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This study aimed to examine the validity of the Indonesian version of the
short attitude toward mathematics inventory (ATMI). The adapted inventory
was also used for further analysis to explore mathematics attitude of pre-
service chemistry teachers across gender. The original ATMI was translated
into Bahasa and distributed to 328 participants via the online survey. After
preliminary checking for multivariate outliers, all the data were used to
analyze the construct validity of structural model using confirmatory factor
analysis (CFA). Furthermore, multigroup analysis with structured mean
modelling was conducted to explore the gender effect toward mathematics
attitude. All item means, standard deviations and correlation matrix were
also explored. The result found that the short form supported the four-factor
solution as the original ATMI. Modification indices, standardized regression
weight, and squared multiple correlations were used to determine which
items to be removed or retained during analysis until standard criteria for

model fit reached. This items deletion produced a shorter version of ATMI
(19 items) with fairly good internal consistency, both for all items inventory
(0=0.92) or for individual subscale (mean 0=0.86). Moreover, the t-test on
the latent mean value showed no significant difference of attitude toward
mathematics between male and female.
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1. INTRODUCTION

University-level chemistry course is considered as the most tough course for science students. How
come, most of subject in university chemistry apply math-based approach to gain chemistry concept, such as
physical chemistry, analytical chemistry, and statistical thermodynamics. which require experience and high-
level math skills [1]. For example, in physical chemistry courses, students need to master advanced calculus
such as integral and partial differential equations, operators, matrices, group theory, vectors, mathematical
series [2]. Which is can being a barrier to student success in the course because the topic is not taught as
standard mathematical courses in schools [3]. There are at least three things that need to be considered and
improved in order to be successful in mathematics-based chemistry course including attitudes towards
mathematics, prerequisite mathematical abilities and the ability to translate mathematical language into
physical systems and/or otherwise [4].

Because of its significant role in students’ success of studying chemistry at university, efforts to
improve math attitudes and abilities have become one of the focuses of research in recent decades [5]-[12].
However, many researchers more focus on increasing mathematical achievement only, without changing
students' mathematical mindset and confidence [13]. The mathematics attitudes can affect students’ way of
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thinking in mathematics, the perceived importance of it, and willingness to put a lot of effort in improving
their mathematics achievement [14]. Mathematics attitudes contributed to students’ mathematical
performance more than personality and cognitive abilities [15]. Moreover, a personal decision to take a large
portion of mathematics and math-related subjects that they will study in the future is significantly influenced
by how they perceive mathematics itself. Specifically, individuals with poor attitudes toward mathematics are
less likely to choose university courses and careers that require the use of mathematical skills [16]. In line
with that, student confidence is one of the most prominent reasons in deciding whether to take or not a higher
level of mathematics besides evaluating the time demands of the higher levels of mathematics compared with
other subjects [17]. Furthermore, mathematics teachers and career professionals revealed that the main
factors causing students to decide not to take the higher levels of mathematics at senior secondary school
were dominated by self-perception of ability, interest and liking for higher level mathematics, perceptions of
the difficulty of the higher subject level, previous achievement in mathematics and its perceived usefulness
[18]. Improving students mathematical knowledge, especially science students is very important, but building
a positive attitude towards mathematics is work that cannot be ruled out. The two must go hand in hand.

An attitude is “a disposition to react favorably or unfavorably to a class of objects” [19]. Thus,
attitude toward mathematics is an affective component described the positive, neutral, or negative feelings a
person has about mathematics. Attitude toward mathematics as personal emotions, beliefs, and behavior
related to mathematics [20]. A basic conception that is widely used as the basis for adapting mathematical
attitudes is Neale's conception of attitude towards mathematics which is well known and widely understood
in mathematics research. His definition of attitude toward mathematics is “a liking or disliking of
mathematics, a tendency to engage in or avoid mathematical activity, a belief that one is good or bad at
mathematics, and a belief that mathematics is useful or useless” [21]. In line with this definition, Tapia and
Marsh [22] also had the similar formulation that attitude toward mathematics refers to one's feelings and
emotions toward mathematics, which includes value, self-confidence, enjoyment, and motivation. From
many definitions related to mathematics attitude, all of them are derived from the definition that attitude
consists of three different components, namely cognitive, affective, and behavioral components. Thus, the
measurement and development of instrument for attitudes toward mathematics have to consider the
emotional response toward mathematics (affective), facts and beliefs about mathematics (cognitive), as well
as observations and behavior of mathematics practices (behavior) [23].

Literature searching found a variety of instruments used to measure attitudes towards mathematics
[16], [24]-[28]. Among the available instruments, The Fennema-Sherman mathematics attitudes scales
(FSMAS) is the best known and the most widely used in related research [24]. This scale accommodates nine
subscales, namely attitude, self-efficacy, anxiety, and value of mathematics. The other five subscales are
gender; student's perception of their mother's interest in math; student's perception of their father's interest in
math; student's perception of teacher's attitudes toward math; and the usefulness of mathematics as a domain.
However, this instrument consists of 108 items which can take more time in filling the instrument so it has
the potential to distract the respondent's focus. In addition, the instrument was standardized based on norms
drawn from United States (US) which makes the existing scales might not be appropriate for the Indonesian
people. Another instrument called the attitudes toward mathematics inventory (ATMI) developed by Tapia
and Marsh [22] is one of the latest instruments, although this instrument has not received much attention for
education researchers [29], [30]. The original form of ATMI consists of 49 items which are grouped into six
dimensions, namely confidence, anxiety, value, enjoyment, motivation and parent/teacher expectations.
Twelve items of which are reversed items. A field trial using the five-point Likert scale of the original ATMI
was conducted on 544 high school mathematics students in Mexico City, of which 291 participants were
male and the rest were female [25].

All the data was processed to understand the internal consistency and structural validity of the
instrument. Item-to-total correlation and Cronbach alpha were used to decide if items should be retained or
removed. One by one the items with the lowest item-to-total correlation were deleted to increase the
coefficient of Cronbach alpha. This process was stopped until no further increase in the alpha value. The
results showed that there were 9 items removed with an item-to-total correlation below 0.50, leaving 40 items
as the final version of ATMI with a Cronbach alpha of the instrument reached 0.97. This alpha value
confirmed that the instrument had a high degree of internal consistency. Factor analysis to the 40 items of the
ATMI resulted in a four-factor solution, namely self-confidence (15 items), value (10 items), enjoyment (10
items) and motivation (5 items) which accounted for a total of 59.22% of variance [25], [31].

Although ATMI has a stable factor structure and strong psychometric properties, the use of this
inventory to assess the mathematics attitude of school or university students is still rare compared to the
famous Fennema-Sherman scale [22], [30]. Lim and Chapman [30] suggested to extend the use of ATMI to
non-western samples with a shorter form to shorten the time for administration. The same thing was
conveyed by Chamberlin and Powers who suggested that this inventory tested to the cross-cultural sample
with different ages, levels of education and with a shorter version [29].
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The main problem of this research is studies on the use of ATMI instruments in various Asian
countries are still very rare, including in Indonesia. There is no information regarding the validation of the
ATMI construct toward Indonesians sample. Therefore, the question is whether this short version of ATMI
remains stable for non-western populations, especially Indonesian university students. The proposed
solutions to examine the cross-cultural validity and internal consistency of the Indonesian version of the short
ATMI by applying a set of statistical techniques, such as confirmatory factor analysis (CFA). Moreover, a
validated instrument will be implemented to assess the mathematical attitudes of pre-service chemistry
teacher across gender using latent mean analysis.

2. RESEARCH METHOD
2.1. Participants

The sample was 328 pre-service chemistry teachers, Faculty of Teacher Training and Education,
University of Lampung, Indonesia consisting of 297 females and 31 males. With respect to the grade, 119 are
first year students, 75 second year students, 76 third year students and 58 fourth year students. The number of
samples used in this study match the recommended range of sample size (200<N<400) for a field test and
usable surveys [23].

2.2. Research design and procedures

This survey research took approximately 4 months. At the initial stage, an assessment was carried
out on students' prior knowledge about mathematical attitudes, attitude instruments, and the need for analysis
of mathematical attitudes. Furthermore, a literature study was conducted regarding existing mathematical
attitude instruments and their use in other countries. ATMI was first developed for western samples with
native English language so that cross cultural adaptation and translation into Indonesian was carried out in
collaboration with linguists. The ATMI adaptation is carried out by considering the suitability of the
theoretical construct with the original ATMI and the concept relevance with Neale’s definition of
mathematics attitude. Because the research sample is a non-English spoken language, the ATMI back
translation procedure was carried out with two active English translators and continued with verification of
the suitability of items based on Neale’s definition [21]. The items of adapted ATMI were written into a
google form, codified into a five-point Likert scale, and distributed to samples through online meetings. the
students were asked to join in the online meeting to be explained about the procedure for filling out the
questionnaire and the students were asked to stay in the meeting until all students had finished filling out the
questionnaire. This step is taken to ensure that students fill in correctly and avoid a functional filling out of
the questionnaire.

2.3. Instrument

The instrument used in this study was a questionnaire on the attitude scale of pre-service chemistry
teacher towards mathematics which was developed for the first time by Tapia [25]. The final version of the
original ATMI consists of 40 statement items factored into 4 subscales, namely self-confidence (15 items),
value (10 items), enjoyment (10 items), and motivation (5 items). Full item statements of original ATMI and
the associated factors can be seen in supplementary information. The original ATMI has been tested to be
constructively valid, meets the standard criteria of fit index and has a high level of internal consistency to be
used in determining students' mathematical attitudes. The launching of ATMI was first tested on a sample of
students with native spoken English and then some researchers used it to non-western sample [30], [32], [33].
Therefore, in the current study, the ATMI instrument was used to analyze mathematical attitudes for
Indonesian college chemistry students.

2.4. Data analysis

The survey datasets were prepared for avoiding errors in data entry and multivariate outliers’
detection using Mahalanobis distance. Moreover, the structural model of the original ATMI was drawn with
the help of AMOS and the model was tested for validation of the construct against our clean data using CFA.
During analysis, data reduction indicators are determined based on the smallest possible modification indices
value to reach the minimum criteria of acceptable fit index. Recommended range of fit indices include
x2/df<3, TLI>0.95, CFI>0.95, NFI>0.90, SRMR<0.08, RMSEA<0.06, RFI and GFI>0.90, respectively [34]-
[36]. Data regarding factor loading, variance, covariance, squared multiple correlations were extracted
according to the proposed model. Furthermore, multigroup comparisons across gender, grade, and learning
achievements were also carried out by first testing measurement invariance across groups including
configurational invariance, metric invariance, scalar invariance, residual items (errors) variance—covariance
invariance and factor variance—covariance invariance [37]. Chi-square, Gamma Hat, and McDonald
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noncentrality index (NCI) tests were used to identify the equivalence of the proposed model across groups.
Latent mean difference and effect size analysis were also carried out to understand the gender effect on
mathematics attitudes.

3. RESULTS AND DISCUSSION

Factor analysis is a powerful statistical technique widely used to determine psychometric properties
of the scale. CFA techniques had been applied in this study to confirm the structure validity and the
relationship between the structural factors of ATMI on cross-cultural sample i.e., Indonesian students. Prior
to the structural factor analysis, the ATMI adaptation process was carried out by considering Neale's
definition of attitude toward mathematics to ensure that cross-cultural adaptation and statistical justification
of the inventory related to the theoretical framework. The use of Neale’s definition is done by making a
correspondence between the subscales and the definition as shown in Table 1. All item will be crosschecked
for their suitability with Neale definition by approaching the keywords of the definition.

Table 1. Subscale of ATMI and the corresponding Neale’s definition

Subscale of ATMI Neale definition
Self confidence A belief that one is good or bad at mathematics
Value A belief that mathematics is useful or useless
Enjoyment A liking or disliking of mathematics
Motivation A tendency to engage in or avoid mathematical activity

3.1. Confirmatory factor analysis

The structural equation model is built by connecting endogenous and exogenous factors. Exogenous
factors are questionnaire items while endogenous factors are latent factors that represent several
questionnaire items. Each factor is connected by one-way arrows to describe the relationship between
endogenous and exogenous factors, while each latent factor is then connected by two-way arrows that
illustrate the relationship of covariances between latent factors. In the CFA analysis, the factors considered in
the fit model have at least 3 items. This is because factors that only have less than 3 items are considered to
be very weak or unstable; on the other hand, a factor consisting of 5 or more items with a loading value (0.50
or more) is preferred and indicates a solid factor.

The maximum likelihood estimation technique was applied in the CFA with retained items in the
construct determined based on three indicators to prevent model misspecification described by Kamaruddin
and Abeysekera [38]. Three main causes of model misspecification, namely errors in the analysis of
standardized regression weights, squared multiple correlations, and modification indices [39]. Standardized
regression weights play a role in determining the loading factor for each item, squared multiple correlations
to determine the reliability of items, and modification indices to avoid items that might have the same
meaning. Modification indices propose the possibility of adding or subtracting items to the model and
predicting that the chi-square value of the model will decrease if the suggested parameters are added or
decreased (a lower chi-square value indicates better model fit). In short, the modification indices can be used
to better understand which items or relationships might lead to better or poorer fit of the model. Modification
indices will lead researchers to choose which items should be deleted or retained in the model.

The results of the CFA support the four-factor model of the original ATMI, but with a much shorter
version (19 items). Similar to the Tapia and Marsh structure of ATMI, the items statement in the short
version is also accommodated in four subscales, namely self-confidence (6 items, «#=0.90), value (5 items,
=0.85), enjoyment (5 items, =0.89), and motivation (3 items, =0.82). All of the four dimensions exceeded the
minimum reliability value for the acceptable range of internal consistency [40]. The full short form of
inventory had a high internal consistency (¢=0.92) although this value is slightly below the original ATMI
(a=0.96). Moreover, the alpha value of this version was found to be similar to the short form of ATMI [30].
The difference between this short version and the original ATMI is found in the composition of the items
statement for each subscale. The original ATMI includes positive and negative items for each subscale except
the value subscale which only has positive items, while this short version only has negative statements on
self-confidence (all items in this subscale are reversed items), the other subscales are positive statements. The
proposed structural model of the short ATMI with factor loading, item intercepts and factor covariances is
presented in Figure 1. The model is confirmed to have an acceptable fit to the data like y2/df=2.09;
TLI=0.94; CFI=0.95; NFI=0.91; SRMR=0.04; RMSEA=0.06; RFI=0.90, GFI=0.90.

Furthermore, verification of the short ATMI is continued by looking at the values of standardized
regression weights and squared multiple correlations. The estimated value of standardized regression weights
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explains the relationship between the response variable (latent factor) and predictor (items). This value
accounts the changed in standard deviations of variable and predictor. This means that the regression weights
can be used to deduce regarding the cause-effect interactions between latent factor-items. The estimated
values of standardized regression weights, or what is often referred to as factor loading, of this construct were
more than 0.70 (ranging from 0.64 to 0.88) except three items which is slightly lower (~0.64). These scores
showed a predictor variable have a quite strong impact on a dependent variable. This was also supported by
squared multiple correlations with a value ranging from 0.41 to 0.78. The estimated values of standardized
regression weights and squared multiple correlations were in the acceptable range suggested by Kamaruddin
and Abeysekera [38], and reached the adequacy criteria of covariance structural model.

The construct model in Figure 1 also shows the relationship between factors described by factor
covariance. Covariance value provides information that the factors are positively and significantly correlated
with each other. In addition, CFA also generated subscale variance as: self-confidence (0.78), motivation
(0.67), enjoyment (0.49), and value (0.22). Moreover, the full short version was accounted for 54% of
variance which is slightly lower than original ATMI (59.22%). This indicates that self-confidence plays a key
role in determining mathematical attitudes. Similar studies stated that self-confidence is a key affective
variable in mathematics education research in the last 10 years. Furthermore, self-confidence has become one
of the most important variables that determine students’ mathematics achievement in recent years [41]-[43].
In the next discussion, we will discuss self-confidence in relation to the learning achievement of chemistry
students.
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Figure 1. The structural model of the short ATMI
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3.2. Descriptive analysis

From the descriptive analysis, it can be observed that generally participants tend to have relatively
low levels of self-confidence in the context of interacting with mathematics (M=3.33-4.04, SE=0.054-0.068).
All items of self-confidence subscale accommodated in the inventory were negative statements and most of
students realized that they were not confident enough to face lectures that require mathematical reasoning.
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Students feel that mathematics makes them uncomfortable and even most of them always feel quite
depressed in mathematics-based lectures. Nevertheless, they realized that mathematics and learning
mathematics is a valuable thing (M=3.82-4.49, SE=0.035-0.048) and one of the subjects that must be studied.
Most of them agreed that mathematics is one of the most important subjects to learn because its usefulness in
many ways to make life easy. Furthermore, they also felt quite enjoy (M=3.40-3.62, SE=0.048-0.060) in
studying mathematics at university and showed a fairly good interest in mathematics although when
compared to other courses/non-mathematics classes, they may be happier to be in it. Lastly, they had quite
high motivation (M=2.98-3.48, SE=0.051-0.054) to learn mathematics because they believed that learning
mathematics can help in their future work or professional life. Overall, participants have a fairly positive
attitude towards mathematics and learning mathematics, although in this case their confidence is relatively
low.

Learning chemistry concepts cannot be separated from mathematics. Numerous studies have
reported that students' mathematical abilities have a strong correlation to the chemistry achievement [12],
[44]1-[46]. In general, the mathematical skills required for university chemistry can be categorized into basic
mathematical skills such as the ability to use and manipulate fractions, decimals, exponents, percentages,
one-variable equations, ratio and proportion required in the admission exams and introductory chemistry
courses [47]-[49]. Meanwhile, more advance mathematics ability like understanding higher-order equations,
trigonometry, and complex numbers are needed for the advanced level of chemistry course [12]. Good math
skills and abilities will greatly support students' learning in chemistry and even, after graduate and entering
the professional work, math skills also support their STEM career [50], [51].

However, one cannot rely solely on cognitive variables and ignore non-cognitive variables such as
attitudes and beliefs. It has been proven that attitudes also play a vital role in determining students' success in
chemistry [52]. In relation to non-cognitive variables, research conducted by Ma states that math ability and
attitude toward mathematics strengthen each other reciprocally [53]. Many failures in mathematics and
mathematics related subject are caused by students' belief that mathematics is an exceptionally difficult and
tedious subject [54]. Additionally, unproductive belief of achieving in mathematics “becomes a self-fulfilling
prophesy that results in high levels of failure and disinterest in mathematical related subjects” [55]. As a pre-
service teacher, students build a positive attitude toward mathematics in order to teach the related field well,
and that task must immediately begin at the university. Therefore, it is very important for all education
stakeholders to focus on upgrading their self-confidence in learning mathematics, besides improving their
ability and skills in mathematics [56].

3.3. Measurement invariance across gender

Before conducting multigroup comparisons analysis and its interpretations, it must be known in
advance whether the data set is invariant or equivalent to be analyzed across two different groups. A set of
measurement invariance i.e. configural invariance, metric invariance, scalar invariance, residual items
(errors) variance—covariance invariance and factor variance—covariance invariance was conducted to the
baseline model (Figure 1) as recommended by Cheung and Rensvold [37]. First of all, the configuration
invariance test is applied to the baseline model across gender where none of the parameter is constrained. The
results show that the model fit is acceptable across groups (y¥/df=1.712; TLI=0.94; CF1=0.95; NFI=0.88;
SRMR=0.096; RMSEA=0.047; RFI=0.86, GFI=0.88) by referring to the Hu and Bentler [35] combinational
rules. Furthermore, the chi-square and degree of freedom values in the configurational invariance were
extracted and used as the basic/reference values for the metric invariance. Other supporting data such as CFl,
Gamma Hat, and McDonald's NCI values are also calculated to strengthen conclusions in measurement
invariance [37]. The delta of these values is used as the basis for determining the equivalence/invariance of
the model across groups [34], [37].

In the second stage, the model of metric invariance is constructed by constraining all factor loadings
of the items. Evaluation of the invariance metric is carried out to ascertain whether the items were responded
to in the same way by two groups. Furthermore, the delta of chi-square, degree of freedom, CFl, Gamma Hat,
and McDonald NCI in the metric invariance model versus the configurational invariance model were
calculated to determine whether there was a reduction in model fit as a result of adding loading constraints.
The results show that the Ay?=10.703 (with Adf=15) indicates that there is no significant difference in model
fit at p<0.01. This result is also supported by the values of ACFI=0.001, AGamma Hat=0.001, and
AMcDonald’s NCI=0.005 which indicated no substantial decrement of model fit due to the factor loadings
constraint. The same treatment was also applied to scalar invariance, residual item (error)
variance/covariance invariance, and factor variance/covariance invariance and value of the invariant
indicators extracted after analysis. Measurement invariant and values regarding the invariant indicators were
presented in supplementary information. All measurement invariance testing showed that there was no
significant change in the fit of the baseline model at the 0.01 significance level and the values of CFI,
Gamma Hat, and McDonald’s NCI were less than or equal to 0.01, 0.001, and 0.02, respectively [34], [37].
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Therefore, it can be confirmed that the proposed structural model of the short ATMI was invariant or
equivalent across gender difference.

3.4. Attitude towards mathematics with gender perspectives

A cross-cultural validated of the short ATMI was applied to evaluate the mathematics attitudes of
Indonesian pre-service chemistry teacher across gender. Latent mean difference was observed in the multiple
group analysis by setting to zero for latent mean value of male and freely estimated for female group as
deviations from male group. The negative latent mean value actually indicates that the mathematical attitude
of women is slightly more negative than that of men, although gender did not show a significant effect except
on motivational variable (p<0.05). Even so, gender effect was negligible based on effect size analysis. The
detailed information regarding latent mean analysis was presented in Table 2. Although these findings are
supported by some literature [57]-[61], further investigation of gender effects was discontinued because the
relatively small number of males in the sample [62].

Table 2. Latent mean analysis for subscales

. Male (n=32 Female (n=297
Variable Latent mezgn )SD Latent mea(n S)D Z score d p-value
Self confidence 0 1.029 0.08 0.872 -0.458 -0.08 NS
Value 0 0.412 -0.03 0469 0.444 0.068 NS
Enjoyment 0 0.728 -0.17 0.693  1.390 0.24 NS
Motivation 0 0.812 -0.30 0.812  2.213 0.37 S

*NS=not significant, S=significant

4. CONCLUSION

This essay has discussed the structural validity and reliability of short ATMI on a sample of
Indonesian students. Covariance structure analysis had proven the four-factor solution of mathematics
attitude as the original ATMI. Selected items load significantly to the corresponding affective disposition of
ATMI and meet the acceptable rank of structural fit index in CFA. This version has high internal consistency
by accommodating approximately 54% of the variance as also showed by another short version of ATMI. A
Structured mean analysis exhibited a better mathematics attitude of male than female. The findings from this
study had a contribution for adding the literature on the short version of ATMI, especially for non-western
countries. Therefore, the researcher suggests using the short ATMI as widely as possible in analyzing
mathematical attitudes for non-western samples for future work. Further investigation is needed by
comparing the socioeconomic characteristics of students and their school of origin. In the future, a study on
how the impact of mathematical attitudes affects math anxiety and career in mathematics also needs to be
implemented.
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