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and 2 to see if they understood when and how to use the mathematical sym-
bols “<”, “>”, and “=”. Some had previously participated in a course on the

subject. The study showed a significant difference between those who had
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1. Introduction and Theoretical Background

Many activities for young children include tasks in which they are asked to place
mathematical symbols such as <, >, or = between non-mathematical objects.
This activity can sometimes lead them to use these symbols incorrectly. For ex-
ample, a first-grade child wrote: 5 < 3, because “the three is larger in size and

thickness than the five”. Mathematical language is a special language that is dif-
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ferent from natural language. It is a language of symbols, concepts, definitions,
and theorems and must be taught: it does not develop naturally as does the
child’s mother tongue. In mathematical language, the child learns to recognize
numbers as individual objects and understand their similar and different prop-
erties. The child perceives numbers as icons with which one calculates and ma-
nipulates in various ways (Ilany & Margolin, 2010). Hiebert (1988) emphasizes
the importance of the connection between advanced cognitive processes and
understanding written mathematical symbols. His approach relies on, among
other things, theories of mathematical psychology.

Children use mathematics in their daily life almost from birth (Charalambous,
Panaoura, & Philippou, 2009) and the current global trend is to present mathe-
matics “formally” at an early age, which helps the development of cognitive
thinking, thinking in general, and mathematical thinking in particular. Studies
have shown a correlation between the quantity and quality of math practice in
pre-primary schools and the child’s success in math in elementary school
(Clements & Sarama, 2015). Today, preschool teachers must have adequate
knowledge of teaching mathematics in kindergarten and grades 1 and 2, and it is
important that pre-school teachers have appropriate mathematical background
and knowledge (Mulligan, 2016).

Recent studies indicate that preschool and early-childhood teachers find
themselves lack proper understanding to teach mathematical concepts in early
childhood (Hassidov & Ilany, 2015, 2017); thus, this study aims to understand
how pre-service teachers (PST) for primary school (PST-P) and for grades 1 and
2 (PST-12) perceive and use the mathematical relational symbols <, >, =. This
article presents part of a comprehensive study that examines perceptions of the
relational symbols (< >, =) in four categories: numbers; quantity; quantity and
numbers; and volume, space, and quantity. In this article, we discuss the second

category: quantity.

2. Research Questions

1) How do pre-service teachers (PST) and PST-12 perceive and use <, >, and
=?

2) Are there differences between PST-P and PST-12 (who have not learned the
subject previously) in how they perceive and use <, >, =?

3) What are the differences between PST-12 who have studied the subject
(PST-12s) compared to PST-12 who have not studied the subject (PST-12ns) in

the manner in which they comprehend and use <, >, =.

3. Method
3.1. Population

Study population: A total of 158 PST: 71 PST-P (44.9% of the total), 87
PST-12 (55.1%) of which 31 (19.6% of total) had studied in their first year of

studies a semestral course about early childhood mathematics that discussed the
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mathematical relational terms, < >, and =. The remaining 56 PST-12 (35.4%) did
not participate in this course. (Note, PST-12s indicates those who took the
course; PST-12ns indicates those who did not.) During the course of this re-
search, all participants (in their second or third year of studies) participated in a
year-long course dealing with pedagogy, teaching, and learning mathematics in
early childhood.

3.2. Research Tools

The study used both quantitative and qualitative methods.

Questionnaire: A questionnaire composed by the research team that com-
prised 25 questions. It was used to collect quantitative and qualitative informa-
tion. This article discusses four of questions from the quantitative domain. The
questions are shown in Table 1. Participants were asked to place <, >, =, or X (if
none of the first three were appropriate) between graphical images and explain
their actions.

Interviews: Partially structured interviews of 25 random PST were used to
clarify the explanations noted in the questionnaire. A classroom discussion later
discussed the use and significance of these symbols and their role in the early

childhood mathematics curriculum.

4. Results

A breakdown of the distribution of answers comparing PST-P to PST-12 is also
shown in Table 1. Results show none of the PST-P gave the correct answer (X).
A total of 34.48% of the PST-12 did answer correctly, and this can probably be
attributed to the fact that 31 PST-12 had been taught the subject previously. In
fact, 65.52% of the PST-12ns marked the questionnaire incorrectly with “>”,
compared with 0% of the PST-P. None of the PST-12 gave “>” as the answer, as
opposed to 100% of the PST-P.

Table 1. Percent distribution of answers given to questions about quantity. The correct answer to all questions is X.

Answers (%, N)

Questions > < = X

PST-12 PST-P PST-12 PST-P PST-12 PST-P PST-12 PST-P

0 100 65.52 0 0 0 34.48 0
1
©© D‘ ©00O ‘ N=0 N=71 N =57 N=0 N=0 N=0 N =30 N=0
0 0 2.30 6 62.07 94 35.63 0
, [@e0 | |
N=0 N=0 N=2 N=4 N =54 N =67 N =31 N=0
w7 WIS
w7 N=2 N =68 N =54 N=1 N=0 N=2 N =31 N=0

P

0 0 3.49 4 55.81 90 40.7 6
o A
A + ' I:Iv N=0 N=0 N=3 N=3 N=49 N =64 N =35 N=4
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Table 2 further breaks down the distribution of answers into the three groups
in the study: PST-P, PST-12s, and PST-12ns. Note that for each of the questions,
the correct answers were given primarily by PST-12s. Comparing PST who re-
sponded correctly with those who responded incorrectly, the Pearson Chi-Square
Test indicates that the percent of the PST-12s group is significantly higher (P <
0.001) than the other two.

Table 3 gives a more in-depth look at the reasons given for the answers given.

For question 1, 100% of PST-P and PST-12ns gave incorrect answers (100%).
On the other hand, 95.4% of the PST-12s gave the correct answer. Of the PST-12
who explained their (correct) answer, 87.08% gave the correct explanation. An
example: “Drawings to not represent numbers, and the symbols >, <, and = can
only be used for quantitative numbers.” Another: “I indicated X because one
cannot use the symbols for graphical images. However, if they are changed to
numbers, then one can use the symbols of >, <, -” However, some “correct an-
swers” were correct for the wrong reason. For example: “The pictures do not
represent numbers because they are not accurate” Among the PST-P and the
PST-12 who answered incorrectly, the most common explanation was the quan-
titative aspect, that is to say, they referred to the number of faces. For example,
“The right rectangle has 3 smileys, and the left has two. So, mathematically

speaking, the right one has more.”

Table 2. Cqmparison of the distribution of answers among the three groups of PST (Note. The correct answer to all questions is
“X)
PST-P PST-12ns PST-12s
Answer N % of sample % of PST N % of sample % of PST N % of sample % of PST
< 71 55.5% 100.0% 55 43.0% 98.2% 2 1.6% 6.5%
> 0 0.0% 0.0% 0 0.0% 0.0% 0 0.0% 0.0%
: = 0 0.0% 0.0% 0 0.0% 0.0% 0 0.0% 0.0%
X 0 0.0% 0.0% 1 3.3% 1.8% 29 96.7% 93.5%
< 0 0.0% 0.0% 1 100.0% 1.8% 0 0.0% 0.0%
> 4 100.0% 5.6% 0 0.0% 0.0% 0 0.0% 0.0%
? = 67 55.4% 94.4% 52 43.0% 94.5% 2 1.7% 6.5%
X 0 0.0% 0.0% 2 6.5% 3.6% 29 93.5% 93.5%
< 68 55.7% 95.8% 53 43.4% 94.6% 1 0.8% 3.2%
> 1 33.3% 1.4% 2 66.7% 3.6% 0 0.0% 0.0%
’ = 2 100.0% 2.8% 0 0.0% 0.0% 0 0.0% 0.0%
X 0 0.0% 0.0% 1 3.2% 1.8% 30 96.8% 96.8%
< 0 0.0% 0.0% 0 0.0% 0.0% 0 0.0% 0.0%
> 3 50.0% 4.2% 3 50.0% 5.6% 0 0.0% 0.0%
o = 64 58.2% 90.1% 45 40.9% 83.3% 1 0.9% 3.2%
X 4 10.0% 5.6% 6 15.0% 11.1% 30 75.0% 96.8%
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Table 3. Analysis of the percentage of reasons for answers between the three groups of pre-service teachers for questions 1, 2, 3,
and 17.

Total
Reasons given - Incorrect answers incorrect Reasons given - correct answers o1 Number of
PST wh
PST answers correct who
answered
Graphical Quantitative Size ar.ld No ‘reason Other Correct Incorrect No ‘reason AnSWELS 1 e question
aspect quantity ~ given  reason reason reason given
Question 1
N 1 48 0 7 56 0 0 0 0 56
PST-12ns
% 1.79 85.71 0 12.5 100 0 0 0 0 100
N 0 2 0 0 2 27 1 1 29 31
PST-12s
% 0 6.46 0 0 6.46 87.08 3.23 3.23 93.54 100
N 1 56 0 14 71 0 0 0 0 71
PST-P
% 1.4 78.8 0 19.8 100 0 0 0 0 100
Question 2
N 1 45 0 8 54 0 2 0 2 56
PST-12ns
% 1.79 80.35 0 14.29 96.43 0 3.57 0 3.57 100
N 0 2 0 0 2 27 0 2 29 31
PST-12s
% 0 6.46 0 0 6.46 87.08 0 6.46 93.54 100
N 2 52 7 10 71 0 0 0 0 71
PST-P
% 2.8 73.2 9.9 14.1 100 0 0 0 0 100
Question 3
N 2 43 0 8 53 1 1 1 3 56
PST-12ns
%. 3.57 76.77 0 14.29 94.63 1.79 1.79 1.79 5.37 100
N 0 1 0 0 1 27 1 2 30 31
PST-12s
%. 0 3.23 0 0 3.23 87.08 3.23 6.46 96.77 100
N 1 57 1 12 71 0 0 0 0 71
PST-P
%. 1.4 80.3 1.4 16.9 100 0 0 0 0 100
Question 17
N 11 17 5 13 2 48 2 0 5 7 55
PST-12ns
%. 20 30.9 9.09 23.64 3.64 87.27 3.64 0 9.09 12.73 100
N 0 1 0 0 0 1 27 1 2 30 31
PST-12s
%.. 0 3.23 0 0 0 3.23 87.08 3.23 6.46 96.77 100
N 10 36 4 17 0 67 0 1 3 4 71
PST-P
%.. 14.1 50.7 5.6 23.94 0 94.34 0 1.41 4.25 5.65 100

For question 2, all the PST-P and 96.43% of the PST-12ns gave incorrect an-
swers. In contrast, 100% of PST-12s answered correctly, 93.54% of whom gave

explanations of which 87.08% were correct. Among the PST who answered in-
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correctly, the most common explanation was the quantitative aspect, that is to
say, they referred to the number of smileys (73.2% of PST-P, 6.46% of PST-12s,
and 80.35% of PST-12ns). In addition, 9.9% of PST-P who answered incorrectly
referred to both size and quantity referred in their explanations (compared to
0% of PST-12). Example explanations for incorrect answers: “/ marked < be-

», «

cause the rectangle on the right is darker than the other’; “I answered = because
the smileys are equal in both rectangles. The difference is the length of the
frame.” Another PST first marked “X” and then changed to “=” and explained
that “7 didn’t know to which criterion to relate” Another: “You do not need to
consider the size of the lines.” An example of an incorrect explanation to a cor-
rect answer: “In graphics, one cannot be precise as to whether the drawings are
the same size or equal.”

For question 3, 100% of PST-P and 94.63% of PST-12ns gave incorrect an-
swers. In contrast, 96.77% of PST-12s answered correctly, 90.31% of whom gave
explanations of which 87.08% were correct. Among the PST who answered in-
correctly, the most common mistake was the quantitative aspect, that is to say,
they focused on the flower icon (80.3% of PST-P, 3.23% of PST-12s, and 76.77%
of PST-12ns). An example of an incorrect explanation to the correct answer:
“One counts the number icons, and the greater number is the answer, without
regard to position.”

For question 17, 94.34% of the PST-P and 87.27% of the PST-12ns gave in-
correct answers. In contrast, 96.77% of PST-12s answered correctly, 90.31% of
whom provided an explanation of which 87.08 gave the correct one. Among the
PST who answered incorrectly, the most common mistake was the quantitative
aspect, that is to say, they considered the number of triangles (50.7% of PST-P,
3.23% of PST-12s, 30.9% of PST-12ns). Examples of explanations given by
PST-12ns (correct answer but incorrect reason): “There is no answer because I
didn’t know which symbol to put, because on both the right and the left there
are two triangles but there is no equality in the way they are arranged’; “It is
impossible to know because the exercise can be considered as one with triangles,
and as a whole’ A PST who indicated = (incorrect) explained: “On each side
there are two triangles.” Another PST indicated > and wrote: “We calculate the
symbols,” later explaining in the interview: “On the left side we calculate by
adding one triangle with another triangle and that is equal to 2. On the other
hand, on the right side, we divide one triangle by one triangle, and this is equal

to one. Therefore, the left side is greater than the right side” (see Figure 1).

oy m e b TS o Y- AL NV v e A e = =R
e G

T A N &

Figure 1. Two examples of how PST derived their answers (both incorrect) for question
17.
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5. Discussion and Conclusions

This study revealed that the PST used the mathematical relational symbols in
different ways depending on the context: sometimes focusing on quantity, some-
times on the shape or size of the images, and sometimes on graphical aspects,
but never did the participants consider the actual mathematical meaning of the
relational symbols.

The majority of PST-P and PST-12ns incorrectly perceived the meanings of
these symbols (as indicated by the reasons stated and the interviews) and even
the PST-12s, many of whom responded correctly, indicated by their reasons and
interviews that despite the correct answer, they did not correctly perceive the
meaning and use of symbols. It is thus possible to conclude that the majority of
PST do not properly understand the meaning and manner of using the relational
symbols in the true mathematical sense and therefore, one may assume, will also
not teach the issue correctly.

Two types of misunderstandings were found among the participants who had
not studied the subject:

1) They did not understand that mathematical symbols relate on/y to numeri-
cal situations, nor did they understand that a graphic object cannot be treated as
a number.

2) Even in cases where they answered correctly, the reasoning was incorrect.
False perceptions regarding the meaning of the mathematical relational signs can
be a result of using identical words in everyday life and in mathematics (Ilany &
Margolin, 2010).

Examples of this are the use of the words “larger than”, “smaller than”, and
“equal” in natural language in everyday life for non-mathematical situations and
their use as the mathematical language for the symbols “>”, “<”, and “ =". As
one PST said in the interview: “They teach the child to use the >’ symbol be-
tween two objects where in one case the size is important and in another case the
length may be important. It depends on the context” Another PST stated:
“Sometimes, in certain situations, it is appropriate to use two different relational
marks simultaneously, for example, once for comparing the sizes of the rectan-
gles and once for comparing the thicknesses of the rectangles.” Often, the PST
demonstrated inconsistencies: for example, one PST indicated “X” for both
questions 1 and 2 but explained that “the drawings do not represent numbers
because they are inaccurate.” He indicated different symbols based on quantity
in one case, and size in another. Another PST answered “=” for question 2 be-
cause “the smileys are equal in both rectangles, the difference is the length of the
frame.” However, with the other questions, this same student focused on other
criteria (Figure 2).

The situation that this leads to is that PST is unaware of the cognitive conflict
that occurs when children are encouraged to interpret mathematical symbols in
non-mathematical situations. PST must understand that one must not use

mathematical relational symbols in situations that are not mathematical and that
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Size and Number

Figure 2. Example of how PST derived an answer.

“<,” “>.” and “=” must only ever be used to compare numbers or variables.
One possible way of getting PST to understand the significance of these sym-
bols and their use can be through activities that purposely lead to a cognitive
conflict, followed by a professional discussion on the subject.
It is important to emphasize that, like any language, the mathematical lan-
guage has its own rules and symbols—numbers, operational symbols, relational
symbols, and more—that enable the language to exist and this awareness must

be reinforced among those involved in the teaching of mathematics.
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