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Abstract 

When trying to improve the quality of education and raise the students’ achievements, 

some policy makers suggest that spending time in school can have positive effects in a way that 

students who spend more time in school have better results. In scientific research time spent in 

school as a variable is usually divided into instructional time and noninstructional time. While 

instructional time is devoted to instruction, noninstructional is devoted to organizational or 

administrative activities, classroom management, and discipline. There is a limited evidence on 

effects of time spent in school on student achievement and there are many disagreements within 

the body of research. 

Since educational system in Republic of Croatia has been involved in a comprehensive 

reform during the last few years, discussion on sufficiency of time that Croatian kids spend in 

school has been very lively. Therefore, the goal of this research is examine the effects that allday 

school programs can have on students. 

For the analyses, TIMSS 2019 data will be used. In TIMSS 2019 only 4th grade Croatian 

students participated in the assessment so our analysis will be focused on this age group. As a 

measure of student achievement in math and science, calculated scores on TIMSS achievement 

scales will be used. As independent variables, student sense of school belonging and 

instructional clarity would be taken from the student questionnaire as well as parents highest 



occupational and educational level (a measure of students’ socioeconomic status) from the home 

questionnaire. Since TIMSS results do not include data on complete time spent in school 

(instructional and nonistructional time) we would use instructional time as a measure of amount  

of time students spend in school. Data would be analyzed using regression analyses in R using 

“intsvy” package made specifically for international education surveys such as TIMS, PIRLS 

and PISA. 

 

Introduction 

 In recent years, there has been a lot of debate among educators and policymakers about the 

number of hours students spend in school. One of the key reasons for these discussions has been 

the results of international education assessments, such as Programme for International Student 

Assessment (PISA) and Trends in International Mathematics and Science Study (TIMSS). These 

assessments have suggested that some countries’ educational systems could benefit from extending 

the school hours (Fischer & Klieme, 2013; Fischer et al., 2014; Patall et al., 2010). For example, 

after reviewing the PISA results, politicians in the USA called for longer school days or a school 

year in order to boost students’ achievement, while German policymakers introduced longer school 

hours to address the visible disparities in achievement between children of different socioeconomic 

backgrounds (Fischer & Klieme 2013; Fischer et al., 2014; Patall et al., 2010). The question about 

the length of the school day has sparked similar controversy in Croatia when the Ministry for 

Science and Education announced its intention to introduce all-day schools as a part of the 

educational reform (Ministry for Science and Education, 2020). The Ministry primarily 

highlighted that Croatia is one of the countries where students spend the least time in school. 

Croatia has the shortest length of compulsory education in Europe and the allocated class time is 



less than half of the average allocated class time in Europe, specifically 1890 hours in Croatia 

compared to Europe’s average of 4062 hours (Ministry for Science and Education, 2020). Hence, 

it was suggested that the all-day school is necessary to compensate for the lack of school hours 

students have today.  

 Generally, proponents of the all-day school and longer school hours point out a few key 

benefits for students. Firstly, they claim that longer school hours will increase students’ academic 

achievement (Hincapie, 2016; Patall et al., 2010). Greater achievement could be accomplished 

because students would be spending more time learning, have more time for repetition or deeper 

and expanded curriculum coverage (Hincapie, 2016; Patall et al., 2010). This is especially 

important for the students coming from a lower socioeconomic background, since the extra time 

in class could be used for additional lessons or help with homework that could aid them to catch 

up with their colleagues and offer opportunities they otherwise would not be able to access (Fischer 

& Klieme, 2013). Secondly, the benefits students gain in school could spill over to their adult life 

through increased productivity and earnings (Patall et al., 2010). Lastly, the longer school days 

could have a positive influence on the non-academic outcomes. For example, it could protect at-

risk children by keeping them off the streets and out of involvement in crime or improve the 

relationship between the students and the teachers (Fischer & Klieme, 2013; Patall et al., 2010). 

On the other hand, most opponents of the all-day school and other methods of extending school 

hours suggest that these policies are a problem-solution mismatch.  According to them, the key 

issue causing students’ low achievement is not that they are not provided with enough allocated 

class time, but rather that the quality of education in the allocated time is inadequate. Therefore, 

just extending the school hours cannot derive the benefits that are expected (Patall et al., 2010). 

Furthermore, the programs offered during the all-day school are often not related to the academic 



competencies. For instance, many schools offer sports or similar activities in the afternoon hours. 

Hence, it is unlikely that such programs will result in improved academic accomplishment (Fischer 

& Klieme, 2013). Ultimately, the opponents of longer school hours suggest that the resources 

needed to fund the all-day school would be better spent in other interventions that directly increase 

access to quality education (Patall et al., 2010).  

 The lively conversation and the conflicting arguments about the extension of the school 

hours have incentivized a lot of research. However, analyzing the extended school programs poses 

a number of methodological difficulties. Primarily, since the models that states use to extend 

school hours are very different, it can cause some confusion in measuring the school hours, as well 

as interpreting and comparing the research results. Firstly, the school hours can be extended by 

prolonging the school year, meaning students attend school on more days during the year, or by 

extending the school day, making students attend school for more hours a day, i.e. the all-day 

school (Patall et al. 2010). There are three main models of the all-day school: open, compulsory, 

and mixed model (Fischer & Klieme, 2013; Fischer et al., 2014). The open all-day school offers 

activities in the afternoon hours that are voluntary, while the compulsory all-day schools require 

students to attend the afternoon activities (Fischer & Klieme, 2013; Fischer et al., 2014). The 

mixed model all-day school combines the previous two models by making the activities 

compulsory only for some of the grades or groups of students (Fischer et al., 2014). In order to 

compensate for the difficulties in comparison between the various all-day school models, certain 

researchers, especially ones working on the data from the large-scale educational assessments, use 

instructional time in order to measure the length of the school day. Instructional time is the time 

allocated to school lessons, compared to non-instructional time, which is devoted to organizational 

work, administration or class management, and discipline (Patall et al. 2010). Measuring 



instructional time also has its difficulties. Specifically, it is hard to distinguish between the time 

spent on schoolwork and other non-academic activities in a class (Baker et al., 2004). Further 

methodological problem in conducting and compering studies in this field is the presence of many 

confounding variables, meaning factors that can change the relationship between time spent in 

school and students’ outcomes. For instance, such factors are the quality of curricula and 

instruction, the size of classes and the class environment, students’ characteristics, etc. (Baker, 

2004; Fischer & Klieme, 2013; Fischer et al., 2014; Rivkin & Schiman, 2015). Altogether, the 

diversity of the programs, difficulties in measuring the school time, as well as complications with 

controlling the confounding variables probably contribute to the inconsistent results in the research 

of the extended school hours. The literature review made by Patall et al. (2010) points to limited 

evidence of the extended school days or years being associated with greater school achievement. 

Most of the results show that there is no correlation or that the correlation is positive, but small in 

effect size (Patall et al., 2010). Such results are also supported by some later studies (Fischer & 

Klieme, 2013; Fischer et al., 2014; Hincapie, 2016; Rivkin & Schiman, 2015). Moreover, the 

research demonstrates that the correlation patterns for different grades are inconsistent (Patall et 

al., 2010). Ergo, in instances, it has been evidenced that the longer school hours are associated 

with greater achievement for some grades, but there is no consistent result for which grades. 

Similarly, the lack of consistency has been detected among associations between the achievement 

in various school subjects and the extended school time (Baker, 2004; Patall et al., 2010). For 

example, Baker et al. (2004) reported that although they found a small positive association with 

the overall math and science achievement in a cross-national study, there were some countries 

where math and science achievement were not associated with the school hours or even negatively 

associated with it. Additionally, it seems that prolonging school hours has varying results based 



on the economic development of the country. Lavy (2015) documented that there is a considerable 

difference in the effect extra instructional time has in developing and the developed countries. The 

effect size in the developing countries is about half of the size of the effect calculated for the 

developed countries (Lavy, 2015). Although the described inconsistencies might seem 

discouraging, the results of the studies identified benefits for a very important group. It has been 

established that all-day school is weakening the link between socioeconomic status and academic 

achievement (Fischer & Klieme, 2013; Fischer et al., 2014), meaning that it equalizes opportunities 

for children of different socioeconomic backgrounds. It is important to note that this effect is 

consistently confirmed for at-risk children and children of lower socioeconomic status and has a 

specially pronounced impact (Hincapie, 2016; Patall, 2010). Hence, even if the program has no 

effect or inconsistent small effects for most students, it offers much-needed help for the most 

vulnerable students.  

 Aside from the association of extended school time with academic achievement, other non-

academic outcomes should also be taken into account. Unfortunately, not much research has been 

done in this field. However, the studies that have been made a point to a positive impact of the 

prolonged school time. The longer instructional time and school days have been associated with a 

more positive school climate and social integration, specifically more collaboration, enjoyable 

school environment, greater involvement etc. (Fischer & Klieme, 2013; Fischer et al., 2014; Patall 

et al., 2010). Moreover, fewer disciplinary problems, as well as sanctions such as detention and 

suspension, have been recorded in the schools that have extended school days (Patall et al., 2010). 

Lastly, one expected, but important benefit associated with the longer school days is that students 

are involved in more extracurricular activities (Patall et al., 2010). Although some extracurriculars 

do not directly help academic achievement, they still teach skills and values important both for 



school and for life (Hincapie, 2016). For example, the students who attend sports activities can 

adopt values such as endurance and teamwork.  

In conclusion, the past studies about extending school time had inconclusive results about 

the academic outcomes and did not do much investigation into the non-academic outcomes. Hence, 

the aim of this study is to compare the length of instructional time, quality of instructional time, 

and students’ socioeconomic background when trying to predict achievement on TIMSS. 

Alongside this, the study will examine the association between length of instructional time and 

other outcome variables such as students’ sense of school belonging and bullying. 

 

Methods 

 TIMSS data is collected on carefully selected representative sample and provides 

students’ achievement measures in mathematics and science in both grades four and eight (this 

study is focused on grade four). Alongside achievement, it consists of many context variables 

that are acquired through questionnaires that are administrated to students, their parents, their 

teachers, and headmasters of their schools. The last two cycles of administrating tests and 

questionnaires were in 2015 and 2019 thus this study uses some of this information to test its 

hypothesis. 

Sample 

The TIMSS assessments employ a two-stage random sample design, with a sample of 

schools drawn as a first stage and one or more intact classes of students selected from each of the 

sampled schools as a second stage. TIMSS 2019 marks the beginning of the TIMSS transition to 

computer-based assessment, with countries having the option of administering computer-based 



version of the 2019 assessment, known as eTIMSS or the paper-and-pencil version as in previous 

assessment cycles (paperTIMSS) (Martin et al. 2020) 

In our study, we analyzed Croatian data for grade 4 from TIMSS 2015 and TIMSS 2019. Since 

Croatia participated in the administration of eTIMSS in 2019 (Fishbein et al. 2021) it is 

important to mention that even though the method of administration is different from 2015, 

results are still comparable because eTIMSS countries (such as Croatia) also provide a separate 

sample of “bridge” data. This enables the control for mode effects while linking the two versions 

to the TIMSS achievement scales (Martin et al. 2020). TIMSS 2019 was administered to 3785 

4th grade students from 153 schools and TIMSS 2015 was administered to 3985 4th grade 

students from 163 schools. 

Background data 

 We used parents’ highest education and parents’ highest occupation as measures of 

students’ socioeconomic background. These variables were measured in home questionnaires 

administered to students’ parents. Education was measured with the question: What is the highest 

level of education completed by the child’s <parents/guardians>? This question was rated on a 

scale from 1 to 6, with higher values indicating lower education. Occupation was measured with 

the question: What kind of work do the child’s <parents/guardians> do for their main jobs? This 

question was rated on a scale from 1 to 7, with higher values indicating lower occupation. We 

also included students’ sex as a variable where females were assigned value 1 and males were 

assigned value 2. 

Achievement 

Students’ TIMSS math and science achievement are represented with 5 plausible values. 

The data is formulated this way by using Item Response Theory (IRT) and a regression-based 



approach that utilizes the context data for the derivation of a prior distribution of proficiency. 

This methodology is used because the goal of TIMSS isn’t acquiring precise individual results, 

but rather results that are representative of the student population. More information about 

plausible values and scaling achievement scores can be found in chapter 11 of Methods and 

Procedures: TIMSS 2019 Technical Report (Martin et al. 2020). In this study regression analysis 

was conducted with science and math achievement plausible values as outcome variables both 

for TIMSS 2015 and TIMSS 2019. 

 

Other outcome variables 

 Other outcome variables that this study used for regression analysis are students’ sense of 

school belonging and bullying. Both TIMSS 2015 and 2019 measure these variables with their 

context questionnaires administered to students (student context questionnaire).  Using IRT 

partial credit scaling, the data from student responses were placed on a scale constructed so that 

the scale centerpoint of 10 was located at the mean score across all TIMSS countries. The units 

of the scale were chosen so that 2 scale score points corresponded to the standard deviation 

across all countries ((Martin et al. 2020)). Reliability of said measures can be found in chapter 15 

for TIMSS 2015 or chapter 16 for TIMSS 2019 of Methods and Procedures: TIMSS Technical 

Report (Martin et al. 2016; Martin et al. 2020). 

Instructional time 

 Length of instructional time was measured with two questions from school questionnaires 

administered to school headmasters: 

1. How many days per year is your school open for instruction? 

2. What is the total instructional time, excluding breaks, in a typical day? 



These values were than multiplied and divided by 60 to get total instructional hours per year. 

Measure of quality of instructional time is the only variable that differs between TIMSS 

2015 and 2019. Both measures are a part of the student questionnaire but some items were 

changed in between cycles. This scale was called engaging teaching in TIMSS 2015 and it 

consisted of 10 items. In  TIMSS 2019 it is named instructional clarity and it consists out of 6 

items and 5 of them are the same as in TIMSS 2015. Grade four students evaluated the quality of 

instructional time separately for math and science. This scale was also transformed so that mean 

is equal to 10, and standard deviation is equal to 2. Higher value on the scale indicates higher 

quality of teaching. 

Data analysis 

The data was analyzed using in R 4.0.5 with  intsvy package. Multiple regression analysis 

was used to test if students’ sex and socioeconomic measures (parents’ highest education and 

parents’ highest occupation) alongside measures of instructional quality (instructional clarity or 

engaging teaching) and total instructional time per year significantly predicted students’ math 

and science achievement in TIMSS 2015 and TIMSS 2019. This means four multiple regression 

analyses with five predictors were conducted. One predicting math achievement and one 

predicting science achievement for 2015 and 2019. The fifth and sixth regression models tested 

whether the length of instructional time is significantly associated with students’ sense of school 

belonging and bullying in 2015 and 2019. Before the analysis cases were excluded listwise, if 

student had missing data for any included variables this student was removed. This resulted with 

sample reduction of 7.08% for TIMSS 2015 and 14.58% for TIMSS 2019.  

 

Results 



Mathematics 

The results of multiple regression used to predict TIMSS 2015 math achievement 

indicated that used predictors explained 15% of the variance (R2 =.15, t(5/3697) = 6.88, p < 

.001). It was found that students’ sex significantly predicted math achievement (β = .09, p < 

.001), as did parents’ education (β = -.27, p < .001) and parents’ occupation (β = -.12, p < .001). 

Engaging teaching was also significant (β = .07, p < .01) whereas total instructional time wasn’t. 

Similar results were found for TIMSS 2019 math achievement.  Multiple regression 

indicated that used predictors explained 12% of the variance (R2 = .12, t(5/3227) = 4.59, p < 

.001). Students’ sex significantly predicted math achievement (β = .10, p<.001), as did parents’ 

education (β = -.24, p < .001), parents’ occupation (β = -.11, p < .001) and instructional clarity (β 

= .09, p < .01). However, total instructional time again did not significantly predict math 

achievement. 

This means that students whose parents had higher education and occupation tend to 

outperform students whose parents had lower education and occupation and this effect seems to 

be stronger for parents’ education. Results have also shown that measures of students’ 

evaluations of instruction (e.g. engaging teaching or instructional clarity) significantly predict 

their math achievement - better evaluation is connected to higher math results. We also found 

that sex is significant at predicting math achievement and that boys slightly outperformed girls. 

However instructional doesn’t predict math achievement. 

Table 3. Regression models for students’ math achievement predicted by sex, parents’ highest 

education, parents’ highest occupation, quality and length of instructional time in TIMSS 2015 

and TIMSS 2019 

 TIMSS 2015  TIMSS 2019 

 
β s.e. t  β s.e. t 



Intercept 
 0.02 -0.57  0.01 0.03 0.50 

Sex 
.08*** 0.02 4.06  .10*** 0.03 3.73 

Parents’ highest 
education 

-.27*** 0.02 -11.24  -.24*** 0.03 -8.38 

Parents’ highest 
occupation 

-.12*** 0.02 -5.79  -.11*** 0.03 -3.82 

Instructional clarity 
/engaging teaching 

.07** 0.02 2.63  .09** 0.03 3.18 

Instructional time 
-.03 0.02 -1.23  .05 0.03 1.84 

R2 .15*** 0.02 6.88  0.12*** 0.03 4.59 

* indicates p < 0.05; ** indicates p < 0.01; *** indicates p < 0.001 

 

 

Science 

Multiple regression analysis for the TIMSS 2015 science achievement indicated that used 

predictors explained 13% of the variance (R2 =.13, t(5/3697) = 5.55, p < .001). It was found that 

parents’ education (β = -.27, p < .001) and parents’ occupation (β = -.10, p < .001) significantly 

predicted science achievement. Sex, engaging teaching, or instructional time weren’t significant 

predictors for science achievement. 

Similarly, Multiple regression analysis for TIMSS 2019 science achievement showed 

used predictors explained 10% of the variance (R2 =.10, t(5/3227)=3.78, p < .001). Parents’ 

education significantly predicted science achievement (β = -0.21, p < .001), as did parents’ 

occupation (β = -0.13, p < .001). Again sex, instruction quality, and instructional time weren’t 

significant. 

Table 3. Regression models for students’ science achievement predicted by sex, parents’ highest 

education, parents’ highest occupation, quality and length of instructional time in TIMSS 2015 

and TIMSS 2019 

 TIMSS 2015  TIMSS 2019 

 β s.e. t  β s.e. t 



Intercept -0.1 0.02 -0.26  .01 .02 0.28 

Sex .01 0.02 0.40  .01 .03 0.34 

Parents’ highest 
education 

-.27*** 0.02 -11.67  -.21*** .03 -7.51 

Parents’ highest 
occupation 

-.10*** 0.02 -4.49  -.13*** .03 -4.64 

Instructional clarity 
/engaging teaching 

.04 0.02 1.77  .03 .03 1.29 

Instructional time -.03 0.02 -1.20  .03 .02 1.08 

R2 .13*** 0.02 5.55  .10*** .03 3.78 

* indicates p < 0.05; ** indicates p < 0.01; *** indicates p < 0.001 

 

This means that, like with math achievement, science achievement in both years can be 

predicted by students’ parents’ highest education and occupation level. Students with better 

socioeconomic background tend to do better in science. On the other hand, instructional quality 

did not significantly predict science achievement like it did math achievement, and there were no 

sex differences in science achievement. Total instructional time was again insignificant. 

Finally, we tested the hypothesis that total instructional time will predict outcome 

variables such as students’ sense of school belonging and student bullying using multiple 

regression analysis with total instructional time set as a criterion variable and students’ sense of 

school belonging and bullying as predictor variables. In both years, 2019 and 2015, multiple 

regression models weren’t significant meaning we found no connection between total 

instructional time and these measures. 

 

Discussion 

 Firstly we can notice that general findings are the same for TIMSS 2015 and TIMSS 

2019 which indicates consistency of ours findings. Generally, socioeconomic measures, 



especially parents’ education, were the strongest predictors of both math and science 

achievement. Sex and quality of instructional time were significantly associated with math 

achievement but not with science achievement. Association between achievement and length of 

instructional time never reached significance in any regression model which suggests that 

prolonging school day or year might not have an effect on students’ achievement. We also tested 

if the length of instructional time has positive associations with non-achievement variables such 

as students’ sense of school belonging and bullying but we didn’t find any significant 

relationship. 

This could indicate that it’s more important how good the instructional quality is than its length 

but it can also be a result of the methodology used. Inconsistencies with the predictive power of 

the length of instructional time and our weak results can also indicate a flaw in the way this 

variable is measured. IEA education surveys such as TIMSS usually measure the length of 

instructional time by asking school headmasters to evaluate how much time students spend in 

their schools. This means that all the students within the same school have the same score on this 

measure. This restricts the variance of said measure making it harder to reach significant 

regression coefficients when building a regression model. More so, because we can expect great 

variance between different students within the same school because some schools offer optional 

all-day schooling (Fischer et al., 2014) which probably leads to some students participating and 

having more instructional time and some students not participating and having less instructional 

time in school. We would suggest transferring that question to student questionnaire or home 

questionnaire to capture the whole scope of differences between students and better evaluate its 

effects on students’ achievement and other outcome variables. 

Conclusion 



Research findings concerning the effects of all-day school on students are incinsistent. This topic 

is very important since some research shows that there is a broad spectrum of benefits of 

spending more time in school, variating form greater school achievement to social benefits for 

the students. Since there is a very little scientific literature on this topic when it comes to 

Croatian population, it is assumed that the insights from this study would be helpful in shaping 

education policy and planning. 
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