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Abstract. It is of great importance to use mathematical knowledge
to solve real problems. Certainly one of the fields of mathematics that
plays a major role here is geometry. This paper examines prior knowledge of pre-service teachers in relation to the concept of measurement.
Basic knowledge in this field is necessary for a student educated to
teach mathematics in the first four grades of primary school as this
content is part of the mathematics curriculum for the given period.
The participants of the study were first-year pre-service teachers, i.e.,
a total of 103. The paper focuses on analyzing students’ responses
to questions referring to measurement. Research results indicate that
there are deficiencies in the knowledge of this field, which points to the
need for additional increased attention to this concept in the courses
offered to students in their studies, thus contributing to increasing the
level of knowledge in this field.
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1. Introduction
First-year students have certain knowledge and skills in the field of mathematics
acquired during their previous education. In this paper, we study prior knowledge
of first-year pre-service teachers in relation to measurement. This research was
inspired by the analysis of student work, midterm and final exams, as well as their
responses in oral exams. Namely, it has been noted that, while solving tasks, students often make mistakes, which are caused by the fact that they are not familiar
with some basic concepts that are assumed to have been adopted during their primary and secondary education, and these are the assumptions mathematics courses
offered to pre-service teachers are based on. When solving tasks referring to the
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perimeter and area of geometric plane shapes and the volume of solid figures, it
has been noted that some students make mistakes when it comes to understanding
and applying formulas to determine perimeter, area, and volume. It has also been
noted that some students either do not know or do not understand units of length,
area and volume. In order to establish the level of prior knowledge related to the
concept of measurement, students were given tasks examining their knowledge of
measurement. The study was conducted with the first-year pre-service teachers
before any geometric topic was dealt with.
Knowledge of pre-service teachers related to geometric topics is very important for their study since as teachers they will be the first ones to provide their
students with knowledge from that field.
According to the Croatian National Curriculum Framework (MZOŠ, 2011),
mathematical concepts are divided into the following domains: Numbers, Algebra
and Functions, Form and Space, Measuring, and Data. In relation to the Measuring domain, the Curriculum Framework outlines that at the end of the first cycle of
education, comprising first four grades of primary school, students will be able to:
• “compare and assess length, volume, mass, time, and temperature, and measure
them by using appropriate measuring devices,
• know the names for standardized units of measurement for length, area, volume
(liters), mass, time, and temperature, and use them in their everyday lives,
• perform money calculations (in kuna and lipa) in everyday situations,
• calculate the perimeter of simple shapes, especially triangles, rectangles, and
squares, and the area of rectangles and squares,
• approximate or accurately measure the area of simple shapes by counting unit
squares, and
• determine measurable features of simple objects or phenomena in everyday situations, and apply measurement skills to solve everyday problems.” (MZOŠ,
2011, p. 118 )
Led, inter alia, by the expected achievements of students at the end of the first
cycle of education, we created the tasks aimed at assessing student knowledge in
this particular domain.
One of the goals of this research is to identify possible difficulties that exist in
relation to prior knowledge of pre-service teachers in the field of measurement.
2. Theoretical background
Geometry emerged around the 20th century BC from practical needs of the ancient
Babylonians and Egyptians who had to carry out land surveys after the flooding of
the Nile. When translated from Greek, the name geometry means Earth measurement. Greeks made geometry a right, pure, theoretical, abstract, and exact science.
In the 3rd century BC, Euclid gathered up and systematized all of the knowledge of
elementary geometry in his work, a book called The Elements.
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To this day, many mathematical texts reflect this formal approach to geometry,
ignoring a strong link between geometry and real life. One of the tasks of teaching
geometry is to help develop spatial knowledge (Clements & Battista, 1986).
There are many examples showing that the introduction of measurement activities contributes to better understanding and linking of geometry and real life.
“Even when geometry is taught, it often becomes a vehicle for the study of proofs
and structure-building rather than a tool for earth measurement. It has replaced the
study of patterns as curiosities with the proving of theorems. The fun is gone - it
is spectator sport rather than a game in which to participate as a player.” (Trimble,
1979, p. 220)
Numbers and geometry are the starting points for the initial teaching of mathematics. It is common, though perhaps somewhat simplified, to consider measurement as the application of numbers in geometry. Measurement is an important
human activity. It represents an everyday skill. It is the basic tool of science which
represents a link between the real world and mathematics (Cooper, 1993).
Bishop (1988) treats measuring as one of the six groups of fundamental activities which, according to his analyses, are said to be universal because they can
be encountered in all cultural groups studied and are necessary and sufficient for
the development of mathematical knowledge. Other fundamental activities include
counting, locating, designing, playing and explaining. According to Bishop the
measurement includes the following activities and notions: comparing, ordering,
length, area, volume, time, temperature, weight, development of units – conventional, standard, metric system, measuring instruments, estimation, approximation,
error.
Measuring skills enable children to have a strong link between the abstract
world of numbers and the concrete world of physical objects. Before children learn
how to measure, they can only describe objects or quantities with relatively vague
expressions such as “big” or “many”. As they learn how to measure, children
acquire skills to describe the quantities more precisely. Now they can talk about
the magnitude of a quantity as the number of units. The measuring unit is used as a
bridge between the object and the number used to describe its size. The concept of
a unit is the central idea on which every measurement is based. In fact, the ability
of children to measure depends to a large extent on their understanding of the unit
in measurement situations (Hiebert, 1981).
Tucker (2009) points out that units of measurement are extremely important
in understanding the equations and terminology and “units are words, which reach
students in ways that algebra, graphs, and numbers cannot”.
Students experience great difficulties with measuring. A large body of research deals with these difficulties. Battista (2006) points out that the concept of
length is very important both in everyday life and in geometry. He proposes using
tasks that could help us understand students’ conceptual knowledge of the notion in
question, and discusses strategies students use to compare the lengths of the given
line segments. He believes that many difficulties in problem solving may also arise
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from insufficient understanding and the difference in the usage of the word length
in real-world and mathematical contexts.
Much research provides guidelines for teachers on how to help students overcome difficulties in this field. By using age-appropriate literature, it is possible
to increase students’ interest in these topics and help them adopt certain concepts
(Bintz, Moore, Wright & Dempsey, 2011). Some authors point out that the use of
the Logo program contributes to a better understanding of measurement concepts
(Clements & Sarama 1995; Clements, 1997).
Numerous studies have shown a very low level of knowledge of pre-service
teachers related to geometric topics. Thus, for example, in the research carried out
by Baturo and Nason (1996), it was found that knowledge of first-year pre-service
teachers concerning area measurement is very poor. Much of their basic knowledge
was erroneous or incomplete, and often unconnected. The ability of students to
move from one form of presentation to another was very limited.
Relying on research in the literature, Steele (2013) outlines the following
three reasons for poor achievements in geometry and measurement: a weak approach to basic education, challenges in relation to the introduction of geometry
and measurement to classes, and limited knowledge of teachers in this field.
In their research, Cunningham and Roberts (2010), Marchis (2012) emphasize that special attention should be paid to teaching geometric concepts to future
teachers.
3. Methodology and results
This research was conducted with first-year students studying at the Faculty of
Education in Osijek and its subsidiary study in Slavonski Brod. Study participants
included 103 first-year pre-service teachers studying at the Faculty of Education in
Osijek (53.4 %) and its subsidiary study in Slavonski Brod (46.6 %).
The goal of this research was to establish the level of first-year pre-service
teachers’ prior knowledge of primary and secondary school geometric concepts in
the field of measurement. We also wanted to examine the relationship between
pre-service teachers’ prior knowledge of measurement and the following elements:
a type of secondary school education completed, the selected study module at
the faculty, the favorite field of mathematics, the grades in mathematics subjects
achieved in primary and secondary schools, the level of mathematics they opted to
take in the state graduation exam and the grade they got in the given exam, and the
grade in physics subjects they got in secondary school.
Students were asked to fill out a questionnaire consisting of two parts, i.e., a
section containing demographic information, and a section that was used to identify pre-teachers’ prior knowledge of geometry related to measurement, which they
acquired in their primary and secondary school education. The tasks were created
according to the difficulties identified by analyzing solutions to tasks offered by
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students in the previous three generations (i.e., in the last three academic years) in
midterm and final exams in mathematics courses.
Demographic information related to the type of secondary school education
completed, the selected study module (i.e., developmental studies, computer science, and foreign languages), the attitude toward mathematics as a subject (1 —
definitely not my favorite subject, 2 — not my favorite subject, 3 — neither my
favorite nor my least favorite subject, 4 — my favorite subject, 5 — definitely my
favorite subject), the favorite field of mathematics (numbers; algebra and functions; geometry; data, probability and statistics; none), the grades in mathematics
subjects achieved in primary and secondary school, the level of mathematics they
opted to take in the state graduation exam and the grade they got in the given exam,
the grade in physics subjects they got in secondary school, and experience of using
dynamic geometry software.
The second section consisted of nine questions. The first three questions concerned students’ knowledge of units of measurement (i.e., fundamental and derived
units, and the connection between them). Question 4 referred to recognition of
geometric shapes and calculations of the perimeter and area of each of these shapes
(a triangle, a rectangle, a square and a parallelogram). In Question 5, students were
supposed to recognize two solid figures (a cuboid and a right quadrilateral pyramid), design their nets and calculate the volume and surface area of these solids. In
Question 6, students were asked to indicate which activities (or formulas) related
to geometry they remember from their previous education. Question 7 examined
student assessment of length. In Question 8, students had to choose the shortest
path between two points (of the six solution offered, Figure 1) and explain their
answer.

Figure 1. Task 8.

Question 9 read:
Dora had several pieces of cardboard in the form of a square of 16 cm2 . She
cut them into squares and right triangles. She arranged a few of the pieces to the
rabbit, as given in the figure below. Find the area and perimeter of the figure of
rabbit (Figure 2).
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Figure 2. Task 9.

For the purpose of this paper, the first five tasks, as well as tasks 8 and 9, were
taken into account for assessing the level of pre-service teachers’ prior knowledge.
Respondents could have scored a total of 50 points (with a total of 23 points allocated to knowing units of measurement and comparing the length of paths and
a total of 27 points for recognizing 2D shapes and 3D figures and calculating the
perimeter and area of the given 2D shapes and calculating the volume and surface
area of the given 3D figures). Respondents were divided into two categories according to the number of points they achieved. The levels of prior knowledge of
respondents who achieved less than 30 points and of those who achieved 30 or
more were characterized as low and satisfactory, respectively.
Most respondents (93.2 %) were female students and more than half of respondents (57.28 %) were enrolled into the developmental studies module. Given the
type of secondary school completed by respondents, the majority of respondents
(see Table 1) come from high schools and grammar schools (61.17 %) and the
lowest number of respondents comes from technical vocational schools (4.85 %).
Table 1. Type of secondary school attended by respondents.
Schools by type
High schools and grammar schools
Secondary vocational schools of economics
Technical vocational schools
Other

Frequency

Relative frequency (%)

63
19
5
16

61.17
18.45
4.85
15.53

According to their responses, 45.63 % of respondents had an A (i.e., an excellent grade) in mathematics in their primary school education (Figure 3), while
only 9.71 % had an A (i.e., an excellent grade) in mathematics in their secondary
school education (Figure 4).
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Figure 3. Categories including the average grade in primary school mathematics subjects.

Figure 4. Categories including the average grade in secondary school mathematics subjects.
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More than a quarter of respondents (27.18 %) did not have any physics classes
in their secondary school education, and only 6.8 % of respondents had an A (i.e.,
an excellent grade) in physics in their secondary school education.
As many as 89.32 % of respondents opted for the basic level of mathematics
(B level) in the state graduation exam, while less than one ninth of respondents
(10.68 %) decided to take a higher level mathematics (A level) exam.
Almost a third (33.01 %) and 43.69 % of respondents had a D (i.e., sufficient) and a C (i.e., good) in the Mathematics state graduation exam, respectively.
Only 4.85 % of respondents had an A (i.e., excellent), and less than one fifth of
respondents (18.45 %) had a B (very good) in the Mathematics state graduation
exam.
Only 2.91 % of respondents have a very positive attitude toward mathematics and consider it a favorite subject, while 18.45 % consider it the least favorite
subject, and 45.63 % of respondents do not have any particular attitude toward this
subject (neither their favorite nor their least favorite subject).
Students were asked to indicate their favorite fields of mathematics. In so
doing, they were able to choose more than one field. 32.04 %, 14.56 %, 7.77 %
and 5.83 % of respondents selected Numbers, Algebra and Functions, Geometry,
and Data (Probability and Statistics), as one of their favorite fields, respectively,
whereas 41.75 % of respondents stated that they did not have any favorite field of
mathematics (see Table 2).
Table 2. Favorite fields of mathematics selected by students.
Favorite field
Numbers
Algebra and Functions
Geometry
Data (Probability and Statistics)
None

Frequency

Relative frequency (%)

33
15
8
6
43

32.04
14.56
7.77
5.83
41.75

The vast majority of respondents (88.35 %) argued that they did not have any
experience of using dynamic geometry software in mathematics classes. Of 12
respondents (i.e., 11.65 % of all respondents) who argued that they had used dynamic geometry software in their mathematics classes, 6 of them (5.83 %) indicated
that they had used GeoGebra software, while others did not name any particular
software.
When analyzing answers to questions referring to an assessment of respondents’ prior knowledge, it can be seen that the same percentage of respondents
(i.e., 87.38 %) stated the correct fundamental units of measurement for length and
mass, 75.73 % of respondents stated the correct fundamental unit of measurement
for time, while only 14.71 % of respondents stated the correct fundamental unit of
measurement for temperature.
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84.47 % of respondents specified the correct units for measuring length, while
42.72 % of respondents were able to explain the relationship between them. The
results obtained in relation to the units of measurement for area are somewhat
weaker than the aforementioned ones. 63.11 % of respondents stated the correct
units of measurement for area, and 12.62 % explained the relationship between
them. With respect to units of measurement used for measuring volume, 45.54 %
of respondents stated the correct units of measurement, while 7.77 % of respondents could clarify the relationship between them. 80.58 % of respondents stated
the correct units of measurement for mass, and 16.50 % of respondents clarified
the relationship between them. 66.99 % of respondents stated the correct units of
measurement for time, and 30.10 % clarified the relationship between them.
As far as presentations of units of measurement in terms of freehand drawings
are concerned, presentations of 1 cm, 1 dm, 1 cm2 and 1 cm3 are found acceptable
by 82.52 %, 61.17 %, 35.92 %, and 29.13 % of respondents, respectively.
Figure 5 shows an acceptable solution of one of the respondents. Two unacceptable solutions are given in Figures 6 and 7. Almost a third of respondents
(32.04 %) made a mistake of the same type as the answer given in Figure 7.

Figure 5. Presentation of units of measurement for length, area and volume
(student work).
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Figure 6. Presentation of units of measurement for length, area and volume
(student work).

Figure 7. Presentation of units of measurement for length, area and volume
(student work).

In the next task, respondents were asked to name certain geometric plane
shapes and give formulas for calculating their perimeter and area. All students
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recognized the triangle, whereby 67.96 % and 13.86 % of respondents stated the
correct formulas for finding the perimeter and the area of a triangle, respectively.
It should be noted that more than half of respondents (55.34 %) indicated that the
area of a triangle is equal to the product of the lengths of its sides. The vast majority
of respondents (91.26 %) identified the rectangle; 68.93 % and 61.17 % of respondents stated the correct formulas for finding its perimeter and its area, respectively.
70.87 % of respondents identified the square; 66.99 % and 53.37 % of respondents stated the correct formulas for finding its perimeter and its area, respectively.
66.99 % of respondents identified the parallelogram; 35.92 % of respondents stated
the correct formula for finding its perimeter and only one respondent (0.97 %)
stated the correct formula for finding the area of a parallelogram. It should be
noted that almost a quarter of respondents (24.27 %) indicated that the area of a
parallelogram is equal to the product of the adjacent lengths of its sides.
When it comes to naming the given solid figures (a cuboid and a pyramid),
drawing their net patterns and specifying formula for finding their volume and
surface area, it was found that 73.79 % and 94.17 % of respondents identified the
cuboid and the pyramid, respectively. Other results are presented in Table 3.
Table 3. Results obtained for Task 5.
Task
Name of the 3D shape – cuboid
Net of a cuboid
Volume of a cuboid
Surface area of a cuboid
Name of the 3D shape – pyramid
Net of a pyramid
Volume of a pyramid
Surface area of a pyramid

Correct answers (%)
73.79
39.81
19.42
0.97
94.17
41.75
0.97
4.85

In Task 8, 87.38 % of respondents answered the question correctly.
In Task 9, respondents were supposed to find the area and perimeter of the
given geometric plane shape that consisted of multiple right-angled triangles and
squares obtained by cutting out a square of 16 cm2 . 85.44 % of respondents did
not find the area of this shape, and nobody was successful in finding the perimeter.
Figures 8 and 9 illustrate acceptable student solutions to Task 9 for the area of the
given shape.
79.61 % of pre-service teachers showed a low level of prior knowledge
(42.72 % of respondents scored 20 and less points, while 36.89 % reached 21
to 29 points), and only 20.39 % of pre-service teachers demonstrated a satisfactory
level of prior knowledge (i.e., they achieved 30 and more points).
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Figure 8. Student solution to Task 9.

Figure 9. Student solution to Task 9.

The χ 2 test (a chi-square test of association) was performed to see whether
at the 0.05 significance level there exists an association between the categories
of pre-service teachers’ prior knowledge and the type of secondary school they
attended, the attitude toward mathematics as a subject, the grades in mathematics
subjects they got in primary and secondary school and the grade in physics they
got in secondary school, the level of mathematics they opted to take in the state
graduation exam and the grade they got in the given exam, and the study module
they enrolled in.
Test results have shown that there is a statistically significant relationship between the level of pre-service teachers’ prior knowledge and the study module they
enrolled in (χ 2 (2) = 12.15, p = 0.002), between the level of pre-service teachers’
prior knowledge and the grade referring to the primary school mathematics GPA
(χ 2 (2) = 13.85, p = 0.001), and between the level of pre-service teachers’ prior
knowledge and the grade they got in the mathematics exam as part of the state
graduation exam (χ 2 (3) = 12.41, p = 0.006).
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Since the relative frequencies of the level of pre-service teachers’ prior knowledge are not the same in all categories of variables observed, these results suggest
that the level of prior knowledge in this sample refers to the selected study module of students (52.43 % of respondents with low levels of prior knowledge have
chosen the developmental studies module, while 14.56 % of respondents with low
levels of prior knowledge have chosen the foreign language module, and 12.62 % of
respondents with low levels of prior knowledge have chosen the computer science
module).
The test has also shown that there is no statistically significant association between the level of pre-service teachers’ prior knowledge and the type of secondary
school they attended (χ 2 (3) = 4.80, p = 0.19), between the level of pre-service
teachers’ prior knowledge and the grade referring to the secondary school mathematics GPA χ 2 (3) = 4.50, p = 0.21) and the grade referring to the secondary
school physics GPA (χ 2 (4) = 8.09, p = 0.09), between the level of pre-service
teachers’ prior knowledge and the level of mathematics they opted to take in the
state graduation exam (χ 2 (1) = 1.94, p = 0.16), and between the level of preservice teachers’ prior knowledge and their attitude toward mathematics as a subject
(χ 2 (4) = 6.91, p = 0.14).
For associations between the level of pre-service teachers’ prior knowledge
and variables for which a chi-square test of association established a statistically
significant association at the 0.05 significance level, the strength of this relationship
was measured by means of Cramer’s V. The test showed that there is a strong relationship between the level of pre-service teachers’ prior knowledge and the study
module they enrolled in (V = 0.34), and a very strong relationship between the
level of pre-service teachers’ prior knowledge and the grade referring to the primary
school mathematics GPA (V = 0.37) and the grade they got in the mathematics
exam as part of the state graduation exam (V = 0.35).
4. Discussion and conclusion
Based upon data obtained from this research, it can be noticed that first-year preservice teachers lack knowledge and understanding of units of measurement and
conversion from one unit to another, especially for the area and volume. A certain
number of students are unable to find the perimeter and area of geometric plane
shapes (a rectangle, a square, a parallelogram, and a triangle). Some mistakes
of the same type were recorded with a large number of students, such as finding
the area of a triangle as the product of the lengths of its sides and the area of a
parallelogram as the product of the lengths of adjacent sides.
In their research with the first-year teacher education students, Baturo and
Nason (1996, p. 262) stated that: “the relationship between the area of a triangle
and the area of the rectangle which encloses it is not known. Thus, the formula for
calculating the area of a triangle had no meaning for these students and they were
unable to explain why it is necessary to divide by 2”.
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A large number of students demonstrated that they do not understand units of
measurement for area and volume, displaying these units of measurement for area
and volume linearly, such that 1 cm2 was displayed as a line segment of length
2 cm, and analogously, 1 cm3 was displayed as a line segment of length 3 cm.
When defining the area of the figure given in Task 9, an error was made and a unit
of linear measure is used instead of a unit of area measure (when determining the
area of a square, it says 4 cm × 4 cm = 16 cm instead of 16 cm2 ). A certain number
of students failed to interpret or understand a cuboid correctly and mixed it with its
two-dimensional analog, a rectangle.
The results of some other research in the field of measurement also corroborate
the results of this study. Thus, for example, in a study conducted with 92 undergraduate students who are second-year pre-service elementary teachers and first- and
second-year elementary science teachers it was found that pre-service elementary
teachers and elementary science teachers who participated in the research fail to
understand the basic scientific concepts correctly (Keles, Ertas, Uzun & Cansiz,
2010). They found that students have difficulty in understanding units of measurement, naming devices used for measuring certain quantities, and converting units
of measurement from one to another.
Such results, which show that there are major deficiencies and misconceptions
about knowledge of the content in the field of measurement, require special attention and point to the need for more detailed and comprehensive processing of
these concepts in mandatory mathematics courses or introducing an elective course
covering this field. There are also some other ways that may contribute to a better
understanding of this field of geometry (e.g., introducing a pre-sessional course or
intensifying work with students in this area).
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Predznanje studenata učiteljskog studija
vezano uz koncept mjerenja
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Sažetak. Velika je važnost korištenja matematičkog znanja u
rješavanju realnih problema. Svakako jedno od područja matematike
koje u tome igra veliku ulogu je područje geometrije. U ovom članku
istražuje se predznanje studenata učiteljskog studija vezano uz koncept
mjerenja. Osnovna znanja iz ovog područja nužna su za kadar koji
se obrazuje za poučavanje matematike u prva četiri razreda osnovne
škole s obzirom na zastupljenost ovih sadržaja u programu matematike
za navedeno razdoblje. Sudionici istraživanja su studenti prve godine
učiteljskog studija, njih 103. Rad je usmjeren na analizu odgovora
studenata na pitanja iz domene mjerenja. Rezultati istraživanja upućuju
na to da postoje manjkavosti u predznanju iz ovog područja, što upućuje
na potrebu dodatnog posvećivanja pažnje ovom konceptu na kolegijima
koji se studentima nude na studiju, čime bi se doprinijelo povećanju
razine znanja iz ovog područja.
Ključne riječi: geometrija, mjerenje, mjerne jedinice, studenti
učiteljskog studija, matematičke domene

