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Abstract

Indonesian 15-year-old students’ educational achievement has proved to be significantly lower than the international aver-
age based on one of the most prominent international large-scale assessments, OECD PISA. This prompted our interest
in Indonesian students’ cognitive development during secondary schooling in comparison with that of students who are
more successful on the PISA scale. This study aims to describe the development of Indonesian students’ thinking skills,
especially inductive and combinatorial reasoning, to map the influencing factors in the development of reasoning skills and
make a cross-national comparison study with their Hungarian peers. The sample was drawn from 250 Indonesian and 864
Hungarian 8th and 11th graders. The reliabilities of the tests were acceptable, with Cronbach’s alpha varying between .70
and .86. Results mainly indicated that: (a) the measures of these two constructs were partially invariant across nationalities;
(b) the Indonesian students’ reasoning skills did not sufficiently develop between the 8th and 11th grades; (c) the Indonesian
students’ inductive and combinatorial reasoning achievement was significantly worse than that of the Hungarian students in
11th grade, but not in 8th grade; and (d) the students’ learning strategies proved to be predictive factors in students’ reason-
ing skills achievement in both Indonesian and Hungarian contexts, but the level of prediction varied. Overall, the results
of the current study provide support for an understanding of Indonesian students’ cognitive development compared to an
international benchmark. The findings have implications for revising educational methods in Indonesia and may form the
basis for further studies.
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Introduction

One of the most prominent large-scale educational assess-
ments is the Programme for International Student Assess-
ment (PISA) conducted by the Organisation for Economic
Co-operation and Development (OECD) since the turn of the
millennium. Nowadays, it has become “the world’s premier
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yardstick for evaluating the quality, equity and efficiency
of school systems” (OECD, 2016, p. 3) and has come to be
considered as “an important mechanism for shifting, influ-
encing, and shaping educational policy around the world”
(de Roock & Espeiia, 2018, p. 304). Indonesian 15-year-old
students’ performance was unsatisfactory in all three meas-
ured literacy domains (mathematics, reading, and science)
in PISA’s latest released results (i.e. PISA 2018). Their edu-
cational achievement was much lower than the average level
among all the participating countries (OECD, 2019a), and
only a negligible percentage of Indonesian students were
identified as top performers in at least one subject (OECD,
2019b). Another worrying fact was that Indonesian 15-year-
old students’ educational achievement did not show substan-
tial improvement in the past two decades (OECD, 2019b).
That is, according to the international PISA results there is
huge potential in the development of Indonesian students’
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educational achievement and cognitive development, a topic
that must be examined closely.

This study aims to contribute to a further understanding
of Indonesian students’ cognitive development, especially
in the areas of inductive reasoning (IR) and combinatorial
reasoning (CR). Reasoning is normally understood as a gen-
eralized capability to acquire, apply and transfer knowledge
(Molnar et al., 2017). It plays a significant role in school
education (see e.g. de Castro, 2004; Kambeyo & Csapd,
2018) and in almost all higher-order cognitive processes,
such as general intelligence, problem solving, knowledge
acquisition, and knowledge application (Wu & Molnér,
2018; Molnar et al., 2017; Csapd, 1997; Soderqvist et al.,
2012). Therefore, insufficiently developed reasoning skills
would very likely influence students’ educational achieve-
ment and reflect on their performance in educational assess-
ment projects such as PISA.

Literature review
Inductive reasoning: concept and development

IR is the cognitive process of moving from the specific to
the general (Sandberg & McCullough, 2010). It “entails
using existing knowledge or observations to make predic-
tions about novel cases” (Hayes et al., 2010, p. 278). To be
more specific, Klauer (1990) defined IR as the discovery of
regularities in detecting similarities and/or dissimilarities in
the attributes of or relations to or between objects. Klauer’s
(1990) definition of IR is widely employed in IR assessment
design (see Fig. 1 in the “Methods” section). Csap6 (1997)
pointed out that IR is a basic component of thinking and it
forms a central aspect of intellectual functioning. Bisanz
et al. (1994) also claimed IR as central to many types of
learning and one of the most important factors in cognitive
development. Some empirical studies have discovered the
importance of IR in higher-order cognitive processes. For
example, Molnér et al. (2013) and Wu & Molnér (2018)
demonstrated and discussed the significant links between

Fig. 1 Sample items for the IR
test (the original items were in
Hungarian and Indonesian)

Continue the line.

IR and problem solving, Nikolov and Csap6 (2018) found
that students’ performance in language learning is highly
correlated with their IR skills, and Vartanian et al. (2003)
confirmed that IR has a remarkable influence on divergent
thinking.

The development of IR skills starts at a very early age
(Perret, 2015; Schulz et al., 2008) and covers a broad age
range (Csap6, 1997), the whole period of primary and sec-
ondary education (Molnér et al., 2013), offering opportu-
nities for enhancement. Some researchers have suggested
that explicit training is the best way to promote students’
IR development (e.g. Klauer & Phye, 2008; Lipman, 1985),
which can be realised effectively in both face-to-face and
technology-based environments (see Molnér, 2011; Mousa
& Molnar, 2020). However, an explicit IR training pro-
gramme is not commonly applied in most schools; as a
result, students’ IR skills achieve relatively slow develop-
ment (approximately one quarter of a standard deviation per
year) (Molnar et al., 2013).

Combinatorial reasoning: concept and development

CR is “the process of creating complex constructs out of
a set of given elements that satisfy the conditions explic-
itly given or inferred from the situation” (Adey & Csapd,
2012, p. 31; see Fig. 2 in the “Methods” section). Cog-
nitive operations, such as combinations, arrangements,
permutations, notations, and formulae, are employed in
the process (English, 2005; G4l-Szab6 & Bede-Fazekas,
2020). CR has been considered as one of the basic compo-
nents of formal thinking (Batanero et al., 1997). The rela-
tionship between CR and higher-order cognitive processes
has been frequently discussed. Csap6 (1999) claimed CR
plays a significant role in school learning (e.g. mathemat-
ics; see English, 2005) and everyday thinking. English’s
(2005) study highlighted the essential meaning of CR in
several types of problem situations, such as those involv-
ing selections, distributions, and partitions. Csap6 (1999,
p. 51) emphasized that well-developed CR has the poten-
tial to “improve fluency of thinking when considering

What is the rule? Which number fits best in the ? Drag it there.

Of the images under the line, drag the one that fits best into the
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Fig.2 Sample item for the CR
test (the original items were in
Hungarian and Indonesian)

In this task, you need to put different sets of clothes on a boy.

Drag the different pieces of clothing to the pictures of the boy.

Create different sets of clothes for each picture. Put together all the possible sets of clothes.

Be careful. There are more pictures of the boy than there are options to dress him.
== P A S

] 11201

Back

different solutions to a problem; finding unusual relation-
ships between certain elements, concepts, propositions; or
generating a large variety of patterns from given units”.

In Piaget’s theory, the development of combinatoric
operations is one of the important components of cogni-
tive growth (see e.g. Inhelder & Piaget, 1958). Thus, many
studies have linked the development of CR skills with
the Piagetian stages of cognitive development (Batanero
et al., 1997; English, 2005; Gal-Szab6 & Bede-Fazekas,
2020). Children at Stage I “use random listing procedures,
without trying to find a systematic strategy”, they “use
trial and error, discovering some empirical procedures
with a few elements” at Stage II, and, finally, “after the
period of formal operations, adolescents discover system-
atic procedures of combinatorial construction, although
for permutations, it is necessary to wait until children are
15 years old” (Batanero et al., 1997, p. 182). Some stud-
ies have found the development of CR does not always
precisely follow the Piagetian stages. For instance, Fis-
chbein’s (1975) study concluded, without specific teach-
ing or training, students’ combinatorial problem-solving
capacity may lag behind what the level should be. On the
other hand, English’s (1993) study found some students
attempt to use systematic combinatorial strategies even
before the formal operational stage. English (1991, 1993)
suggested that a well-designed context can prompt stu-
dents to use combinatorial strategies or methods beyond
their current stage of development.

Next

The role of learning strategies in the development
of reasoning skills

Thinking skills like IR and CR develop over a number of
years, offering opportunities for enhancement. Both IR and
CR can be improved through explicit training (e.g. Mol-
nar, 2011; Fischbein, 1975; Klauer & Phye, 2008). With-
out direct enhancement, students’ reasoning skills can also
develop as a by-product of ordinary school learning activi-
ties (de Konig, 2000).

The learning strategies (i.e. “the plans students select to
achieve their goals”; Artelt et al., 2003, p. 13) have a strong
influence on students’ academic achievement (Riding, &
Rayner, 2013). Moreover, Aizpurua et al. (2018) pointed
out that teaching and promoting the application of learning
strategies have a positive influence not only on students’
educational achievement, but also on their ability to learn.
In some studies (e.g. Artelt et al., 2003; Ghiasvand, 2010),
learning strategies are placed into two categories: cogni-
tive (“learn, remember, and understand the material”’; Yuk-
selturk & Bulut, 2007, p. 73) and metacognitive strategies
(“planning, monitoring, and regulating their cognition”;
Yukselturk & Bulut, 2007, p. 73).

Both types of learning strategies have the potential to
influence the development of reasoning skills. Different
cognitive strategies—such as memorization and elaboration
strategies—operate different information processing skills
(Artelt et al., 2003), resulting in different developmental
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levels of information processing skills, and, in parallel, in
the application of different higher-order cognitive processes.
Csap6 & Molnar’s (2017) empirical study found significant
correlations between cognitive strategies (memorization and
elaboration) and certain higher-order cognitive processes,
such as problem solving. In addition, Aizpurua et al.’s
(2018) empirical study indicated that the use of cognitive
strategies contributes to divergent thinking and creative
intelligence in a positive way.

When students apply metacognitive strategies, “both
knowledge and cognitive skills are planned, monitored, ana-
lyzed, evaluated, and reflected by students based on their
own goals” (Lee et al., 2018, p. 43). In this process, students
are able to develop advanced in-depth learning and active
cognitive processing, thus fostering their reasoning skills
(Lee et al., 2018; Zimmerman, 2002). Training in metacog-
nitive strategies is, therefore, considered as an effective tool
for improving students’ reasoning skills (Lee et al., 2018).
Lestari and Jailani (2018) conducted an empirical study at an
Indonesian junior high school. Two groups of students were
required to engage in collaborative learning, while metacog-
nitive strategies were embedded in the learning activities in
the first group only. A reasoning test was delivered to the
students after the learning activities were done, on which
the students in the first group showed a statistically higher
performance than their peers. The results thus suggested
positive effects from the use of metacognitive strategies to
the development of reasoning skills.

IR and CR: research endeavours in Indonesia

Some studies have explored the feasibility of assessing rea-
soning skills in the Indonesian context. Lubis and Maulina
(2017) designed a reliable figural inductive reasoning test for
Indonesian high school students. Novia and Riandi (2017)
investigated scientific reasoning skills in a group of Indone-
sian junior high school students, including CR. Generally,
the available research has not focused on the development
of reasoning skills themselves, but tested the reliability and
validity of a newly developed instrument or used the devel-
opmental level of students’ reasoning skills as a basis for
understanding the development of another phenomenon.
Siswanto (2014) assessed Indonesian high school stu-
dents’ mathematical reasoning from the perspective of IR,
but the main aim of the study was to confirm the effec-
tiveness of the Student Teams Achievement Divisions
(STAD) teaching method. Sudria et al. (2018) conducted
an IR assessment in an Indonesian secondary school. The
assessment results were used to explain and analyse stu-
dents’ learning activities in domain-specific learning. The
role of CR in subject teaching (e.g. mathematics; Septiati,
2016) and in learning strategies and activities (Sumarmo
et al., 2012) has also been in the focus of previous empirical
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studies in Indonesia. That is, even though there are some
researches on Indonesian students’ reasoning skills, an in-
depth analysis focusing on Indonesian students’ IR and CR
and their development is still missing.

Significance of research

PISA indicated that Indonesian students’ educational
achievement was at the bottom among all the participat-
ing countries/economies. It is urgent to conduct a study to
explore the reasons behind Indonesian students’ unsatisfac-
tory educational achievement and ascertain potential meth-
ods to improve the situation. Considering the important role
of reasoning skills in students’ higher-order cognitive pro-
cesses as well as educational achievement, we suppose there
is a developmental difference in reasoning skills between
Indonesian students and their international peers. However,
there are barely any studies which place the developmental
level of Indonesian students’ reasoning skills in interna-
tional context. As a result, we cannot even confirm if the
developmental difference really exists, and—of course—we
are not able to discuss it further (e.g. to investigate the age
group in which the developmental difference starts). Cross-
national comparative studies of students’ reasoning skills
are therefore urgently needed in Indonesia. Such studies will
be able to help instructors, researchers and policy-makers
to discover and understand the advantages, disadvantages
and potential problems of the development of Indonesian
students’ reasoning skills.

Furthermore, there are several currently unanswered
research questions that can be answered by well-designed
cross-national studies. There is a basic and important ques-
tion that has to be answered first: is the underlying meas-
urement model for reasoning skills equivalent between the
Indonesian and international contexts. Some studies have
pointed out the possibility of measuring reasoning skills
invariantly across nations or cultures (e.g. Lakin, 2012;
van de Vijver, 2002). However, there is a lack of studies
on this issue in Indonesian context. Moreover, previous
studies have shown that students’ level of reasoning skills
is influenced by their use of learning strategies. It will be
important to confirm if this influence exists in Indonesian
context. The result will be significant in revising school
education methods. For instance, Lestari and Jailani’s
(2018) study made a contribution in this area. Their study
confirmed the positive influence of metacognitive strate-
gies on students’ development of reasoning skills in Indo-
nesian context. However, their study only focused on the
influence of metacognitive strategies, and the reasoning
skills they measured are relevant to a specific knowledge
domain (mathematics). Thus, how the two types of learn-
ing strategies influence students’ domain-general rea-
soning skills in Indonesian context is still an unexplored
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topic. In general, this study attempts to fill these gaps by
assessing Indonesian students’ reasoning skills using an
international benchmark.

Research aims

The aim of the present analysis is to gain a better under-
standing of Indonesian students’ interpretation and devel-
opment of reasoning skills and influencing factors in inter-
national context. Specifically, this study seeks to elaborate
the constructs of IR and CR and their operationalization in
Indonesia and international benchmark. Hungary’s perfor-
mance on PISA 2018 fell in the middle of all participating
countries/economies. Hungarian students’ scores for read-
ing, mathematics, and science were 476, 481, 481, respec-
tively, which were significantly higher than 15-year-old stu-
dents’ average achievement in Indonesia (371, 379, and 396,
respectively), but very close, although still below the OECD
average (487, 489, and 489, respectively) (OECD, 2019a).
Thus, Hungary can be used as an international benchmark
for Indonesia. Furthermore, to gain more information about
Indonesian students’ unsatisfactory performance on PISA,
this study aims to put the level of students’ thinking skills
in developmental context by exploring students’ reasoning
skills before and after PISA age (15 years old). This study,
therefore, focuses on two groups of students, 8th and 11th
graders, in both Indonesia and Hungary.

Specifically, we aim to explore: (1) measurement invari-
ance across nationalities and grades; (2) developmental
differences between Indonesian and Hungarian students;
and between students before and after PISA age; and (3)
the influence of learning strategies on IR and CR achieve-
ment. We will thus be able to answer the following research
questions.

(RQ1) Can IR and CR assessment instruments be measure-
ment invariant across nationalities and grades in the contexts
of both Indonesia and Hungary?

(RQ2) Can developmental differences in IR and CR be
detected between students before and after PISA age (i.e.
8th and 11th grades) in the contexts of both Indonesia and
Hungary?

(RQ3) Can developmental differences in IR and CR be
detected between Indonesian and Hungarian students before
and after the PISA age?

(RQ4) How do learning strategies influence students’ IR
and CR achievement in both the Indonesian and Hungarian
contexts?

Methods
Participants

The study sample (N =1114) consisted of an Indonesian
and a Hungarian sample. Participants were randomly
drawn from 8 to 11th grades in Indonesian and Hungarian
public primary and secondary schools. A total of 345 Indo-
nesian students took part in the study. However, students
who had more than 80% data on any of the measures miss-
ing were excluded from all the analyses. In the end, data
from 250 Indonesian students were available for the analy-
ses, which consisted of 56 8th graders (mean age = 14.20,
SD=0.519) and 194 11th graders (mean age=17.08,
SD =0.568). Because the Hungarian students are used for
the benchmark settings, we involved a much larger sample
in Hungary. 864 Hungarian students were available for the
analyses after the data cleaning, which consisted of 690
8th graders (mean age=14.82, SD=0.567) and 174 11th
graders (mean age=17.95, SD=0.611). In addition, we
used randomly selected subjects from the Hungarian sam-
ple based on demographic data. Except the age and grades
noted above, the gender ratio between the Indonesian and
Hungarian samples was also matched. The Indonesian
sample consisted of 100 boys and 150 girls, while the Hun-
garian sample consisted of 404 boys and 460 girls. A
test confirmed no significant difference between the gender
distribution in these two samples (y>*=3.58, p>.05).

Instruments
Inductive reasoning

The IR test was originally developed in Hungary (see Mol-
nar, 2011; Csapd et al., 2009; Molnar & Csap6, 2011). It
comprised analogy and series items in both numerical and
figural formats. It has been applied widely in national and
international contexts (see e.g. Saleh & Molnar, 2018; Wu
& Molnéar, 2018; Pasztor et al., 2018; Mousa & Molnér,
2020). The present online version was developed in Hun-
garian and then adapted for and translated to Indonesian.
The translation was done by a group of language experts.
The translation was double-checked by two Indonesian
language teachers and a Hungarian teacher who is bilin-
gual in Indonesian and Hungarian. The test comprised
drag-and-drop-based multiple-choice items (see Fig. 1).
The students were expected to solve (1) series reasoning
problems (in which they observed a sequence of numbers/
figures following a certain pattern and filled in the missing
number(s)/figure(s) in a given series; see the left part of
Fig. 1); and (2) analogy reasoning problems (in which they
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discovered the similarity between two sets of numbers/
figures and filled in the missing number/figure in the third
set; see the right part of Fig. 1).

Forty-three (43) IR test items were delivered to the Indo-
nesian students, while 36 items were provided for their Hun-
garian peers. Twenty-five (25) anchoring items appeared in
both the Indonesian and Hungarian test versions. Only the 25
anchoring items were used for the analysis in this study. All
of the IR items were scored dichotomously (1 for the correct
answer; 0 in all other cases) and automatically by the eDia
online assessment platform.

Combinatorial reasoning

The development and use of the CR test also enjoy a long
history. It was originally developed and designed by Csapd
(1999) as a paper-and-pencil test. In the current study, we
used the improved, computerized version (Pasztor & Csap6,
2014) in both languages, Indonesian and Hungarian. The test
contains both figural and verbal items. Each item provides
certain elements (figures/images or letters/numbers) and a
clear requirement for combing the elements. Students are
expected to combine figures/images or letters/numbers and
create different combinations which fit the given require-
ment using drag-and-drop (in the case of figural items; see
Fig. 2) or typing the answers in a text box (in the case of
verbal items). Students’ performance was scored according
to a specially developed J index (Csapd, 1988). The J index
takes into account the correct and redundant combinations
relative to all possible combinations (Csapd, 1988, p. 54).
The index can take a value between O and 1 for each task,
where a value of 1 means a list of all correct combinations
without unnecessary combinations. The J index is computed
by equation: J=x(T — y)/T*. In this equation, T stands for
the number of combinations belonging to the complete list,
x stands for the number of correct combinations provided by
the test taker, and y stands for the number of superfluous/
redundant combinations provided by the test taker (Csapd,
1988). Moreover, Csap6 (1988) determined that if y is larger
than 7, the J index will be zero. The CR test consisted of
ten items in the Indonesian version and eight items in the
Hungarian one. There were seven anchoring items in both
versions, which were used for the analyses in the study.

Learning strategies questionnaire

The questionnaire in this study focused on students’ learning
strategies in their daily learning activities. The learning strat-
egies questions were adapted from the internationally widely
used PISA 2000 learning strategies questionnaire (Artelt
et al., 2003), which was available in both languages. The
questionnaire measured both cognitive strategies (involv-
ing information processing) and metacognitive strategies
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(involving conscious regulation of learning). It contains 13
statements about different learning habits. The items can
be clustered around three different strategies: (1) elabora-
tion strategies (cognitive strategies to link the new material
with previous knowledge or real life; four questions; sample
item: When I study, I try to relate new material to things I
have learned in other subjects), (2) memorization strategies
(cognitive strategies to memorize knowledge without fur-
ther processing; four questions; sample item: when I study,
I try to memorise everything that might be covered), and (3)
control strategies (metacognitive strategies to ensure learn-
ing goals are reached; five questions; sample item: when I
study, I start by figuring out what exactly I need to learn).
A five-point Likert scale (Never, Rarely, Sometimes, Often
and Always) was used to indicate the frequency of a given
habit in daily study.

Procedures

The tests and the questionnaire were administered online
via the eDia assessment platform (Csapé & Molnér, 2019)
in the ICT room of the participating schools. A pilot test had
confirmed the feasibility and reliability of using the eDia
platform in the Indonesian environment (Saleh & Molnér,
2018). Test completion was divided into two sessions, each
lasting approximately 45 min; there was a ten-minute break
between each session. In session 1, students worked on the
CR test and the questionnaire. In session 2, they completed
the IR test. Based on our practical experience from previ-
ous studies in Hungary and Indonesia (e.g. Pasztor et al.,
2018; Saleh & Molnar, 2018), the testing time provided is
sufficient for students to finish the tests. Moreover, there was
no time limit on answering single items. The tests therefore
put more emphasis on assessing students’ ability rather than
speed at which they complete the reasoning items. Testing
sessions were supervised either by research assistants or
teachers, who had been trained in test administration. The
tests and questionnaire were prepared in the students’ native
languages, that is, Indonesian in Indonesia and Hungarian
in Hungary.

Data analysis plan

Measurement invariance across nationalities and grades
was tested by means of multi-group confirmatory fac-
tor analysis (MGCFA). The model fit for the measure-
ment models was represented by two incremental fit indi-
ces, the Tucker—Lewis Index (TLI) and the comparative
fit index (CFI), as well as an absolute fit index [the root
mean square error of approximation (RMSEA)]. TLI and
CFI>.90 as well as RMSEA <.08 are typically considered
adequate (van de Schoot et al., 2012). This criterion has
been employed in a large number of studies (e.g. Blevins
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et al., 2015; Chan et al., 2009; Fong & Ng, 2012; Roberson
et al., 2018; etc.). Moreover, Cudeck and Browne (1992)
suggested a looser cut-off criterion for RMSEA, they con-
sidered RMSEA scores between .08 and .10 as a marginal fit,
and they stated that they “would not want to employ a model
with a RMSEA greater than 0.1” (Cudeck & Browne, 1992,
p- 239). This looser criterion for RMSEA is also widely
employed (see e.g. Furlong et al., 2005; Krause et al., 2003;
Ryberg et al., 2020; Swami & Chamorro-Premuzic, 2008;
etc.). Furthermore, Hu and Bentler (1999) proposed a more
stringent cut-off criterion (i.e. TLI and CFI>.95 as well
as RMSEA <£.06). In this study, we considered TLI and
CFI > .90 paired with RMSEA <.10 as an acceptable model
fit and considered the criterion proposed by Hu and Bentler
(1999) as evidence of a very good model fit.

According to Byrne and Stewart (2006), three models
of invariance are distinguished: (1) configural invariance to
investigate if the instrument has the same factor structure
across groups; (2) strong factorial invariance to indicate
the cross-group equality in the loadings and intercepts; and
(3) strict factorial invariance to determine if the compared
groups have the same item residual variances. Measurement
invariance exists if the model fit parameters do not result in a
significant difference between the nested models. Otherwise,
between-group differences may reflect different psychomet-
ric properties of the items (Byrne & Stewart, 2006).

The most classic way to identify the differences between
the invariance models is to test the significance of the change
in ;(2 between the nested models. Yoon and Lai (2018, p.
202) pointed out that when analysing measurement invari-
ance, “large imbalances in group sizes can affect the results
because the chi-square statistics include a weighting by
sample size”. This study ran three measurement invariance
analyses to answer RQI. In all three measurement invari-
ance analyses, we faced a large imbalance in group sample
sizes (Indonesian vs Hungarian samples; 8th vs 11th graders
in both countries). Therefore, in this study, the differences
between the invariance models was not identified by a y°
difference test, but by using a more traditional approach and
focusing on the changes in CFI and RMSEA values (see
e.g. Cheung & Rensvold, 2002; Putnick & Bornstein, 2016;
Rutkowski & Svetina, 2014). The invariance models have a
statistically equal model fit when the absolute ACFI is under

or equal to .020 or, according to the strictest perspective,
.010, while absolute ARMSEA is under or equal to .015 (see
Chen, 2007; Vincent-Hoper & Stein, 2019; Vandenberg &
Lance, 2000; Wang et al., 2013; Zhang & Bian, 2020).

If at least strong factorial invariance is established, mean
comparisons can be meaningfully interpreted. In compar-
ing the 8th and 11th graders’ ability levels, we used the 8th
graders as a reference group, and we constrained their IR
and CR latent mean values to zero in the latent mean com-
parison analyses (to answer RQ2). With the country-level
latent mean comparison analyses, we used the Hungarian
students’ achievement as a reference point and set their
latent mean values to zero in both grades (to answer RQ3).
The latent means were computed with Mplus (Muthén &
Muthén, 2010).

The structural equation modelling (SEM; Bollen, 1989)
approach was used to analyse the relationships between IR
and CR on a latent level and the influential role of the learn-
ing strategies under examination (to answer RQ4). Two
models were built (computed with Mplus) based on both
the Indonesian and Hungarian samples. The quality of the
structural equation models was evaluated by the indices CFI,
TLI, and RMSEA.

Results

Reliability and measurement invariances
across nationalities and grades (RQ1)

The internal consistencies of the reasoning tests were accept-
able in both of the countries. Cronbach’s alpha for the IR and
CR tests was .86 and .70 in the Indonesian context and .86
and .80 in the Hungarian context.

Measurement invariance analyses were conducted across
nationalities for both of the IR and CR tests (see Table 1).
The invariance models showed acceptable model fits except
for the strict factorial invariance model for the CR test (CFI
and TLI were lower than the .90, while RMSEA was higher
than .10). Moreover, the model of strong factorial invari-
ance did not result in a remarkable difference in model fit
compared to the model of configural invariance (indicated
by absolute ACFI and ARMSEA) in both cases, but CR

Table 1 Goodness of fit indices

e X Test Invariance model CFI TLI RMSEA ACFI ARMSEA
for testing invariance across
nationalities IR Config. inv 918 954 055 - -
Strong factorial inv .926 952 .055 .008 .000
Strict factorial inv .920 955 .054 .006 .001
CR Config. inv .948 915 .087 - -
Strong factorial inv 942 922 .084 .006 .003
Strict factorial inv .898 .881 104 .044 .020

@ Springer



304

H.Wuetal.

proved to be not invariant in a strict sense. (Strict factorial
invariance is not a prerequisite for group comparisons of
means and variances; see Byrne & Stewart, 2006; Csapd
et al., 2014). That is, the measurement invariance of the CR
test partly held across nationalities. Latent mean differences
could be interpreted as true differences in IR and CR and
were not due to the psychometric issue. The results obtained
in Indonesia and Hungary for IR and CR can be represented
on the same international scale.

Measurement invariance analyses were conducted across
grades for both the Indonesian (Table 2) and Hungarian sam-
ples (Table 3) to confirm that the results of the 8th and 11th
graders can be represented on the same scale in both nations.
In the area of IR, the model fits for the invariance mod-
els were acceptable, while ACFI was lower than .020 and
ARMSEA was noticeably lower than .015 in both countries,
indicating no remarkable difference between the three invari-
ance models for IR. Thus, the results suggested that IR was
measurement invariant across grades, independent of nation.

In the area of CR, the model fits for the Indonesian
invariance models were very good. However, the Indone-
sian strict factorial invariance model showed a remarkable
decrease in model fit (the ACFI was in the .010-.020 range,
but ARMSEA was above .015; see Table 2). Thus the CR
test proved to be measurement invariant across grades at a
strong level of factorial invariance in the Indonesian sam-
ple. By contrast, the fit indices of the Hungarian invariance
models failed to meet the cut-off values (see Table 3), so the
measurement invariance across grades did not hold in the
Hungarian sample.

To sum up, our IR and CR tests proved to be meas-
urement invariant across nationalities at least at a strong
level of invariance. Therefore, students in both countries

conceptualize the construct in the same way (Milfont &
Fischer, 2010) and employ the same conceptual framework
to answer the test items (configural level). Strong invariance
indicated that the means, variances and covariances for the
latent variables can be compared between these two samples
(Csapd et al., 2014). The strict factorial level measurement
invariance across nationality did not hold for the CR test,
which indicated that the Indonesian and Hungarian students
have different item residual variances. As strict factorial
invariance is not a prerequisite for country comparisons of
latent factor means and variances, we can conclude that, in
general, the measurement invariance analyses confirmed the
feasibility for comparing the group means at a latent level
between the Indonesian and Hungarian contexts.

Similarly, the measurement invariance across grades of
the IR and CR tests held at least at a strong level of invari-
ance in the Indonesian context. Therefore, the latent mean
comparison between the 8th and 11th graders in the Indo-
nesian context is possible. However, in the Hungarian con-
text, the measurement invariance across grades can only be
detected on the IR test. Thus, a latent mean comparison of
the CR test cannot be made between the Hungarian 8th and
11th graders.

Mean comparisons on latent level (RQ2 & RQ3)

As measurement invariance across grades for the IR test is
sufficiently met for both nationalities, we compared the IR
achievement of the 8th and 11th graders on a latent level in
both contexts. The results indicated that the Indonesian 8th
and 11th graders demonstrated a statistically similar perfor-
mance on the IR test (Mjpy §=0; Mipy 1 =— .02; SE=.05;
p>.05). By contrast, the Hungarian 11th graders showed

Table 2 Goodness of fit indices

. Test Invariance model CFI TLI RMSEA ACFI ARMSEA
for testing measurement
invariance across grades— IR Config. inv 909 916 094 - -
Indonesia .
Strong factorial inv 922 925 .089 .013 .005
Strict factorial inv 910 915 .094 .012 .005
CR Config. inv 1.000 1.000 .000 - -
Strong factorial Inv 1.000 1.000 .000 .000 .000
Strict factorial Inv .980 976 .038 .020 .038
Table 3 Goodness of fitindices g Invariance model CFI TLI RMSEA ACFI ARMSEA
for testing invariance across
grades—Hungary IR Config. inv 967 967 .030 - -
Strong factorial inv .963 964 .032 .004 .002
Strict factorial inv .969 968 .030 .006 .002
CR Config. inv 933 .892 .104 - -
Strong factorial inv 921 .892 .104 .012 .000
Strict factorial inv .899 .882 .109 .022 .005
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a significantly higher performance on the IR test than the
Hungarian 8th graders (Myyy g=0; Myyy 11=-41; SE=.11;
p<.001).

In the CR achievement comparison across grades, the
Indonesian 11th graders even displayed a slightly but sig-
nificantly lower performance than the Indonesian 8th graders
Mipn =05 Mipy 11 =— .07; SE=.03; p<.05). However,
the grade difference on CR achievement was not comparable
in the Hungarian sample, since measurement invariance did
not hold.

The stagnation in the development of Indonesian stu-
dents’ reasoning skills led to an unsatisfactory result in
the international comparison with Hungarian students.
Results showed Indonesian 8th graders had the same level
of development as that of Hungarian 8th graders in CR
skills (Mipy §=.02; Myyn §=0; SE=.01; p>.05). The
Indonesian 8th graders even showed significantly better
performance than the Hungarian 8th graders on the IR test
(Mpx g =-31; My 3=0; SE=.05; p<.001). However, due

to Indonesian students did not achieve sufficient develop-
ment of reasoning skills between ages 14 and 17, the Indo-
nesian 11th graders showed significantly worse performance
on both the IR (Mipy |1 =— .25; Myyy 11 =0; SE=.08;
p<.01) and CR (Mipy =~ .29; Myyn_11=0; SE=.03;
p <.001) tests than their international peers.

Learning strategies’influence on IR and CR (RQ4)

To investigate the impact of potential influencing factors on
students’ reasoning skills, we expected that learning strate-
gies predicted performance in both cultures. We used SEM
within each nation to indicate the relationship between the
level of reasoning skills under examination and identify the
predictive power of learning strategies to the levels of IR and
CR skills (see Figs. 3 and 4).

The structural models fit the data reasonably well (IDN:
22 =230.47, df=128, CFI=.90, TLI=.92, RMSEA =.06;
HUN: »?=746.67, df=201, CFI=.93, TLI=.96,

Fig.3 A structuralmodel T e
presenting the relationships Question, | 3% 79** | Questiong
between reasoning skills and Item,
learning strategies—Indonesian
sample; **Significant at 0.01 0 IR
level (p<.01) P gg A6**
Question,
ez 60 63+
51¥* 78%% \/Iemorlzatlon N
. 68** .87**
Item, @ Question,
36**
- CR
66%*
Item, Question, | .36**-.67** | Question,
Fig.4 A structuralmodel T e
presenting the relationships Question, | g9**. g3** | Questions
between reasoning skills and Item,
learning strategies—Hungarian
sample; *Significant at 0.05 oS IR
level (p <.05), **Significant at P gge
0.01 level (p<.01) Question,
ez 84 750
56** 79** Memouzatlon N
' BT+ 83™
Item, @ Question,
P 18
- CR
7%
Item, Question, | .65**-.86** | Question,
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RMSEA =.06). All the reasoning skills and learning strate-
gies were built as latent variables, which were constructed
by the corresponding test items or questionnaire questions.
All the items or questions showed moderate to strong and
significant (p <.01) factor loadings in both of the models.
Results showed IR and CR are strongly correlated, inde-
pendent of the cultural contexts (IDN: r=.51, p<.01; HUN:
r=.56, p<.01). A similar phenomenon was noticed among
the learning strategies; that is, the application of the three
learning strategies under examination proved to be highly
correlated (IDN: r=.60-.78, p<.01; HUN: r=.67-.84,
p <.01) in both cultures. The results indicated that the use
of learning strategies is not isolated. In other words, the
frequencies for students using the three learning strategies
under consideration are related. The use of control strategies
was strongly predictive of IR (f=.46, p <.01) in the Indo-
nesian sample. By contrast, the use of elaboration strategies
showed moderate predictive power for CR (f=.18, p <.05)
in the Hungarian sample. Only memorization strategies did
not show any significant influence on reasoning skills in both
models.

Discussion

The aim of the present study is to enhance our understand-
ing of IR and CR as mental processes measurable through
computer-based assessment with great relevance to educa-
tion and to ascertain the development level of these skills in
international context. More specifically, the results of the
current study provide support for insights into Indonesian
students’ cognitive development using international bench-
marks and has implications for revising educational methods
in Indonesia.

The measures of these two reasoning skills were invariant
(at least at a strong level of invariance) at the level of nation-
ality (RQ1l—measurement invariance across nationalities).
That is, the Indonesian and Hungarian students’ develop-
mental level of reasoning skills can be represented on a com-
mon scale. They employ the same conceptual framework to
answer the test items and the variances for latent variables,
even though these two countries are very different in net-
work, language, and cultural background. The findings indi-
cate the possibility of conducting studies to further explore
the developmental differences in reasoning skills between
students from the Asia—Pacific and European regions.

The IR and CR measures were partially invariant across
grades in the Indonesian sample. However, only IR was
invariantly measured across grades in the Hungarian sample
(RQ1—measurement invariance across grades). That is, the
8th and 11th graders conceptualize the construct of the IR
test in the same way independent of their nationality, but this
was not the case for the CR test. Compared to the IR test, the

@ Springer

students’ answers on the CR test were more subjective. In
addition, the scoring for the CR test was relatively compli-
cated (especially compared to the dichotomous scoring on
the IR test) and was influenced by a number of factors (see
Csapd, 1988). Therefore, the measurement invariance analy-
sis for the CR test was more strongly impacted by students’
mental and/or behavioural differences. As a result, none of
our measurement invariance analyses of the CR test held at
a strict level of invariance (that is, at a strong level of invari-
ance in the analyses across nationalities and across grades in
the Indonesian sample, non-invariant in the analysis across
grades in the Hungarian sample). Further study is recom-
mended to improve our understanding of students’ mental
and/or behavioural differences on the CR test.

A latent mean comparison demonstrated that the Indone-
sian students’ IR and CR skills did not sufficiently develop
between 8 and 11th grades (i.e. between ages 14 and 17); by
contrast, the Hungarian students showed significant devel-
opment in IR during the same period of time (CR was not
compared) (RQ2). The results pointed out a serious problem
in the development of the Indonesian students’ reasoning
skills. As we have shown, the development of reasoning
skills covers a broad age range: the whole period of compul-
sory schooling. However, the 8th to 11th grades may not be
the most effective time to develop reasoning skills (Molnar
et al., 2013). Students at this age still have the potential to
achieve solid growth in reasoning skills, as we saw among
the Hungarian students. Nonetheless, the Indonesian stu-
dents’ IR and CR skills did not develop as they should have.

Latent mean comparison analyses have also shown that
the Indonesian students’ IR and CR achievement was sig-
nificantly worse than the Hungarian students’ mean achieve-
ment in 11th grade, but not in 8th grade (RQ3). Results sug-
gested the Indonesian students started to fall behind their
international peers after 8th grade, that is, 1 year before
the PISA age (15 years old). As regards the importance of
IR and CR in the higher-order cognitive processes, there is
reason to believe that unsatisfactory development of reason-
ing skills was one of the reasons for Indonesian students’
poor performance on the PISA assessments. The poor per-
formance on the PISA assessments reflects a low ability in
mathematics, reading, and science. Therefore, we assume
that insufficient growth in Indonesian students’ reasoning
skills hindered the development of these abilities at a certain
level and caused the low PISA results at some level. The
extent to which reasoning skills affect Indonesian students’
performance on PISA as well as their mathematics, reading,
and science abilities falls outside the scope of this study, but
may be an interesting topic for the future.

The Indonesian students’ disadvantage in reasoning
skills growth could be caused by a lack of direct and indi-
rect school development because proper subject education is
able to impact—even implicitly—students’ reasoning skills
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(Primi et al., 2010; Xin & Zhang, 2009). This has been con-
firmed by Daniel (2013), who reported that education in
Indonesia was less effective and innovative than that of its
neighbours (e.g. Singapore, Australia, Malaysia, and Thai-
land). Establishing explicit training is an effective way to
promote development of students’ reasoning skills (Klauer &
Phye, 2008; Lipman, 1985). However, so far, explicit train-
ing is not very commonly used in schools. Revising teach-
ing methods in Indonesian schools may be a more feasible
method to enhance Indonesian students’ reasoning skills.

Results indicated that the students’ use of learning strate-
gies predicted their performance on the reasoning skill tests
(RQ4). Based on the present results, it is suggested that
teaching methods be revised so that students are encouraged
to use specific learning strategies, which have shown posi-
tive predictive effects on reasoning skills achievement. For
instance, the use of control strategies positively predicted the
Indonesian students’ IR achievement. Therefore, in Indone-
sian education, teachers can encourage and guide students
to make more frequent use of control strategies and thus to
indirectly enhance their IR achievement. Similarly, the Hun-
garian students’ CR achievement was positively predicted
by the use of elaboration strategies. Corresponding revision
in Hungarian education could also be designed and imple-
mented. However, it is not clear why learning strategies
played different roles in the different cultures. We assumed
these differences might be caused by the differing cultural
backgrounds and traditions. Further empirical studies are
needed to explore the reasons.

The study provides important insights into the interna-
tional validity of reasoning skills measurements and points
to the possibility and feasibility of explaining international
differences in educational achievement by exploring the
developmental differences of certain cognitive skills. Fur-
thermore, the results shed light on the influences of students’
learning strategies on their reasoning skills achievement,
thus enhancing our understanding of the links between stu-
dents’ daily learning activities and their cognition. To sum
up, the study provides a basis for further international stud-
ies and may contribute to revising teaching methods.

Limitations and future research

The original sample size of the Indonesian students was
larger (N=345). However, due to the data cleaning process,
all students who had more than 20% missing data were
deleted from the databases. Thus, the Indonesian sample size
(especially the 8th graders) involved in the final analyses was
relatively low. We assume this situation is due to the fact
that (1) the Indonesian students were not sufficiently moti-
vated on the test and (2) they were not very familiar with
the computer-based assessment environment. Moreover,

considering that our samples were randomly collected, we
cannot guarantee that our results have not been influenced
by other background or environmental factors. Thus, our
samples did not have sufficient power to be representative
of the Indonesian students or of their Hungarian peers. The
generalizability of the findings is therefore limited. Further-
more, we employed a relatively loose cut-off criterion in this
study in evaluating the quality of the measurement invari-
ance models and the structural equational models, which
may weaken the validity of the results. Therefore, the study
would need to be repeated for validation.

The CR test was found to be measurement non-invariant
across grades in the Hungarian context. Thus, the compari-
son of CR achievement between Hungarian 8th and 11th
graders could not be made. Further studies are therefore rec-
ommended to ascertain a possible reason for the measure-
ment non-invariance that was detected and explore the true
difference between Hungarian 14- and 17-year-old students’
CR achievement.

The research only involved one country, Hungary, as the
benchmark for the comparison. If we have more countries
in a future comparison study, we might be able to acquire
more knowledge about the behaviour and potential influenc-
ing factors of the reasoning skills being measured and the
reasons for the poor Indonesian educational achievement in
international context.
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