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Abstract

Ongoing societal and technological developments in education and changes in the global debate
about education continue to promote the value of international large-scale assessments (ILSAs) in
education. ILSAs are expanding their sphere of influence, evolving to cover novel target popula-
tions and subject domains. Advances in the methods and technology available to collect, scale,
and analyze data present continuous methodological challenges, but also foster rapid develop-
ments of the methodological research and respective technology. Most ILSAs in education are
now enforcing a transition to computer-based assessment. Recent research has suggested new
approaches for addressing nonresponse, novel methods to improve measurement invariance
evaluation, and explored innovative methodologies for statistical data analyses. This paper reflects
on IEA’s extensive experience of ILSA research to identify the most important contemporary
challenges, contextualized by historical developments. The authors discuss these developments
considering their potentials, drawing conclusions and giving recommendations on best practice.

1. Introduction

The history of international large-scale assessments (ILSAs) of educational provi-
sion and achievement now spans more than half a century. The first organization to
successfully pursue the idea of empirically exploring the approaches that different
educational systems take to educational provision was the International Association
for Educational Achievement (IEA). The association’s founders wanted to build a
body of information that would enable countries to learn from different approaches
to education in general and the association between those approaches and student
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achievement in particular (IEA, 2016). The first study that IEA conducted was the
Pilot Twelve-Country Study 1960 (Foshay, Thorndike, Hotyat, Pidgeon & Walker,
1962). Subsequent early studies included the First International Mathematics Study
(Husén, 1967; Postlethwaite, 1967) and the First International Science Study
(Bloom, 1969; Comber & Keeves, 1973). Building on that early work, the IEA has
developed state-of-art methodology, procedures, and standards that allow reliable
crossnational comparisons of the data collected in the many studies the association
has conducted since.

The substantial wealth of experience gained from conducting ILSAs now under-
pins how this and other forms of educational research are conducted, while the data
collected offer substantial empirical information on student learning, teaching
methods, and school leadership and management for different educational systems
all over the world. ILSAs have thus become an internationally accepted tool for
monitoring the efficacy of educational systems. However, ongoing societal and
technological developments in education and shifts in global debates about educa-
tion continue to trigger the need for ILSAs to expand their spheres of influence,
especially in terms of covering other target populations and additional subject do-
mains. All of these developments, along with advances in the methods and technol-
ogy available to collect, scale, and analyze data, present ongoing methodological
challenges for the teams of researchers conducting ILSAs in education. This article
takes a closer look at a variety of former and current developments and the meth-
odological challenges they present. We also consider emerging and likely future
developments and challenges. Our exploration is presented from the standpoint of
scholars who represent the IEA and have therefore witnessed and contributed to
this dynamic process — some of them for more than 20 years. Because these schol-
ars represent the IEA, the perspective provided is that of the IEA.

2. Past and present developments and challenges
2.1 New target populations and domains

When the IEA began developing the field of ILSA research in education in the
1950s and 1960s, it focused primarily on the achievement of students in primary
and lower secondary schools, and on just a few subject areas. The association’s first
study addressed the achievement of primary and lower-secondary school students’
achievement in five subject areas: mathematics, reading comprehension, geogra-
phy, science, and nonverbal ability (Foshay et al., 1962). These subjects were fur-
ther pursued in later IEA studies, and complemented by other topics such as civic
and citizenship education (Oppenheim & Torney, 1974), written composition
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(Gorman, Purves & Degenhart, 1988), and the use of computers in education
(Pelgrum & Plomp, 1991).

By the mid-1990s, the emphasis in all ILSAs had shifted from covering these
diverse areas towards measuring the basic domains of reading, numeracy, and
science, steered by the weight placed on accountability and evidence-based educa-
tion policies. This shift could be seen not only in the emphasis placed on the results
of ILSAs but also in the development of national monitoring systems. As the World
Bank (n.d.) observed:

A growing number of governments in the developing world are trying to improve their
performance so they can operate more efficiently and provide better services to citizens.
To do so, they are creating national or sub-national monitoring and evaluation systems that
help them measure and understand how well public programs do. Such systems form the
backbone of evidence-based public policy.

In more recent years, ILSA data have also been analyzed in terms of how invest-
ment in human capital plays out in countries’ productivity and wealth (Rizvi &
Lingard, 2010).

Today, IEA’s target populations and domains of study are becoming increasing-
ly diverse as more and more education systems recognize that education neither
starts before nor finishes after compulsory education, but continues on throughout
people’s lifetimes and thus encompasses areas of learning and competencies
beyond those traditionally taught in schools. This recognition is reflected in Goal 4
of the United Nations (UN) declaration on sustainable development goals: “Ensure
inclusive and equitable quality education and promote lifelong learning opportuni-
ties for all” (United Nations, 2015, p. 12). Accordingly, the IEA and other agencies,
such as the OECD, presently carrying out ILSAs in education are beginning to tar-
get pre- and post-compulsory education and are experiencing new challenges with
respect to assessment methods, content, and procedures as a consequence. Two ex-
amples of these newly investigated areas of educational provision are early child-
hood education and vocational and technical education (VET).

Early childhood education has become a focus of educational research in many
countries as researchers, educators and policymakers increasingly recognize that
some of the foundations of inequitable student achievement in primary education
are already established as differences in children’s abilities and development before
they begin school (see, for example, Hart & Risley, 2003). Three recent ILSAs cen-
tered on early childhood education are the IEA’s Early Childhood Education Study
(ECES; Bertram & Pascal, 2016), the OECD’s Teaching and Learning Internatio-
nal Survey (TALIS) Starting Strong Survey (http://www.iea.nl/oecd-talis-starting-
strong-survey), conducted by the IEA and Rand Europe, and the OECD’s Interna-
tional Early Learning and Child Well-being Study (IELS; http://www.oecd.org/
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edu/school/international-early-learning-and-child-well-being-study.htm), conducted
by the IEA and the Australian Council for Educational Research (ACER). Conduct-
ing large-scale crossnational research into early childhood education is more com-
plex than researching primary and secondary education not only because the struc-
tures of the early childhood sector are more diverse within and between countries
and the responsibilities for it are less clear within countries but also because the
sector is currently undergoing changes and reforms in many countries (Bertram &
Pascal, 2016).

Vocational education and training (VET) programs, which students generally
enter at the end of their lower secondary schooling, have become an area of greater
interest in those countries that have experienced mismatches between educational
outcomes and workforce needs (OECD, 2013, p. 24). Countries interested in re-
forming their VET education are eager to learn from other countries’ experiences,
and recourse to international comparative data would provide them with a useful
starting point (European Commission, 2012; Gill, Fluitman & Dar, 2000). How-
ever, the international comparability of this sector is limited due to differences in
the structure of VET programs and in the allocation of responsibility for provision.
Additional challenges in evaluating VET arise when the private sector also offers
education in this area and when the pathways into VET are diverse both across and
within countries. VET provision can therefore be dynamic, with changes taking
place continuously. This scenario makes it difficult for researchers to establish the
baseline data from which they can compare subsequently collected data.

Recognition that the employability of people depends on competencies addi-
tional to those of literacy, numeracy, and science has led to policymakers and re-
searchers stressing the important role of education in inculcating social skills (such
as the ability to cooperate with other people) for employability (OECD, 2015; As-
sociation of Graduate Recruiters, 2017) and for living in a peaceful, sustainable
world (UNESCO, 2014). Abilities to work in a team, access new media, use infor-
mation and communication technologies (ICT), and master foreign languages are a
few of the other attributes deemed important in the workplace. However, an in-
creasing number of stakeholders stress that education needs to go further than
simply preparing students for the labor market (UNESCO, 2007). There is also the
need for education to prepare people for civic participation in today’s globalized
world, as expressed in Target 4.7 of the UN’s fourth sustainable development goal:

By 2030, ensure that all learners acquire the knowledge and skills needed to promote sus-

tainable development, including, among others, through education for sustainable devel-

opment and sustainable lifestyles, human rights, gender equality, promotion of a culture of

peace and non-violence, global citizenship and appreciation of cultural diversity and of
culture’s contribution to sustainable development (United Nations, 2015, p. 15).
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Over the last two decades, global challenges have posed implications for civic and
citizenship education in many countries. Migration has become a pressing political
issue, as political and religious persecution and suppression as well as environmen-
tal conditions and climate change contribute to burgeoning numbers of refugees.
The impact of the global financial crisis of 2007/2008 and the subsequent recession
stressed the importance of social cohesion and political stability (Chossudovsky &
Marshall, 2010; Grant & Wilson, 2012; Shahin, Woodward & Terzis, 2012) and
changed how citizenship is envisioned (Kennedy, 2012), while the rise of ICT and
social media is increasingly dominating civic participation. These developments are
directing civic and citizenship education perspectives beyond country boundaries
and the immediate future towards those of global citizenship education and educa-
tion for sustainable development (Schulz, Fraillon, Ainley, Losito & Kerr, 2008;
UNESCO, 2013, 2015). For the IEA, this global perspective means that the di-
mensions it measured in its International Civics and Citizenship Study (ICCS;
http://iccs.iea.nl/) assessments of 2009 and 2016 (with these based on earlier pro-
jects conducted in 1971 and 1999) need to be extended. This work will need to
identify these competencies and, more importantly, develop assessment items that
provide valid and reliable crossnational measures of them. Also, because the I[EA’s
work on civics and citizenship is currently the only established international metric,
researchers developing a framework to measure global citizenship competencies
will need to rely largely on the IEA’s ICCS frameworks.

As countries express greater interest in learning how other countries are provid-
ing education in subjects and learning domains additional to those covered in the
ILSAs conducted to date, it is likely that these spheres of learning will become part
of the ILSA agenda. Singapore, for example, now sends observers to Hungary to
learn about their physical education (http://english.tf.hu/tag/forum/). Art and music
education, as well as the stronger focus on foreign language learning worldwide,
have emerged as topics of crossnational research and discussion, as has geography.
Although geography includes natural science content already covered in the IEA’s
Trends in Mathematics and Science Study (TIMSS; http://timssandpirls.bc.edu/), its
content is also rooted in the social sciences. These subjects and domains are just
some of the others expected to become a focus of future assessment. While those
developing ILSAs in these areas will be able to call on the wealth of the ILSA ex-
perience developed so far, they will still face methodological challenges peculiar to
each discipline.

Another challenge for research teams conducting ILSAs is the increased diversi-
ty of participating countries. While mostly high-income countries took part in the
earlier assessments, middle- and even low-income countries are now interested
in the benefits of ILSA participation (see, for example, the latest TIMSS report;
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Mullis, Martin, Foy & Hooper, 2016). The inclusion of these countries increases
the diversity of participants in terms of student abilities, a situation that poses chal-
lenges for the established measurement capacities of the studies. The IEA first
addressed these challenges during the 2011 cycles of TIMSS and PIRLS (the
Progress in Reading and Literacy Study; http://timssandpirls.bc.edu/) by develop-
ing a set of assessment instruments designed specifically to measure student ability
at the lower ranges; data collected using these instruments will be translated into
the metric of the regular achievement scales in future cycles. Furthermore, the IEA
is currently developing a new ILSA, the Literacy and Numeracy Assessment
(LaNA; www.iea.nl/lana), which is designed to assess basic literacy and numeracy
skills and is intended primarily for use in developing education systems. Each sys-
tem that participates in this study will have opportunity not only to access interna-
tionally comparable results (i.e., benchmarking against the established TIMSS and
PIRLS achievement scales), thus allowing it to identify the strengths and weak-
nesses of its educational provision, but also to reap the benefits of capacity building
and development of an infrastructure for quantitative research projects. Participa-
tion may also provide the foundations of a national education monitoring system, as
has happened in many of the countries that have participated in ILSAs.

2.2 The transition from paper-based to computer-based assessment (CBA)

For decades, ILSAs were conducted mostly as paper and pencil tests, where stu-
dents (or other propositi) received printed survey materials and completed it using a
pencil. This situation restricted item formats to multiple-choice questions, short
answers, and constructed-response items. It also meant that process information on
task completion could not be collected, and that the strategies students used to
solve the test or how long it took them to work on particular items remained
unknown. National assessment programs, in particular tests conducted in a con-
trolled digital environment (such as, for example, standardized language tests),
were first used in the 1990s, but the international assessments continued to be de-
livered as paper questionnaires. With the advent of personal computers, data-
collection procedures began to change and remove the limitations of the paper and
pencil method.

Wordprocessing software and desktop publishing programs were among the first
computer programs used to expedite ILSAs, starting with the IEA Reading Literacy
Study conducted in the early 1990s (Lundberg & Linnakyld, 1993). The IEA pro-
vided the countries participating in this study with templates of the assessment in-
struments, a practice which guaranteed that test instruments followed exactly the
same layout in each country and represented an important step toward standardized
assessment procedures. Clear specification of the type of computer and program in
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use —an essential aspect of successful implementation —required a new set of
manuals summarizing the technical requirements for participating countries.

The development of data-entry programs swiftly followed, and included the
Data Entry Manager (DEM), which the IEA developed specifically for its Reading
Literacy Study. The DEM not only allowed data to be entered while minimizing
various sources of error but also allowed metadata such as variable names, labels,
valid ranges, and response category labels to be defined prior to the data-entry pro-
cess. The use of defined valid ranges meant that entries could easily be verified
during the data-capture process, thereby prohibiting the entry of invalid or out-of-
range data. Indicators showing column shifts during data entry were established, as
were procedures for controlling consistency in the ID system. Export functions and
input scripts used the defined metadata information to accommodate a smooth data
transfer to standard statistical analysis software. Before 1990, these programs were
available only on mainframe computers; subsequently, they could be delivered by
personal computer, thus making them instantly usable.

The next development involved programs that supported the within-school
sampling process. The first such program developed by IEA was its Within School
Sampling Software, used for TIMSS 1995 (Martin & Kelly, 1996). It allowed con-
trolled allocation of different test booklets. It also allowed labels containing ID
information to be generated and then attached to the printed test booklet, thus
ensuring different respondents were correctly linked (such as teachers with their
students) during data collection and also later during data processing. After re-
spondents completed the assessment, the programs were used to track and record
the participation status of sampled units and individuals. These programs marked a
huge advance in terms of avoiding errors in within-school sampling. They also pro-
vided automatic tracking of selection probabilities, which expedited consistency
checks between data collected before and during assessment administration.

Fully computerized assessment became possible with the development of tools
for digital data collection. At the IEA, this advance proceeded in two steps. First,
digital data-collection systems were developed for collecting questionnaire data,
the IEA’s Teacher Education and Development Study (TEDS-M) being the first
ILSA to implement this approach. IEA’s Online Survey System benchmarked this
development, using the internet to transfer respondent data to the study center. The
next step was the development of digital assessment systems. The International
Computer and Information Literacy Study (ICILS; http://www.iea.nl/icils), the
IEA’s first fully computer-based assessment (CBA), collected both assessment and
questionnaire data electronically. This development was quickly followed by an
electronic add-on to PIRLS, the ePIRLS assessment of online reading, which com-
pleted its data collection in 2016. The OECD’s Programme for International Stu-
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dent Assessment (PISA) moved completely to CBA mode in 2015. The IEA intends
to transfer TIMSS to an electronic format in upcoming cycles, while maintaining a
paper and pencil option for all education systems where this transition may be chal-
lenging in the short term. However, the transition to computerized assessment of-
fers various advantages, such as the opportunity to deliver more complex problem-
solving and inquiry tasks, avoid data-entry errors, and reduce the costs that data
collection, entry, and scoring incur.

Despite the clear advantages of CBA, computer-assisted data collection has
been slow to develop. Aside from the content-related debate concerning the effect
of CBA on the measurement of other domains (e.g., McDonald, 2002; Mojarrad,
Hemmati, Gohar & Sadeghi, 2013; Sangmeister, 2017), several technical chal-
lenges have delayed the development of suitable systems. One constraint concerns
translation of the instruments into the languages used in participating countries.
Controlled translation and translation verification is vital for ensuring crossnational
comparability of ILSA results. The exact meaning of words and phrases needs to be
retained in the translation process in order to preserve the difficulty level of the
items or the content of questionnaires. Moreover, questionnaire items or answering
options sometimes need to be adapted to cultural contexts, or additional items need
to be added in order to address specific national research questions. All of these
adjustments need to be documented properly in order to make this information
available at the data-analysis stage because it is relatively costly to transfer this
validation process into an electronic system. During the early days of ILSA, the
teams developing the instruments compared paper versions of the original and
translated instruments. Later, they were able to track the translation process via a
database, but they still had to do a significant amount of manual work. The IEA is
now working on a sophisticated and fully computerized system for translation and
verification. The advantages of this software will be a seamless process where in-
formation, exclusively in electronic formats, is distributed among translators, veri-
fiers, and research coordinators, each of whom will have clearly defined roles. This
system will replicate the traditional translation and translation-verification process,
but in a digital environment.

The most prominent technical obstacle to computer-based testing in schools is
the local availability of computers. If computers are not available, national study
centres need to bring laptops (or other devices) to school to conduct the assessment,
incurring high costs and demanding logistical procedures. While using school-
owned available equipment makes creating a CBA system for a controlled digital
environment a fairly straightforward exercise, the digital devices available in
schools tend to be extremely heterogeneous, even within countries. They are also
subject to security measures defined at the ministry or school level that cannot be
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overcome by externally defined software. Various types of operating systems and
usage restrictions are in place, and for the newer ILSA studies/study cycles, study
administration may need to support not only personal computers or laptops but also
tablet devices. To overcome this obstacle, diagnostic programs need to be written
to check computers in schools prior to testing. These programs evaluate available
disk space, processor speed, working memory, processor type, and screen resolu-
tion; they also compare the device’s settings against the minimum requirements for
the test.

To date, internet-based administration of assessment has yet to be implemented
in ILSA, even though survey data collection and upload of assessment materials
using the internet is already very common. This possibility will undoubtedly be
further explored in the future. At the moment, variations in bandwidth and unease
about security measures within participating countries, as well as concerns related
to the unauthorized spread of secure test materials, have hindered this development.

We are confident, nonetheless, that CBA is the future of ILSA, with the ad-
vantages over paper and pencil assessments being avoidance of cost-intensive
printing of assessment materials, immediate availability of data, the development of
electronically enhanced item materials, and easier implementation of adaptive test-
ing. Para-data that records the process of test completion at the individual level
along with additional criteria (such as response times and behaviors) can provide a
deeper understanding of the underlying processes taking place when individuals
respond to a question or solve a problem in a test (Goldhammer & Kroehne, 2014;
Goldhammer, Naumann & Greiff, 2015). It is likely that recording response pat-
terns (such as speed of response, deletions, repetitions, and changes to the original
response), and combining these data with the number of correct responses in order
to provide a more informative overall picture of student assessment, will become
common practice in LSAs, whether conducted at national or international level.

We caution, however, that the option to use printed materials will still be needed
in the future if electronic data collection risks losing participants (whether single
respondents or entire groups) and thereby brings in response bias. This issue will
probably be most evident when developing countries join a study. Also, costs may
constrain the extent to which ILSAs can use digital technologies for data collection
and analysis. Careful consideration of possible constraints and challenges is there-
fore needed in order to judge the feasibility of computer-based ILSA.

2.3 Increasing unit non-participation in large-scale assessments:
Impact, consequences, and solutions

The number of studies conducted in education has grown considerably over the last
decade. This growth applies to national and international LSAs, as well as to small-
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er studies in the educational sector (Kuger, Klieme, Jude & Kaplan, 2016). How-
ever, the willingness of schools, students, parents, and teachers to participate in
these studies has decreased over the same period. Meinck, Cortes, and Tieck (2017)
analyzed the scope of nonresponse in IEA studies over the last decade and found
that achieving high participation rates was challenging, especially when adults were
targeted; many countries failed to meet the required minimum standards for partici-
pation in the studies. Stakeholders identified two major reasons when asked to ex-
plain this development. First, schools, school teachers, and parents said they were
being ‘over-surveyed’ (the general perception was that they and their students were
being asked to participate in a study too often, with insufficient benefit derived
from the time and effort of participation). Second, they expressed criticism of
ILSAs and/or other studies in education. Their reasons for this attitude included
data-security concerns and ignorance or skepticism about the value, goals, and im-
pact of the studies. Other factors yet to be identified may underlie lack of willing-
ness to participate in studies.

Well-motivated participants result, of course, in high participation rates and re-
liable response data, both of paramount importance for the quality and validity of
the collected data (Armstrong & Overton, 1977; Deming, 1990; Little & Rubin,
1987). Data collection and sampling procedures implemented in ILSA therefore
have to fulfill high-quality standards (Gregory & Martin, 2001; OECD, 2014a).
Probabilistic random samples are selected before data collection to ensure that
study respondents are representative of the populations from which they are drawn,
and high participation-rate thresholds are determined to ensure approximate un-
biasedness of the results, thereby allowing valid recommendations for policy and
practice to be derived from the study results.

In essence, these standards acknowledge the challenges associated with non-
participation: the high risk of bias when non-participation is substantial, and — at
the same time — non-respondents deviating systematically from respondents with
respect to the variables of interest. Because ILSAs have little or no information
about the non-respondents at hand, a comprehensive quantification of bias due to
non-participation is impossible. As an illustration of the significance of this con-
cern, imagine a situation where, for example, the 20 % of lowest achievers in a giv-
en population do not participate in an assessment. In this instance, the average
achievement, estimated on the basis of this (biased) sample, would increase consid-
erably. If those reporting these results extrapolated them out to the full population
from which the original sample was drawn, the conclusions offered would not be
correct and the comparisons made would not be valid.

Participation fatigue and its resultant nonresponse bias have received increasing
attention in recent years. The IEA staff and subcontractors® involved in conducting
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the ICCS and ICILS assessments set up workshops for the studies’ national re-
search coordinators (NRCs). During these events, international study coordinators
and the NRCs exchanged their ideas and experiences on how to increase participa-
tion rates. Some NRCs pointed out that the participation issue is often subject to
public debate in their respective countries. Fortunately, the experience IEA has
gained from conducting ILSAs over many years has revealed several promising
ways to enhance participation rates and evaluate the risk of non-participation bias.

e Promote the study, taking care to inform all stakeholders and participants ade-
quately: Participation rates improve if all interested parties are informed in a
timely manner about the important aspects of the study.” Depending on the au-
dience, aspects such as the aim, value, and significance of the study, the survey
operation procedures and timelines, and the measures used to ensure anonymity
and data security may be communicated. This information needs to be appro-
priately tailored for the different audiences (for example, careful selection of
illustrations and language). Gaining support from important stakeholders in the
field, for example teacher unions, ministries of education, and renowned ex-
perts, is also important. Participants should have the opportunity to directly con-
tact their national study center if they have any questions. A good relationship
needs to be built between study center staff and the targeted individuals. Re-
cruitment staff should acknowledge they place a burden on participants, and re-
ward their support (even if only orally).

o  Minimize sample overlap between different assessments: Good coordination
across the teams involved in school sampling for each study can help to avoid
selecting schools for more than one study. Usually, samples are selected not by
experts from within countries but by experts appointed at the international level.
Today, the three big players in ILSA sampling — Westat, Statistics Canada, and
the IEA — are increasingly cooperating closely in order to control for sample
overlap across the different large-scale assessments. The respective approaches
are introduced to participating countries, and are often offered by default. If par-
ticipating countries request overlap control, the sampling teams will accommo-
date the request as long as their doing so retains sound sampling methodology.
Overlap control is also being employed at the national level. Germany and the
United States, for example, have controls in place to avoid sample overlap be-
tween national assessments and ILSAs.

o Keep the burden for participants as low as possible: Efforts to prepare the data
collection within, for example, schools should be dealt with as much as possible
by the study center, instead of burdening school staff with this work. Support
can be offered for filling listing forms and for scheduling and conducting the as-
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sessment. During instrument development, assessment and questionnaire ex-
perts should carefully balance research interests against feasibility concerns.
While researchers may wish to include a broad variety of questions into the in-
struments so as to cover a wide range of domains, questionnaires must not ex-
ceed reasonable lengths. If they are too long, respondents may be unwilling or
unable to complete them. The same concern applies to assessments. Rotated or
adaptive designs make it possible to cover broad domains while keeping the
testing/survey time at a minimum. Engaging materials can be used to retain par-
ticipants’ attention, while digital environments may allow enhanced item and
questionnaire formats. Translated materials can be made available to respond-
ents who are not familiar with the official language (for example, those with
parents from immigrant backgrounds), as this will help avoid minority-group re-
sponse bias.

e Reward participation: Participation in a study naturally involves effort from the
participants. Rewarding this effort can help to increase participation rates. What
does or does not work as an incentive varies substantially across countries. Hab-
its, culture, and laws have to be considered when determining the rewards for
participation. Examples of successful incentives include, amongst others, hand-
ing out small presents, donating money or sponsoring events at schools, paying
(adult) participants, letting respondents participate in a lottery, and providing
educational development courses.

o Give feedback on study results: Relevant feedback on study results can also be
an important participation incentive for schools. For this reason, many countries
provide various ways of providing feedback particular to a school or a group of
schools (Gandal & McGiffert, 2003; Gray, 2002; Rolff, 2002; von der Gathen,
2011). However, the national study centers conducting each ILSA rarely active-
ly support this incentive method. The reasons why include the following. First,
ILSA study designs are generally unsuitable for the derivation of individual or
small group estimators, but are instead optimized for evaluations at the system
level (Mirazchiyski, 2013). Second, substantive changes in the design of the
study would be needed to overcome this obstacle. Third, tightly clocked process
sequences and strict regulations with respect to the confidentiality of the data,
especially prior to publication, impede the incorporation of feedback systems
(Meinck, 2016). However, feedback to schools can be a suitable method of en-
hancing participation if the feedback respects the limits imposed by study de-
signs. Feedback should be framed in a way that brings out the implications of
the core study findings for the daily work of practitioners and principals, and it
can take several forms, ranging from paper reports and professional develop-
ment courses to conferences tailored to the appropriate audience.
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e Consider (new) approaches to analyzing non-participation bias risks: At pre-
sent, standard procedures for evaluating this risk in ILSAs have yet to be devel-
oped. Instead, nonresponse adjustments are conducted under the assumption of
non-informative response models within sampling strata (for an overview, see,
for example, Martin & Mullis, 2012; Meinck, 2015; Meinck & Cortes, 2015).
According to Meinck et al. (2017), only three large international comparative
surveys in education currently conduct systematic nonresponse bias analysis in
an effort to evaluate the risk of bias due to poor participation. They are the
OECD’s Programme for the International Assessment of Adult Competencies
(PIAAC; http://www.oecd.org/skills/piaac/) (Mohadjer, Krenzke & Van de
Kerckhove, 2013), the OECD’s Teaching and Learning International Survey
(TALIS; https://www.oecd.org/edu/school/talis.htm) (OECD, 2014c), and the
1IEA’s International Civic and Citizenship Study (ICCS; Meinck & Cortes,
2015). However, Meinck and her colleagues consider the scope and validity of
these analyses relatively limited, and therefore propose (Meinck et al., 2017) use
of a ‘school nonresponse questionnaire’ (a shortened school questionnaire), de-
signed to inform the nonresponse adjustments. This approach has yet to be
trialed. Further research on similar methodological approaches is also needed to
expand the methodological toolbox for addressing the issues associated with
nonresponse.

3. New possibilities and challenges for large-scale data analysis

During the last two decades, ongoing developments in ICT have been continually
enhancing the possibilities for data mining in the fields of econometrics, sociology,
psychology, market research, astronomy, oceanography, and engineering (Halevi &
Moed, 2012). Within the field of educational ILSA, the evolution of ICT has revo-
lutionized data-collection (with e-assessments gradually replacing paper and pencil
tests), data-analysis and data-validation techniques and so enhanced the possibili-
ties for including a growing number of participants (whether individuals or
groups/countries) in these large-scale international studies. Today, the global edu-
cation research community has available to them not only 60 years of ILSA data,
but also tools for analyzing this empirical information that have been enhanced,
particularly within the last 20 years, by the developments in ICT and through effort
to align the surveys across studies and across study cycles (for example, PIRLS and
TIMSS).

These large data sets are providing more information (more items) about a larger
number of subjects than ever before, while ICT developments are enabling greater
accessibility to that information. User-friendly data-analysis software now allows
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less technically affiliated researchers to run the more complex and comprehensive
analyses themselves. In terms of methodology, these developments mean that ILSA
researchers can now collect more comprehensive and novel kinds of data (for ex-
ample, electronic information on response time and patterns in e-based assess-
ments) and obtain more precise and comprehensive information from that data.

As the number of measurement points and objects (cycles and countries) grows
and the accessibility of user-friendly analytical tools improves (see, for example,
Mplus, https://www.statmodel.com/; HLM, http://www.ssicentral.com/hlm/index.
html; LISREL, http://www.ssicentral.com/lisrel/index.html), methods such as
multilevel regression modeling or structural equation modeling are becoming in-
creasingly widespread in educational research. These complex methods have the
advantage of being more suitable for mirroring the increasing complexity of theo-
retical frameworks. In addition, the growing amount of data and the greater availa-
bility of technological tools (computer-processing capacity and computer software)
are allowing researchers and other stakeholders to obtain more specific information
about subgroups, such as different minority groups within countries, than has pre-
viously been possible. In the past, the more limited scale of data collections made it
difficult to obtain sufficient information about these groups.

Enhanced data-collection and data-processing techniques are also making it eas-
ier to collect data more efficiently and reliably for selected subpopulations within
countries. Although past research teams were well aware of crosscultural differ-
ences across subpopulations, they found identifying differences with respect to, for
instance, test validity across cultures challenging because of limited computer ca-
pacities, non-availability of user-friendly software, and insufficient knowledge of
the applications and of suitable data-analysis techniques. This situation is now
being turned around through enhanced computer capacity, the availability of user-
friendly software, and more ready access to knowledge (e.g., online tutorials, inter-
net forums). These developments are also making it easier to analyze, for example,
the validity of test items or of psychological and sociological constructs for the
greater number of populations and subgroups wanting to participate in ILSAs. All
of these recently developed techniques and procedures are now being evaluated and
gradually incorporated into standard procedures in ILSA.

At present, it is still easier to achieve crosscultural comparability of psychologi-
cal or sociological constructs (i.e., ensuring measurement invariance; Meredith,
1993; Rutkowski & Svetina, 2013) in those ILSAs involving smaller numbers of
countries (see, for example, Stancel-Pigtak & Desa, 2014). Research conducted
over the last 15 or so years illustrates the types of difficulties that ILSAs involving
large numbers of countries have experienced when trying to ensure measurement
invariance (OECD, 2010, 2014b; Schulz, 2009; Schulz & Friedman, 2011; Schulz
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& Sibberns, 2004). The problem of measurement invariance has taxed methodolo-
gists for much longer, however, with various alternative procedures having been
developed over the last few decades in an effort to validate crosscultural compara-
bility of constructs. These methods include partial invariance (Byrne, Shavelson,
& Muthén, 1989) and approximate invariance (Asparouhov & Muthén, 2014;
Marsh, Liem, Martin, Morin & Nagengast, 2011; Muthén & Asparouhov, 2013;
Van de Schoot, Klutymans, Tummers, Lugtig, Hox & Muthén, 2013; Van de
Schoot, Schmidt, De Beuckelaer, Lek & Zondervan-Zwijnenburg, 2015). The as-
sumption underlying these methods is that the latent construct will be very similar
across countries, but not identical. Future research will reveal if crosscultural com-
parisons can benefit from this more realistic assumption and if the respective analy-
sis techniques will allow us to draw greater knowledge from ILSA data.

Predictive models developed under the umbrella of machine science (also called
machine learning; Essa & Ayad, 2012; Kaplan & Lee, 2015) are also beginning to
feature among the tools being used to bring greater precision and validity to the
analysis of ILSA data. Initially developed within the research field of artificial
intelligence with the aim of enhancing computers’ capacity to ‘learn’ from ex-
perience, machine learning has since been adapted for use in different disciplines,
ranging from economics through healthcare, weather forecasting, and market re-
search, to archeology. Predictive models are one such adaptation. These models
employ machine intelligence statistical probability techniques to mine empirical
data for variables likely to aid prediction of future outcomes. These outcomes gen-
erally concern unknown events in the future, but are not necessarily limited to fu-
ture events. Predictive modeling in education can also be used, for instance, to
identify at-risk students pre-emptively (Essa & Ayad, 2012) or to drive effective
interventions (Smith, Lange & Huston, 2012). Within the context of ILSAs, student
outcomes at the country level can be predicted in a more reliable way through the
use of data from multiple cycles (Huang, 2011; Kaplan & Lee, 2015). They can
additionally be used to gain insights into hidden patterns, identified from previous
learning relating to historical relationships and trends.

While critically discussed and criticized for being a shortcut not well-founded in
a theoretical framework, predictive models have some advantages compared to tra-
ditional methods. Advocates of predictive models argue that they can contribute to
hypothesis generation, development of new measures, and indicate the potential
level of model predictability (Shmueli, 2010, p. 292). Advocates also claim that
these models can bring to the fore findings that ultimately are more reliable and
repeatable than are the findings derived from classical analysis methods. Predictive
modeling also makes it possible to combine different models, such as decision trees
and neural network analysis, with regression analysis. Another advantage is the
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opportunity to use different measures of model fit — a need that arises from the fact
that the p-value is sample-size sensitive, resulting in a significant p-value for all
parameter estimates calculated using large data sets. This method also robustly
handles multicollinearity, as the aim is not to estimate individual parameters, but
rather to use all available information for the best prediction (ibid.).

Because ILSAs in education still focus mainly on school surveys and may
be conducted in developing countries where the technological resources for
e-assessments are limited, methodological developments and innovations are not
occurring as quickly in these studies as they are in other areas such as econometrics
or market research. ILSAs in education employing cyclical data collection and
standardized or aligned tests and questionnaires (such as TIMSS and PIRLS) de-
mand the production of large data sets for comparative analysis, and will increas-
ingly continue to do so in the future. At the same time, the increasing amount of
information will continue to create challenges, one such being protection of per-
sonal data. Another challenge is the difficulty individuals who have a stake in the
studies but do not have technical expertise are likely to experience when trying to
access and draw information from the available data sets. Although the rapid de-
velopment of modern visualization methods means that ILSA results can be pre-
sented in a straightforward manner and easily understood by policymakers, practi-
tioners, and other stakeholders, the accessibility concern is one that the ILSA re-
search community needs to address sooner rather than later. Finally, new analysis
methods such as the predictive modeling need to be subject to ongoing discussion
and critical reflection on their suitability for the theoretical framework under-
pinning each ILSA, as well as the value they add to research, education, and prac-
tice.

4. Final remarks

Even though international assessments are now well-established monitoring in-
struments in education, they are continuing to develop and evolve. The recently
defined or refined agendas of international stakeholders in education (such as the
United Nations’ sustainable development goals for 2030) mean that ILSAs are now
drawing in new populations and covering additional subjects. Today, many stake-
holders accept that education neither starts at primary school nor ends after second-
ary school, but is a lifelong endeavor. Therefore, future ILSAs will likely focus on
early childhood education, vocational education, and lifelong learning. Stakehold-
ers also agree that mathematics and reading skills are base competencies, but need
to be complemented by other skills, such as information and computer literacy, or
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social and language skills, topics that have either emerged recently on the agenda
of comparative assessment or are the subject of future proposed ILSAs.

Developments such as these will continue to throw up methodological chal-
lenges for the teams designing and implementing these large-scale crossnational
studies and analyzing the data collected. However, equally rapid developments in
methodology, including those expedited by information and communication tech-
nologies, are helping research teams address these challenges. Most ILSAs in edu-
cation are now enforcing a transition to computer-based assessment; new ap-
proaches for addressing nonresponse are being discussed; processes to improve
measurement invariance evaluation are being designed; and innovative methodolo-
gies of statistical data analysis are being explored. The collaborative spirit within
the larger ILSA research community makes us confident that innovative methodo-
logical techniques and tools will help us keep pace with the challenges associated
with this rapidly developing field of educational research in the coming years.

Notes

1. We thank Gillian Wilson (IEA Secretariat, Amsterdam) and Paula Wagemaker for their thor-
ough editorial review.

2. Staff at the Australian Council for Education Research (ACER).

3. Source: Personal talks with NRCs about the reasons for increased participation rates in spe-
cific studies across cycles.
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