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Abstract

This article focuses on the validity of the students’ attitudes toward mathematics scale based on data from TIMSS 2019. The
scale has been reported as having a three-factor structure for decades, but this study assumes the validity can appear differ-
ently depending on the country or culture. Thus, the scale should first be checked for invariance between countries. This
study selected five English-speaking countries to prevent translation effects. The results of exploratory factor analysis (EFA)
indicate that the factor loading values of the two items were below 0.4 in more than four countries. The EFA model with the
two items deleted had a greater fit than the others in all countries using confirmatory factor analysis (CFA). A metric invar-
iance model based on the EFA results showed the greatest fit when using multiple-group CFA. The findings suggest that two
items may need revision, and the results must be interpreted considering differences in students’ cultural backgrounds, even
though the questionnaires were administered in the same language, which warrants further research.

Plain Language Summary
Validity study on the students’ attitudes scale

In international comparative studies, responses between countries may vary due to nuances in culture or language, even
when the same survey items are used. Recognizing this, this study was conducted to investigate potential validity issues
in students’ attitudinal scales in TIMSS, which has been implemented for over 20 years. To minimize environmental
differences, only five English-speaking countries were included in the study. The results revealed low validity for two
items across all countries. After removing these problematic items and reanalyzing the data, the validity of the scales
significantly improved. Therefore, a review of these two items in the attitudinal scales in TIMSS is warranted to enhance.
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Introduction teachers, school administrators, and national curricula)
as well as cognitive data to measure the mathematics and
science abilities of fourth and eighth-grade students.
Many researchers have focused on factors affecting
achievements in mathematics and science and have used

The Trends in International Mathematics and Science
Study (TIMSS) has been widely used to compare mathe-
matics and science achievement among countries.
Researchers can use TIMSS to investigate the relation-
ships among academic achievement in mathematics and
science, student background, school effects, and teachers 'Ewha Womans University, Seoul, South Korea
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students’ background information as key predictors. The
scale that measure attitudes toward mathematics and sci-
ence is popular as variable to analyze the effect of student
backgrounds. Students’ motivation for learning or posi-
tive emotions toward subjects (e.g., interest, confidence,
endurance, etc.) enables them to learn steadily and
encourage students to seek challenging goals (Greensfeld
& Deutsch, 2022; Pekrun et al., 2002). By the same rea-
soning, if students have positive attitudes toward mathe-
matics or science, they will be able to learn those subjects
more easily than if they have negative feelings. Thus,
attention should be paid to learners’ motivation or emo-
tions toward mathematics or science.

The TIMSS attitude scales toward subjects have been
widely used as variables in recent decades. However,
only a few researches have studied the validity of these
attitude scales (Ertiirk & Oyar, 2021; Eser, 2021; Liou &
Lin, 2021; Liu & Meng, 2010; Oon & Fan, 2017,
Reynolds et al., 2022; Sabah et al., 2013; Uyar, 2021).
This study explores the internal structure of 27 items
from students’ attitudinal questionnaires from TIMSS
2019 and investigates their validity using factor analysis.
Recent studies on the validity of the attitudinal scales in
TIMSS have focused on determining whether the invar-
iance of scales was sustained regardless of conditions
such as gender, race, and country. However, the invar-
iance between countries under the same conditions
should be checked first rather than different languages
or cultures. Thus, this study focuses on whether the same
internal structure of factors is observed across countries
after controlling for translation effects by examining
measurement invariance. When measurement invariance
and the validity of the attitude scale are secured among
countries, the interpretation of the results of the attitude
scale across countries will be more precise than before.

Theoretical Background

Trends and Alterations of the Attitude Scales

TIMSS has been used to survey the Students’ Attitudes
Toward Mathematics scale (the SAM scale) in 4-year
cycles since 1995. The International Association for the
Evaluation of Educational Achievement (IEA) has devel-
oped and updated many of the TIMSS 2019 attitudinal
items, combining them into scales that measure a single
underlying latent construct, as described in their techni-
cal report. Many of these scales have been continuously
changed to gather useful information about learning atti-
tudes over the last 20 years. Some items have consistently
measured specific factors or constructs for seven cycles,
while others have been changed or deleted while new
items are inserted to reflect current research or trends
(Martin et al., 2020). Appendix 1 shows the change
trends and alterations of the attitudinal scales.

Overview of Research Trends of TIMSS Attitudinal
Scales

Many researchers have used the SAM scale in TIMSS as
a variable to explain students’ achievement or motiva-
tion. Two hundred fifty-nine journal articles have used
the scale as a predictor variable, and 24 journal articles
have studied the validity of the attitude scale in the Web
of Science as of May 2023. Among the 24 journal articles,
most papers examined validity by confirming measure-
ment invariance in specific conditions or using demo-
graphic characteristics such as gender, race, regional
variation, school type, and home environment (Aditomo
& Klieme, 2020; Ardic & Gelbal, 2017; M. Chen &
Hastedt, 2022; Glassow et al., 2021). Eser (2021) investi-
gated the measurement invariance of attitudinal scales
based on home resources for fourth-grade students in
Turkiye in TIMSS 2015. Liou and Lin (2021) also studied
measurement invariance regarding attitude scales toward
science using data from eighth-graders in Australia, the
United States, and Taiwan from TIMSS 2019. Oon and
Fan (2017) provided psychometric information on attitu-
dinal scales such as measurement invariance, unidimen-
sionality, optimum utilization, and item difficulty
hierarchy based on the Rasch model using eighth graders
from Hong Kong and Singapore in TIMSS 2011.
Reynolds et al. (2022) examined the measurement invar-
iance and cross-country comparability of attitudinal
scales in international educational large-scale assessments
using item response theory (IRT) modeling approach.
Using data from fourth graders from 58 countries and
eighth graders from 39 countries from TIMSS 2019, they
concluded that the measurement invariance of item 19G
was unsatisfactory (“My teacher tells me I am good at
mathematics.”).

Existing studies have also investigated factor struc-
tures across countries (Abu-Hilal et al., 2013; Ayob &
Yassin, 2017). Liu and Meng (2010) examined the factor
structure of attitudinal scales according to country and
degree of achievement using data from eighth-graders in
Japan, Hong Kong, Taiwan, and the USA from TIMSS
2003. Uyar (2021) evaluated the appropriateness, factor
structure, and invariance of Turkish eighth-graders’ atti-
tudes toward mathematics from TIMSS 2015 using an
exploratory structural equation model and confirmatory
factor analysis (CFA). Uyar (2021) concluded that the
scales satisfied the invariance conditions. Marsh et al.
(2013) compared validity measures such as factor struc-
tures, method effects, gender differences, and convergent
and discriminant validity between four Arab-speaking
countries and four English-speaking countries using the
TIMSS 2007 dataset. They highlighted methodological
weaknesses in the TIMSS approach to these measures.

In contrast, some papers have studied methodological
properties to measure validity. Ertiirk and Oyar (2021)
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examined the measurement invariance of attitudinal
scales toward mathematics through different methods
such as multiple group confirmatory factor analysis
(MGCFA), multiple group latent class analysis
(MGLCA), and a mixed Rasch model. They used data
from eighth-grade students in the USA, Canada, and
Turkiye from TIMSS 2015. They concluded that examin-
ing assumptions and considering the variable structure is
necessary when deciding on the method in measurement
invariance studies. Michaelides (2019) analyzed the fac-
tor structure of 18 item scales regarding mathematics
and the effect of negative keying items using data from
fourth graders from six European countries from TIMSS
2011. He stated that reverse-keyed items were responded
differentially according to age or achievement level and
suggested reconsidering the use of reverse-keyed items in
surveys of young students to confirm the validity. Sabah
et al. (2013) also discussed misfitting negatively worded
items in TIMSS. They investigated how to validate a
scale of eighth graders’ attitudes toward science based on
eight items from TIMSS 2007, using Rasch measurement
perspectives across countries along the states of achieve-
ment. They concluded misfit items must be deleted to
support the validity of the attitudinal scales.

Studies using TIMSS and other datasets have demon-
strated the need to thoroughly check the validity when
using reverse-keyed items in research (Bolt et al., 2020;
Bulut, 2021; Bulut & Bulut, 2022; Kam & Meyer, 2023;
Lindwall et al., 2012). Lindwall et al. (2012) emphasized
that positively and negatively worded items did not show
invariant across countries and may be interpreted differ-
ently depending on the student’s cultural or linguistic
background.

Many studies on the validity of TIMSS have consid-
ered the potential influence of students’ gender, age, and
cultural or linguistic background across countries, with
most investigating the influence of demographic charac-
teristics and various other measurement invariance (Abu-
Hilal et al., 2013; Ayob & Yassin, 2017; Liu & Meng,
2010; Marsh et al., 2013). A research gap remains regard-
ing whether linguistic similarity across countries can
compensate for validity issues in international assess-
ments like TIMSS that include positively and negatively
worded items. This study seeks to address this gap in the
literature.

A discussion on the validity of attitudinal scales in
TIMSS has been conducted because it is a significant
issue in large-scale international assessment. It is crucial
to confirm the validity before using data to research and
establish education policy. The TIMSS dataset is widely
used in research to compare educational outputs across
countries. Thus, it is necessary to check whether the
validity of the scales is secured among countries before
comparing them.

Validity Results From the TIMSS 2019 Technical Report

The IEA reported that the principal components analysis
(PCA) was conducted to prove that it provides compara-
ble measurements across countries, and the component
loadings of each questionnaire item from the PCA were
positive and substantial, indicating a strong correlation
between each item and the scale in each country (Martin
et al., 2020). Therefore, this study verified a single under-
lying latent construct as described in IEA’s technical
report using PCA.

TIMSS explains factors affecting students’ motivation
to learn and categorizes the SAM scale into “Students
Like Learning Mathematics,” “Students are Confident in
Mathematics,” and “Students Value Mathematics”
within the report (Mullis & Martin, 2017). In this study,
we did not use TIMSS’s terms for learning attitudes, sim-
plifying them to words such as “interest,” “confidence,”
and “value recognition.”

Methods

Datasets and Sample

Validity results vary when conditions such as gender,
age, race, culture, and language differ. To ensure the
validity of the attitudinal scale in international surveys,
the gaps between these conditions must be reduced. This
study selected datasets of eighth graders from TIMSS
2019 according to the results of Michaelides (2019) and
Sabah et al. (2013), who found that responses to the
reverse-keyed items were influenced by achievement, and
this influence was stronger among young students, such
as fourth graders, than among older students (Bolt et al.,
2020; Bulut, 2021; Bulut & Bulut, 2022; Kam & Meyer,
2023; Lindwall et al., 2012). The questionnaire contained
seven reverse-keyed items out of 27. Therefore, eighth
graders were deemed to be the appropriate age group of
students should be considered in the survey.

In addition, it is important to examine the internal
structure of factors after controlling for translation
effects to evaluate the validity of the scales used in vari-
ous countries. This study chose a dataset from linguisti-
cally similar countries that had consistently participated
in TIMSS at least three times recently to minimize differ-
ences in the linguistic meaning of items meaning and the
gap in experiences taking the survey. TIMSS 2019 col-
lected data on the first languages of students and which
language they used to respond to the survey. This infor-
mation is included in the language of the student context
questionnaire from each country’s dataset provided by
the TIMSS website. We selected datasets from countries
in which over 95% of students used questionnaires writ-
ten in English and which presented no special issue
according to TIMSS. We used data from five English-
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speaking countries (Australia, England, Ireland,
Singapore, and the United States) to investigate the fac-
tor structure and to prevent translation effects. The aver-
age mathematics achievement of students in these
countries was significantly higher than that of the aver-
age eighth graders. Appendix 2 shows the average
mathematics achievement of students in each country,
taken from the TIMSS 2019 international results (Mullis
et al., 2020). In addition, Appendix 3 shows the percent-
age of eighth-grade students who answered the question-
naire in English within the five English-speaking
countries that we selected.

This study randomly divided the entire dataset from
five countries into two samples, one for exploratory fac-
tor analysis (EFA) and the other for confirmatory factor
analysis (CFA), following the approach used in other
studies (Guo et al., 2022; Vaculikova et al., 2022;
Willmer et al., 2019) based on Hair et al., (2006). The
total number of samples, excluding missing values, was
26,693. The number of participants in Dataset A for
EFA was 13,395, and Dataset B included 13,298 partici-
pants for CFA. Table 1 shows the number of samples
from the five countries in each dataset.

Data Cleaning

TIMSS 2019 divided the SAM scale into three factors:
interest (Item 16), confidence (Item 19), and value recog-
nition (Item 20). Each attitude toward learning mathe-
matics scale comprised nine items. All 27 items were
rated on a four-point Likert scale (1 = “Agree a lot”,
2= “Agree a little”, 3 = “Disagree a little”,
4 = “Disagree a lot”). Items with a positive connotation
were reverse-coded to enable natural interpretations. We
used listwise deletion for missing data, and no outliers
were detected.

Analysis

We used principal component analysis (PCA) and princi-
pal axis factoring (PAF) in extraction methods EFA to
reduce items to smaller subsets containing as much valu-
able information from the initial items as possible
(Nunnally & Bernstein, 1994). EFA is conducted when
the researcher does not know how many factors are nec-
essary to explain the interrelationships among a set of

Table |I. The Number of Participants in Each Dataset.

indicators or items (Gorsuch, 1983; Pedhazur &
Schmelkin, 1991; Tabachnick & Fidell, 2001). In this
study, we attempted to re-explore the factor structure
under the assumption that we do not know exactly how
many factors there are. In PCA, we did not use rotation
results when the factor rotation was not converged, or
the factor matrix was not generated. We used multiple
methods to determine the appropriate number of factors
using a scree plot, the percentage of variance, and paral-
lel analysis to evaluate whether the factor structure was
achieved for these five English-speaking countries as
intended by the IEA. The principal axis factoring (PAF)
extraction method was also applied to investigate all 27
items regarding the factor structures of the three sub-
scales for the SAM scale. A factor loading of 0.40 was
used as a cut-off value (Hair et al., 2006), and the statisti-
cal software package used for the analyses was SPSS ver-
sion 28.

Next, CFA was performed to find a suitable factor
structure based on both the TIMSS 2019 technical report
and the EFA results using SAS 9.4. CFA is used to assess
the extent to which the hypothesized underlying structure
of the construct under investigation fits the data
(Nunnally & Bernstein, 1994; Pedhazur & Schmelkin,
1991). So we verified whether the assumed factor struc-
ture fits the data well. The estimation method was the
maximum likelihood with Satorra-Bentler adjustments,
as our datasets were not normally distributed (Satorra &
Bentler, 1994).

The R package lavaan (based on R version 4.1.2) was
used for multiple-group confirmatory factor analysis
(MGCFA; Rosseel, 2012). MGCFA is an analytical
method that verifies measurement invariance by checking
whether the factor structure is the same across groups.
Measurement invariance refers to whether an instrument,
such as a questionnaire or items, is interpreted in the
same way across different groups (F. F. Chen, 2008;
Davidov et al., 2014; Horn & McArdle, 1992; Millsap,
2011). Once measurement invariance has been estab-
lished, comparisons between scores or values are consid-
ered valid. The robust maximum likelihood (MLR)
method was used as an estimation method because it has
been demonstrated to be the most suitable method for
non-normal data in previous simulations (Hirsch et al.,
2018; Lei & Wu, 2015; Wurster, 2022). Various model-fit
indices were computed, and the x> /df ratio was utilized

Samples Australia England Ireland Singapore USA Total

Dataset A 4,054 1,424 1,856 2,417 3,644 13,395
Dataset B 4,094 1,394 1,861 2,375 3,574 13,298
Total 8,148 2,818 3,717 4,792 7218 26,693
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as a badness-of-fit index, as smaller values indicate a bet-
ter fit (West et al., 2015). Constraints were controlled in
the model parameters to evaluate the degree of invar-
iance in the measurement model of the SAM scale in the
MGCFA model. MGCFA was conducted to analyze
metric and scalar invariance across groups with a config-
ural invariant factor structure (Ding et al., 2022).

Results

Assumption Checks

Table 2 indicates the descriptive statistics for the 27 items
of the SAM scale in Dataset A for EFA. The Shapiro-
Wilk normality test is an appropriate method for small
sample sizes (n < 50), although it can also handle large
samples, while the Kolmogorov-Smirnov normality test
is used for n = 50. For both tests, the null hypothesis
states that data are taken from a normally distributed
population. We performed both the Shapiro-Wilk and
Kolmogorov-Smirnov tests to check the normality
assumption. All datasets for the five countries had non-
normality. Bartlett’s test of sphericity for the 27 items
was significant (p < .001). The Kaiser-Meyer-Olkin
(KMO) test statistics ranged from 0.955 to 0.960 and the
anti-image values for individual measures of sampling
adequacy (MSA) ranged from 0.878 to 0.981. These sta-
tistics indicated that our data were suitable for perform-
ing factor analysis (see Table 3).

Examining the Validity sing Principal Components
Analysis (PCA)

In the technical report, TIMSS 2019 reported that each
of the three scales was extracted as a single underlying
latent construct when using PCA with no rotation. We
performed PCA for each factor separately to compare
our PCA results to those in the technical report.
However, Table 4 shows that confidence was extracted as
a two-factor structure in all five countries with an eigen-
value of >1 and a scree plot, and 19E (“Mathematics
makes me nervous”) and 19G (“My teacher tells me I am
good at mathematics”) were double-loading items on the
Confidence factor for all countries. In contrast, accord-
ing to the data from Singapore, a two-factor structure
with an eigenvalue of >1 was extracted from the
“Confidence” items and the “Value recognition” items,
and three items (20A (“I think learning mathematics will
help me in my daily life”), 20E (“I would like a job that
involves using mathematics”), and 20H (“My parents
think that it is important that I do well in mathematics™))
were double-loaded.

Examining the Validity Using Principal Axis Factoring
(PAF)

Table 5 shows communalities from the PAF analysis
using all 27 items, and the communalities of four items
were below 0.4 for all five countries: 16C (“Mathematics
is boring”), 19E (“Mathematics makes me nervous™),
19G (“My teacher tells me I am good at mathematics™),
and 20H (“My parents think that it is important that I
do well in mathematics”) (see Table 5).

Also, the communality value of three items was below
0.4 for one country: 16B (“I wish I did not have to study
mathematics”), 19C (“Mathematics is not one of my
strengths™), and 20B (“I need mathematics to learn other
school subjects”). The oblique factor rotation using the
direct oblimin method was applied as the factor correla-
tions ranged from 0.116 to 0.644, and the factor correla-
tions between interest and confidence and those between
interest and value recognition were high for all five coun-
tries (see Table 6).

Three factors were extracted in all five countries based
on scree plots, parallel analysis, and total variance
explained by factors, regardless of the TIMSS 2019 tech-
nical report. However, two items (19G (“My teacher tells
me I am good at mathematics”) and 20E (“I would like a
job that involves using mathematics™)) did not fit the
scale TIMSS intended in more than four countries even
though translation effects were controlled (see Table 7).
Also, most of the loading values of these items were
below 0.4. Moreover, three items (19F (“I am good at
working out difficult mathematics problems”), 19G
(“My teacher tells me I am good at mathematics”), and
20E (“I would like a job that involves using mathe-
matics”)) were assigned incorrectly to another factor,
and the incorrectly assigned loading values of the three
items (19F, 19G, and 20E) were above 0.40 in Singapore.
Appendix 4 includes the structure factor matrix for all
five countries for more information.

Examining Validity Using Confirmatory Factor Analysis
(CFA)

Table 8 indicates the descriptive statistics for the 27 items
of the SAM scale for Dataset B (see Table 8).

We performed four different CFA models to find the
best-fitted model for our data. Because the values of
average variance extracted (AVE) and composite reliabil-
ity (CR) were all greater than 0.9, they were suitable for
CFA (Bagozzi & Yi, 1988; Fornell & Larcker, 1981).
Model A was based on the TIMSS 2019 technical report
and comprised a three-factor structure using all items.
Model B was composed of a single-factor structure using
all items, as researchers have often used these items as
one factor in their studies. Model C was based on the
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= n o N © ®© o EFA results; two items (19G and 20E) were deleted, and
J|a|les © o N © N .
|a|s = o IS o IS the model consisted of a three-factor structure. Lastly,
o Model D applied only to the data from Singapore based
£ on EFA results because only Singapore had a different
§ s ~ € 9§ < S bt factor structure from the EFA results. Three items (19F
o . ~ ~ ~ (“I am good at working out difficult mathematics prob-
lems”), 19G (“My teacher tells me I am good at mathe-
< matics”), and 20E (“I would like a job that involves using
s m o o o ~ < mathematics”)) were moved from each original scale to
Tla|le o ~ ~ S © . . S
|9 o o S S S interest without deleting items.
Z Table 9 presents that no models were suitable for the
g chi-square statistics for the measurement model normal-
& -~ © ~ - ized by degrees of freedom (x*/df), but the values of
Slsl S 3 9 o b b Model C were the smallest among all models (see Table
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suitable model fit (Root Mean Square Error of
9 ez ¥ 0 p - Approximat.ion (RMSEA), Standardized .ROOF Mean
®2 3|3 2 3 gt = gt Square Residual (SRMR), and Comparative Fit Index
I (CFI)), Model C was the best-fitted model for our data-
% set from 0.050 to 0.059, which is under to the typical
s o~ < ~ _ ~ 0.08 cutoff according to Hu and Bentler (1999). The CFI
2ls| = R h 2 ok values of Model C ranged from 0.888 to 0.917, which is
close to the typical 0.900 cutoff used by Bentler (1990).
Therefore, we found that Model A based on the factor
% o o~ < © " structure suggested by the TIMSS 2019 technical report
lalg 2 2 S 3 pec was not bad, but Model C, based on the factor structure
IZI of the EFA results that deleted two items (19G and
g 20E), fitted better than Model A. These results are mean-
s v o « ~ o ~ ingful in that they show the survey’s effectiveness. Also,
2 S| 8 23 = h il il it was found that measuring the three-factor structure
consisting of interest, confidence, and value recognition
was desirable because of the poor fit of Model B, which
& was a one-factor structure. Finally, Model D only
N —_— . .
2la § e § S ";? % applied to Singapore’s data based on the among all four
I CFA models. The RMSEA values of Model C ranged
% from 0.063 to 0.066, which is a fair fit (based on 0.05-
s 0.08 as suggested by MacCallum et al. (1996), and the
2 ©® @ 2 S ® o SRMR values of Model C ranged EFA results, which
<= o ™ ~ ~ ™ were moved from each original scale to the interest scale
without deleting items (19F, 19G, and 20E), has a bad fit
g " 2 and Model C had a better fit than Model D. Thus, it was
£E = 3 c . c confirmed that Model C was better than Model D for
2 g 28 T8 ¢£ = Singapore.
= - ef g5 =3 ¢
s§8, 85 £Eefg 8 . , ,
o 3 2858y 5&8g¥- 2 . Measurement Invariance Tests Across Five Countries
g 28555 P Eﬂ 855Ey5y | E Using Multiple Group Confirmatory Factor Analysis
g o=XS 58 =c8o5Eg | &
o| | EESUEl esfiEiifly  (mem
g El ¢ ) o P~ 5 E 9285055 g MGCFA was performed on Models A and C according
g 2| 22252 EzsESTEERE 3 to the CFA results. The model fit values of Model C
) 2 were better than Model A, but both models did not have
t;'; g j poor statistical values. Plus, Model A was proposed by
a el & & ) T * g TIMSS which designed the survey, and Model C was
£ 212 8 8 54 5 5 z based on the EFA results. Therefore, both models were
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Table 3. Bartlett’s Test of Sphericity, KMO, MSA, and Cronbach’s o (Dataset A).
Values Australia England Ireland Singapore USA
N 4,054 1,424 1,856 2,417 3,644
KMO 0.960 0.948 0.955 0.957 0.958
Bartlett’s test of sphericity 0.000 0.000 0.000 0.000 0.000
MSA 0.902-0.980 0.898-0.976 0.878-0.981 0.883-0.982 0.920-0.981
Cronbach’a .940 928 .943 .943 936
Table 4. Number of Extracted Factors (Dataset A, PCA).

Australia England Ireland Singapore USA
Attitudes 2 3 4 2 3 4 2 3 4 2 3 4 2 3 4
Interest I | I 652 | | I 617 | | I 635 | | I 659 | | I 647
Confidence I 2> 2 534 1 22 2 46l I 2* 2 57 | 22 2 57 | 2* 2 505
Value recognition | | I 554 | | I 524 | | |l 516 | 2° 1 507 | | I 541
Note. Extraction method: | = parallel analysis, 2 = eigenvalue > |, 3 =scree plot, 4 = total variance explained by first factor (%).
*Double-loaded with 19E item and 19G item.
®Double-loaded with 20A item, 20E item, and 20H.
Table 5. Communalities (Dataset A, PAF).
Item no. Australia England Ireland Singapore USA
16A* 0.78 0.73 0.77 0.74 0.75
16B 0.43 0.40 0.46 0.49 0.37
16C 0.31 0.29 0.35 0.38 0.25
16D* 0.54 0.52 0.51 0.52 0.53
16E* 0.81 0.78 0.82 0.81 0.82
I6F* 0.64 0.57 0.57 0.56 0.64
16G* 0.71 0.69 0.62 0.73 0.79
16H* 0.69 0.65 0.62 0.63 0.71
161* 0.72 0.67 0.72 0.78 0.75
19A* 0.58 0.52 0.56 0.62 0.55
19B 0.50 0.43 0.55 0.51 0.54
19C 0.56 0.38 0.47 0.72 0.47
19D* 0.60 0.50 0.56 0.52 0.57
19E 0.26 0.22 0.27 0.33 0.32
I19F* 0.60 0.51 0.54 0.54 0.53
19G* 0.26 0.18 0.25 0.33 0.28
19H 0.63 0.6l 0.62 0.68 0.65
191 0.56 0.49 0.54 0.58 0.52
20A* 0.50 0.43 0.48 0.43 0.49
20B* 0.45 0.45 0.41 0.35 0.41
20C* 0.56 0.50 0.51 0.46 0.54
20D* 0.57 0.57 0.56 0.54 0.54
20E* 0.47 0.44 0.46 0.51 0.44
20F* 0.62 0.59 0.57 0.58 0.62
20G* 0.62 0.63 0.55 0.6l 0.63
20H* 0.32 0.36 0.26 0.35 0.37
201* 0.59 0.54 0.52 0.51 0.54

Note.* = reversely coded item; bold = communalities less than 0.4.
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Table 6. Correlations Between Factors (Dataset A, PAF).

Australia England Ireland Singapore USA
Factors  Fl F2 F3  FI F2 F3  FI F2 F3  FlI F2 F3  FI F2 F3
Fl | I | | I
F2 0.602 I 0549 | 0.644 | 0.577 | 0577 1
F3 0.506  0.271 | 0450 0217 | 0514 0267 | 0443 0.116 | 0466  0.171

Note. FI =interest; F2 = confidence; F3 = value recognition.

analyzed using MGCFA to test the measurement invar-
iance among the five English-speaking countries with the
same language conditions. These models used different
datasets of observed variables (Model A consists of 27
items, and Model C consists of 25 items), so each dataset
was analyzed separately and performed in the same steps.
Table 10 presents the models’ fit statistics and compari-
sons (see Table 10).

We performed a chi-square test to evaluate whether
the model fits the data. However, the multiple model-fit
indices must be examined because chi-square tests are
substantially affected by the sample size (Bollen, 1989;
Cheung & Rensvold, 2002; Meade et al., 2008; Svetina
et al.,, 2020). Even though the chi-square test results
point to incorrect specifications in all models, widely-
used fit indices, namely CFI, RMSEA, and SRMR,
revealed better results in all invariance conditions. As a
result, RMSEA and SRMR values were less than .080.
CFI yielded values ranging from 0.876 to 0.910, which is
close to the typical 0.900 cutoff.

Two invariance conditions in Model C (configural
and metric) were larger than the CFI of 0.90. The values
of ARMSEA in all invariance conditions ranged from
—0.002 to 0.001, those of ASRMR ranged from —0.004
to —0.002, and those of ACFI ranged from 0.002 to
—.011. Rutkowski and Svetina (2014) proposed cutoff
values for ARMSEA and ACFI of 0.03 and 0.02, respec-
tively, to achieve metric invariance in large numbers of
groups. They also advised against using SRMR in isola-
tion (Ding et al., 2022). The values we obtained are
below the cut-off scores suggested by Rutkowski and
Svetina (2014). Therefore, we conclude that both models
showed measurement invariance among the five English-
speaking countries. This means the three-factor structure
consisting of three subscales (interest, confidence, and
value recognition) was the same among countries under
the same condition (language). However, the CFI values
of Model A for the MGCFA ranged from 0.876 to 0.889,
and the CFI value of the metric invariance of Model C
was 0.907. Therefore, from these CFI values, it can be
inferred that the metric invariance of Model C based on
the EFA results was fitted better than all models of

Model A. Thus, it was confirmed that Model C has bet-
ter measurement invariance than Model A.

Discussion

This study investigated the validity and measurement
invariance of the SAM scale from TIMSS 2019 for five
English-speaking countries. TIMSS 2019 reported that
the validity of the SAM scale for all data was achieved
using PCA. However, the measuring tool in international
comparative research, such as TIMSS or PISA, has
translation effects. This phenomenon threatens the valid-
ity of comparative studies between countries. Many
researchers have investigated the translation -effects
caused by different languages using differential item
functioning (DIF), MGCFA, and factor analyses (Asil &
Gelbal, 2012; El Masri & Andrich, 2020; Gokge et al.,
2021; Oliveri & Ercikan, 2011). Asil and Gelbal (2012)
proclaimed that increasing the number of DIF items was
caused by linguistic and cultural differences. Gokge et al.
(2021) suggested that research results using TIMSS data
should reflect culture, language, curriculum, or other dif-
ferences. Therefore, this study selected five English-
speaking countries as samples to prevent or control
translation effects and investigated the validity of the
SAM scale.

TIMSS is the widely used data for conducting interna-
tional comparative research. Checking the validity of
measuring tools considering these data characteristics
would be a more valuable way to improve the usefulness
and accuracy of the scale, rather than discussing data
from a few countries of interest or simply combing all
the data without considering the diversity among coun-
tries. This study investigated the validity of five English-
speaking countries from this point of view, providing
two meaningful results to be discussed.

Consideration of Two Items for Improving the Accuracy
of Measurement

According to the results, two items (19G (“My teacher
tells me I am good at mathematics”) and 20E (“I would
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like a job that involves using mathematics™)) out of 27
were not appropriate for the SAM scale when using EFA
methods controlling for translation effects. The commun-
alities and the loading values of item 19G in the factor
TIMSS intended were below 0.40 among all countries.
Looking at the meaning of item 19G, the statement, “My
teacher tells me I am good at mathematics,” refers to a
teacher’s opinion rather than the student’s thoughts.
Reynolds et al. (2022) also discussed that the measure-
ment invariance was unsatisfactory with item 19G.
Furthermore, the loading values of item 20E were below
0.40 in the factor intended by TIMSS in four countries,
and the loading value of this item was above 0.40 in inter-
est factor only in Singapore. Looking at the meaning of
item 20E, the statement, “I would like a job that involves
using mathematics,” is closer to interest than value recog-
nition, and there may be different interpretations due to
the cultural differences between Singapore and the four
Western countries based on the results of Singapore.

Moreover, it was confirmed that the model based on
EFA results with the two items deleted fitted better than
the others with CFA results. Also, Model C based on
EFA results fitted better than Model A suggested by
TIMSS, when using the MGCFA method for measure-
ment invariance testing. Thus, we concluded that it is
better to delete or revise the two items (19G and 20E) to
improve the measurement accuracy.

The Different Results for the Three Items Only in
Singapore

The other significant result is that three items (19F (“I
am good at working out difficult mathematics prob-
lems”), 19G (“My teacher tells me I am good at mathe-
matics”), and 20E (“I would like a job that involves using
mathematics”)) were assigned incorrectly to another fac-
tor, and the incorrectly assigned loading values of these
three items (19F, 19G, and 20E) were above 0.40 in inter-
est factor only in Singapore, even though it was linguisti-
cally the same condition as the other four countries. This
is presumed to result from cultural differences for the
same reason as mentioned above. Although Singapore is
a multilingual country, all Singaporean students com-
pleted the questionnaire in English. In contrast, 2% of
Irish students used questionnaires written in a second
language (See Appendix 3). Thus, we could not conclude
that the characteristics were due to differences between
multilingual and English-speaking countries, even if the
ratio was small. The meaning of the items could be inter-
preted differently depending on country-specific cultural
factors rather than on reading ability, even if the items
were written in the same language. Directly comparing
the results from different countries poses limitations, as
pointed out by Schmitt and Allik (2005) and Lindwall

et al. (2012). Therefore, future research should investigate
results that reflect differences according to cultural
background.

Conclusion

Many researchers have used non-cognitive scales in
TIMSS to study students’ learning attitudes and the rela-
tionship between achievement and attitudes in mathe-
matics and science. However, few studies have been
conducted to confirm validity measures, such as the items
themselves, factor structure, and measurement invar-
iance. Measurement invariance is especially important
for analyzing cohort trends in longitudinal and large-
scale educational studies (Wurster, 2022). Therefore, it is
meaningful to investigate the validity and factor structure
of the SAM scales because it has been modified, deleted,
and added to over the decades.

This study is significant for testing the validity of sur-
vey tools under the same conditions, such as language or
culture, before comparing data among various countries
in international comparative research. The SAM scale is
widely used by many researchers and countries globally;
thus, it is meaningful because it provides researchers with
a perspective on how to use and deal with the scale before
using the data to conduct cross-country comparative
studies.

However, this research is limited because it was con-
ducted only in English-speaking countries. It would be
good to conduct a validity study more deeply by finding
and reflecting certain similar conditions, such as other
languages or cultures among the researched countries. In
addition, further research using a dataset from Singapore
is needed to examine why different results were produced
despite the same language conditions to determine
whether the results were due to a different culture.
Finally, as the result of the statistical analysis cannot be
said to reflect all the contexts of the survey, a follow-up
study is needed to further secure the validity of the scales
by reflecting the analysis of content experts.
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Appendix 2. Average Mathematics Achievement of Eighth-Grade Students.
Country M (SE)
Singapore 616 (4.0)
Chinese Taipei 612 (2.7)
Rep. of Korea 607 (2.8)
Japan 594 (2.7)
Hong Kong SAR 578 (4.1)
Russian Federation 543 (4.5)
Ireland 524 (2.6)
Lithuania 520 (2.9)
Israel 519 (4.3)
Australia 517 (3.8)
Hungary 517 (2.9)
The United States 515 (4.8)
England 515 (5.3)
Finland 509 (2.6)
Norway 503 (2.4)
Sweden 503 (2.5)
Cyprus 501 (1.6)
Portugal 500 (3.2)
TIMSS Scale center point 500
Italia 497 (2.7)
Turkiye 496 (4.3)
Kazakhstan 488 (3.3)
France 483 (2.5)
New Zealand* 482 (3.3)
Bahrain 481 (1.7)
Romania 479 (4.3)
United Arab Emirates 473 (1.9)
Georgia 461 (4.3)
Malaysia 461 (3.2)
Iran 446 (3.7)
Qatar 443 (4.0)
Chile 441 (2.8)
Lebanon 429 (2.9)
Jordan 420 (4.3)
Egypt 413 (5.2)
Oman 411 (2.8)
Kuwait 403 (5.0)
Saudi Arabia 394 (2.5)
South Africa 389 (2.3)
Morocco 388 (2.3)
Note. Bold = selected countries.
*Met guidelines for sample participation rates only after replacement schools were included.
Appendix 3. Language Usage for the Context Questionnaire on Mathematics.

Ireland Singapore USA

N % N % N %
English (first language) 3,969 96 4,852 100 8,460 97
Second language 97 2 - - - -
Missing 52 | | 0 238 3
Total 4,118 100 4,853 100 8,698 100
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Appendix 4. Structure Matrix of Factor Loadings (Dataset A, PAF).

Australia England Ireland Singapore USA
| 2 3 | 2 3 | 2 3 | 2 3 | 2 3
16A* 0.88 057 046 0.85 0.49 037 0.87 0.61 0.41 0.86 0.54 0.37 0.87 0.57 0.42
16B 0.68 0.51 042 0.67 049 036 0.69 052 040 0.68 058 03I 0.61 0.51 0.29
16C 0.71 0.46 0.36 0.71 0.44 0.30 0.73 0.50 0.35 0.66 048 0.29 0.65 0.50 0.27
16D* 0.71 0.35 0.48 0.70 0.29 0.39 0.72 0.39 0.45 0.70 032 0.40 0.71 0.33 0.46
|6E* 090 059 046 0.89 052 038 090 0.62 042 0.89 057 037 0.91 0.58 0.4I
|6F* 0.79 0.51 042 0.76 0.43 0.30 0.75 0.52 040 0.74 044 033 0.80 0.46 0.37
16G* 0.84 058 044 0.83 0.48 0.35 0.79 0.58 0.39 0.84 0.55 0.36 0.89 0.54 0.4I
|6H* 0.82 0.47 0.40 0.81 0.39 0.33 0.80 0.49 0.35 0.79 0.41 0.34 0.84 0.48 0.39
l61* 0.84 060 040 0.82 0.52 033 0.84 0.63 0.36 0.87 0.65 0.34 0.85 0.62 036
19A* 0.61 0.71 0.36 0.60 0.62 0.3l 0.59 0.73 03I 0.66 0.73 0.26 0.61 0.68 034
19B 0.39 0.76 0.18 0.36 0.74 0.1l 0.41 0.77 0.17 042 0.76 0.1l 0.41 0.78 0.14
19C 0.57 0.84 0.27 0.52 0.83 0.22 0.53 0.78 023 0.58 0.86 0.I18 0.56 0.83 0.20
19D* 0.61 0.73 0.36 0.59 0.63 0.27 0.60 0.75 0.3l 0.64 0.64 0.29 0.63 0.70 0.33
I9E 0.31 0.58 0.I10 0.26 0.57 0.07 0.32 0.55 0.07 0.32 0.60 0.05 0.32 0.60 0.06
19F* 0.62 0.73 0.36 0.60 0.62 0.27 0.60 0.72 0.3l 0.66 0.65 0.27 0.63 0.66 034
19G* 0.47 0.43 0.31 0.46 029 0.25 0.45 0.41 0.28 0.54 0.46 025 0.50 0.42 0.32
19H 0.50 0.81 0.22 0.45 0.82 0.I5 0.52 0.8l 0.20 0.49 0.83 0.14 0.50 0.84 0.l16
191 0.52 0.76 0.23 050 0.76 0.16 0.55 0.74 0.24 0.49 0.76 0.15 049 0.78 0.14
20A* 0.47 0.21 0.70 0.45 0.I13 0.62 0.49 0.20 0.65 0.50 0.17 0.58 0.48 0.17 0.67
20B* 0.44 0.I18 0.67 042 0.12 0.63 0.43 0.18 0.62 0.40 0.08 056 0.42 0.I5 0.64
20C* 0.37 0.22 0.75 0.22 0.09 0.69 0.29 0.16 0.71 0.31 0.13 0.69 0.29 0.13 0.72
20D*  0.37 0.21 0.76 0.30 0.14 0.73 0.33 0.19 0.74 032 0.11 0.73 035 0.14 0.73
20E* 0.60 0.43 0.60 0.56 037 0.57 0.59 0.45 0.57 0.65 0.44 052 059 034 0.56
20F* 044 022 0.79 0.43 0.I5 0.75 0.45 0.21 0.75 042 0.12 0.76 0.43 0.15 0.80
20G* 0.36 0.19 0.79 0.32 0.13 0.78 0.34 0.19 0.74 03I 0.08 0.77 033 0.14 0.80
20H* 0.26 0.16 0.58 0.19 0.11 056 022 0.13 0.54 0.17 0.05 0.55 022 0.10 0.59
201 0.43 0.22 0.77 0.32 0.15 0.73 0.40 0.22 0.73 0.35 0.14 0.70 0.36 0.17 0.74

Note. *= reversely coded item, bold = factor loadings > 0.4.



