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Abstract

This article focuses on a two-level model analysis of attitudes and beliefs affecting students’ higher order thinking
(HOT) skills in mathematics in Aceh, Indonesia. The data used are nested within the hierarchical ordering of both
student (level 1) and teacher (level 2). The variables used at level 1 in the study include liking mathematics, valuing
mathematics, confidence in mathematics, and individual judgement of mathematics ability, as well as beliefs
concerning mathematics related to lower order thinking (LOT) and higher order thinking (HOT). The variables at
level 2 involve beliefs concerning mathematics teaching related to LOT and beliefs concerning mathematics
teaching related to HOT. The analysis reveals that there are four variables at level 1 contributing to student HOT
skills in mathematics: liking mathematics, individual judgement of mathematics ability, beliefs concerning
mathematics related to LOT, and beliefs concerning mathematics related to HOT. At level 2, the one variable
affecting student HOT skills in mathematics is teacher beliefs concerning mathematics related to HOT.

Keywords: Higher order thinking. Lower order thinking. Teacher beliefs. Hierarchical linear modelling.

Resumen

Este articulo se centra en un modelo de dos niveles de analisis de actitudes y creencias que influyen en las
habilidades de pensamiento de orden superior (HOT) de los estudiantes en matematicas en Aceh, Indonesia. Los
datos utilizados se anidan dentro del orden jerarquico de los estudiantes (nivel-1) y del docente (nivel-2). En el
estudio, las variables utilizadas en el nivel lincluyen las matematicas, la valoracion de las matematicas, la
confianza en las matematicas y el juicio individual de las matematicas, asi como las creencias sobre las
matematicas de pensamiento de orden inferior (LOT) y el pensamiento de orden superior (HOT). En el nivel 2, las
variables involucran creencias sobre la ensefianza de las matematicas relacionadas con LOT y creencias
relacionadas con la ensefianza de las matematicas relacionadas con HOT. El analisis revela que hay cuatro
variables en el nivel 1, HOT, habilidades en matematicas, matematicas, juicio individual de las habilidades
matematicas sobre matematicas relacionadas a LOT y creencias relacionadas con las matematicas relacionadas
con HOT. En el nivel 2, la unica variable afecta las habilidades HOT de los estudiantes en las creencias
matematicas sobre las matematicas relacionadas con HOT.

Palabras-clave: Pensamiento de orden superior. Pensamiento de orden inferior. Creencias del maestro
Modelado lineal jerarquico.
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1 Introduction

Recent research in the field of mathematics education has highlighted the need to
investigate belief and attitude constructs as well as the need to investigate how these contribute
to the students’ mathematics performance. Beliefs play crucial roles in mathematics learning
and the interactions between beliefs and performance have been analyzed (DI MARTINO;
ZAN, 2011). Students’ beliefs may guide students’ activities in learning mathematics (LESTER
JR, 2002). In addition, students’ beliefs towards mathematics have a meaningful impact on their
attitudes toward mathematics (KLOOSTERMAN, 2002). Moreover, the importance of the
attitudes towards mathematics learning is also widely recognized. Studies have been conducted
to determine whether there is a causal relationship between students’ positive attitudes and their
mathematics performance (DI MARTINO; ZAN, 2011), with a positive attitude being
associated with a positive mathematics performance. It has been seen that a negative attitude
toward mathematics hinders a positive self-concept of mathematics ability (HANNULA, 2002).
Furthermore, there is also an argument that teacher beliefs are correlated to the students’ beliefs
(ROESKEN; PEPIN; TOERNER, 2011). Therefore, it is crucial to study the students’ beliefs
in relation to their attitude towards mathematics and mathematics performance while taking
into account the roles of the teachers’ beliefs.

While there are some clear definitions of attitudes, beliefs have not been so clearly
defined. Ernest (1989) defined attitudes to mathematics as a form of liking, enjoying and being
interested in mathematics or, negatively, as an anxiety towards mathematics. These attitudes
could also involve a student’s confidence of their mathematical ability which in turn reflected
on their self-concept and valuing of mathematics (ERNEST, 1989). Students’ attitudes toward
mathematics are correlated to students’ mathematics performance. This hypothesized causal
relationship between attitudes and mathematics performance has been established in a meta-
analysis review conducted by Ma and Kishor (1997), with the effect size that is statistically
reliable (0.23). Borg (2001) defined a belief as ‘a mental state which had as its content a
proposition that is accepted as true by the individual holding it, although the individual might
recognize that alternative beliefs might be held by others’. Beliefs were also seen as the result
of evaluation and judgement (PAJARES, 1992). Teachers’ beliefs played a vital role in shaping
the classroom practice likely to be consistent with teaching and learning as well as students’
beliefs and performance (ERNEST, 1989; NESPOR, 1987). Furthermore, beliefs dictated one’s

‘thinking and action’ (BORG, 2001). Thus, attitudes toward mathematics could be seen as one’s
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negative or positive responses to mathematics and mathematics learning. On the other hand,
beliefs are one’s judgement of a particular subject which guides further action.

Higher order thinking (HOT) skills have been mentioned in the earlier learning theories
implicitly (BIGGE; SHERMIS, 1992; BIGGS; MOORE, 1993) The skills were described
indirectly in Piaget’s stage of formal operation (BIGGS; MOORE, 1993), where adolescents
were able to analyze their thought and develop their ideas by employing reasoning skills.
Furthermore, they were also found in Bruner’s final cognitive growth, the symbolic mode. The
symbolic mode referred is the situation where adolescents grasped abstract concepts through
symbols, using language as the medium of thought (BIGGE; SHERMIS, 1992). HOT skills
were best described using Bloom’s taxonomy as involving applying, analyzing, evaluating and
creating skills (ANDERSON; SOSNIAK, 1994; PEGG, 2010). These skills are clearly seen at
the relational and extended abstract level in the SOLO taxonomy (PEGG, 2010). Higher order
thinking skills could also be seen as the ability of students to think mathematically when solving
problems (STAPLES; TRUXAW, 2010). This was in line with a review of higher order thinking
skills in three countries by Fullan and Watson (2011). It was mentioned that higher order
thinking skills in mathematics emerge in problem-solving skills, communicating the solution
mathematically. It can be argued that higher order thinking skills in mathematics involves two
important aspects: reasoning skills and problem-solving skills (utilizing analyzing, evaluating
skills). Equipping students with both skills benefited them in meeting the challenge of a
dynamic and innovative world (FORSTER, 2004). Therefore, it is essential to promote HOT
skills and investigate variables which can give positive impacts on the development of the skills
in the mathematics classroom.

While most studies have been carried out concerning the relationship between beliefs
and attitudes and their relationship with the student’s mathematics performance, they mainly
focus on investigating the relationships of beliefs and attitudes at only one level, either student
or teacher. This method has a limitation. In an educational setting, data are within the
hierarchical structure. Students, for example, are situated within the hierarchical structure of
classroom and school. Thus, the samples are not fully independent, as hierarchical structure
data tend to be more homogenous (OSBORNE, 2000). Thus, they should not be analyzed
independently at one level; preferably, a true multilevel analysis, hierarchical linear modelling
(HLM), should be employed where levels 1 and 2 are specified, respectively. There has been
limited study investigating the relationships of the constructs at both student and teacher levels.

Moreover, there has been limited study examining the relationship between these constructs
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and students’ performance related to higher order thinking skill in mathematics. Thus, one
intention of this article is to bridge this gap and investigate how students’ beliefs and attitudes
as well as teachers’ beliefs contribute to students’ mathematics performance, specifically their
performance related to higher order thinking skills. It aims at developing a broader
understanding of the relationship between teachers’ beliefs and students’ beliefs and attitude
and how these influence students’ mathematics performance through a two-level analysis. It
can contribute specifically to the body of knowledge of students’ and teachers’ beliefs and

attitudes concerning mathematics in the Asian context, more especially, in Indonesia.
2 Method
2.1 Variables Used

The variables analyzed at student level (level 1) are (a) liking mathematics (LIKE
MATH); (b) valuing mathematics (VALUE MATH); (c) confidence in learning mathematics
(MATH CONF); (d) individual judgement of mathematics ability (IND JUD); (e) beliefs
concerning mathematics related to HOT (SBM H) and (f) beliefs concerning mathematics
related to LOT (SBM L). The variables at teacher level (level 2) are: (a) beliefs concerning
mathematics teaching related to HOT (TBMT H); and (b) beliefs concerning mathematics
teaching related to LOT (TBMT L). The outcome variable is mathematics performance related
to HOT (MATH HOT). In Figure 1, there is a conceptual diagram of a two-level model of

attitudes and beliefs influencing mathematics performance related to HOT.

TBMTH Level-2: Teacher
TBMTL

LIKE MATH
VALUE MATH

Level-1: Student

Figure 1 — Conceptual model of two-level model of attitudes and beliefs influencing mathematics performance
related to HOT
Source: Prepared by author
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2.2 Participants, datasets, and data analysis

The datasets used in this study are based on the student and teacher data of a larger
research investigating on higher order thinking skills, examining the nexus between teachers’
beliefs, classroom practices, students’ beliefs, and mathematics performance. The participants
in this study are 1135 9" Grade students and 46 mathematics teachers from 25 schools in two
districts in the province of Aceh, Indonesia. The mathematics teachers selected are those who
teach in 9" Grade at the respective school. The 25 schools are selected using a stratified
purposive sampling method from the total of 114 Junior High Schools located in the two
districts in the province of Aceh. The schools are selected from one city to represent the urban
area and one district to represent the rural area. The instruments used in the study include a
student, teacher, and school questionnaire as well as mathematics test for students. All the sets
of questionnaires were self-administered. The actual dataset included students’ and teachers’
demographic data, their attitudes and beliefs as well as data related to classroom practice. The
mathematics test consisted of open-ended questions related to HOT and LOT. However, in this
analysis, we used only measures related to attitudes and beliefs from student and teacher
questionnaires together with mathematics performance related to HOT.

The student data is nested within the teacher data. When data is of a nested nature, it is
likely that the relationships between variables do not occur simply at one hierarchical level but
between the various hierarchical levels (HOFMANN, 1997). When nested data is mishandled,
incorrect conclusions concerning the phenomena may easily occur (SNIJDERS, 1999). To
obtain a better understanding of the relationship within and between the hierarchical levels, we
employed a hierarchical linear modeling (HLM) analysis. HLM is a statistical technique that
enables the simultaneous examination of the relationships at a single level as well as across the
levels. The requirements of HLM analysis are hierarchically structured data (e.qg., the first level
data nested within the second level) and the variables in the model considered having a
hierarchical linear structure (RAUDENBUSH, 1993). In this study, a two-level HLM analysis
is conducted using the HLM program version 6.08 (RAUDENBUSH; BRYK; CONGDON,
2004).

Prior to the data analysis, the variables used in the study were validated using a
Confirmatory Factor Analysis (CFA) and verified using a Rasch scaling analysis. The factor
loading of all items were above the acceptable cut-off point. “Factor loadings +£.50 or greater

are considered significant and factor loadings in the range of +.30 to +.40 are considered to
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meet the minimal level for interpretation of effect” (HAIR; BLACK; BABIN; ANDERSON,
2014, p.115). The reliability estimates were obtained from item separation reliability and person
separation reliability of the Rasch scaling analysis. All variables also have acceptable reliability
estimates. The estimates are within a satisfactory range of a required benchmark of 0.7
(JAHNIG, 2013). There are two stages of conducting an HLM analysis. The first stage employs
the fully unconditional or null model of a two-level model. This is the simplest model and
consists of no explanatory variables at any level, allowing the calculation of available variance
in an outcome measure across the two-level model of student and teacher. The second stage of
a two-level HLM analysis specifies the conditional model, allowing the examination of which
variables at each level can explain the variability obtained across different levels of the
unconditional model (BRYK; RAUDENBUSH, 2002). The results of the dataset HLM analysis

are presented and discussed accordingly.

3 Results

Hierarchical linear modelling (HLM) is employed to statistically analyze a data structure
where students (level 1) are nested within teachers (level 2). Of specific interest is the
relationship of mathematics performance related to HOT (level 1 outcome variable) and
students’ attitudes and beliefs concerning mathematics (level 1 variables), and their teachers’
beliefs concerning mathematics (level 2 variables). Model testing proceeds in three phases:
fully unconditional model (null model), final level 1 model and full model. The outcome
variable is mathematics performance related to HOT (MATH HOT).

Table 1 — Null model of mathematics performance related to HOT
Final estimation of fixed effects (with robust standard errors)

Fixed effect Coefficient Standard error  T-ratio  Approx. d.f P-value
For INTRCPTL, BO
INTRCPT2, GO0 -0.10 0.11 -0.92 40 0.37
Final estimation variance components
Random effect Standard Variance Df Chi-square P-value
deviation component

INTRCPT1, UO 0.72 0.51 40 1235.50 0
level 1, R 0.70 0.49
Statistics for current covariance components model
Deviance 2553.80
Number of estimated parameters 2

Source: Research data

The null model reveals an interclass correlation (ICC) of 0.51. Thus 51% of the variance
in mathematics performance related to HOT is between teachers and 49% of the variance in
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mathematics performance related to HOT is between students within a given teacher. The null
model is summarized in Table 1.

As the variance in mathematics performance related to HOT exists at both levels of the
data structure, explanatory variables are individually added at each level. The final level 1
model is tested and there are four variables which are statistically significant: individual
judgement of mathematics ability (IND JUD), liking mathematics (LIKE MATH), belief
concerning mathematics related to HOT (SBM H) and belief concerning mathematics related
to LOT (SBM L) (b =0.04, p <0.01; b =0.05, p<0.01; b =0.08, p<0.01 and b = - 0.14,
p < 0.01, respectively). The final level one model is summarized in Table 2.

Table 2 — Final level one model of mathematics performance related to HOT
Final estimation of fixed effects (with robust standard errors)

Fixed effect Coefficient Standard error T-ratio  Approx. P-valt
d.f
For INTRCPT1, BO
INTRCPT2, GO0 -0.10 0.11 -0.96 40 0.34
For IND JUD slope, B1"
INTRCPT2, G10 0.04 0.02 2.91 40 0.01
For LIKE MATH slope, B2"
INTRCPT2, G20 0.05 0.02 3.16 40 0.00
For SBM H slope, B3"
INTRCPT2, G30 0.08 0.02 3.39 40 0.00
For SBM H slope, B4"
INTRCPT2, G40 -0.14 0.02 -7.17 40 0.00
Final estimation variance components
Random effect Standard Variance Df Chi- P-value
deviation component square
INTRCPTL, U0 0.67 0.45 40 613.61 0.00
IND JUD slope, U1” 0.04 0.00 40 39.15 >.500
LIKE MATH slope, U2" 0.06 0.00 40 51.36 0.11
SBM H slope, U3" 0.08 0.01 40 51.34 0.11
SBM L slope, U4" 0.07 0.00 40 28.73 >.500
level 1, R 0.65 0.43
Statistics for current covariance components model
Deviance 2446.13
Number of estimated parameters 16

*LIKE MATH (liking mathematics); VALUE MATH (valuing mathematics); MATH CONF (confidence in
learning mathematics); IND JUD (individual judgement of mathematics ability); SBM H (beliefs concerning
mathematics related to HOT): SBM L (beliefs concerning mathematics related to LOT); TBMT H (beliefs
concerning mathematics teaching related to HOT); TBMT L (beliefs concerning mathematics teaching related to
LOT).

Source: Research data

The result of the final level 1 model shows that students’ mathematics performance is
higher when students have judged their mathematics ability more positively. Students’
performance is also higher when they like mathematics more and when they have a more

positive belief concerning mathematics related to HOT. However, students’ mathematics
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performance is lower when they have more positive beliefs concerning mathematics related to
LOT.

Table 3 — Final model of mathematics performance related to HOT

Final estimation of fixed effects (with robust standard errors)

Fixed effect Coefficient Standard error  Ratio Approx. d.f  P-value
For  INTRCPTL, BO
INTRCPT2, GO0 -0.10 0.10 -1.08 39 0.29
TBMT H, G01* 0.16 0.05 2.94 39 0.01
For IND JUD slope, B1"
INTRCPT2, G10 0.04 0.01 2.96 40 0.01
For LIKE MATH slope, B2"
INTRCPT2, G20 0.05 0.02 3.04 40 0.01
For SBM H slope, B3"
INTRCPT2, G30 0.08 0.02 3.38 40 0.00
For SBM L slope, B4*
INTRCPT2, G40 -0.14 0.02 -7.259 40 0.00
Final estimation variance components
Random effect Standard Variance Df Chi-square P-value
deviation component
INTRCPTL, UO 0.61 0.37 39 541.41 0.00
IND JUD slope, U1" 0.04 0.00 40 39.17 >.500
LIKE MATH slope, U2" 0.06 0.00 40 51.35 0.11
SBM H slope, U3" 0.08 0.01 40 51.38 0.11
SBM L slope, U4" 0.07 0.00 40 28.64 >.500
level 1, R 0.65 0.43
Statistics for current covariance components model
Deviance 2440.32
Number of estimated parameters 16

*LIKE MATH (liking mathematics); VALUE MATH (valuing mathematics); MATH CONF (confidence in
learning mathematics); IND JUD (individual judgement of mathematics ability); SBM H (beliefs concerning
mathematics related to HOT): SBM L (beliefs concerning mathematics related to LOT); TBMT H (beliefs
concerning mathematics teaching related to HOT); TBMT L (beliefs concerning mathematics teaching related to
LOT).

Source: Research data

The final model is tested by adding each level 2 predictor variable indicating that
teacher’s beliefs concerning mathematics teaching related to HOT is positive and significant
(b = 0.16, p < 0.01). The final model is summarized in Table 3. This means students’
mathematics performance is higher when their teachers have more positive beliefs concerning
mathematics teaching related to HOT. There is no significant cross-level interaction between
level 1 and level 2 predictor variables, which means the degree of teacher beliefs has no
influence on the strength of the relationship between the level 1 predictor variables and
mathematics performance related to HOT. The proportions of variance explained by the final
two-level model are 12% at level 1 and 12% at level 2. The illustration of the final model is

presented on Figure 2.
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Figure 2 — Final model of two-level model of attitudes and beliefs influencing mathematics performance related
to HOT
Source: Prepared by author

3 Discussion

The hierarchical linear analysis for examining the relationships of mathematics
performance related to HOT (level 1 outcome variable) and students’ attitudes and beliefs
concerning mathematics (level 1 variables), and their teachers’ beliefs concerning mathematics
(level 2 variables) indicated that students’ mathematics performance related to HOT influenced
by students’ attitude concerning mathematics (liking mathematics and individual judgement of
mathematics ability). This result is promising for future Indonesian students’ mathematics
performance in HOT as previous research has reported that Indonesian students’ attitude
towards mathematics is positive (CHARLES; HARR; CECH; HENDLEY, 2014; SUPRAPTO,
2016). This is also in line with the finding in Thien, Darmawan and Ong (2015), in which
attitude concerning mathematics being the predictor of the Indonesian mathematics
performance. However, studies also reported that there is a decreasing trend of students’ attitude
toward mathematics as they reach a higher level of education (DEIESO; FRASER, 2019;
WIJSMAN; WARRENS; SAAB; VAN DRIEL; WESTENBERG, 2016). As attitude and
performance is interrelated in many studies (HANNULA, 2019; WIJSMAN et al., 2016), the
decreasing pattern of students’ attitude in a higher level of education is in line with the declining
pattern of students’ mathematics performance (WIJSMAN et al., 2016). This may be due to the
learning students experienced in the higher level of schooling is less interested (MIRZA;
HUSSAIN, 2018). Thus, it is a challenge for Indonesian mathematics teachers to keep the

students’ attitude remain high in each level of schooling by creating an interesting lesson.
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Another finding also revealed that the students’ performance was higher when they had
a more positive belief concerning mathematics related to HOT and was lower when they had
more positive beliefs concerning mathematics related to LOT. These findings are consistent
with those found by Schommer-Aikins, Duell and Hutter (2005) reported that the students’
epistemological beliefs of mathematics are one of the predictors of their mathematics
achievement. Even though their research did not specifically examine the higher and lower
order thinking skills in mathematics rather problem-solving in mathematics, the findings are
still relevant for problem-solving skills also promoting HOT. The findings of this study and the
previous study shows the potential influence of beliefs for the student performance and more
investigation on how to strengthen the beliefs having positive impact to the performance is
required.

Teacher’s beliefs concerning mathematics teaching related to HOT is positive and
significant (b = 0.16, p < 0.01). The final model is summarized in Table 3. This means students’
mathematics performance is higher when their teachers have more positive beliefs concerning
mathematics teaching related to HOT. This in line with Ertmer (2005) and Spruce and Bol
(2015) who emphasized that teachers’ beliefs have an influence on their classroom practice,
which in turn will lead to impact the students’ performance. This finding implies the concern
for ensuring teachers to have favorable beliefs toward their classroom practices as its impact

for the students’ achievement is unavoidable.

4 Conclusion

A two-level model of students’ mathematics performance related to HOT was analyzed.
There are three explanatory variables that are positively significant (which are LIKE MATH,
IND JUD and SBM H) and one predictor negatively significant (which is SBM L) at level 1
(student). Also, there is one variable that is positively significant (which is TBMT H) at level 2
(teacher). The results show that students’ attitudes and beliefs as well as teachers’ beliefs
influence students’ mathematics performance related to HOT. The results can be interpreted as
meaning that students who like mathematics more, have a more positive judgement of their
mathematics ability and have more positive beliefs related to HOT that are more likely to have
higher mathematics performance related to HOT. Conversely, students having more positive
beliefs concerning mathematics related to LOT are less likely to have higher mathematics

performance. Furthermore, the teachers’ beliefs also contribute to students’ performance as
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students whose teachers have a more positive belief concerning mathematics related to HOT

are more likely to have a higher mathematics performance related to HOT.
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