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and has seen significant improvements in mathematics and science performance

in recent years. This study investigates patterns of socioeconomic inequalities in 4th
grade students’performance in mathematics and science between 2011 and 2019.
Two measures of inequality are examined: (i) inequality of achievement, i.e., the degree
of variability in student performance and (i) inequality of opportunity, i.e, the extent

to which student performance is related to background characteristics.

Methods: Data for 4th-grade students in Ireland from TIMSS 2011, TIMSS 2015

and TIMSS 2019 were used. Mathematics and science achievement were the main
outcome measures. The home resources for learning index was used as a proxy

for student-level socioeconomic status. School-level socioeconomic status was exam-
ined according to schools' participation in the Delivering Equality of Opportunity in
Schools (DEIS) programme, which is the Department of Education’s main policy
initiative addressing educational disadvantage. Descriptive and multilevel regression
analyses were conducted to explore variability in student performance and to inves-
tigate the variance in achievement explained by socioeconomic factors, across cycles
and subjects.

Results: Between 2011 and 2015, between-student and between-school differences
in mathematics and science performance became smaller, as shown by the decrease
in standard deviations and the intraclass correlation coefficients (ICCs). This points

to reduced inequality of achievement. Between 2015 and 2019, a small increase

in inequality of achievement was observed.

Regarding inequality of opportunity, students’home resources for learning and school
disadvantaged status were statistically significantly related to mathematics and science
achievement across all three cycles. Overall variance explained by these two variables
increased from 2011 to 2019. This points towards increasing inequality of opportunity
over the period examined.

Performance gaps between disadvantaged and non-disadvantaged schools have
been reduced over time; however, the relationship between home resources
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for learning and achievement appears to have strengthened. Findings were consistent
for both subjects.

Conclusions: The findings indicate that improvements in overall performance

do not necessarily reflect improved equality. Ireland’s improvements in average
mathematics and science performance between 2011 and 2015 were accompanied
by reduced inequality of achievement. Performance differences between disadvan-
taged and non-disadvantaged schools have been reduced over time, suggesting

that the DEIS policy is meeting its goal of narrowing achievement gaps based on con-
centrations of educational disadvantage. However, inequality of opportunity linked

to student-level socioeconomic factors (i.e.,, home resources for learning) appears

to have increased over time. These findings are valuable in the context of measuring
and tracking educational inequalities.

Keywords: Large-scale assessments, Mathematics, Science, Equality, Inequality

Introduction

International large-scale assessments, such as the Programme for International
Student Assessment (PISA) or the Trends in International Mathematics and Sci-
ence Study (TIMSS), are recognised as having important influences on national
policy (Hopfenbeck et al., 2018; Looney et al., 2022; McNamara et al., 2022; Meyer
& Benavot, 2013; Ringarp, 2016), with country rankings based on average achieve-
ment receiving considerable media attention in many countries. In order to support
appropriate policy responses to educational disadvantage, it is necessary to go beyond
country-level averages to gain a more nuanced understanding of the achievement lev-
els of different student groups (Dronkers & de Heus, 2012; Rowley et al., 2020). As
well as measuring student achievement in different subjects, large-scale assessments
collect information about students’ backgrounds and home environments. Individ-
ual student background characteristics, particularly those related to socioeconomic
status, are persistently and systematically related to academic performance in most
countries, despite efforts to reduce educational inequality (Mullis et al., 2020; OECD,
2019; Sirin, 2005). In addition, since the early work of Coleman et al. (1966), consider-
able attention has been given to socioeconomic compositional effects—that is, how
school-average socioeconomic status may influence student outcomes over and above
individual student background (Flannery et al., 2023; Sciffer et al., 2020, 2022; Wilkin-
son, 2002).

In this paper, we draw on Ferreira and Gignoux’s (2014) framework for conceptualis-
ing and measuring educational inequality in order to examine changes in inequality over
time in Ireland—a country with a recognised policy focus on educational disadvantage
(European Commission, 2019; Hepworth et al., 2021) as well as a track record of recent
improvement in average achievement in mathematics and science (Perkins & Clerkin,
2020; Shiel et al., 2014). Using data from three TIMSS cycles, our analyses consider ine-
quality of educational achievement and inequality of opportunity, by examining factors
related to students’ socioeconomic background. The paper is organised as follows: firstly,
we examine some key terminology and concepts regarding inequality in education. Sec-
ondly, we outline the Irish policy backdrop related to educational disadvantage, followed
by a description of trends in achievement at primary level in mathematics and science
in Ireland. Then, we describe methods used in the current study and present findings
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of our analysis. Finally, we consider our findings in the context of policy on educational
disadvantage.

Inequality in education

The terms equality and equity in education can sometimes be confused and used
interchangeably although some authors have ascribed specific meanings to each term
depending on their particular perspectives. Equity is described by the OECD (2018) as a
situation where “differences in students’ outcomes are unrelated to their background or
to economic and social circumstances over which students have no control” (p. 13). This
is closely related to Ferreira and Gignoux’s (2014) description of “inequality of opportu-
nity” which is defined in terms of the proportion of the variance in test scores explained
by pre-determined characteristics. Espinoza (2007) notes that equality usually indicates
sameness in treatment, while equity is associated with fairness. What is evident across
much of the literature on equality and equity in education is that the two concepts are
interrelated and while the terminology across studies or models may differ, there is often
a high degree of overlap in the concepts being discussed. Despite this variability, there
is broad consensus that educational inequality is an important issue for educational
systems and, in order to address it, it is necessary to identify and describe patterns of
inequality and the factors that influence them (UNESCO, 2018). Comparisons of these
concepts across studies can be facilitated by researchers describing in detail how the
measures used in their studies relate to these concepts and, if relevant, the specific mod-
els drawn upon.

The current study is based on two definitions offered by Ferreira and Gignoux’s (2014)
framework for conceptualising and measuring inequality in education—inequality
of educational achievement and inequality of opportunity. According to Ferreira and
Gignoux, inequality of educational achievement is defined as the degree of variability
in student performance and may be measured using the variance (or standard devia-
tion) of test scores. Higher variance in test scores implies that there are larger differences
between students’ observed performance—in other words, greater inequality of achieve-
ment. Lower variance in test scores is the more favourable outcome since it suggests that
students are performing similarly to each other, which indicates greater equality in this
sense.

The second element in Ferreira and Gignoux’s framework—inequality of opportu-
nity—focuses on the extent to which students’ academic performance is influenced by
background, demographic, socioeconomic or other pre-determined characteristics.
Characteristics and circumstances typically considered in the context of inequality of
opportunity include gender, ethnic origin and family socioeconomic status. Under this
definition, a high degree of equality of opportunity would mean that students’ academic
achievement is not influenced in a meaningful way by background characteristics that
are outside of students’ control.

Ireland’s support for students at risk of educational disadvantage

While Ireland ranks highly in terms of reducing educational inequality among EU and
OECD countries, substantial gaps still exist between the highest- and lowest-perform-
ing students (Chzhen et al.,, 2018; Nelis & Gilleece, 2023; Nelis et al., 2021). In Ireland,
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educational disadvantage is defined in legislation as “the impediments to education aris-
ing from social or economic disadvantage which prevent students from deriving appro-
priate benefit from education in schools” (Government of Ireland, 1998, p. 32). The Irish
government’s most recent policy response, introduced in 2005 and updated in 2017, is
entitled Delivering Equality of Opportunity in Schools (DEIS'). Of more than 3100 pri-
mary schools in Ireland in the 2006/2007 school year (the first school year in which all
elements of the programme were fully implemented in all schools participating in DEIS),
about 340 primary schools were classified as urban DEIS and a similar number as rural
DEIS (Weir & Archer, 2011). Some schools have been added to DEIS since its inception,
notably a comparatively small number in 2017% using a modified method of identifi-
cation and a larger number in 2022, although the 2022 expansion is outside the time-
frame of the data used in the current study. With limited exception (e.g., in the event
of permanent school closure), schools have not been removed from DEIS. Prior to the
2022 expansion of the programme, approximately 20% of the overall school population
attended DEIS schools (Department of Education, 2022; Department of Education and
Science, 2005; Department of Education and Skills, 2017).

Under the DEIS programme, schools that are identified as serving the highest con-
centrations of students at risk of educational disadvantage receive additional supports,
with some variation between primary and post-primary levels. At primary level, there
are some differences between supports received by DEIS schools in urban and rural
areas and, in urban areas only, DEIS schools are assigned to one of two bands. Band 1
comprises schools with the highest concentrations of socioeconomic disadvantage and
Band 2 comprises schools experiencing less severe levels of disadvantage than those in
Band 1. A key element of support for Band 1 schools is a reduction in class sizes, while
an important support for both Band 1 and Band 2 schools is the provision of a Home
School Community Liaison coordinator. All DEIS schools receive additional grant aid,
priority access to teacher professional development and expanded provision from the
National Educational Psychological Service. The full range of supports provided to DEIS
schools at both primary and post-primary levels is outlined in Department of Education
and Skills (2017).

Measuring educational inequality in Ireland and achievement in mathematics
and science at primary level

An evaluation of Ireland’s DEIS programme found that the average reading and math-
ematics scores of students in 2nd, 3rd and 6th grades in DEIS primary schools were
well below the corresponding national averages in 2007, 2010 and 2013. Mean scores
in DEIS schools increased between 2007 and 2013 while at the same time, the per-
centages of students with very low scores decreased significantly and there were slight
increases in the percentages of high scoring students (Weir, 2016; Weir & Denner,
2013). Small but statistically significant increases in reading and mathematics were
also observed among subsamples of students in longitudinal cohorts (i.e., 2nd and 3rd

! “Deis” is the Irish language word for “opportunity”,

2 79 schools across primary and post-primary levels, with a further 30 primary schools re-classifed from Urban Band 2
to Band 1.
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grade students tested in 2010 were followed-up when they were in 5th and 6th grade
in 2013). These findings indicate that some progress has been made in terms of lit-
eracy and numeracy in DEIS primary schools. However, it is not clear what elements
of the DEIS programme may have been most significant in bringing about these
improvements (Smyth et al., 2015) and more recent studies show that large achieve-
ment gaps remain between the average reading and mathematics scores of students
in Urban Band 1 schools (the most disadvantaged DEIS urban schools) and those of
their counterparts in urban non-DEIS primary schools (Nelis & Gilleece, 2023).

Improvements have also been observed in nationally representative samples of pri-
mary school students in national and international studies of achievement (Perkins
& Clerkin, 2020; Shiel et al., 2014). In Ireland, significant increases in mathematics
and science scores were observed between the 2011 and 2015 cycles of TIMSS, with
very little subsequent change from 2015 to 2019 (Clerkin et al., 2016; Eivers & Cler-
kin, 2012a; Perkins & Clerkin, 2020). The increases in both domains between 2011
and 2015 were driven primarily by substantial improvements in performance among
lower-achieving students, with comparatively smaller changes observed among
higher-achieving students (Clerkin et al., 2016). The subsequent TIMSS 2019 results
showed a slight widening of the tails at both ends of the distribution (Perkins & Cler-
kin, 2020). This change is not statistically significant, but nonetheless provides an
indication of increasing differences in performance between the lowest-achieving (at
the 5th percentile) and highest-achieving (at the 95th percentile) students in more
recent years.

Other research in the Irish context has focused on the periods before and after the
introduction of the National Literacy and Numeracy Strategy 2011-2020 (Depart-
ment of Education and Skills, 2011), following which, substantial improvements were
observed in Irish students’ performance in national and international assessments.
Analyses of both national (NAMER) and international (TIMSS and PIRLS) assess-
ment data have shown that as average student achievement in mathematics and read-
ing has improved across two cycles, between-school differences and performance
gaps between groups of students have become smaller (Karakolidis et al., 2021a, b, c).
This demonstrates a trend towards reduced inequality (i.e., improved equality), after
the introduction of the Strategy, as performance differences between students and
between schools have decreased. Focusing specifically on mathematics, analysis of the
results of the 2009 and 2014 national assessments (NAMER) shows more consistent
patterns of reduced inequality compared to results from international assessments
in a similar period (TIMSS), which are less clear and warrant further examination
(Karakolidis et al., 2021c¢).

The current study

Karakolidis et al. (2021c) noted that the national assessments (NAMER) results show
more consistent patterns of reduced inequality than results from international assess-
ments (TIMSS). Therefore, the current study further investigates the TIMSS results by
analysing the most recent (2019) TIMSS data along with the previous two cycles (2011
and 2015). Given the recognised economic and policy importance of STEM (Depart-
ment of Education and Skills, 2019) and in line with similar recent efforts to shed greater
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light on the teaching and learning of science at primary level in Ireland (Nonte et al,
2022), data for science achievement are given greater attention in the current study,
with student achievement in science examined alongside mathematics. Comparisons are
drawn between the two subjects.

Using data for 4th grade students from three cycles of TIMSS, this study aims to
explore changes in measures of inequality as overall performance increased during
the period from 2011 to 2019 in Ireland. The study assesses the pattern and extent of
achievement differences in mathematics and science in the context of factors related to
socioeconomic status. Using Ferreira and Gignoux’s (2014) framework for conceptu-
alising and measuring educational inequality as a starting point, we offer an enhanced
approach to investigating how performance changes over time, and how such changes
are distributed across groups of students from various socioeconomic backgrounds.
Building on Ferreira and Gignoux’s framework, inequalities are examined at the student
and school levels by estimating the variance in mathematics and science achievement
attributed to between-school differences via the use of multilevel modelling. The study
focuses on factors related to socioeconomic status—namely, home learning resources at
the student level and schools’ disadvantaged status at the school level.

This paper aims to answer the following research questions (RQs):

RQ1: Has inequality of achievement in mathematics and science changed over the
period from 2011 to 2019 in Ireland?

RQ2: Has inequality of opportunity attributed to socioeconomic factors changed over
the period from 2011 to 2019 in in Ireland?

Specifically, this paper examines deviations in student mean scores in mathematics
and science, variability in student performance within and between schools, and the
extent to which student scores vary with respect to socioeconomic factors, across cycles
and subjects. Findings provide valuable evidence for Ireland on an area of international
importance and concern (inequalities of achievement and opportunity related to socio-
economic factors), and they also provide a useful alternative framework for analysing
large-scale assessment data in other countries.

Methods

Data

This paper uses data from three cycles of TIMSS—a study of the International Associa-
tion for the Evaluation of Educational Achievement (IEA) that was first administered in
1995 and has taken place every four years since then. The study involves the administra-
tion of curriculum-based mathematics and science assessments to students in selected
classes. Questionnaires are also administered to students, teachers, parents/guardians
and school principals to gather contextual information. For the current study, data for
4th grade students in Ireland from TIMSS 2011, TIMSS 2015 and TIMSS 2019 were
used. In each of these cycles in Ireland, data were gathered using paper-based assess-
ments; more details on the administration of TIMSS in Ireland can be found in the
national reports for each cycle (Clerkin et al., 2016; Eivers & Clerkin, 2012b; Perkins &
Clerkin, 2020), and further details on the international databases are available from the
associated user guides (Fishbein et al., 2021; Foy, 2017; Foy et al., 2013).
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Table 1 Participating sample sizes in TIMSS 2011, 2015 and 2019

TIMSS 2011 TIMSS 2015 TIMSS 2019
Number of schools 150 149 150
Number of students 4560 4344 4582

Participants

TIMSS has a complex design that involves a two-stage cluster sampling methodology.
First, a representative sample of schools is selected using stratified sampling based on
probability proportional to size, and then either one or two intact classes within each
sampled school are randomly selected to provide a representative sample of student
participants (LaRoche et al., 2020). In Ireland, stratifying variables at primary level are
school DEIS status, language of instruction and gender mix (Perkins & Clerkin, 2020). In
most schools, two classes are selected; however, there are some small schools in which
there is only one class at each grade level, and in these schools only one class can be
selected for participation. Table 1 presents the achieved sample sizes for each cycle of
TIMSS examined in the current study. School and student response rates in each cycle
were very high, ranging at school-level from 98% (prior to replacement) to 100% and at
student-level, from 91 to 96% (Clerkin et al., 2016; Eivers & Clerkin, 2012b; Perkins &
Clerkin, 2020).

Measures

Mathematics and science achievement are the main outcome measures. As an interna-
tional assessment involving more than 60 countries, the TIMSS assessment is designed
to represent the curricular content of most participating countries in the chosen
domains (mathematics and science) (Mullis & Martin, 2017). This means that the assess-
ment content will rarely match any individual country’s curriculum perfectly. However,
a test-curriculum matching analysis confirmed that the majority of mathematics and
science items in the TIMSS assessment were judged by expert raters to have been cov-
ered by 4™ grade students in Ireland by the time of testing. This analysis also confirmed
that the estimates of student achievement are largely unaffected by the selection of items
(Clerkin et al., 2016; Perkins & Clerkin, 2020).

In TIMSS, student performance in each subject is reported with reference to an item
response theory (IRT)-based scale with an international centrepoint of 500 and a stand-
ard deviation of 100. This scale was established in the first cycle of TIMSS in 1995, and
subsequent assessments have been linked to the initial scale to allow for comparisons
of performance across cycles and over time (Foy et al., 2020). Each student is assigned
five plausible value achievement estimates for each assessment domain and subdomain.
TIMSS questionnaires are administered in conjunction with the tests to gather con-
textual information from students, parents/guardians, teachers, and school principals.
These data can be linked to students’ achievement data.

At the student level, the Home resources for learning index (available in the interna-
tional TIMSS database) was used in this study as a proxy for socioeconomic status.
The home resources for learning index is constructed from a combination of data from
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Table 2 Means, standard deviations and standard errors of the home resources for learning index

Mean (SE) SD (SE)
TIMSS 2011 10.83 (0.06) 1.73(0.03)
TIMSS 2015 11.04* (0.06) 1.69 (0.03)
TIMSS 2019 11.09 (0.05) 1.63(0.03)

“Values are statistically significantly different from the corresponding values in the previous cycle

Table 3 Percentages of students participating in TIMSS attending disadvantaged (DEIS) and non-
disadvantaged (non-DEIS) schools

TIMSS 2011 TIMSS 2015 TIMSS 2019

% (SE) % (SE) % (SE)
Non-DEIS 80.9 (0.85) 81.9(0.93) 81.3(1.28)
DEIS 19.1 (0.85) 18.1(0.93) 18.7 (1.28)

questionnaires completed by students and their parents/guardians. Students are asked
to provide information about the number of books in their homes and other study sup-
ports (an internet connection and having their own room to study in). Parents are asked
to provide information about the number of children’s books at home, the parents’ own
levels of education, and the parents’ occupations. Using the measures of availability of
these five home resources for learning, students are assigned a score on the scale. The
TIMSS context questionnaire scale was established in 2011 based on the combined
response distribution of all countries that participated in that cycle. In order to provide
a point of reference that would facilitate comparisons across countries, the scale centre-
point of 10 was situated at the mean of the combined distribution, and the scale units
were selected so that two scale score-points corresponded to the standard deviation of
the distribution® (Mullis et al., 2020).

Table 2 presents the means, standard deviations and associated standard errors of the
home resources for learning index for Ireland, across cycles. In 2015, students’ mean
score on the home resources for learning index was statistically significantly higher than
in 2011. The difference in mean home resources for learning between 2015 and 2019 was
not statistically significant and the 2019 value was also significantly higher than the cor-
responding value in 2011. Similar patterns are observed in the aggregated school mean
home resources for learning, across cycles (See Additional file 1: Table S1).

At the school level, school DEIS status was used as a proxy for the socioeconomic pro-
file of students in the school. It is worth emphasising that DEIS schools in TIMSS 2011
and 2015 were identified using the original identification procedure based on principals’
reports of school socioeconomic profile (Archer & Sofroniou, 2008). DEIS schools in
TIMSS 2019 were identified either using the original identification process or the 2017
updated process so, for DEIS schools in TIMSS 2019, the duration of additional sup-
ports can vary according to whether a school was part of the original tranche of DEIS
schools or the newer 2017 group. Because of the small numbers of schools sampled in

3 Approximately 8% of cases in the Home resources for learning variable were missing in each TIMSS cycle.
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Table 4 Means, standard deviations and standard errors of the home resources for learning index,
by school disadvantage (DEIS) status

TIMSS 2011 TIMSS 2015 TIMSS 2019

Mean (SE) SD (SE) Mean (SE) SD (SE) Mean (SE) SD (SE)
DEIS 9.89%(0.11) 1.54* (0.05) 10.15%(0.10) 1.58 (0.07) 10.23* (0.08) 1.59 (0.04)
Non-DEIS 11.04 (0.07) 1.70 (0.03) 11.23 (0.06) 1.65(0.03) 11.27 (0.06) 1.58 (0.03)

" DEIS values are statistically significantly different from non-DEIS values

each DEIS category and the very large standard errors associated with their estimates,
DEIS is examined as a binary variable in the current study (i.e., Urban Band 1 schools,
Urban Band 2 schools and DEIS Rural schools are grouped, so that schools are classi-
fied as either DEIS or non-DEIS). Table 3 presents this binary variable—school DEIS
status—and the percentages of students belonging to each category in these three cycles
of TIMSS. In each cycle, the percentage of students in DEIS schools in TIMSS (18—19%)
is very similar to the percentage of primary students in the population (20%) in DEIS
schools (Department of Education, 2022).

Table 4 presents mean home resources for learning for students attending disadvan-
taged (DEIS) and non-disadvantaged (non-DEIS schools). As expected, students in DEIS
schools have statistically significantly fewer home resources for learning on average than
students attending non-DEIS schools.

Analysis

To examine inequalities in mathematics and science performance, a series of univari-
ate, bivariate and multilevel linear regression analyses were conducted. Patterns of stu-
dent mean performance over time, as well as the variability around mean scores, were
examined across cycles; a smaller standard deviation would imply less variance in stu-
dents’ scores and therefore greater equality of achievement, whereas a larger standard
deviation would suggest more variance and greater inequality. Inequality of achievement
was also examined at the school level using multilevel linear regression analysis, with
students at level one and schools at level two and estimating a statistic called the intra-
class correlation coefficient (ICC, see Eq. 1). The greater the variability among schools
relative to the total variability in achievement (i.e., the ICC), the greater the inequality of

achievement.

variance among schools
Icc = g

total variance )

where total variance equals between-student variance plus between-school variance.
Measurement of inequality of opportunity requires some quantification of the rela-
tionship between demographic or socioeconomic characteristics and students’ aca-
demic performance. Bivariate analyses were performed to identify the extent to which
the examined explanatory variables were related to student performance in mathemat-
ics and science over time. Hedges’ g effect sizes were computed to show the magnitude
of the performance gaps, with higher effect sizes indicating higher levels of inequality
of opportunity. Finally, multilevel linear regression analysis was performed to examine



Duggan et al. Large-scale Assessments in Education (2023) 11:39 Page 10 of 21

Table 5 Average performance and standard deviation in mathematics and science on TIMSS 2011,
2015 and 2019

Mathematics Science

Mean (SE) SD (SE) Mean (SE) SD (SE)
TIMSS 2011 527 (2.60) 77.95 (1.62) 516 (3.34) 7941 (1.84)
TIMSS 2015 547* (2.14) 73.13*(1.24) 529*% (2.35) 69.84% (2.01)
TIMSS 2019 548 (2.48) 75.75(1.33) 528 (3.18) 75.19% (1.78)

“Values are statistically significantly different from the corresponding values in the previous cycle

the extent to which home resources for learning and school disadvantaged (DEIS) status
contributed to the explanation of students’ performance, independently of each other,
and to estimate the variance in achievement explained by the selected socioeconomic
factors and compare differences across the three TIMSS cycles. If a large proportion of
variance in achievement were explained by socioeconomic indicators, this would indi-
cate high levels of inequality of opportunity, since it suggests that students” achievement
is strongly related to their socioeconomic characteristics. Conversely, if only a small
proportion of variance in achievement is explained by socioeconomic indicators, this
suggests greater equality of opportunity, as students’ performance outcomes are not as
strongly linked to these background factors.

All five plausible values in the TIMSS datasets were taken into account in all analyses.
The total student weights along with the replicate weights were used in the univariate
and bivariate analyses. In the multilevel analysis, sampling weights were used at both
levels. At level one, the total student weights were scaled to add up to the school sample
size, while at level two, the final school weights were used (Karakolidis et al., 2022; Mang
et al., 2021). Replicate weights were not incorporated into the multilevel analysis. The
use of replicate weights in the univariate and bivariate analyses and the application of
multilevel modelling allowed us to account for the clustered nature of the TIMSS sam-
ple (Foy & LaRoche, 2020; Woltman et al., 2012). The sampling design of such studies
should not be ignored in the analysis as students within the selected clusters (classes and
schools) may be more similar to each other than they are to students in the target popu-
lation in general. This lack of independence of the analysis units can lead to underesti-
mation of standard errors, smaller p-values and subsequently increased risk of a Type
I error (Field, 2017). The Full Information Maximum Likelihood method was used to
allow the inclusion of the few cases with missing home resources for learning data in the
multilevel models.

The univariate and bivariate analyses were performed using the IDB Analyzer 5 (IEA,
2022) software package. The multilevel analyses were conducted using Mplus 8 (Muthén
& Muthén, 2017).

Results

Inequality of achievement—overall performance and variability in scores (RQ1)

As shown in Table 5, there were statistically significant improvements between 2011 and
2015 in the average mathematics and science performance of 4™ grade students. Spe-
cifically, students’ performance increased by 20 score-points in mathematics and 13
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Table 6 Percent of between-school variance in mathematics and science scores

Mathematics Science

ICC ICC
TIMSS 2011 17.7% 21.3%
TIMSS 2015 10.2% 13.9%
TIMSS 2019 10.6% 14.8%

Table 7 Correlation between home resources for learning and performance in mathematics and

science
Mathematics Science
Pearson’s r (SE) Pearson’s r (SE)
TIMSS 2011 043 (0.02) 045 (0.02)
TIMSS 2015 045 (0.02) 045 (0.02)
TIMSS 2019 043 (0.02) 045 (0.02)

All correlations are statistically significant

score-points in science. Overall performance in both subjects remained stable between
2015 and 2019.

Alongside the considerable increase in overall student performance in 2015, there was
a statistically significant reduction in standard deviations around the mean scores in
mathematics and science. This can be considered evidence of decreased inequality (or
increased equality) of achievement, as the variability of mathematics and science scores
around the mean is smaller and students appear to perform more similarly to each other.

Although performance remained relatively stable in TIMSS 2019 compared with
TIMSS 2015, the variation around the mean score increased. This increase in stand-
ard deviation between 2015 and 2019 was statistically significant in science, but not in
mathematics.

To further examine the variability of student mathematics and science scores within
and between schools, multilevel regression analysis of student scores was conducted.
As indicated by the relevant ICCs in the null models (without any explanatory varia-
bles), there was a substantial decrease in the variance attributed to differences between
schools between 2011 and 2015, both in mathematics and science (Table 6). Specifically,
the between-school variance decreased by 42.4% in mathematics (from 17.7% in 2011 to
10.2% in 2015) and 34.7% in science (from 21.3% in 2011 to 13.9% in 2015). The reduc-
tions in the ICCs indicate that performance in TIMSS 2015 was less “dependent” on the
school that students attended, which can be perceived as evidence of reduced inequality
(or increased equality) among students and schools.

However, this was not the case in 2019, when there was a slight increase relative to
2015 in the proportion of the variance in mathematics and science performance attrib-
uted to between-school differences. The increase in ICC between 2015 and 2019 was
larger for science than for maths, although it was very small in both cases.

The between-school variation in home resources for learning remained relatively sta-
ble across cycles (See Additional file 1: Table S2).
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Table 8 Performance differences in mathematics and science in TIMSS 2011, 2015 and 2019, by
schools'disadvantaged (DEIS) status

Mathematics Science

Mean (SE) Mean difference (SE) g Mean (SE) Mean difference (SE) g

2011 DEIS 49147 (543) 4440 (6.13) 058 47746 (565 47.69 (647) 0.62
Non-DEIS ~ 535.87(2.94) 525.15(3.77)

2015 DEIS 51673 (4.71) 3736 (5.25) 052 09 (4.96) 3392 (5.45) 049
Non-DEIS — 554.09(2.25) 535.01(2.49)

2019  DEIS 51952 (478) 3559 (5.51) 048 50085 (4.28) 3335(541) 045
Non-DEIS ~ 555.11(2.81) 534.20(3.70)

Differences between mean scores of students in disadvantaged (DEIS) and non-disadvantaged (non-DEIS) schools are
statistically significant in each cycle

Inequality of opportunity—variance explained by socioeconomic factors (RQ2)

Table 7 presents the relationship between student performance in mathematics and sci-
ence and the student-level socioeconomic indicator—home resources for learning—in
the last three cycles of TIMSS. In mathematics, despite a small increase between 2011
and 2015, the strength of this relationship was very similar across all three cycles. The
relationship between science performance and home resources for learning remained
unchanged over the years.

The results of the school-level analyses show a different pattern from the analysis at
the student level. Table 8 shows the differences in students’ performance in mathemat-
ics and science in TIMSS 2011, 2015 and 2019 based on the school-level socioeconomic
indicator (school disadvantaged status). Overall, students in disadvantaged (DEIS)
schools were outperformed by their peers in non-disadvantaged (non-DEIS) schools in
both mathematics and science in all three TIMSS cycles. The performance gap between
students in DEIS and non-DEIS schools remains statistically significant in all three
cycles. The magnitude of these gaps tended to become smaller in the more recent cycles,
as indicated by the relevant effect sizes (Hedges’ g). However, the reduction of the differ-
ence in achievement across cycles was not statistically significant at any of the points of
comparison.

Multilevel linear regression

Multilevel linear regression analysis was conducted to examine how each variable (home
resources for learning and DEIS status) contributes to the explanation of variance in
mathematics and science performance when the other variable is taken into account
(Tables 9 and 10). The multilevel analysis tables present the unstandardized coefficients
(B), which are based on scaled scores, along with their respective standard errors (SE)
for each one of the examined variables, as well as the variance in achievement explained
by the model at the student level, the school level and overall.

Both home resources for learning and DEIS status were statistically significant predic-
tors of mathematics and science performance in all six models (one per TIMSS cycle,
per domain). After accounting for DEIS status, the relationship between home resources
for learning and mathematics and science performance was stronger in the more recent
cycles of TIMSS, compared with the earliest cycle in 2011. For instance, having con-
trolled for DEIS status, a one-point increase in a student’s home resources for learning
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Table 9 Multilevel modelling of mathematics achievement

TIMSS 2011 TIMSS 2015 TIMSS 2019
B (SE) B (SE) B (SE)

Student-level

Home resources for learning 16.83 (1.27)* 17.98 (0.82)* 18.66 (0.84)*
School-level

School disadvantaged status (non-DEIS)

DEIS — 2491 (8.05)* —17.90 (5.80)* —16.92 (5.62)*
Intercept 354.20(13.88) 353.56(9.33) 346.22 (10.02)
ICC (conditional model) 12.5% 4.6% 6.1%

Variance explained (R?)

Student-level 16.8% 18.7% 17.9%

School-level 13.1% 18.7% 12.6%

Overall 16.3% 18.7% 17.6%

" p<0.05

Table 10 Multilevel modelling of science achievement

TIMSS 2011 TIMSS 2015 TIMSS 2019
B (SE) B (SE) B (SE)

Student-level

Home resources for learning 1718 (1.16)* 17.55 (0.80)* 19.88 (0.97)*
School-level

School disadvantaged status (non-DEIS)

DEIS —27.10 (9.59)* — 1641 (6.29)* — 1549 (5.18)*
Intercept 340.20 (13.02) 340.14 (8.99) 31220(11.87)
ICC (conditional model) 15.9% 8.8% 10.9%

Variance explained (R?)

Student-level 17.8% 20.6% 21.9%

School-level 11.4% 9.1% 6.4%

Overall 16.8% 19.6% 20.2%

“p<0.05

index would be expected to lead to an increase of 16.83 score-points in their mathe-
matics score in TIMSS 2011, while the same increase in a student’s home resources for
learning in TIMSS 2015 and 2019 would result in a 17.89 and 18.66 score-points change,
respectively. These increases in the magnitude of the coefficients, however, are not sta-
tistically significant in either mathematics or science.*

On the other hand, even after accounting for student home resources for learning, the
gap in achievement between DEIS and non-DEIS schools decreased across cycles. For
example, the predicted science performance gap between students in DEIS and non-
DEIS schools decreased from 27.10 in 2011 to 15.49 in 2019; a decrease of almost 12
score-points. A similar pattern was observed in mathematics. While there was a sub-
stantive decrease in the performance gap between DEIS and non-DEIS schools, after
accounting for home resources for learning, over time, the change was not statistically

4 The statistical significance of the changes in the regression coefficients across cycles was tested using the z distribution
(Clogg et al., 1995). Z = b1—bp

A/ SELZ+SEb?
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Fig. 1 Mean scores, standard deviations, ICCs and explained variances across the three TIMSS cycles,
mathematics

significant (which can be attributed to the increased standard errors around the coef-
ficients of this school-level factor).

In science, the combined explanatory power of these two variables increased over time
from 16.8% in 2011 to 20.2% in 2019, indicating an increase in inequalities. In math-
ematics, the changes across cycles are smaller; the overall explained variance increased
from 16.3% in 2011 to 18.7% in 2015, and then decreased to 17.6% in 2019.

Regression slopes were allowed to vary across schools. However, this did not signifi-
cantly improve the fit of any of the mathematics or science models. This indicates that
the positive relationship between home resources for learning and performance in math-
ematics and science does not appear to vary significantly across schools, within each
cycle of TIMSS. Cross-level interactions between home learning resources and schools’
disadvantaged (DEIS) status were also examined for each cycle, but none reached statis-
tical significance.

Summary of analyses

Figures 1 and 2 summarise the main results of the analyses for mathematics and science,
respectively. After a significant increase in students’ average mathematics and science
scores in 2015 (grey bars) which was accompanied by a notable decrease in standard
deviations, average performance in 2019 remained relatively stable while standard devia-
tions increased slightly (but not statistically significantly).

Changes in ICC over time (green line) indicate changes in inequality of achievement.
Changes in variance explained over time (blue, red and yellow lines) indicate changes
in inequality of opportunity. As the lines in the figures go down inequalities decrease
(or equalities increase) while, as the lines move up, inequalities increase (or equalities
decrease). In general terms across mathematics (Fig. 1) and science (Fig. 2), both the
total variance and the student-level variance explained in both subjects seem to increase

Page 14 of 21
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Fig. 2 Mean scores, standard deviations, ICCs and explained variances across the three TIMSS cycles, science

over time, particularly between 2011 and 2015. This indicates increasing inequalities.
However, inequalities appear to decrease over time at the school level.
These findings are generally consistent for both mathematics and science.

Discussion and conclusions

The analyses presented above provide a nuanced picture of changes in educational ine-
quality in Ireland over the last decade. From the perspective of inequality of educational
achievement (variation in observed student performance on a measure of achievement),
these analyses show that inequality of mathematics and science achievement declined
considerably between 2011 and 2015, in conjunction with significant increases in overall
performance. This echoes the findings of Karakolidis et al. (2021c) whose study exam-
ined changes in equality of mathematics achievement and subgroup performance dif-
ferences in Irish primary school students over time using both national (NAMER) and
international (TIMSS) assessment data.

The decrease in inequality of mathematics achievement between TIMSS 2011 and
2015 is also consistent with results of similar analysis which focused only on data from
NAMER 2009 and 2014 (Karakolidis et al., 2021b). This study found that the magni-
tude of performance gaps in mathematics and reading between students in different
subgroups (e.g., those in DEIS and non-DEIS schools) shrank over time, while over-
all performance increased. The improvements in achievement observed in NAMER
2014 particularly favoured groups of students who had had lower performance than
their counterparts in 2009, leading to smaller performance gaps in 2014 and indicating
increased equality of achievement (Karakolidis et al., 2021a, b).

In the current study, a small increase in inequality of achievement in mathematics and
a larger increase in inequality of achievement in science were observed between 2015
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and 2019, although average performance remained stable in both domains during that
period.

It should be noted that an increase in inequality of educational achievement does not
necessarily indicate a worsening of student outcomes. In fact, in some circumstances, it
could be consistent with generally positive changes; for example, if the number of lower-
achieving students increased slightly but the numbers of higher-achieving students
increased by a larger amount over the same period, the variation in performance across
the distribution would increase (indicating greater inequality of achievement) despite
improvements in both groups’ performance. In the specific case of changes in Ireland
between TIMSS 2015 and TIMSS 2019, the small increase in the standard deviation in
mathematics can be attributed to the small increase in the percentages of high achiev-
ers (those performing at the advanced international benchmark), while the percentages
of low achievers (those performing at the lowest international benchmark) remained
stable. However, in science, the widening of the distribution of achievement was more
apparent as the percentages of students categorised at both the highest and lowest levels
increased (Perkins & Clerkin, 2020). The increase in variation also reflects a widening of
the distribution of mathematics and science achievement at both tails (e.g., the perfor-
mance gap between students performing at the 5™ and the 95" percentile) (Perkins &
Clerkin, 2020). These changes, although small in magnitude, are of more concern.

Recent findings have highlighted the relative underperformance of high-achieving stu-
dents in Ireland compared with other countries in both mathematics and science (McK-
eown et al., 2019; Perkins & Clerkin, 2020; Pitsia et al., 2019). This suggests a need for
renewed policy focus on supporting higher-achieving students to reach their full poten-
tial. In so doing, however, it will be important to maintain a parallel focus on provision
of support and resources to lower-achieving students and those at risk of disadvantage
with the aim of increasing performance across the distribution of achievement, not only
among those on one side of it.

From the perspective of inequality of educational opportunity (the extent to which
educational outcomes can be predicted by demographic or socioeconomic factors), in
general, the results of the current study demonstrate increases in inequality of opportu-
nity in Ireland across the three cycles of TIMSS from 2011 to 2019. In other words, the
proportion of variance in student achievement that can be explained by a combination
of students’ home resources for learning and their schools’ disadvantaged (DEIS) sta-
tus has increased over time. The exception is TIMSS 2015 mathematics, which shows a
more inconsistent pattern; the overall variance explained by DEIS status and students’
home resources for learning in 2015 was higher than that observed in both TIMSS 2011
and 2019.

This increase in inequality of opportunity appears to be largely driven by a strength-
ening relationship between achievement and home resources for learning from 2011 to
2019, after accounting for schools’ DEIS status and the clustered nature of the data. Over
the same period, the proportion of variance explained by schools’ disadvantaged (DEIS)
status decreased and, indeed, the observed difference in average achievement between
disadvantaged and non-disadvantaged schools has been reduced in both science and
mathematics. This finding is consistent with results of analyses of NAMER mathemat-
ics data (Karakolidis, 2021b), in which the magnitude of the performance gap between
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students in disadvantaged and non-disadvantaged schools decreased from 2009 to 2014.
This may indicate that the implementation of the DEIS programme has achieved some
success in reducing educational inequalities at the school level (although, notably, sig-
nificant differences in educational outcomes remain). However, this reduction of ine-
quality at the school level has further highlighted a persistent underlying inequality of
resources at the individual student/household level and its association with academic
performance.

The increase in inequality of opportunity noted in the current study seems to conflict
with the general trend observed by Karakolidis et al. (2021b) in their analysis of national
assessment (NAMER) data. Their models of mathematics achievement showed that the
variance explained by student and school factors in 2014 was about half the magnitude
of the variance explained in 2009. This suggests that students’ mathematics performance
was less strongly related to the examined background characteristics (e.g., DEIS status,
number of books in students’ homes, parent education) in 2014, compared with 2009,
which is an indicator of reduced inequality of opportunity over that period. The differ-
ences between the patterns observed by Karakolidis et al. (2021b) and those observed
in the current study demonstrate that different findings may emerge from national and
international assessments. These differences also highlight the importance of examining
changes over time from multiple perspectives and sources of evidence.

This paper offers an enhanced approach to analysing large-scale assessment results
that goes beyond the comparison of mean scores across cycles. This approach allows for
the use of international assessment data to examine educational inequality in a national
context, which may be particularly useful for countries whose national assessments
do not provide data on educational inequality, or for countries which may have some
national data but lack representative national data for a particular domain, as is the case

for science in Ireland.

Limitations and future research

The analyses in the current study focus on variability in student performance, subgroup
differences and the predictive power of socioeconomic factors, taking the point of ref-
erence as the previous assessment cycle rather than a minimal achievement standard.
Overall performance standards are a relevant consideration within the discussion of
equality, and this point is discussed in Espinoza’s equality-equity framework as “equity
for equal needs” at the output stage, which relates to the provision of sufficient resources
to ensure that every student reaches “a minimal needed achievement level (the mini-
mum achievement definition: Gordon, 1972) and that differences in achievement beyond
that are based on need” (Espinoza, 2007, p. 353). This issue could be further investigated
by examining the proportions of students from more socioeconomically disadvantaged
groups (those groups for which inequalities seem to have increased) who are achieving
at low levels. Indeed, further examinations of patterns of achievement with respect to
socioeconomic factors might provide more insight into the distribution of educational
inequalities. Furthermore, in 2021, another cycle of NAMER was conducted. Future
research could usefully focus on how the pattern of equality/inequality of achievement
in performance on NAMER has developed since 2014, and how this compares to the
results of TIMSS 2019 described in the current study. Likewise, at the time of writing,
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TIMSS 2023 has just been conducted, and data from this cycle may be used in future
research to investigate any changes or development in patterns of inequalities.

The current study examines inequality of achievement and opportunity based on
schools’ disadvantaged (DEIS) status and students’ home resources for learning but, of
course, these are not the only factors related to socioeconomic status and achievement.
Future research could draw on the work of Agasisti et al. (2021), which examines the role
of school climate in patterns of achievement in the context of socioeconomic factors.

One methodological limitation of this paper relates to the fact that the meaning of the
DEIS variable has changed over time due to the revision and refinement of the model
that identifies schools for inclusion in the DEIS programme. With very limited excep-
tion (e.g., in the context of permanent school closures), schools that entered the DEIS
programme originally have remained in the programme. Subsequent focus was on
expanding the scheme with less attention given to whether schools should remain in the
programme indefinitely once admitted (Harford & Fleming, 2022). The refinement of
the model in 2017 has meant that the characteristics of some DEIS schools that partici-
pated in TIMSS 2019 may differ slightly from those included in previous TIMSS cycles.
The 2019 sample contained some schools that had been categorised as disadvantaged
(DEIS) for less than two years, and these were nominally equivalent with schools that
may have been designated as DEIS since as early as 2005. The DEIS variable is valuable
for its strong policy relevance and high levels of public awareness. However, its changing
meaning complicates cross-cycle comparisons such as those presented in this study.

This points to a broader challenge of policy monitoring and evaluation (European
Commission, 2022). As demonstrated in the results from the current study, two meas-
ures can provide very different perspectives on the same constructs. Looking at school-
level disadvantage, the association between school DEIS status and achievement appears
to decrease over time, suggesting greater equality of opportunity in one respect, while
the association between student-level home resources for learning and achievement
appears to increase, suggesting greater inequality of opportunity in another.

Although the home resources for learning index may be more robust than the DEIS
variable from a methodological perspective, it does not carry the same meaning and
policy relevance, for an Irish audience at least. The importance of examining issues
using multiple sources of evidence is underlined by each variable’s particular merits, and
indeed by the differing perspectives they offer which, when combined, can offer a more
nuanced understanding.
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