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Introduction

Some scientists and educational scholars find the concept of instructional time to be intellectually unexciting, so
commonsensical, and of such obvious importance that it only leads to trivial understandings and to findings that
have the status of truisms (e.g. students who spend more time studying learn more) ... (Berliner 1990, 3)

Although the assessment of David Berliner of the state of research dates back to the beginning of the
1990s, the empirical contributions to the questions of the use and the effectiveness of instructional
time in educational production have — with a few recent exceptions — remained relatively limited
(Hanushek 2015). This is astonishing given that instructional time is not only an important but
most of all a scarce resource in the educational production function. The time that students can
spend on education is limited by the hours in a day, the days in a week and the weeks in a school
year. Every hour of instruction comes at a high cost and as educational budgets are limited, the
money spent on instruction lacks for other potential inputs in the education production.

Besides the importance of instructional time, both in terms of real and monetary input in the edu-
cational process, the lack of research is surprising for at least one further reason. Total instruction time
and the allocation of time to specific subjects vary greatly between countries,' but even a very super-
ficial glance at the small correlations between average instruction times and student test scores at the
cross-national level (e.g. Scheerens 2014) is sufficient to cast a doubt that there is a simple relation-
ship between the two.

In this paper we analyze the effectiveness of the use of instructional time in terms of student per-
formance. The intention is to contribute to the existing literature in five different albeit related ways.
First, we provide evidence on the average effectiveness of instructional time, replicating for Switzer-
land the methodology applied by Lavy (2015). Contrary to international comparisons and their limit-
ations (see e.g. Hanushek and Woessmann 2011 or Goldstein 2004) the use of only one country has
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the advantage that we can compare the impact of different uses of instruction time in a setting where
educational goals and curricula are very similar and therefore not a source of potential bias. Further-
more and contrary to schools in many of the countries included in the previous analysis of Lavy
(2015), Swiss schools do not have enough freedom to autonomously set subject-specific instruction
time, which excludes at least this non-exogenous source of variation. Second, we try to overcome
potential misreporting by students by using not only student self-reported data but also the official
instruction times prescribed by the educational authorities. Third, we refine the analysis by control-
ling for extra time spent on specific subjects either during school or after school (enrichment, reme-
dial courses or paid private tutoring). Fourth, we conduct separate analyses per school track to
investigate track-specific heterogeneity in the effectiveness of instruction time on student achieve-
ments. Fifth, we analyze the impact of additional instruction time on the within-school variance of
student test scores to assess potential changes in educational inequality that may arise from an
ability-dependent effectiveness of learning.

We focus here on variations in instruction time on specific subjects arising mainly from variations
in the number of lessons taught weekly. This is, however, not the only source of variation in instruc-
tion time. Instruction time can also vary considerably due to different durations in the time of lessons,
the number of school weeks or even the number of school years. These latter sources for variations in
instruction time may have very different impacts on student learning (for an overview of the litera-
ture, see OECD 2016), but due to data limitations these aspects are beyond the scope of this paper.

Our analysis shows that one additional hour of instruction per week increases the PISA score by
between 0.05 and 0.06 standard deviations (SDs). However, the returns of one additional hour
vary greatly by school track. For students attending schools with advanced requirements, one
extra hour of instruction increases the PISA score by between 0.06 and 0.08 SDs, while the increase
in PISA score is only between 0.03 and 0.04 SDs for students in tracks with basic requirements. These
differences can be the consequence of many factors, such as different school environments, different
teachers’ attitudes or behavioral aspects like school discipline. However, the differences in the effec-
tiveness of instructional time can also be the consequence of the difference in aptitude (time needed
to learn) of pupils. If this is the case, then pupils with different abilities benefit to a different extent
from additional instruction time.

The remainder of the paper is organized as follows. Section 2 provides a brief overview of the
Swiss education system. Section 3 reviews the existing literature. Section 4 describes the PISA
2009 survey and the data in more detail. Section 5 introduces the empirical model and explains
our identification strategy. Section 6 presents our findings of the impact of instruction time on
student outcomes. Section 7 concludes the paper.

2, The Swiss education system

Switzerland provides an excellent laboratory for the study of educational policies for at least two
reasons. First, the Swiss education system comprises different cantons® with independent edu-
cational policies, which leads to a considerable variation in many relevant parameters of the edu-
cation production function. This is also the case for subject-specific instruction times. Second,
despite their high degree of freedom in educational policy, including the regulation of instruction
times, due to strict admission criteria for post-compulsory education the cantonal systems are
under pressure to achieve similar outcomes at the end of compulsory school. In other words, con-
siderable variation in instruction time, which is relevant in our case, paired with high pressure to
achieve comparable outcomes make Switzerland an ideal setting to study the impact and the effec-
tiveness of school resources.

The instruction times vary from canton to canton. The reasons for that have evolved historically
and are based on financial, political and pedagogical rationales. The cantonal authorities stipulate
not only the compulsory number of subject-specific lessons per week, but they also determine the
duration of a school lesson and the total weeks per school year. Switzerland is one of the countries
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where tracking takes place rather early (in sixth grade, ages 11 or 12). Students are assigned accord-
ing to their ability at the end of primary school to one of the two or three different ability tracks in
lower secondary education, among which the subject-specific instruction times differ as well.
Depending on the canton, the admission procedure might be based on the performance in the
last year of primary school, on the teachers’ recommendations, on an admission test, or any combi-
nation thereof. Students in all cantons are allocated in accordance with their residential address to
the closest school in the school district, except for children attending Baccalaureate schools
(upper track). This indicates that all students in the same ability track in one canton should have
the same number of instruction hours irrespective of which school they go to.

3. A short literature review

Lavy (2015), the OECD (2016) and Rivkin and Schiman (2015) provide excellent and recent overviews
of the related literature. For this reason, we only highlight here selected studies that are directly
linked to our paper.

Lavy (2015) examines international gaps in students’ achievements, estimating the effects of
instructional time using PISA 2006 data. The study exploits within-student and within-school variation
by subject (reading, math and science), thereby controlling for student and school fixed effects. The
results suggest that instructional time has a positive and significant effect on test scores. By compar-
ing different country groups, Lavy finds evidence for lower effects of instructional time in developing
countries and a higher productivity of instructional time in countries with school characteristics like
accountability measures and autonomy in budgetary decisions. Lavy also considers different sub-
samples distinguishing between different school tracking policies. The reported effects are signifi-
cantly lower for schools without tracking than for schools that have some kind of tracking. The
results are overall in line with Lavy (2012), who provides evidence for the impact of increasing the
length of school weeks and subject-specific instructional time per week in Israel.

Building on the method used by Lavy (2015), Rivkin and Schiman (2015) run similar regressions
using the international PISA 2009 database, adding controls for school quality. They find that
school circumstances are important determinants of the benefits of additional instruction time.

Woessmann (2003) presents results based on the international student-level database TIMSS,
using a cross-country setting and controlling institutional characteristics of different school
systems. He finds that instructional time is positively related to student performance. Mandel and
Suessmuth (2011) estimate state-fixed effects within Germany for the cumulated instructional time
and find positive effects on student performance.

There are also studies that find no significant relationship between instructional time and school
outcomes. Woessmann (2010) uses cross-state variation in Germany to eliminate unobserved state-
specific factors and he does not find a statistically significant effect of instructional time on student
test scores. In addition, some studies that look at the length of the school year and its impact on later
earnings (Grogger 1996 or Pischke 2007) do not find statistically significant results. A study analysing
the duration of the academic baccalaureate in Switzerland (Skirbekk 2006) estimates the impact of
the canton-based variation of these programs on the TIMSS 2006 scores and does not find an
effect of time spent in school on student achievement after controlling for school and student
characteristics.

There is a small number of studies that explore exogenous variation in instructional hours. For
example, Marcotte (2007) and Goodman (2014) use weather-related school closures or absences
to instrument for instruction time and find negative effects of lost instructional time on student
achievements. Dahmann (2015) and Huebener, Kuger, and Marcus (2016) use a large German edu-
cation reform that increased the number of instruction hours per week in academic track schools
and find positive effects on student performance. The effects are rather small, which might be
explained by the type of intervention and content of the additional instruction hours. Dahmann
(2015) finds that the quantity of instructional time matters more than the timing of instruction
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and Huebener, Kuger, and Marcus (2016) find stronger effects for the higher skilled students and
smaller effects for the lowest skilled students, leading to a wider gap between low- and high-perform-
ing students.

Several other studies focusing on educational tracking and ability grouping provide evidence
that the gains in achievement among students differ from track to track (for an overview on track-
ing see Betts 2011, and on instruction time and tracking Robertson and Symons 2003; Nomi and
Allensworth 2009; Angelone and Moser 2012). The empirical estimates of this relationship do not
necessarily constitute causality, but they still suggest that the effect of instructional time may vary
between tracks.

4. Data

In order to analyze how hours of instruction affect the pupils’ performance, we use data from the
fourth PISA test in Switzerland, conducted by the Organization for Economic Cooperation and Devel-
opment (OECD) in 2009. PISA is a standardized test administered to 15-year-old students in OECD
member countries and other participating countries who are enrolled in grades seven and above.
Students are assessed in three domains, reading, math and science, by tasks that are in the
context of rather general everyday situations, avoiding a strong link to the country-specific curricu-
lum framework. The sample is drawn using a two-stage stratification design. First, schools within the
country are randomly selected. Second, a random sample of students is selected from within each of
the schools. In addition to the test results, PISA includes a student questionnaire with detailed family,
socio-demographic and economic background information, and a school questionnaire with infor-
mation about school type and school demographics. In Switzerland, an additional representative
PISA sample of students in grade 9 (ages 13-18), i.e. in the last year of compulsory education, was
collected in 2009. This was done only in 12 out of 26 cantons.® This so-called national PISA sample
of 12 cantons will be the main data source for our analysis, first because a comparison of students
attending the same grade, instead of students of the same age but not necessarily of the same
grade, is more adequate for our purposes, and, second, because the over-sampling in the national
PISA sample increases the number of observations considerably.

Besides the information on test performance, the PISA 2009 database provides detailed infor-
mation on the hours of instruction. Specifically, students were asked, 'How many minutes, on
average, are there in a <class period> for the following subjects?’ and ‘How many <class periods>
per week do you typically have for the following subjects?. We combined these two questions
from the PISA data with information on the number of school weeks per year per canton to create
a variable for the number of hours of instruction per year, and the weekly number of hours of instruc-
tion. In order to make our results comparable to Lavy (2015) we do not use the individual reported
time for the estimations but we use the school-level averages of the individual answers.

While school-level averages are less prone to misreporting, there might still be measurement error
due to self-reporting and recall bias of students. We try to overcome this issue by not only using the
student self-reported information on instruction time (PISA) but also explore an additional source of
information for mandatory hours of instruction, coming from the official cantonal administration (EDK
2008). This data source contains the number of lessons and minutes per lesson per subject by canton
and type of school (ability track).* This data should avoid some of the individual misreporting from
the PISA data. However, there are still some potential other issues to consider when using this
data as we cannot be sure that each teacher actually follows the official time table approved by
the cantonal authorities. We believe that the true measure of hours of instruction is probably some-
where in between the official and the self-reported hours. This is the reason why we will use both in
the analysis and compare the results.

Our initial PISA sample consists of 13,605 ninth graders (ages 13-18). After deleting observations
with missing values for hours of instruction, we have a final sample of 11,433 students for our empiri-
cal analysis with an average reading score of 511 points, an average math score of 546 points and an
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Table 1. Summary of PISA test scores and weekly hours of instruction by subject.

Mean Std.Dev. Lower track Middle track Upper track
Test scores (PISA data)
All subjects 529.1 853 460.1 526.2 573.7
Reading 5114 81.8 4421 508.1 558.8
Math 546.2 87.9 477.2 544.9 591.6
Science 530.0 82.6 461.3 5254 570.2
Number of pupils 11,433 2870 4103 4460
Self-reported hours (PISA data)
All subjects® 3.42 0.91 3.46 345 3.36
Reading 3.85 0.57 3.85 3.81 3.90
Math 3.72 0.39 3.74 3.74 3.68
Science 2.56 1.07 2.59 2.70 242
Number of pupils 11,433 2870 4103 4460
Official hours (Council of cantonal ministers)
All subjects® 341 1.15 343 344 338
Reading 3.91 0.61 3.85 3.87 3.98
Math 3.73 0.43 3.66 3.74 376
Science 247 1.56 2.55 2.59 2.31
Number of pupils 11,433 2870 4103 4460

Notes: To standardize the number of hours per week in different schools, we multiplied the minutes of instruction time per week
with the number of weeks in the canton and divide this by 38 (which is the mean number of school weeks in Switzerland). Cal-
culation of mean numbers of test scores are based on the five plausible values of the test scores per subject using the methods
outlined in OECD (2014).

*Average instructional time per week per subject for all three subjects.

average science score of 530. The average score in all subjects for the gross sample is slightly lower
than for the final analytical sample.

The average hours of instruction are very similar in both data sets. However, the information differs
significantly between PISA self-reported instruction time and the official cantonal guidelines for reading
and science (see Table 1). A possible reason for the observed difference in science is that pupils take
more lessons than the minimum suggested by the cantonal authorities because the number of optional
subjects offered by schools tends to be larger in that area. In the case of reading, the pupils’ and the
authorities’ definition of reading lessons, and what they enclose, might vary, leading pupils to think that
they have fewer hours of instruction than they actually have.

The Swiss education system with its different tracks at the lower-secondary school level allows us
to compare the efficiency of one extra hour of instruction per week for pupils with different academic
abilities and within different school environments. In the majority of cantons, pupils are sorted into
different school tracks after sixth grade (ages 11 or 12) according to their intellectual abilities (see also
section 2). The PISA database provides detailed information on the cantonal track that students are
assigned to, which we can use for our estimation. The upper track with advanced requirements
teaches the more intellectually demanding courses, middle track offers courses with intermediate
requirements, and the lower track offers basic-level courses. All tracks teach general skills but at
different levels of academic requirements.

5. Empirical strategy

The starting point for our empirical analysis of the effect of instructional time on PISA scores is the
following linear regression model:

Yik = Bjljx + kZi 4+ YXj + Sk + @i + Aj + 0% + Ujk (1

where yj; is the PISA score of pupil i in subject j in school k. [ is the instructional time for subject j in
school k. X;; is a vector of individual characteristics that vary by subject, Z; is a vector of individual
characteristics that are the same over all subjects, and X and Z are assumed to not vary across
schools. The vector S, contains school specific characteristics. The parameters a;, A;, and o represent
individual, subject and school specific effects, respectively. u is the unobserved error term.
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One of the greatest difficulties when estimating the effect of hours of instruction time on test
scores, like PISA, is the possibility that unobservable individual and school characteristics might be
correlated with the number of school lessons. Following Lavy (2015), we take advantage of the
PISA data structure and explore the within-student variation over subjects to estimate the effects
of instructional time on test scores. This method accounts for potential confounding factors such
as students’ ability and school quality that are constant over the three subjects.

The key identifying assumption needed for providing unbiased estimates of the effects of hours of
instruction on test scores using the within-student variation of instruction hours is that the average
effect of one hour of instruction is the same over all subjects. This would not be the case if for
example children had a systematically higher learning productivity in one subject than in another.
In order to test if the assumption of homogenous effects is fulfilled, we apply different approaches,
including the one suggested by Metzler and Woessmann (2012) with a parametric specification of the
unobserved pupil effect and an equation systems approach as in Chamberlain (1982), as well as the
tests proposed by Lavy (2012, 2015) on the subsample analyses by pairs of subjects. Overall, we do
not find evidence for a violation of the assumption of equal effects, which is consistent with the
results of Lavy (2012, 2015). For further details and the results of these tests, see Appendix A3
(online supplemental file).

Another important assumption is that children are not choosing or being sorted into schools
based on different subject instruction times. This would be the case if for example children with a
special talent for math could select schools that specialized in math, providing extra instruction
time on the subject. In this case, the unobservables uj; would be correlated with instruction hours
even after controlling for pupil, subject and school fixed effects. However, we do not believe that
this selection could be an issue in our context because there are no subject-specialized schools in
Switzerland, except for some Baccalaureate schools, which we are able to identify and exclude
from the sample. Appendix A4 (online supplemental file) shows the results with those schools
excluded from the sample, which are very similar to those in our main table (compare section 6.1
below).

Under the assumption of equal effects of instructional time on test scores, i.e. §;= 8, we can apply a
within-student transformation over the three subjects in Equation (1), which yields the following
restricted fixed effects model:

,V,jk = Bjjk + yX,, + A+ Uik (2)

where . = yj — Zj Yik/3 and similarly for 7jk, Xj and Uy The vector X in the fixed effects regression
includes control variables for attending enrichment, remedial or extra private lessons, and we add
subject fixed effects through A;. Estimation of Equation (2) is straightforward using standard software
packages with fixed effects capabilities. We account for the five plausible values of the test scores per
subject using the methods suggested in OECD (20093, 2009b). In the within-student FE regression,
this leads to 5 = 125 possible combinations of the five plausible values per three subjects. Standard
errors are calculated based on the variability that comes from the imputation plus the sampling varia-
bility. As an alternative and computationally simpler approach, we also use the means per subject of
the plausible values, as for example in Kunz (2016), see Table A1 in the appendix (online supplemen-
tal file). It turns out that our results are not sensitive to the choice of the two methods, so we will
confine ourselves to the averages only for all other results. For the sampling variability, we cluster
the standard errors at the school level for both the self-reported instruction hours and the official
instruction hours as reported by the cantonal authorities.®

6. Results

In this section, we present our empirical results looking at the average impact of instruction time on
student performance (section 6.1), at the impact of instruction time per school track (6.2), and the
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impact of instruction time on the variance of student performance within schools (6.3). We provide
some robustness checks to support our results at the end (6.4).

6.1. Impact of instruction time on student performance

Lavy (2015) reports a student fixed-effects result of 0.058, i.e. one additional hour of instruction time per
week increases PISA scores by 0.058 standard deviations (SDs) on average. Lavy uses the international
mean of 500 points and a standard deviation of 100 to standardize the scores. The results of our repli-
cation of the Lavy (2015) estimates, focusing on the Swiss case, are presented in Table 2. Using the
national mean of 518 points and the national standard deviation of 92, we find exactly the same coeffi-
cient for Switzerland as in Lavy (2015) when using the self-reported data on instruction hours. If we
standardize PISA scores using the international mean and standard deviation, then the estimated
effect of one additional hour of instruction time decreases slightly to 0.054 SDs. When using the official
cantonal data on instruction time, the estimated coefficient decreases to 0.046 SDs.%”

If we use these results for a small back-of-the envelope calculation comparing the effect of an
average hour of instruction time with the effect of an additional hour of instruction, then we find
that an additional hour has only between one third and less than half of the effect of an average
hour on PISA scores.®

6.2. Impact of instruction time on student performance per track

Even if one hour of instruction time has the same productivity for all subjects, it may be that different
students benefit differently from extra instructional time, as suggested by the descriptive statistics in
Table 1. In order to examine whether students with different academic skills levels have different
returns to instructional time, we split the sample, based on information from the PISA data, in stu-
dents who attended an upper-level school track, students in a middle-level school track and students
in a lower-level school track.

The results in Table 2 show that one additional hour of instruction per week has in fact a signifi-
cantly higher effect for pupils in a more demanding track.” This result holds independently of the data
source for instruction time. We can think of two possible explanations for this: First, pupils in lower-
level tracks might have indeed lower learning capabilities. Second, the inputs in the different tracks
might be different. This may be the case if for example teachers are less qualified or the discipline is
worse in the lower-level tracks. This would be in line with results from Rivkin and Schiman (2015) who
show that returns to additional instruction time depend on the quality of the learning environment,
and considerations of the quality of teachers and schools."

The PISA data provides some information on the learning environment in the form of indices
for attitudes towards school, teacher-student relations, disciplinary climate, student-related and

Table 2. Effect of hours of instruction on mean PISA test scores.

All Lower track Middle track Higher track
Self-reported hours (PISA data)
Hours of instruction 0.059 0.038 0.060 0.080
(0.007) (0.012) (0.010) (0.014)
Official hours (Council of cantonal ministers)
Hours of instruction 0.046 0.034 0.043 0.062
(0.006) (0.008) (0.008) (0.010)
Number of pupils 11,433 2870 4103 4460
Number of observations 32,411 7851 11,637 12,923

Notes: Reported numbers are based on within-student fixed effects regressions over all three subjects (reading, math, science). All
regressions control for subject fixed effects and additional hours of instruction taken, which include enrichment, remedial and
private tutoring lessons. Test scores are standardized using the mean and standard deviation for Switzerland of 518 and 92,
respectively. Estimates and standard errors are obtained using the five plausible values of test scores per subject and the
methods outlined in OECD (2014). Standard errors in parentheses are clustered at the school level.
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teacher-related factors affecting school climate (for a detailed description of the indices see OECD
2010b). The indices can be used to analyze the potential differences in inputs and in the learning
environment among different school tracks. All values of the indices are lower in the lower-level
tracks, with the exception of the teacher-student relations. Especially the values of disciplinary
climate and student-related factors affecting school climate are significantly lower in the lower-
level tracks. Table A5 in the appendix (online supplemental file) presents the results using the differ-
ent indices by school track interacted with the instruction hours. The results show that the interaction
effects overall are rather small, but where significant they indicate that a better learning environment
increases the returns to instruction time. This might provide supportive evidence for the second
explanation why the efficiency of one hour of instruction is lower in the basic-level tracks.

A related issue is that tracks may differ in terms of teaching styles. Teachers in lower tracks need to
prevent that some pupils do not even reach basic competencies by the end of compulsory school.
Therefore, teachers have an incentive to focus on the weakest pupils by reducing the intensity
and speed of instruction. In the highest track, however, the goal is to make pupils ready for the aca-
demic baccalaureate schools and therefore the focus is on excellence and the brightest pupils. If
some pupils are not able to follow the increased speed of instruction, they can always be re-
directed to the intermediate track, where the teaching style and speed focuses more on the
median pupil.

6.3. Impact of instruction time on the variance of student performance within schools

It is easy to understand why school and class climate can influence the effectiveness of instruction
time. Another source that could potentially explain the differences in the effectiveness of hours of
instruction between tracks, however, could be the differences of the students in terms of time
needed to learn. Students have been sorted into the different tracks due to their different potential
and abilities, and therefore, it is possible that students in the highest track can make more productive
use of an hour of instruction time than less talented students sorted into the lower tracks - all other
things being equal.

If time needed to learn is the explanation for the differences in the effectiveness of instructional
time between the different ability tracks, then we can assume that the effectiveness of instructional
time also differs within tracks and schools. In this case, additional instructional time would not only
increase the average performance of students but it would also increase the performance gaps
between students in the same class or school. Of course, this assumption depends on how extra
time would be used by teachers. If teachers used the extra hours to compensate the weaker students
and helping them to catch up with the better students, instead of teaching additional or new content,
then the extra time would produce more homogenous class results.

We investigate the last issue by regressing further statistics than the mean values describing the
test score distribution within schools (like the variance, skewness and indicators whether the test
scores per subject exceed a certain cutoff) on the number of instruction hours. Once again we
exploit the within school variation in those statistics and instructional time across the three subjects.
This allows us to identify the effect of instruction time by keeping constant unobserved school
characteristics common over the subjects, such as general school or teacher quality. In order for
this to work, we need to assume that the effect of one additional hour on the score gap between
the best and the worst students as measured by the different statistics describing the distribution
of test scores, is the same for all subjects.

Table 3 shows that one extra hour of instruction time per week increases the score variance by
almost 150 points squared when using PISA information and almost 110 when using the official can-
tonal hours. Increasing the hours of instruction does, however, not affect the skewness of the results
within a school, which could be expected if additional time would have been used specifically for a
particular part of the ability distribution of students, either by only compensating the weakest or by
using the extra time only for additional content for the gifted students. The considerable impact on
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Table 3. Effect of hours of instruction on heterogeneity in PISA test scores.

Self-reported (PISA) Official hours
Variance Skewness Variance Skewness
Hours of instruction 149.21 0.008 107.05 0.005
(50.37) (0.011) (34.33) (0.008)
Number of schools 321 321
Number of observations 963 963

Notes: Within-school regressions of variance and skewness in PISA scores on hours of instruction, including subject fixed effects.
Standard errors in parentheses are clustered at the school level.

the within school variance and the non-effect on the skewness of the results is therefore a hint that
teachers gravitate towards the median students in their teaching.

We further exploit the impact of instruction hours on the score gap by plotting the cumulative
distribution of test scores by three categories of instruction hours (less than 3.5 h per week,
between 3.5 and 4.5 h, and more than 4.5 h; see Table 5 below for further description of the cat-
egories). Figure 1 shows that the distribution of test scores net of the controls and fixed effects
has a smaller mean/median and a smaller spread for the category less than 3.5 h per week than
for the other two categories of instruction time, indicating that the score gap tends to increase
with more instruction hours. This result is confirmed in Table 4, which depicts the results of
within-student fixed effects regressions of different indicators for the test score exceeding percentiles
of the test score distribution per subject. The effects of one additional hour of instruction time are
smallest for the lowest percentiles, largest for the 25% to 75% percentiles, and then again get
smaller for the highest percentiles (but are still significantly larger than for the lowest percentiles).

A potential issue might be the existence of simultaneity in determining hours of instruction and
score heterogeneity, for example if cantons or schools with more heterogeneity increase instructional
time to reduce the score gap."' However, we do not think that this might be an issue here. The
number of hours is regulated by the cantonal authorities and schools therefore do not have much
freedom. At the same time authorities cannot easily change the number of hours already set. On
the one hand, there are teacher unions who advocate teachers’ interests, and on the other hand,
there is a budgetary aspect of increasing expenditures. We therefore conclude that increasing the
number of hours of instructional time tends to increment performance heterogeneity.

T 15 i T 17
-100 -50 0 50 100
Residual test score

less than 3.5 hours more than 4.5 hours
————— between 3.5 and 4.5 hours

Figure 1. Distribution of PISA test scores by categories of self-reported instruction time.

Notes: Horizontal axis: Residuals of PISA test scores. Vertical axis: Cumulative distribution function by categories of self-reported instruction time.
Residuals are obtained from within-student FE regression of test scores on extra hours of instruction time (enrichment, remedial courses, paid
private tutoring) and subject fixed effects. All subjects and tracks are used for the graph. For a description of the categories of instruction time,
see Table 4.
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Table 4. Effect of hours of instruction on thresholds in the PISA test score distribution.

Percentiles
5% 10% 25% 50% 75% 90% 95%

Self-reported hours (PISA data)
Hours of instruction 0.003 0.007 0.022 0.030 0.024 0.016 0.010

(0.002) (0.002) (0.003) (0.004) (0.003) (0.003) (0.002)
Official hours (Council of cantonal ministers)
Hours of instruction 0.004 0.007 0.017 0.020 0.018 0.013 0.009

(0.001) (0.002) (0.002) (0.003) (0.002) (0.002) (0.002)
Number of pupils 11,433
Number of observations 32,411

Notes: Reported numbers are based on within-student fixed effects regressions over all three subjects (reading, math, science). The
dependent variables are binary indicators if the PISA test score exceeds the percentile indicated at the top of the table in the
distribution per subject. All regressions control for subject fixed effects and additional hours of instruction taken, which
include enrichment, remedial and private tutoring lessons. Estimates and standard errors are based on the mean of the five plaus-
ible values of test scores per subject. Standard errors in parentheses are clustered at the school level.

Table 5. Percent of students by subject and number of hours.

Less than 3.5 h 3.5-45h More than 4.5 h
Self-reported (PISA)
All subjects® 45.8% 45.9% 8.3%
Reading 30.3% 51.4% 18.3%
Math 28.8% 69.4% 1.8%
Science 83.8% 11.9% 4.3%
Number of pupils 11,433
Official hours
All subjects® 40.0% 45.8% 14.2%
Reading 23.5% 47.5% 29.0%
Math 23.6% 75.5% 0.9%
Science 78.3% 9.1% 12.6%
Number of pupils 11,433

Average time per week per subject for all three subjects.

6.4. Robustness checks

It is possible that the relationship between PISA scores and hours of instruction is non-linear. In order
to investigate potential non-linearities, we estimate a model including a square term of the hours of
instruction, which also allows us to test whether there are diminishing returns to additional instruc-
tion time. Second, we estimate a model including the hours of instruction as categorical variables.
Since the variation in instructional time in the data is mainly between 3 and 5 h per week, the

Table 6. Non-linearities in effect of hours of instruction on mean PISA test scores.

Self-reported (PISA) Official hours
(1) (2) (1) )
Hours of instruction 0.110 0.142
(0.033) (0.023)
Hours of instruction squared —0.008 -0.013
(0.005) (0.003)
3.5-4.5 h of instruction 0.093 0.106
(0.015) (0.017)
>4.5 h of instruction 0.089 0.105
(0.021) (0.014)
Number of pupils 11,433
Number of observations 32,411

Notes: The reference category for hours of instruction is less than 3.5 h (see also Table 4). Scores are standardized using the mean
and standard deviation for Switzerland of 518 and 92 respectively. Standard errors in parentheses are clustered at the school
level.
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categories were created as follows: time of instruction up to 3.5 h per week, between 3.5 and 4.5 h per
week, and more than 4.5 h per week. The distribution of students by categories of the number of
hours of instruction and by subjects is presented in Table 5.

The results of the regressions including a second order polynomial in the hours of instruction as
well as the instruction hours in categorical form are presented in Table 6. The coefficient of the
squared hours in specifications 1 and 2 is negative, with a maximum at about 7-8 h of instruction
per week, which indicates diminishing returns to instruction time. However, the significance
depends on the data used. Specifications 3 and 4 include the indicators for instruction time. The
results using official data and PISA data do not differ significantly and both suggest that the effect
of more than 4.5 h of instruction relative to less than 3.5 h is the same as that for between 3.5 and
4.5 h, which confirms the result of diminishing returns.

7. Conclusions

Summarizing the results found in this paper, we would like to highlight three important findings:

First, our replication of Lavy’'s (2015) study using the within student variation in instruction time
within Switzerland to assess the impact of instruction time on student test scores shows remarkably
similar results. Controlling for additional information on extra in-school hours for remedial or enrich-
ment purposes or out-of-school private tutoring does not affect our results. However, using official,
prescribed school hours instead of self-reported data lowers the impact of instruction time on test
scores somewhat. While we find a difference in the two measures of instruction time, we cannot
say whether the one is better than the other. Self-reported data is obviously prone to measurement
error but prescribed hours might also not adequately depict the reality in schools.

Second, in all our specifications we find a significant impact of additional instructional time on learn-
ing outcomes measured with PISA test scores, but the effectiveness of an additional hour of instruction
is only between 35% and 50% of the impact we would expect from an average hour of instruction. In
other words, variations of instructional time should be considered carefully by educational authorities
as the marginal gains from more instruction time might be relatively low compared to alternative uses
of time and the financial resources that are needed for additional instruction time.

Third, the heterogeneity of the effectiveness of instructional time between different ability tracks
and the impact of additional instruction time on the within school variance of student test scores puts
the individual student time needed to learn at the center of attention. John Carroll, when revisiting
the literature and findings that had emerged after he had developed, what later had become known
as the Carroll Model, had stressed the same idea:

The models emphasis on aptitude as a determinant of time needed for learning suggests that increased efforts be
placed on predicting student potentialities and designing instruction appropriate to those potentialities, if ideals
of equal opportunity to learn are to be achieved within a diversity of educational objectives. (Carroll 1989, 26)

Interestingly, in discussions with educational practitioners and policy makers, the need for additional
instruction time is often motivated by the argument that more time is needed to close the gap
between individual student performances. Our results support this view insofar that we find indi-
cations that less able students would indeed need more instruction time to achieve similar results
as the more able students. But our additional finding that more instruction time increases the var-
iance of test results rather than reduces it, reveals that apparently the additional instruction time
in schools is not used to compensate the weak. Therefore, the use of instruction time in schools
has to be reconsidered if more equal results want to be achieved.

Notes

1. According to the latest OECD statistics (2015), the average hours per school year in lower secondary education
range from 754 (Sweden) to 1167 h (Mexico) with an OECD average of 916 h.
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2. The Swiss cantons are comparable with US states, the German ‘Bundeslander’ or the Canadian provinces in terms
of their degree of autonomy in educational policy.

3. These 12 cantons were Zurich, Berne, Aargau, Fribourg, Appenzell, St. Gallen, Schaffhausen, Ticino, Valais, Vaud,
Geneva, Jura.

4. For this reason, the within-canton variation per subject and school type is zero for this variable. This does not hold
for the self-reported hours, where the within-canton variation is on average 0.33 h per week for reading, 0.28 h
per week for math, and 0.51 h per week for science. See Table 1 below for the overall variation in the self-reported
and official hours of instruction time.

5. Our conclusions do not change if we alter the clustering of standard errors to the cantonal level for both self-
reported and official hours of instruction time.

6. We also considered learning as a cumulative process (Mandel and Suessmuth 2011) by estimating the
model using official data on the cumulated hours of instruction between seventh and ninth grade. The coef-
ficient of hours of instruction is still positive and significant, even though smaller at about 0.039 SDs (se =
0.004). This leads us to conclude that the hours of instruction in the current year (ninth grade) are more
strongly related to the PISA test scores than those in the previous years, but there is still an overall positive
effect.

7. Appendix Table A1 (online supplemental file) shows the main results without the control variables for the
additional hours of instruction time for attending enrichment, remedial or extra private lessons. If we do not
drop observations with missing information in these variables, the main coefficients of the model also do not
alter and are 0.046 for the estimation using the official data, and 0.059 for the estimation using the PISA self-
reported data in the full sample (based on 12,446 pupils and 35,150 subject-pupil observations, and similar for
the subsamples).

8. According to the OECD, an average student should progress by 39 PISA points per year of schooling (see OECD
20103, 27). On average (all subjects), a Swiss student had 3.4 h of subject specific weekly schooling. Therefore, if
an average Swiss student would also progress by 39 PISA points per year, an average weekly hour of instruction
would generate a gain of 11.47 PISA points. Our FE results indicate, however, only a gain of between 4.2 and 5.3
PISA points for an additional hour of instruction.

9. Lavy (2015) presents the estimated effects of hours of instructional time by tracking status, comparing systems
that have no tracking at all with systems that track by class or in class. This is not the same as in our analyses,
where we compare the effects between different secondary school track levels.

10. There are several studies that show a direct relation between classroom climate and student achievement, e.g.
Lazear (2001), Benner, Graham, and Mistry (2008) and Arens, Morin, and Watermann (2015).

11. Asthe PISA test is based on a school sample and not a class sample, the sample of bigger schools might comprise
students of different tracks. In order to test whether this would bias our results, we also ran our regressions with
mono-track schools only. The number of observations is considerably smaller but the coefficients are almost iden-
tical (results available upon request).
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