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Abstract.
Various non-technical factors in the mathematics learning assessment process carried
out during the COVID-19 pandemic made it difficult to describe students’ mathematical
understanding as a whole. This causes a lot of gaps in students’ mathematical
understanding. This study aims to describe the growth of elementary school students’
understanding of geometry through the use of an assessment instrument based on
the Pirie-Kieren theoretical framework. This study uses a qualitative approach with a
case study method. The participants in this study were fifth-grade elementary school
students who were studying the topic of geometry. Data on the growth of students’
understanding of geometry was obtained through the process of analyzing the results
of students’ work in completing the geometry understanding growth test based on the
Pirie-Kieren theoretical framework. Findings from student work were then followed up
with in-depth interviews. The results of interpretational constructivism data analysis
through data reduction, data presentation, and conclusions show that there are gaps
in students’ understanding of geometry topics. The gap can be observed from every
inhibitor and folding back activity in each layer of student understanding.

Keywords: elementary school, mathematics learning assessment, pirie-kieren’s
theoretical framework.

1. INTRODUCTION

Nowadays, the growth of education in Indonesia is going dynamic in various aspects,
including the learning process. Unfortunately, this happened without being followed
by changes in the principles of learning assessment. So far, the learning assessment
developed in elementary schools has only been limited to the assessment of learning
outcomes. The test instrument used only measures cognitive abilities and produced
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learning outcomes scores that cannot be used to measure students’ abilities compre-
hensively. The existing learning outcomes assessment system can change the nature of
learning from increasing student potential on an ongoing basis to an intensive activity of
working on practice questions for specific exams [1, 2]. The current learning assessment
practice is no longer following the Regulation of the Minister of Education and Culture
of the Republic of Indonesia Number 43 of 2019 concerning the Implementation of
Examinations Organized by Education Units and National Examinations. The regulation
is a written instruction from the state to all practitioners in the classroom to change
the paradigm of learning assessment that they have been doing so far. The learning
process must return to its initial function, namely increasing student potential optimally
and sustainably [3].

The Covid-19 pandemic has brought various sporadic changes in educational practice
[4–6]. All kinds of learning activities that previously could be carried out face-to-face can
no longer be carried out and are replaced with online modes. Students and teachers are
forced to adapt to the existing conditions. Some schools with qualified human resources
and conditions can adapt by carrying out learning assisted by the application zoom
meeting, google classroom, jitsimeet, umeetme, and other applications. While the rest
only rely on WhatsApp message-assisted learning with various limitations. This is in line
with the implementation of learning assessments during the Covid-19 pandemic. Several
schools with qualified human resources and conditions can develop applications that
support the online learning assessment process. While the rest only rely on sending
exam questions via WhatsApp chat where later answers will also be sent from the
same mode without any further supervision. This inequality is further strengthened by
the unequal distribution of facilities and quality of education in each education unit
[7, 8]. Starting from the unequal socio-anthropological conditions of each student and
their environment to providing tools to participate in online learning modes. These
various technical and non-technical factors resulted in the assessment of mathematics
learning carried out during the Covid-19 pandemic being unable to describe students’
understanding of mathematics as a whole.

Students at the elementary school level are generally in the range of 7-12 years, where
based on Piaget’s theory of development (1976) students are in the concrete operational
stage so that student understanding is built by inductive reasoning processes [9, 10].
Understanding is obtained through the adaptation of students’ mental structures that
depend on information obtained through their experiences [11]. The new information
obtained is incorporated into existing mental structures and then adapted to process
new information and knowledge [12]. Understanding involves a dynamic mental process
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which there is a gradual process that includes the activities of translating, interpreting,
exploring, analyzing, synthesizing, and evaluating. Mathematics is included in the hier-
archical science category where the concepts and principles presented earlier are
the basis or reference for developing further concepts. Developing this understanding
makes mathematics an effective thinking tool because it uses consistent reasoning
rules.

Mathematical thinking is not exclusive thinking in mathematics but can be generalized
and used in various problems [13, 14]. Mathematics is not only present as a material
content that must be understood but also as a way or pattern of thinking. The study of
mathematics is abstract, where the objects studied include facts, operations, concepts,
and principles [15, 16]. The opposite characteristics between the object of mathematical
study and the cognitive development stages of elementary school students are the
cause of the emergence of these difficulties. Geometry as one of the mathematics topics
studied in elementary school has a role as an initial bridge to introduce mathematics as
something abstract through concrete experiences [17, 18]. Geometry presents abstractly
a person’s visual and spatial experience in their mental structure which can train students
to be able to reason mathematically to increase their confidence and mathematical
communication skills [19, 20]. As a hierarchical and recursive science, understanding
mathematical concepts is highly dependent and related to other concepts in mathemat-
ics itself [21, 22]. Therefore, it is very natural to give the best attention and focus to all
mathematics learning topics in general.

The theory of Pirie & Kieren (1994) has provided a theoretical framework for the growth
of mathematical understanding, divided into eight levels (layers) of understanding.
The framework consists of layers of primitive knowing, image making, image having,
property noticing, formalizing, observing, structuring, and inventing. The growth of math-
ematical understanding is a dynamic, active, continuous, but not linear, and recursive
process that involves the learning environment and the response of the learning ecosys-
tem itself [23–25]. Thus, to gain understanding, students must be active in building
newly acquired knowledge with relevant knowledge that students have previously had
[11, 26]. The Pirie-Kieren model provides a framework for mapping student actions in
various contexts, tracing dynamic movements across eight levels of understanding. The
search is carried out in the stages of students building, searching, and collecting ideas
[27].

Assessment is an integral part of the learning process. Assessment is the process of
planning, obtaining, and providing information for teachers to make alternative decisions
in the ongoing and future learning process [28]. The role of assessment is not only part
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of learning, but the assessment has a vital function for learning itself. Written tests cannot
be used to measure students’ abilities comprehensively. However, these tests are still
helpful in measuring students’ mastery of the knowledge base. Therefore, learning that
entirely refers to the test will not positively value student progress.

In contrast with past assessments that only focused on learning outcomes, the
principle of assessment for learning can measure student abilities comprehensively,
essential skills, processes, and student investigations [29, 30]. Assessment for learning
is based on the understanding that the learning process can and should occur through
the assessment process. Assessment for learning is a form of assessment carried out
to improve learning, not just a tool to see the amount of knowledge possessed by
students [31–33]. Students are positioned as partners in the learning process who
have an interest in and responsibility for their learning. Students are expected to be
able to evaluate themselves (self-assessment) so that they will better understand the
problems (problems) they have faced [34, 35]. The teacher has the task of appreciating
the student’s capacity to support the improvement of students’ abilities in conducting
evaluative assessments [36]. The application of assessment for learning in learning
mathematics can increase motivation, self-confidence, self-awareness, student behavior
during learning, and ability in mathematics [37].

This study explicitly discusses the growth of students’ mathematical understanding
when they learn geometry which is assessed with an assessment instrument devel-
oped based on the Pirie-Kieren theoretical framework. As has been explained that
elementary school students are in the concrete operational stage, and geometry is
chosen to introduce mathematics as something abstract through concrete experience.
The assessment instrument has been developed following the principle of assessment
for learning by considering the eight understanding layers of Pirie-Kieren’s theory. The
picture of understanding growth resulting from the assessment process can be used as
an indicator of the achievement of students’ mathematical understanding of geometry
in detail.

The gaps in students’ mathematical understanding that occurred during Covid-19
pandemic learning will be analyzed in-depth with the help of an assessment instrument
based on the Pirie-Kieren theory. This study will explore gaps in the description of
students’ understanding at each level of understanding. Each acting and expressing
activity is described in detail, accompanied by the findings of inhibitors and folding
back activities at each layer of understanding. These findings were collected and then
used as complete information about the gaps in students’ mathematical understanding
that could be reflected in mathematics learning.
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2. RESEARCH METHOD

This study uses a qualitative approach with a case study method. This approach
describes the growth of students’ mathematical understanding to find gaps in students’
mathematical understanding with an in-depth and detailed investigation process. The
participants in this study were fifth-grade elementary school students studying the
topic of geometry that represent students with moderate mathematical abilities. The
researcher observed the learning process and focused on observing the participants
during the task-completion process. Data on the growth of students’ understanding of
geometry was obtained by analyzing the results of students’ work in completing the
geometry understanding growth test based on the Pirie-Kieren theoretical framework.
After completing the test, the student then followed up with in-depth interviews. The
data findings are then interpreted and analyzed in a constructivist manner through
data reduction, data presentation, and drawing conclusions, indicating that there are
gaps in students’ understanding of the topic of geometry. This gap can be seen from
the description of students’ mathematical understanding at each layer, including acting,
expressing, and folding back activities. This description will appear inhibitors that can be
used as a reference in determining the gaps in students’ mathematical understanding.
The growth line of students’ mathematical understanding will be depicted in the form
of a mathematical understanding diagram that refers to the Pirie-Kieren theoretical
framework.

3. RESULTS AND DISCUSSION

Following the theory proposed by Pirie & Kieren (1994), the growth in understanding
of the two participants is dynamic and continuous, but not linear. The study found that
the two participants reached different layers of understanding. In addition, the folding
back activities carried out also have different characteristics. All understanding activities
come from the participants themselves without any trigger from the researcher.

3.1. Growth of Mathematical Understanding of First Subject

From the research data, it is known that the first subject only reaches the layer of
property noticing on the quadrilateral area topic (Figure 1). Subjects set out to understand
the quadrilateral area (parallelogram, trapezoid, and kite) by bringing primitive knowing
in the form of previous knowledge about the rectangle area. In the image-making
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layer, the subject’s acting (image doing) appears from the subject’s ability to use prior
knowledge of area concepts to use tangram kits (A). While the subject’s expressing
(image reviewing) looks from the subject’s ability to articulate his understanding of the
area of quadrilateral obtained from the activity of media kit tangram usage.

Figure 1: Growth of mathematical understanding of first subject.

In the image having layer, the understanding of the subject is a mental picture of
the quadrilateral area. Acting’s subject (image seeing) in the form of action in finding
a formula for calculating the area of a quadrilateral with a comprehensive look at its
association with rectangle area (B). Shaping the understanding of the subject requires
folding back into the image making layer. The subject works to a deeper layer without
leaving the topic to recall his current understanding [38]. Folding back comes with the
subject trying to recall the images made with the kit tangram media (C). The subject
recalls the puzzle linkage used in the tangram media kit to determine the formula
to be used to find the area of the quadrilateral (D). The subject’s expressing (image
saying) in the form of the ability to articulate the reason for obtaining the formula to
find the quadrilateral area. The subject requires a trigger from the researcher to reveal
the folding back activity [39] performed and the reason for getting the formula to find
the quadrilateral area. The subject sees the linkage of the puzzle arrangement used to
determine the formula to be used to find the area of the quadrilateral.

In the layer of property noticing, the subject’s acting (property predicting) is in the form
of the ability to pay attention to the properties of a quadrilateral to calculate the area of
the quadrilateral (E). This study found that understanding of the subject at this layer is not
yet complete. The activities are undertaken, and the interview found that the subject only
understands the properties and formulas to find the extent of the parallelogram. While
understanding the properties and formulas to find the area of a trapezoid or kite, the
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subject still needs a trigger to do folding back activity into the image having layer. The
subject tries to work on a deeper layer to recall the formula for finding the trapezoidal
area and the kite and the reason for obtaining that formula (F). But folding back activity
of the subject this time is not effective in expanding his understanding [40]. It inhibits
the subject’s ride to the next layer of understanding (formalizing) (G). Consequently,
expressing the subject (property recording) cannot explain all the quadrilateral fields
correctly. The subject is confused because his understanding of the previous layer has
not matured. So it becomes the subject’s inhibitor of this layer to move on to the next
layer of understanding.

3.2. Growth of Mathematical Understanding of Second Subject

From the data of the research results, it is known that the second subject only reaches
the formalizing layer on the quadrilateral area topic (Figure 2). Subjects set out to
understand the quadrilateral area (parallelogram, trapezoid, and kite) by bringing prim-
itive knowing in the form of previous knowledge about the rectangle area and area
conservation. In the image-making layer, the subject’s acting (image doing) appears
from the subject’s ability to use prior knowledge of area concepts and area conservation
concepts to use tangram kits (A). While the subject’s expressing (image reviewing) looks
from the subject’s ability to articulate his understanding of the area of quadrilateral
obtained from the activity of media kit tangram usage.

Figure 2: Growth of mathematical understanding of second subject.

In the image having layer, the understanding of the subject is a mental picture of
the quadrilateral area. Acting’s subject (image seeing) in the form of action in finding
a formula for calculating the area of a quadrilateral with a comprehensive look at its

DOI 10.18502/kss.v9i13.15924 Page 247



ICMScE

association with rectangle area (B). In this layer, the subject does a little folding back to
work into the inner layer (C). The subject’s folding back into the image making layer is
to help find information to broaden his understanding (D) [41]. The subject’s expressing
(image saying) in the form of the ability to articulate the reason for obtaining the formula
to find the area of the quadrilateral.

In the layer of property noticing, the subject’s acting (property predicting) is in the
form of the ability to pay attention to the properties of a quadrilateral to calculate
the area of the quadrilateral (E). The subject’s expressing (property recording) is the
ability to articulate the subject’s understanding of quadrilateral properties and formulas
to calculate the quadrilateral area. In the formalizing layer, the subject acting (method
applying) is the ability to see the characteristics of the quadrilateral to use it in searching
the area of the quadrilateral. But unfortunately, in this layer of understanding, the subject
is inhibited from applying algorithmic activity due to the subject’s ability in the properties
of arithmetic operations being less well. So the subject is inhibited from moving up to
the next layer of understanding (F) [42]. Consequently, the subject’s expressing (method
justifying) cannot articulate the algorithmic activity undertaken. So the subject can not
reach the next layer of understanding.

4. CONCLUSION

The growth of students’ mathematical understanding took place dynamically, and con-
tinuously, but not linearly. The gaps in mathematical understanding found in the two
subjects are quite different. The first subject only reached a layer of understanding
property noticing by experiencing two folding back activities. The inhibitor found the
subject’s weakness in reconstructing geometric shapes in his mental image. While on
the second subject, the understanding layer achieved is formalizing. The second subject
only did one folding back activity to strengthen his understanding by reconstructing the
information obtained in the previous layer. Unfortunately, the second subject cannot
grow to the next layer because he gets an inhibitor in the form of an inability to master
the arithmetic prerequisite material in that layer. The finding of gaps in the description of
understanding can be used as important information to reflect on learning activities. So
that the holes created during the learning process during the Covid-19 pandemic can be
closed immediately. Future research is expected to cover a more comprehensive range
of topics and participants for a better mapping process for the growth of mathematical
understanding.
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