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Abstract

This study examines the strategies used by middle school students in numerosity estimation and the level of closeness of
their estimations to the actual value. A special case study method was used, and 71 students from fifth to eighth grades
in a middle school in the Central Black Sea Region participated in the study. The data were analysed using descriptive
and content analysis methods. During the analysis of the data, MAXQDA, a software program designed for computer-
aided qualitative and mixed exchange data, text and multimedia analysis, was utilized. The findings were presented in
the form of MAXQDA maps and quotations from the participants' answers were included. It was concluded that the
students mostly made random estimations; that is, they did not use any strategies. Accordingly, it was revealed that they
could not estimate close to the actual value, that is, their numerosity estimation skills were low. The most used strategy,
other than random estimation, was benchmark comparison, and this strategy provided estimates closer to the actual
value. It was also observed that the strategies changed depending on the situation to be estimated.

Keywords: Numerosity estimation, estimation strategies, estimation skills, middle school students

1. INTRODUCTION

Estimation skills are one of the basic skills required for adaptation to daily life, as they enable
mathematical operations to be performed without a pen or paper (Baran-Kaya & Celik-Demirci,
2022), and they are common activities that everyone uses more or less in their lives (Andrews,
Xenofontos & Sayers, 2021). As it is known, a definite answer is not required, and an approximate
answer is sufficient in all situations and tasks that require estimation (Sowder & Wheeler, 1989). If we
consider examples such as "How long does it take to finish housework?", "How much does a large
pizza cost?", "How many people were at the match?", or "How much is 75 x 31 approximately?", it is
possible to say that estimation skills are used more frequently in daily life than all other quantitative
determination processes (Siegler & Booth, 2005). Estimation is also an essential part of mathematical
understanding (Siegler & Booth, 2005) because it is related to specific aspects of mathematical ability,
e.g. arithmetic ability and general measures of mathematical ability, e.g. achievement scores (Dowker,
2003). Moreover, proportional reasoning, problem-solving, and estimation skills are the three key
mathematical thinking skills from the perspective of preschool, primary and middle school teachers
(Sriraman & Knott, 2009). In addition, estimation activities encourage students to connect the
mathematical concepts they are learning and the skills they are developing (The National Council of
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Teachers of Mathematics [NCTM], 2000). Another basis for the importance of estimation is that it
provides practicality because it requires immediately recognizing the size or quantity of something
without counting or measuring it (Micklo, 1999). However, school-age children and even many adults
are far from being good at estimation (Siegler & Booth, 2005).

There are various definitions of estimation and estimation skills in the literature. Reys (1986)
defines estimation as the process of providing an adequate answer to a problem, Siegler and Booth
(2005) as the process of translating between alternative quantitative representations, at least one of
which is uncertain, Micklo (1999) as generating ideas quickly and logically without requiring counting
or measuring, Aytekin (2012) as the art of determining the closest to the actual value, and Bagdat and
Yildiz (2023) as finding the closest value to the actual value using intuition or reasoning skills. There
are also various classifications of estimation skills with various definitions in the literature. While
Segovia and Castro (2009) examined estimation skills under two subheadings as metric and
operational estimation, Hogan and Brezinski (2003), Munakata (2002), and Newcomb (2014)
addressed estimation skills under three headings as operational estimation, metric estimation, and
numerosity estimation. Sayers, et al. (2020) also stated that there is number line estimation in addition
to these three types of estimations. Numerosity estimation is considered in this study.

Numerosity estimation is the ability of a person to estimate the number of people or objects in a
given location without physically counting the items (Newcomb, 2014). When counting one by one is
not possible, the number of items can be estimated to provide an approximate assessment of their
number (Anobile et al., 2020; Hogan & Brezinski, 2003). Numerosity estimation is different from
other types. If estimation is considered as a process of translating between quantitative representations,
as defined by Siegler and Booth (2005), operational estimation involves translating from one
numerical representation (e.g., 75 x 29) to another numerical representation (approximately 2,200).
However, numerosity estimation requires translating a non-numerical quantitative representation (e.g.,
a visual representation of the approximate volume and density of candies in a jar) into a number
(Brumm & Rathgeb-Schnierer, 2023; Siegler & Booth, 2005).

In addition to simple arithmetic operations such as addition or multiplication, various
strategies such as decomposing and recomposing the quantity to be estimated must be used to make a
numerosity estimation (Crites, 1992; Luwel & Verschaffel, 2008; Siegel et al., 1982). The strategies
used for numerosity estimation vary depending on the situation in which the quantity is to be estimated
in the literature (Siegler & Booth, 2005). Crites (1992) applied a test with estimation questions to
third, fifth and seventh grade primary school students in his study and determined the numerosity
estimation strategies used by the students. Crities (1992) stated that there are three basic strategies:
basic measurement comparison, decomposition/rearrangement and eyeball estimation. Another
strategy is comparing a known quantity by determining the reference point used to estimate an
unknown quantity. An example of this strategy is “We know that 600 beans fit in a jar, a bean is about
one-third the size of a popcorn kernel, so about 200 kernels can fit in the same jar” (Baran-Kaya &
Celik-Demirci, 2022; Crites, 1992; Siegel et al., 1982). In addition to these strategies, the estimation
strategy based on knowledge and experience is one of the strategies used when making a numerosity
estimation (Baran- Kaya & Celik-Demirci, 2022; Tekinkir, 2008).

Studies on numerosity estimation are limited numerically compared to other types (Kayhan-
Altay et al., 2023). Some studies have determined the various strategies when making numerosity
estimations (Baran-Kaya & Celik-Demirci, 2022; Crites, 1992; Lang, 2001; Siegel et al., 1982). Some
studies have also compared the numerosity estimation performances of students with their
mathematical performances. While the majority of these studies have put forward that students with
better estimations are more successful in standardized mathematics tests and other mathematical
abilities and understanding (Ashcraft & Moore, 2012; Booth & Siegler, 2008; Dowker, 2003;
Schneider et al., 2008; Siegler & Booth, 2004), Brumm, and Rathgeb-Schnierer (2023) have suggested
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that there is no relationship between success in numerosity estimation and interest in mathematics and
mathematical achievement. The number of studies on estimation is limited in the domestic literature
(Boyraz & Akgun, 2017), and they are usually studies in the types of operational and measurement
estimation. In addition, although operational and measurement estimation skills and strategies have
been included in the curriculum since 1948 (Bulut et al., 2017), it is also striking that numerosity
estimation is not directly included. Moreover, the number of studies directly addressing numerosity
estimation in the domestic literature is also limited. Among these studies, Kayhan-Altay et al. (2023)
examined numerosity estimation performances and strategies of preschool students. They concluded
that students performed better when a reference point was presented compared to open-ended
estimation situations. It was observed that some studies included this type of estimation, although they
did not directly address numerosity estimation. Baran-Kaya and Celik-Demirci (2022) examined the
numerosity estimation strategies of prospective mathematics teachers, along with other types of
estimation, and the closeness of the estimations made using these strategies to the actual value. It was
revealed that the estimations of participants who used the basic measurement comparison strategy
while making numerosity estimations were better. Ev-Cimen and Bilgi¢ (2022), on the other hand,
revealed that there was the least content regarding numerosity estimation in their study where they
addressed the types of estimation in textbooks. In addition, the fact that strategies related to
numerosity or other types of estimation are not included in textbooks and that students are not taught
basic estimation strategies (Tekinkir, 2008) is a situation that should be considered. However, as it is
known, estimation skills are a fundamental part of learning mathematics (Brumm & Rathgeb-
Schnierer, 2023), and it requires going beyond the memorization of procedures and applying
mathematical knowledge in flexible ways (Siegler & Booth, 2005). Considering that numerosity
estimation is also related to the ability to perform simple arithmetic operations (Brumm & Rathgeb-
Schnierer, 2023), arithmetic success (Wong et al., 2016), and mathematics success (Booth & Siegler,
2006), it can be considered a type of estimation that should be emphasized.

When we examine the related studies, it is clear that the number of studies conducted directly on
the numerosity estimation skill strategies and the closeness of these strategies to reality is quite
limited. Accordingly, although this study only targets numerosity estimation, it includes a variety of
numerosities where the objects can be counted, whether they are limited or not, presented regularly or
irregularly, and where various estimation strategies can be used. This study aims to examine the
strategies preferred by middle school students while making numerosity estimations and the degree of
closeness of their estimations to reality.

2. METHOD

The case study method allows the situation to be investigated in detail and to reveal how the
factors related to the situation affect the situation or how it is affected by the situation (Yildirim &
Simsek, 2021). This study used the case study method since it aimed to examine in detail the
numerosity estimation strategies and estimation skills used by middle school students.

2.1. Study Group

The study group consists of 71 students who attend fifth, sixth and seventh grades in the 2022-
2023 academic year at a middle school in the Central Black Sea Region. Nineteen students are in fifth-
grade, twenty six are in sixth-grade, and twentysix are in seventh-grade. Since there were no volunteer
students from the eighth grade students, 8th grade students could not be included in the study. The
study group was determined using the easily accessible sampling method, one of the purposeful
sampling types. The principle of volunteering was considered during the collection of data, and code
names (S1, S2, ...) were used for the students to ensure confidentiality and anonymity.
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2.2. Data Collection Tool

The “Numerosity Estimation Skill Test (NEST)” with six questions prepared by the researchers
for middle school students was used as a data collection tool in this study. In the first stage, two
experts who studied estimation skills gave their opinions on this test with ten questions developed for
middle school students. Later, NEST was applied as a pilot study to twenty students not included in
the study group, and they gave their opinions regarding the questions. Some guestions were removed,
and some were subject to contextual changes according to the opinions and the answers. Questions
were from daily life as much as possible. In addition, assuming that various estimation strategies could
be used, care was taken to use visuals with both a small number of objects and a large number of
objects and where these objects were presented regularly or irregularly. Students were asked not only
to provide their estimations for each question but also to explain the reasoning behind them. It was
aimed to determine the students’ estimation strategies in this way. Figure 1 shows a sample question in
NEST.

Question 2:

“‘{f;i In the image on the left.

there are students

g L..“L performing a
Pk 04 demonstration n a

z gymnasium. How many
students are approximately

mnvolved n this

demonstration? Please

explain how you arrived at

your estimate.

Your estimate

The explanation

Figure 1. A question in NEST

2.3. Analysis of Data

The descriptive analysis technique was used for the analysis, but content analysis was also
performed from time to time. Before analysis, a draft coding template was created. This template
includes two dimensions: numerosity estimation strategies and estimation skills based on the closeness
and distance of the estimations to the actual value. According to the template, one of the researchers
performed the coding using the MAXQDA qualitative data analysis program. After coding, another
researcher randomly selected ten data and coded them independently of the other coder. These codes
were then compared, and the few inconsistencies were resolved.

The MAXQDA qualitative data analysis program was used during the analysis. First, the
strategies were determined by considering the numerosity estimation strategies in the literature
(Crities, 1992; Lang, 2001; Siegel et al., 1982), and then the closeness of the strategies to actual value
was evaluated as “fairly close”, “close”, and “far”. There are various criteria in the literature regarding
the grading of closeness to actual value (Baroody & Gatzke, 1991; Crites, 1992; Gatze, 1989; Siegel et
al., 1982). The criteria in Levine's (1982) study were considered in this study. Accordingly, if the
closeness of the answer to the actual value was between 0-10%, it was evaluated as “fairly close”, if
between 10%-30%, as “close”, and if it was more than 30%, as “far”. A sample student (S32) answer
and the coding of this answer are given below:
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Yandaki resimde yer alan mozaikte yaklagik kag tane tag
kullaniinmigtie? Tahmininizi agiklaymniz.

Wmim’niz s09 J

rScbcbi Co(v Coplu 7;(,; yo',-,kqjov. \

Figure 2. A sample student answer and the coding of this answer
Since S32 did not base his estimate on a reason, his answer was coded as a random estimation
strategy. In addition, since the number of stones in the mosaic was 1058, the student's answer was
evaluated as far from the actual value. The strategies used in the questions and the closeness to actual
value were analysed separately. Afterwards, all the questions were evaluated, and the percentage of
strategies being preferred and reaching the actual value were calculated. The MAXQDA maps as a
result of the analysis and quotes from the participant answers were included in the findings.

3. FINDINGS

The findings are presented in order according to the questions in the data collection tool. 71
students had a total of 426 answers in NEST. Table 1 shows the strategies used by the students in
making numerosity estimations and the frequencies of the closeness of these strategies to the actual
value.

Table 1. Students' numerosity estimation strategies and their closeness to the actual value

Closeness to the actual value
Frequency of

Strategy Use Fairly Close Far
close

Random 157 27 29 101
Benchmark comparison 90 34 32 34
Comparison 55 3 2 50
Counting 54 21 15 18
Based on knowledge/experience 24 2 11 11
Eyeball estimation 19 2 7 10
No answer 17 - - -
No explanation 10 2 1 7

According to Table 1, middle school students usually estimate randomly; that is, they do not
use any strategies. These random estimations are far from the actual value. The most commonly used
strategy after random estimation is benchmark comparison. The majority of the estimations using this
strategy are close to the actual value. The majority of the participants who used the strategy of making
comparisons using a reference point estimated quite far from the actual value. Some middle school
students avoided estimating and made direct counting. It is striking that the few estimations close to
the actual value were not enough despite the direct counting. The percentages of using all strategies
and reaching the actual value are given below in detail for each problem situation.

Students were asked to estimate the number of seats by giving a visual of a conference hall in
the first question. The actual number of value was 270 seats. Students' estimates were evaluated as
"fairly close™ if they were between 243 and 297, "close" if they were between 189 and 242 and 298
and 351, and "far" if they were outside these ranges. Figure 3 shows the MAXQDA map containing
the findings from the first question.
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Approximately how many chairs are there in the conference hall? (0)

]
estimation strategies (0)
] ] ] @] ] ] ]

benchmark comparison (29)  random (28) based on knowledge/experience (6) counting (5) eyeball estimation (1) NO explanation (1)  no answer (1)

A

(29)
@ close (7) far (14) @ @ @ @ @ @ @ @
fairly close (8) @ close (6) far (20) close (4)  far(2) fairly close (3)  far (2) far (1) far (1)
fairly close (2)

Figure 3. Findings related to the first question

Figure 3 shows that 42.25% of estimates are fairly close or close to the actual value. 57.75%
of the students estimated far from the actual value. Most of the students (f=29) used the benchmark
comparison strategy. A student who used this strategy said: "First, | counted the tables and then the
chairs, and finally | multiplied the number of chairs and the tables. 13x12= 336" and estimated close
to the actual value. S36, who used the same strategy, estimated far from the actual value and said:
"Since there are six chairs in each row, 6x3=18 18x10=180". Another most used strategy in this
question is random estimation (f=28). 71.42% of those who used random strategy made estimates far
from the actual value. S8, one of the students who estimated that was far from the actual value, said:
“Because the conference hall is big and | think there are probably 100 to 200 seats, that's why | wrote
175.”

In the second question regarding the numerosity estimation, students estimated the
approximate number of students by giving a visual of students performing in the gym. The actual
value was 110. The students’ estimates were evaluated as "fairly close" if they were between 99 and
121, "close" if they were between 77 and 98 and 122 and 143, and “far” if they were outside these
ranges. Figure 4 shows the MAXQDA map containing the findings obtained from this question.

Approximately how many students are there in the gymnasium? (0)

/ e \\
random (30) benchmark comparison (29)  counting (5) based on knowledge/experience no explanation (2) ~ comparison (1) eyeball estimation (1) no answer (1)
@
@ close (10) far (14) @ close (9) far (5) @ close (2) far(2) close(1) far(1) fairly close (1)~ far(1)  close (1) close (1)
fairly close (6) fairly close (15) fairly close (1)

Figure 4. Findings related to the second question
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Figure 4 shows that 33.8% of the estimates are close, 32.39% are far, and 32.39% are fairly
close to the actual value. The students usually used random estimations (f=30) and benchmark
comparison strategies (f=29). Five students did not estimate and answered by directly counting. S23,
who estimated far from the actual value by using the benchmark comparison strategy, said: "15
students were lined up, and | saw that there were 11 students in that group, so 15x11=165". S3, who
did not use any strategy and estimated randomly, said: "50 because there were many children", and it
was far from the actual value. S56, who answered close to the actual value, said: "I compared it with
my friends who | played with in the park™ and estimated based on his experiences.

Students were given a visual of a library and asked to estimate the number of books in the
third question. There are 132 books in the library. The students' estimations were evaluated as "fairly
close" if the answers were between 118 and 146, "close" if they were between 92 and 117 and 147 and
172, and "far" if they were outside these ranges. Figure 5 shows the MAXQDA map containing the
findings from question 3.

Approximately how many books are there in the bookshelf? (0)
|

/0" S"ategieswl\‘
O

counting (24 random (20) benchmark comparison (16)  based on knowledge/experlence eyeball estimation (3)  no explanat»on (2)  noanswer (1)

N \NEIN

] ] @] & @ - 225

fairly cl. 15) close (6) far (3]
airly close (13) ar(3) cIose(S) far(7) I e (2) close (2) far(2) close (3) fairly close (1) far (1)
close r

fairly close (8) fairly close (10)

Figure 5. Findings related to the third question

fairly close (1)

Figure 5 shows that 49.29% of the answers are fairly close, 28.16% are close, and 21.12% are
far from the actual value. It is striking that the majority of the students made exact counting (f=24)
without estimating and estimated randomly (f=20). The students estimated the closest estimation to the
actual value other than counting (f=10) using the benchmark comparison strategy. One of these
students, S54, estimated fairly close to the actual value and said: "I found a row of 24. Since there
were five shelves, | multiplied it by 5 and added 3 extra books". Three students who used the eyeball
strategy also estimated close to the actual value. S2, who estimated fairly close to the actual value,
stated that he counted without using any strategy and said: "counting the books". Some participants
answered close to the actual value (f=6) and far from it (f=3) despite counting like S2. S82 found a
close answer to the actual value by using a strategy based on his experiences with the explanation, “It
is 115 because | compared it with the school library and saw that there was not much difference.”

Students were given a visual of a hospital parking lot and asked to estimate the number of
vehicles in the fourth question. There were exactly 263 vehicles. Accordingly, the estimations were
evaluated as "fairly close" if they were between 236 and 289, as “close” if they were between 184 and
235 and 290 and 341, and as “far” if they were outside these ranges. Figure 6 shows the MAXQDA
map containing the findings from the fourth question.
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Approximately how many vehicles are there in the parking lot? (0)

%‘m S"ategies © \
comparison (3) based on knowledge/experience (11) counting (10) eyeball estimation (8) benchmark comparison (7) random (26) no explanatlon (1)  noanswer (5)
(Gl a”) lose (4) far (6) | 6f 2 e
close @) close (6] far (2) close (2) faf @ close (2) far @ close (5) far(17)  close (1)
fairly close (2) @ @ @ @
falrly close (1) fairly close (2) fairly close (2) fairly close (4)

fairly close (1)

Figure 6. Findings related to the fourth question

Figure 6 shows that almost half of the students (47.88%) estimated far from the actual value,
28.16% close to the actual value, and 16.9% fairly close to the actual value. 7.04% of the students did
not answer this question. It was observed that the students mostly did not use an estimation strategy in
this question and made a random estimation (f=26). In addition, the strategy with the highest number
of estimations far from the actual value was again the random estimation strategy. S40 answered 500
by saying “I think so” and made a random estimation very far from the actual value. S33, one of the
students who used the strategy of relying on knowledge/experience, estimated far from the actual
value and said: “My mother was working at the hospital, | sometimes went down to the garden and
counted cars because | was bored. | wrote down twice the number | counted. 1251+1251=2502". Two
of the three students who used the comparison strategy also estimated fairly close to the actual value.
S64, who used the comparison strategy, said: “I compared it to the garage of our building.” It is
striking that 10 students answered by counting without using any strategy, yet the majority of them
estimated far from the actual value.

In another question about the numerosity estimation, students were given a mosaic image and
asked to estimate how many stones it consisted of. The actual value was 1058. Estimations were
evaluated as "fairly close" if they were between 952 and 1163, as "close" if they were between 740 -
951 and 1164 - 1375, and as "far" if they were outside these ranges. Figure 7 shows the MAXQDA
map containing the findings obtained from this question.

Approximately how many tiles are there in the mosaic? (0)

/ J \
]

] ] ] ]
random (39) counting (8)  benchmark comparison (8) eyeball estimation (5) comparison (1) no explanation (3) no answer (7)
far (8) close (1) far (4) far (1) far (3)

@ close (3) far(29) close (1) far(7)
fairly close (7)

Figure 7. Findings related to the fifth question
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Figure 7 shows that 73.23% of the answers are far from the actual value, 10% are fairly close,
and 9.85% are close. 9.85% did not answer the question. Most of the students used the random
estimation (f=39) strategy, and only seven students estimated fairly close to the actual value. Among
the students who estimated randomly, S64 said: "I don't think it is 200 or so. It is 100 at most." and
estimated that is very far from the actual value. S18, who answered close to the actual value, said: "It
is 1000 because they take up a lot of space because they are small stones." Although he estimated
randomly, it is very close to the actual value. All of the students who used the benchmark comparison
strategy estimated far from the actual value. S5 estimated far from the actual value and said: “There
were 104 in Part 1, | counted them and thought that each side had 10 stones less and thought that
there were 170 stones in the middle flower and added them all up.” He proceeded with the right
strategy, but since he underestimated the number of stones in the middle flower motif, he estimated far
from the actual value. Although the number of stones was quite high, almost all of the students who
counted directly instead of estimating answered far from the actual value. For example, S54 said: “I
counted the stones” and gave the answer 209.

In the last question regarding the numerosity estimation, there was a visual of two jars, one
filled with olives and the other with chickpeas. There were 84 olives in the jar full of olives, and the
students were asked to estimate how many chickpeas might be in the other jar. The actual value was
572 in this question. The values between 514 and 629 were evaluated as “fairly close”, between 400
and 513 and 630 and 744 as “close”, and outside these ranges as “far”. Figure 8 shows the MAXQDA
map containing the findings from the sixth question.

In a jar that contains 84 olives, about how many chickpeas are there? (0)

S Cll 227
] (] ] _ ] ] ]
comparison (50) random (14)  counting (2) benchmark comparison (1) eyeball estimation (1) no explanation (1) no answer (2)
] ] @] © ] ]
fairly close (1)  close (1)  far (48) far (14) far (2) far (1) far (1) far (1)

Figure 8. Findings related to the sixth question

Figure 8 shows that 94.36% of the answers are far from the actual value, 1.4% are fairly close,
and 1.4% are close. 2.81% did not answer this question. Most of the students used the comparison
(f=50) strategy by taking a reference point. However, only one student could estimate fairly close, and
one student could estimate close to the actual value. S28 estimated closely and said: "Because the
olives are bigger but the chickpeas are much smaller, so there is a difference between them. It is 500".
S43 estimated closely: "Because the olives in the first jar are big, the chickpeas are small, so it takes
up less space, so it is more than 84, it is 140". However, it is seen that he estimated far from the actual
value because he could not compare the sizes of the olives and chickpeas correctly. S56 followed the
correct strategy by saying: “If each olive has 3 chickpeas, 84 + 84 + 84 = 252”, but he could not
estimate closely because he did not think that chickpeas could fit into the spaces created by the olives
in the jar.
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4. DISCUSSION and CONCLUSION

The majority of the students' estimations were quite far from the actual value in this study which
examined the strategies of middle school students regarding numerosity estimation and the closeness
of their estimations to the actual value. In addition, some participants didn't answer the questions or
answered but did not explain the reason. Considering all these, middle school students' numerosity
estimation skills are low. Baran-Kaya and Celik-Demirci (2022), in their study with prospective
teachers, revealed that the majority of the participants gave answers close to the actual value,
especially in questions containing visuals, when making numerosity estimations. However, this
difference may be due to the development of numerosity estimation performance and strategy use with
increasing age and experience (Brumm & Rathgeb-Schnierer, 2022; Luwel et al., 2005). Similarly,
Siegel et al. (1982) stated that 6th-8th-grade students made worse mass estimations than adults.

It can be concluded that the reason why most of the middle school students' numerosity
estimates are far from the actual value is due to the use of a random estimation strategy. Moreover,
other studies have also shown that making a random estimate causes incorrect estimates (Baran-Kaya
& Celik-Demirci, 2022) because, although it is known that strategy choices in humerosity estimation
depend on certain problem characteristics (Crites, 1992; Siegler & Booth, 2005), it is a fact that certain
types of strategies are more effective in numerosity estimation (Luwel et al., 2005). One of these
strategies is undoubtedly the benchmark comparison strategy (Baran-Kaya & Celik-Demirci, 2022).
The most used strategy after random estimation was the benchmark comparison strategy among the
participants who were 5th-8th-grade middle school students who made both close and far estimations.
In addition, most of the students who preferred the benchmark comparison strategy were able to
estimate close to the actual value. Similarly, the most preferred strategy of the 5th-7th-grade students
in the study of Crites (1992) and the middle school prospective mathematics teachers in the study of
Baran-Kaya and Celik-Demirci (2022) is the benchmark comparison.

Although some strategies are preferred more, estimation strategies can vary depending on the
situation or problem (Luwel et al., 2003; Siegler & Booth, 2005). According to this study various
strategies were preferred more by middle school students in some numerosity estimation questions.
When the number of olives in a jar was given, and the number of chickpeas was asked, students used
the comparison strategy more. They tried to estimate by comparing the size of the olives in the visual
with the size of the chickpeas. However, the majority of the estimations were far from the actual value
since they could not compare the sizes correctly and could not think that the gaps in the jar containing
the olives would also be filled by chickpeas. Similarly, if the situation that the students were asked to
estimate consisted of a smaller number of objects, such as the number of books on a bookshelf, they
preferred to count the objects one by one instead of estimating. It is striking that students answered far
from the actual value despite counting one by one. When the number of objects to be estimated is
high, instead of implementing a strategy, they estimate randomly, which means that they avoid using a
strategy for estimation. In addition, it has been understood that their estimates are far from the actual
value due to the effect of estimating randomly when the number of objects is high. Russo et al. (2022)
also revealed that both second and sixth-grade students have difficulty in estimating close to the actual
value when the number of objects increases. It was observed in the study by Kayhan-Altay et al.
(2023) that the most preferred strategy in numerosity estimation is random answers such as "it seems
to me" without making any comments about the quantities.

In addition to the frequently used strategies mentioned above, some participants use the eyeball
strategy (Crites, 1992), a perceptual-based strategy in which the elements are visually scanned, and the
strategy of estimating based on knowledge/experience. Although there are a limited number of studies
in which the strategy of estimating based on knowledge/experience is used in numerosity estimation
(Baran-Kaya & Celik-Demirci, 2022), Gandini et al. (2008) stated that strategies that do not
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correspond to other strategies in the literature can also be used. It can be thought that the use of
questions that can encourage the use of various strategies in the data collection tool may have led to
the emergence of various types of strategies.

While all other questions require estimating in more regular structures in the NEST used as a
data collection tool in the study, there is a more irregular structure in the case where the number of
stones in the mosaic needs to be estimated. Moreover, this was the situation where students had the
most difficulty when making a numerosity estimation. While many students didn't answer the
question, lots of them who answered estimated far from the actual value. This result is consistent with
the studies by Smith (1999) and Russo, et al. (2022).

When the results are examined in general, the failure of middle school students in numerosity
estimation may be because numerosity estimation is rarely mentioned in the curriculum and textbooks
(Ev-Cimen & Bilgi¢, 2022). Moreover, students can only associate mathematics with the world of
exact numbers unless otherwise shown (Brumm & Rathgeb-Schnierer, 2022), and estimation can be
seen for them as a contrast to the world of exact numbers (Schipper, 2009). For this reason,
numerosity estimation skills and strategies can be given more importance in both mathematics
curriculum and teaching practices starting from the younger grades because the earlier children
experience estimation, the more effective they can estimate in the later period (Micklo, 1999).
Therefore, teachers can draw attention to their students' use of numerosity estimation strategies in
terms of counting that students may indirectly encounter in many mathematics subjects.

This study evaluated numerosity estimation skills of fifth and seventh-grade middle school
students from a holistic perspective. In another study, humerosity estimation skills at various grade
levels can be comparatively addressed in other studies since it is known that age and education level
have an effect on estimation skills.
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