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The aim of this study is to examine the geometric thinking levels of 

middle school mathematics preservice teachers regarding the problem 

situations regarding the concept of social distance according to the SOLO 

taxonomy. The research was conducted using the special case method, 

one of the qualitative research methods. The working group, studying at a 

state university in Turkey in middle school mathematics teaching 

department consists of 80 preservice teachers. While determining the 

participants, purposeful sampling method was used because the 

preservice teachers who took "Basics of Mathematics II" and "Special 

Teaching Methods II" courses were selected. In the study, semi-

structured interviews were conducted with 15 preservice teachers since it 

was aimed to examine remarkable situations from the answers given to 

open-ended questions. Descriptive analysis technique was used while 

analyzing the data. Most of the answers given in the study were found to 

be below the relational geometric thinking level. As a result, it was 

determined that most of the answers given reflected quantitative learning. 

In line with this result obtained in the study, it is suggested that open-

ended questions about life should be included frequently in teaching in 

order to reach the relational and extended abstract level answers that 

reflect qualitative learning. 
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Introduction 

Human nature wants to know, because man was born with the desire to know. For this 

reason, he tries to understand, explore, and learn by constantly being curious about the 

elements surrounding him (Aristotales, 1993). For this, he uses visual actions such as 

measuring and comparing. At the same time, the effort to be aesthetic in the works built by 

human beings supports these actions. It can be said that this accumulation obtained in the 

process systematized and caused the formation of the geometry field. Geometry is a 

visualized field of mathematics, which is derived from the combination of "Geo" (place) and 
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"metric" (measurement). Therefore, understanding, classifying, and knowing the properties of 

geometric concepts and shapes in detail contributes to the solutions of mathematical problems 

(National Council of Teachers of Mathematics [NCTM], 2000). In addition, it can be said that 

geometry and geometric thinking skills are used in many scientific (engineering, physics) and 

artistic (architecture, handicrafts) fields (Olkun, 2003; Tekin, 2007). 

Geometric thinking indeed plays a critical role in the mathematics curriculum as it provides 

students with the opportunity to build an inferential structure by combining their knowledge 

of mathematics with real-life situations (Hvizdo, 1992). For this purpose, geometry subjects 

are frequently included in primary and secondary education mathematics curriculum in 

Turkey (Ministry of National Education [MoNE], 2018). Thus, the development of geometric 

thinking and academic success are aimed (MoNE, 2009a, 2009b, 2013). Despite this being the 

target, it has been concluded in some studies that students' geometric thinking levels are not at 

the desired level. (Bulut, Öner-Sünkür, Oral, & İlhan, 2012; Fidan & Türnüklü, 2010; Halat, 

2006; Kaleli-Yılmaz & Koparan, 2016; Olkun & Toluk, 2007). Teachers have a great 

responsibility at this point in order to change the current situation of students. Because in 

order for the teaching to be realized at the expected level, the teacher must have detailed 

knowledge about his field (Fennema & Loef, 1992; Kahan, Cooper, & Bethea, 2003). 

According to research, teachers' knowledge of mathematics also affects the decisions they 

make in learning environments (Fennema & Loef, 1992; Lloyd & Wilson, 1998; Van Dooren, 

Verschaffel, & Onghena, 2002). Therefore, it is important for teachers to question their own 

learning and be aware of what they know or not (Shulman, 1986). It is thought that it will be 

useful to conduct studies that determine the geometric thinking levels of teachers while they 

are candidates in creating this awareness. 

When literature is examined, studies on geometric thinking or understanding are frequently 

encountered and Van Hiele geometric comprehension levels are generally used in these 

studies (Duatepe, 2004; Gökbulut, Sidekli, &Yangın, 2010; Halat, 2006; Kılıç, 2003; Usiskin, 

1982; Van Hiele, 1986; Yi, Flores, & Wang, 2020). In some studies, it is seen that the 

Structure of the Observed Learning Outcome [SOLO] taxonomy, which is very similar to Van 

Hiele's geometric thinking levels, is also preferred as an alternative (Göktepe, 2013; 

Konyalıhatipoğlu, 2016; Köse, 2018). The SOLO taxonomy was developed by Biggs and 

Collis (1982) as a model to evaluate the structure of observable learning outcomes. In this 

model, the evaluation is made according to the quality and structure of the answers given by 

the students to the questions. The answers given are analyzed with certain criteria and SOLO 

Taxonomy is used as an effective tool in determining the learning level of the concepts 

(Akbaş-Ertem, 2016; Groth & Bergner, 2006). 

 

Figure 1. Hierarchical Structure of the SOLO Taxonomy (Çetin & İlhan, 2016, p.862) 
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Since the SOLO taxonomy has a hierarchical integrity, each level includes the skills acquired 

at previous levels (Tomperi, 2016). The levels in Figure 1 show that student responses can be 

evaluated in five different ways (Callingham, 1999). As you move up the pyramid, 

consistency, unity, and versatile evaluations increase (İlhan, 2015). Taxonomy examines 

students' answers at five levels. These are: “Pre-structural”, “Uni-structural”, “Multi-

structural”, “Relational” and “Extended Abstract”. There is almost no relationship between 

the question and student answer at the pre-structural level (Brabrand & Dahl, 2009). At  uni-

structural level, the student focuses on only one aspect of the problem and cannot produce an 

idea about its place in the whole (Groth & Bergner, 2006). At the level of multi-structural, the 

student evaluates the question from more than one point but cannot establish a connection 

between them (Padiotis & Mikropoulos, 2010). At the level of the Relational structural, the 

student focuses on more than one point in his answer and can explain the relationship between 

them (Weyers, 2006). At the extended abstract level, which is the last level of the SOLO 

taxonomy, the student establishes connections beyond the existing information (Çetin & 

İlhan, 2016). Actions such as establishing a theory, making generalizations, predicting, 

creating a hypothesis or combining their knowledge and applying them to a new field are 

behaviors that show that the student is at the (desired) level (Barbrand & Dahl, 2009). SOLO 

taxonomy allows in-depth analysis of the situation due to its flexible nature. Unlike the Van 

Hiele geometric thinking model, which is frequently preferred in studies on geometric 

thinking, it does not aim to refer to the general stage of the individual. Instead of classifying 

students, taxonomy aims to classify the levels of their answers according to the current 

situation. Because, cognitively, the level of the person may vary from day to day (Çelik, 

2007). For this reason, the SOLO model focuses on the answers given by individuals rather 

than detecting their cognitive level. Therefore, the feature that makes this model different is 

that it examines the thinking processes used by the individual to reach the answer together 

with the answer given to the problem situation (Biggs & Collis, 1991; Pegg & Tall, 2001). 

When the literature is examined, it is seen that the studies on geometry using the SOLO 

taxonomy are related to spatial (Göktepe, 2013; Göktepe & Özdemir, 2013; Köse, 2018; 

Özdemir & Göktepe-Yıldız, 2015) or two-dimensional plane (Konyalıhatipoğlu, 2016). 

However, in the literature review, it was observed that there was no study investigating the 

geometric thinking levels of preservice teachers regarding real-life problem situations. In this 

context, in these days when we are experiencing the coronavirus epidemic; the concept of 

"social distance", which reduces the spread of the virus, saves lives and has an important 

place in our lives, comes to the fore. "Social distance" refers to the physical distance of 1.5-2 

meters between individuals in order to prevent the virus from spreading in social areas 

(Turkey Republic Health Ministry [TRHM], 2020). In order for people to maintain social 

distancing in public areas, each individual should act in a certain settlement order. Geometry 

information must be used to provide this layout. In order to prevent the disease from being 

transmitted, in many places in our daily life such as banks, hospitals, markets, settlements 

suitable for social distance were made, waiting points and some warning signs reminding the 

social distance rule were created. However, there are no predetermined waiting points or 

warning signs showing the layout in all social areas. In addition, it is observed that warning 

signs showing the settlement order by some institutions are incorrect (Mekouar, 2020). 

Therefore, in order for people to obey this vital rule everywhere, they should question their 

distance from the people around them and be able to guess where their position should be in 

order to settle in any area properly. For this reason, it is thought that the ability of every 

individual in the society to solve such real problem situations that they encounter in their 

daily life regarding the concept of social distance depends on geometric thinking skills. In this 

study, the problem situations that can be encountered in real life are presented based on the 
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concept of "social distance" in order to determine the geometric thinking levels of the 

mathematic preservice teachers who have an important place in the upbringing of future 

generations. In addition, since there is a geometric layout in the social distance problem 

situations presented in the study, it can be said that this aspect of the study is also related to 

the construction of geometric shapes. The purpose of geometric construction studies is to find 

a solution to a geometric problem instead of obtaining certain shapes by applying a standard 

procedure with a compass or a unitless ruler (Erduran & Yeşildere, 2010; Napitupulu, 2001). 

Therefore, the social distance problem situations we experienced during the coronavirus 

epidemic process were used to examine the geometric thinking levels of preservice teachers, 

as they include elements for the construction of geometric concepts and geometric shapes. In 

addition, for the reasons stated above, it is thought that the SOLO taxonomy offers important 

opportunities to examine the geometric thoughts of pre-service teachers regarding the social 

distance problem situations that are the subject of the study. In light of all this information, 

the main purpose of the study is to examine the geometric thinking levels of middle school 

mathematics preservice teachers about the concept of "social distance" related to life 

according to the SOLO model. 

Problem Statement  

According to the SOLO taxonomy, what are the geometric thinking levels of middle 

school mathematics preservice teachers for social distance problem situations? 

Method  

Research Model 

This study was conducted with a case study, one of the qualitative research methods. 

The qualitative research method focuses on the experiences of the individuals researched 

(Strauss & Corbin, 1998). It allows the researcher to observe the investigated situation in its 

own flow, to determine and evaluate the meanings that the participants have constructed in 

the mind of the subject (Denzin & Lincoln, 1998). In this context, the case study has the 

features provided by qualitative research methods. In addition, it has been widely preferred in 

educational research for many years. Because the special case method is preferred in 

understanding various issues of education, especially when the "How?" and "Why?" questions 

are needed to be answered (Yin, 1984). Case studies aim to examine the subject in depth. 

Therefore, the number of participants should be small. In addition, different research methods 

and many data collection tools can be used in case studies. This situation provides a detailed 

research opportunity about the working group and sample cases can be examined in their 

nature. In this context, the case study method was used since the geometric thinking levels of 

the preservice teachers about the related to life of "social distance" were examined in depth 

with data collection tools (document analysis, interview) with a small number of participants. 

Study Group 

The working group of the research consists of 80 middle school mathematics 

preservice teachers who study at a state university in the west of Turkey. In this study, the 

sample was determined by purposeful sampling method. According to Patton (1987), 

purposeful sampling in qualitative research allows for in-depth examination of special cases 

containing rich information in the target of the research (as cited in Yıldırım & Şimşek, 2016, 

p.118). For this reason, the participants in the study were determined from the first and third 

grade middle school mathematics preservice teachers who have seen the "Basics of 
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Mathematics II" and "Special Teaching Methods II" courses in line with the purpose of the 

study. Within the scope of these lessons, the preservice teachers learned the basic geometry 

subjects (basic geometric concepts and drawings, triangles and quadrilaterals, length, area 

measurement, and others) in the middle school mathematics course. Since the aim of the study 

was to reach as many preservice teachers as possible and to identify special cases containing 

rich data, two open-ended questions on the concept of "social distance" were directed to 80 

middle school preservice mathematic teachers in the first stage of the study. Geometric 

thinking levels were determined by analyzing the answers obtained from 80 middle school 

preservice teachers according to the SOLO taxonomy. The preservice teachers in the study 

group were coded as PS1, PS2, PS3 ...  In the second stage of the study, semi-structured 

interviews were conducted with 15 middle school preservice teachers in order to examine the 

special cases containing rich information in depth. While determining the preservice teachers 

to be interviewed in a semi-structured manner, equal number of preservice teachers from each 

geometric thinking level could not be selected. Because it has been observed that there are too 

many answers in some levels of geometric thinking, and no answers at some levels. 

Therefore, the participants to be interviewed in a semi-structured way were determined as two 

or three people from each geometric thinking level, as much as possible, and the information 

about preservice teachers (personal characteristics, communication skills, and so on) received 

from the lecturer. 25-30-minute semi-structured interviews were conducted with a total of 15 

middle school mathematic preservice teachers in line with the voluntary principle. Since the 

subject of "social distance" is related to the coronavirus, which deeply affects the society, 

while determining the study group, due to the possibility that the relatives of the preservice 

teachers may be sick or have passed away from from Covid-19, we tried to be extremely 

sensitive all throughout. . According to Yıldırım and Şimşek (2016), purposeful sampling is a 

method that enables the discovery and explanation of facts and events in many cases. For this 

reason, the sample of the research was created by purposeful sampling method. 

Data Collection Tools 

The data were obtained from open-ended questions asked to preservice teachers, semi-

structured interviews for these questions and document analysis. According to Türnüklü 

(2000), open-ended questions posed in the interview allow interviewers to learn in a more 

detailed fashion and inquire into the accurate reasons for interviewees’ behaviour, opinions 

and feelings pertaining to any subject. In semi-structured interviews, there is an interview 

form consisting of open-ended questions prepared beforehand in accordance with the purpose 

of the research. In addition, in such interviews, additional questions may be asked to pre-

prepared questions, depending on the answers given by the interviewees. Semi-structured 

interviews make up a suitable research technique for educational research as they help the 

researcher to obtain more detailed information about the problem situation (Türnüklü, 2000). 

The interview form prepared by the researcher to examine the geometric thinking levels 

towards the concept of "social distance" consists of two open-ended questions and semi-

structured interview questions related to these questions. There is a geometric settlement in 

the problem situations in the open-ended questions prepared for the concept of "social 

distance". Therefore, the problem cases are directed to the construction of basic geometric 

shapes (triangle angle-side relationship, relationship between triangle side lengths, and alike.). 

In the study conducted by Şengün (2017) to examine the processes of middle school students' 

construction of triangles in a paper-pencil and dynamic geometry environment, it was 

observed that students in the paper-pencil environment could not explain the relationship 

between the triangle angle-edge relationship, the side lengths in the triangle, and they drew 
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triangles that were impossible to draw. The "social distance" problem situations prepared in 

this study were prepared by examining the situations underlying the mistakes made while 

constructing the triangle identified in the literature. The reason why problem situations are 

created by examining geometric construction studies is that geometric construction studies 

allow to examine all the features of the constructed building (Cherowitzo, 2006). Since this 

situation is compatible with the purpose of the study in order to examine the geometric 

thinking levels for social distance problem situations in depth, this way was followed in the 

preparation of social distance problem situations. Expert opinion was consulted to ensure the 

content validity of the questions. While preparing the interview questions, the pilot study was 

conducted with 10 preservice teachers. As a result of the pilot study, the transpose and long 

sentence structures that were in the first problem situation were corrected. In the second 

problem case, corrections were made for the visual in the question. In this way, it was ensured 

that the questions were made more understandable serving the purpose. Teachers participating 

in the pilot study were not included in the main study. The interviews were conducted 

individually on a voluntary basis. Semi-structured interviews were conducted with a total of 

15 preservice teachers by determining two or three preservice teachers from each level. Due 

to the pandemic, interviews were carried out individually for 25-30 minutes using video 

conference method. Audio recording was made with the permission of the participants. 

Data Analysis 

In this study, semi-structured interviews conducted within the scope of the answers to 

open-ended questions that were then transformed into written texts. Later, descriptive analysis 

technique was applied in order to examine geometric thinking levels within the framework of 

SOLO taxonomy. In the descriptive analysis technique, data are summarized and interpreted 

according to previously determined themes. In addition, this technique aims to reflect the 

opinions of the individuals in a striking way by directly quoting the answers given by the 

participants (Yıldırım & Şimşek, 2016). During the descriptive analysis, the answers given by 

the preservice teachers to the questions were examined and the criteria of the levels were 

determined according to the SOLO taxonomy. In this context, the criteria sought in the 

answers of the preservice teachers and the levels of the answers are given in Table 1. 

Table 1. The geometric thinking criteria sought in the answers given by the preservice 

teachers to the questions according to their solo taxonomy levels. 
Thinking Levels Criteria for Question 1. Criteria for Question 2. 

Pre-structural 

 

It approaches the problem situation only as 

shape. This situation can be in two ways: 

1) Their visual explanations are only verbal 

and no draft drawing has been made. 

 2) The draft has been drawn. But there are no 

geometric explanations about how the drawing 

was created. 

Geometric descriptions are not made. It is 

only approached formally. For example, 

the signboard should be illuminated, 

written in large… etc. 

Uni-structural 

 

The problem situation is approached from a 

single point of view with geometric thinking. 

For example, by drawing a single row, it 

focuses only on the distance between people 

in front and behind. It does not consider the 

shape as a whole. 

Geometric explanations are considered 

one-dimensional. The shape is not 

considered holistic. 

Multi -structural 

 

The problem situation is approached with 

multi-dimensional geometric thinking. 

However, the solution is incomplete or 

incorrect. For example, the maximum number 

of people is ignored or operational error is 

Considering that the shape on the 

signboard is wrong, the shape is evaluated 

holistically. Explanations made are 

supported by correct expressions with 

geometry content. However, no 
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made in the calculations. suggestions are made about the signboard. 

Relational 

 

Correct geometric explanations are made for 

the problem situation. An accurate drawing is 

made considering the maximum number of 

people.  

The explanations made are supported with 

verbal and visual expressions containing 

geometry. Suggestions are made about the 

signboard. 

Extended 

Abstract 

 

Correct geometric explanations are made for 

the problem situation. An accurate drawing is 

made considering the maximum number of 

people. In addition, drawing made by going 

beyond the question is associated with 

elements of everyday life. In other words, the 

argument created is supported by real life 

elements. For example, Bee honeycomb. 

The shape is evaluated geometrically from 

multiple points of view. The geometric 

explanations are made as verbal and 

visual. Corrections are made about the 

signboard. It goes beyond the question and 

makes multiple different suggestions for 

the signboard. Like showing more than 4 

people. 

In the analysis of the data, the double-coding procedure developed by Miles and Huberman 

(1994) was used for coding reliability. The researchers completed the rating process by using 

the scale. In this study, inter-researcher reliability was calculated as 87%. Consensus was 

reached on all codes. According to Miles and Huberman (1994), if the coding is 70% and 

above, the coding is reliable. As a result, it has been determined that the designed scale is 

suitable for measuring the levels of the SOLO Taxonomy consistently and reliably. 

Findings and Comments 

In this section, the findings and comments related to the geometric thinking levels of 

the preservice teachers according to the SOLO taxonomy regarding the problem situations 

with social distance content are included. 

Findings and Comments in Question 1 

The 1st question about “Social Distance” that preservice teachers are asked to answer 

is given below. 

“Experts stated that the social distancing between people should be at least two meters 

due to the Covid 19 outbreak. Ahmet, your relative who is interested in the food business, 

does not know how to determine the waiting points suitable for social distance in order to 

manage the crowd in the waiting area in front of the workplace. Knowing that you are a 

preservice math teacher, Ahmet asks you to create the waiting points in accordance with 

the social distance rule that will have maximum customers in the waiting area together 

with the draft drawing indicating the distance between them. How would you help 

Ahmet? Explain in detail.” 

The geometric thinking levels according to the SOLO taxonomy of the answers given by the 

preservice teachers for the 1st question are shown in Table 2. 

Table 2. Analysis of preservice teachers' answers to the 1st question according to the SOLO 

taxonomy. 
Thinking Levels Preservice Teachers Number of 

Participants 

Pre-structural PS10, PS14, PS20, PS27, PS59, PS65 6 (%7,5) 

Uni-structural PS1, PS2, PS4, PS8, PS12, PS36, PS57, PS70 8 (%10) 

Multi-structural PS5, PS6, PS7, PS11, PS13, PS15, PS16, PS17,PS18, PS19, 

PS21, PS25, PS29, PS30, PS31, PS37, PS39, PS40, PS41, PS42, 

PS44, PS46, PS48, PS50, PS56, PS61, PS67, PS68, PS72, PS73, 

PS74, PS75, PS76, PS77, PS78, PS80 

37 (%46,25) 
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Relational PS3, PS9, PS22, PS23, PS24, PS26, PS28, PS32, PS33, PS34, 

PS35, PS43, PS45, PS47, PS49, PS51, PS53, PS54, PS55,PS58, 

PS60, PS62, PS63, PS64, PS66, PS69, PS71, PS79 

27 (%33,75) 

Extended abstract PS38, PS52 2 (%2,5) 

TOTAL  80 (%100) 

When Table 2 is examined, it is seen that most of the answers given by the preservice teachers 

to the 1st question are at the level of multi-structural and relational, and only two answers are 

at the level of extended abstracted geometric thinking. Therefore, it can be said that mostly 

the answers of the preservice teachers for the mentioned question are below the relational 

thinking level. 

The geometrical thinking level of the preservice teachers' answers to the 1st question has been 

examined in detail below, along with their reasons, in line with their verbal explanations and 

remarkable drawings. 

Some remarkable answers, which are thought to be at the pre-structural geometrical thinking 

level, are given in Table 3 together with their drawings and verbal explanations. 

Table 3. Remarkable drawings and explanations of the answers at the pre-structural level for 

the 1st question. 
Drawings of Preservice Teachers Remarks by the Preservice Teacher 

 

Researcher:“Why did you create such a drawing?” 

PS65: “The reason why I have such an opinion is that the longer the 

row, the less space it will occupy. By taking advantage of the 

isometric structure, there won’t be a crowd of people, 

accumulated.” 

 

PS20: “Some warning signs will help maintain the distance between 

people in order to protect public health and contribute to 

precautions taken in crowded areas. A draft designed for each 

area that needs a distance of 2 meters can be used. Thanks to this 

draft idea, people will be more careful about the measures to be 

taken in the name of social distance.” 

Preservice teachers who do not draft 

PS27: “The distance between people should be 2 meters. For this, 

we can increase the length of the waiting room. I can make a draft 

drawing that can have a maximum number of customers by asking 

him to put two meters away from the sides and back.” 

When Table 3 is examined, it shows social distance waiting points in the drawing of 

Participant 65 with only arrows. In addition, although PS65 mentions the isometric structure, it 

is seen that he does not mention geometric concepts in his explanations. Instead of 

determining the waiting points, as is reflected in the drawings and expressions Participant 20 

designed a warning sign. PS27's visual explanations were limited to verbal expressions only. 

In this context, it is seen that preservice teachers do not have a geometric perspective by 

evaluating the problem situation only visually. For this reason, it can be said that the answers 

of the preservice teachers remained at the pre-structural level. 

Remarkable drawings and explanations of the answers in the uni-structural geometric thinking 
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level for the 1st question are included in Table 4. 

Table 4. Remarkable drawings and explanations of the answers at the uni-structural level for 

the 1st question. 
Drawings of Preservice Teachers Remarks by the Preservice Teacher 

 

R: “How did you create this drawing?” 

PS36: “Uncle Ahmet sticks it in front of Ayşe Food Market by 

drawing dark black stripes. It is adhered to the floor by leaving 

a distance of 2 meters between these strips.” 

 

PS57: “I thought the waiting area might be shaped like a spiral 

pattern.” 

R: “Why?” 

PS57: “In this way, I reached an area where many people can 

wait in a small area by following the social distance rule.” 

 

PS8: “I arrange circles  inside and outside of the market being 

careful that they are 2 meters away. I indicate in the form of a 

yellow or blue circle the areas where customers will be 

waiting.” 

When Table 4 is examined, it is seen that PS36 and PS8 made a linear drawing while 

determining the waiting points, while PS57 made a spiral drawing. PS36, who made a linear 

drawing, formed one row and PS8 formed four rows. However, PS8 did not specify the 

horizontal distances of the points she determined as "social distance points" that are distant 

from each other and did not make an explanation for this. On the other hand, although PS57 

claimed that waiting points in accordance with the social distance rule can be created in a 

small area with a spiral drawing, he did not make any explanations about the distance between 

the inner spiral and outer spiral waiting points. Therefore, it is seen that the PS8, PS36 and 

PS57preservice teachers focus only on the distance between the ordered people, based on their 

drawings and explanations. For this reason, the absence of any expressions in the drawings 

and explanations of the preservice teachers regarding the distance between other waiting 

points other than the sequential waiting points shows that they approached the problem 

situation at a uni-structural level. 

Remarkable drawings and explanations of the answers at the multi-structural geometric 

thinking level for the 1st question are included in the Table 5. 
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Table 5. Remarkable drawings and explanations of the answers at the multi-structural level 

for the 1st question. 
Drawings of Preservice Teachers Remarks by the Preservice Teacher 

 

PS44: “First of all, let's assume that the 

waiting area in front of Ahmet's 

workplace is a square area of 16 m². 

Since there will be a distance of at least 2 

meters between both people, let us 

indicate the points where this distance 

coincides (from the right, left or diagonal) 

with a red dot so that it is a remarkable 

waiting point for customers.” 

 

PS67: “We found the arc length of the circle segment 

approximately from the circumference formula of the circle. We 

placed it accordingly.” 

R: “Can you explain a little more?” 

PS67: “We placed 4 people around the smallest circle in the 

middle.” 

A: “Why?” 

PS67: “Because the arc length is less than 2m. The circumference 

of the circle is 2πr = 2.3.8 = 48 48/2 = 24 people can fit around 

the circle. I think the maximum number of people can fit in a 

circle-shaped waiting area. Its area is 192 m² and 5 + 8. + 16 + 

24 = 53 people settled.” 

 

R: “Can you explain the shapes a little?” 

PS77: “In Shape 1, if we consider a circle with a radius of 2m and 

take π= 3, the half circumference is πr = 3.2 = 6m. In this case, 

6/2 = 3; 4 people were placed. 6 people around, 1 person in the 

center, a total of 7 people.” 

R: “Can you explain the second shape?” 

PS77: “Starting from the corners of the workplace, I placed the 

customers in this way at 2m intervals, it accommodated 9 

people.” 

R:“3rd Shape?” 

PS77: “I thought a hexagon with sides of 2 and √5m. It lets in 7 

people.” 

When Table 5 is examined, it is seen that PS44 aims to form a square-shaped structure, PS67 a 

circle shaped structure and PS77 intended to address the maximum number of people by trying 

many situations. The preservice teachers explained their drawings by supporting them with 

calculations. For example, PS44's statement about this situation is as follows: 

PS44: “Since there will be a distance of at least 2 meters between both people, let us 

indicate the points where this distance coincides from the right, left or diagonal with a red 

dot ...” 

As can be seen from the drawing of PS44 and the statement above, the distance between the 

persons should be at least two meters. However, PS44 did not make any explanation for the 

maximum number of people requested in the question. Although PS67 stated that “I thought 
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about the maximum number of people that can fit in a circle-shaped waiting area.” the 

distance between the waiting points in different circles that he created is more than two 

meters shows that the area could not be used in the optimal way. On the other hand, PS77, 

thinks that the second figure among the three different drawings she created is appropriate. 

However, it is seen that she cannot make the right choice because she does not compare the 

number of people per unit area. As can be seen, preservice teachers made drawings showing 

the relationship between more than two people in detail and made multi-structural geometric 

drawings that exceed one dimension between the waiting points. However, although the 

preservice teachers planned to target the maximum possible number of people, there are 

deficiencies in their drawings and explanations regarding the detail that the distance between 

all waiting points should be equal and two meters. Therefore, it can be said that the answers 

of the preservice teachers are at the level of multi-structural geometric thinking. 

Remarkable drawings and explanations of the answers at the relational geometric thinking 

level for the 1st question are included in Table 6. 

Table 6. Remarkable drawings and explanations of the answers at the relational level for the 

1st question. 
Drawings of PreserviceTeachers Remarks by the PreserviceTeacher 

 

PS22: "Uncle Ahmet can reach a solution by drawing circles with 

a radius of 1 meter and placing 1 customer in the center of each 

circle.” 

 

PS64: “I used an equilateral triangle with sides of 2 meters. In 

this way, the 2m rule will be followed and we will have the 

highest number of people in the least area. " 

 

PS43: “First, a circle with center A and radius AB is drawn 

r=2m. Then, 60 degree lines are drawn from the center of the 

circle to intersecting the circle and these intersection points are 

determined. Then the circle with center B and radius AB is 

drawn. The drawing process continues like this. In this way, a 

waiting area with a maximum number of customers is created so 

that the distance between all people and others is 2 meters.” 

When the Table 6 is examined, PS22 designed the waiting points with circles of one meter 

radius and PS43 with circles of two meters radius. On the other hand, it is seen that PS64 

designed waiting points with equilateral triangles with sides of two meters. Drawings and 

explanations show that preservice teachers reach the correct result with different techniques. 

The preservice teachers' suggestions for a drawing by evaluating the relationship between 

waiting points from a correct perspective show that they approached the problem situation at 

the level of relational geometric thinking. 

The answers at the level of extended abstract geometric thinking in the 1st question were 

given by only two preservice teachers. Drawings and explanations of these answers are 

included in Table 7. 
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Table 7. Drawings and explanations of the extended abstract level answers for the 1st question 
Drawings of Preservice Teachers Remarks by the Preservice Teacher 

 

PS38: “The shape it will use is a regular hexagon.” 

R: “Why?” 

PS38: “In nature, bees make honeycombs in the shape of a 

regular hexagon. Because a honeycomb consisting of 

hexagonal cells is the shape that provides the most storage 

with the least wax. The regular hexagon shown in the figure 

consists of equilateral triangles. This ensures that the 

distance between each person is 2m. When a regular 

hexagonal waiting area is created, people are arranged 

like this.” 

 
 

R: “How did you create this drawing?” 

PS52: “All sides of a regular hexagon are the same length 

and all angles are equal. Moreover, it is seen to be 

symmetrical when viewed from all sides. With a regular 

hexagon, we can cover our area with no gaps. We can set 

them as waiting points for people in the center and corners. 

Thus, the distance between people both in the center and in 

the corners close to it becomes 2 meters. Only with regular 

hexagons, squares, and equilateral triangles, can we cover 

any plane we want without any gaps. Thus, it allows many 

people to wait in a small area. Bees can be inspired to 

make honeycomb eyes out of hexagons. This way, bees use 

less wax and do less work, which means they behave 

economically. The most suitable shape for maximum use of 

a space is a hexagon. The hexagonal chamber both stores 

the most honey and uses the least wax when building.” 

When Table 7 when examined, it is seen that PS38 and PS52 pay attention to the maximum 

waiting point while creating their drawings and support their arguments with correct 

explanations and through the geometric concepts they use while determining the waiting 

points. In addition to this, unlike other stages, it is seen that preservice teachers go beyond the 

problem with the knowledge that the "bee comb" context requires the most volume, the least 

space and material, and establishes a link between the real life and the problem situation. 

Therefore, the preservice teachers' presenting their correct solutions with appropriate 

supportive examples from daily life shows that their answers are at the level of extended 

abstracted geometric thinking. 

Generally speaking, considering that most of the answers given to the first problem situation 

in the study are at the level of pre-structural, uni-structural and multi-structural thinking, it 

can be said that most of the answers reflect quantitative learning. In addition, it can be said 

that the inability of preservice teachers to look at the question from a broad perspective, their 

interpretations made in a single way in their minds prevented them from thinking contextually 

and going beyond the question. 

Findings and Comments in Question 2 

The 2nd question about “Social Distance” that preservice teachers are asked to answer 

is given below. 
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Figure 2. Question 2nd with the content of "social distance" 

The geometric thinking levels according to the SOLO taxonomy of the answers given by the 

preservice teachers for the 2nd question in Figure 2 are shown in Table 8. 

Table 8. Analysis of preservice teachers' answers to the 2nd question according to the SOLO 

taxonomy. 
Thinking Levels Preservice Teachers Number of Participants 

Pre-structural PS1, PS2, PS4, PS5, PS6, PS7, PS8, PS10, PS11, PS12, PS14, 

PS16, PS17, PS20, PS22, PS23, PS26, PS28, PS27, PS30, PS31, 

PS33, PS36, PS37, PS39, PS40, PS42, PS43, PS44, PS45, PS46, 

PS47, PS48, PS50, PS51, PS53, PS58, PS59, PS60, PS61, PS62, 

PS66, PS67, PS68, PS69, PS71, PS72, PS74, PS75, PS78, PS79, 

PS70 

52 (%62,5) 

Uni-structural PS29, PS65 2 (%2,5) 

Multi-structural PS3, PS13, PS18, PS19, PS25, PS34, PS38, PS41, PS49, PS52, 

PS54, PS56, PS73 

13 (%16,25) 

Relational PS9, PS15, PS21, PS24, PS32, PS35, PS55, PS57, PS63, PS64, 

PS76, PS77, PS80 

13 (%16,25) 

Extended abstract - 0 (%0) 

TOTAL  80 (%100) 

When Table 8 is examined, most of the answers that the preservice teachers gave to the 

second question are at the pre-structural level. In addition, there is no answer at the level of 

extended abstract geometric thinking. Therefore, when Table 7 is examined in general, it is 

striking that most of the answers given to the question in question are below the level of 

relational geometric thinking. The geometrical thinking level of the preservice teachers' 

answers to the 2nd question has been examined in detail below, along with their reasons, in 

line with their verbal explanations and remarkable drawings. 

Looking at the answers that are thought to be at the pre-structural geometrical thinking level 

for the 2nd question it was determined that the preservice teachers did not draw geometrical 

drawings, they only made verbal explanations. The remarkable explanations of some 

preservice teachers are given below: 

PS20: “… some more striking items should be used in the signboard. It should consist of 

more interesting colors.” 

PS27: “The warning signboard is nice in terms of raising awareness and appeals  to 

everyone ...” 

PS36: “… emphasizes how important the distance rule is for our health.” 
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When the expressions of the preservice teachers were examined, it was observed that PS20 

stated that the signboard should be colored, and PS27 and PS36 stated that the signboard 

reflected the social distance rule correctly. In this context, it can be said that the problem 

situation is approached only in terms of shape, since the expressions “signboard is nice” or 

“should be colored” are thought to be at the level of pre-structural geometric thinking. 

Therefore, the lack of a geometric explanation in verbal expressions shows that the answers 

are at the pre-structural level. The answers at the uni-structural geometric thinking level for 

the 2nd question were given by only two preservice teachers. Drawings and explanations of 

these answers are included in Table 9. 

Table 9. Remarkable drawings and explanations of the answers at the uni-structural 

geometric thinking level for the 2nd question. 
Drawings of Preservice Teachers Remarks by the Preservice Teacher 

 

PS29: “I think the signboard is missing.”  

R: “Why?” 

PS29: “Because shapes can be deceiving. That way, there seems to be 

a 2m rule for diagonal distance only. Therefore, 2m should be written 

between them for all of them.” 

 

PS65: “The only thing I saw was missing was that the distance from 

side to side or from front to back was not shown as 2 meters.” 

When Table 9 is examined, PS29 and PS65 make corrections with the drawings they make by 

expressing that the signboard given in the question is missing. However, based on the 

drawings and explanations of the preservice teachers, it is seen that they made an addition on 

the geometrical dimension on the figure for a distance of only two meters. Therefore, PS29 

and PS65 do not evaluate the shape multidimensionally or give detailed information about the 

drawing. Remarkable drawings and explanations of the answers in the multi-structural 

geometric thinking level for the 2nd question are included in the Table 10. 

Table 10. Remarkable drawings and explanations of the answers at the multi-structural 

geometric thinking level for the 2nd question. 
Drawings of Preservice Teachers Remarks by the Preservice Teacher 

 

PS38: “On the sign, people are arranged in a square. But in a 

square with a diagonal length of 2 m, the sides would be √2m. 

Its approximate value corresponds to 1.41 m. It is less than 2 

m. Therefore, a mistake is made in the social distance rule.” 

Preservice teachers who do not draft 

PS52: “The distance between the diagonals on the sign has 

been taken as 2m and the distance of the people standing next 

to each other or under the other is not 2 meters. They stop at a 

less distance. This is a false representation like the diagonals 

of the square are 2 m and the sides are 2 m.” 
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When the Table 10 is examined it is observed that Preservice teachers PS38 and PS52 evaluate 

the shape as a square and indicate that if the diagonal is two meters according to the 

Pythagorean Theorem, the side lengths of the square are less than two meters. It is seen that 

preservice teachers can look at the figure holistically and explain correctly by using geometric 

concepts while expressing their thoughts. In this context, it can be said that they think 

geometrically at a multi-structural level, as they evaluate the shape in many ways. Looking at 

the drawings and explanations of the preservice teachers, it is seen that they expressed the 

error geometrically but did not suggest the correct shape for the signboard. Remarkable 

drawings and explanations of the answers in the relational geometric thinking level for the 2nd 

question are included in the Table 11. 

Table 11. Remarkable drawings and explanations of the answers at the relational geometric 

thinking level for the 2nd question. 
Drawings of Preservice Teachers Remarks by the Preservice Teacher 

 

PS64: “I think the representation of the arrows is wrong.” 

R: “Why?” 

PS64: “In this demonstration, it seems as if there should be 2 meters 

between the numbers 1-3 and 2-4. In this case, it indicates that the 

distance between numbers 1-4 and 2-3 is less than 2m. It becomes 

√2 <2 and the social distance rule is not followed. The notation 

should be like this.” 

 

PS57:“If we assume the distance between 1 and 4 as 2, the distance 

between 1 and 2 will be √2. The result is less than 2 m, so the wrong 

distance range will occur.  

But if we take the distance between people 1 and 2 as 2m, the 

distance between people 1 and 4 becomes 2√2 = √8. It complies 

with the social distance rule.” 

PS64 and PS57 have made correct criticisms of the signboard with the Pythagorean theorem by 

evaluating the shape in the signboard as a square. At the same time, it is seen that these 

preservice teachers made a suggestion for a correction to the signboard, different from other 

geometric thinking levels. It was observed that the preservice teachers could not answer at the 

level of extended abstract geometric thinking for the 2nd question. Considering the drawings 

and expressions of the related preservice teachers, they evaluated the shape in the signboard 

as only a square in a geometric perspective and accordingly criticized it making a suggestion. 

This situation shows that the preservice teachers could not approach the shape from a 

different point of view and could not bring multi-faceted criticisms. Therefore, since the level 

of extended abstract goes beyond the problem and requires the ability to offer different 

solutions from daily life, it is thought that no preservice teacher could reached this level for 

this question. 

Considering that most of the answers given to the question in general are below the relational 

geometric thinking level, it can be said that most of the answers reflect quantitative learning. 

Discussion and Conclusion 

In this study, which aimed to examine the geometric thinking levels of middle school 

mathematics preservice teachers for social distance problem situations according to the SOLO 

taxonomy, two questions were asked to the preservice teachers. In the first question, 

preservice teachers were asked to come up with a draft drawing indicating the waiting points 

in accordance with the social distance rule (at least two meters), taking into account the 

maximum number of people. Taking a glance at the answers given by the preservice teachers 
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to this question  it was observed that they are mostly at the multi-faceted (37 preservice 

teachers) and relational level (27 preservice teachers), very few of them were at the pre-

structural level (6 preservice teachers), uni-structural (2 preservice teachers) and extended 

abstract level (2 preservice teachers). When the answers of the preservice teachers at the 

multi-structural level are examined it was detected that they thought about the connection 

between social distance points, but did not explain the relationship between the data on the 

maximum number of people or reached the wrong conclusions. This situation creates some 

inconsistencies in the answers of the multi-structural level. As a matter of fact, in the study by 

Göktepe and Özdemir (2013) examining the spatial visualization skills of pre-service 

mathematics teachers with the SOLO model, it was found that the preservice teachers were 

predominantly at a very structural level. In addition, in the aforementioned study, it was stated 

that preservice teachers could use data in their answers, but their inability to grasp the 

relationship between data caused some deficiencies. In this study, a similar situation is also 

valid for the relational level. In this study, a similar situation is valid for the relational 

geometric thinking level. In the answers thought to be at the level of relational geometric 

thinking it was spotted that the relationship between the data on social distance points and the 

maximum number of people could be explained, but the connection between the given 

problem situation and real life could not be established. As a matter of fact, this result is in 

line with the results of some studies on the SOLO taxonomy (Çelik, 2007; Groth & Berner, 

2006; Konyalıhatipoğlu, 2016; Lian & İdris, 2006; Pegg & Davey, 1998). In the study by 

Çelik (2007), in which algebraic thinking skills of pre-service mathematics teachers were 

examined with SOLO taxonomy, it was determined that most preservice teachers were below 

the relational structural level. Çelik (2007) explains that the reason for this situation is that 

preservice teachers cannot integrate their knowledge and skills in a consistent structure. 

According to Pegg and Davey (1998), as the transition from uni-structural thinking level to 

the extended abstract thinking level increases, the level of individuals using and associating 

data and looking at data from a wider perspective increases. In addition, in the study by Pegg 

and Davey (1998), it is stated that the most difficult transition is from the relational level to 

the extended abstract level. This situation supports why there are fewer extended abstract 

answers in the study conducted. According to Çetin and İlhan (2016, p. 862), responses at the 

pre-structural thinking level include expressions that are not relevant to the subject, while at 

the uni-structural thinking level, basic skills such as explaining, ordering and counting are 

shown. On the other hand, according to Lucander, Bondermark, Brown, and Knutsson (2010), 

the number of details in student responses indicates the quantitative aspect of structural 

complexity whereas the level of associating the details with each other reflects its qualitative 

aspect. By Çetin and İlhan (2016, p. 862)  pre-structural, uni-structural, multi-structural 

thinking levels are expressed as quantitative learning, and relational and abstracted thinking 

levels are expressed as qualitative learning. Therefore, considering that most of the answers to 

the first problem situation in this study are at the level of pre-structural, uni-structural and 

multi-structural thinking, it can be said that most of the answers reflect quantitative learning. 

In the problem situation in the second question of the study, the answers of the preservice 

teachers were examined about the sign prepared to draw attention to the fact that the social 

distance should be two meters due to the coronavirus. An important part of the answers given 

to this question is at the level of pre-structural (52 preservice teachers) geometric thinking. 

The answers of other preservice teachers are at the level of multi-structural (13 preservice 

teachers), relational (13 preservice teachers), uni-structural (2 preservice teachers), and there 

is no answer at the level of extended abstract geometric thinking. It was observed that the 

preservice teachers whose answers were at the pre-structural level offered some suggestions 

for the signboard to be appropriate or to be more striking, but they did not make geometric 
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explanations. In the answers at the level of uni-structural thinking, it was determined that they 

proposed only the social distance (two meters) should be written all over the figure, and the 

resulting shape was not evaluated multi-structural. As a matter of fact, this situation is parallel 

to the results obtained from some studies (Jurdak, 1991; Lian & Yew, 2012). In the study 

where Jurdak (1991) showed the relationship between SOLO taxonomy levels and Van Hiele 

levels, it was stated that the visual level, which is the beginning of Van Hiele geometric 

thinking levels, was the uni-structural level in the SOLO taxonomy. In addition, in the study 

conducted by Jurdak (1991), it was stated that the pre-structural level known as the initial 

level of the SOLO taxonomy did not have a counterpart in Van Hiele geometric thinking 

levels. Therefore, the absence of geometric expressions in the pre-structural answers in this 

study is supported by the results of the studies in the relevant literature. On the other hand, it 

is remarkable that in the answers given at the multi-structural and relational level, which 

constitutes the other majority, to the second question, the preservice teachers consider the 

shape in the signboard as a square and criticize it based on the Pythagorean Theorem. In 

addition, it was seen that the answers at the multi-structural level were only aimed at finding 

the error of the shape based on the Pythagorean Theorem, while the relational level answers 

also offered an additional suggestion for correcting the shape. In this respect, it can be said 

that the preservice teachers' criticisms and explanations on the shape in the signboard are 

correct but they cannot look at the question from a broad perspective because there is no data 

indicating that the shape given in the question is square or that it would require them to use 

the Pythagorean Theorem. Therefore, it can be said that the preservice teachers who gave 

multi-structural and relational level answers applied the Pythagorean Theorem directly 

without examining the figure in the sign in detail. This may be due to the preservice teachers' 

learning the square shape as a prototype and trying to apply the Pythagoras Theorem that they 

had memorized to quickly reach a solution. As a matter of fact, in the study by Köse (2018) 

examining the SOLO taxonomy levels of preservice teachers with high-level spatial thinking 

skills according to their thinking structures, it was determined that very few of those who 

prefer visual pictorial questions (geometric thinking structure) consistently associate their 

evaluations and use mathematical generalizations. In addition, it can be said that the inability 

of preservice teachers to look at the question from a broad perspective, their interpretation in a 

single way in their minds prevented them from thinking contextually and going beyond the 

question. This situation explains the finding that there is no answer at the extended abstract 

level in the case of the second problem. As a matter of fact, this result is in line with the 

results of some studies on the SOLO taxonomy (Güven, Ardıç, Yıldız, & Demir, 2012; Karlı 

2019; Pittalis, Christou, & Papageorgiou, 2003). In the study by Güven, Ardıç, Yıldız, & 

Demir (2012), in which the statistical literacy levels of 8th grade students for central tendency 

and spread measures were examined according to the SOLO taxonomy, it was determined that 

there was no answer at the extended abstract level because the students were limited to the 

available information. Considering the fact that the answers to the second problem situation 

are mostly pre-structural and multi-structural and there is no answer at the extended abstract 

level, it can be said that the answers of the preservice teachers involve quantitative learning. 

As a result, when the answers given by the preservice teachers to both questions were 

examined, it was found that the answers were generally below the relational level. As a matter 

of fact, this situation is compatible with the results of many studies on different subjects of 

mathematics using the SOLO taxonomy (Akkaş, 2009; Bağdat, 2013; Çelik, 2007; Güven, 

Ardıç, Yıldız, & Demir, 2012; Göktepe, 2013; Özdemir & Göktepe-Yıldız, 2015; Karlı, 

2019). It was determined that a significant part of the answers given in the study reflected 

quantitative learning since the geometric thinking level was below the relational structure. 

This shows that most of the preservice teachers participating in the study can use their data 
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and existing knowledge in the determined geometry problem situations, but there are 

difficulties in the integration and organization of these data and information. 

Suggestions 

In line with the data obtained from the study, the preservice teachers' answers to the 

specific situation were examined according to the SOLO taxonomy. Comparisons can be 

made by analyzing the same data according to other taxonomies. In this way, the special 

situation determined can be approached from a different perspective and additions can be 

made to the aspects of the SOLO taxonomy that are thought to be missing. 

In this study, there is no aim to improve the geometric thinking levels of preservice teachers. 

In different studies, researchers can examine the change in levels according to the SOLO 

taxonomy by making applications to improve geometric thinking levels. 

It was determined that the answers given to the geometry questions determined within the 

scope of this study mostly reflected quantitative learning. It was determined that the answers 

reflecting qualitative learning requiring the use of contextual thinking skill were few. 

According to MoNE (2016), it is known that we are not at the desired level in The Program 

International Student Assessment [PISA, 2015] report, which is an international comparative 

exam. In the math questions in the exam, open-ended, standard, contextual, visual 

representation and verbal data-weighted problems are mainly used. Multiple choice questions 

are used in national exams applied in our country. This situation affects our learning culture 

and causes teachers to create their lessons for a multiple choice test structure. The lack of 

diversity in teaching in this standardized perspective makes students unable to transfer their 

knowledge to other situations. In the study, it is seen that open-ended questions directed to 

preservice teachers contribute to revealing geometric thoughts. In this context, it is thought 

that teachers’ use of open-ended questions in their lessons will contribute to students' use of 

mathematics as a language of communication and to transfer mathematical knowledge to 

other areas and sciences. In this respect, open-ended mathematical literacy questions should 

be included in teaching frequently in order to develop contextual thinking skills, which is an 

important skill for mathematics literacy. 
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