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Abstract

Geometrical measurement becomes one of the most critical topics in primary mathematics which
require the understanding of the underlying concepts and not just focusing solely on formulas.
Unfortunately, the teaching and learning of geometrical measurement is usually based on rules,
procedures and formulas. Besides, research have also shown that the scarcity of the conceptual
understanding significantly contributes to the poor geometrical measurement understanding.
Thus, the focus of this study is to clarify the specific types of geometrical measurement skills that
contribute to the geometrical measurement conceptual understanding. The research method was
based on literature review search strategy through online database such as Google Scholar and
Scopus. The results of this study indicate that in order to grasp the conceptual understanding of
geometrical measurement, pupils need to be proficient in geometrical measurement skills. From
the literature, it can be concluded that geometrical measurement skills involve the integration of
spatial skills and numerical skills. Thus, the findings of this study led us to draw conclusions on
the skills that guide primary-level pupils to grasp conceptual understanding in geometrical
measurement. Subsequently, the findings may also provide guidance for potential researchers and
teachers to evaluate the performance of pupils in geometrical measurement such as developing an
alternative assessment tool.
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INTRODUCTION

Geometrical measurement has a special and imperative role over almost every mathematics curriculum
especially, in primary mathematics. Geometrical measurement can be defined as the measurement of
perimeter, area and volume in one, two and three dimensions respectively. A wealth of literature studies
have documented that the concept of geometrical measurement plays an essential role not only in
mathematics but also forms the basis of other subjects such as physics, biology, chemistry, geology,
geography, architecture and art (Crites et al., 2018; Fuson et al., 2010; Kim et al., 2017; Pytlak, 2019).
Furthermore, geometrical measurement is seen as an intrinsic part of our daily lives, and we are unaware
that it discreetly teaches us the fundamentals of logical thinking and reasoning (Pytlak, 2019). As a
result, it is not surprising that geometrical measurement has been taught as early as preschool and has
since been developed and expanded throughout primary and secondary schools (Siti Nur Annisa & Lim,
2021).

In view of its crucial position in STEM (Sciences, Technology, Engineering and Mathematics)
education and our lives, pupils should fully understand the basic principles of geometrical measurement
and not just focus entirely on formulas (Machaba, 2016; Tan Sisman & Aksu, 2016). However, research
have shown that pupils have a poor understanding of geometrical measurement due to the scarcity of
conceptual understanding (Browning, Edson, Kimani, & Aslan-Tutak, 2014; Kim & Olah, 2019; Tan
Sisman & Aksu, 2016). This can be proved by a study conducted in Slovakia, which found that primary
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school pupils had trouble understanding geometrical measurement due to their difficulty in visualising
figures or objects, which prevents them from understanding and synthesising the figures (Csachova &
Jureckova, 2019). Furthermore, Jirotkova et al. (2019) discovered that primary school pupils in the
Czech Republic and Italy struggled with geometrical measurement because they were confused about
the relationship between perimeter and area. This is supported by a research conducted with primary
school pupils in Indonesia, in which the pupils reported that relying on complicated formulas makes the
topic appear difficult and uninteresting because they are unable to develop and investigate the
underlying concepts themselves (Laurens et al., 2018).

The depicted problems occur not just globally, but also locally. Recognizing the significance
of geometrical measurement in mathematics, Malaysia assesses this topic in both primary and secondary
school examinations, namely the Primary School Achievement Test (UPSR), School- Based Form
Three Assessment (PT3) and Malaysia Certificate of Education (SPM). However, according to the
Malaysian Examination Syndicate's Answer Quality, pupils continue to struggle with understanding the
basic concept of geometrical measurement (Malaysian Examination Syndicate, 2010, 2012, 2013, 2014,
2017). Furthermore, the performance of Malaysian secondary school students in geometrical
measurement is concerning, with Malaysia placing below the average level, ranking lower than nations
such as Japan, South Korea, the United States, Australia, Thailand, and Singapore in TIMSS 2015
(Chog et al., 2018).The root of the problem is that most of the pupils have learned geometrical
measurement by memorizing formulas and applying step-by-step procedures without addressing the
underlying concepts of geometrical measurement (Crites et al., 2018; Smith, Males, & Gonulates,
2016). Moreover, past studies have revealed that the problem that leads to a paucity of conceptual
understanding of geometrical measurement is because of the absence of assessment of the skills
associated to geometrical measurement (Crites et al., 2018; Hannighofer et al., 2011; Vasilyeva et al.,
2009). Thus, in responding to the above-mentioned call, this study seeks to clarify the specific types of
geometrical measurement skills that are essential for pupils to grasp the conceptual understanding of
geometrical measurement.

METHODOLOGY
1. Data Collection and Analysis

To collect data for this study, an online database technique was used through Google Scholar and
Scopus to search for relevant published journal articles and conference papers. Four keywords were
employed in the search strategy as follows: geometrical measurement, geometry and measurement,
geometry and measurement and spatial skills, geometry and measurement and numerical skills. At the
first stage, based on the selected keywords, all types of articles from various fields, such as peer-
reviewed journals, were selected, including concept papers, research papers, systematic review papers,
meta-analysis papers, and conference papers from January 2013 to August 2021. Then, only research
articles and review papers were designated as primary sources at the second stage. At the third stage,
the selected articles from stage two were reviewed and qualitatively analyzed, focusing exclusively on
fundamental facts of geometrical measurement and skills related with geometrical measurement,
particularly spatial and numerical skills. However, due to the study's restricted resources, several
resources prior to the year 2013 were used to support the study's findings.

RESULTS

This section will describe the results based on the research questions. The main aim of this study is to
clarify the specific types of geometrical measurement skills that contribute to geometrical measurement
conceptual understanding. The results of this study were analyzed qualitatively, and geometrical
measurement skills were divided into two parts, namely spatial skills and numerical skills. Next, spatial
skills were divided into two parts, namely, spatial visualization skills and spatial structuring skills.
Lastly, numerical skills were divided into two parts, namely, counting and computing skills and
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applying formula skills. Table 1 summarizes the findings in relation to the research question.

Table 1 Summarize of Findings

Geometrical Measurement Skills

Spatial Skills

Numerical Skills

Casey et al. (2011), Timova & Vondrova (2017),
Pavlovi¢ova & Svecova (2015), Ovadiya et al.
(2019), Slezakova et al. (2019), Hoth et al. (2019),

Hawes et al. (2017), McCrink & Opfer (2014),
Cipora et al. (2018), Casey et al. (2011) & Tumova
& Vondrova (2017), Hawes et al. (2019) & Crites et

(2015), Ovadiya et al.
(2019), Liu et al.
(2019),Saenz-Ludlow &
Jiménez (2019),
Jirotkova et al. (2019),
Wabhab et al. (2016),

Weskamp (2019), Jones
& Tzekaki (2016),
Reinhold et al. (2013),
Scandpower & Doorman
(2014), Crites et al.
(2018), Timova &

Hawes et al. (2019), Vondrova (2017),
Crites et al. (2018), Battista et al. (2017),
Timova & Vondrova Tan Sisman & Aksu
(2017) & Tan Sisman & | (2016) & Newcombe et
Aksu (2016) al. (2019)

(2018), Casey et al.
(2011), Khine (2016),
Crites et al. (2018) &
Timova & Vondrova

(2017)

Hawes et al. (2019), Crites et al. (2018), Okamoto et al. (2018)
al. (2014) & Verdine et al. (2016)
Spatial Visualization Spatial Structuring Counting and Applying Formula
Skills Skills Computing Skills Skills
Pavlovi¢ova & Svecova | Pytlak (2019), Riitten & Achdiyat & Utomo Nurwijayanti et al.

(2018), Casey et al.
(2011), Crites et al.
(2018) & Timova &
Vondrova (2017)

1. Geometrical Measurement

Geometrical measurement is a critical field of study, especially in middle grades, i.e., between the ages
of 8 and 12 years (Crites et al., 2018). Geometrical measurement refers to the measurements in one,
two-, and three-dimensions, including perimeter, area and volume and covers almost all of the essential
elements of mathematics (Kim et al., 2017). For this reason, geometrical measurement has already been
introduced since the first years of school and often begins with the learning of how to compare
measurements between objects, (e.g., shorter than or longer than) before continuing with more
complicated geometrical measurement concepts in the following years Outhred, Mitchelmore, McPhail
and Gould (2003). Besides, studies including the Trends in International Mathematics and Science
Study (TIMSS), have shown that geometrical measurement is one of the core topics in mathematics in
which the geometrical measurement content domain for TIMSS in Grade 4 and Grade 8 was 35 percent
and 30 percent respectively (Chog, Wong and Halim, 2018). However, geometrical measurement is
found to be an area of weakness for primary and also secondary students (Crites et al., 2018; Timova
& Vondrova, 2017). This is due to the pupils’ learning routine which only relies on memorizing
formulas and applying step-by-step procedures without actually understand the underlying meaning of
the formulas (Crites et al., 2018; Smith, Males, & Gonulates, 2016). One of the reasons for this problem
is that students are not exposed to assessments involving the skills needed to grasp the conceptual
understanding of geometrical measurement (Crites et al., 2018; Hannighofer et al., 2011; Vasilyeva et
al., 2009). In order to resolve this problem, specific mathematical knowledge and skills related to
geometrical measurement need to be carefully defined (Clements, Sarama, & Liu, 2008; Timova &
Vondrova, 2017).

2. Geometrical Measurement Skills

One of the important skills to ensure that primary-level pupils obtain a clear conceptual understanding
of geometrical measurement is geometrical measurement skills (Barrett et al., 2012). At the primary-
level, geometrical measurement skills focus mainly on geometrical measurement i.e., perimeter, area
and volume measurement (Steele, 2006). However, primary school pupils generally still do not acquire
a clear understanding of geometrical measurement because of an inadequacy of geometrical
measurement skills (Timova & Vondrova, 2017). Therefore, the goal of this study is to define and
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explain the geometrical measurement skills needed by primary level pupils to grasp the conceptual
understanding of geometrical measurement. The findings in Table 1 demonstrate that reviews of the
literature establish that geometrical measurement skills are not a unitary construct. Research in the field
of measurement has shown that the skills that predicts the level of geometrical measurement skills of
primary school pupils are spatial skills and numerical (Casey et al., 2011; Cipora et al., 2018; Crites et
al., 2018; Hawes et al., 2017, 2019; Hoth et al., 2019; Ovadiya et al., 2019; PavloviCova & Svecova,
2015; Slezakova et al., 2019; Timova & Vondrova, 2017). Barrett et al. (2012) mentioned in their study
that spatial skills and numerical skills are included as geometrical measurement skills, since spatial
skills could enable pupils visualise and make sense of objects around them and relate them to numerical
skills to better understand the meaning of geometrical measurement formulas. Besides, Hawes et al.
(2017) stated in their study that pupils with good spatial skills will certainly perform well in numerical
skills. However, there has been little study of the relationship between spatial skills and numerical skills
in determining the level of geometrical measurement (Casey et al., 2011). Therefore, this research uses
literature as a lens to investigate the integration of spatial skills and numerical skills to predict
geometrical measurement skills in primary level.

3. Spatial Skills

Spatial skills are claimed to be crucial for the achievement in science, technology, engineering, and
mathematics (STEM) (Uttal & Cohen, 2012). Indeed, most researchers argued that spatial skills play a
major role in determining the mathematical achievement (Battista, 1990; Battista & Clements, 1996;
Battista, Wheatley, & Talsma, 1982; Casey, Nuttall, Pezaris, & Benbow, 1995; Joan Moss, Zachary
Hawes, Sarah Naqvi, Beverly Caswell, Bruce, 2014; Karaman & Togrol, 2009; Minna Kyttila, Lehto,
Luit, & Hautamdki, 2003; Mix & Cheng, 2012; Okamoto, Weckbacher, & Hallowell, 2014;
Pavlovi¢ova & Svecova, 2015; Verdine, Golinkoff, Hirsh-Pasek, & Newcombe, 2016; Wai et al., 2009).
This is shown by the finding of many overlaps between brain regions used for spatial and mathematical
processing in various mathematical fields (Amalric & Dehaene, 2016). In addition, from the review of
literatures, spatial skills is the most critical skills required to determine the success in geometry and
measurement (Battista, 1990; Battista & Clements, 1996; Battista, Wheatley, & Talsma, 1982; Fuson
et al., 2010; Karaman & Togrol, 2009; Pavlovicova & Svecova, 2015).

Previous studies have proven that spatial skills consist of several sub-skills and can be defined
in multiple ways (Crites et al., 2018; Linn & Petersen, 1985). A wealth literature studies have indicated
that spatial skills are the combination of several sub-skills such as spatial visualization, spatial
perception, spatial orientation, spatial rotations, spatial imagery and many others sub-skills comprising
various disciplines such as, engineering, mathematics, art, science and cognitive psychology (Hegarty
& Waller, 2005; Linn & Petersen, 1985; Miller & Bertoline, 1991). This implies that the definitions of
spatial skills are so broad and common that they do not focus on particular spatial skills concerning
specific subjects (Uttal & Cohen, 2012). In order to solve this issue, a number of spatial tasks from
primary mathematics curriculum have been studied, especially in geometrical measurement, in order to
derive the specific spatial constructs to represent the spatial sub-skills for geometrical measurement
skills.

4. Numerical Skills

Numerical skills are an indispensable skill, not only in everyday life, but also in the pursuit of a good
career, which makes it a valuable skill in mathematics (Ball et al., 2005; Hoon et al., 2020). Numerical
skills include procedures and concepts that represent and manipulate quantities accurately (Newcombe
et al., 2019). Thus, the determination of success in mathematics is measured not only by understanding
the mathematical concepts on its own, but also on the efficiency of handling mathematical procedures
i.e., acquisition of a strong numerical skills (Tan Sisman & Aksu, 2012). However, studies have shown
that there is a scarcity of knowledge and experience to define precisely what early numerical skills are
ideally suited to make sure that mathematical knowledge is developed without problems. Besides,
Aunio & Riésénen (2016) mentioned in their study that poor performance in numerical skills could limit
a child’s potential in mathematical success. Therefore, this study not only illustrates and explains the
specific spatial skills in geometrical measurement, but also numerical skills that are required in
geometrical measurement skills.
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5. Spatial Skills in Geometrical Measurement

Spatial skills are one of the most essential skills to predict the success of primary pupils in geometrical
measurement (Hawes et al., 2017). This is because geometrical measurement mainly focuses on
visualization, which makes it important for pupils to have a high level of spatial skills Pavlovicova &
Svecova (2015). Unfortunately, the integration of spatial skills and geometry is scarcely being
introduced and applied, especially in the early stages of education (Clements & Sarama, 2011).
Therefore, in order to provide a solid foundation for geometrical measurement, the integration of spatial
skills into current curriculum is integral, in particular the development of instruction and the spatial
skills instrument (Hawes et al., 2017).

The literature defines spatial skills in multiple ways. The definition varies depending on the
type of discipline involved, such as art, technology, psychology, mathematics and engineering
education. For example, Miller & Bertoline (1991) define spatial skills as the combination of spatial
visualization, spatial orientation, spatial perception, spatial rotations and spatial imagery while Linn &
Petersen (1985) argued that spatial skills could be classified into the following three classes, including
spatial perception, mental rotation and spatial visualization. On the other hand, Hegarty & Waller
(2005) presented spatial skills as the spatial imagery which involve mental imagery. Thus, in this study,
a wide variety of tasks from the primary mathematics curriculum, in particular geometrical
measurement, have been analyzed in order to determine the spatial skills associated with geometrical
measurement skills. The findings from the literature as shown in Table 1 led us to draw conclusions
that the construct that capture the most requirements for spatial skills in geometrical measurement
content domain are spatial visualization (Battista, 1999a; Ben-Haim et al., 1985; Crites et al., 2018;
Hawes et al., 2019; Jirotkova et al., 2019; Lehrer, 2003; Ovadiya et al., 2019; Pavlovi¢ova & Svecova,
2015; Revina et al., 2011; Saenz-Ludlow & Jiménez, 2019; Tan Sisman & Aksu, 2016; Tuimova &
Vondrova, 2017; Wahab et al., 2016) and spatial structuring (M. Battista et al., 1998; M. T. Battista,
2003; M. T. Battista et al., 2017; Crites et al., 2018; Jones & Tzekaki, 2016; Lehrer, 2003; Newcombe
et al., 2019; Pittalis & Christou, 2010; Pytlak, 2019; Reinhold et al., 2013; Revina et al., 2011; Riitten
& Weskamp, 2019; Scandpower & Doorman, 2014; Tan Sisman & Aksu, 2016; Timova & Vondrova,
2017).

6. Spatial Visualization

Past studies demonstrated that spatial visualization significantly contribute to learning of geometry and
measurement (Battista, 1990; Clements & Sarama, 2014; Delgado & Prieto, 2004). However, most
pupils find it difficult to understand the skills of spatial visualization as they experience difficulties in
imagining, manipulating, rotating or ordering objects (Jones & Tzekaki, 2016; Yilmaz, 2009). This is
due to inadequate of studies in the field of spatial visualization skills in the specific content domain,
particularly for primary school pupils (Ryu et al., 2007). Therefore, relevant spatial visualisation skills
in the specific content domain of geometrical measurement have been defined and presented in this
study.

The definition of spatial visualisation differs in literature. The spatial visualization was initially
defined by Guilford & Lacey (1947) as the ability to manipulate, twist, rotate or invert objects. Later,
McGee (1979) suggested that spatial visualization refers to the ability to mentally rotate a depicted
object, to mentally reconstruct an object, and to mentally manipulate an object. On the other hand,
Clements & Battista (1992) and Hegarty & Waller (2005) described spatial visualization as the ability
to visualize the objects movements in two-and three-dimensional spaces. Recent research by Revina et
al. (2011) has found that spatial visualization relates to manipulating two and three-dimensional
objects. Titus & Horsman (2018)) further emphasized that spatial visualization is not only acquiring the
skill to mentally manipulate images, but also the skill to rotate images into a different structure and to
imagine visually what is inside a solid object. In this study, the explanation of spatial visualization is
driven by the content domain of this study, which is geometrical measurement where only certain
elements of spatial visualization are included. Thus, the elements of spatial visualization that are
required in geometrical measurement content domain include the visualization of object movements in
two- and three-dimensional spaces (Clements & Battista, 1992; Hegarty & Waller, 2005; Pittalis &
Christou, 2010) and the mental manipulation of two-dimensional and three-dimensional objects
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(McGee, 1979; Pittalis & Christou, 2010; Revina et al., 2011; Titus & Horsman, 2018) including
moving, ordering, matching and combining units (Clements & Sarama, 2014).

7. Spatial Structuring

Previous research has shown that spatial structuring is one of the most critical skills to possess in order
to be competent in geometrical measurement (Clements & Sarama, 2014; Tan-Sisman & Aksu, 2012).
This is because pupils who can imagine and generate such spatial structuring are able to start
formulating and abstracting their enumeration process in terms of formulas (Battista & Clements, 1998).
Spatial structuring can be defined as the mental operation of structuring an organization for an object
or set of objects in space. According to Battista (2004), spatial structuring involves visualizing and
conceptualizing the structure and shape of the object mentally through the identification, interrelation
and organization of its components. Specifically, in geometrical measurement, spatial structuring
stressed the significance of understanding the units, the relationships between units, and the repeating
a composite unit (Battista & Clements, 1996; Schifter & Szymaszek, 2003). Thus, by means of
systematic and explicit guidance on spatial structuring, pupils are able to organize their units according
to row structures involving a unit of units, followed by row-and-column structures where pupils could
flexibly think about unit of units focusing either on rows or columns, and lastly an array structure
involving the thinking of coordinated rows and columns which would include the thinking of a unit of
units of units (Battista et al., 1998; Clements et al., 2018; Outhred & Mitchelmore, 2000; Sarama &
Clements, 2009). Furthermore, spatial structuring can lead to the development of multiplicative
thinking (Battista, 1999).

8. Numerical Skills in Geometrical Measurement

Effective geometrical measurement skills include not only a comprehension of important measurement
spatial skills but also numerical skills that involve procedural competence for measurement (Casey et
al., 2011). Table 1 shows that previous study has proven that numerical skills are necessary skills
involved in geometrical measurement i.e., perimeter, area and volume (Barrett et al., 2006; M. T.
Battista, 2003; Cipora et al., 2018; Crites et al., 2018; Hawes et al., 2017, 2019; Huang & Witz, 2012;
McCrink & Opfer, 2014; Timova & Vondrova, 2017). According to Battista (2003), numerical
operations need to be conceptualized in order to link the formula with the object structure. This is
because the use of numerical skills such as the application of formulas based on conceptual
understanding is an effective method to solve geometrical problems. Casey et al. (2011) suggested in
their study that the numerical skills component of geometrical measurement consists of counting and
computing skills, including addition, subtraction and multiplication. Accordingly, it can be concluded
from the literature that numerical skills that predict performance in geometrical measurement are the
integration of counting, computing and applying formula skills to solve formula-based problems using
numerical calculations (Achdiyat & Utomo, 2018; B. M. Casey et al., 2011; Crites et al., 2018; Khine,
2016; Nurwijayanti et al., 2018; Timova & Vondrova, 2017).

9. Skills and Sub-Skills of Geometrical Measurement Skills

According to different authors, geometrical measurement skills is composed by several components or
skills: spatial and numerical. Besides most of them agree that the two factors of geometrical
measurement skills are the spatial skills which are composed by several sub-skills i.e., spatial
visualization and spatial structuring, and numerical skills which are composed by several sub-skills
such as counting, computing and applying formula skills. Figure 1 below summarized the skills and
sub-skills of geometrical measurement skills to measure geometrical measurement.
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Figure 1 Skills and sub-skills of geometrical measurement skills

Figure 1 shows that in order to grasp the conceptual understanding of geometrical measurement,
pupils need to be proficient in geometrical measurement skills. From the literature, it can be concluded
that geometrical measurement skills involve the integration of spatial skills and numerical skills. This
is due to the fact that spatial skills are crucial skills for pupils to conceptualize the formula for perimeter,
area and volume whereas numerical skills are required for pupils to apply the formula correctly. Thus,
spatial skills for geometrical measurement can be defined as the integration of spatial visualisation and
spatial structuring skills to mentally structure one, two and three-dimensional space from a single unit
of measurement to a composite unit and to conceptualize the formula for perimeter, area and volume.
Whereas, the subskills for numerical skills for geometrical measurement can be defined as the ability
to integrate counting, computing and applying formula skill to solve formula-based problems involving
perimeter, area and volume using numerical calculations.

DISCUSSION AND CONCLUSION

The purpose of this study was to define the skills needed to ensure that primary-level pupils obtain a
clear conceptual understanding of geometrical measurement. This is because geometrical measurement
is considered to be one of the most significant topics in primary mathematics which involve an
understanding of the underlying concepts. Thus, the findings of this study led us to draw conclusions
on the skills that guide primary-level pupils to understand the underlying concept of geometrical
measurement in order to be proficient in geometrical measurement. Subsequently, the findings may also
provide guidance for potential researchers and teachers to evaluate the performance of pupils in
geometrical measurement such as developing an alternative assessment tool. As a result, the evaluation
of strength and weaknesses of primary-level pupils in grasping the underlying concept of geometrical
measurement can be identified precisely. Hence, teachers and researchers can strategize systematic
teaching approaches, and appropriate remedies to enhance teaching and learning in geometrical
measurement.

The development of a new assessment instrument based on the geometrical measurement skills
provided in this study will be a strongly recommended study that could be considered in the future. The
new alternative assessment tool would provide teachers and pupils with an opportunity to examine and
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understand the quality of teaching and learning in geometrical measurement that may help guide them
through the teaching and learning process. In addition, a potential study on the gender issue will be
strongly recommended as it would be possible for the researcher to identify gender differences not only
in geometrical measurement skills, but also in numerical and spatial skills. Lastly, future research on
the error analysis in geometrical measurement could be carried out to identify the error patterns which
could reveal the misconceptions that have been learned in geometrical measurement.
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