on all “b”s and “p”s without accidentally marking any other letter.
The two target letters “b” and “p” were displayed at the top of the screen in a salient form so
that the child was always reminded of the goal in this task in every single trial. The screen
emptied after 30 seconds, and a new screen appeared. This was repeated for 18 times (only 12
times in t0 ). To construct the outcome score we add up standardized scores for both types of
errors (i.e., marking a wrong letter and failure to mark a “b” or a “p”). This score is then again
standardized to mean = 0 and SD = 1 within each wave and multiplied by -1. Thus, a higher
score indicates better performance in the task (i.e., fewer mistakes).
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Figure S12: Geometry Task, Screenshot Plus Two Further Examples

1.5

Supplementary Details on the Data Analysis

Details on Descriptive Statistics
Table S1 presents descriptive statistics for the whole sample. Overall, 17 classes (315 children, i.e., 55%) were assigned to the treatment group and 14 classes (257 children) to the
control group. About 49% of the children were male, mean age at the beginning of the year
(i.e., on January 1, 2013) was 82 months (6.84 years, SD = 0.36 years). Gender and age variables are taken from parental consent forms and are therefore available for all children. The
variables migration background and language problems stem from the teacher questionnaire
administered in t0 , the variables household income and mothers’ university degree stem from
the parental questionnaire in t0 . The information about secondary school track choice is taken
from a separate parental survey administered three years after the intervention (see Section
1.3).
Estimating the Treatment Effect
To estimate the treatment effect of the self-regulation teaching, we regress outcome scores
measured after the treatment on a dummy variable that takes on the value 1 for observations
from the treatment group and zero for observations from the control group. To test for treatment effects, we always use two-sided t-tests against the null hypothesis that the coefficient
for the treatment dummy is equal to zero. We also control for other important variables in
these regressions. The reason for this is as follows.
In the next subsection on “Sample Balance”, we will show that there is no evidence for significant imbalances between treatment and control group. However, the absence of evidence
for significant imbalances does not mean that control and treatment are perfectly balanced.
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Figure S13: Example of a Screen in the Letter Discrimination Task

With finite samples, there is always the possibility of some imbalance between treatment and
the control group in one or another characteristic. It therefore makes sense to control for
key demographic characteristics (gender, age, and age at test days) as well as school fixed
effects (because randomization was conducted within schools). These controls remove the impact of possible imbalances in these variables and increase the precision of our estimates for
the treatment effect. Furthermore, we conducted other treatments (unrelated to the selfregulation teaching) in the same sample, with a randomly chosen part of the self-regulation
treatment group and a randomly chosen part of the control group, a working memory training
and a learning software training [14]. Of the n = 315 children in the self-regulation treatment
group, n = 145 also received working memory training, n = 37 also received learning software
training, and n = 133 received only self-regulation training. Of the n = 257 children in the
control group, n = 134 received working memory training, n = 22 received learning software
training, and n = 101 received only regular classroom teaching. The other treatments are unrelated to the self-regulation teaching. We control for the other treatments as well as for the
interaction effects between the self-regulation treatment and the other treatments in all our
estimates of the treatment effect. Finally, we also control for the pre-treatment baseline level
of X to estimate the treatment effect of the self-regulation teaching unit on outcomes. Thus,
instead of the “difference-in-difference estimator”—which estimates the treatment effect by
computing the difference between post-treatment outcome and baseline and then comparing
the differences for the control and the treatment group—we control for the baseline level of the
respective outcome X. Our treatment estimate thus informs us about how the self-regulation
teaching affects outcome X for individuals that have the same given baseline level of X.
The justification for this follows from the fact that “our” estimate of the treatment effect
(by controlling for baseline scores) has approximately a variance of
2‡ 2 (1 ≠ ﬂ2 )
n
while the difference-in-differences estimator has a variance of

(1)

4‡ 2 (1 ≠ ﬂ)
(2)
n
where ﬂ is the autocorrelation of the outcome measures and n the number of observations.
The advantage of this method is that the variance of the estimated effect is smaller, i.e., the
treatment effect is measured with more precision if ﬂ < 1 [15, 16].
Details on Sample Balance
We provide results on sample imbalance checks in Tables S2 and S3. In our first check (see
Table S2), we regress various socio-demographic characteristics such as gender, age, migration
16

background, etc. on a dummy variable indicating the self-regulation treatment. The table
shows that the treatment coefficient in all regressions is close to zero and insignificant, except
for one case (language problems rated by the teacher, -0.15 SD, p = .089). Given that we test for
eight different socio-demographic variables, it is not surprising that we find a variable with a
difference on a 10%-level. Otherwise, there were no significant imbalances between treatment
and control group with respect to socio-demographic variables.
As a second sample balance check (see Table S3), we regress standardized baseline test
scores (i.e., test scores measured prior to the treatment in t0 ) on the treatment indicator, school
fixed effects, and the same control variables that are included in the main estimations of the
treatment effect (see previous subsection). Again, all coefficients for computer-based test outcomes are insignificant, indicating that there is no evidence for imbalances between treatment
and control group. For overall self-regulation abilities, we report a significant difference between treatment and control group. Yet, we still argue that this does not significantly threaten
our sample balance, because if we take into account the multiple tests we conduct to ensure
that randomization was successful (in total, 14 imbalance test regressions), and correct for
this in order to control the family-wise error rate, the effect turns insignificant (p = .162).
Also, note that we control for the pre-treatment (i.e., baseline) score of overall self-regulation
when we estimate the treatment effect of the self-regulation teaching on overall self-regulation
(see Table S5).
Adjusting p-Values for Multiple Testing and More Conservative Clustering
We estimate the treatment effect on several outcome variables at several points in time, i.e., we
have a relatively large number of hypotheses. This boosts the probability of wrongly rejecting
null hypotheses. If we keep the significance level at 5% for each null hypothesis we test,
this implies that the probability of wrongly rejecting each null hypothesis (i.e., detecting a
“significant” effect even if there is none) is 5%. However, the probability of rejecting at least
one out of many null hypotheses is much larger than 5%. Thus, the probability of over-rejecting
(rejecting null hypotheses that should not be rejected, i.e., finding a significant effect when
there is none) increases with the number of hypotheses we test. This has to be corrected in
order not to arrive at wrong conclusions.
It is worth emphasizing, however, that the time patterns of our results do not suggest that
randomly significant findings play a role in our study. The pattern of our results is consistent
in the sense that we find an increasing impact of the self-regulation teaching over time on all
those variables for which we finally find a significant treatment effect; and furthermore, we
find a clear null result across all evaluation waves in those cases in which the treatment had
no impact (i.e., math abilities and the letter discrimination task). If the observed significant
effects were simply due to randomness and did not reflect true treatment effects, one would
expect a more irregular pattern. Nevertheless, it makes sense to check the robustness of our
findings with respect to multiple hypothesis testing.
We refrain from using correction methods like those of Bonferroni or Holm, as they do
not account for the dependence structure of the underlying data and, thus, lack power. In
contrast, we apply the Romano-Wolf stepdown procedure that accounts for the underlying
dependence structure to control the family-wise error rate (FWER, see Romano & Wolf [17]—
a technique which is increasingly used for large-scale intervention studies (see, for example,
[see, for example, 18–20]. Furthermore, we use a newly introduced efficient method to adjust
p-values according to this stepdown algorithm [21]. Finally, we also combine this method of
controlling the family-wise error rate (FWER) with the BRL (biased-reduced linearization)
correction method [22]. This method accounts for potential biases in estimation of standard
errors when the number of clusters is relatively small.
We generate families of outcome measures by bundling outcomes in a natural way for the
purpose of multiple hypothesis testing. Specifically, we apply the multiple testing correction
to control the FWER to all outcomes at all points in time measuring self-regulation teaching17

related outcomes (see Table S4), all outcomes at all points in time measuring broader selfregulation abilities (see Table S5), and outcomes at all points in time measuring non-trained
abilities (see Table S6).
We ran M = 5000 bootstrap repetitions (stratifying on class-level and correcting standard
errors using biased-reduced linearization). Subsequently, we apply the code to adjust p-values
according to the stepdown procedure of Romano & Wolf [17, 21]. The resulting p-values are
reported in Tables S4–S6 with the label “p-values MHT-BRL”. All our main results are robust
to using these correction methods.
Details on the Heterogeneity Analysis on Teacher Experience
More experienced teachers are on average better teachers [23]. Therefore, we examine whether
our treatment effects are influenced by teacher experience. We create a dummy variable ‘Below median Teacher Experience’ (used in Table S8) for below-median experienced teachers,
based on teachers’ years of experience working as a teacher (median teacher experience is 8
years). We interact this dummy with the treatment dummy and add both variables to our
main models.
Details on Robustness Checks
In addition to the more conservative estimation methods described above, we estimate tobit
models because some of our outcome variables are right-censored (see Fig. S14). We exactly
replicate our main models but use tobit instead of least square models. Results are provided
in Table S9–S10; all our findings are replicated.
Also, we further analyze the—in general very low—attrition over time in our sample. Attrition across treatment and control group is reported in Table S11. Generally, there are no
differences in the probability to drop-out between treatment and control group. A probit model
with a dummy for remaining in the sample until t3 reveals no significant relationship to the
treatment dummy (p = .408, controlling for school fixed effects and further controls, see Section 1.5). To further support that children that dropped out of the sample were not driving
our findings, we restrict the sample to children who appear in all three follow-up waves. Note
that this yields somewhat lower numbers of observation compared to the main results tables
because some children appear in t2 but not in t3 and vice versa. Results of these estimations
can be found in Tables S12–S14; all our findings are robust to this sample restriction.

1.6

Other Supplementary Details

Details on Benchmarking
Here we provide some background information for the benchmarks on treatment effect size
discussed in the paper. We evaluate improvements caused by the self-regulation teaching by
looking at the distribution of reading abilities in the control group. The raw treatment effect
(i.e., prior to standardization of outcomes to mean = 0, SD = 1) amounts to 1.13 raw points
in the reading comprehension task in t3 . Applying this improvement to the median child in
the control group (median = 13 points) shifts this child from the 50th to the 75th percentile
in the distribution.1 In a similar vein, for the careless mistakes outcome the treatment effect
amounts to 1.23 raw points. Adding this to the median score for control group children moves
the median control group child from the 50th to the 75th percentile. Taken together, these
improvement suggest that the treatment effect is substantial.
To benchmark the reported effect size on secondary school track choice, we compare the
13.3 percentage point increase in the likelihood of choosing an advanced track secondary
1
To check for robustness, we can also estimate the improvements for children in the 25th and the 75th percentile: a child in the 25th percentile would move up to the 38th percentile, a child in the 75th percentile would
move up to the 92nd percentile.
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school with the gap in enrollment based on socio-economic status (SES) while controlling for
the baseline IQ of the children. More specifically, children in our control group whose mother
has a university degree have a 21.4 percentage points higher probability of enrolling into
the advanced track compared to children with mothers without a university degree even if we
control for baseline IQ (measured in terms of children’s fluid IQ). In other words, equally intelligent children have a 21.4 percentage points lower likelihood of enrolling into the advanced
track if their mother lacks a university degree. Thus, the effect size of our self-regulation
teaching unit on children’s enrollment into an advanced track secondary school is equivalent
to roughly 62% of the gap that is associated with mothers’ university degree.
Details on the Cost-Benefit-Analysis
In order to obtain a (rough) estimate of the costs and benefits of the self-regulation teaching
unit, we compute the costs and benefits per child. The costs for the self- regulation teaching
unit are calculated by adding up
• Material costs of (a maximum of) C10 per child;
• Costs for the three-hour-training workshop for teachers to teach them the MCII selfregulation strategy and how they can implement it via five teaching lessons:
– We assume 10 teachers with an average class-size of 20 children per workshop, and
an hourly salary for teachers of approx. C26.2 Therefore, costs for teacher time is
roughly equal to C4 per child.
– In addition, we conservatively estimate fixed costs for a trainer of about C800 per
workshop and organizational fixed costs for room, catering, etc. of C400 per workshop. With 10 teachers or 200 children per workshop, there is an additional cost of
C6 per child.
• Costs for teachers preparing the teaching lessons because the self-regulation teaching
constitutes new material which they have not used before: If teachers prepare each
teaching lesson for one full hour (C26 per hour), the preparation cost for five lessons
are equal to C130 per class, i.e., about C7 per child.
• Fixed costs for adjusting existing schedules and interrupting regular teaching routines:
Every new module in school will come about with some planning and organizational cost.
Although this will likely occur at the school- rather than the class-level, we estimate 3
hours of adjustment or planning time per class, i.e., C78 per class or about C4 per child.
The total costs of the self-regulation teaching unit per child is thus given by C10 (material)
+ C10 (workshop) + C7 (preparation) + C4 (adjustment) = C31 per child (about US$37). We
deliberately do not add opportunity cost of time for the teaching lessons for children or teachers
because our experimental design tested these lessons against regular classroom teaching, i.e.,
children and teachers are in school for this period of time in any case.
The benefits of the self-regulation teaching are much harder to quantify. We use two different approaches, a short-term and a long-term perspective. Both approaches are very conservative in estimating the benefits because they are exclusively based on the improvements
in reading abilities caused by the self-regulation teaching and, thus, neglect all other improvements in abilities such as inhibition control, overall self-regulation, or the detection and
removal of mistakes. Of course, in addition to these benefits one may want to include other
non-monetary benefits of improved skills or education in general. The idea of this analysis is
2

Hourly costs for the teachers are estimated as follows. Depending on experience, teachers in primary school
in Germany earn an average monthly gross salary of about C4’500. With 40h/week of working time, teachers earn
approx. C26/h.
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to generate a lower bound of the value of benefits instead of yielding a precise estimate of the
full benefits of the self-regulation teaching unit.
In the first approach, we look at the benefits of the self-regulation teaching on reading
abilities and estimate the time (and cost) of schooling necessary to yield these improvements.
To gauge the magnitude of our effect size of 0.39 standard deviations after one year, we relate
our improvements in reading abilities to the regular development in school in this period of
time. The results from a standardized German reading comprehension test (Subtest “Satzverständnistest” from “ELFE II”) for our age group reveal the following learning curves for our
age group [24, p. 88ff.]: The published norm charts for this test for understanding sentences
suggest an effect size of 1.43 standard deviations per year for the time span between t1 and t3
(12 months) or about 0.64 SD from t2 to t3 (6 months). Hence, the treatment effect of 0.39 SD
in reading compares to 3.3 or 3.7 months of reading development (comparing to 12 or 6 months
development norm, respectively). German primary schools spend about C6000 per child per
year [25]. Of course, total spending is not equal to the investment into reading comprehension and our estimates of the reading improvements are noisy (i.e., have a standard error);
therefore, we try to estimate a lower bound by assuming (i) a reading improvement that is
equivalent to only one month of the development norm, and (ii) that only 10% of the spending
per child per year can be attributed to investments into reading comprehension (most certainly
an underestimation given the importance of reading in this age group). Thus, we estimate a
benefit of 6000/12 = C500 per month, multiplied by 0.1 = C50 (or about US$60) per child.
In the long run, however, improved reading abilities potentially have much larger (financial
and non-financial) returns than the above approach suggests. Therefore, our second approach
looks at the existing evidence in the literature how improvements in skills affect lifetime earnings. Hanushek et al. [26] use PIACC data and estimate how increases in skill levels affect
income. PIACC is the OECD’s comprehensive survey of adult literacy and numeracy skills
using representative samples in the age group of 16–65 years. They estimate that a one standard deviation increase in PIACC literacy skills is associated with a roughly 17% higher gross
hourly wage (pooled across all countries — for Germany, the effect is even larger with 23%,
see Hanushek et al. [26, Table A3]). Of course, literacy skills in PIAAC data comprise a larger
set of skills than our test on reading comprehension. Thus, we conservatively assume that
our 0.39 SD increase in reading abilities in our data is comparable to 0.039 SD increase in
literacy skills as measured in the PIAAC data. Building on Hampf et al. [27], Hanushek &
Woessmann [28] use these PIAAC results to estimate effects on lifetime income due to learning
losses during the pandemic. We follow their approach and, based on the effect of literacy skills
pooled across all countries in Hanushek et al. [26], estimate an increase in lifetime income of
0.67% caused by improvements in reading abilities from the self-regulation teaching. Using
a conservative estimate of lifetime income of C1’000’000 for Germany [cf. 29], this translates
into C6670 higher lifetime earnings over the lifecycle (about US$7950).
In order to calculate the cost-benefit-ratio based on the above discussed approaches, we
assume that the the costs (C31) occur at the beginning of the period and that returns arise at
the end of the period: for the benefit of C50 after one year; for the benefit of C6670 after 60
years (i.e., conservatively assuming that increased lifetime earnings occur only at the end of
the working period). Assuming a discount rate of 5%, we yield cost-to-benefit ratios of 1:1.5 for
the first approach and 1:11.5 for the second approach.
Data Availability Statement
The data for this publication have been collected in a project that has compiled a large set
(and combination) of children’s abilities, preferences, and family (socio-demographic) characteristics (see Sections 1.3 and 1.4), and thus represents highly sensitive data. This dataset
cannot be made available for data protection reasons. In addition, parental consent for data
usage only covers strictly scientific purposes. The restriction to scientific purposes was also
necessary to comply with data protection requirements and use of the data for strictly scien20

tific purposes cannot be guaranteed if the dataset is made (publicly) available. Not all the
data collected in this project are analyzed for this publication, see Section 1.4 for details. Researchers interested in replicating our findings can get access to the data set after filling out
a research agreement with us. We confirm that in the paper and the Supplementary Information, we have reported all measures, conditions, data exclusions, and how we determined our
sample sizes.
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2
2.1

Further Supplementary Figures
Distribution of Main Outcome Scores

Notes: The figure shows the distribution of raw outcome scores (i.e, before standardization) at baseline (t0 ) and
12–13 months after the self-regulation teaching (t3 ). Note that scores are not comparable across waves because
the difficulty for each test had to be adjusted over time to account for the development of skills (see Section 1.5 for
details).

Figure S14: Distribution of Nonstandardized t0 and t3 Outcome Scores
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Treatment Effects on Other Academic Domains
Letter Discrimination Task

.6
.4
.2

p = 0.243

p = 0.418
p = 0.882

p = 0.865

p = 0.980

0

Treatment effect in SD

.8

Math Test

p = 0.302

-.2

2.2

4-5 weeks after training (t1)
Six months after training (t2)
12-13 months after training (t3)

Notes: The dots show point estimates (as fractions of a standard deviation of the respective outcome) of how self-regulation teaching changes the outcome relative to the control
group in domains (indicated by the panel title) that were not directly targeted by the
self-regulation teaching. Math Test is the aggregate test score in arithmetic and geometry
tasks and Letter Discrimination Task measures performance in the bp task. The bars indicate 95% confidence intervals. All estimates are based on least squares models controlling
for school fixed effects, pre-treatment outcome scores, and further controls (more details
and p-values adjusted for multiple hypothesis testing are reported in Table S6). Standard
errors are clustered at the classroom level.

Figure S15: Treatment Effects on Math Test and Letter Discrimination Task
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3
3.1

Supplementary Tables
Summary Statistics
Table S1: Descriptive Statistics

Self-regulation Teaching
Male
Children’s age in months on Jan 1, 2013
Children’s age on test day W1 (in months)
Children’s age on test day W2 (in months)
Children’s age on test day W3 (in months)
Children’s age on test day W4 (in months)
Migration background
Language problems
Monthly HH-Net Income <1500 EUR
Monthly HH-Net Income 1500–2500 EUR
Monthly HH-Net Income 2500–5000 EUR
Monthly HH-Net Income >5000 EUR
Mother university degree
Mother vocational degree
Mother no professional degree
Academic track secondary school
Mixed-track secondary school
Non-academic track secondary school

Mean

SD

Min

Max

N

0.55
0.49
82.13
84.25
87.29
92.37
99.58
0.45
0.25
0.14
0.21
0.43
0.22
0.45
0.42
0.13
0.69
0.20
0.10

0.50
0.50
4.32
4.38
4.35
4.38
4.38
0.50
0.43
0.35
0.41
0.50
0.41
0.50
0.49
0.34
0.46
0.40
0.31

0
0
72
75
78
83
90
0
0
0
0
0
0
0
0
0
0
0
0

1
1
102
103
107
112
119
1
1
1
1
1
1
1
1
1
1
1
1

572
572
572
572
572
544
531
568
572
441
441
441
441
444
444
444
393
393
393

Notes: The table provides socio-demographic information about our sample. Gender and age information was reported on the parental consent form and is therefore available for all children. The
variables ‘migration background’ and ‘language problems’ are taken from the teacher questionnaire
in t0 ; for four children teachers reported not to know the migration background. Income and maternal education variables are taken from the parent questionnaire in t0 . The information about
secondary school track choice is taken from a survey administered to parents three years after the
treatment (see Section 1.3 for details).
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3.2 Sample Balance
Table S2: Sample Balance for Socio-demographic Variables

Self-regulation
Teaching
School FE
Further controls
N

(1)
Male

(2)
Age in months

(3)
Migration Backgr.

(4)
Language Probl.

(5)
HH Income <1500

(6)
HH Income >2500

(7)
Mother no degree

(8)
Mother University

0.071
(0.052)
Yes
Yes

-0.826
(0.576)
Yes
Yes

-0.150
(0.121)
Yes
Yes

-0.154*
(0.082)
Yes
Yes

-0.044
(0.071)
Yes
Yes

0.076
(0.091)
Yes
Yes

0.013
(0.062)
Yes
Yes

-0.075
(0.096)
Yes
Yes

572

572

568

572

441

441

444

444

Notes: The results are based on least squares models including school fixed effects and further controls (except for demographic variables, see Section 1.5). Standard errors in parentheses are
clustered at the school level. * p<.10, ** p<.05, *** p<.01. The coefficients for ‘Self-regulation Teaching’ in the first row and the associated p-values indicate whether there are significant imbalances between the treatment and control group with respect to the socio-demographic characteristics described in the column titles. Since it turns out that all coefficients are close to zero or
small and no coefficient is significantly different from zero at the 5% level, there is no evidence for significant imbalances (the difference for language problems on a 10%-level does not go beyond
random chance when testing for eight different sociodemographic variables). The sample size in column 3 is smaller than the total sample size because the dependent variable ‘migration background’ is taken from the teacher questionnaire and for four children teachers reported not to know the migration background. Sample sizes in columns 5–8 are smaller because the dependent
variables are taken from the parent questionnaire which was not answered by all parents.
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Table S3: Sample Balance for Outcomes at Baseline (t0 )

Self-regulation
Teaching
School FE
Further controls
N

(1)
Reading Test

(2)
Ov. Reading Ability

(3)
Careless Mistakes

(4)
Inhibition

(5)
Attention

(6)
Overall Self-regulation

(7)
Math Test

(8)
Letter Disc. Task

-0.134
(0.282)
Yes
Yes

0.024
(0.288)
Yes
Yes

0.016
(0.270)
Yes
Yes

-0.177
(0.148)
Yes
Yes

-0.048
(0.121)
Yes
Yes

0.372***
(0.094)
Yes
Yes

-0.073
(0.153)
Yes
Yes

-0.226
(0.141)
Yes
Yes

567

555

555

567

567

555

549

565

Notes: The results are based on least squares models including school fixed effects and further controls (see Section 1.5). All outcome scores are standardized to mean = 0 and SD = 1. Standard
errors in parentheses are clustered at the school level. * p<.10, ** p<.05, *** p<.01. The coefficients in the first row and the associated p-values indicate whether there are significant imbalances between the treatment and control group regarding the respective baseline outcome measures. It turns out that all coefficients for ‘Self-regulation Teaching’ (except the one for overall
self-regulation) are close to zero and insignificant at the 10% level, i.e., there is no evidence for significant imbalances between treatment and control group for these outcome measures. Given
that we test for eight different baseline scores, finding one outcome with significant differences between treatment and control does not indicate that randomization as a whole would have failed.
In addition, we always control for the baseline score of overall self-regulation when we estimate the treatment effect of self-regulation teaching on overall self-regulation (see Table S5; for a
justification of this control see Section 1.5).

3.3

Main Results
Table S4: Treatment Effects on Self-regulation Teaching Outcomes
Reading Test

Overall Reading Ability

Careless Mistakes Measure

t1

t2

t3

t1

t2

t3

t1

t2

t3

School FE
Further Controls

0.203**
(0.082)
[0.019]
Yes
Yes

0.205
(0.125)
[0.111]
Yes
Yes

0.391***
(0.132)
[0.006]
Yes
Yes

0.002
(0.091)
[0.983]
Yes
Yes

0.288**
(0.140)
[0.049]
Yes
Yes

0.366***
(0.119)
[0.005]
Yes
Yes

0.025
(0.136)
[0.858]
Yes
Yes

0.474**
(0.179)
[0.013]
Yes
Yes

0.691***
(0.177)
[0.001]
Yes
Yes

p-values MHT-BRL

0.063*

0.167

0.014**

0.974

0.063*

0.010***

0.963

0.024**

0.002***

564

539

526

555

527

517

555

527

517

Self-regulation Teaching

N

Notes: The results are based on least squares models that regress our self-regulation teaching outcome measures on a
dummy variable that takes on the value of 1 if the child received ‘Self-regulation Teaching’ and 0 otherwise. The regression
also includes school fixed effects, the baseline outcome score (t0 ), and further controls (see Section 1.5). All outcome scores
are standardized to mean = 0 and SD = 1. t1 , t2 , and t3 refer to the evaluation waves shortly after, 6 months after, and
12–13 months after the self-regulation teaching. The coefficients in the first row are the point estimates showing how selfregulation teaching changes the outcome score indicated at the top of the table (as a fraction of a standard deviation) relative
to the control group. Standard errors in parentheses are clustered at the classroom level. Related p-values are reported in
brackets (* p<.10, ** p<.05, *** p<.01). We conduct a further robustness check by adjusting p-values for multiple hypothesis testing (MHT) by controlling the family-wise error rate using the step-down procedure by Romano & Wolf [17, 21], while
at the same time applying the more conservative “biased reduced linearization (BRL) method” of Bell & McCaffrey [22] to
calculate clustered standard errors. Based on this more conservative estimation method, the treatment effects on reading
abilities in t3 remains significant on the 5% and the 1% level, respectively, and the treatment effect on careless mistakes in
t3 remains significant on the 1% level.

Table S5: Treatment Effects on Self-regulation Abilities
Inhibition

Self-regulation Teaching

School FE
Further Controls
p-values MHT-BRL
N

Attention

Overall Self-Regulation

t1

t2

t3

t1

t2

t3

t1

t2

t3

0.177
(0.118)
[0.146]
Yes
Yes

-0.045
(0.103)
[0.667]
Yes
Yes

0.261***
(0.065)
[0.000]
Yes
Yes

0.205
(0.150)
[0.181]
Yes
Yes

0.127
(0.110)
[0.258]
Yes
Yes

0.559***
(0.118)
[0.000]
Yes
Yes

0.299***
(0.072)
[0.000]
Yes
Yes

0.291**
(0.106)
[0.010]
Yes
Yes

0.568***
(0.082)
[0.000]
Yes
Yes

0.422

0.667

0.005***

0.422

0.459

0.005***

0.005***

0.066*

0.001***

566

540

527

565

540

527

555

527

517

Notes: The results are based on least squares models that regress the various self-regulation ability measures on a dummy
variable that takes on the value of 1 if the child received ‘Self-regulation Teaching’ and 0 otherwise. The regression also
includes school fixed effects, the baseline outcome score (t0 ), and further controls (see Section 1.5). All outcome scores are
standardized to mean = 0 and SD = 1. t1 , t2 , and t3 refer to the evaluation waves shortly after, 6 months after, and
12–13 months after the self-regulation teaching. The coefficients in the first row are the point estimates showing how selfregulation teaching changes the outcome score indicated at the top of the table (as a fraction of a standard deviation) relative
to the control group. Standard errors in parentheses are clustered at the classroom level. Related p-values are reported in
brackets (* p<.10, ** p<.05, *** p<.01). We conduct a further robustness check by adjusting p-values for multiple hypothesis testing (MHT) by controlling the family-wise error rate using the step-down procedure by Romano & Wolf [17, 21], while
at the same time applying the more conservative “biased reduced linearization (BRL) method” of Bell & McCaffrey [22] to
calculate clustered standard errors. Based on this more conservative estimation method, the treatment effects on inhibition
and attention in t3 remain significant on the 1% level. Similarly, the treatment effects on overall self-regulation abilities in
t1 and t3 remain significant on the 1% level.
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Table S6: Treatment Effects on Other Academic Domains
Math Test

Self-regulation Teaching

School FE
Further Controls
p-values MHT-BRL
N

Letter Discrimination Task

t1

t2

t3

t1

t2

t3

0.088
(0.107)
[0.418]
Yes
Yes

0.014
(0.096)
[0.882]
Yes
Yes

0.018
(0.104)
[0.865]
Yes
Yes

0.117
(0.099)
[0.243]
Yes
Yes

-0.098
(0.094)
[0.302]
Yes
Yes

0.004
(0.147)
[0.980]
Yes
Yes

0.797

0.995

0.995

0.736

0.764

0.995

535

525

511

552

538

524

Notes: The results are based on least squares models that regress our academic transfer
outcomes on a dummy variable that takes on the value of 1 if the child received ‘Selfregulation Teaching’ and 0 otherwise. The regression also includes school fixed effects,
the baseline outcome score (t0 ), and further controls (see Section 1.5). All outcome scores
are standardized to mean = 0 and SD = 1. t1 , t2 , and t3 refer to the evaluation waves
shortly after, 6 months after, and 12–13 months after the self-regulation teaching. The
coefficients in the first row are the point estimates showing how self-regulation teaching
changes the outcome score indicated at the top of the table (as a fraction of a standard deviation) relative to the control group. Standard errors in parentheses are clustered at the
classroom level. Related p-values are reported in brackets (* p<.10, ** p<.05, *** p<.01).
We conduct a further robustness check by adjusting p-values for multiple hypothesis testing (MHT) by controlling the family-wise error rate using the step-down procedure by
Romano & Wolf [17, 21], while at the same time applying the more conservative “biased
reduced linearization (BRL) method” of Bell & McCaffrey [22] to calculate clustered standard errors.
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Table S7: Treatment Effects on Secondary School Track Choice Three Years After Treatment
Advanced Track (OLS)

Self-regulation Teaching

(1)

(2)

(3)

(4)

0.133***
(0.045)
[0.006]

-0.044
(0.054)
[0.422]
0.153***
(0.028)
0.063**
(0.030)
0.004
(0.024)
0.007
(0.026)
0.083***
(0.025)
Yes
Yes
No

0.158***
(0.043)
[0.001]

-0.034
(0.054)
[0.532]
0.168***
(0.028)
0.060**
(0.029)
0.002
(0.023)
-0.000
(0.025)
0.081***
(0.025)
Yes
Yes
Yes

Reading Test t3
Careless Mistakes t3
Inhibition t3
Attention t3
Overall Self-regulation t3
School FE
Further Controls
Inverse Probability Weighting
p-value BRL
N

Advanced Track (IPW)

Yes
Yes
No
0.036**

Yes
Yes
Yes
0.024**

393

393

393

393

Notes: Columns (1) and (2) show regression results that are based on ordinary least square
models (OLS). To check the robustness of our results to attrition, we report regressions
based on inverse probability weighting (IPW) in columns (3) and (4). In all columns, we
control for school fixed effects and further controls (see Section 1.5). The dependent variable in all columns is a binary variable taking on the value of 1 if the child is enrolled in an
advanced track secondary school three years after treatment and the value of 0 if the child
is enrolled in another secondary school. Standard errors in parentheses are clustered at the
classroom level. * p<.10, ** p<.05, *** p<.01. Column (1) demonstrates that children in the
treatment group have a 13-percentage point higher likelihood of enrolling in an advanced
track secondary school (p = .006). We conduct a further robustness check by adjusting pvalues applying the more conservative “biased reduced linearization (BRL) method” of Bell
& McCaffrey [22] to calculate clustered standard errors. Based on this more conservative
estimate, the treatment effect on choosing an advanced track secondary school three years
after treatment remains significant on the 5% level. In column (2), we provide evidence supporting that this treatment effect is mediated by treatment-induced improvements in reading abilities, overall self-regulation abilities, and better skills in finding careless mistakes
in t3 (i.e., treatment outcomes measured 12 months after the treatment). All mediator variables are standardized to mean = 0 and SD = 1. Adding improved self-regulation teaching
outcomes and self-regulation abilities in t3 diminishes the effect of the treatment on choosing an advanced track secondary school to about zero (see column (2). Thus, our data support that the treatment-induced improvements in reading, overall self-regulation, and the
finding of careless mistakes are a plausible mechanism that is underlying the impact of the
self-regulation teaching on school track choice. Columns (3) and (4) provide a robustness
check accounting for attrition. We use inverse probability weighting with weights based on
three binary variables, migration background, baseline educational achievement (median
split), and baseline cognitive skills (median split). Educational achievement is constructed
using the sum of standardized scores in math and reading in t0 . Cognitive skills are calculated using the sum of standardized scores in working memory capacity and Raven’s fluid
IQ. To calculate the weights, missing values are imputed with the sample mean. Results
confirm that attrition does not seem to be an important factor for the size and significance
of the treatment effect.
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3.4 Heterogeneity Analysis w.r.t. Teacher Experience
Table S8: Heterogeneous Treatment Effects by Teacher Experience
Reading Test

Ov. Reading Ability

Careless Mistakes

Inhibition

Attention

Ov. Self-regulation

t3

t3

t3

t3

t3

t3

0.422***
(0.147)

0.388***
(0.121)

0.734***
(0.178)

0.305***
(0.066)

0.563***
(0.116)

0.584***
(0.096)

-0.149
(0.194)

-0.195
(0.249)

0.448
(0.422)

-0.205
(0.123)

0.029
(0.171)

-0.197
(0.208)

School FE
Further Controls

Yes
Yes

Yes
Yes

Yes
Yes

Yes
Yes

Yes
Yes

Yes
Yes

N

526

517

517

527

527

517

Self-regulation
Teaching
SRT x Below median
Teacher Exp
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Notes: This table examines whether the treatment effects of ‘Self-regulation Teaching’ differ for teachers that are more or less experienced
(as a proxy for teaching quality). For this purpose, we include a dummy variable ‘Below-median Teacher Experience’ which takes on a value
of 1 if the teacher show a below-median number of years of professional experience at baseline and a value of 0 otherwise. We then interact
‘Below median Teacher Experience’ with the treatment dummy. In addition, the least squares regressions also include school fixed effects, the
baseline outcome score (t0 ), and further controls (see Section 1.5). All outcome scores are standardized to mean = 0 and SD = 1. t3 refers to
the evaluation wave 12–13 months after the self-regulation teaching. Standard errors in parentheses are clustered at the classroom level. *
p<.10, ** p<.05, *** p<.01. In this table, the coefficient related to the treatment dummy shows the treatment effect for children with a teacher
who reports above-median years of experience. The coefficient of the interaction term ‘SRT ◊ Below-median Teacher Experience’ shows the
extent to which the treatment effect is different for children with teachers having a below-median experience. None of the interaction terms
is significantly different from zero, indicating that classes with teachers with a below-median experience do not show a significantly lower
treatment effect.

3.5

Tobit Estimates of Treatment Effects
Table S9: Treatment Effects on Self-regulation Teaching Outcomes Using Tobit Models
Reading Test

Self-regulation Teaching
School FE
Further Controls
N

Overall Reading Ability

Careless Mistakes Measure

t1

t2

t3

t1

t2

t3

t1

t2

t3

0.220**
(0.102)
Yes
Yes

0.186
(0.134)
Yes
Yes

0.415***
(0.122)
Yes
Yes

-0.063
(0.108)
Yes
Yes

0.373*
(0.212)
Yes
Yes

0.517***
(0.148)
Yes
Yes

0.025
(0.134)
Yes
Yes

0.474***
(0.176)
Yes
Yes

0.836***
(0.203)
Yes
Yes

564

539

526

555

527

517

555

527

517

Notes: The table reports results for the models estimated in Table S4 but using Tobit models in order to take the potential
censoring of the dependent variable into account. We regress the various outcome scores on a dummy variable that takes
on the value of 1 if the child received ‘Self-regulation Teaching’ and 0 otherwise. The regression also includes school fixed
effects, the baseline outcome score (t0 ), and further controls (see Section 1.5). All outcome scores are standardized to mean
= 0 and SD = 1. t1 , t2 , and t3 refer to the evaluation waves shortly after, 6 months after, and 12–13 months after the selfregulation teaching. Standard errors in parentheses are clustered at the classroom level. * p<.10, ** p<.05, *** p<.01. The
coefficients in the first row show the treatment effect; all results are in line with the findings from Table S4.

Table S10: Treatment Effects on Self-regulation Abilities Using Tobit Models
Inhibition

Self-regulation Teaching
School FE
Further Controls
N

Attention

Overall Self-Regulation

t1

t2

t3

t1

t2

t3

t1

t2

t3

0.191
(0.117)
Yes
Yes

-0.024
(0.106)
Yes
Yes

0.282***
(0.067)
Yes
Yes

0.249
(0.156)
Yes
Yes

0.147
(0.135)
Yes
Yes

0.580***
(0.126)
Yes
Yes

0.298***
(0.071)
Yes
Yes

0.291***
(0.104)
Yes
Yes

0.568***
(0.080)
Yes
Yes

566

540

527

565

540

527

555

527

517

Notes: The table reports results for the models estimated in Table S5 but using Tobit models in order to take the potential
censoring of the dependent variable into account. We regress the various outcome scores on a dummy variable that takes on
the value of 1 if the child received ‘Self-regulation Teaching’ and 0 otherwise. The regression also includes school fixed effects,
the baseline outcome score (t0 ), and further controls (see Section 1.5). All outcome scores are standardized to mean = 0 and
SD = 1. t1 , t2 , and t3 refer to the evaluation waves shortly after, 6 months after, and 12–13 months after the self-regulation
teaching. Standard errors in parentheses are clustered at the classroom level. * p<.10, ** p<.05, *** p<.01. The coefficients
in the first row show the treatment effect; all results are in line with the findings from Table S5.
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3.6

Restricting the Analyses to the No-Attrition-Sample
Table S11: Attrition in Treatment and Control Group
Attrition

Control Group

Treatment Group

Total

Remain in sample

235

296

531

Lost from sample

22

19

41

Total

257

315

572

Notes: The table reports the number of children that stay in the sample
for all evaluation waves (from t0 –t3 ) across treatment and control group.

Table S12: Treatment Effects on Self-regulation Teaching Outcomes—No Attrition
Reading Test

Self-regulation Teaching
School FE
Further Controls
N

Overall Reading Ability

Careless Mistakes Measure

t1

t2

t3

t1

t2

t3

t1

t2

t3

0.222***
(0.063)
Yes
Yes

0.210
(0.126)
Yes
Yes

0.410***
(0.129)
Yes
Yes

-0.003
(0.095)
Yes
Yes

0.298**
(0.140)
Yes
Yes

0.366***
(0.119)
Yes
Yes

0.016
(0.143)
Yes
Yes

0.459**
(0.182)
Yes
Yes

0.691***
(0.177)
Yes
Yes

524

524

524

517

517

517

517

517

517

Notes: This table estimates the treatment effects of the self-regulation teaching (see Table S4) for the sample restricted to
those children that remain in the sample for all evaluation waves (from t0 –t3 ). The results are based on least squares models
that regress the various self-regulation ability measures on a dummy variable that takes on the value of 1 if the child received
‘Self-regulation Teaching’ and 0 otherwise. The regression also includes school fixed effects, the baseline outcome score (t0 ),
and further controls (see Section 1.5). All outcome scores are standardized to mean = 0 and SD = 1. t1 , t2 , and t3 refer to
the evaluation waves shortly after, 6 months after, and 12–13 months after the self-regulation teaching. The coefficients in
the first row are the point estimates showing how self-regulation teaching changes the outcome score indicated at the top of
the table (as a fraction of a standard deviation) relative to the control group. Standard errors in parentheses are clustered at
the classroom level. * p<.10, ** p<.05, *** p<.01. All findings from Table S4 are replicated.

Table S13: Treatment Effects on Self-regulation Abilities—No Attrition
Inhibition

Self-regulation Teaching
School FE
Further Controls
N

Attention

Overall Self-Regulation

t1

t2

t3

t1

t2

t3

t1

t2

t3

0.193
(0.118)
Yes
Yes

0.016
(0.096)
Yes
Yes

0.260***
(0.065)
Yes
Yes

0.168
(0.144)
Yes
Yes

0.128
(0.110)
Yes
Yes

0.570***
(0.121)
Yes
Yes

0.299***
(0.074)
Yes
Yes

0.298**
(0.112)
Yes
Yes

0.568***
(0.082)
Yes
Yes

526

526

526

525

525

525

517

517

517

Notes: This table estimates the treatment effects of the self-regulation teaching (see Table S5) for the sample restricted to
those children that remain in the sample for all evaluation waves (from t0 –t3 ). The results are based on least squares models that regress the various self-regulation ability measures on a dummy variable that takes on the value of 1 if the child
received ‘Self-regulation Teaching’ and 0 otherwise. The regression also includes school fixed effects, the baseline outcome
score (t0 ), and further controls (see Section 1.5). All outcome scores are standardized to mean = 0 and SD = 1. t1 , t2 , and
t3 refer to the evaluation waves shortly after, 6 months after, and 12–13 months after the self-regulation teaching. The coefficients in the first row are the point estimates showing how self-regulation teaching changes the outcome score indicated at
the top of the table (as a fraction of a standard deviation) relative to the control group. Standard errors in parentheses are
clustered at the classroom level. * p<.10, ** p<.05, *** p<.01. All findings from Table S5 are replicated.
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Table S14: Treatment Effects on Academic Abilities—No Attrition
Math Test

Self-regulation Teaching
School FE
Further Controls
N

Letter Discrimination Task

t1

t2

t3

t1

t2

t3

0.135
(0.119)
Yes
Yes

-0.013
(0.075)
Yes
Yes

-0.006
(0.109)
Yes
Yes

0.138
(0.102)
Yes
Yes

-0.079
(0.112)
Yes
Yes

-0.026
(0.155)
Yes
Yes

498

498

498

512

512

512

Notes: This table estimates the treatment effects of the self-regulation teaching (see Table S6) for the sample restricted to those children that remain in the sample for all evaluation waves (from t0 –t3 ). The results are based on least squares models that regress the
various self-regulation ability measures on a dummy variable that takes on the value of
1 if the child received ‘Self-regulation Teaching’ and 0 otherwise. The regression also includes school fixed effects, the baseline outcome score (t0 ), and further controls (see Section 1.5). All outcome scores are standardized to mean = 0 and SD = 1. t1 , t2 , and t3
refer to the evaluation waves shortly after, 6 months after, and 12–13 months after the
self-regulation teaching. The coefficients in the first row are the point estimates showing
how self-regulation teaching changes the outcome score indicated at the top of the table
(as a fraction of a standard deviation) relative to the control group. Standard errors in
parentheses are clustered at the classroom level. * p<.10, ** p<.05, *** p<.01. All findings
from Table S6 are replicated.
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3.7

Parental Ratings of Self-regulation
Table S15: Treatment Effects on Overall Self-regulation as Rated by Parents
Overall Self-regulation (Parents)
(1)
Self-regulation Teaching

0.130
(0.087)
Yes
Yes

School FE
Further Controls
N

363

Notes: The results are based on least squares models that
regress the parent-rated self-regulation measure on a dummy
variable that takes on the value of 1 if the child received ‘Selfregulation Teaching’ and 0 otherwise. The regression also includes school fixed effects, the baseline outcome score (t0 ), and
further controls (see Section 1.5). All outcome scores are standardized to mean = 0 and SD = 1. t2 refers to the evaluation
waves 6 months after the self-regulation teaching. The coefficients in the first row are the point estimates showing how selfregulation teaching changes the outcome score indicated at the
top of the table (as a fraction of a standard deviation) relative to
the control group. Standard errors in parentheses are clustered
at the classroom level (* p<.10, ** p<.05, *** p<.01).
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