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THE EFFECT OF INSTRUCTION TIME ON STUDENT OUTCOME BY
USING FIRST DIFFERENCE APPROACH WITH TIMSS DATA

SUMMARY

Human capital is one of the key elements of economic development. Upon the
importance of human capital, some detailed assessments on student achievement
enable researchers to measure subject-specific abilities of students over countries.
From this perspective, the International Association for the Evaluation of Educational
Achievement (IEA) conducts detailed large-scale assessments on 8th and 4th grade
students, named TIMSS, over countries. While some countries' pupils and schools
have high scores, the rest obviously falls behind. These academic achievement gaps of
pupils between countries and within countries have different and reasonable
explanations in the overall literature. Our study's purpose is to enlighten one of the
possible reasons for score variation and propose policy advice based on empirical
outcomes.

Through this study, instructional time has been taken as one of the significant inputs
in the education production function by including other control variables which were
extracted from TIMSS 2019 dataset. Four different educational systems and countries
were investigated and to avoid foregoing biases and obtain a causal relationship, first
differences was used in a within-pupil setting. The focused dataset includes over
19,000 observations of pupils from four countries namely Canada, Azerbaijan, Slovak
Republic, and Spain. The overall results which are based on the whole dataset show a
significant and positive point estimate of the effect of instructional time. In this setting,
the effect of mathematics instruction time on mathematics score was estimated as
0.050 point increase per minute/week and the effect of science instruction time on
science score was estimated as 0.094 point increase per minute/week. In the country-
specific analysis, three of four countries showed insignificant responses to the
explanatory variable. Upon that outcome, in the second phase, only Canada which
showed a significant and positive response to instructional time has been studied. In
Canada, the effect of mathematics instruction time on mathematics scores was 0.061
per minute/week and the effect of science instruction time on science scores was 0.133
per minute/week. Afterwards, heterogeneity tests on gender and immigration status
were examined. Outcomes showed that the group of girls and immigrants were
affected more by instructional time additions than the boys and natives. Then, to check
the correctness of the identification strategy, one placebo test was employed by using
a uniformly random number generation method to produce the counterfeit instruction
times and reallocate them with the original ones. The test resulted in insignificant
outcomes in 98 out of 100 random variations in regressions as expected, meaning that
significance of instructional time effect was not obtained based on chance or
coincidence.

Besides, each country’s educational system was investigated as an interpretation by
focusing on several key metrics including educational autonomy, government

XVii



expenditure on education, teacher-pupil ratio, teacher certification, academic output in
the educational research, curriculum comprehensiveness and teacher salary. Within
the boundaries of dataset, as a quantitative approach, logit and probit regressions were
run to obtain the explanation of productivity differences among educational systems.
Correspondingly, adequate time on each of the topics during class hours was found
foremost for instructional time productivity of achievement while the teacher-pupil
ratio does not have any effect. As an inference, approaching a self-deterministic
structure of governance of schools and increased research outcomes for education
sciences in the academic area were found to be other possible important metrics for
instructional time productivity. Overall, the importance of this study comes from
contributions to the literature by complementing the previous findings in several ways.
Firstly, the response to the increased instructional time was investigated in four diverse
countries and educational systems by quantitative methods including General Linear
Regression, First Difference regression and Logit and Probit regressions. Secondly,
several variables for productivity of achievement to instructional time were proposed.
Thirdly, detailed research for heterogeneous effects on the productive country,
Canada, was accomplished. Moreover, the law of diminishing returns for instructional
time was examined and possible evidence for an optimum time of instruction was
presented. Fourthly, a placebo test using random number generation to check the
robustness of the significance of the instructional time effect was applied. In
conclusion, additional instructional time may not always result always with increased
student achievement. Rather, the subject country should be investigated carefully by
considering its status quo education system characteristics (autonomy, curriculum
intensity on the given time, demographics and research on education). On the other
hand, as a specific analysis for the productive country Canada, science and
mathematics instructional time effects are significantly positive for all pupils but
higher for girls and immigrants. Also, science instruction’s effect is higher than
mathematics in all subgroups. In the literature, a considerable number of studies focus
on the same subject. However, as student achievement scores are the final products of
piles of diverse and complex inputs, the results of these studies may include biases.
That includes selection bias when pupils are sent to schools/classes depending on their
ability on a specific subject. Moreover, as the education production function includes
family, student, school, class, teacher and even environment-based inputs, empirical
outcomes from other studies may suffer from omitted variable bias and measurement
errors.
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DERS SURESININ OGRENCI BASARISINA ETKIiSiNIN BiRiNCi
FARKLAR YAKLASIMINA DAYALI OLARAK VE TIMSS VERILERI
KULLANARAK ELDE EDILMESI

OZET

Beseri sermaye, ekonomik kalkinmanin temel wunsurlarindan biridir. Beseri
sermayenin Onemi lizerine, arastirmacilar iilke bazinda matematik ve fen gibi konuya
0zgii bilgi ve yeteneklerin 6l¢lilmesini saglayan ayrintili calismalar yiiriitmektedir. Bu
baglamda, International Association for the Evaluation of Educational Achievement
(IEA), TIMSS adli 8. ve 4. simif 6grencileri i¢in bir¢ok tilkeyi barindiran ayrintili ve
genis capli degerlendirmeler yapmaktadir. Bu degerlendirmeler sonucunda, bazi
tilkelerin 6grencilerinin ve okullarinin puanlar1 yiiksekken, bazilarinin ise oldukg¢a
diisiiktiir. Ulkeler arasindaki ve hatta iilke i¢indeki akademik basar1 farklari, genel
literatiirde farkli ve genis kapsamli agiklamalara sahiptir. Bu ¢alismadaki amag, puan
degisiminin olasi nedenlerinden birini aydinlatmak ve ampirik sonuglara dayali olarak
politika tavsiyeleri sunmaktir.

Bu calisma araciligiyla, TIMSS 2019 c¢alismasinda ¢esitli anketlerden elde edilen
kontrol degiskenleri de dahil edilerek ders siiresi, egitim tiretim fonksiyonunda 6nemli
girdilerden biri olarak ele alinmistir. Dort farkli egitim sistemi ve iilke incelenmistir.
Asil sebep sonug etkisinin anlagilmasinin oniine gegebilecek hatalardan kaginmak ve
safi bir nedensellik iligkisi elde etmek i¢in birinci farklar ekonometrik yontemi ana
nicel yontem olarak kullanilmistir. Odaklanilan veri seti, Kanada, Azerbaycan,
Slovakya Cumbhuriyeti ve Ispanya olmak iizere dort iilkeden 19.000'den fazla 6grenciyi
icermektedir. Tiim veri setine dayanan genel sonuglar, ders siiresinin etkisinin anlamli
ve pozitif oldugunu goéstermektedir. Bu model tizerinde matematik 6gretim siiresinin
matematik puani iizerindeki etkisi, ders siiresinin haftalik bir dakikalik artisinin 0,050
puan artisiyla sonuglanacagi seklinde tahmin edilmistir. Fen 6gretimi siiresinin fen
puanina etkisi ders siiresinin haftalik bir dakikalik artiginin 0,094 puan artisiyla
sonuglanacag: seklinde tahmin edilmistir. Ulkeye 6zgii analizlerde ise, dért iilkeden
igli ders siiresi degiskenine anamli yanit vermemistir. Bu sonug iizerine, ikinci
asamada sadece Ogretim siiresine anlamli ve olumlu yanit veren iilke, Kanada
incelenmistir. Kanada'da, matematik ders siiresinin matematik puani iizerindeki etkisi
haftada bir dakika artisinda 0,061 puan ve fen 6gretimi siiresinin fen puani iizerindeki
etkisi haftada bir dakika artisinda 0,133 puan olarak tahmin edimistir. Ardindan
cinsiyet farkilig1 ve gogmenlik durumuna bagli olan heterojen durumlar incelenmistir.
Sonuglar, egitim siiresi eklemelerinden kiz ve gogmen grubunun erkeklerden daha
fazla etkilendigini gostermistir. Daha sonra, sonuglarin saglamligini arastirmak igin,
sahte ders siirelerini iireterek ve bunlar orijinal olanlar ile degistirerek, rasgele say1
tiretme yontemi ile placebo testi uygulanmistir. Test, beklendigi gibi, regresyonlardaki
100 rastgele varyasyondan 98'inin anlamsiz olarak bulunmasi ile sonug¢lanmistir. Bu
sonug ile belirtilmektedir ki calismada elde edilen sonuglar sansa veya tesadiiflere
dayal1 olarak elde edilmemis, anlamli bir etkinin var oldugu delillendirilmistir.
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Bunlara ek olarak, her iilkenin egitim sistemi, egitim 6zerkligi, egitime yapilan devlet
harcamalari, 6gretmen sayisinin 6grenci sayisina orani, 0gretmen sertifikasyonu,
egitim alanindaki akademik cikt1 sayisi, miifredatin kapsamlilig1 ve 6gretmen maasi
gibi birkac temel Olciite odaklanarak incelenmistir. Logit ve probit regresyonlari
kullanilarak, ders saatlerinde konularin her biri i¢in yeterli zaman ayrimasi, basarinin
Ogretim siiresi verimliligi 6nemli bir unsur olarak bulunurken, 6gretmen 6grenci
oraninin bu verimlilige herhangi bir etkisi saptanmamistir. Ayrica, okullarin otonom
bir yapiya yaklagmasi ve daha kaliteli egitim i¢in akademik alandaki arastirmalarin
artmasi diger olas1 6nemli belirtecler olarak yorumlanmaistir.

Bu calismanin énemi literatiire sagladig1 6zgiin katkilardan kaynaklanmaktadir. Ilk
olarak, artan 6gretim siiresine verilen yanit, Genel Dogrusal Regresyon, Birinci Fark
regresyonu ve Logit ve Probit regresyonlart dahil olmak iizere hem nitel hem de nicel
yontemlerle dort farkli {ilke ve egitim sistemi incelenmistir. Ikinci olarak, yapilan
analizler temel alinarak, Ggretim siiresinin basariya verimliligi igin birka¢ farkli
degisken ayirt edilmis ve dnerilmistir. Ugiinciisii, Kanada 6zelinde heterojen etkiler
icin ayrintili aragtirma gerceklestirilmistir. Ardindan Ogretim siiresi i¢in azalan
verimler yasasi incelenmis ve optimum Ogretim siiresi i¢in kanitlar sunulmustur.
Dordiinciisii, 6gretim siiresi etkisinin oneminin saglamligini kontrol etmek i¢in rasgele
say1 iiretimi yontemi kullanan bir plasebo testi uygulanmistir. Sonug olarak, belirli bir
iilkede ders siiresi arttirimlari, her zaman yiiksek basar1 getirisi ile
sonu¢lanmamaktadir. Aksine, politika uygulanmadan once ilgili egitim sistemi
dikkatlice arastirilmalidir. Ote yandan, Kanada'ya 6zgii bir analiz olarak, fen ve
matematik derslerinde, ders siiresinin marjinal etkilesi tiim 6grenciler i¢in anlamli
sekide pozitif, kizlar ve gé¢menler i¢in daha yiiksek olarak saptanmustir. Ayrica fen
dersi siiresinin marjinal etkisi tiim alt gruplarda matematige gore daha yiiksek olarak
hesaplanmustir.

Literatiirde ayn1 konuya odaklanan 6nemli sayida ¢alisma bulunmaktadir. Bununla
birlikte, 6grenci basari puanlari, ¢esitli karmasik girdi yiginlarinin nihai {riinleri
oldugundan, bu c¢alismalarin sonuglar1 asil etkiden sapmalar icerebilir. Ornegin,
ogrencilerin belirli bir alandaki yeteneklerine bagli olarak okullara/siniflara
yerlestirilmesi se¢im yanliligi durumuna sebep olabilmektedir. Ayrica, egitim
fonksiyonu aile, 6grenci, okul, sinif, 6gretmen ve hatta gevreye dayali girdileri
icerdiginden, ampirik sonuglar ihmal edilen degisken yanliligindan ve O6lgiim
hatalarindan dolay1 yanitici olmaya agik olabilmektedir.
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1. INTRODUCTION

Academic achievement gaps of pupils between countries that are measured by large-
scale assessments such as TIMSS, PIRLS and PISA may have different reasons and
one of them is seen as the instructional time in the related literature. There are
governments, international organizations, and other authorities that value instructional
time as an input that enhances learning.! This is highly likely true when these are the
cases where increasing instructional time enables teachers to deep into topics and have
more question-and-answer times. Moreover, with the easy-to-adapt mechanism of
instructional time additions as no more infrastructure investment is required (except
for the need of supplying more energy and maintenance bills occurring from the over-
use of current infrastructure and also additional payments for teachers), it could be an
attractive expedient to be applied from the side of policymakers. Besides, while having
these facts, there is an excessive diversity of instructional times between nations. For
example, according to the Education at Glance 2019 Report, the OECD average of
compulsory primary instructional time is 4568 hours, annually. While the range is
between 2769 hours (the compulsory instruction time for Hungary) and 7000 hours

(the compulsory instruction time for Australia)?.

Furthermore, there is a considerable number of studies on the purpose of investigating
instructional time’s effect on student scores by having data from large-scale
assessments like TIMSS and PISA. However, the findings show mixed results which
makes it harder to have a consensus.® In addition, some potential biases may be the

case. Namely, selection bias occurs when parents choose schools for their Kids

TAmong others, a few examples: Firstly, On the NYC Elementary School Academic Policy Guide, September 2022 minimum

900 hours instruction for K-6 grade is declared. Secondly, UK Aid’s Sierra Leone Education Policy recommendation 2020, clearly
underlines “Increasing Instructional Time to Improve Learning Achievement”.

2 In the report of OECD (2019) Education at a Glance 2019, the compulsory instruction times are presented for OECD countries
at the Figure D1.1.

3 While Long (2014) found no effect of reading instruction on reading achievement, only a small effect of mathematics instruction
on mathematics achievement by using PISA 2000, Lee and Barro (2001) found no significant effect of school year duration and
Shaw et al. (2013) found no effect of course duration on learning outcomes, contrarily Lavy(2015) and Cattaneo et al. (2016)
found positive effect of instructional time by using PISA 2006 and PISA 2009 data, respectively. More other studies exist with
different findings.



providing higher instruction time or when pupils are located in classes providing
different instructional time programs by school governance based on pupils’ ability.
Other sources of possible bias are unobserved characteristics. While data collection
process, surveys or large-scale assessments may not provide enough and/or suitable
information about subject under research. Appropriately, the exact causation
mechanism behind the relationship between instructional time and achievement based
on test scores is not straightforward to detect. Besides these issues, instructional time
includes different spectrums as one of them, is “actual lesson time” which is the actual
instructional time after removing closure of schools due to official reasons,
absenteeism or late attendance of students or organizational breaks within the school
year; and as another spectrum, “engaged learning time” which is the actual learning
time that student is engaged and pay attention to the instruction.* Because we cannot
observe the efficiency of classes, all the studies are potentially biased as they all, and
this study too, take one component by omitting its in-depth structure. However, it is
obvious that an empirical consistency exists among studies which use diverse samples
and research settings. By reclining this fact, notwithstanding the arduousness of the
measurement of the causal effect, a part of this study contributes to this “empirical
regularity” by sharing parallel and also detailed results in its scope.

Through this study, instructional time was treated as one of the significant inputs in
the education production function. In the first phase of the study, four different
educational systems were chosen and to extract causal relationships well-known
econometrics method, the first differences, and within-pupil setting were used. While
the whole dataset which includes over 19,000 observations of pupils showed a
significant and positive point estimate of the effect of instructional time. In the
country-specific three out of four countries, Azerbaijan, Slovak Republic and Spain
showed no significant response to the explanatory variable was measured. After
obtaining outcomes and differences become obvious among country results, an
interpretation and a quantitative analysis based on logit and probit regressions were
implemented to explain country-based variation. Then in the second phase, for one of
the countries, Canada which was productive to the instructional time additions,

detailed investigation was accomplished by examining heterogeneity and diminishing

4 In the study of “What's All the Fuss About Instructional Time?”, 1990, Berliner explains the spectrums of instruction time by
the page 2.
5 The propositional phrase is mentioned in Lavy (2015)



returns of time. Results similar to the literature are found.® Also similar to Lavy (2015),
the effect of instructional time was found to be larger for girls and immigrants. Then,
one placebo test was undertaken by using a uniformly random number generation

method to produce and replace the lookalike instruction times.

This study contributes to the literature in four ways as follows: First, as a unique
contribution to our knowledge, the productivity of achievement to instructional time
additions over the countries with four different education systems is analyzed and
detailed education system analysis for these countries is presented. Secondly, based on
the results in the first phase, detailed research for heterogeneous effects on the
instructional time-productive country, Canada, is accomplished. Thirdly, the law of
diminishing returns in the duration of instructional time is scrutinized and presented
as possible evidence for an optimum time of instruction. Fourthly, a placebo test is
presented using random number generation to be certain about the significance of the
instructional time variable. At the end of these, it is determined that adequate time on
each of the topics during class hours is foremost for instructional time productivity of
achievement while the teacher-pupil ratio has not any effect. Also, approaching a self-
deterministic structure of educational governance of schools and academic research
for quality of education are found as other possible pillars of instructional time
productivity of achievement. In the instructional time-productive country, Canada,
within-pupil FD regression offers a much lower effect than the general regression, but
the result creates a marginal effect of 0.061 points per minute/week and 0.133 points
per minute/week for mathematics and science scores, respectively, which contributes
the empirical consistency in this research subject. Also, the outcomes of this study
support previous findings by sharing higher marginal effects of instructional time on

achievement for girls and immigrants.

The rest of the article is organized as follows: Section 2 presents the existing literature.
Section 3 describes and presents the dataset and the sampling design of the TIMSS
2019. Section 4 states the empirical strategy by highlighting three significant linear
equations in which instructional time is the explanatory variable. This section also

describes the potential sources of biases and the assumptions that have been taken.

6 Lavy (2015) found 5.8% SD change in case of an hour increase in instruction by taking the study’s 2006 PISA sample into
consideration by using his FE Model setting as a general result for mathematics, science, and language subjects. As 1 SD equals
to 84.4 for the dataset, results imply 4.89 points increase. Cattaneo et al. (2016) found 5.9% change with similar setting but using
study’s Swiss students 2009 PISA sample. As 1 SD equals to 85.3 for the dataset, results imply 5.03 points increase. As implicated
in Results section, this paper’s point estimates are very close to the mentioned paper supporting the empirical regularity.

3



Section 5 and 6 presents a detailed analysis of the educational systems of the studied
countries and followingly, focuses on Canada. Section 7 concludes.



2. LITERATURE REVIEW

As instructional time is a source that quickly and easily be adapted to the educational
system, its investigation on educational output is valuable for policy makers.
Instructional time’s effect on educational achievement has been studied by several

papers through the history because of that and other relatedly varying reasons.

In addition to the papers that directly investigates the effect, a few papers presented

correlations or interpretations over the subject. Dagli (2019), as a recent work, has
investigated and putted together related literature and provided sufficient overview on
the topic. OECD (2011a) Report which uses the PISA 2006 survey, concludes that a
positive correlation exists between reading, mathematics and science scores and
regular school day instruction time on 15 years old student over participant OECD
countries. The mean instructional time during the lessons helped to explain between-
country variance by 25% in reading and mathematics success according to the report.
Farbman et al. (2014) which bases on the US education system, pointed out that more
and high-quality learning time with specialized curriculum affects disadvantaged
students at most.

The papers which are based on a causal relationship can be listed in the following
passages. Lavy (2015) published one of the most citable results on PISA 2006 survey
which is based on 15 years old student’s assessment over participant OECD countries.
The research was built on estimating fixed-effect within-student regression for
instruction time’s effect on reading, mathematics, and science, with controls that are
time-invariant. 22 OECD countries took part in the study with more than 400,000
observations. He pointed out that one hour addition to the weekly plan of lessons in
reading, mathematics, and science classes affected positively and increased the PISA
test scores by around 6% of a SD (84.4). In heterogenous analysis, he found that the
effect was lower for boys than for girls. Also, the effect was lower for the pupils whose
parents had high education. Moreover, his results pointed that the effect of one-hour
additional instruction time was also lower for the developing countries rather than

Eastern European countries. Eide and Showalter (1998) studied the effect of the



duration of a school year in USA on success by using the data from high school
sophomores. Finally they concluded with the insignificant results. Fryer (2011)
published more comprehensive study as focusing on some educational reforms’ effect
on the student success in Houston USA. He used student observations and the grades
varying from third through eleventh grades. He argued that despite of a lot of reforms
over the country, USA has had the same place in the large-scale assessments which
measures academic achievement of student among other countries. On the other hand,
as the paper presented, the application of a mix of comprehensive reforms including
increased learning time/more time on the task to the schools, which was the case for
Houston charter schools, results with higher achievement scores on math and reading.
Rivkin and Schiman (2015) used PISA 2009 data with over 500,000 observations
including only 9th and 10th grade students over 72 countries. By using school-by-
grade-by-subject level FE, they found that achievement scores can increase with
additional instructional hours. However, this increase was higher for the students who
were top half of the class in academic achievement ranking. They emphasized that
additional time possibly let teacher cover the topic more in detail, to tailor the topics
for individual needs of specific students and to answer the questions more. They also
found that additional hours can give benefits to the student, but the amount of the
addition and classroom factors are other inputs of overall gain. Rivkin and Schiman
(2015) reported 0.051 as marginal coefficient of score for each additional minute. As
nearly same results can be seen on my study’ Long (2014) applied a three-level
approach with country, school and student attributes to two datasets: PISA 2000 and
PISA 2006, both uses 15 years old students over OECD countries. He found no effect
of reading instruction on reading achievement, a small effect of mathematics
instruction on mathematics achievement, and no effect of mathematics instruction to
the achievement at the country or school levels in PISA 2000 study (between countries
and between schools). In contrast, on the same paper but with PISA 2006 dataset, an
additional hour of mathematics or reading instruction raised mathematics and reading
test scores by half of a SD at country level. Also, students with a low socioeconomic
background benefitted from the additional hour of instruction more than those with a
higher socioeconomic background. The latter is contrary to Lavy (2015)’s findings as

7 In the study of Rivkin and Schiman (2015), this is only valid for the lectures which has 240-279
minutes per week as instructional time and only for 2 subjects(math and language arts).
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the latter found a better effect on the student whose parents had higher educational
attainment. Long (2014) concludes with raising need for further studies in order to be
certain about increased instructional time’s effect on achievement. Jensen (2013)
presented variation in classroom hours induced by a reform that changed instructional
time by 2.2-3.3% in Denmark. He found that one-hour increase per year in
mathematics instruction increased scores on mathematics tests by 0.21% of standard
deviation at 9th grade. Blank (2013) used National Assessment of Educational
Progress (NAEP) 2009 data which includes 46 states and 2000 students per state on
grade 4 students for analyzing instructional time effect on science scores. His results
demonstrated that instructional time of science lectures has positive effect on grade 4
students. In detail, one state with 120 minutes per week science instruction has 150
points on average while a state with 210 minutes per week science instruction has 154
points. The 4-point difference has been found statistically significant. Also, they
reported that the students receiving high amount of science instruction (4 hours per
week in the study) were 12 points better than the ones receiving the lowest amount of
instruction (1 hour per week in the study). This finding is also very similar as 12 points
difference in 180 minutes makes each minute 0.066 point worth which is very close to
my conclusions mentioned firstly in the Introduction section of this paper. Cattaneo et
al. (2016) made a replication of Lavy (2015)’s study with Swiss 15 years old students
by using PISA 2009 data. They also found similar results with their reference article:
one additional hour increase in instruction has resulted with around 6% standard
deviation of scores. They checked for several heterogeneity issues as well. Their
findings showed that high ability students benefitted more as 8% SD increase found
while in low ability tracks this effect was only 3.8% of SD. Woessmann (2003) used
TIMSS database with a cross-country study including 39 countries and 7th and 8th
grade students. He presented positive effect of instructional time on mathematics
scores by using international. Baker et al. (2004) used three international datasets
(PISA 2000, TIMSS 1999, CIVICS 1999) to analyze the causation between instruction
time and student achievement scores in huge country set and reported no significant
effect. They concluded with only little evidence of existence of marginal effect to the

scores.

Moreover, Pischke (2007) used historical database dated 1961-2 to 1972-3 from

Germany on primary and secondary level students. He checked the impact of duration



of school year on future wages by using SUR (seemingly unrelated regression) and
Student FE estimators but could not find any statistically significant estimates.
However, Pischke (2007) found that short school years was significantly related with
grade repetition and lower track choice for future education of student. Similar study
has been done by Lee and Barro (2001) used 58 countries data on different age groups
for research mathematics, reading and science subjects on learning achievement.
Resulted with no significant effect of school year. Shaw et al. (2013) investigated the
course length effect, rather than the school length, on the undergrade level students’
achievement in USA. They compared whether there was a difference in student
achievement between 8-weeks and 16-weeks length online courses about abnormal
psychology. They concluded that there was no significant difference between these

two settings.

Also, Tiedt et al. (2021) found no significant difference on achievements for their
experiment on nurse graduate education on the 8 weeks or 16-weeks courses in USA.
As a recent study on same issue, Satoh et al. (2022) has different setting. They
designed a lab-based lectures on several themes(subjects) of learning for second
grade medical students in 2018 and followingly 2019 in Japan, Saitama Medical
University. In 2018, each theme was given for one day while in 2019 each theme was
given for two days duration, but the educational input weight was same. They
applied 5-point Likert chart survey to the second-year undergraduate medical
students for several learning outcomes including understanding. Finally, they have
seen no difference between two years’ understanding results. As an example of out
of class instructional time, the amount of time spent on after-class homeworks has

also been related with positive effect on student achievement(Renning,2010).



3. DATA

The International Association for the Evaluation of Educational Achievement (IEA)
organizes The Trends in International Mathematics and Science Study (TIMSS) in
every four years. TIMSS shares timely information on the education system of
participant countries, and its 4" and 8" grade students’ capability on mathematics and
science subjects as well as background information of students such as parental support
at home, sense of school belongings, enjoyment during lectures and more . The first
TIMSS was held in 1995, however this paper uses the data from TIMSS 2019 which
is the 71" cycle and participated by 64 countries and several provincial participants. To
ensure statistical correctness and comparability between countries, the IEA follows
predefined requirements during the data collection process. The target population for
4" grade students, who are the main target group within this study, are all students
enrolled in the 4™ grade and it is underlined that the mean age is 9.5 years old at the
test time.® Besides, the target population for teachers are all mathematics and science
teachers who are the teachers of sampled students. As it is not possible to test all
population, a sampling mechanism is being used by the TIMSS officials.

Before proceeding the phase of school section, the “National Research Coordinator”
who is a country-officer and appointed for coordinating TIMSS procedures in her
country, constructs a “sample frame” that consists of all schools in the country for
target grade properly. Then, based on this frame, two staged random selection process
being held by TIMSS officers. In these stages, schools are randomly selected and
followingly, classes are randomly selected. Firstly, based on probability-
proportionate-to-size (PPS) approach, some individual schools are selected. PPS is an
approach that creates a school-specific probability score which is proportional to
related school’s entire target grade population. This implies that more observation in
the target grade(4" and/or 8™ grade students) results more chance for being selected
for this year’s TIMSS examination. However, participation is optional. If selected

school do not want to attend the study, TIMSS statisticians appoint a substitute school

8 Related statistics can be found detailly at Methods and Procedures: TIMSS 2019 Technical Report, Chapter 3.
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which is in the same neighborhood. Also, some exclusion decisions of the schools may
be the case while selection, based on the detailed criterions decided by the TIMSS.? In
the second stage, classes are select by TIMSS & PIRLS sampling software that uses a
standard algorithm for all selection processes. It is possible to select one or more
classes per school. Overall, the sample is formed by a random selection of all schools
and the classes in related country.°

The achievement scores for the subjects in the studies such as TIMSS and PISA and
other possible large-scale assessments are the plausible values. These variables are
counted as measures of students’ ability on given tests. There are 5 plausible values
reported per subject in TIMSS'19. Basically, PVs are used to estimate the subject-
based ability of whole population of selected country. Individual PVs can be seen as
the estimated values based on students' responses to items and background
information. Each PV is randomly drawn from a distribution which is based on an
estimation and being considered as a representative value for all students who have
alike pattern of responses and similar backgrounds. Differences between PVs are

caused by the degree of errors in the distribution of scores.!

The data on this study was retrieved from files with “-M7” suffix extension on the
TIMSS 2019 database which is based on 7th cycle of TIMSS and consist of eTIMSS
(TIMSS questionary on computer) and paper-based TIMSS (TIMSS questionary on
paper). Other data types, bridge and eTIMSS with PSI (Problem Solving and Inquiry),
are not used in this study.

This study firstly uses TIMSS data from four different countries which are Canada,
Azerbaijan, Slovak Republic, and Spain. Then, specifically address the data for
Canada. These four countries have different historical backgrounds. For example,
while Azerbaijan and Slovak Republic is newly constructed republics after the
dispersion of Soviet Union and Czechoslovakia, Canada mostly formed in 19" century
with a huge influence from European settlers, Spain has its foundation roots from 15™

century.*? The diversity in the histories and also, the geographies of these countries

% On the page of National Center for Education Statistics (NCES),
https://nces.ed.gov/timss/timss15technotes_intlregs.asp#fl1) detailed information can be seen.

10 Procedures are underlined in the book of Methods and Procedures: TIMSS 2019 Technical Report, Chapter 3

11 For more detail info about PV’s used in TIMSS, Methods and Procedures: TIMSS 2019 Technical Report, TIMSS and
PIRLS Achievement Scaling Methodology-TP11 are the main resources.

12 For more detailed information about Spanish History please visit the book of Britannica, T. Editors of Encyclopaedia.
"Catholic Monarchs." Encyclopedia Britannica, December 2, 2013
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led them form different systems of governance in politics and as well as in education.
These four countries were used in this study to investigate productivity of
“instructional time” across different educational systems, to explain the reason behind
the formation of productivity of instructional time, and to have detail research for a

country which is productive in terms of instructional time.

As seen at Table 3.1, Azerbaijan has the highest score in mathematics while has the
lowest score for science, 528.9 and 445.0, respectively. Canada is around in close to the
average for science, with 516.3 point. Slovakia has the highest score for science and
above the average for mathematics, 525.3 and 512.4, respectively. Spain is also close
to average for both subjects, 513.8 point for science and 504.3 point for mathematics.
For lecture durations, Canada and Spain are above the average for both lectures while
Slovakia and Azerbaijan are below the average. As, on average, Canada has 311.4
minutes per week for mathematics and 137.7 minutes per week for science; Spain has
273.0 minutes per week for mathematics and 177.1 minutes per week for science;
Azerbaijan has 215.2 minutes per week for mathematics and 90.3 minutes per week for
science; Slovak Republic has 197.3 minutes per week for mathematics and 94.8 minutes
per week for science. Moreover, the standard deviation is the highest in Canada for
both lectures, followed by Spain. In Azerbaijan, possibly due to the central educational

system, both lecture durations are not dispersed from the mean.

Table 3. 1:Data Description.

Whole
Sample Azerbaijan Canada Slovakia Spain
Mean SD Mean SD Mean SD Mean SD Mean SD
Mathematics Score 507.6 76.9 528.9 82.0 498.2 759 5124 72.6 504.3 72.9
Science Score 502.7 81.3 4450 93.6 516.3 71.0 525.3 77.0 513.8 67.7

Mathematics 268.2 782 2152 27.0 311.4 87.0 197.3 322 273.0 47.3
Lecture Duration

Science Lecture 131.7 680 903 6.9 1367 750 948 20.6 177.1 68.1
Duration

No. of

. 19704 19704 3864 3864 8516 8516 2608 2608 4716 4716
Observations

Moreover, at Table 3.2, all the background data which are used as control variables
are with their details. The names of variables, which are used in this paper, the types
of variables, the names of variables in the TIMSS 2019 database and the data about

their extractions have shared for clarity and reproducibility of the work.
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Table 3. 2:Variables and Descriptions.

Variable

Type of
Variable

Name of the
variable in
TIMSS'19
Database

Detail of Variable

Math Achievement
Score

Continuous

ASMMATO01
to
ASMMATO05

Mathematics achievement scores are the dependent
variables in the study. Each of the scores is a
plausible value which described in the “Data”
section. (National Center for Education Statistics)

Science
Achievement Score

Continuous

ASSSCI01 to
ASSSCI05

Science achievement scores are the dependent
variables in the study. Each of the scores is a
plausible value which described in the “Data”
section. (National Center for Education Statistics)*®

Mathematics
Instructional Time

Continuous

ATBMO1

Math Instructional Time variable is obtained from
the question of "In a typical week, how much time
do you spend teaching mathematics to the students
in this class? (In minutes)" in the TIMSS'19
teachers' survey.

Science
Instructional Time

Continuous

ATBS01B

Science Instructional Time variable is obtained
from the question of "Please estimate the time that
you spend on science topics with students in this
class (in minutes per week)" in the TIMSS'19
science teachers' survey.

Born in Country

Categorical

ASBGO7

Variable is obtained from students' survey. Two
answers as categories are allowed: "1: Yes" and "2:
No".

Gender

Categorical

ASBGO1

Variable is obtained from students' survey. Two
answers as categories allowed: "1: Girl" and "2:
Boy".

Age

Continuous

ASDAGE

Variable is obtained from students' survey.

Sense of School
Belongings of Pupil

Parental Support

Continuous/Scale

Continuous/Scale

ASBGSSB

ASBGHRL

Variable is obtained from students' survey as a
scale named "Students Sense of School
Belonging/SCL" which is extracted from 5
statements' evaluation by the pupil. Then, a scale is
formed as a continuous number by TIMSS'19.
These 5 statements that are being evaluated from
pupil by marking 4 options between "Agree a lot"
and "Disagree a lot" options are listed as: "I like
being in school™ , " | feel safe when | am at school"
, "'l feel like 1 belong at this school®, "Teachers at
my school are fair to me", " I am proud to go to this
school"

Variable is obtained from students' survey as a
scale named "Home Resources for Learning/SCL"
which is extracted from 5 questions' evaluation by
the pupil and parent. Then, a scale is formed as a
continuous number by TIMSS'19. These 5
questions that are being answered are listed as:
“Number of books in the home (students)",
"Number of children’s books in the home
(parents)”, "Number of home study supports
(students)”, "Highest level of education of either
parent (parents)”, "Highest level of occupation of
either parent (parents)" .

13 National Center for Education Statistics shares detail information about weights and the procedure on the following page:
(https://nces.ed.gov/timss/timss15technotes_weighting.asp
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Table 3.2(Cont.): Variables and Descriptions.

Variable Type of | Name of the | Detail of Variable
Variable variable in
TIMSS'19
Database
Like Learning Math | Continuous/Scale | ASBGSLM Variable is obtained from students' survey as a

scale named  “"Students Like Learning
Mathematics/SCL" which is extracted from 9
statements' evaluation by the pupil. Then, a scale is
formed as a continuous number by TIMSS'19.
These 9 statements that should be evaluated
includes “I enjoy learning mathematics”,
"Mathematics is boring”, "l like to solve
mathematics problems”, " | wish | did not have to
study mathematics" statements and 5 similar
statements more.

Like
Science

Learning

Continuous/Scale

ASBGSLS

Variable is obtained from students' survey as a
scale named  "Students Like Learning
Science/SCL" which is extracted from 9
statements' evaluation by the pupil. Then, a scale is
formed as a continuous number by TIMSS'19.
These 9 statements that should be evaluated
includes “I enjoy learning science", "Science is
boring", "I like to solve science problems", " | wish
| did not have to study science” and 5 similar
statements more.

Class Size

Continuous

ATBG10A

Variable is obtained from teachers' survey upon the
question of "Number of students in the class?"

Education of
Teacher

Categorical

ATBG04

Variable is obtained from teachers' survey upon the
question of "Level of formal education
completed?”. Available 7 answers as categories are
listed as : 1: Did not complete <Upper secondary
education—ISCED Level 3>; 2: <Upper secondary
education—ISCED Level 3> (If you have not
completed <post-secondary or tertiary education>,
you will; 3: <Post-secondary, non-tertiary
education—ISCED Level 4>; 4: <Short-cycle
tertiary education—ISCED Level 5>; 5:
<Bachelor’s or equivalent level —ISCED Level 6>;
6: <Master’s or equivalent level—ISCED Level
7>; 7: <Doctor or equivalent level —ISCED Level
8>

Age of Teacher

Categorical

ATBGO03

Variable is obtained from teachers' survey upon the
question of "Age of teacher?". Available 6 answers
as categories are listed as :1: Under 25; 2: 25-29;
3:30-39; 4: 40-49; 5: 50-59; 6: 60 or more

Gender of Teacher

Categorical

ATBGO02

Variable is obtained from teachers' survey. 2
answers as categories are allowed: 1: Female and 2:
Male

Native Language of
Overall Pupils

Categorical

ACBG04

Variable is obtained from principles' survey. 5
answers as categories are allowed: 1: More than
90%; 2: 76 to 90%; 3: 51 to 75%; 4: 26 to 50%; 5:
25% or less

Economic
Disadvantage  of
Overall Pupils

Categorical

ACBGO3A

Variable is obtained from principles' survey. 4
answers as categories are allowed: 1: 0 to 10%; 2:
11 to 25%; 3: 26 to 50%; 4: More than 50%

Country Dummy

Dummy

The variables are created as dummies for each
country (Canada, Azerbaijan, Slovak Republic,
Spain) by the author based on the default variable
of "IDCOUNTRY" from TIMSS'19 Database for
each pupil.
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Table 3.2(Cont.): Variables and Descriptions.

Science Curriculum
Fulness

Continuous (%)

ATDSLIF
ATDSPHY
ATDSEAR

Variable is created from averaging 3 variables from
the Teacher Survey of TIMSS 2019 Dataset. These
3 variables are response of each teacher on their
class. The variables are the ratio of the covered
subtopics (Life Science, Physical Science and
Earth Science) in science lectures in current year or
the previous year. Then, overall coverage of topics
is obtained.

Mathematics
Curriculum Fulness

Continuous (%)

ATDMNUM
ATDMGEO
ATDMDAT

Variable is created from averaging 3 variables from
Teacher Survey of the TIMSS 2019 Dataset. These
3 variables are response of each teacher on their
class. The variables are the ratio of the covered
subtopics (Data, Number, Measurement and
Geometry) in mathematics lectures in current year
or the previous year. Then, overall coverage of
topics is obtained.
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4. EMPIRICAL STRATEGY

This section consists of the empirical setting for the effect of instructional time on the
4th grade pupil achievement by considering a set of control variables that are presented
in “Data” section. The first model to explain instruction duration’s effect on
educational output in mathematics and science can be proposed by following linear

regression education functions:
Yijkm = Fi ﬁxm + chk ﬁz + .Bmmm/}'cm + ﬁsmVVjcs + ﬁch + €1 (4-1)

Yijks = Fi .Bxs + chk ﬁz +.Bms I/l/}'cm + ﬁssVVjcs + ,8ch + € (4-2)

where:
€1 = Up + n; +p; +s;+ €ijkm (41&)
€y = Uy + n; +p;+ s.+ Vijks (423)

Yijikm and Yy are the achievement outputs for student i in mathematics and science,
respectively. F; is a vector including family and student background information (age,
gender, parental support, sense of school belongings, science lecture enjoyment,
mathematics lecture enjoyment and immigrant status), Zj, is another vector
containing the information from school j (native language of overall pupils registered
to the school, economics disadvantageous of overall pupils registered to the school,
the size of related class in the school) and teacher k (education, gender, age). W,
contains the information of instructional time in terms of minutes, m for mathematics
and s for science lectures. As seen, to catch spillover effect of mathematics and science
instruction on each one, both effects are put on the other’s linear equation which can
be seen in Renning (2010). In this regard, B, in Equation (4.1) stands for
mathematics instruction’s effect on mathematics achievement, S, in Equation (4.2)
stands for mathematics instruction’s effect on science achievement. Similarly, B, in
Equation (4.1) stands for science instruction’s effect on mathematics achievement, 3¢,
in Equation (4.2) stands for science instruction’s effect on science achievement. D, iS

the country dummy as we have four countries in the first phase of the study. In both
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equations, student background information’s coefficients have indicators as “m” and
6{.579

because the data includes subject based taste for classes which can be seen in detail

in “Data” section.

The potential unobserved individual effects for teacher, school, student, and class are
marked respectively with w, n;, p;, s.. Following terms, e;jx,, and 7;;xn, are the
idiosyncratic error terms for mathematics and science educational output equations.
Ur may be available for teacher based negative or positive inputs for example low
motivation for the job as negative side or having high professional development as

positive side. n; and s, may again exist if school/class has been managed poorly or

extremely well. p; captures several unobserved characteristics such as inner ability and

motivation of pupil or physical wellbeing for education and so on.

Having current regression’ estimates high-likely includes some biases whose
sizes and directions are not easy to detect. One of the greatest potential sources of bias
IS unobserved individual characteristics mentioned above. These may have
correlations with mathematics and science lessons that prevent us see exact causation.
Secondly, teachers or the decision maker of the lecture durations may allocate more
time for low ability classes to be sure about they also have enough instruction. If that
is the case, high instruction times are correlated with with lower achievement scores
which serves as downward bias. Similarly, a selection bias may occur if parents select
schools or classes enabling high instruction times for the high ability or low ability

pupils; these are the unobserved effects that should be prevented for the research.

Below, in Equation (4.3), the solution for potential biases is addressed:

AY =F; ay + VVjcm Amat + VVjcs Asci T Ujjks (4.3)
where:

a1 = (Bxm — Bxs)s Umar = (Bmm — Bms)» Asci = (Bsm — Bss) and the Ujjkm =
(€ijkm — Vijkm)- (4.3a)

This equation built on the following assumption: the pupils who have higher interest
or ability in mathematics (or science) are not allocated to the classes with higher
instruction time on mathematics (or science) rather than the other one. If this is the
case, the error term could be correlated with the dependent variable despite the control
variables and the first difference modeling. But, summarized in the “Country Specific

Education Systems” section, there is no evidence about subject based schools for 4"
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graders in any of the countries studied in this paper. As one last issue, at the cost of
reduced sample size, the sample is limited to students who have the same teacher for
both lectures with the aim of eliminating the teacher-unobserved effect(after the
elimination, the remaining sample size is about %47 of whole dataset). Lastly, the
estimates should be interpreted with attention as the subject-specific inner ability of
pupil and subject-specific teacher reliance are not excluded albeit we excluded general

inner-ability for teacher and pupil.

For Equation (4.3), a4 > 0 precisely implies that a student with longer instruction
time in mathematics is more successful in mathematics compared to science, in
contrast to a student with shorter instruction time in mathematics. In other words, as
the duration of the mathematics course increases, the student’s score in mathematics
diverges positively from science score. If it is negative, the lecture duration effect on
mathematics achievement is negative. Furthermore, a negative a,. coefficient
indicates that a student with longer time in science lessons is more successful in
science compared to mathematics, in contrast to a student with shorter time. In other
words, as the science instruction duration increases, a student’s science score diverges
positively from her mathematics score. If a,; is positive, lecture duration time’s effect
on science achievement is negative. In the “Results” section, findings are shared with
correction of a,.; as multiplied by -1 to make it easy to interpret and compare with

mathematics instruction time.

As TIMSS User Guide for the International Database (2019) explains, 5 plausible
values were used to run regressions. PISA, TIMSS and some other international large-
scale assessments employ plausible values to obtain student achievement which has
different aspects while measuring as discussed in the “Data” chapter previously. The
averaged coefficient estimations are calculated from the software(R) being able to
calculate and report results as TIMSS’19 recommends. Standard errors are also
calculated upon the sampling variation of coefficient estimates and by considering the
variability occurring from imputation of 5 plausible values. SDs may be calculated
with bootstrapping as seen in Renning (2010) and possible other studies. For the
sampling variability, the standard errors are clustered at class/teacher level and for the
regression itself, student total weights (“totwgt” variable from the TIMSS’ 19 database)
are used to comply with recommendations of the official TIMSS user guide.
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5. GENERAL RESULTS

Table 5.1 and Table 5.2 present the effect of mathematics and science instructions on
the subjects for 4th grades from estimated Equation (4.1) and Equation (4.2) by general
linear regression, respectively. Each column has a different equation based on the

existence of control variables but includes all the country dummies in the equation.

In the first column in Table 5.1 which does not include any control variables but
country dummies, the point estimate of instruction duration of mathematics lessons is
0.057 and statistically significant at a 99% significance level. This means that 4th
grade pupils who have 1 hour more math hour in their weekly curriculum score 3.42
points higher, on average, in the test. Besides, the spillover effect of science instruction
IS negative but not significant. The second column in Table 5.1 includes all background
controls presented in the “Data” section while keeping country dummies. The point
estimate of instruction duration is much higher, 0.082 at the 99% significance level.
This means a stronger effect which indicates that 1 more hour of math class in the
weekly curriculum results in 4.92 points higher. However, the science spillover effect
is measured as negative 0.095 meaning that increasing science instruction duration by
5.7 points decrease in math score. On the other hand, these results may include biases
as potential endogeneity issues are available which are discussed in “Empirical

Results” section.
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Table 5. 1:Effect of instruction on mean TIMSS math test.

@) 2
0.057** 0.082***
Mathematics Instruction (0.029) (0.018)
-0.048 -0.095***
Science Instruction (0.036) (0.019)
Country Dummies X X
All Controls X
No. of Obs. 19704 11997

Reported numbers are based on weighted linear regressions over one subject (Math). Estimates and standard
errors are obtained using the five plausible values of test scores as required by TIMSS 2019 User Guide for
the International Database 2nd Edition. Standard errors in parentheses are clustered at the class level. Total
student weights(totwgt) are calculated and used from TIMSS'19 Database. (*** as p-values<0.01, ** as p-
value<0.05, * as p-value<0.10)

In the first column in Table 5.2, the point estimate of instruction duration of science
lessons is 0.001 and statistically insignificant. Besides, the spillover effect of
mathematics instruction is also insignificant. The second column in Table 5.2, that
includes all background controls presented in the “Data” section while keeping country
dummies. The point estimate of instruction duration is -0.003 but again statistically
insignificant for science instruction. However, the spillover effect of mathematics is
positive and size of 0.032 per minute at a 95% significance level. This means that
increasing science instruction duration over the average has no effect but increasing
mathematics instruction positively effects the science scores. As TIMSS science
questions requires high portion of analytical thinking skills'4, effective mathematics
lectures enable students to answer questions with high accuracy. But it does not explain

why science lectures’ effects are insignificant.

14 As the questions are based on analyzing a natural process and the “cause and effect” relationship,
it is highly conjecturable. For more detail please visit the page of lastest test concept, avaiable online
at: https://timssandpirls.bc.edu/timss2019/frameworks/framework-chapters/science-
framework/science-content-domains-fourth-grade/
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Table 5. 2:Effect of instruction on mean TIMSS science test scores.

1) (2)

: : 0.001 -0.003

Science Instruction
' uet (0.030) (0.017)
. . 0.028 0.032**
Mathematics Instruction

(0.024) (0.016)
Country Dummies X X
All Controls X

No. of Obs. 19704 11932

Reported numbers are based on weighted linear regressions over one subject (Science). Estimates and standard
errors are obtained using the five plausible values of test scores as required by TIMSS 2019 User Guide for the
International Database 2nd Edition. Standard errors in parentheses are clustered at the class level. Total student
weights(totwgt) are calculated and used from TIMSS'19 Database. (*** as p-values<0.01, ** as p-value<0.05, *
as p-value<0.10)

5.1 Results with the First Difference Approach

The research strategy of this study is to form a first difference equation as presented
in Equation (4.3) in order to remove unobserved student, teacher, class, and school

fixed effects.

In Table 5.3, the results of FD estimation for the general dataset are presented. For the
first column, only country dummies are added to the regression. Obtained results are
0.030 for mathematics at 95% significance level, and 0.049 for science at 99%
significance level. For the second column, while keeping country dummies, the control
variables are also added to the regression. The effects are now increased to 0.050 for
mathematics at 99% significance level and 0.094 for science at 99% significance level.
Based on the second column, 0.050 points per minute/week means 3 points(60 times
0.050 as the result shifts from minute to hour) per hour/week on average for
mathematics; 0.094 points per minute/week means 5.64 points per hour/week for
science. These results are similar to what Lavy (2015) and following. Cattaneo et al.
(2016) presented. Their estimates were based on the percentage change of 1 SD of the
scores for 1 hour increase of instruction.'® If a comparison with previous regression

tables (Table 5.1 and Table 5.2) is held, mathematics instruction effect has decreased

5 Lavy(2015) found 5.8% SD change in case of an hour increase in instruction by taking the study’s whole PISA sample into
consideration by using his FE Model setting as a general result for math, science and language subjects. As 1 SD equals to 84.4
for the dataset, results imply 4.89 points increase. Cattaneo et al. (2016) found 5.9% change with similar setting but using
study’s Swiss students PISA sample. As 1 SD equals to 85.3 for the dataset, results imply 5.03 points increase.
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from 0.082 to 0.050 while in science the effect now has positive sign as 0.094 and
significance. These changes suggest that there was a large correlation between the
error term and the dependent variable because of the unobserved fixed effect and the
endogeneity. Application of FD regression reduced the effect of mathematics
instruction as it was overestimated in Equation (4.1) and increased the effect of science
instruction as it was underestimated with insignificance in Equation (4.2). Also, the
results found in the first difference estimation are very similar to what Rivkin (2015)
has found. In their paper, one additional minute of instruction’s effect was significantly
0.051 as the marginal coefficient for the lectures whose durations are between 240-
279 per week by considering 2 subjects included in the study (language arts and math)

on average.

On the other hand, it is important to mention that the effectiveness of class hours is the
key accelerator of the learning process resulting in higher achievement scores.
Diminishing returns are also available in the education production function as students
and teachers get tired of instruction. As Aronson et al. (1999) implied quality of

teaching including effective use of instructional time is the key input.

Table 5. 3:Effect of instruction on mean TIMSS test scores (FD Method).

1) (2)
: : 0.030** 0.050***
Mathematics Instruction
(0.014) (0.012)
: : 0.049*** 0.094***
Science Instruction
(0.016) (0.016)
Country Dummies X X
All Controls X
No. of Obs. 19704 11907

Reported numbers are based on first difference estimates over two subjects (Math and Science). Estimates and
standard errors are obtained using the five plausible values of test scores as required by TIMSS 2019 User Guide
for the International Database 2nd Edition. Standard errors in parentheses are clustered at the class level. Total
student weights(totwgt) are calculated and used from TIMSS'19 Database. Science instructional time effect has
been arranged to make it comparable with math instructional time effect. Details are on the 'Empirical Results'
section. (*** as p-values<0.01, ** as p-value<0.05, * as p-value<0.10)
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5.2 Country Based Results with the First Difference Approach

In Table 5.4, the results of FD estimation for unique countries in the whole dataset are
presented. For the first column, the equation only includes achievement scores and
explanatory variables as the previous ones. In the header, country names are placed,
and each country has its estimation results below. In comparison to Canada, other
countries’ estimations are insignificant and contain much higher standard errors. In the
case of Canada, similar to general results but stronger effects exist such as mathematics
instruction effect is 0.061 and science instruction effect is 0.133 with 99% significance
level for Equation (4.2). If a comparison is held between these and those we saw in
general results, mathematics instruction’s effect is around 20% higher while science’s
effect is higher more than 40%. Canada shows significantly stronger positive
productivity for instruction time while other countries remain inefficient. There are
two results of this outcome: First, as the Canadians are almost half of the whole dataset,
the general results high likely are influenced by Canada. Second, the difference
between Canada and other countries should be investigated. In this paper, an analysis
based on interpretation and in a quantitative manner, logit and probit regressions are
formed to have an overview of these four countries' educational systems and to

illuminate possible reasons for the difference in the effect of instructional time.

Table 5. 4: Effect of instruction on mean TIMSS test scores for all countries
(FD Method).

Slovak
Canada Azerbaijan Republic Spain

) ) Q@ @ @O @ @O @

Mathematics 0.028 0.061*** -0.029 0.055 -0.023 -0.004 0.004 0.006
Instruction (0.018)  (0.014) (0.091) (0.119) (0.045) (0.044) (0.025) (0.018)

Scienc_e 0.108*** (0.133*** -0.248 -0.340 0.041 0.053 0.001 0.002
Instruction (0.040) (0.025) (0.312) (0.394) (0.045) (0.034) (0.019) (0.013)
All Controls X X X X
No. of Obs. 8516 4997 3864 1485 2608 2079 4716 3346

Reported numbers are based on first difference estimates over two subjects (Math and Science). Estimates and
standard errors are obtained using the five plausible values of test scores as required by TIMSS 2019 User Guide
for the International Database 2nd Edition. Standard errors in parentheses are clustered at the class level. Total
student weights(totwgt) are calculated and used from TIMSS'19 Database. Science instructional time effect has
been arranged to make it comparable with math instructional time effect. Details are on the 'Empirical Results'
section. (*** as p-values<0.01, ** as p-value<0.05, * as p-value<0.10)
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5.3 Country Specific Education Systems

As all countries have different histories and different geological presences, because of

them and other possible reasons, their education structure is different. In this regard, it

is important to distinguish and explain their education system characteristics while

interpreting the differences in the effect of instruction duration. Glewwe et al. (2020)

presented an education production function that takes school and teacher

characteristics, year of schooling, child characteristics, household characteristics, and

additional inputs such as school material supply and child’s attendance, etc. as inputs,

and achievement as output. In Table 5.5 below, school and teacher characteristics and

additional inputs are presented. The number of published citable documents in the

education area is added for having an overview of the motivation behind the

educational progress and the quality of educational development in the related country.

Table 5. 5: Important Educational Characteristics of Countries.

Topic/Country Canada Azerbaijan Slovakia Spain
Educational District-based Full central | Region-based Limited  autonomy:
autonomy in autonomy with class | autonomy: autonomy with
primary and level attendance to considering individual | The Spanish
secondary education | governance: Ministry of | schools: government
Education of administer the
Province based | Azerbaijan is the | Decentralized national | education system
autonomy and | central body of | education system | regarding legislation,
decentralized education.  Also, | exists as eight | basic structure,
education system | the Cabinet of | autonomous, self- | and cooperative
exist. Each province | Ministers  plans | governing regions | initiatives among all
has their own ministry | and delivers | (samospravny  kraj) | autonomous
of education with their | strategies on | available in  the | communities. (TIMSS
own rules. In addition, | education. country. Primary | '19 Spain  Report)
"pboard/district” based | (UNESCO,2010/2 | schools, preschools, | According to the
differences highly | 011) and school facilities | OECD 2018 Report,
available on are  managed by | schools providing

educational resources
such as professional

development or
curriculum
determination.  Also,
the teachers may
affect her schools’
policies by
influencing
instructional times and
lesson plans.

municipalities, while
secondary schools are
administered by self-
governing regions.
The Ministry is the
national body which
develops unified
education policies and
strategies. Curriculum
is determined by
Ministry of Education
but  tailored  for
individual needs of
schools and regions.
(TIMSS '19 Slovakia
Report)

primary to secondary

education have
extremely limited
autonomy.
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Table 5.5(Cont.): Important Educational Characteristics of Countries.

Government 82,348.74 1,849.48 4,517.19 58,982.77
expenditure on
education in US$ 16
Government 2153.13 1823.01 829.26 1246.29
expenditure in
US$/population?’
GDP% expenditure 5.3 2.7 4.0 4.2
for education 8
Pupil/teacher ratio, 17 15 16 13
primary education®®
Teacher Being a primary grade | Colleges, Primary and | Teacher  candidates
certification teacher in the public | universities and | secondary grade | need to finish a
requirements schools requires | education teachers need to have | training program as
certification. This | faculties is | five-year teacher | minimum a bachelor’s
means all teacher | training center for | training program, | degree,
candidates should | Azerbaijani which  follows a | and a master's degree
complete one | primary teacher | necessary  teaching | for secondary school
undergraduate degree | candidates. The | internship. (OECD, | teachers, then pass a
and with it, separate | education duration | 2015) All teachers | highly ~ competitive
degree in education. | in training | should have university | examination, and after
Besides formal | institutions is 4 | education except the | complete a teaching
educational needs, | years including | kindergarten teachers. | internship.  (OECD,
teacher candidates | field training and | Teacher training | 2018)
should  have  an | profession students also have
internship  with a | courses. The | school trips. Besides,
mentor supervisor | candidates  also | technical  university

teacher for a specific
duration in a real class
environment.

Additionally, the
membership in a

province's  teachers'
association may be
required.  (National

Occupational
Classification,
Government of
Canada) As it is
usually the case in
Canada, there may be
specific requirements
of each province to
certify a teacher.

should attend a 14-
week internship at

public  schools.
(Uzeirli et al,
2021) After

finishing the
degree, to a
placement in
public school,
candidates should
the central
examination and
interview process
(Miiollimlorin iso
Qsbulu, MIQ).
According to the

UNESCO 2011
Report,  teacher
education is not

well sufficient and
enough qualified.
(UNESCO0,2010/2
011)

graduates may also be

teacher after
completing related
pedagogical and
philosophical
education.
(UNESCO,2010/2011
)

18 UNESCO Institute for Statistics, Canada's expenditure is for the year of 2019; Azerbaijan's expenditure is for the year of
2020; Slovakia’s expenditure is for the year of 2019; Spain's expenditure is for the year of 2019. Numbers are as millions.

7 Population data has taken from World Bank, latest values.
18 World Bank, latest values have been used.
¥ World Bank, latest values have been used.
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Table 5.5(Cont.): Important Educational Characteristics of Countries.

The ratio of | Math 82% 97% 65% 76%
covered
materials in
accordance | Scienc 56% 58% 7% 67%

with e
TIMSS'19
topics %

Number of 37,537 125 2,491 31,432
published citable
documents in the
education area?!

Teachers' statutory 40,035 - 16,757 43,135
salaries (2020)%

Before having an interpretation from above table, it is important to analyze an
education production function which is shared below by Glewwe et al. (2020):

A=a(S,Q,CHI

where A is achievement, S is years of schooling, Q is the set of school and teacher
characteristics (in other word, quality), C is pupil characteristics and H is household
characteristics that affect learning, and | is educational other inputs that such as pupil
attendance to classes and purchases of schoolbooks and other school materials. With
another model by Carrol (1963), degree of learning was put at another function. As
this paper is investigating the effect of instructional time on achievement, Carrol’s
model which is based on “time” enables us to distinguish several different "time
variables" in the total instructional time. For example, “the allocated time” is inclusive

to “engaged in learning time”. Carrol’s model is presented below:

D L o (Time allocated for learning) X (Time engaged in learning)
egree of Learning: f((Time needed to learn) X (Quality of instruction X Abiity to understand)

By looking at these models and the given important educational characteristics of
countries in Table 5.5, there may be several explanations for why the instructional time
effect is significant and positive only in Canada rather than in other countries. As there
is no measure in literature, to our knowledge, for engaged learning time of students,
which is also counted as an unobserved characteristic in this study, three points are
found as possible reasons for the positive significance of Canada’s instructional time
on educational output. First, Canada has more knowledge of education in terms of

academic research output. This fact reflects the attitude of the academia of the nation

2 Only primary level subjects were included to ratio. The values are based on teacher survey of TIMSS 2019. Detail
information and the status of other countries can be found at http://timss2019.org/download
2L The time interval for counted documents is 1996-2021.

22 Used values are from OECD (2021), Annual primary school teachers' salaries; as the section of USD, PPP.
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on the education system. In parallel, it can be counted as a quality measure of
foundations of education. Increased quality leads more efficient lecture hours resulting
higher degree of learning based on the Carrol model. Second, Canada's educational
system on primary schools is one of the most decentralized/self-determinative system
in this group. A similar result published by Lavy (2015). The study declares that the
productivity of instructional time is higher in schools whose extensive autonomy for
several aspects of educational process including teacher hiring and firing decisions and
budget formation. Most significantly, teachers' voice on instructional hours enables
them to arrange the lecture times in a more effective way as they observe and know
the characteristics of their classes/students.?® For example, a teacher may be aware of
out-of-focus times of the whole class and arrange the time plan based on this
observation. Third, another probable reason is curriculum fulness within allocated
time. According to Education at Glance Report of 2019, Canada allocates 5518 hours
of instruction, Spain allocates 4750 hours of instruction and Slovak Republic allocates
2768 hours of instruction in primary level as a necessity over the country, annually.
Besides, Canada has 9 months interval, Spain has 8.5 months interval, Slovak Republic
has 9 months interval and Azerbaijan has 8 months interval consisting of the beginning
and ending of school year. According to this time span for countries and the ratio of
covered topics, curriculum fulness in the allocated instruction time for a year would
be another reason for the productivity of instructional time on achievement. In both
subjects, Canada has the lowest coverage of topics with the highest allocated time.
Also, Canada’s instructional times in the dataset is higher than almost all other
countries. The fact can be seen above in Table 3.1. That means Canada allocates more
time on one unique topic. These three features imply that higher engaged learning time,
higher quality of instruction and self-deterministic structure at primary schools exist
in Canada. Overall results with positive effect of additional instructional time in both

subjects.

To support or withdraw the interpreted findings above, within the bounds of the
possibility of the TIMSS 2019 Dataset, it is possible to examine some of the key
metrics by econometric methods. As presented in Table 5.5, only pupil-teacher ratio

and curriculum fulness in allocated time can be extracted from the dataset. Based on

23 Managing instructional time effectively is one of the key elements that increase learning. (Pashler et al. (2007). Organizing
Instruction and Study to Improve Student Learning. IES Practice Guide. NCER 2007-2004. National Center for Education
Research, page 3)
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that fact, below, Equation 5.1 and Equation 5.2 present respectively logit and probit
models which have the dependent values as the given productivity of addition of
instruction time on achievement. The dependent variable is 1 for Canada and O for
other countries as general results indicate. And the right-hand side values are the

curriculum fulness in TIMSS 2019 and pupil teacher ratio.?*

exp(Bo + B1Xisc + B2Xasc)

1+ exp(By + F1X1sc + B2X2sc) G-

P(Yz = 1|X15c:X25c) =

P(Y; = 1|X15¢, X25c) = P(Bo + B1X1sc + B2X2s¢c) (5.2)

Where Y; is the response of significant marginal increase or decrease of achievement
score to the instructional time additions of the country i, and Y; is 1 if the country has
productivity in terms of additional instructional time, otherwise 0. X;. is curriculum
fulness within limited time of related school of related class in TIMSS 2019 topics,
X,sc 1S pupil teacher ratio, in other words class size, of related school of related class.
®() is the cumulative standard normal distribution function. Marginal effects are
calculated after the calculation of regression coefficients via logit and probit
regression. Table 5.6 and Table 5.7 presents the results for both regressions on the

subjects.

Table 5. 6: Logit and Probit Model Results For The Effect of Mathematics Curriculum
Fulness on Added Instruction Time Productivity.

Logit Model Probit Model
Mathematics Curriculum Coefficient -0.013™= -0.008**
(0.003) (0.001)
Fulness )

Marginal Effect -0.0032 -0.0032

. - -0.004 -0.002

Class Size Coefficient

2 'cl (0.010) (0.006)

No. of Obs. 1155 1155

Reported numbers are based on logit and probit regressions. Marginal effects are calculated via Logit/Probit
model average marginal effects. Marginal effect of “"Class Size" is not calculated as it is not statistically
significant.

(*** as p-values<0.01, ** as p-value<0.05, * as p-value<0.10 and there is no p-value for calculated marginal
effects.)

24 Detail information about variables can be found in “Data” section.
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Table 5. 7: Logit and Probit Model Results For The Effect of Science Curriculum Fulness
on Added Instruction Time Productivity.

Logit Model Probit Model
.. _ E _ *kKk
Science Curriculum Coefficient 0.039 0.023

Fulness (0.003) (0.001)
Marginal Effect -0.0084 -0.0083

: - -0.016 -0.009

Class Size Coefficient

'z ¢! (0.011) (0.007)

No. of Obs. 1139 1139

Reported numbers are based on logit and probit regressions. Observations are on class level and same dataset
that contains observations from Canada, Azerbaijan, Slovak Republic, and Spain is used. Marginal effects are
calculated via Logit/Probit model average marginal effects. Marginal effect of "Class Size" is not calculated as
it is not statistically significant. (*** as p-values<0.01, ** as p-value<0.05, * as p-value<0.10 and there is no p-
value for calculated marginal effects.)

By running the logit and probit regressions, it is tested that the response of significant
marginal increase or decrease of achievement score to the instructional time additions
whether or not depends on curriculum fulness and class size of related class c. Upon
the significant coefficient of curriculum fulness in both subjects and insignificant
coefficient of class size, we can conclude that more instruction in limited time
decreases the significance of additional hours on achievement of the pupil. 1% increase
in science curriculum fulness with the limited time, causes 0.84% - 0.83% decrease in
the chance of being productive of the effect of additional instruction time on success.
Figure 5.1 and Figure 5.2 shows the logit and probit curves’ goodness of fit

respectively.
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Figure 5. 1: Logit and Probit Model Graph For The Effect of Science Curriculum Fulness on
Added Instruction Time Productivity of Science Success
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6. RESULTS ON A SPECIAL CASE: CANADA

The Table 6.1 and Table 6.2 present results respectively the effect of mathematics and
science instructions on the subjects for 4™ grades from estimated Equation (4.1) and
Equation (4.2) by general linear regression for Canada(. The first column in Table 6.1
which does not include any control variables, the point estimate of instruction duration
of mathematics lessons is 0.041 and statistically significant at 90% significance level.
This means that 4th grade pupils who have 1 hour more in their weekly curriculum get
2.46 points better, on average. Besides, the spillover effect of science instruction is -
0.088 with 95% significance level. The second column in Table 6.1, includes all
background controls which is presented in the “Data” section. The point estimate of
instruction duration is much higher, 0.093 at 99% significance level. This means a
stronger effect which indicates that 1 more hour in the weekly curriculum results in
5.58 more points. However, the science spillover effect negatively hits by 0.108
meaning that increasing science instruction duration by 1 hour/week ceteris paribus,

results in 6.48 points decrease.

Table 6. 1: The effect of minutes of mathematics instruction on TIMSS scores in Canada.

(9] (2
. . 0.041* 0.093***
Mathematics Instruction (0.023) (0.020)
Science Instruction -0.088*** -0.108***
(0.044) (0.027)
All Controls X
No. of Obs. 8516 5018

Reported numbers are based on weighted linear regressions over one subject (Math). Estimates and standard
errors are obtained using the five plausible values of test scores as required by TIMSS 2019 User Guide for
the International Database 2nd Edition. Standard errors in parentheses are clustered at the class level. Total
student weights(totwgt) are calculated and used from TIMSS'19 Database. (*** as p-values<0.01, ** as p-
value<0.05, * as p-value<0.10)

In the first column in Table 6.2, the point estimate of instruction duration of science
lessons is 0.021 and statistically insignificant. Besides, the spillover effect of
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mathematics instruction is also insignificant. The second column in Table 6.2 includes
all background controls presented in the “Data” section. The point estimate of
instruction duration is 0.022 but again statistically insignificant for science instruction.
However, the spillover effect of mathematics is positive and size of 0.032 per minute
at 95% significance level. This means that increasing science instruction duration over
the average has no effect but increasing mathematics instruction positively effects the
science scores. In the previous part, Section 5.2, at Table 5.4, those that present the
first difference estimates after the removal of potential biases are already outlined for
Canada. The mathematics instruction effect has decreased from 0.093 to 0.061 due to
the potential biases. For the science, the effect is 0.133 with significance rather than
the insignificance results. The following section enables us to distinguish if any

heterogeneity across the sample exists.

Table 6. 2: The effect of minutes of science instruction on scores in Canada.

) 2)
Science Instruction 0.021 0.022
(0.016) (0.022)
Mathematics Instruction 0.013 0.032**
(0.017) (0.016)
All Controls X
No. of Obs. 8516 5008

Reported numbers are based on weighted linear regressions over one subject (Science). Estimates and standard
errors are obtained using the five plausible values of test scores as required by TIMSS 2019 User Guide for the
International Database 2nd Edition. Standard errors in parentheses are clustered at the class level. Total student
weights(totwgt) are calculated and used from TIMSS'19 Database. (*** as p-values<0.01, ** as p-value<0.05,
*as p-value<0.10)

6.1 Heterogeneity Checks: Immigrants, Girls, and Boys

6.1.1 Immigrants
It is important to analyze different subgroups in the country that has
productivity(responds positively to instructional time) to the instructional time because
educational policies are better to be allocated based on these heterogeneities. For
example, schools that include more students with immigrant background than others
have different characteristics in the class and school environment. In this regard, the

first difference regression results in this section, in Table 6.3, include only the
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participants who have immigrant background. Immigrant status determined from
"Born in Country" data that collected by TIMSS’19. If the answer is "no", the pupil
was counted as an immigrant. 1054 of the 8516 students from Canada are counted as
immigrants. In the second column which all the controls are added to Equation (4.3),
the effect of mathematics instruction time is 0.053 with 90% significance, also the
effect of science instruction time is 0.159 with 99% significance. Canada’s overall
results presented in Table 5.4, the effect of mathematics instruction time was 0.061
which is higher than that for immigrants. As a result, immigrants show lower
productivity to the instructional time increases in mathematics. For science, the effect
was 0.133 in Table 5.4, but the effect is 0.159 for the immigrants. In science, lecture
duration productivity is positive and higher than the overall sample. As the concept of
mathematics, building relation between intangible terms may require more mental
attendance by student herself when compared to science which is based on observable
experiments and is more extravert. Upon that, immigrants may need more help while
covering science topics as it has more verbal and visual concepts than mathematics.
Having more instruction time enables them to be engaged more with the concepts and

learn more in both subjects but with a higher impact for science lectures.

Table 6. 3: The effects of science and mathematics instructions on the achievement of
immigrants in Canada (FD Method).

1) 2

: . 0.027 0.053*
Mathematics Instruction
(0.035) (0.030)
Science Instruction 0.086 0.159%**
(0.067) (0.030)
All Controls X
No. of Obs. 1054 685

Reported numbers are based on first difference estimates over two subjects (Math and Science). Estimates and
standard errors are obtained using the five plausible values of test scores as required by TIMSS 2019 User
Guide for the International Database 2nd Edition. Standard errors in parentheses are clustered at the class level.
Total student weights(totwgt) are calculated and used from TIMSS'19 Database. Science instructional time
effect has been arranged to make it comparable with math instructional time effect. Details are on the 'Emprical
Results' section. (*** as p-values<0.01, ** as p-value<0.05, * as p-value<0.10)

6.1.2 Girls and boys
Table 6.4 presents the results for girls and boys, respectively. Based on the results in

the second column, the effect of mathematics instruction time for girls and boys,
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respectively, are 0.065 and 0.055. And the effect of science instruction time for girls
and boys, respectively, are 0.142 and 0.122. Upon the results, in both sections girls are
more positively affected by (more productive) the increase of lecture time. The
obtained results for all groups are similar to the findings of Lavy (2015) as there are

higher effects for girls and immigrants.

Table 6. 4: The effects of science and mathematics instructions on the achievement of girls
and boys, separately in Canada (FD Method).

Girls Boys
(1) (2 (1) (2)
. . 0029  0.065%** 0.029 0.055%**
Mathematics Instruction
¢S Instrctt (0.022) (0.017) (0.023) (0.019)
: : 0.L15%**  0.142%%*  (.002%* 0.122%%+
s Instruct
cience fnstriction (0.038)  (0.029) (0.045) (0.028)
All Controls X X
No. of Obs. 3894 2541 3951 2509

Reported numbers are based on first difference estimates over two subjects (Math and Science). Estimates and
standard errors are obtained using the five plausible values of test scores as required by TIMSS 2019 User
Guide for the International Database 2nd Edition. Standard errors in parentheses are clustered at the class
level. Total student weights(totwgt) are calculated and used from TIMSS'19 Database. Science instructional
time effect has been arranged to make it comparable with math instructional time effect. Details are on the
‘Empirical Results' section. (*** as p-values<0.01, ** as p-value<0.05, * as p-value<0.10)

6.1.3 Is there an optimal time?
This section tries to explain the optimum instruction time for the sample. One may ask
if the lecture time effect is positive and continuous why all schools do not increase the
time to the value giving the best score for them? In this paper, to address this question
and go into more detail in the investigation, "the possible optimum lecture time" for
both subjects is studied across the Canadian sample. To achieve this, instructional
durations are grouped concerning the intervals which are separated by 10% increase
in the mean. As the effect is positive in both subjects, intervals are made above the
"mean" lecture durations. For mathematics subject, the mean was approximately 311
minutes and for the science subject, the mean was approximately 136 minutes. By
doing that, one needs to be sure that the intervals are not so small for the sampling

variability.

To use these intervals on the regression, dummy variables are employed for each. If

the i*" student’s lecture time on j** topic lays down on specific interval presented
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below, the optimum time dummy takes "1", else "0". As there is one more group exists
namely, “below the mean”, all optimum time dummy variables are put to the
regression. By doing that, left-out dummy is selected as the ones that below the mean
and the regression does not contain errors by "dummy trap”. Also, Cattaneo et al.
(2016) used similar setting by creating categorical variables which are made of specific
intervals of weekly instructional lecture hours. The Figure 6.1 shares all the dummies

in a chart below.

136 < Optimum Science Instruction 1 <= 149

311 < Optimum Math Instruction 1 <= 341

149 < Optimum Science Instruction 2 <= 162

341 < Optimum Math Instruction 2 <= 371

162 < Optimum Science Instruction 3 <= 175

371 < Optimum Math Instruction 3 <= 401

175 < Optimum Science Instruction 4 <= 188

401 < Optimum Math Instruction 4 <= 431

188 < Optimum Science Instruction 5 <= 201

431 < Optimum Math Instruction 5 <= 461

201 < Optimum Science Instruction 6 <= 214

461 < Optimum Math Instruction 6 <= 491

214 < Optimum Science Instruction 7 <= 227

491 < Optimum Math Instruction 7 <= 521

227 < Optimum Science Instruction 8 <= 240

521 < Optimum Math Instruction 8 <= 551

240 < Optimum Science Instruction 9 <= 253 551 < Optimum Math Instruction 9

253 < Optimum Science Instruction 10 <= 266

266 < Optimum Science Instruction 11 <= 279

279 < Optimum Science Instruction 12

Figure 6. 1: Optimum time dummies (in minutes)
The results in Table 6.5 presents the results of regression including each dummy
variable instead of real mathematics instructional time. Only several dummies’
estimates were obtained with significance. However, all except the first dummy have
a positive sign. In detail, the most beneficial time when compared to the left out
dummy category is the interval of "521-551" which is symbolized as “Optimum Math
Instruction 8”. One should ask if there exists a specific school effect. It is controlled

that there are several, 3, schools exist in that interval.

The results in Table 6.6 presents the results of regression including each dummy
variable instead of real science instructional time. Only several dummies’ estimates
are obtained with significance, namely the 9th and 10th dummies. However, all except
the first, third, fourth, and eleventh dummies have a positive sign. In detail, the most
beneficial time is the interval of "254-266" which symbolized as “Optimum Science
Instruction 10”. One again should ask if there exists a specific school effect. It is

controlled that there are several, 2, schools for that interval. These investigations are
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additions to what is mainly focused through the paper, but optimum lecture time should
be investigated more by in-depth analysis. In both regression results, the highest
values are not the ones that contribute more to the scores. This can be interpreted as

diminishing returns are affirmed.

Table 6. 5: Regressing optimum time dummies on the mathematics achievement score.

Results
Optimum Mathematics Instruction 1 -3.833
(6.826)
Optimum Mathematics Instruction 2 18.692***
(5.798)
*
Optimum Mathematics Instruction 3 13.727
(8.109)
Optimum Mathematics Instruction 4 11.142
(7.290)
Optimum Mathematics Instruction 5 19.112%**
(7.983)
Optimum Mathematics Instruction 6 8.561
(8.918)
Optimum Mathematics Instruction 7 6.922
(9.887)
* %k %k
Optimum Mathematics Instruction 8 49.488
(13.483)
% %k
Optimum Mathematics Instruction 9 45.401
(19.416)
Science Instruction 0.119***
(0.027)
All Controls X

Reported numbers are based on general regression estimates over one subjects (Math). Estimates and standard
errors are obtained using the five plausible values of test scores as required by TIMSS 2019 User Guide for the
International Database 2nd Edition. Standard errors in parentheses are clustered at the class level. Total student
weights(totwgt) are calculated and used from TIMSS'19 Database. Science instructional time effect has been
arranged to make it comparable with math instructional time effect. Details and definitions of each interval (written
as 'Optimum Math Instruction’) are on the 6. Section. (*** as p-values<0.01, ** as p-value<0.05, * as p-
value<0.10)
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Table 6. 6: Regressing optimum time dummies on the mathematics achievement score.

Results
Optimum Science Instruction 1 -4.308
(9.184)
Optimum Science Instruction 2 2.872
(5.829)
Optimum Science Instruction 3 -20.909
(22.364)
Optimum Science Instruction 4 -4.471
(7.103)
Optimum Science Instruction 5 3.772
(6.216)
Optimum Science Instruction 6 17.736
(12.617)
Optimum Science Instruction 7 3.572
(9.510)
Optimum Science Instruction 8 3.313
(9.474)
Optimum Science Instruction 9 32.325%%
(14.654)
Optimum Science Instruction 10 38.564%**
(11.026)
Optimum Science Instruction 11 -5.127
(20.535)
Optimum Science Instruction 12 1.037
(7.122)
Mathematics Instruction 0.032*
(0.017)
All Controls X

Reported numbers are based on first difference estimates over one subject (Science). Estimates and standard
errors are obtained using the five plausible values of test scores as required by TIMSS 2019 User Guide for the
International Database 2nd Edition. Standard errors in parentheses are clustered at the class level. Total student
weights(totwgt) are calculated and used from TIMSS'19 Database. Details and definitions of each interval
(written as 'Optimum Science Instruction’) are on the 6. Section. (*** as p-values<0.01, ** as p-value<0.05, *
as p-value<0.10)
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6.1.4 Placebo test
Placebo tests and robustness checks are widely used in economics and particularly
education economics. In this paper, to be sure that identification strategy is significant
and accountable, a placebo test is performed by employing a randomization technique.
The main question is that "If the lecture times are chosen randomly, would we see the
same results?". To answer that question, 100 random synthetic instructional duration
values are created by a random number generator in the statistical package. The
borders of synthetic values are selected as the minimum and maximum lecture
durations of the TIMSS’19 database used in this research to have a relevant number
set like the real ones. In total 50 regressions were run as half of the values are used
instead of real science instructional time values and the other half is used instead of
real mathematics instructional time values. Each regression is based on Equation (4.3)
which is a setting for the First Different model. As in previous ones, regressions
include 1 random lecture time for science instructional time and 1 random lecture time
for mathematics instructional time. In total, there were 100 random lecture time
variables. From these 50 regressions and 100 random lecture time values only 2 of
them gave significant results. (2/100) As this ratio is lower than the 5/100(95%
significance level), we are confident that the lecture time influences student scores.
While it underlines lecture times’ significance, the direction of the relationship is not
provided. One of these 50 regression results is presented in Table 6.7 below. Others

are available upon request to the author.
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Table 6. 7: Placebo effect of random instruction minutes on TIMSS achievement scores in
Canada (FD Method).

Results

Mathematics Instruction(r) (8382)

Science Instruction(r) (8882)
All Controls X

Reported numbers are based on first difference estimates over two subjects (Math and Science) but generated
random instructional time variables (by considering minimum and maximum values of real variables and by
using uniform random distribution) are relocated for real instructional time variables and signed with (r) mark.
Estimates and standard errors are obtained using the five plausible values of test scores as required by TIMSS
2019 User Guide for the International Database 2nd Edition. Standard errors in parentheses are clustered at the
class level. Total student weights(totwgt) are calculated and used from TIMSS'19 Database. Random science
instructional time effect has been arranged to make it comparable with random math instructional time effect.
Details are on the 6. section. (*** as p-values<0.01, ** as p-value<0.05, * as p-value<0.10)
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7. CONCLUSION

Additions to instruction time can be seen as a policy that enhances learning. In this
study, the instructional time effect was studied over four countries and education
systems, and one country in-depth. Important findings can be listed as instructional
time did not have the same effect for all education systems and the effect of
instructional time was positive in mathematics and science with high variance in an
instructional time productive country. However, the size of the effect was bigger in the
subject of science. Moreover, heterogeneity-based differences were obtained.

In the first phase of the study, the whole dataset including four different countries and
education systems was studied. In overall regression, positive and significant effect of
instructional time was found for the whole dataset consisting of over 19,000
observations in both subjects, science and mathematics. Then, with a dubious
approach, country-specific research was carried. The significance of the effects
differed among different educational systems and countries. The difference was
analyzed in-depth by both interpretation and quantitative methods including logit and
probit regressions. Correspondingly, the productivity of achievement to instructional
time additions over the countries was studied. As a unique approach to our knowledge,
logit and probit regressions was formed by employing explanatory variables as
curriculum fulness with limited time and teacher-pupil ratio. Moreover, it is
determined that adequate time on each topics during class hours is key for instructional
time productivity of achievement while the teacher-pupil ratio do not have any effect.
Namely, a 1% increase in science curriculum fulness with limited time, causes a 0.84%
decrease in the chance of being efficient in the effect of additional instruction time.
Similarly, a 1% increase in mathematics curriculum fulness with limited time, causes
a 0.32% decrease in the chance of being efficient of the effect of additional instruction
time. Also, school autonomy and academic research for quality of education were
interpreted as the two measures that differed among countries as possible pillars of

instructional time productivity of achievement.
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In the second phase, as an instructional time-productive country, Canada was
investigated in detail analysis. By controlling a rich information set for pupil, school,
classroom, and teacher backgrounds, findings presented a significant positive
relationship between achievement scores and instructional time variables using linear
regression and first difference linear regression as the standard errors were lower for
the latter. An additional minute of mathematics lecture resulted in a 0.061 point
marginal score increase on the mathematics test. An additional minute of science
lecture resulted in a 0.133 point marginal score increase on the science. Both result are

very similar to what Lavy (2015) and Cattaneo et al. (2016) have found.?®

Thirdly, heterogeneity-based differences was examined. Toward this purpose, three
subgroups have been formed and studied: immigrants, girls, and boys. Immigrants
showed lower tolerance and a lower significance level in mathematics instructional
time increases when compared to science instructional time increases however the
effect was positive for both. The second subgroup, girls, showed a significantly higher
effect of additional instructional time in both subjects when comparared to the boys
and immigrants. In the subgroup of boys, the effect was positive for both subjects but
smaller than the other subgroups. The effect of increase in science instruction time was
higher than that in mathematics instruction time for all subgroups. Moreover, an
optimal duration for lectures was investigated. Possible results for diminishing returns
were found which means that more instructional hours do not always result in more
success. The pupils who have the highest lecture time were not found at the top of the

achievement scale.

Finally, the exact causation behind instructional time and achievement has complexity.
Adequate time on each topic during class hours is found foremost for instructional
time productivity of achievement for diverse educational systems. In an instruction
time-productive education system, heterogenous diversity among pupils based on
gender and immigrant status affects the utility of additional instructional time meaning
that girls and immigrant benefits more. These results also suggest that in-depth
analysis should be done based on the pupil and educational system characteristics of

the country before policy implementation.

%5 This comparison is held by considering standard deviation-based percentage increase per hour.
Details can be seen at Lavy (2015) and Cattaneo et al. (2016).
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APPENDIX

1) apmae > 0 implies “the effect of mathematics time on mathematics score minus the
effect of mathematics time on science score” on mathematics minus science scores.
By doing that, the impact of pure mathematics instruction on the mathematics score
calculated. The effect of science instruction on mathematics is eliminated.

2) ag; < 0 implies “the effect of science instruction time on mathematics score minus
the effect of science instruction time on science score” on mathematics minus science
scores. The mathematics instruction’s effect on science scores is eliminated. The effect
of pure science instruction time on the science score is calculated. Moreover, as a,;
is expected to be negative if the effect is positive, a,.; is multiplied by “-1” in order to

make it comparable and interpretable with mathematics score. The size remains same.

3) Some of the instruction time variables which was a weekly measure of instruction
time on the studied sample was illogical. The authors corrected some weekly
instruction time variables which are between 1 and 10 by multiplying 60. The reason

behind it is that the teachers might have thought that the scale is “hour” not “minutes”.
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