

[image: image1]
TIMSS vs. PISA: what can they tell us about student success?—a comparison of Swedish and Norwegian TIMSS and PISA 2015 results with a focus on school factors









 


	
	
ORIGINAL RESEARCH
published: 20 February 2024
doi: 10.3389/feduc.2024.1323687








[image: image2]

TIMSS vs. PISA: what can they tell us about student success?—a comparison of Swedish and Norwegian TIMSS and PISA 2015 results with a focus on school factors

Inga Laukaityte1*, Ewa Rolfsman1 and Marie Wiberg2


1Department of Applied Educational Science, Umeå University, Umeå, Sweden

2Department of Statistics, USBE, Umeå University, Umeå, Sweden

Edited by
 Loris Vergolini, University of Bologna, Italy

Reviewed by
 Pedro Gil-Madrona, University of Castilla-La Mancha, Spain
 Trude Nilsen, University of Oslo, Norway

*Correspondence
 Inga Laukaityte, inga.laukaityte@umu.se 

Received 18 October 2023
 Accepted 05 February 2024
 Published 20 February 2024

Citation
 Laukaityte I, Rolfsman E and Wiberg M (2024) TIMSS vs. PISA: what can they tell us about student success?—a comparison of Swedish and Norwegian TIMSS and PISA 2015 results with a focus on school factors. Front. Educ. 9:1323687. doi: 10.3389/feduc.2024.1323687
 

This paper explores the measurement capabilities of the Trends in International Mathematics and Science Study (TIMSS) and the Program for International Student Assessment (PISA) in assessing school factors that influence student performance. We specifically focus on the 2015 assessments of the science performance of eighth graders in Sweden and Norway. This was the latest year when the two assessments were conducted in the same year and science was the major subject area in the PISA assessment, which was essential for maximizing the assessments’ comparability. Using multilevel models, the study identifies common and unique factors across the assessments and investigates the factors that influence student performance at different proficiency levels. The findings highlight the importance of school-level factors, which are significant in both assessments. Moreover, both assessments provide information on overlapping sets of factors that have varying influence on the performance of students with different proficiency levels. Overall, there are limited common factors between TIMSS and PISA. School factors vary between low-performing and high-performing schools, with differing significance in Norway and Sweden. The results indicate that TIMSS and PISA assessments offer complementary information, particularly for low-performing schools. Our findings suggest that different school types may benefit or suffer from distinct school factors. The findings are relevant for both educational professionals and policy-makers.
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1 Introduction

Trends in International Mathematics and Science Study (TIMSS) and Program for International Student Assessment (PISA) are large-scale series of assessments of the performance of students in more than 60 countries, including the Nordic countries. The two programs have some similarities but differing objectives.

The purpose of TIMSS is to compare and describe students’ knowledge in mathematics and science (see, e.g., Mullis and Martin, 2013) and TIMSS emphasize the link between student achievement and curricula. In contrast, the purpose of PISA is to examine the extent to which students are prepared to succeed in society by examining the effects of education in reading, mathematics and science (see, e.g., OECD, 2017b). In addition, while TIMSS assessments address performance in the same two subjects (mathematics and science) every year, PISA assessments are triennial and focus particularly on one of three subject areas (reading, mathematics, or science). Broad patterns of TIMSS and PISA results have both similarities and differences. Overall, Asian countries outperform western countries in both TIMSS and PISA tests. Norway and Sweden are the only Nordic countries to have participated in both TIMSS and PISA assessments. Both countries have obtained higher average science scores in TIMSS than in PISA assessments. Overall, Sweden’s average TIMSS scores for science have consistently been above the international average (of 500), with a downward trend until 2011, followed by a small upward trend (Mullis et al., 2016, 2020). In contrast, Norway’s average TIMSS science scores, which have been fluctuating up and down, have mostly been slightly below the international average, except in 1995 and 2015 (for grade 9), when they were slightly above the average.

Contrary to TIMSS, both Scandinavian countries have achieved average PISA science achievement scores that were both below (2009–2012 in Sweden, 2006–2012 in Norway) and above (2006, 2015, and 2018 in Sweden; 2015–2018 in Norway) the international PISA average (which varies between administrations). However, there is a notable difference in trends of their scores. Swedish scores first decreased (2006–2009) and then rose (2015–2018), while Norwegian scores have been fluctuating up and down (see, for example, OECD, 2013, 2019; Jensen et al., 2019).

Nevertheless, results of these large-scale assessments arouse the interest of various parties. In particular, the “PISA shock” in 2012 triggered fierce debate about education and education policy in several countries, including Sweden and Norway (Haugsbackk, 2013). Political decisions regarding educational investments are also often underpinned by these assessments, although it is difficult to show a relationship between results of large-scale assessments like PISA and domestic shaping of policies (Rautalin et al., 2019).

An important question is what all these data tell us, as students spend much of their time preparing for and taking tests or answering questionnaires. Not all students participate in large-scale assessments like TIMSS and PISA, but most participate in national assessments of their achievements in various subjects and teacher-based tests. There are also indications that tests have some negative consequences, as there is limited time for learning in school, and tests raise students’ stress levels which is also highlighted in PISA 2015 by focusing on students’ well-being (OECD, 2017a) as well as in research based on PISA 2015 (see, e.g., Gil-Madrona et al., 2019). Thus, it is crucial to ensure that the assessment instruments (subject tests and questionnaires) provide reliable and useful information about the concepts and abilities they are intended to measure in order to promote equitable school development and student success.

Over the years, numerous studies have investigated various aspects of TIMSS and PISA data. However, most have focused solely on either TIMSS or PISA (see, e.g., Teig et al., 2022), including several that have addressed Nordic results (e.g., Nilsen et al., 2018; Oskarsson et al., 2018; Reimer et al., 2018; Lundgren, 2023). Few studies have addressed both TIMSS and PISA results, and analyzed student performance in relation to validity aspects, i.e., what the instruments actually assess. In one, Wu (2010) examined similarities in, and differences between, PISA and TIMSS scores for mathematics in 2003, and stressed the importance of the two programs providing complementary rather than duplicate information. Wu also highlighted the importance of considering the differences in PISA and TIMSS assessment designs, when interpreting the results. While PISA assessments focus on “everyday mathematics,” TIMSS focuses “school mathematics.” In addition, in contrast to TIMSS, PISA put different emphasize on the subjects each year, and therefore it is recommended to take that into consideration when choosing assessment wave in order to make the two assessments more comparable. In another relevant study, Sollerman (2019) considered both TIMSS and PISA in relation to the Swedish national assessments, analyzing the framework and content of the tests in mathematics in both cases. He found that the Swedish context is not sufficiently considered in either TIMSS or PISA assessments to allow Swedish students to show their full potential. He concluded that they provide indication of trends in mathematics knowledge over time, but not more comprehensive information about the Swedish students’ knowledge of mathematics or detailed assessments of students’ performance levels. He also found that TIMSS mathematics assessments do not include items that provide information on abilities at the highest level (A), although TIMSS mathematics knowledge tests are more similar to Swedish counterparts than the PISA tests. The construction of PISA items places higher demands on reading comprehension. Sollerman (2019) concluded that this may not affect the average performance of Swedish students, but it must be considered for students with low reading comprehension, since it could clearly influence their mathematics scores. The latter is of special interest, since PISA results show that performance level is related to subject, e.g., only a small percentage of high-performing students are high-performers in all assessed subjects (OECD, 2016).

An intention of both TIMSS and PISA is not only to assess educational outcomes in different countries by subject tests, but also to collect background information regarding students, teachers, and principals, to provide foundations for interpreting the results. Thus, it is important to assess the utility of the available questionnaire data for promoting school development and student success. To exploit the collected data, there are urgent needs to acquire deeper knowledge of the information that TIMSS and PISA results can provide about student performance and their associations with school factors, and their relations with each other.

Internationally, research focus on identifying school factors that enhance success in their students. The school effectiveness research field has resulted in ambitious publications aiming to guide not just school leadership but also policy (see, e.g., Goldstein and Woodhouse, 2000; Scheerens, 2013; Cremers et al., 2022). Rutter et al. (1979) conducted one of the first studies of school effectiveness, where the leadership is highlighted as an important factor. A basic assumption within this field of research is that a school is successful—or effective—if it “adds value” to the students in terms of different forms of outcomes, regardless of the characteristics of the students within a school.

Similarly to Wu (2010) and Sollerman (2019), here we consider both TIMSS and PISA. However, in contrast to the cited studies we focus on questionnaire data and school-related factors in relation to student success. For this, we draw on explorations of links between student success and school related factors such as schools’ climate, organizational structure, and leadership (see, e.g., Cremers et al., 2022; Nilsen and Teig, 2022).

Since both TIMSS and PISA assessments provide data from numerous countries, it is tempting to include as many countries as possible in comparisons. However, a previous study showed that a number of questions and variables were excluded from the questionnaires, due to varying national adaptations, and concluded that further studies should investigate countries with similar school contexts, such as the Nordic countries (Wiberg and Andersson, 2010). Education models of the Nordic countries are similar, and those of Norway and Sweden are viewed as the most similar for comprehensive school (Helgøy and Homme, 2006; Imsen et al., 2017). In addition, Sweden and Norway are the only Nordic countries that have participated in nearly all of the assessment waves of both programs. Both countries participated in every PISA assessment wave since the beginning in 2000. However, Sweden did not participate at all in the TIMSS assessment wave in 1999, and only with eighth graders in 2003. Norway did not participate at all in 1999. Note, since 2015 Norway has assessed students in the fifth and ninth years of schooling, so students of similar age should be compared in the Nordic countries. In line with the recommendation by Wu (2010), the present study is based on an assessment wave where the two programs put the same emphasize on a subject, in order to make the results more comparable.


1.1 Aim

The aim of this paper is to empirically examine TIMSS and PISA assessments, particularly the information they can provide regarding school factors that influence students’ performance in Sweden and Norway. The paper focuses on TIMSS and PISA science results for 8th grade students in 2015, the latest year when they both assessed students’ performance and science was the major PISA subject area.

The study specifically addresses the following research questions.


RQ1: What school factors are measured by both TIMSS and PISA, only TIMSS, and only PISA?

RQ2: What school factors appear to be associated with student success in TIMSS and PISA?

RQ3: Are there school factors that are of particular relevance in relation to different school types with reference to performance levels?
 




2 Methodology


2.1 Data

The TIMSS 2015 science test results for grade 8 students in Sweden, grade 9 students in Norway, and the PISA 2015 science test results for 15-year-old were used, as science was the major subject area of the PISA 2015 assessment, and these are the only Nordic countries that participated in both assessments. TIMSS and PISA assessments provide not only performance data but also data collected through questionnaires. TIMSS 2015 had student, home (parent), teacher, school (principles), and curriculum questionnaires. PISA 2015 had student and school questionnaires. There were also some optional questionnaires, such as parent and teacher questionnaires, but neither Sweden nor Norway participated in them. We used just student and school questionnaires in our study, as only these were present in both assessments. The data also included responses to both the school and student questionnaires of the two assessments, particularly the school questionnaires.

Table 1 presents the numbers of students and schools sampled in each studied country and assessment, as well as students’ average science scores. More schools were included in the PISA sample than the TIMSS sample. The average TIMSS scores were better than the average PISA scores for students in both countries. However, Norway obtained a higher average score for science performance on PISA compared to Sweden. Sweden, on the other hand, obtained a higher average score for science on TIMSS compared to Norway.



TABLE 1 Numbers of students and schools, and average science achievement in Norway and Sweden in TIMSS and PISA 2015.
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2.2 Student and school-related factors

Following a comprehensive review of both student and school questionnaires, student-level home background factors and school-level factors were derived from the complete set of variables available in TIMSS and PISA 2015. Subsequently, these factors were classified into common and unique factors.



2.3 Statistical analysis

A multistage sampling procedure is applied in both TIMSS and PISA assessments, thus multilevel analysis was applied, as described for example by Gelman and Hill (2006) and Snijders and Bosker (2012). Multilevel models, implemented in Mplus 8.9 (Muthén and Muthén, 1998–2017), with student background factors at student-level and school-related factors at school-level were used to identify factors associated with the students’ performance in each considered country. IEA IDB Analyzer V5 (IEA, 2022) and SPSS 26 (IBM Corp, 2019) were used for descriptive statistical analysis.

The multilevel analysis consisted of two parts. First, general models were applied to analyze effects of considered factors in both Norway and Sweden and both assessments. In the second part, schools were divided into low-and high-performing and separate multilevel models were analyzed for each performance level. Division criteria were chosen to be as close to the international TIMSS and PISA scales as possible (see Table 2). The definition of low-performance is equivalent to the one used by TIMSS 2015 (Mullis et al., 2016). The definition of high-performance was slightly modified, as we wanted to ensure that at least 20 schools of each performance-level in both countries were included. This restriction is needed for more accurate multilevel analyses.



TABLE 2 Division of school performance.
[image: Table2]

As well as the school-level factors, derived from the school questionnaire, we also utilized aggregated student-level factors, denoted [image: image], as contextual school-level factors.

For each studied country and assessment, we analyzed performance using pairs of two-level models (denoted Model 1 and 2), with the five and 10 plausible values for science performance provided by the TIMSS 2015 and PISA 2015, respectively.

In Model 1, the associations between school-level factors and students’ mathematics performance were evaluated while controlling for students’ home background factors. At the student level (also referred to as level 1), students’ home background factors ([image: image]) weighted with student weights, and at the school-level (also referred to as level 2), school-related factors ([image: image]) weighted with school weights were included:

Student-level (within schools):

[image: image]

School-level (between schools):
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Model 2 differs from Model 1 by including aggregated student-level factors ([image: image]), as contextual school-level factors at the school level:

Student-level (within schools):

[image: image]

School-level (between schools):

[image: image]
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As our response variables were sets of five (TIMSS) or 10 (PISA) plausible values, every analysis was done separately for each plausible value and then combined using Rubin’s (1987) method implemented in Mplus.

The Bayesian information criterion (BIC: Schwarz, 1978) was used to decide which models to use. BIC allows comparison of competing models, regardless of whether they are nested, as long as the sample remains constant (McCoach and Black, 2008).

Missing data frequencies for all included student-level factors were low, less than 4%. Thus, listwise deletion was used for handling missing student-level data (Tabachnik and Fidell, 2007). At the school level, listwise deletion could not be applied because this would have also impacted the student-level data. We assumed that missing student-level data were missing at random (MAR), implying that a student’s probabilities of response were related solely to his or her own set of observed items (Schafer and Graham, 2002). Thus, following Schafer and Graham (2002) recommendations we used the FIML (full-information maximum likelihood) procedure for handling missing data at the school level.




3 Results


3.1 Student-level and school-level factors

Student-level home background factors and school-level factors were constructed from variables for which were available in both TIMSS 2015 and PISA 2015. It was not easy to find common questions as the TIMSS school questionnaire is devoted more to attitudes among the interested parties in education, i.e., teachers, parents, and students and leadership experience and characteristics, while the PISA school questionnaire focuses on school policies, resources, and student characteristics. However, a review of the questionnaires showed that some of the questions related to student home background and school resources were almost identical while others differed in formulation or possible responses. In total, we constructed eight common school-level factors related to school location, resources and discipline of students and teachers.

At student level, we conditioned on variables of proven significance for the students’ achievement in previous studies (e.g., Haahr et al., 2005; Wiberg et al., 2013; Wiberg and Rolfsman, 2023). The variables and constructed factors were defined as follows:

[H1] Books at home: Students’ responses to a question about the number of books at their homes: 1 = 0–10 books, 2 = 11–25 books, 3 = 26–100 books, 4 = 101–200 books, and 5 = more than 200 books.

[H2] Home resources: Students’ responses to questions about their home possessions such as study desk, own room, quiet place to study, computer or tablet, and internet link. In each case, the possible responses were 0 = No, and 1 = Yes, and the sum of the responses was used as a final result.

[H3] Native parents: Students’ responses to questions about their parents’ country of birth, classified as 1 if the student had at least one native parent and 0 otherwise.

[H4] Occurrence of boys: Recoded as 0 for female and 1 for male.

The factors Books at home and Home resources constitute a measure of students’ home background. We also considered including another factor—Education of parents. However, around 5% of the responses to questions about parents’ education of parents in Sweden and Norway were missing in the TIMSS 2015 data, and around 40% of the answers were “I do not know.” Thus, we decided not to use this factor in our analyses.

Characteristics (means or percentages, and standard errors in parentheses) of the student-level variables and factors are presented in Table 3. The results obtained from both the TIMMS and PISA are quite similar for both countries.



TABLE 3 Student-level factors H1 and H2 with their means and standard errors and the proportions of student-level factor H3 (% of at least one native parent) and variable H4 (% of males).
[image: Table3]

At school level, all variables present in the school questionnaires were examined except for the questions with many missing responses, e.g., questions about the qualifications of teachers in PISA 2015 or school location, and percentage of students whose heritage language was different from the test language in Sweden (PISA 2015), that were removed from the analysis. Altogether, 37 school level factors were analyzed. Besides eight common factors mentioned earlier, there were 10 factors that were present only in TIMSS 2015. These factors were related to instructional time, attitudes among students, parents, and teachers, as well as experience, and leadership of principals. The remaining 19 factors were present only in PISA 2015 and were related to leadership, responsibilities, type of school, professional development of staff, monitoring of teachers, accountability and achievement, special needs of students, and finally parental involvement and participation.

In the following text, we describe factors that proved to be significant according to at least one of the constructed models, starting with the common factors (covered by both assessments), then the unique factors (covered only by TIMSS or only by PISA).


3.1.1 Common factors

[S1] Discipline of students: covered by three items asking principals to what extent the learning of students is hindered by various kinds of negative behavior, such as absenteeism, intimidation or lack of respect for teachers, and intimidation or bullying of other students. The sum of all responses was used as a final result. The larger the sum—the bigger problems with discipline of students. Cronbach’s alpha for this factor was around 0.7.

[S2] School location: Number of people living in the area where the school is located. Recoded as: 0 = Rural areas, 0–15,000 people; 1 = Urban areas, and more than 15,000 people.

[S3] School resources A, shortage of competence/staff: covered by items asking principals how much their school’s capacity to provide instruction is affected by a shortage or inadequacy of teachers with a specialization in science (in TIMSS) and whether the school’s capacity to provide instruction is hindered by a lack of teaching/assisting staff (in PISA). Possible responses varied from 1 (Not at all) to 4 (A lot).

[S4] School resources B, offering help with homework: covered by items asking principals whether their schools provide assisting staff to help with students’ homework. The responses were recoded as 0 = No, and 1 = Yes.

[S5] School resources C, lack of supplies and infrastructure: covered by items asking principals to what extent their school’s capacity to provide instruction is hindered by a shortage or a lack of resources, such as instructional materials, supplies, school buildings, grounds, or heating/cooling systems. As these included four and two items in the TIMSS and PISA questionnaires, respectively, to compare results of the two assessments the summed responses were classified into three categories: 1 = Low, 2 = Medium, and 3 = High. Cronbach’s alpha for this factor was around 0.7.

[S6] Teachers’ absenteeism: covered by items asking principals about teachers’ absenteeism. Possible responses ranged from 1 to 4, with 4 denoting a serious problem.



3.1.2 Unique factors only covered by TIMSS 2015

[S7] Days per year: (that schools were open for instruction), covered by a question for principals.

[S8] Experience of principal: covered by a question asking principals how many years they had been a principal at their present school. The responses were given in number of years.

[S9] Parents’ attitudes and activities: covered by five items asking principals about the positivity of parents’ attitudes and activities within their schools, with possible responses ranging from 1 (very low) to 5 (very high). The scale was reverse-recoded and the sum of all responses was used as a final result. Cronbach’s alpha for this factor was around 0.9.

[S10] Students’ attitudes and activities: covered by three items asking principals about the positivity of students’ attitudes and activities within the school, with possible responses ranging from 1 (very low) to 5 (very high). The scale was reverse-recoded and the sum of all responses was used as a final result. Cronbach’s alpha for this factor was around 0.7.



3.1.3 Unique factors only covered by PISA 2015

[S11] Evaluation: covered by a question asking principals whether achievement data were tracked over time by an administrative authority, with possible responses recoded as 0 = No, and 1 = Yes.

[S12] Leading/promotion: covered by 13 items asking principals to indicate the frequency of various activities and behaviors conducted to enhance students’ success in their schools during the last academic year. Possible responses ranged from 1 (did not occur) to 6 (More than once a week). The sum of all responses was used as a final result. Cronbach’s alpha for this factor was around 0.9.

[S13] School-to-home communication on academic progress: covered by a question asking principals whether their school designs effective forms of school-to-home and home-to-school communications about school programs and children’s progress. The responses were recoded as 0 = No, and 1 = Yes.

[S14] School-to-home information & guidance: covered by questions asking principals whether their schools provide information and ideas for families to help students at home with homework and other curriculum-related activities, decisions, and planning. The responses were recoded as 0 = No, and 1 = Yes.

[S15] Special students—language: Principals were asked to estimate the percentage of students whose heritage language differed from the test language. The responses were given in percentages.

Means and standard errors for the school-level factors for Norway and Sweden are given in Table 4. Most of the factors have quite similar descriptive characteristics in both studied countries, if compared assessment-wise. However, some characteristics, like for School resources B, can differ much between the countries and even assessments. According to the principals’ responses, schools in Sweden provide more assistance with homework. Around 90% of participating schools provide staff to assist students with homework in Sweden, according to both TIMSS and PISA, compared to 59 or 40% of schools in Norway, according to TIMSS and PISA, respectively. The TIMSS data also clearly indicate that Sweden provides more instructional time per year than Norway. The largest difference between the two countries in the PISA data was in principals’ responses to the question asking whether their school designs effective forms of school-to-home and home-to-school communications about school programs and children’s progress. In Norway, about 98% answered yes, but only around 88% in Sweden.



TABLE 4 Descriptive statistics for the school-level factors.
[image: Table4]




3.2 Multilevel analyses

This sub-section reports results of the analyses with the two types of multilevel models, designated M1 (incorporating student-and school-level factors, excluding aggregated student-level factors) and M2 (expanded versions of M1 models, including aggregated student-level factors). For more detailed descriptions, see the Methodology section.

The school level factors are initially discussed in three parts focusing on: Aggregated student-level factors, calculated as averages of each student-level factor for every individual school; Common factors covered by TIMSS and PISA, and Unique factors (covered only by PISA or only by TIMSS). In the next section, effects of the school-level factors are also analyzed by proficiency level (as summarized in Tables 5, 6). The actual estimates of the models are presented in detail in Appendix Tables A1–A4.



TABLE 5 School variables associated with students’ performance in TIMSS 2015.
[image: Table5]



TABLE 6 School variables associated with students’ performance in PISA 2015.
[image: Table6]


3.2.1 Aggregated factors

Only one of the aggregated factors, Books at home (aH1), was found to have a consistently significant positive relationship with science achievement, according to both the TIMSS and PISA for Norway and Sweden. In Sweden, the Home resources factor (aH2) was also positively associated with student success according to the TIMSS, but not the PISA. In contrast, presence of Home resources (aH2) and being in a school dominated by boys (aH4) were negatively associated with success according to the PISA.

Generally, the incorporation of aggregated student-level factors, such as Books at home (aH1) or Home resources (aH2), tended to reduce the significance of other school-level factors.



3.2.2 Common factors

Just three of the factors covered by both TIMSS and PISA (S3 in Norway and S6 in Sweden by TIMSS, and S1 in Sweden by PISA) were identified as being negatively associated with success. These factors are all based on items asking principals about the extent to which student learning is hindered by factors related to students or their teachers. Discipline of students (S1) indicates levels of various kinds of negative student behavior while factors linked to the teachers are about shortage of staff or lack of competence (School resources A, S3), or the effect of Teachers’ absenteeism on students learning (S6). These, three factors (S1, S3, and S6), were significant according to both M1 and M2 models. Consequently, none of the factors in TIMSS were significantly associated with success in either country. The PISA data also indicate that School location (S2) and School resources C (S5) were associated with success in Norway. However, when aggregated student-level factors were included in the model, the significance of School resources C (S5), diminished and became statistically insignificant.



3.2.3 Unique factors

Overall, only a few statistically significant school-level factors were solely covered by TIMSS or PISA among the Nordic countries. In the case of TIMSS, Students’ attitudes and activities (S10) appear to be associated with their success, but only in Norway. On the other hand, in Sweden, it is the Parents’ attitudes and activities (S9) that are associated with students’ success. The only factor found to be associated with a lack of success is experience of principal (S8), in Norway, where length of employment/service at the same school seemed to be negatively associated with success. Note, both S8 and S9 were only statistically significant according to the M1 model.

For PISA, there were no statistically significant factors in Norway but two statistically significant factors in Sweden, although they seem to be differently associated with student success. Following-up achievement over time, Evaluation (S11), appeared to enhance success, but the presence of leading and promoting activities and behavior in school (Leading/promotion, S12) seemed to have an opposite, negative effect on success. Both factors were only statistically significant according to the M1 model excluding aggregated student-level factors.



3.2.4 TIMSS and PISA by proficiency level

When data is viewed by proficiency level, a somewhat different pattern is revealed. The analysis revealed that aggregated student level factors were only statistically significant among students in Sweden, demonstrating a statistically significant association with success on both TIMSS and PISA. However, it is important to note that the nature of this association differs between the two assessments. On TIMSS, the aggregated Books at home (aH1) and aggregated Home resources (aH2) such as study desk, student’s own room, a quiet place to study, computer or tablet, or a link to the internet are associated with success in school and this is true for high and low-performing schools. Regarding PISA, school factors are only identified among high-performing schools. Similar to TIMSS, the existence of Books at home (aH1) is also associated with success among high performing schools. Another factor identified among high performing schools on PISA is the Occurrence of boys (aH4), but this aggregated factor is negatively associated with success. None of the aggregated factors seem to be important for achievements of students in low-performing schools on PISA.

Regarding common factors on TIMSS and PISA, different kind of school resources (S3, S4, and S5) can be identified as associated with success or lack of success by TIMSS in Norway and Sweden. Discipline of students (S1) was the only factor identified by PISA and only in Sweden. The factors identified on TIMSS were present in low-performing (S3) and high-performing (S4, S5) schools. These are potentially illuminating distinctions, as S3 indicates practical facilities offered by some schools (a place for students to work on their homework before and/or after school), while S4 and S5 concern resources for providing instruction. S3 was positively associated with student performance in low-performing schools, but not significant in high-performing schools, while in high-performing schools’ provision of staff to assist the students with their homework (S4) and Lack of resources such as instructional materials (S5) had positive and negative impacts on students’ performance, respectively. Furthermore, S5 was the only factor that was statistically significant according to both M1 and M2 models.

Analysis of the impact of unique factors in relation to proficiency levels indicated that those associated with success, either positively or negatively, mainly have effects in low-performing schools. Note the TIMSS data indicate that the Students’ attitude and activities factor (S10) was positively associated with success in Norway, but negatively associated with success in Sweden, and only statistically significant in model M1.





4 Discussion

The overall aim of this study was to conduct an empirical examination of TIMSS and PISA, with a specific focus on the information they can provide regarding factors within the school that are associated with student performance. More specifically, we first aimed to identify school factors that are measured by both TIMSS and PISA, only TIMSS, and only PISA (RQ1). Our findings indicate that comparison of the two assessment programs is challenging due to the limited number of common factors. The TIMSS school questionnaire is devoted more to specific curricular areas, teaching practices, and teacher qualifications, while the PISA school questionnaire focuses on school policies, resources, and student characteristics. A general conclusion of our analysis is that TIMSS and PISA assessments provide partially complementary information.

Secondly, we aimed to identify school factors that appear to be associated with student success according to the TIMSS and PISA results (RQ2). Our findings show that Books at home (aH1) is the only contextual (Aggregated) factor that is significantly positively related to science achievement, according to both TIMSS and PISA assessments in Norway and Sweden. Of all the common factors, only those associated with school resources were found to be significant according to both TIMSS and PISA, although the questions in the questionnaires may not be formulated identically. However, the findings also show that among all the common factors that exist, TIMSS and PISA seem to catch partly different school factors. For example, School location (S2) was only significant in PISA (positively associated with student success). In addition, there are some unique factors in TIMSS and PISA that provide insight into factors associated with student success or lack thereof.

Thirdly, we aimed to examine whether there are school factors that are of particular relevance in relation to different school types, i.e., low-or high-performing schools (RQ3). An overall finding is that significant school factors differ to some extent between low-and high-performing schools. Consequently, analysis based on proficiency levels proved to be beneficial for obtaining a deeper understanding of the significance of school factors. Among the common factors, our analysis reveals that school factors tend to have a significant impact primarily among high-performing schools in Sweden and within the context of TIMSS, while the unique school factors are solely influential in low-performing schools in both Norway and Sweden, apart from one factor (School participation, S14, PISA). Thus, a general conclusion is that the significance of school factors for student success, or lack thereof, is not context-free, as their relevance seems to vary between countries and different types of schools, and they seem to be associated with success in different ways. Nevertheless, the findings provide valuable clues for disentangling factors that may be significant for enhancing the performance of low achievers in the school systems.

The findings have significant relevance for school professionals, as they imply that both TIMSS and PISA provide valuable data that can inform educational investments and guide the implementation of effective strategies. However, they indicate that it is not possible to draw robust conclusions regarding differences in the abilities of PISA and TIMSS to identify school factors associated with success or lack thereof. Due to fundamental differences in the framework and design of TIMSS and PISA they seem to provide complementary information, as also indicated by previous comparisons (see, for example, Sollerman, 2019). However, given the limited number of studies that have explored both TIMSS and PISA, especially concerning questionnaire data, it is difficult to relate our findings to prior relevant research.

It should also be noted that the presented results are based on data from the 2015 assessments and specifically relate to student success in science. Additionally, 2015 was the latest year when the two assessments were distributed the same year, and science was the major PISA subject. However, it would be beneficial to expand the analysis by including other subjects, to obtain more comprehensive understanding of the factors influencing student success across academic domains, as few students are high performers in all subjects (OECD, 2016). This should be kept in mind when interpreting results from these large-scale assessments. Nevertheless, we successfully identified specific school factors that seem to be positively associated with student success (and some that seem to be negatively associated) in one of the assessed subjects. Our findings suggest that some factors related to the school may be beneficial, or disadvantageous, in specific types of schools. This is highly relevant for prioritizations in educational investments. The findings are also of highly relevant for educational professionals, particularly school leaders, as they are ultimately responsible for their schools’ and students’ success.

Our analysis, taking into account different school types, has provided a deeper understanding of the school factors linked to success, and highlighted urgent needs for further research to examine in more detail. Further research should examine the significance of school factors in relation to different kind of school-types’, which can be defined in different ways, and not only limited to performance level and the subject science, as in our study.
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