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ABSTRACT 

 

 

SEVENTH GRADE STUDENTS' POSSIBLE SOLUTION STRATEGIES, ERRORS 

AND MISINTERPRETATIONS REGARDING THE CONCEPTS OF MEAN, 

MEDIAN AND MODE GIVEN IN BAR GRAPH REPRESENTATIONS 

 

 

 

Enisoĵlu, Didem 

M.S., Department of Elementary Science and Mathematics Education 

     Supervisor: Assoc. Prof. Mine IķIKSAL-BOSTAN 

 

November 2014, 195 pages 

 

 

The aim of the present study was to investigate the solution strategies used by seventh 

grade students and their possible errors while solving questions regarding the concepts 

of mean, median and mode given in bar graph representations. Studentsô possible 

misinterpretation regarding the concepts of mean, median and mode given in bar graph 

representations was also examined. 

Partipants were 233 seventh grade students from two public middle schools in Gelibolu 

district of ¢anakkale. Data were collected via Statistics Achievement Questionnaire 

(SAQ) during 2013-2014 spring semester. To address the research questions, students' 

possible solution strategies, errors and misinterpretations were identified through item 

based in-dept analysis. 
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The results of the study indicated that students' used three different solution strategies to 

solve questions regarding each concept. On the other hand, analysis revealed that 

students made errors regarding each concept. For the mean concept, identified errors 

were operational error, finding total number, incorrect usage of averaging algorithm, 

accepted close values, looking pattern, turned to find smaller or larger numbers, not 

meeting all requirements of a problem, forming incomplete data set, and incorrect 

reading of values from graph. Furthermore, for the median concept, identified errors 

were operational error, wrong decision on unordered data set, wrong decision on ordered 

data set, wrong interpretation of graph, forming incomplete data set, incorrect reading of 

values from graph and incorrect largest and/or smallest data values. In addition to these, 

students' errors in the questions regarding the mode concept were inappropriate usage of 

averaging algorithm, forming incomplete data set and incorrect largest and/or smallest 

data values. Besides, students have several misinterpretations regarding the concepts of 

mean, median and mode.  
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¥Z 

 

YEDĶNCĶ SINIF ¥ĴRENCĶLERĶNĶN S¦TUN GRAFĶĴĶ G¥STERĶMĶNDE 

VERĶLEN ARĶTMETĶK ORTALAMA, ORTANCA VE TEPE DEĴER 

KAVRAMLARI ĶLE ĶLGĶLĶ PROBLEMLERĶ ¢¥ZERKEN KULLANDIKLARI 

OLASI ¢¥Z¦M STRATEJĶLERĶ,YAPTIKLARI HATALAR  VE YANLIķ 

YORUMLAMALARI  

 

 

Enisoĵlu, Didem 

Y¿ksek lisans, Ķlkºĵretim Fen ve Matematik Alanlarē Eĵitimi      

Tez Danēĸmanē: Do­. Dr. Mine IķIKSAL-BOSTAN 

 

Kasēm 2014, 195 sayfa 

 

 

Bu ­alēĸmanēn amacē, yedinci sēnēf ºĵrencilerinin s¿tun grafiĵi gºsteriminde verilen 

aritmetik ortalama, ortanca ve tepe deĵer kavramlarē ile ilgili problemleri ­ºzerken 

kullandēklarē olasē ­ºz¿m stratejilerini, yaptēklarē hatalarē ve yanlēĸ yorumlamalarē 

incelemekti.  

¢alēĸmaya ¢anakkale'nin Gelibolu il­esinden 233 yedinci sēnēf devlet ortaokulu 

ºĵrencisi katēlmēĸtēr. Veriler, Ķstatistiksel Baĸarē Testi aracēlēĵēyla 2013-2014 ºĵretim 

yēlē bahar dºneminde toplanmēĸtēr. Verilerin analizinde, ºĵrencilerin sorularē ­ºzerken 

kullandēklarē ­ºz¿m stratejilerini, yaptēklarē hatalarē ve yanlēĸ yorumlarē belirlemek i­in 

her soruya verilen cevaplar derinlemesine incelenmiĸtir. 
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¢alēĸmalarēn sonu­larē gºstermiĸtir ki ºĵrenciler her kavramla ilgili sorularē ­ºzerken ¿­ 

farklē strateji kullanmēĸtēr. Diĵer yandan, veri analizi gºstermiĸtir ki ºĵrenciler bu 

kavramlarla ilgili sorularē ­ºzerken de hata yapmēĸtēr. Aritmetik ortalama kavramē i­in 

belirlenen hatalar; iĸlem hatasē, toplam sayēyē bulma, ortalama algoritmasēnē yanlēĸ 

kullanma, daha k¿­¿k veya daha b¿y¿k sayēlara yºnelme, problemin b¿t¿n 

gerekliliklerini yerine getirmeme, eksik veri grubu oluĸturma ve grafikten deĵerleri 

yanlēĸ okumadēr. Bunlara ek olarak, ortanca kavramē ile ilgili sorularda belirlenen hatalar 

ise ĸunlardēr: iĸlem hatasē, sēralanmamēĸ veri grubu ¿zerinden yanlēĸ karar, sēralanmēĸ 

veri grubu ¿zerinden yanlēĸ karar, grafiĵi yanlēĸ yorumlama, eksik veri grubu oluĸturma, 

grafikten deĵerleri yanlēĸ okuma ve en b¿y¿k ve/veya en k¿­¿k deĵeri yanlēĸ tespit 

etmedir. Bunlara ek olarak, tepe deĵer kavramē ile ilgili sorularda yapēlan hatalar ise 

ĸunlardēr: Ortalama algoritmasēnē yanlēĸ yerde kullanma, eksik veri grubu oluĸturma ile 

en b¿y¿k ve/veya en k¿­¿k deĵeri yanlēĸ tespit etmedir. Ayrēca, ºĵrenciler aritmetik 

ortalama, ortanca ve tepe deĵer kavramlarē ile ilgili yanlēĸ yorumlar da yapmēĸtēr. 

 

 

 

Anahtar Kelimeler: Aritmetik Ortalama, Ortanca, Tepe Deĵer, ¢ºz¿m Stratejileri, 

Hatalar 
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CHAPTER 1 

 

INTRODUCTION  

 

In recent years, the emphasis laid upon statistics in the mathematics curriculum has 

increased by means of international movements (Jacobbe & Carvalho, 2011). One of the 

reasons underlying this increase in emphasis may be that statistics is an essential part of 

daily life. More specifically, statistics is essential to effectively participate in political 

debates on education, equity, health and environment in order to analyze and interpret 

data and results of research on such issues accurately (Konold & Higgins, 2003). 

Another reason may be that statistics establishes links between other areas, such as 

history, science and geography (Konold & Hi ggins, 2003). 

With the increasing importance attached to statistics in many fields, NCTM added 

statistics to the curricula of K-12 mathematics. Moreover, The Principles and Standards 

for School Mathematics (NCTM, 2000) set out of 5 content areas, one of which is Data 

Analysis and Probability (Pratt, 2005). In other words, the national organization of 

mathematics teachers in the United States accepted geometry, number sense, 

measurement, algebra and statistics as the foundations of statistics (Shaughnessy, 1992). 

Similarly, in Turkey, with the changes made in the mathematics program in 1990 and 

1992, numerous concepts related to probability and statistics were added, and the new 

textbooks included basic concepts, such as measures of central tendency, measures of 

spread and probabilistic events (Bulut, Ekici, & Iseri, 1999). In addition, the elementary 

mathematics curriculum in Turkey included real life contexts for the purpose of making 

interpretations and making decisions by resorting to statistical knowledge (MoNE, 

2005). Furthermore, the last revised mathematics curriculum has also included statistics 
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in each level of the middle school mathematics curriculum in Turkey (MoNE, 2013). In 

statistics, data analysis is crucial; it includes asking questions, collecting data, analyzing 

data, and forming and communicating conclusions (Friel & Bright, 1998). The present 

research study focused on analyzing data, and forming and communicating conclusions 

stages of data analysis. The analyzing data stage includes choosing appropriate 

numerical and graphical representation methods, and using these methods to analyze 

collected data (Franklin, Mewborn, Moreno, Peck, Perry, & Scheaffer, 2005). One of the 

frequently used numerical representations in data analysis is measures of central 

tendencies, namely the mean, the median and the mode (Van de Walle, 2013). 

Furthermore, some of the graphical representations are bar graphs, pictographs, circle 

graphs and line graphs (Van de Walle, 2013). However, at that point, it is important to 

note that no one method of numerical and graphical representation is more useful than 

the other. Each method of representation is appropriate as long as it is used in parallel to 

the purpose of the collected data (Konold & Higgins, 2003). On the other hand, the 

forming and communicating conclusions stage includes interpreting the analysis and 

relating the interpretation to the research question of a study (Franklin et al., 2005). 

Therefore, in order to make sense of collected data, the analyzing data and forming and 

communicating conclusions stages are essential parts of data analysis. Hence, the mean, 

the median and the mode are commonly used numerical representations in analyzing 

data stage of data analysis and interpretation of these concepts is important to 

communicate on conclusions (Shaughnessy, 1992; Van de Walle, 2013). 

With increasing emphasis laid upon data analysis in statistics as an outcome of 

curriculum reform efforts, studies regarding studentsô understanding of statistical 

concepts have become a topic of interest. However, different research study results 

indicated that students' make different types of errors, encounter various difficulties and 

hold misconceptions related to basic statistical concepts such as the mean, the median 

and the mode (Bright & Friel, 1998; Cai, 2000; Pollatsek, Lima & Well, 1981; Smith, 

diSessa, & Roschelle, 1993; Strauss & Bichler, 1988). For example, students face 

difficulties while calculating the weighted mean (Pollatsek, Lima & Well, 1981) and 

they made errors while using computational algorithm of the mean to find a missing 

value of a data set when mean of the data set was given (Cai, 1998). Besides, according 
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to Cai (2000), the difficulties students face regarding the averaging algorithm derive 

from students' lack of conceptual knowledge rather than their lack of procedural 

knowledge (Cai, 2000). Therefore, in order to obtain information regarding students' 

procedural and conceptual knowledge regarding the concepts of mean, median and 

mode, their errors while solving questions related to the concepts should be investigated. 

On the other hand, elementary students tend to have misconceptions on the interpretation 

of collected data (Capraro, Kulm & Capraro, 2005; Tarr & Shaughnessy, 2007). 

Moreover, they made errors while interpreting graphs (Bright & Friel, 1998). Hence, 

researchers agreed on the fact that students can make errors while calculating the mean, 

the median and the mode concepts and they can also make wrong interpretations while 

interpreting these concepts. In this regard, focusing on students' errors regarding the 

concepts of mean, median and mode while solving questions given in graph 

representations would be valuable to investigate to gain information about students' 

procedural and conceptual understanding of the three average concepts. 

In accessible literature, although there are several studies that examine the problem 

solution strategies used by students (Becker, 1992; Cai 1995; 1998), there is a limited 

number of studies on the solution strategies used by students while solving questions 

regarding statistical concepts (Cai, 2000). Identifying students' possible solution 

strategies is important since if a student have conceptual understanding regarding the 

averaging algorithm of the mean, the student can correctly and flexibly apply the 

averaging algorithm to solve questions regarding the concept (Cai, 1998; Watson & 

Moritz, 2000). However, the number of studies in Turkey are not sufficient regarding 

students' solution strategies while solving questions regarding the mean, the median and 

the mode as well as errors and interpretations regarding these concepts (U­ar & 

Akdoĵan, 2009). Focusing on students' solution strategy preferences while trying to 

solve questions related to these concepts can reveal important information about their 

understandings of these concepts (Cai, 1998); therefore, one of the purposes of the 

present study is the solution strategies utilized by students while solving questions 

regarding the concepts of mean, median and mode. 
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As it is mentioned above, it is known that middle school students have errors and 

difficulties regarding the concepts of mean, median and mode (Bright & Friel, 1998; 

Cai, 2000; Smith, diSessa, & Roschelle, 1993; Strauss & Bichler, 1988; Watson & 

Moritz, 2000) and identifying students' solution strategies is essential to gain 

information regarding conceptual understanding about the concepts (Cai, 1998; Watson 

& Moritz, 2000). Therefore, the aim of the present study was to investigate possible 

solution strategies used by seventh grade students and their errors while solving 

questions regarding the concepts of mean, median and mode given in bar graph 

representations. Lastly, the students' misinterpretations regarding the concepts of mean, 

median and mode given in bar graph representations were investigated. 

1.1 Purpose of the Study 

The first purpose of the present study was to investigate the solution strategies used by 

seventh grade students while solving questions regarding the concepts of mean, median 

and mode given in bar graph representations. The other purposes of this study were to 

examine seventh grade studentsô possible errors and misinterpretations regarding the 

concepts of mean, median and mode given in bar graph representations. In order to 

achieve the purposes of this study, three research questions were posed: 

1) What are the possible solution strategies used by middle school seventh grade 

students while solving questions regarding the concepts of mean, median and mode 

given in bar graph representations? 

2) What are the possible errors made by middle school seventh grade students 

regarding the concepts of mean, median and mode given in bar graph representations? 

3)  What are the possible misinterpretations made by middle school seventh grade 

students regarding the concepts of mean, median and mode given in bar graph 

representations? 

 

 



5 
 

1.2 Significance of the Study 

In more recent years, the importance of the mean, the median and the mode in the 

mathematics curriculum has been accepted by many countries by emphasizing 

understanding and usage of these concepts in suitable contexts (Watson & Moritz, 

2009). Some of these countries are the United States (National Council of Teachers of 

Mathematics [NCTM], 1989), Australia (Australian Education Council [AEC], 1991, 

1994), and England and Wales (Department for Education [DFE], 1995) (Watson & 

Moritz, 2009). Similar to the other curriculum efforts, the mathematics curriculum in 

Turkey has included real life context to interpret statistics and make decisions based on 

the base of studentsô statistics knowledge (MoNE, 2005). Besides, the new Turkish 

curriculum indicated the importance of learning statistics by placing statistics instruction 

into each level of middle school mathematics education (MoNE, 2013).  

 Students could use different solution strategies while solving questions regarding the 

mean concept such as levelling and using average formula (Cai, 2000). The solution 

strategies used by students to solve given questions regarding averages shed light upon 

their procedural and conceptual knowledge regarding the concepts of mean, median and 

mode. More specifically, procedural knowledge regarding the concepts of mean, median 

and mode is knowing procedures, rules and algorithms of these averages and familiarity 

with symbols (Hiebert & Lefevre, 1986). Furthermore, as an example for conceptual 

knowledge regarding the average concepts is deciding appropriate numerical and 

graphical representation according to purpose of the collected data (Baroody, Feil & 

Johnson, 2007). Thus, focusing on students' solution strategies also give information 

regarding students' understandings of average concepts (Mokros & Russell, 1995; 

Watson & Moritz, 2009). In other words, identifying students' possible solution 

strategies is important since if a student have conceptual understanding regarding the 

average concepts, the student can correctly and flexibly apply procedures, rules and 

algorithms of these concepts to solve questions regarding the concepts (Cai, 1998). More 

specifically, center of balance and fair-share understandings, which were defined as two 

understandings of the mean by past researchers (Van de Walle, 2013), can be used to 

solve problems regarding the mean if a student have conceptual understanding of the 
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concept. Thus, solution strategies can also give information regarding these 

understandings of middle school students. Therefore, in order to gain information about 

middle school students' understandings regarding the concepts of mean, median and 

mode, the present study is significant. 

On the other hand, analyzing students' solution strategies can also reveal information 

regarding students' errors. Several studies revealed that the concepts of average are not 

concepts that are easily comprehensible (Bright & Friel, 1998; Cai, 2000; Smith, 

diSessa, & Roschelle, 1993; Strauss & Bichler, 1988). As mentioned by Garcia and 

Garrett (2008): 

It is not so easy for students to understand basic notions associated with this 

concept [arithmetic mean]. These difficulties are related to different aspects: 

understanding of the algorithm, understanding of the concept and its properties, 

use of representations and language, ability to put forward arguments, among 

others (p.50).  

Thus, it seems that there is an agreement in the literature that students experience 

difficulties and make errors regarding averages in statistics (Garcia & Garrett, 2008). 

Therefore, this research is important from the aspects of identifying seventh grade 

middle school students errors related to the concepts of mean, median and mode. 

Interpretation of the concepts of mean, median and mode is important to communicate 

on conclusions of a research (Shaughnessy, 1992). However, while interpreting these 

concepts, students tend to have misconceptions (Mathew & Clark, 2007; Tarr & 

Shaughnessy, 2007). To illustrate, the mean was accepted as a process not measures of 

central tendency (Mathew & Clark, 2007). Therefore, analyzing how Turkish middle 

school students interpret the average concepts is essential to gain information about their 

misinterpretations regarding the concepts of mean, median and mode. 

In addition, it is known that since knowing statistical concepts affect students' life both 

practically and educationally (Konold & Higgins, 2003), their understanding regarding 

these concepts is important. Furthermore, the questions in the questionnaire used in the 
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present study were asked through bar graphs since the graph type is generally 

encountered in daily life contexts, such as in newspapers and in analysis of results, and 

they are used in some of the questions related to concepts of average in seventh grade 

mathematics textbooks in Turkey. However, although there are some research studies 

having investigated students' errors and their solution strategies regarding the concepts 

of average (Bright & Friel, 1998; Cai, 2000; Pollatsek, Lima & Well, 1981, Smith, 

diSessa, & Roschelle, 1993), there is still limited research regarding this topic (Cai, 

2000; U­ar & Akdoĵan, 2009). Similarly, studies in Turkey investigating the possible 

errors seventh grade students make regarding the concepts of mean, median and mode 

and the solution strategies they use to solve questions related to these concepts remain 

insufficient in the accessible literature. Therefore, it is important to investigate not only 

the solution strategies students resort to while solving questions regarding the mean, the 

median and the mode through bar graphs, but also the errors and misinterpretations they 

make regarding these concepts. In addition to contributing to related literature, this study 

will provide guidance and, thus, be of significance to, both teachers and mathematics 

curriculum developers. 

1.3 Definitions of the Important Terms  

The research questions include some important terms. Constitutive definitions of 

important terms are presented below: 

Mean: "The mean is average of all the scores in a distribution. It is determined by 

adding up all of the scores and then dividing this sum by the total number of scores" 

(Fraenkel & Wallen, 2006, p. 197). The mean is one of the describers of collected data 

(Fraenkel & Wallen, 2006).  

Median: The median is defined as "the point below and above which 50 percent of the 

scores in a distribution fallīin short, the midpoint" (Fraenkel & Wallen, 2006, p.196). It 

is one of the describers of collected data. The median of a distribution is affected by the 

number of terms (Fraenkel & Wallen, 2006). 
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 Mode: The mode is another method of calculating the average of values in statistics and 

is defined as "the most frequent score in a distribution" (Fraenkel & Wallen, 2006, 

p.196). Some distributions may have two modes that are named as bimodal distribution 

(Fraenkel & Wallen, 2006).  

Graph: Graph refers to ñinformation transmitted by position of point, line or area on a 

two-dimensional surfaceò (Fry, 1984, p.5). 

In this study, especially bar graphs are used.  According to Oxford Dictionary (2014) the 

bar graph refers to "a diagram in which the  numerical  values  of  variables  are 

represented by the height or length of lines or rectangles of equal width."  

Error : "An error is a mistake, slip, blunder, or inaccuracy, and a deviation from 

accuracy" (Luneta & Makonye, 2010, p.36). 

In this study, the term 'errors' was used for errors originating from algorithmically based 

errors due to operational errors, errors based on formal knowledge due to limited 

conceptions or inadequate knowledge regarding properties of the mean, the median and 

the mode concepts, and other errors that occurred due to neither algorithmic nor formal 

knowledge inadequacy. Moreover, the term óerrorsô was used to identify incorrect 

answers but they might derive from students' lack of knowledge or their misconceptions. 

1.4 Organization of the Study 

In this chapter, the purpose of the study, the significance of the study and the definitions 

of important terms have been explained. The second chapter is devoted to the literature 

review, which presents definitions of important terms, such as error, mean, median and 

mode. Additionally, related studies on students' understandings on averages are 

mentioned. The third chapter includes information about the design of the study, the 

population and sample, data collection instruments, validity and reliability of the 

instruments, data collection procedure, analysis of data, assumptions and limitations. 

The fourth chapter presents findings of the study with respect to the solution strategies 

used by seventh grade students in the questions of the Statistics Achievement 

Questionnaire (SAQ), and the errors and misinterpretations they made regarding the 

http://www.oxforddictionaries.com/definition/american_english/diagram
http://www.oxforddictionaries.com/definition/american_english/numerical
http://www.oxforddictionaries.com/definition/american_english/value
http://www.oxforddictionaries.com/definition/american_english/variable
http://www.oxforddictionaries.com/definition/american_english/represent
http://www.oxforddictionaries.com/definition/american_english/height
http://www.oxforddictionaries.com/definition/american_english/rectangle
http://www.oxforddictionaries.com/definition/american_english/width
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mean, median and mode concepts given in bar graph representations. The last chapter 

involves the discussion and implications of the study and presents recommendations for 

further studies. 
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CHAPTER 2 

 

LITERATURE REVIEW  

 

In this chapter, review of related literature is presented. Based on the purposes of the 

study, the chapter consists of six sections: conceptual and procedural knowledge 

regarding the concepts of mean, median and mode, definitions of error, definitions of the 

various concepts of average, related studies on understandings of the mean, the median 

and the mode, related studies on graphs, and studies conducted in Turkey on the 

concepts of average and graphing. At the end of the chapter, a summary of these six 

sections is presented. 

2.1 Conceptual and Procedural Knowledge Regarding the Concepts of Mean, 

Median and Mode 

Conceptual and procedural knowledge are defined as two types of knowledge that shape 

mathematical understanding (Schneider & Stern, 2010). The first type is conceptual 

knowledge, which involves deeper understanding through building relationship between 

mathematical ideas (Van de Walle, 2013). The second type is procedural knowledge, 

which focuses on skills and step-by-step procedures without understanding the 

mathematical ideas behind the procedures (Hope, 2006). However, in order to gain 

mathematical competence, establishing connection between procedural and conceptual 

knowledge is necessary (Bisanz & Lefevre, 1992; Van de Walle, 2013). In the following 

parts, more information regarding conceptual and procedural knowledge will be given.
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2.1.1 Conceptual Knowledge 

Hiebert and Lefevre (1986) defined conceptual knowledge as follows: 

Conceptual knowledge is characterized most clearly as knowledge that is 

rich in relationships. It can be thought of as a connected web of knowledge, 

a network in which the linking relationships are as prominent as the discrete 

pieces of information. Relationships pervade the individual facts and 

propositions so that all pieces of information are linked to some network (p. 

3).  

In the above description, Hiebert and Lefevre (1986)  maintain that the quality of 

conceptual understanding is related to forming new cognitive networks and 

establishing relationships between these new networks and the existing schemas. 

Similarly, according to Baroody, Feil and Johnson (2007), new knowledge is 

learned conceptually if it is assimilated into the existing knowledge. Examples 

regarding the concepts of mean, median and mode to clarify the meaning of 

conceptual knowledge could be useful. For instance, the three measures of central 

tendency were used to find the typical or central value in a data set, and for some 

data sets, one of the measures was more suitable than the others to summarize 

them (Groth & Bergner, 2006). 

2.1.2 Procedural Knowledge 

Procedural knowledge "...is made up of two distinct parts. One part is composed of the 

formal language, or symbol representation system, of mathematics. The other part 

consists of the algorithms, or rules, for completing mathematical tasks" (Hiebert & 

Lefevre, 1986, p.5). The first part ñincludes a familiarity with the symbols used to 

represent mathematical ideas and an awareness of the syntactic rules for writing symbols 

in an acceptable formò (Hiebert & Lefevre, 1986, p. 6). On the other hand, the second 

type "consists of rules, algorithms, or procedures used to solve mathematical tasksò 

(Hiebert & Lefevre, 1986, p. 6). An example from statistics to explain the difference 

between the two types of procedural knowledge could be given. Knowing the meaning 
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of the symbol X to denote the mean of a set of data is an example for the first type of 

procedural knowledge because it is syntax. On the other hand, knowing the "add-and-

divide" algorithm to find the mean is an example for the second type of procedural 

knowledge (Groth & Bergner, 2006). 

In the previous section, definitions of conceptual and procedural knowledge were 

presented because one of the purposes of the study was to investigate the students' errors 

regarding the interpretation of the mean, the median and the mode given in bar graph 

representations based on their conceptual and procedural knowledge regarding the 

concepts. In accordance with the purpose of the study, in the following section, 

definition of error is given. 

2.2 Error/Mistake 

As mentioned before, one of the purposes of the study was to investigate students' 

possible errors regarding the concepts of mean, median and mode, the definition of error 

was presented in the section. 

Within there lated literature, two different definitions of óerrorô can be found. For 

example, Koshy (2000) defined error as ña wrong idea or wrong action that often is the 

result of a misconception, but not always soò (p.172). He claimed that an error can 

sometimes be the cause of a misconception based on the relationship between the 

mistake and the misconception. In a further study, Luneta and Makonye (2010) defined 

error as ñé a mistake, slip, blunder or inaccuracy and a deviation from accuracyò 

(p.35). Additionally, Green, Piel and Flowers (2008) defined three types of errors, which 

are unsystematic, systematic or random. Unsystematic errors are unintended, non-

repeated and trivial incorrect answers. This error type can be corrected by learners when 

it is realized by them (Khazanov, 2008). As opposed to unsystematic errors, systematic 

errors are repeated wrong responses orderly recreated across time and space. Moreover, 

systematic errors cannot be realized by learners and they are based on symptoms of a 

faulty hypothesis referred to as misconceptions (Green, et. al, 2008; Nesher 1987; 

Riccomini 2005). Lastly, random errors may or may not be repeated. Similar to Green et 

al. (2008), Cox (1975) categorized errors into two groups, systematic errors and random 
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errors. Systematic errors are defined as repeated wrong answers that are detected in a 

specific algorithmic calculation. On the contrary, random errors do not give any 

evidence related to the repeated wrong thinking process. 

Another researcher, Radatz (1979) studied mathematical mistakes and he defined 

mistake as follows: 

First, mistakes in the learning of mathematics are not simply the absence of 

correct answers or the result of unfortunate accidents. They are the 

consequence of definite processes whose nature must be discovered. 

Second, it seems to be possible to analyze the nature and the underlying 

causes of mistakes in terms of the individualôs information processing 

mechanisms. (p. 170). 

 

In addition to the above definition, he stated that while learning mathematics, mistakes 

are not lack of correct answers or the result of unfortunate occurrence. He also added 

that causes of mistakes can be analyzed by investigating studentsô information 

processing mechanisms. Thus, he focused on causes of studentsô mistakes in 

mathematics education and he identified causes of mistakes in five categories: language 

difficulties, getting spatial information difficulties, deficiency in prerequisite skills, facts 

and concepts, incorrect associations, and applying unrelated strategies and rules. In 

addition to this study, Radatz (1980) studied studentsô mistakes in mathematical learning 

process. Similar to his previous study (Radatz, 1979), he claimed that the causes of 

mistakes are not carelessness, unsafety or unique circumstances in a situation; in fact, 

the causes are previous experiences of studentsô in their classrooms. Rather, he stated the 

features of student mistakes based on the research results as follows, claiming that 

student mistakes: 

¶ are causally determined, and very often systematic; 

¶ are persistent and will last for several school years, unless the teacher 

intervenes pedagogically; 

¶ can be analyzed and described as error techniques; 
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¶ can be derived, as to their causes, from certain difficulties experienced by 

students while receiving and processing information in the mathematical learning 

process, or from effects of the interaction of the variables acting on mathematical 

education (teacher, curriculum, student, academic environment, etc.) (p.16). 

 

Thus, mistakes of students are generally unsystematic, persistent, appropriate to analyze 

and affected by other variables, such as teacher, curriculum and academic environment. 

After defining term of error in this study, errors made by students regarding the concepts 

of mean, median and mode will be focused. In the following section, based on the 

purposes of this study, the meanings of the concepts of averages, which are the mean, 

the median and the mode, are presented. 

2.3 Concepts of Averages 

Concepts of averages are highly influential in statistics because these concepts are used 

to describe a representative value that summarizes information about large data set 

(Shaughnessy, 1992). The mean, median and mode are three types of averages among 

many average types (Van de Walle, 2013). In order to give more information regarding 

the average concepts, the section is separated into three parts, namely the mean, the 

median and the mode.  

2.3.1 The Mean 

The mean is a very strong and powerful concept in statistics and it sheds light on 

students' basic understanding of summary statistics (Shaughnessy, 1992). Although the 

mean is one of the statistical concepts and defined independently of mathematical 

concepts, the process of calculating the means requires mathematics extensively. From 

this perspective, the mean is defined as "a mathematical construction that represents 

certain relationship in the data" (Russell & Mokros, 1996, p.362). Thus, there is  a 

relationship between the statistic concept and mathematics. To illustrate, to calculate the 

mean, all the values in a data set are added and then divided by the number of values in 

the data set (Van de Walle, 2013).  
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On the other hand, most of the students who compute the mean correctly do not 

understand the meaning of the value and what the value represents (Konold & Higgins, 

2003).  Although the computational algorithm of the mean is easy to apply, developing 

conceptual understanding of this concept is difficult (Konold & Higgins, 2003). Related 

to understandings of the mean, past researchers defined two models, namely center of 

balance and fair-share (Van de Walle, 2013). The understandings also combined the 

mean concept's mathematical and statistical aspects. Firstly, the center of balance 

accepts the mean as point of balance of a data set (Hardiman, Well & Pollatsek, 1984). 

This process is presented in Figure 2.1. Secondly, the fair-share accepts the mean as 

equal distribution of a data set (Mokros & Russell, 1995). An illustration of this 

approach is given in Figure 2.2.  

   

Figure 2.1 The Mean as a Point of Balance (Van de Walle, 2013, p.448) 
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Figure 2.2 The Mean as a Point of Balance (Van de Walle, 2013, p.448) 

It is claimed that fair-share and center of balance understandings provide a cognitive 

bridge between the mean as a statistical concept of representativeness and its 

computational algorithm (Marnich, 2008). 

Additionally, Strauss and Bichler (1988) mention seven properties of the mean concept:  

The average is located between the extreme values, the sum of the deviations from 

the average is zero, the average is influenced by values other than the average, the 

average does not necessarily equal one of the values that was summed, the average 

can be a fraction that has no counterpart in physical reality, when one calculates 

the average, a value of zero, if it appears, must be taken into account, the average 

value is representative of the values that were averaged (Strauss &Bichler, 1988, 

p.66). 

In order to understand these seven properties completely, conceptual understanding of 

the mean is required. Furthermore, the properties are parts of three aspects regarding the 

mean concept, which are statistical, abstract and representative. The first three of these 

properties are related to the statistical aspect, the second three are related to the abstract 

aspect and the last one is related to the representative aspect of the mean. 
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In the next section, definition and properties of the median will be presented. 

2.3.2 The Median 

Another concept of average is the median, which is defined as "the point below and 

above which 50 percent of the scores in a distribution fallīin short, the midpoint" 

(Fraenkel & Wallen, 2006, p.196). The median of a distribution that includes an odd 

number of values is the middle score when the values are listed in order. To illustrate, 

the median of the distribution 2, 4, 6, 8, and 10 is 6. On the other hand, the median of a 

distribution that includes an even number of values is the midpoint of the two middle 

scores when the values are listed in order. For example, in the distribution 1, 3, 4, 6, 7, 

and 8, the median is 5. Thus, the median could be a different value than the actual values 

in the distribution being represented (Fraenkel & Wallen, 2006).  

According to most researchers and curriculum developers, the median should not be 

introduced to students before the students reach elementary grade level (Russell, 2006). 

Another point worth mentioning is that the median is not influenced by extreme values 

in a data set (Van de Walle, 2013). Thus, if a data set has extreme values, the median is 

the most appropriate average type to summarize the data set (Fraenkel & Wallen, 2006). 

In the next section, definition and properties of the mode will be presented. 

2.3.3 The Mode 

The mode is another average type to summarize a data set, which is defined as "the most 

frequent score in a distribution" (Fraenkel & Wallen, 2006, p.196). For example, the 

mode of the distribution, 20, 11, 12, 12, 14, 11, and 12 is 12. However, some 

distributions may have two modes that are named as bimodal distribution (Fraenkel & 

Wallen, 2006). To illustrate, the mode of the distribution 5, 8 ,5 ,6, 7, 8, 9, and 10 is 5 

and 8. On the other hand, the mode is only one type of average to summarize and 

describe qualitative data, such as favorite games (Russell, 2006). Thus, if a data set is 

qualitative, the mode is the appropriate average type to represent the data set. 
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In the previous section definitions of the concepts of averages have been presented. 

Since the present study aimed to investigate the  solution strategies used by students 

while solving questions which included the mean, the median and the mode, and the 

errors they made while interpreting the concepts, related studies about students' 

understandings will be discussed in the next section. 

2.4 Studies on Students' Understandings of Mean, Median and Mode 

In recent years, most of the research studies on statistics education have been conducted 

to examine individual summary statistics such as the mean, the median and the mode 

(Leavy, 2004) because the statistics are important not only for statisticians but also for 

educated citizens (NCTM, 1989). Although many students can calculate the mean, the 

median and the mode, they have problems in using the values to analyze a given data 

(Suco, 2012). In this section of the literature review, some of the studies on the mean, 

the median and the mode are presented. 

As mentioned in the previous section, there is a distinction between procedural 

knowledge, which includes computational algorithms, and conceptual knowledge of 

mathematical concepts in mathematics education (Strass & Bichler, 1988). It is stated 

that although the computational algorithm of the mean concept is easily understood, 

precollege and college students have problems in understanding the properties of the 

mean related to the computational algorithm (Pollatsek, Lima, & Well, 1981; Strauss & 

Bichler, 1988). For instance, a study by Strauss and Bichler (1988) concentrated on the 

computational properties of the mean. The study was conducted with twenty children of 

8-14 ages. The purpose of the study was to test childrenôs understanding of arithmetic 

average by investigating their understanding of its computational properties. To 

illustrate, one of the tested properties was whether the children realized that the 

arithmetic average has to be placed between the extreme values in a data set. Another 

one was whether the students realized that the average is affected by values except the 

average. They also tested whether the students realized that the average may not be 

equal to one of the values in the data set and whether the children were taking into 

account zero in a data set while calculating the average of the data set. The results of the 

study indicated that most of the students were not aware that zero as a data value 
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influenced the mean. On the other hand, the students were totally aware that the mean 

had to be between extreme values and the mean was affected by specific values in a data 

set and that the mean may not be equal to any one of the values in a data set. Similarly, 

Leon and Zawojewsky (1990) examined students' understanding of computational 

algorithm of the mean by testing the same properties as the previous study by Strauss 

and Bichler (1988). The participants of the study were from three educational levels: 

primary, middle and high. The results of the study indicated that the primary education 

students experienced more problems while solving questions which included four 

properties of the mean, but students' performance in solving the problems improved with 

age.  

Additionally, other studies regarding procedural knowledge of the mean were conducted 

to investigate studentsô difficulties on weighted mean problems. Pollatsek, Lima and 

Well (1981) designed a study to examine how 37 undergraduate students calculate 

weighted mean while solving given problems. It was found that the students did not 

calculate weighted means of the problem situations correctly. The study also revealed 

that when the students were asked to find the mean of two unequal sized samples by 

using given means of the samples, they calculated the weighted mean of the sample as if 

the samples were equal sized. Pollatsek et al. (1981) stated that lack of conceptual 

understanding of the mean could be the reason for this result. In a similar way, 

Mevarech (1983) carried out a study to investigate studentsô calculation procedure of the 

weighted mean. According to the results of the study, the college students had a wrong 

assumption that a set of arithmetic averages with simple mean calculation procedure 

formed a mathematical group that satisfies four axioms, namely associativity, identity, 

closure and inverse. She stated that the misconception was so deeply rooted in the 

studentsô knowledge base that more advanced statistic course was not sufficient to 

overcome the misconception. However, most of the students formed appropriate schema 

of statistical concepts by means of diagnostic activities with feedback from an expert. 

Furthermore, the results of the study conducted by Watson and Moritz (1999) indicated 

that students were gaining competence to calculate the weighted mean by means of 

instruction with real life contexts. 
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On the other hand, several studies have been conducted to investigate studentsô 

conceptual understanding of averages. In one of the studies, Mokros and Russell (1995) 

investigated grades 4, 6 and 8 studentsô conceptions of averages by examining their 

preferences while proceeding with averages. Participants of the study consisted of 21 

students, and data were collected by an instrument that included seven open ended 

problems. Four of the problems were described in their report. Two of these four 

problems were named as Allowance Construction Problem and Potato Chips Problem. In 

the problems, the students were expected to find a possible data set for the given mean 

by working backward. For example, in the Potato Chips problem, the mean of the data 

set was given as $1.35. Then, students were asked to find a possible data set which had 

that mean without using the actual mean as a data value. At this step, the students were 

supposed to work backward to find the data set. The Allowance problem was different 

from the Potato Chips problem in that the Allowance problem included data points on a 

bar graph and asked weighted mean of the data set. The remaining two problems  

required the interpretation of a given data set and calculation of weighted means. Based 

on the results of the study, five different constructions of representativeness by students 

were identified: average as mode, average as algorithm (arithmetic mean), average as 

reasonable, average as midpoint and average as mathematical point of balance. Another 

result of the study was that the students who focused on mode as average encountered 

problems while working backwards from the mean to construct a possible data set 

without using the mean as a data value because they were focusing on individual data 

values instead of the whole data set. Moreover, it was found that the students who 

focused on average as algorithm wanted to apply algorithm directly to find the mean of a 

given problem. The students did not take into account whether their answer made sense 

in reality because they over-trusted the algorithm. Similarly, a study by Cai (1995) found 

that although most of the students easily calculated the mean of a given data set, they 

had problems while working backwards to find missing values in a data set by using the 

given  mean. 

In addition to theoretical findings of Mokros and Russellôs work, Konold and Pollatsek 

(2002) added new terms to the literature on the average concept. They identified four 

conceptual terms for the mean concept, namely typical value, fair share, data reducer 
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and signal amid noise. They claimed that the mean as ñsignal amid noiseò is the most 

important one from a statistical perspective because the conception is the most useful 

while comparing two different data sets. Moreover, they indicated that mean as typical 

value and fair share are not useful while comparing two data sets and mean as data 

reducer and typical value are helpful for decision making in statistics. The researchers 

suggested that mean should be introduced as fair share and typical value because the 

conceptions can be built on studentsô major intuitions. Moreover, mean concept should 

be introduced to students in a context that include comparison of two data sets. 

Similarly, Watson and Moritz (1999) suggested that concepts of average should be 

introduced with activities that involve comparison of two equal sized data sets.  

With regard to the effect of conceptual knowledge on procedural knowledge, Cai (1998) 

designed a study to examine US studentsô conceptual understanding of mean by 

investigating their solutions of a given contextualized average problem that required 

computational algorithm of mean. The study results revealed that students used different 

representations, which were algebraic, arithmetic, verbal and pictorial representations 

and solution strategies to solve the problem. In fact, the studentsô mathematical problem 

solving abilities affect their selection of solution strategies and representations. 

Moreover, students using arithmetic and algebraic representations experienced more 

problems than students using pictorial and verbal representations to solve the average 

problem. In addition, the students used three different solution strategies to solve the 

given average problem, that is levelling, using average formula and guess and check. 

Furthermore, five different types of errors were identified based on the findings of the 

study. The error types were minor errors, violation of stopping rule, incorrect use of 

computational algorithm, unjustified symbol manipulation and others. More specifically, 

a student who made the incorrect use of computational algorithm error tried to apply 

computational algorithm of the mean but the application was incorrect. Furthermore, a 

student who made the minor error applied correct procedure to solve a problem 

regarding the mean but the student made a minor calculation error. The results of the 

study also indicated that half of the students made mistakes while applying the 

computational algorithm to solve the problem although they knew the algorithm. The 
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study results also indicated that the average concept should be taught both as a statistical 

idea and computational algorithm.  

In a further study, Cai (2000) conducted a cross national study to explore Chinese and 

US studentsô understanding of averaging computational algorithm and their 

representations while solving questions regarding the arithmetic average. Data were 

collected by an instrument that included two open-ended problems involving arithmetic 

average. One of the open-ended problems gave data set on a pictograph. It was found 

that the number of Chinese students who solved the problems was more than the number 

of US students who solved them. He also stated that the difficulties were caused due to 

their lack of conceptual knowledge of the averaging algorithm. Furthermore, it was 

found that Chinese students had a higher tendency to use algebraic representations, 

while US students had a higher tendency to use verbal and pictorial representations to 

solve the problems. Besides, while solving the problems, the students used three 

different strategies, namely levelling, using average formula and guess-and-check. 

Furthermore, in addition to observed errors in the study by Cai (1998), two different 

errors was observed, namely total number of hats sold in four weeks and looking a 

pattern for the number of hats sold. Also, Cai (1998) included same question with Cai 

(2000), which gave a data set on a pictograph. 

Additionally, a longitudinal study of students in Grades 3 to 9 was conducted by Watson 

and Moritz (2009) to investigate the development of their concepts of average. These 

researchers developed an instrument by examining other studies on the same issue and 

the instrument included some questions displaying similarities with those used in the 

study of Mokros and Russell (1995). In addition, the instrument included different 

questions that measured students' interpretation of average in a real life situation, such as 

"Have you heard of the word average before? Where? What does it mean?" In this study, 

94 interviews were conducted with students from Grades 3 to 9, and follow-up 

interviews were conducted with 22 of 94 students after three years and 21 of the 

remaining students after four years. Results of the study indicated that students' ability to 

apply the calculation rule of arithmetic average increased with their grade level. On the 

other hand, the students' interpretation ability of arithmetic average demonstrated limited 
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development with grade. Similarly, the present study investigated students' procedural 

and conceptual knowledge through identifying their solution strategies, errors and wrong 

interpretations. 

Additionally, Mathew and Clark (2007) carried out a study which aimed to examine 

studentsô development of knowledge of some main statistical concepts. The participants 

of the study were eight students who were successful first grade students in a college. It 

was found that students had process conception about the mean. Process conception is 

being able to base answers on computational formula of the óthe meanô when asked why 

ñthe meanò is used. The students accepted the mean as merely a process, not as a 

measure of central tendency.  

According to Keneddy, Tips and Johnson (2008), some students have difficulties while 

trying to find the mean and median values of large data sets. Students think that the 

mean and the median are always close to each other. However, this situation is true 

when the data are not clustered at any extreme since when the data are clustered, the 

mean will come close to extreme values of the data set.  

Another confusion related to statistical concepts is that many students use the terms 

ómeanô and óaverageô interchangeably (Brown & Silver, 1989). Average includes all 

measures of central tendency; that is, mean, median and mode. Students also tend to use 

mean if  the best representative of a data set is asked. They generally do not consider the 

median and the mode as an appropriate representative of the data set. The misconception 

can be overcome through counter-examples which shows that the median or the mode 

can be the best representative of a data set (Seftlage, 2007). 

In this section, studies regarding students' understandings of the mean, the median and 

the mode have been presented. In the following section, in accordance with the purpose 

of the study, students' errors and difficulties in graphs will be presented since the present 

study investigated seventh grade students solution strategies, errors and 

misinterpretations given in bar graph representations. 
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2.5 Studies on Errors and Difficulties in Graphs 

Studies on graphing is essential because graph comprehension is necessary not only in 

studentsô educational life but also in their daily life (Friel et al., 2001). Moreover, related 

literature indicates that students have difficulties and misconceptions regarding graph 

concepts (Tortop, 2011). Middle grade students tend to have misconceptions on 

interpretation of given graphs and selecting convenient graph type to represent data. On 

the other hand, secondary students tend to have misconceptions regarding measures of 

central tendency and interpretations of the values. The misconceptions are also observed 

in undergraduate statistics students (Capraro, Kulm, Hammer, & Capraro, 2002; 

Conners, McCown & Roskos-Ewoldsen, 1998). In addition to these, there were some 

studies in accessible literature, which investigated students' interpretation of the concepts 

of mean by means of graph (Cai, 1998; 2000; 2002; Mokros & Russell, 1995).  

Additionally, some studies have indicated that sample size of data have an effect on 

studentsô representation of the data. For example, Nisbet (2002a) designed a study to 

investigate the effect of sample size on organization of data. The study was conducted 

with 10 seventh grade students. The instrument used in the study included two numerical 

sets of data; the first one of these included 10 pieces of data and the second one included 

30 pieces of data. The results of the study indicated that students could easily represent 

smaller data sets than larger data sets. Similar results were found in another study by 

Nisbet (2002b). The participants of the study consisted of 20 students from grades 9 

through 11. In a similar way, the instrument used in the study included two numerical 

data sets. One of them included 10 pieces of data and the other one included 30 pieces of 

data. Results of the study were consistent with those reported in his earlier study (Nisbet, 

2002a). Thus, independent of their grade level, most of the elementary and high school 

students could easily represent smaller data sets.   

On the other hand, there were also studies which indicated that middle grade students 

tended to have misconceptions concerning interpreting given data and selecting the 

convenient type of graph  for the given data (Capraro, Kulm, Hammer, and Capraro, 

2002). To illustrate, Capraro, Kulm and Capraro (2005) carried out a study with 134 

sixth grade students to investigate the studentsô misconceptions and naµve conceptions 
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on interpretation and graphical representation of data. Instrument of the study consisted 

of an open-ended problem named as Vet Club. The problem was formed by asking 14 

studentsô number of pets and their type of pets and the problem required the construction 

of a graph to help find the typical number of pets in the data set. After students 

constructed graphs, their explanations were asked in an interview to identify the causes 

of their choices of graph type and the typical number. The collected data of the study 

indicated that 46% of the sample had constructed bar graphs, 35% of them had 

constructed pie graphs and the others had constructed line graphs. According to the 

results of the study, while constructing a bar graph, the students indicated zero, which 

was a categorical variable in the given data, on the x axis of the graph not on the origin. 

Their explanation of the situation was that any number cannot be identified without 

some representation. Moreover, the students tended to draw histograms instead of bar 

graphs. In fact, while the students intended to draw bar graphs, they were drawing 

histograms. Thus, it was observed that the students could not distinguish between bar 

graphs and histograms. Furthermore, most of the students who created a pie graph to 

represent data omitted the zero value while determining the percentage of each piece in 

the pie graph because they believed that zero could not be accepted as a categorical 

variable. Additionally, students could easily provide correct answers to questions based 

on graphs if the information was clearly demonstrated. When the typical number of pets 

was asked in the problem, some of the students did not interpret their graphs to answer 

that question. Similarly, Bright and Friel (1998) found that students made errors while 

constructing and interpreting their graphs and some of them could realize their errors. In 

addition to these, some students experienced problems while translating from a 

representation to another. Results of TIMSS indicated that when a data set was given on 

a table, 30% of third grade students and 55% of fourth grade students correctly 

represented the given data set on a bar graph (Beaton, Mullis, Martine, Gonzalez, Kelly, 

& Smith, 1996). 

It was observed that some students sometimes make errors and hold misconceptions on 

interpretation of graphs due to cognitive obstacles. They generally did not know the 

reason for selecting a certain type of graph to represent a graph (Friel et al., 2001).For 

example, students create bar graphs without knowing the underlying reason for selecting 
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the graph type. In addition, students tend to find patterns in graphs (Piereira-Mendoza & 

Mellor, 1991) and studentsô language and reading ability affect their interpretation of 

graphs (Friel & Bright, 1996, as cited in Tiefenbruck, 2007). 

In addition to studies related to the construction and interpretation abilities of students, 

some studies were conducted to investigate studentsô reading and interpretation abilities 

of graphs (Carr & Begg, 1994; Pereira-Mondeza & Mellor, 1991;Watson & Moritz, 

2001). For instance, Pereira-Mendoza and Mellor (1991) conducted a study with 121 

fourth grade and 127 sixth grade students to examine the studentsô ability in reading and 

interpretating bar graphs. It was found that the students had few problems regarding 

reading data from graphs. However, most of them had problems while interpreting data 

from graphs. Furthermore, the study results proposed that there were four general error 

types based on graphing, namely topic, scale, data arrangement and the fact, which 

were not demonstrated on the graph. In addition, students tended to find patterns by 

graphs and they stated that they could not answer questions if the answer was not on the 

graphical representations. For instance, if a question required making predictions about a 

future situation (the year is not on the graph), students say that ñthe year is not on the 

graph, so I cannot answer the questionò. 

On the other hand, there were studies which investigated students' understandings 

regarding the mean concept by means of problems which were given on graphs (Cai, 

1998; 2000; 2002; Mokros & Russell, 1995). For example, a study by Mokros and 

Russell (1995) investigated students' understandings of the average concept in statistics. 

As previously mentioned, instrument of the study included a problem which was named 

as the Allowance problem. The Allowance problem included data points on a bar graph 

and asked weighted mean of the data set. Participants of the study decided the mode of 

given data set based on the highest bar of the given bar graph representation. 

Furthermore, the study of Cai (1998) investigated students' conceptual understanding 

regarding the mean by analyzing their solution strategies and errors while solving a 

question. Data set of the question was given on a pictograph and a missing value of the 

data set was asked when mean of the data set was also given. As previously mentioned, 

students used leveling, average formula and guess and check solution strategies to solve 
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asked question. More specifically, students who used the leveling solution strategies 

benefited from the pictograph representation of asked question in the study. Thus, 

students might use different solution strategies while solving questions regarding the 

averages when the questions were given in graph representations. 

One of the purposes of the present study was to investigate the solution strategies used 

by seventh grade students while solving questions regarding the mean, median and mode 

concepts given in bar graph representations. The other purposes of the present study 

were to investigate the possible errors and misinterpretations seventh grade studentsô 

would make while solving questions regarding the concepts of mean, median and mode 

given in bar graph representations. In accordance with the purposes, interpretation of 

graphs were important since purposes of the present study included interpretation of the 

mean, the median and the mode concepts given in bar graph representations. As 

mentioned above, in related literature, some studies were used graphs while 

investigating students' understandings of the mean concept since giving data set a set on 

a graph might provide different interpretations regarding the concepts of mean, median 

and mode (Cai, 1998; 2000; Mokros & Russell, 1995). 

2.6 Studies in Turkey on Averages and Graphing 

Although the importance of statistics in education and daily life situations has been 

emphasized in the national curriculum of Turkey (MoNE, 2013), there were few studies 

related to measures of central tendency and graphs in accessible literature of Turkey 

(U­ar & Akdoĵan, 2009). More specifically, studies regarding statistical concepts 

investigating students' understanding of averages are also limited. However, there are 

research studies on graphs, which investigated students' interpretation abilities of graphs, 

their typical errors and misconceptions on graphing, and developing measuring tools for 

assessing graphing ability. In addition to these studies, measuring tools for assessing 

graphing ability of students were developed in Turkey (Taĸar, Ķnge­ & G¿neĸ, 2009; 

Temiz & Tan, 2009b).  

U­ar and Akdoĵan (2009) conducted a study with 18 students from Grades 6 to 8 and 6 

students were selected from each  level to examine the effect of grade level on students' 
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understanding of average. Semi-structured interviews which included five questions 

were conducted to collect data. According to the results of the study, it was observed 

that average was understood as arithmetic mean and not accepted as a representative 

value for the given data set. Moreover, there was a positive correlation between students' 

understanding of average and students' grade level since 2 students from Grade 6 and4 

students from Grade 8 accepted the mean as a summary statistics. 

Another study was conducted by Tortop (2011) to examine the effect of instruction on 

seventh grade students' typical errors and misconceptions on graphs through 

questionnaire and interviews. The questionnaire was formed by the researcher. The 

instrument was administered to 71 seventh grade students and a teacher before and after 

instruction in Afyonkarahisar. After the questionnaire, semi-structured interviews were 

conducted with 8 students and the teacher. The results of the study showed that the 

teacher could not completely realize and prevent students' errors and misconceptions 

during instruction. Moreover, data from interview with the teacher indicated that she 

also had limited knowledge about students' possible errors and misconceptions on 

graphs, and data from observations in the instruction indicated that the teacher did not 

effectively plan her lesson based on the curriculum objectives of the concept. In addition 

to these results, the researcher proposed that in-service teachers should be educated on 

students' typical errors and misconceptions, and that effective planning should be made 

by taking into account students' possible errors and misconceptions.  

2.7 Summary of the Literature Review 

In this chapter, the literature review related to the purposes of the study was presented. 

In accordance with purposes of the present study, first of all, definitions of conceptual 

and procedural knowledge were stated. Then, definitions of error and averages were 

included. In addition, studies on students' understandings of the mean, the median and 

the mode, and studies on student errors and difficulties from related literature were 

reviewed. Lastly, the studies in Turkey on the averages and graphs were presented. 

Results of related studies regarding the mean, the median and the mode showed that 

although computational algorithm of the mean was easily comprehensible, many pre-
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college and college students had problems regarding properties of the algorithm 

(Pollatsek et. al., 1981; Strauss & Bichler, 1988). Furthermore, there were some other 

studies which indicated that students have difficulties on weighted mean problems 

(Pollatsek et. al., 1981; Mevarech, 1983). It is reported that the difficulties students face 

regarding the averaging algorithm derive from students' lack of conceptual knowledge 

rather than their lack of procedural knowledge (Cai, 2000). On the other hand, 

identifying students' possible solution strategies while solving questions regarding the 

mean is important since if a student have conceptual understanding regarding the 

averaging algorithm of the mean, the student can correctly and flexibly apply the 

averaging algorithm to solve questions regarding the concept (Cai, 1998). However, 

there is a limited number of studies on the solution strategies used by students while 

solving questions regarding statistical concepts (Cai, 2000). Therefore, in order to 

identify students' conceptual and procedural understanding of the mean, the median and 

the mode concepts, study on their solution strategies and errors while solving questions 

regarding these concepts is necessary.  Besides, in order to have information regarding 

effect of graphical representations on interpretation of the average concepts, it is worth 

to study on interpretation of the concepts of mean, median and mode given in graph 

representations. Hence, it was investigated in the present study students' interpretations 

of the mean, the median and the mode concepts given in bar graph representations. 

Additionally, literature review showed that there are few studies related to 

averages and graphing in Turkey. Results of a study by U­ar and Akdoĵan (2009) 

showed that averages was understood as arithmetic mean and not accepted as 

representative of a given data by elementary students. Moreover, U­ar and Akdoĵan 

(2009) also stated that there is necessity to study on students' solution strategies while 

solving questions regarding the mean, the median and the mode concepts. Furthermore, 

graph interpretation was also important part of statistics in Turkish mathematics 

curriculum. Also, graphical representations might affect students' interpretations of 

average concepts. Thus, when the accessible related literature in Turkey is investigated, 

it can be seen that there is a limited number of studies with similar purposes, so there is 

need to conduct further studies on the topic. Hence, the purpose of the present study was 

to investigate the solution strategies used by seventh grade students and their possible 



30 
 

errors while solving questions regarding the concepts of mean, median and mode given 

in bar graph representations. In addition, studentsô possible misinterpretations regarding 

the concepts of mean, median and mode given in bar graph representations was 

investigated. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



31 
 

 

 

CHAPTER 3 

 

METHOD  

 

The aim of this chapter is to explain the methodology used in the study. Hence, this 

chapter is devoted to providing information about the research design, population and 

sample, data collection instruments, validity and reliability of the instruments, data 

collection procedure, analysis of data, assumptions and limitations. At the end of the 

chapter, the internal and external validity of the study is presented. 

3.1 Design of the Study 

The aim of the present study was to investigate the solution strategies used by seventh 

grade students and their possible errors while solving questions regarding the concepts 

of mean, median and mode given in bar graph representations. In addition, the other 

purpose of the study was to investigate seventh grade students possible 

misinterpretations regarding the concepts of mean, median and mode given in bar graph 

representations. 

In order to reach these purposes, the survey research design was preferred in this study 

because surveys are conducted to define some aspects and characteristics of a population 

or a sample (Fraenkel & Wallen, 2006). More specifically, the cross-sectional survey 

design was used in the study since the cross-sectional survey requires collecting data at 

one point of time from a selected sample from a predetermined population to describe 

the characteristics of the population (Fraenkel & Wallen, 2006). The collected data were 

analyzed through item based in-depth analysis to identify solution strategies and errors, 
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and descriptive statistics were computed since the research questions of the study aimed 

to identify the frequencies of the students' solution strategies and errors.  

3.2 Participants of the Study 

The target population of this study was all seventh grade students in ¢anakkale. 

Moreover, the accessible population of the study was all seventh grade students in the 

Gelibolu district of ¢anakkale. The convenience sampling method was used in this study 

since convenience sample is a class of readily available individuals (Fraenkel & Wallen, 

2006). The sampling procedure was selected since the researcher was a middle school 

mathematics teacher at a public middle school in the Gelibolu district. Thus, the study 

was conducted at this school and at another central school in the district. Accordingly, 

the Statistics Achievement Questionnaire was conducted to 233 students in the Gelibolu 

district, ¢anakkale. All seventh grade students of these 2 public middle schools in 

Gelibolu district completed the Statistics Achievement Questionnaire. One of these 

schools had three classes and the other had five classes. The selected seventh grade 

students had completed each objective which were intended to examine in the study. 

Demographic information of the participants, such as their  class, age and gender was 

asked for while collecting data. In general, the number of boys was more than the 

number of girls in the sample, and the average age of the participants was 11.97. Details 

of the demographics are presented in Table 3.1 below. 
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Table 3.1 Participants' Demographic Information 

Classes 

 

Sample          

size(n) 

 

Age      

(years) 

Gender 

Average Boys Girls 

7-A 32 11.88 17 (53.1%) 15(46.9%) 

7-B 33 11.94 15 (45.5%) 18 (54.5%) 

7-C 32 11.84 18 (56.3%) 14 (43.7%) 

7-A 29 12.03 17 (58.6%) 12 (41.4%) 

7-B 27 11.96 16 (59.3%) 11 (40.7%) 

7-C 27 12.11 14 (51.9%) 13 (48.1%) 

7-D 25 12.08 15 (60.0%) 10 (40.0%) 

7-E 28 11.89 15 (53.6%) 13 (46.4%) 

Total (N)   233 11.97 127 (54.5%) 106 (45.5%) 

 

3.3 Data Sources 

This study investigated the solution strategies used by seventh grade students while 

solving questions related to the concepts of mean, median and mode given in bar graph 

representations. Moreover, the study also aimed to examine possible errors and 

misinterpretations made by seventh grade students related to the concepts of mean, 

median and mode given in bar graph representations. Data for the study were gathered 

through the Statistics Achievement Questionnaire (SAQ). 

3.3.1 Statistics Achievement Questionnaire 

In the present study, data were collected through an instrument that was developed by 

the researcher. The instrument was an achievement test. The test was prepared in three 

phases. Firstly, the objectives of seventh grade Turkish National Middle School 

Mathematics Education Curriculum related to bar graphs and the concepts of mean, 

median and mode were identified. Furthermore, the objectives of fifth and sixth grade 

Turkish National Middle School Mathematics Education Curriculum were investigated 

in order to define studentsô previous knowledge related to the mean, median, mode 
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concepts and bar graphs. Secondly, related literature was reviewed before the 

achievement test was prepared. Based on the literature review some questions were 

adapted from literature. Lastly, the researcher prepared additional items based on the 

objectives mentioned above. While the researcher was developing the items of SAQ, 

each question was matched with the objectives in order to ensure that there was at least 

one item measuring each objective from the selected objectives of the seventh grade 

mathematics curriculum. 

The Statistics Achievement Questionnaire (SAQ) consisted of 6 open-ended questions. 

In this test, questions 1-a, 1-b and 2-b were adapted from literature. The remaining 

questions were developed by the researcher to investigate the research questions of the 

study. Detailed information related to each question of SAQ are given below. 

Question 1, which was adapted from study of Mokros and Russell (2005) consists of two 

parts. In the question, students' understanding of the relationship between data and 

average were investigated. In the first part of the question, the average and sample size 

of a data set were given and a possible data set for the given information was required. 

To state differently, the purpose of the question was to investigate students' procedural 

and conceptual knowledge regarding the averages by constructing a data set for the 

identified average. In addition, students were expected to draw a bar graph according to 

their constructed data set. The first part of the 1st question is given in Figure 3.1 below. 
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Figure 3.1 The first part of question 1 of the SAQ 

In the second part of the 1st question, average of a data set was given; additionally, a 

value from the data set was also given. Thus, while constructing a possible data set for 

the average, students had to take into account the given value. This part evaluated 

students' understanding of the relationship between the average concepts and data 

through construction of a possible data set for the given average by taking into account 

the given value from the data set. In addition, the part also required students to draw a 

bar graph according to their constructed data set. The second part of the 1st question is 

given in Figure 3.2 below: 

 

Question 1: 

 a) In a scout camp, there are 8 students whose ages are different from each other. The 

average age of the students is 15. Based on the information, what could their ages be? 

Draw a bar graph in order to show a possible data set of the ages of the students in the 

camp. (Note: None of age of the students in the camp is not 15.) 

 

   How did you give your answer? Explain. 

    

.............................................................................................................................................. 
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Figure 3.2 The second part of question 1 in the SAQ 

Question 2 in the SAQ consists of four parts. The second part of the question was 

adapted from Connected Mathematics 2/Grade 6 (Lappan, Fey, Fitzgerald, Friel, & 

Philips, 2006). The remaining parts of the question were developed by the researcher. In 

general, the three scores of four projects and the arithmetic average of all projects were 

given on the bar graph, as seen in Figure 3.3, and the question asked for the remaining 

score of the four projects. The first part evaluated students' reading ability of bar graphs. 

In the second part, the arithmetic average and three out of four values from the data set 

were given. This part evaluated students' procedural knowledge related to the calculation 

Question 1: 

b) In a scout camp, the average age of 8 students is 15 and if the age of a student is 17, 

what could be the ages of the other students so that the average will still turnout to be 15? 

Draw a bar graph to show a possible data set of the students' ages in the camp.( Note: None 

of age of the students in the camp is not 15.) 

 

How did you give your answer? Explain. 

................................................................................................................................................ 
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of the arithmetic average. In the third part, a statement was given and students were 

expected to decide whether the given statement was true or not. In the last part, students' 

interpretation of the arithmetic average was investigated. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.3 The second question of the SAQ 

 

Question 3 in the SAQ, developed by the researcher, consists of three parts. In the first 

part, which is presented in Figure 3.4, students' abilities to calculate the mean through 

the obtained data set from the given bar graph were examined. Similarly, the second part 

Question 2: 

 

The bar graph shows Elifôs scores on three of these projects. In the graph, a bar that shows 

Elifôs mean score for all four projects. 

a) Fill the below table according to given graph. 

1. project score  

2. project score  

3. project score  

Mean of the project scores  

b)Find Elif's score on Project 4. Explain your reasoning. 

c) Elif claims that If I had 20 points higher than 3rd project score, mean of my project 

scores would increase 4 points.  Do you agree with Elif? Explain your reasoning. 

d) If we did not know any of the Elif's project scores and we knew only mean of the 

projects' scores; how could we comment on Elif's project scores? 
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evaluated students' abilities to find the median through the same data set. The third part 

investigated students' interpretation of averages based on the given statement. In 

addition, the last part aimed to reveal information about students' conceptual 

understanding regarding the mean and the median concepts since they were required to 

justify their reasoning. Each part of the 3rd question is given in Figure 3.4 below: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.4 The third question of the SAQ 

Question 3:The burning durations of the candles produced by companies A and B are 

wanted to be compared. In order to compare the burning durations of the candles of 

Company A and Company B, the same size 8 candles from each company were chosen. 

Then, the candles were burned and the number of minutes that each candles burned were 

recorded.  

 

 a) Determine the mean of burning times of candles for each company. 

Mean 

A Company é........ 

B Company ééé 

 b) Determine the median of burning times of candles for each company. 

 Median  

A Company é........ 

B Company ééé 

c) Ahmet claims that candles of A Company have longer burning times than 

candles of B Company. Do you agree with Ahmet?...................................... 

¶ How did you decide whether Ahmet is right or not? Explain your reasoning.  
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Question 4 in the SAQ, generated by the researcher to investigate students' conceptual 

understanding of the mode and the average concepts, consists of three parts. 

Additionally, the question examined students' reading and interpretation abilities of bar 

graphs. In the first part, students' understanding of the mode was examined. The second 

part measured students' procedural knowledge related to the average concept. Moreover, 

in this part, it was also aimed to reveal information regarding students' understanding of 

the average concept since it was predicted that when the average is asked, most of the 

students understood the term arithmetic average. However, the term " average" includes 

the arithmetic average, the median and the mode concepts (Van de Walle, 2013). In the 

third part, it was examined how students interpret average of a data set when a value was 

subtracted from the data set. Each part of 4th question is given in Figure 3.5 below: 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.5 The forth question of the SAQ 

Question 4: 

 

The above bar graph shows the ages of 5 children out of 6 children  in a park. Answer the 

following questions according to the above graph. 

a) In this park, if the number of nine aged-children is higher than the others, how old is 

Burak? Explain your reasoning? 

b) What is the average of the ages of the children in the park? 

c) Seda claims that  if Murat leaves the park, the  average age of the children will 

decrease. Do you agree with Seda?  ................................................. 

¶ How did you decide whether Seda is right or not? Explain your reasoning. 
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Question 5 examined students' interpretation abilities regarding the median and the 

mode by constructing a possible data set for the given information. Additionally, the 

question assessed students' reading and interpreting abilities of bar graphs. In the 

question, the mode, the median and the range of a data set were given. In addition, as 

shown in Figure 3.6, some values of the data set were given on a bar graph and some 

values were missing. The question required students to find a possible data set by using 

the given information and to fill the missing parts of the bar graph. Question 5 was also 

developed by the researcher. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.6 The fifth question of the SAQ 

Question 5:  

 There are 10 students in a class. Use the information about the number of 

individuals in the students' families below.  

 

 - Mode: 6 individuals 

 - Median: 6 individuals 

 - In the data set, there are families having at least 3, at most 10 individuals.  

 

 Find a possible data set by filling the missing parts of the bar graph  below by 

using the above information and the given values in the bar graph.  

 

 
- How did you construct your possible data set? Explain. 
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In question 6, the students were asked if the working days of two employees and the 

arithmetic average of their working times were the same, what the working times of the 

other employee were, and whose working times was not given. In order to answer the 

question, a possible data set would be constructed by taking into account the given 

average and the bar graph. The purpose of the question was to investigate students' 

understanding of the relation between the arithmetic average and a data set. 

Additionally, students' ability to calculate and interpret arithmetic average was 

examined. The 6th question is given in Figure 3.7 below: 
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Figure 3.7 The sixth question of the SAQ 

Question 6:  

 Merve and Seda are two employees in the same workplace. The working 

durations of Merve is given in the graph below.  

 

 If the working days of Seda and Merve and the arithmetic average of their 

working durations are the same for a week, what could be the working durations of 

Seda? Show by drawing a bar graph in the area below. (Note: Seda and Merve have 

different working durations on the same days.  

 

- How did you construct your bar graph? Explain. 
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To sum up, totally 6 questions were asked in the SAQ. Details regarding the pilot study 

of the SAQ are explained in the following part of the chapter. 

3.4 Pilot Study 

The pilot study was implemented to determine the appropriate testing time duration for 

the implementation of SAQ, to adjust the difficulty level of the questions, to control the 

comprehensiveness of each question and to check the validity and reliability of SAQ.    

The pilot study of SAQ was conducted by the researcher in a middle school at the 

Gelibolu district, ¢anakkale during the 2013-2014 fall semester. Seventy two eighth 

grade middle school students who had reached the identified objectives of the study in 

their previous semester took the test including six questions with sixteen sub questions 

In the pilot study, the students were given forty five minutes to answer all the questions. 

However, it was noticed that they needed more time than fifty five minutes to complete 

the test. Therefore, the students were given sixty minutes in the actual study. 

Additionally, the pilot study results indicated that names of bars in given bar graph in 

question 3 of the SAQ were incorrect. The last form of SAQ is presented in Appendix C. 

3.5 Validity and Reliability of the Instrument 

Validity is "the appropriateness, correctness, meaningfulness, and usefulness of the 

specific inferences researchers make based on the data they collect" (Fraenkel & Wallen, 

2006, p.151). In order to ensure validity of the instrument, content related evidence was 

provided. Before the pilot study was conducted, the SAQ was examined by three experts 

from the Elementary Mathematics Education Department of different universities to 

provide content related evidence of validity of the instrument. The experts checked the 

questions of the instrument based on the table of specification in terms of 

appropriateness of each question and their objectives. The experts checked whether or 

not a question met the intended objectives. Moreover, the experts evaluated the 

appropriateness of the questions in terms of comprehensibility for seventh grade students 

and level of difficulty. In addition, an Middle School Turkish Teacher checked the 

language of the items and two graduate students in Elementary Science and Math 
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Education at METU also gave opinion related to the comprehensibility and 

appropriateness of the questions for seventh grade students. The table of specification of 

the SAQ questions is presented in Table 3.2 below: 

Table 3.2 Table of Specification for the SAQ Items 

 Objectives 

Mean (Arithmetic 

average) 

Students are able to calculate the mean of data. 

1a, 1b, 2b, 2c, 3a, 4b, 6 

Students are able to interpret the mean of data. 

1a, 1b, 2d, 3c, 4c, 6 

Median 

Students are able to calculate the median of data. 

3b, 4b 

Students are able to interpret the median of data. 

3c, 5 

Mode 

Students are able to calculate the mode of data. 

4a, 4b 

Students are able to interpret the mode of data. 

4a, 5 

Reliability is "the consistency of the scores obtainedīhow consistent they are for each 

individual from one administration of an instrument to another and from one set of items 

to another" (Fraenkel & Wallen, 2006, p.157). In order to check the reliability of the 

SAQ questions, the inter-rater reliability was computed since the questions are open-

ended and they were scored according to the rubric. The responses of 35 seventh grade 

studentsô answers were scored by a graduate student in mathematics education as a 

second rater. A correlation of 98% was found between the two scorings. 
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3.6 Data Collection Procedure 

The purpose of this study was to investigate the solution strategies used by seventh 

grade students in questions regarding the concepts of mean, median and mode given in 

bar graph representations. Another goal of the study was to examine the students' errors 

and misinterpretations regarding the concepts of mean, median and mode given in bar 

graph representations. At the beginning of the data collection procedure, the official 

permissions were received from the Middle East Technical University Human Subjects 

Ethics Committee (see Appendix A). Then, the necessary permissions were obtained 

from the Ministry of National Education (see Appendix B) for the administration of 

SAQ in the identified public schools. Following these permissions, two mathematic 

teachers, who were the actual teachers of the participants of this study, were informed 

about the purpose and the procedures of this study. 

Subsequently, SAQ was administered to 233 middle school seventh grade students 

during the spring semester of the 2013-2014 academic year. The data were collected in 

this time period because the teachers had just completed teaching the statistics concepts. 

Data from both schools were collected at the same time. Thus, SAQ was administered 

not only by mathematics teachers but also by the teachers from different branches. 

Before the administration process, teachers were informed about purpose of this study 

and procedures of this administration process. More specifically, in one of the schools, 

one mathematics teacher, one Turkish teacher and the researcher administered the 

instrument at the same time. Furthermore, in the other school, the SAQ was 

administrated by a mathematic, a science, an English, a religion and an ethics teacher, 

and the researcher at the same time. To reach the purpose of the study, before the 

administration of SAQ in each classroom, the researcher emphasized to the participants 

that it was of utmost importance to provide explanations to the methods of solution used 

to answer each question. Totally, 60 minutes was given to the students for the 

completion of the Statistics Achievement Questionnaire. The instrument was 

implemented in students' own classrooms since their classrooms had similar conditions. 

The time schedule for the data collection procedure is presented in Table 3.3 below. 
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Table 3.3 Time Schedule for the Data Collection Procedure 

Date Events 

January - November 2013 

December 2013 

Development of the instrument of the study 

Pilot study-Revision of the instrument 

March 2014 

April - March 2014 

Implementation of the instrument 

Analysis of the data 

 

3.7 Analysis of Data 

In order to answer the research questions of the study, item based analysis was 

conducted. More specifically, the rubric was developed by the researcher to identify the 

solution strategies used and the errors made by the participants. The six items of SAQ 

were scored using the prepared scoring system (0 to 4 points). The rubric, which is 

presented below, was prepared by taking into account the participantsô responses for 

each item. Since some of the items required finding an average type and some of them 

required the construction of a possible data set based on the given averages, a single 

rubric could not be used to analyze all the items of SAQ. However, there were general 

groups in this rubric. Firstly, four points was given to correct solutions with acceptable 

solution strategies; secondly, three points was given to partially correct answers; thirdly, 

two points was given to correct answers without explanation; one point was given to 

incorrect answers with missing or an unacceptable solution strategy and lastly, no point 

was given when an item was left blank or an irrelevant answer was given. Details of the 

rubric are presented in Table 3.4. 
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Table 3.4 Scoring Rubric for Open-Ended Questions  

Codes Answer Types 

0 ¶ Blank 

¶ Irrelevant answers 

¶ No interpretation 

1 ¶ Incorrect answer with missing or unacceptable solution strategy 

¶ Constructed an inappropriate data set with missing or an unacceptable 

solution strategy with erroneous or correct drawing 

¶ Incorrect answers due to operational error 

¶ Misinterpretation 

2 ¶ Correct answer without explanation 

¶ Constructed appropriate data set without explanation with 

erroneous/correct drawing 

3 ¶ Partially correct answer with an acceptable solution strategy with 

erroneous/correct drawing 

4 ¶ Correct answer with acceptable solution strategy 

¶ Constructed appropriate data set with an acceptable solution strategy 

with erroneous/correct drawing 

¶ Correct interpretation 

 

In order to answer the research questions of the study, participants' correct answers were 

analyzed in the second part of the analysis. More specifically, correct answers with 

acceptable solution strategies, which were coded as 4, were analyzed in order to 

determine the solution strategies used by participants while solving the questions 

regarding the mean, the median and the mode given in bar graph representations. 

However, partially correct answers with acceptable solution strategies, which were 

coded as 3, were not analyzed to identify used solution strategies to solve questions of 

the SAQ since they were not accepted as totally correct answer. Before identifying 

students' solution strategies, frequencies of students who gave correct answer with 

acceptable solution strategies for item 1-a, 1-b, 2-ab, 2-c, 3-a, 3-b, 4-a, 4-b, 5 and 6 were 

determined based on analysis of 233 students' answers and are presented in Table 3.5 as 

follows:  
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Table 3.5 Frequencies of students' correct answers with acceptable solution strategy  

Items 1-a 1-b 2-ab 2-c 3-a 3-b 4-a 4-b 5 6 

Frequencies 

of correct 

answers 

74 63 88 75 94 53 128 107 28 65 

 

Then, their correct answers were analyzed to identify students' solution strategies 

regarding the concepts of mean, median and mode given in bar graph representations. 

For mean concept, using balance model, using average formula and  guess and check 

solution strategies were identified based on the analysis of results of the present study. 

For median concept using numerical procedures, depending on graph representations 

and guess and check solution strategies were identified. Lastly, using numerical 

procedures, depending on graph representations and guess and check  solution strategies 

were identified as solution strategies to solve the questions regarding the mode.  

In the third part of analysis of present study, participants' incorrect answers with 

unacceptable solution strategies and their misinterpretations, which were coded as 1, 

were analyzed in order to identify 233 participants' errors and misinterpretations 

regarding the concepts of mean, median and mode given in bar graph representations,. 

Before identifying students' errors and misinterpretations, frequencies of students who 

gave incorrect answers with unacceptable solution strategies for items 1-a, 1-b, 2-ab, 2-

c, 3-a, 3-b, 4-a, 4-b, 5 and 6 and made misinterpretations for items 2-d, 3-c and 4-c were 

determined based on analysis of students answers and are given in Table 3.6 as follows:  
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Table 3.6 Frequencies of students' incorrect answers for each item 

Items 1-

a 
1-b 

2-

ab 
2-c 2-d 3-a 3-b 3-c 4-a 4-b 4-c 5 6 

Frequencies 

of incorrect 

answers 

71 49 78 49 48 62 94 30 21 59 80 76 98 

 

After the above frequencies were determined,  students' incorrect answers for each item 

were analyzed to identify their errors regarding the concepts of mean, median and mode 

given in bar graph representations. In order to identify the students' errors regarding the 

mean concept, items 1-a, 1-b, 2-ab, 2-c, 3-a, 4-b and 6 were analyzed. According to the 

results, operational error, finding total number, incorrect usage of averaging algorithm, 

accepted close values, looking pattern and turned to find smaller or larger numbers, not 

meeting all requirements of a problem, forming incomplete data set, incorrect reading of 

values from the graph were identified as errors regarding mean concept. Secondly, 

according to analysis of students' incorrect answers, errors regarding the median concept 

were observed in the items 3-b and 5. Results of the analysis showed that students' 

identified errors regarding median were operational error, wrong decision on unordered 

data set, wrong decision on ordered data set, wrong interpretation of graph, forming 

incomplete data set, incorrect reading of values from graph, and incorrect largest and/or 

smallest data values. Lastly, errors regarding mode concepts were observed in items 4-a 

and 5. According to analysis of the results, studentsô three error types were identified, 

namely inappropriate usage of averaging algorithm, forming incomplete data set and 

incorrect largest and/or smallest data values. Besides, misinterpretations, which were 

also coded as 1, were analyzed from items 2-d, 3-c and 4-c in order to determine 

participants'  misinterpretations related to the concepts of mean, median and mode given 

in bar graph representations.  

 

 



50 
 

3.8 Assumptions and Limitations of the Study 

In this section, assumptions and limitations of the study are discussed. First, the study 

was based on several assumptions. It was assumed that the participants of the study 

answered questions in the SAQ carefully, sincerely and willingly. It was also assumed 

that the participants' ages, levels of intelligence and socioeconomic backgrounds were 

similar. The last assumption was that the data collectors did not have any bias. 

On the other hand, there were limitations due to the sampling method of the study, 

which was convenience sampling. Since the convenience sampling is not one of the 

random sampling methods, the selected sample could not be representative of a large 

population. According to Fraenken and Wallen (2006) ñconvenience samples cannot be 

considered representative of any population and should be avoided if at all possibleò 

(p.100). However, Fraenkel and Wallen (2006) also explained that demographic 

information and other characteristics of subjects should be included in such cases. Thus, 

the results of the study were reported accompanied with demographic information of the 

participants. However, the results of the study could not be generalized to a large 

population. Additionally, the findings regarding the students' interpretation of the mean, 

the median and the mode concepts was limited with the questions of SAQ since when 

different questions were asked related to these concepts, different findings could be 

found. Furthermore, the findings of the present study were limited with the participants' 

ability of self-expression since items of the SAQ required answers of their solving 

process or their reasoning for given answer. 

3.9 Internal Validity and External  Validity  

3.9.1 Internal Validity  

Internal validity of a study refers to the differences observed in the dependent variable, 

which occur due to the independent variable (Fraenkel & Wallen, 2006). In survey 

research, location, mortality (loss of subjects) and instrumentation are defined as the 

main internal validity threats (Fraenkel & Wallen, 2006). Thus, the possibility of each 

threat was examined. 
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Location may be a threat for research studies when the location where the data are 

collected may affect the results of the study by producing different explanations 

(Fraenkel & Wallen, 2006). In the study, location was not a possible threat since the 

achievement test was implemented in the students' own classrooms, which are public 

schools and have similar conditions. 

Mortality may be a threat to cause alternative explanations on results of the study when 

some participants of a study are lost in the study process (Fraenkel & Wallen, 2006). 

Since the achievement test was conducted at one point of time, mortality was not a 

possible internal validity threat for the study.  

The instrumentation threat includes instrument decay, data collector characteristics and 

data collector bias (Fraenkel & Wallen, 2006). Instrument decay may be a validity threat 

for a study when the instrument or its scoring rubric is altered (Fraenkel & Wallen, 

2006). In the present study, since data were collected through the instrument which had 

open-ended questions, a rubric was prepared and the papers were evaluated by two 

scorers using the rubric. Thus, the instrument decay threat was eliminated. Data collector 

characteristics may be a validity threat if results of a study produce different 

explanations due to characteristics of data collector(s) (Fraenkel & Wallen, 2006). The 

data of this study were collected by teachers from different branches. In order to control 

the threat, the data collection procedure was standardized and then the data collectors 

were informed about the implementation procedure of the instrument. Lastly, the data 

collector bias threat is a potential of data collectors' unintended distortion of the results 

of the study (Fraenkel & Wallen, 2006). In the present study, interaction between data 

collectors and the participants were not allowed during the application of the test. Thus, 

data collector bias threat was taken under control. 

3.9.2 External Validity 

Fraenkel and Wallen (2006) defined external validity as the degree to which the findings 

of a study can be generalized to other situations. Population generalizability and 

ecological generalizability are parts of external validity of a study. Population 

generalizability is the degree to which the sample of a study represents the target 
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population of the study (Fraenkel & Wallen, 2006). In this study, the results were not 

easily generalizable to the target population because the sampling method of the study 

was convenience sampling.  

On the other hand, ecological generalizability of a study is defined as "the degree [of] 

generalizability of results of the study to other settings and conditionsðthe settingð

under which a study takes placeò (Fraenkel & Wallen, 2007, p.106). Thus, the results of 

the present study could be accepted as generalizable to the seventh grade elementary 

students who have similar conditions with the sample of the study. 
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CHAPTER 4 

 

FINDINGS 

 

In this chapter, the findings of the present study are presented in three sections based on 

the purposes of the study. The first purpose of the study was to investigate seventh 

grade students' solution strategies while solving questions regarding measures of central 

tendencies, that is the mean, the median and the mode concepts given in bar graph 

representations. Therefore, the first section of this chapter presents the findings obtained 

by analyzing students' correct answers in the Statistics Achievement Questionnaire 

(SAQ), which they had completed, to identify the solution strategies they resorted to 

while solving each question. 

In addition, the second purpose of this study was to investigate seventh grade studentsô 

possible errors regarding the mean, the median and the mode concepts given in bar 

graph representations. Therefore, the second section of this chapter presents findings 

regarding the students' wrong answers, which were analyzed from the SAQ to identify 

their errors while providing answers to the questions regarding the concepts through bar 

graphs. 

Lastly, the third purpose of this study was to investigate seventh grade studentsô 

possible misinterpretations regarding the concepts of mean, median and mode given in 

bar graph representations. Therefore, the third section of this chapter presents findings 

regarding the students' misinterpretations, which were analyzed from the SAQ to 

identify their misinterpretations while providing answers to the questions regarding the 

concepts given in bar graph representations. 
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4.1 Solution strategies 

In order to identify the students' solution strategies, correct answers accompanied with 

an acceptable solution strategy were analyzed from the SAQ, which the students had 

completed. The students' solution strategies were categorized for each concept. More 

specifically, for the mean concept, using balance model, using average formula, and 

guess and check strategies were identified. Moreover, for the median concept, using 

numerical procedures, depending on graph representations, and guess and check 

strategies were identified. Lastly, for the mode concept, using numerical procedures, 

depending on graph representations and guess and check strategies were detected based 

on the analysis of solution strategies employed in the correct answers with an acceptable 

solution strategy. Table 4.1 presents frequencies of the solution strategies employed by 

the students, for each item regarding the mean, the median and the mode concepts. 
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Table 4.1 Frequencies (and percentages) of solution strategies employed by students 

providing correct responses 

 

As can be observed in Table 4.1, three solution strategies were identified for the 

questions regarding each concept. Findings indicate that the majority of the students 

applying the appropriate solution strategy for questions regarding the mean used using 

average formula as a solution method. For example, 100% of the participants used using 

average formula solution strategy to solve item 3-c and 97.7% of them also used the 

solution strategy to solve item 2-c. On the other hand, using numerical procedures 

 Mean Median Mode 

 

 

 

STR. 

 

ITEMS  

Using 

Balance 

Model 

(%)  

Using 

Average 

Formula 

(%)  

Guess 

and 

Check 

(%)  

Using 

Numeric

al 

Procedu

res (%) 

Depend-

ing     on 

Graph                                   

Represen- 

tations      

(%)  

Guess 

and 

Check 

(%)  

Using 

Numeri 

cal 

Procedu

res 

(%)  

Dependi

ng on 

Graph 

Represe

ntations 

(%)  

Guess 

and 

Check 

(%)  

Item 1-a 23 

(31.1%) 

43 

(58.1%) 

8 

 (10.8%) 

0 

(0%) 

0 

(0%) 

0 

(0%) 

0 

(0%) 

0 

(0%) 

0 

(0%) 

Item 1-b 19 

(30.2%) 

38 

(60.3%) 

6 

(9.5%) 

0 

(0%) 

0 

(0%) 

0 

(0%) 

0 

(0%) 

0 

(0%) 

0 

(0%) 

Item 2-

ab 

8 

(9.1%) 

60 

(68.2%) 

20 

(22.7%) 
- - - - - - 

Item 2-c 2 

(2.7%) 

73 

(97.3%) 

0 

(0%) 
- - - - - - 

Item 2-d - - - - - - - - - 

Item 3-a 
0 

94 

(100%) 
0 - - - - - - 

Item 3-b 
- - - 

50 

(94.3%) 

3 

(5.7%) 

0 

(0%) 
- - - 

Item 3-c - - - - - - - - - 

Item 4-a 
- - - - - - 

6 

(4.7%) 

122 

(95.3%) 

0 

(0%) 

Item 4-b 0 

(0%) 

107 

(100%) 

0 

(0%) 

0 

(0%) 

0 

(0%) 

0 

(0%) 

0 

(0%) 

0 

(0%) 

0 

(0%) 

Item 4-c - - - - - - - - - 

Item 5 
- - - 

22 

(78.6%) 

0 

(0%) 

6 

(21.4%) 

22 

(78.6%) 

0 

(0%) 

6 

(21.4%) 

Item 6 4 

 (6.2%) 

58 

(89.2%) 

3 

(4.6%) 
- - - - - - 
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solution strategy is the most frequently used solution strategy for questions regarding the 

median. To illustrate, 94.3% of the participants solved item 3-b by means of using 

numerical procedures solution strategy. Additionally, in item 4-a, which is related to the 

mode concept, 95.3% of the participants solved it with depending on graph 

representations solution strategy since data were given on a graph. Examples of 

students' appropriate solution strategies are presented below under the categories based 

on each type of measurement of central tendency question.  

4.1.1 Solution Strategies for the Questions Regarding the Mean 

Solution strategies to solve questions regarding the mean were addressed in items 1-a, 1-

b, 2-ab, 2-c, 3-a, 4-b and 6 since the questions required calculation of the mean of a data 

set or construction of a possible data set for a given mean. When solution strategies of 

the students who answered correctly with an acceptable solution strategy were analyzed, 

three types of solution strategies were identified which were using balance model, using 

average formula, and guess and check.  

Using Balance Model: The students who used using balance model as a solution 

strategy, accepted the mean as a point of balance. For example, in one question, the 

mean of a data set is 5, and three of four data of the data set are 2, 4, and 6. While 

solving the question, when a student says that the mean of 4 and 6 is 5, then other data is 

8 because 2 is balanced with 8 to obtain 5 as mean of the data set. Therefore, in this 

solution strategy, a value from a data set is balanced with the other value in order to 

obtain the mean of the data set. 

 According to Table 4.1, using balance model was most frequently used solution strategy 

for item 1-a. It was seen that 23 students (31.1%) among 74 students used using balance 

model solution strategy to solve the item. Moreover, 19 students (30.2%) among 63 

students also used using balance model as a solution strategy for item 1-b. In addition, 8 

students (9.1%) among 88 students for item 2-ab, 2 students (2.7%) among 75 students 

for item 2-c, and 4 students (6.2%) among 65 students for item 6 used the strategy to 

solve the questions correctly. To illustrate, the solution strategy employed by Participant 

19 for item 1-a is presented below: 
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 Participant 19: 

 

Figure 4.1 Answer of Participant 19 to item 1-a 

Participant 19 stated that each value in the data set was balanced with the other values in 

the data set while constructing a possible data set for the given mean. Age of student 1 

was decided as 11 and the value was balanced with age of student 8 as 19 since he 

believed that the mean of 11 and 19 was 15. In addition, the age of student 2 was 

decided as 12 and it was balanced with the 7th student's age as 18 since the mean of 12 

and 18 was 15. Participant 19 identified the ages of the other students using the same 

procedure. 

Like the previous example, Participant 129 solved item 6 by using balance model 

solution strategy and it is presented below: 
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Participant 129: 

 

Figure 4.2 Answer of Participant 129 to item 6 

Participant 129 said that the working duration of Seda was chosen by dividing the 

groups of two working days. Her working durations on Monday and Tuesday were 

chosen as 5 and 7, respectively since the mean of the two values is 6. Moreover, she 

decided that her working duration on Wednesday was 4 and that on Thursday was 8 to 

obtain a mean value of 6 for the two values. The last value was chosen as 6 since it was 

the last value and the mean of the other values was 6.  

In general, using balance model solution strategy was most frequently used in the 

questions requiring either the construction of a possible data set according to the given 

mean or finding a missing value of a data set for the given mean and other values of the 

data set.  

Using Average Formula: Students who used using average formula solution strategy 

while solving the questions regarding the mean concept used the "add and then divide" 

average formula. Thus, when the average of a data set was asked, the students added all 

the values in a data set and then divided it by the number of values. On the other hand, 

when a question was asked with a missing value from a data set, first the total number of 
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values was found and then the total number of the given values in the data set was 

subtracted. 

As can be seen in Table 4.1, the solution strategy was most frequently used in items 3-a 

and 4-b. More specifically, it was observed that 94 students (100%) in item 3-a and 107 

students (100%) in item 4-b had used the solution strategy. Furthermore, to solve the 

questions using average formula was also found to be used by 43 students (58.1%) 

among 74 students in item 1-a, 38 students (60.3%) among 63 students in item 1-b, 60 

students (68.2%) among 88 students in item 2-ab, 73 students (97.7%) among 75 

students in item 2-c, and 58 students (89.2%) among 65 students in item 6. For example, 

Participant 154 used the solution strategy to solve item 3-a as presented below: 

Participant 154: 

 

Figure 4.3 Answer of Participant 154 to item 3-a 

As can be observed in the solution of Participant 154, to find arithmetic average of the 

burning times she added all the burning times of the candles for each company and then 

divided the sum by the number of candles in the companies. Thus, the participant used 

using average formula solution strategy. Additionally, it was seen that Participant 18 had 

solved item 2-ab correctly by using average formula strategy as presented below. 
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Participant 18: 

 

 Figure 4.4 Answer of Participant 18 to item 2-ab 

As Participant 18 explained, first the given mean was multiplied by the number of values 

and then the sum of the given values was subtracted from the total number of all values. 

Thus, 85 was multiplied by 4 and 340 was reached. Then, the sum of given values, 

which was 245, was subtracted from 340 and the result was found as 95. 

In general, using average formula solution strategy was most frequently used in the 

questions requiring the calculation of the mean or finding a missing value of a data set 

for the given mean and other values of the data set. 

Guess and Check: Another strategy that the students used in addition to the solution 

strategy to solve the questions related to the mean was guess and check strategy. First 

they chose a value(s) in a data set and then checked the correctness or appropriateness of 

the value(s) for the mean of the data set. If the value(s) was not correct, another value(s) 

was chosen and checked again, until the value(s) was correct to obtain the given mean.  

As can be observed in Table 4.1, guess and check solution strategy was most frequently 

used in item 2-ab by 20 students (22.7%) among 88 students. Moreover, the solution 

strategy were used to solve item 1-a, 1-b, and 6 by 8 students (10.8%) among 74 

students, 6 students (9.5%) among 63 students, and 3 students (4.6%) among 65 students 

in item 6, respectively. 
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To illustrate, the solution strategy used by Participant 28 is presented below: 

Participant 28: 

 

Figure 4.5 Answer of Participant 28 to item 2-ab 

In order to solve item 2-ab, Participant 28 chose 80 for the missing project score and 

then recalculated the average of Elif's project scores to check whether the average was 

85 for the score. However, the score average was not 85. Then, 85 and 90 were checked 

to find the missing project score of Elif, but these were also not appropriate. Lastly, 95 
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was checked and it was seen that the value was appropriate to obtain 85 as the arithmetic 

average of her scores. 

In addition, the solution strategy used by Participant 208 in item 1-b is another example 

that is presented below. 

Participant 132:  

 

Figure 4.6 Answer of Participant 208 to item 1-b 

As participant 132 stated, he initially guessed the ages of each student and then found 

the average of the constructed data set to see whether the average of the values was 15. 

Then, he concluded that the constructed data set was appropriate for the given average. 
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In general, the results of the study showed that the questions which required the 

construction of a possible data set according to the given mean, or finding a missing 

value of a data set for the given mean could be solved through guess and check solution 

strategy. 

4.1.2 Solution Strategies of the Questions Regarding the Median 

Solution strategies of questions related to the median were addressed in items 1-a, 1-b, 

3-b, 4-b and 5 because item 1-a and 1-b required the construction of a possible data set 

for the given averages and the other questions required finding the median of a data set 

or constructing a possible data set for a given median. However, none of the students 

used the median as an average for items 1-a, 1-b and 4-b because all the students tried to 

find a possible data set as if the given average was the mean of the data set. The solution 

strategies of the students who answered correctly using an acceptable solution strategy 

were analyzed and it was found that there were three types of solution strategies used, 

namely using numerical procedures, depending on graph representations, and guess and 

check. 

Using Numerical Procedures: The using numerical procedures solution strategy is used 

in the following way: Numerical values of a data set are used in the strategy to find 

median of a data set. If a data set is given on a graph, students obtain values of the data 

set from given graph. Then, when the values are listed in order, the median of a 

distribution that includes an odd number of values is the middle score. To illustrate, the 

median of the distribution 2, 4, 6, 8 and 10 is 6. On the other hand, when the values are 

listed in order, the median of a distribution that includes an even number of values is the 

midpoint of the two middle scores. For example, in the distribution 1, 3, 4, 6, 7, 8, the 

median is 5. 

As can be observed in Table 4.1, using numerical procedures solution strategy was used 

by most of the students who correctly answered using an acceptable solution strategy or 

made an operational error using an acceptable solution strategy in the questions 

including the calculation of the median. Moreover, the solution strategy was most 

frequently used to solve item 3-b by 50 students (94.3%) among 53 students. In addition, 
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22 students (78.6%) among 28 students used using numerical procedures solution 

strategy for item 5. To illustrate, Participant 75 ordered numerical values of the given 

data sets and then found the middle score of the data sets to solve item 3-b. The solution 

strategy used by Participant 75 is presented below: 

Participant 75: 

 

Figure 4.7 Answer of Participant 75 to item 3-b 

As can be seen from the solution strategy used by Participant 75, first she ordered the 

burning times of the candles for each company and then found the half mid-point of the 

middle values for these data sets. Similarly, Participant 163 used the solution strategy 

and it is presented below: 

Participant 163: 

 

Figure 4.8 Answer of Participant 163 to item 5 
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As Participant 163 stated, while constructing a possible data set in item 5, values were 

ordered to check the median of the constructed data set.  

According to results of the study, using numerical procedures solution strategy was most 

frequently used in the questions which required directly finding the median of a data set. 

The other solution strategy was depending on graph representations and the details of 

this strategy is given below. 

Depending on Graph Representations: The students who used depending on graph 

representations solution strategy to correctly solve the questions related to the median 

found the median of the data set directly based on the given graph. The solution strategy 

can be used when a data set is given on a graph. 

As can be observed in Table 4.1, only 3 students (5.7%) among 53 students used 

depending on graph representations solution strategy to solve item 3-b. For example, 

Participant 18 ordered the given data set on the graph and then found the median of the 

data set to solve item 3-b. To illustrate, the solution strategy of Participant 18 is 

presented below:  
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 Participant 18: 

 

Figure 4.9 Answer of Participant 18 to item 3-b 

As can be observed in the solution of Participant 18, he ordered the values for each data 

set on the graph by assigning numbers to the bars. Then, the average of the fourth and 

fifth values was found for each data set to find the median of the data sets. 

Similarly, Participant 54 used the same solution strategy as Participant 18 and it is 

presented below: 
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 Participant 54: 

 

Figure 4.10 Answer of Participant 54 to item 3-b 

In general, the results of this study showed that when a data set was given on a graph, 

the median of the data set could be found directly based on this graph. Furthermore, 

another solution strategy was guess and check to solve the questions regarding the 

median. The details regarding this strategy is presented below. 

Guess and Check: Similar to guess and check solution strategy that was encountered in 

the solutions provided to the mean questions, the students who used guess and check 

solution strategy first guessed the answer of the question and then checked the 



68 
 

correctness or appropriateness of their answer based on the given conditions in the 

question. To illustrate, a question required the construction of a possible data set for a 

given median. In order to solve the question via this strategy, first a possible data set was 

guessed and then the correctness of the data set was checked for the given median. 

According to Table 4.1, it was seen that only 6 students (21.4%) among 28 students used 

guess and check solution strategy to solve item 5. To illustrate, Participant 139 stated 

that she initially guessed a possible data set and then checked the correctness of the 

constructed data set for the given median. Thus, the participant used guess and check 

solution strategy to solve item 5.  

Participant 139:  

 

Figure 4.11 Answer of Participant 139 to item 5  
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According to the explanation of Participant 21, it was observed that he had guessed the 

remaining values and then checked the correctness of the data set for the given median. 

The explanation and answer of Participant 21 is given below: 

Participant 21: 

Figure 4.12 Answer of Participant 21 to item 5 

In general, the results of the study showed that guess and check solution strategy was 

used to solve item 5 requiring the construction of a possible data set for the given 

median of the data set. 

4.1.3. Solution Strategies of the Questions Regarding the Mode 

Solution strategies regarding the mode questions were identified in items 1-a, 1-b, 4-a, 

4-b and 5 because items 1-a and 1-b required the construction of a possible data set for 

the given averages and 4-b required finding the average of a data set; the remaining 
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questions required the construction of a possible data set for a given mode. However, 

none of the students accepted the mode as an average for items 1-a, 1-b and 4-b since all 

of the students used the mean as the average to solve these items. According to the 

results of the study, the questions related to the mode could be solved by means of three 

types of strategies, namely using numerical procedures, depending on graph 

representations, and guess and check.  

Using Numerical Procedures: The students who used using numerical procedures 

solution strategy to correctly solve the questions related to the mode found the most 

frequent value in a given data set based on numerical values of a data set.    

As presented in Table 4.1, this solution strategy by used by 6 students (4.7%) among 

128 students to solve item 4-a and by 22 students (78.6%) among 28 students to solve 

item 5 correctly. For example, Participant 4 used the strategy in order to solve item 4-a 

as presented below: 

Participant 4: 

 

Figure 4.13 Answer of Participant 4 to item 4-a 

As can be observed in the solution provided by Participant 4, first she wrote each datum 

from graph as 5, 10, 9, 13 and 3; and then she concluded that in order to obtain the age 

of 9 as most frequent datum, Burak must be 9 years old.  

As another example, the solution of Participant 104 is presented below: 
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Participant 104: 

Figure 4.14 Answer of Participant 104 to item 5  

As Participant 104 stated, she selected 6 individuals from the third family to have 6 as 

the most frequent datum in the constructed data set. Another strategy used to solve the 

questions regarding the mode was depending on graph representations. The details of 

this strategy are presented below. 

Depending on Graph Representations: The students who used depending on graph 

representations solution strategy to correctly solve the questions related to the mode 

calculated the mode of a data set directly based on a given graph. The solution strategy 

was used when a data set was given on a graph. 

As can be observed in Table 4.1, 122 students (95.3%) among 128 students used this 

strategy to correctly solve item 4-a. For example, Participant 52 directly used the values 

on the graph to find the missing value in item 4-a. Thus, according to the graph, the age 

of Burak was predicted to be 9 to obtain the most frequent age in the group. The solution 

strategy utilized by Participant 52 for item 4-a is presented below: 
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Participant 52: 

 

Figure 4.15 Answer of Participant 52 to item 4-a  

Similarly, Participant 161 identified the age of Burak as 9 directly based on the given 

bar graph since he said that based on given bar graph, there were one student who was 9 

years old but number of children's who was 9 years old was more than other. The 

explanation of the solution strategy used by Participant 161 is given below: 
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Participant 161: 

 

Figure 4.16 Answer of Participant 161 to item 4-a 

In general, according to the results of the study, the depending on graph representations 

solution strategy was most frequently used to solve the questions provided that each 

value was given on a graph.   

Another strategy to solve the questions regarding the mode was guess and check 

strategy, which is explained under the following heading.  

Guess and Check: Similar to guess and check strategy used to solve questions 

regarding the mean and the median, when guess and check solution strategy was used to 

solve mode questions, first the answer of a question was guessed and then the 

correctness or appropriateness of the answer was checked. For example, when a question 

required the construction of a possible data set, students who used this solution strategy 
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first guessed a possible data set, then checked the correctness of the data set for the 

given conditions.  

According to Table 4.1, it was seen that only 6 students (21.4%) among 28 students used 

the guess and check solution strategy to solve item 5. To illustrate, according to the 

explanation of Participant 9, it can be understood that he used this solution strategy to 

solve item 5.  

Participant 9: 

 

Figure 4.17 Answer of Participant 9 to item 5 

Based on the explanation of Participant 9, first a data set was constructed, then the 

appropriateness for the given mode and median of the data set was checked.  

In general, the results of the study showed that item 5 requiring the construction of a 

possible data set for the given mode of the data set was solved by means of guess and 
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check strategy. In addition, some of the median and mean questions were solved via this 

solution strategy when the construction of a possible data set was required. On the other 

hand, it was also used to find a missing value in a question asking for the mean. 

4.2 Errors Regarding the Concepts of Mean, Median and Mode 

The second purpose of this study was to investigate seventh grade students possible 

errors regarding the concepts of mean, median and mode given in bar graph 

representations. In accordance with this purpose, this section included errors in the 

problems regarding the concepts of mean, median and mode. 

In order to identify the students' errors regarding the concepts of mean, median and 

mode, wrong answers and constructed inappropriate data sets were analyzed from the 

SAQ that the students had completed. In this part, the students' errors were categorized 

under three main groups for mean, median and mode, namely algorithmically based 

errors, errors based on formal knowledge and other errors. Firstly, algorithmically 

based error is an error type which is generally made in the arithmetic operations 

(Ashlock, 1990). In this study, many students made these errors while doing addition, 

subtraction, multiplication or division operations. Secondly, errors based on formal 

knowledge are errors caused by limited conceptions or inadequate knowledge regarding 

the properties of the concepts of mean, median and mode (Tirosh, 2000). Lastly, in this 

study, the group of other errors includes the students' errors other than those in the first 

and the second group of errors. Each error group was further categorized under three 

headings for each concept. More specifically, for the mean concept, the sub-group of 

algorithmically based errors was operational error. In addition, the sub-groups of errors 

based on formal knowledge were finding total number, incorrect usage of averaging 

algorithm, accepted close values, looking pattern, and turned to find smaller or larger 

number. Lastly, the sub-groups of other errors were not meeting all requirements of a 

problem, forming incomplete data set and incorrect reading of values from graph. 

Moreover, for the median concept, operational error was also defined as a sub-group of 

algorithmically based errors; wrong decision on unordered data set, wrong decision on 

ordered data set and wrong interpretation of graph were defined as sub-groups of errors 

based on formal knowledge;  and sub-groups of other errors were forming incomplete 
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data set, incorrect reading of values from graph and incorrect largest and/or smallest 

data values. In addition to these, the students' errors in the questions regarding the mode 

concept, inappropriate usage of averaging algorithm was observed as a sub-group of 

errors based on formal knowledge, and forming incomplete data set and incorrect 

largest and/or smallest data values were sub-groups of other errors. Errors regarding 

each concept are presented in the following parts.  

4.2.1 Errors Regarding the Mean Errors related to the mean were identified in items 

1-a, 1-b, 2-ab, 2-c, 3-a, 4-b and 6 since the calculation of the mean of a data set or the 

construction of a possible data set for a given mean were required in the items. In order 

to identify the students' errors, wrong answers were identified in items 2-ab, 2-c, and 3-

a, which required the calculation of the mean, and in item 4-b, which required the 

calculation of the average of a data set. Moreover, the construction of inappropriate data 

sets were identified in items 1-a, 1-b, and 6 since the items required the construction of a  

possible data for the given average in the SAQ, which the students completed. 

According to the findings of the analyses, operational error was observed as an 

algorithmically based errors. Moreover, finding total number, incorrect usage of 

averaging algorithm, accepted close values, looking pattern and turned to find smaller 

or larger numbers were observed as errors based on formal knowledge. Lastly, not 

meeting all requirements of a problem, forming incomplete data set and incorrect 

reading of values from graph were accepted as other errors of the questions regarding 

the mean. Frequencies and percentages of  these errors committed by the participants are 

presented in  Table 4.2 below. 
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Table 4.2 Frequencies (and percentages) of the students' errors regarding the mean  

  

As it can be seen in Table 4.2, there was one type of errors under the heading of 

algorithmically based errors, five types of errors in the category of errors based on 

formal knowledge and three types of errors in the other errors category related to the 

mean. According to the table, the most common error type was the 'not meeting all 

requirements of a problem'. In fact, 83 students among 98 students made the error while 

they were solving item 6. Moreover, the 'incorrect usage of averaging algorithm' was the 
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Total 

Item 

1-a 

0  

(0%) 

17 

(24.0%) 

5 

 (7.0%) 

3 

 (4.2%) 

0  

(0%) 

41 

(57.8%) 

4 

(5.6%) 

1 

(1.4%) 

0  

(0%) 
71 

Item 

1-b 

0  

(0%) 

11 

(22.4%) 

1 

(2.0%) 

9 

(18.4%) 

0  

(0%) 

26 

(53.1%) 

2 

(4.1%) 

0 

 (0%) 

0  

(0%) 
49 

Item 

2-ab 
11 

(14.1%) 

0 

 (0%) 

59  

 (75.6 %) 

1  

(1.3%) 

3  

(3.9%) 

0  

(0%) 
0 (0%) 

0 

 (0%) 

4 

 (5.1%) 
78 

Item 

2-c 
5 

(10.2%) 

0  

(0%) 

19 

(38.8%) 

0 

 (0%) 

0 

 (0%) 

0 

 (0%) 

25 

(51.0%) 

0  

(0%) 

0  

(0%) 
49 
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3-a 

46 

(74.2%) 

9 

(14.5%) 
2 (3.2%) 

0  

(0%) 

0 

 (0%) 

0 

 (0%) 

0 

 (0%) 

0  

(0%) 

5  

(8.1%) 
62 

Item 

4-b 
23 

(39.0%) 

8 

(13.5%) 

26 

(44.1%) 

0 

 (0%) 

0 

 (0%) 

0  

(0%) 

0  

(0%) 

0 

 (0%) 

2 

 (3.4%) 
59 

Item 6 3 

 (3.1%) 

0 

 (0%) 

0  

(0%) 

0  

(0%) 

7  

(7.1%) 

0 

 (0%) 

83 

(84.7%) 

2 

(2.0%) 

3 

 (3.1%) 
98 

Total 68 45 112 13 10 67 114 3 14  
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second frequently made error that the students had committed. It was seen that 59 out of 

78 students in item 2-ab and 26 out of 59 students in item 4-b used the averaging 

algorithm incorrectly. In addition to these, the third common error type was the 

'operational error'. For example, 46 students (74.2%) among 62 students made 

operational error in item 3-a. Examples of students' wrong answers and their constructed 

inappropriate data sets are presented below under the category headings given in Table 

4.2. 

4.2.1.1 Algorithmically Based Errors 

In this study, algorithmically based errors were made due to basic operational errors. 

Operational Error: Some of the students made calculation errors while doing addition, 

subtraction, multiplication or division. Thus, the students made operational errors since 

if they had done the operations correctly in an item, they would have solved the item 

correctly. As given in Table 4.2, operational error was most frequently observed in item 

3-a, and it was made by 46 students (74.2%) among 62 students. In addition, this error 

was seen in items 2-ab, 2-c, 4-b and 6. In item 2-ab, 11 students (14.1%) among 78 

students; in item 2-c, 5 students (10.2%) among 49 students; in item 4-b, 23 students 

(39.0%) among 59 students made an operational error. Lastly, an operational error was 

made by 3 students (3.1%) among 98 students in item 6. To illustrate, the response of 

Participant 93 to item 3-a is given below: 
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Participant 93: 

 

Figure 4.18 Answer of Participant 93 to item 3-a 

As can be seen in the solution provided by Participant 93, the Participant wrote burning 

times of each company correctly but she did not find the sum of the times correctly. 

More specifically, the Participant find the sum of burning times of Company A as 110 

instead of 125 and find the sum of burning times of Company B as 427 instead of 425.  

Because of that error, the mean of each company was not found correctly. Thus, an 

operational error was made by Participant 93. Furthermore, as it is seen below, 

Participant 27 was one of the students who made this error in item 4-b. 
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Participant 27: 

 Figure 4.19 Answer of Participant 27 to item 4-b 

According to the response of Participant 27, it can be observed that he added each value 

in the data set but he made an operational error while dividing 48 by 6.  

4.2.1.2 Errors Based on Formal Knowledge 

In this study, finding total number, incorrect usage of averaging algorithm, accepted 

close values, looking pattern, and turned to find smaller or larger numbers were 

observed as errors based on formal knowledge category. 

Finding Total Number: The students who made this error found the total number of all 

the values in a data set correctly based on the mean of the data set. However, when an 

item required the construction of a possible data set, they could not construct a possible 

data set according to the total value. In addition, when the arithmetic average of a data 

set was asked for, the students who made this error found the total number of values as 

the answer. For example, the mean of a data set is given as 15 and the sample size of the 

data set is 4. The student who made this error found the answer as 60 since 15x4=60. On 

the other hand, when the values of a data set were 1, 2, 3, and 5; the student found 

1+2+3+5=11 as the mean of the data set. 

According to Table 4.2, this error type was made in items 1-a, 1-b, 3-a, and 4-b, and this 

error was most frequently seen in items 1-a and 1-b. In item 1-a, it was observed that 17 

students (24.0%) among 71 students had made this error. Additionally, it was observed 

in the responses that 11 students (22.4%) among 49 students in item 1-b, 9 students 

(14.5%) among 62 students in item 3-a , 8 students (13.5%) among 59 students in item 

4-b had made this error.  For example, the error of finding total number was seen in the 

response provided by Participant 57 in item 3-a, which is presented below: 
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Participant 57: 

 

Figure 4.20 Answer of Participant 57 to item 3-a 

As Participant 57 stated, she found the total number of values as 120 first and then tried 

to find a possible data set. However, when the constructed data set was checked, it was 

seen that the data set was not appropriate for the given mean. 

Another example is that Participant 17 made the finding total number error type in item 

1-a as presented below: 
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Participant 17: 

 

 

Figure 4.21 Answer of Participant 17 to item 1-a  

Based on the response of Participant 17, the total number of candle's burning times for 

each company was found as the answer. Because of that error, mean of Company A and 

Company B was found 120 and 128, respectively. 

Another error based on formal knowledge was the incorrect usage of averaging 

algorithm. Definition and examples of this error is presented under the following 

heading. 
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Incorrect Usage of Averaging Algorithm: The students who made this error tried to 

use computational algorithm of the mean to solve the items regarding the mean but their 

application was incorrect. The error was made in items 1-a, 1-b, 2-ab, 2-c, 3-a, and 4-b. 

In addition, as seen in Table 4.2 the incorrect usage of averaging algorithm error was 

most frequently made in item 2-ab by 59 students (75.6%) among 78 students. 

Moreover, the error was done by 5 students (7.0%) among 71 students in item 1-a, 1 

students (2.0%) among 49 students in item 1-b, 19 students (38.8%) among 49 students 

in item 2-c, 2 students (3.2%) among 62 students in item 3-a, 26 students (44.1%) 

among 59 students in 4-b. As an example, the answer of Participant 29 for item 4-b can 

be given. 

Participant 29: 

 

Figure 4.22 Answer of Participant 29 to item 4-b 

As seen from the above solution, Participant 29 tried to find the arithmetic average of 5, 

10, 9, 12, 3 and 9. First, the total number of values was found, but the result was divided 

by 3 in order to find the arithmetic average of the data set. Thus, the Participant tried to 

use the averaging algorithm of the mean but the application was incorrect. Similarly, in 

the below example, Participant 171 made the incorrect usage of averaging algorithm 

error in 3-a since first the total number was found and then the total number was divided 

by 10, which was not the number of values for the data set. 
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Participant 171: 

 

Figure 4.23 Answer of Participant 171 to item 3-a 

In addition to these, there were different versions of the incorrect usage of the averaging 

algorithm error type in item 2-ab. Each version is explained with examples. To illustrate, 

the response of Participant 98 is given below. 
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Participant 98: 

  

Figure 4.24 Answer of Participant 98 to item 2-ab 

Participant 98 added the first, second, and third project scores and the mean of these 

scores; then it was divided by 4, and 80 was obtained. Thus, the student gave 80 as the 

answer for the fourth project score. 

The second version of this error was also made in item 2-ab. As an example, the 

response of Participant 48 is presented below: 

Participant 48: 

 

Figure 4.25 Answer of Participant 48 to item 2-ab  

Participant 48 added the first, second and third project scores of Elif and then divided 

the sum by 3. Then, the student found the answer 88 as the fourth project score.  
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In addition, the third version was also made in item 2-ab. For example, Participant 7 

added the first, second and third project scores; then the sum was divided by 4 to find 

the fourth project score of Elif. The solution of Participant 7 is given below: 

Participant 7:  

 

Figure 4.26 Answer of Participant 7 to item 2-ab 

On the other hand, Participant 1 made another version of this error in item 2-ab. As 

Participant 1 stated, when he tried to solve the item, he added the first, second, third 

project scores and the given arithmetic average; then the sum was divided by 5 since 

there were five values together with the fourth project score. The solution of Participant 

1 is presented below. 

Participant 1: 

 

Figure 4.27 Answer of Participant 1 to item 2-ab 
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Another error, which was a sub-group of errors based on formal knowledge regarding 

the concepts of mean, was accepted close values and this error type is defined under the 

following heading. 

Accepted Close Values: This error type was observed when the students tried to use the 

guess and check solution strategy. While a student was trying to construct a possible 

data set for the given mean and sample size, the student stopped trying to construct a 

data set although the remainder was not zero. Thus, the students accepted a close value 

as the given mean. For example, the mean of a data set was given as 5 and the sample 

size of the data set was 4. A student said that values of the data set might be 3, 4, 6, and 

8. However, when the mean of the data set was calculated, the quotient was 5 but the 

remainder was not zero. Thus, there was an error since the data set was not appropriate 

for the given mean.  

According to Table 4.2, the accepted close values error was rarely made when compared 

with the other error types. This error was made by 3 students (4.2%) among 71 students, 

9 students (18.4%) among 49 students and 1 student (1.3%) among 78 students in item 

1-a, 1-b and 2-ab respectively. 

The following response of Participant 74 for item 1-a is an example for this error. 
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Participant 74: 

 

Figure 4.28 Answer of Participant 74 to item 1-a 

As seen in the solution of Participant 74, first a possible data set was constructed and 

then the data set was checked for its appropriateness for the given mean. However, the 

total number of values in the data set was found to be 125. Then, 125 was divided by 8 

and the quotient was found as 15 but the remainder was not 0. Thus, this error was 

categorized as accepted close values error type since the mean of the constructed data 

set was not 15, but the total number values were close to the actual total number of 

values. Moreover, the solution of Participant 98 for item 1-b, which is presented below, 

was similar that of  Participant 74. 
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Participant 98: 

 

Figure 4.29 Answer of Participant 98 to item 1-b 

As can be seen in the solution provided by Participant 98, a data set was constructed and 

the sum of the data set was found to be 124. Subsequently, the sum was divided by 8, 

and 15 was found as the mean of the data set. However, the remainder of the division 

operation was 4. Thus, Participant 98 made the accepted close values error in item 1-b 

since the quotient was found to be 15 but remainder was not zero. 

Another sub-error of errors based on the formal knowledge category was looking 

pattern. The details regarding this error is given below. 
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Looking Pattern: The students who made this error tried to find a pattern for the values 

in a data set although there was no pattern. According to the results of the study, this 

error was seen when some of the values in a data set were given and a missing value was 

asked for.  

As can be observed in Table 4.2, the looking pattern error was committed in item 2-ab 

and 6 by 3 students (3.9%) among 78 students and 7 students (7.1%) among 98 students, 

respectively. To illustrate, Participant 231 made the looking pattern error while trying to 

solve item 2-ab. His response is presented below: 

Participant 231: 

  

Figure 4.30 Answer of Participant 231 to item 2-ab 

It was claimed in the explanation of Participant 231 that there were a pattern among 

Elif's project scores. The pattern was claimed to be an increase of 10 point from the first 

to the second score and then a decrease of 15 points from the second to the third project 

score. Thus, the claimed pattern was an increase of 10,  a decrease of 15, an increase of 

10 etc.. According to the pattern, Elif's project score was an increase of 10 points, thus 

yielding 85. However, when the fourth project score was 85, the mean of these four 

project scores was not equal to 85. Thus, the looking pattern error type was made since 

there was not any pattern among the project scores of Elif. 

On the other hand, some students made this error in item 5. As an example, the answer 

of Participant 168 is given below. 
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Participant 168: 

 

Figure 4.31 Answer of Participant 168 to item 6 

As Participant 168 stated, 5 hours was selected as the working duration of Seda on 

Monday and then continued as 6, 7, 8 and 9 for the other days since Merve's working 

duration on Monday was 4 and increased one hour on Tuesday to be 5 and then 

continued increasing one by one from day to day. Thus, the participant accepted the 

working durations of Merve as a pattern and applied this pattern in her method of 

solution. However, the accepted pattern was not appropriate to reach the acceptable data 

set regarding the working durations of Seda since the means of working durations of had 

to be the same in order to be an acceptable data set. 

Turned to Find Smaller or Larger Numbers: When the construction of a possible data 

set was required, the students who made this error selected all the values as smaller than 

the mean of the data set or larger than the mean of the data set.  
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As can be observed in Table 4.2., this error was made by 41 students (57.8%) among 71 

students in item 1-a and 26 students (53.1%) among 49 students n item 1-b. For 

example, Participant 207 was one of the students who made this error in item 1-a. 

 Participant 207: 

 

Figure 4.32 Answer of Participant 207 to item 1-a 

As Participant 207 said, each value was selected according to the given mean. In more 

detail, all values of the constructed data set were smaller than 15 which was the mean of 

the data set. Thus, the error of turned to find smaller or larger numbers was made. The 

following response of Participant 226 exemplifies this error in item 1-b. 
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 Participant 226: 

 

Figure 4.33 Answer of Participant 226 to item 1-b 

As Participant 226 stated, each value of the constructed data set was larger than the 

given mean in the problem context. Thus, the turned to find smaller or larger numbers 

error was made in the response of Participant 226. 

In the following part, each error in the other errors category related to the mean is 

defined and examples regarding these errors are given. 
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4.2.1.3 Other Errors 

In this study, other errors regarding the mean concept were not meeting all requirements 

of a problem, forming incomplete data set and incorrect reading of values from graph.  

Not Meeting All Requirements of a Problem: The students who made this error did 

not meet all the requirements of a given item. For example, in item 6, answers of many 

students were not appropriate to the written note or expression in the problem context. In 

more detail, in item 6, although there was a note which stated 'Seda and Merve have 

different working durations on the same day', many students decided at least one of their 

working durations was the same on the same days. Thus, this error was made in item 6. 

As can be observed in Table 4.2, 83 students (84.7%) among 98 students made the not 

meeting all requirements of a problem error in item 6. For instance, the response of 

Participant 193, which is presented below, exemplifies this error: 

Participant 193: 

 

Figure 4.34 Answer of Participant 193 to item 6 

As can be seen from the graph constructed by Participant 193, each value was selected 

the same with the given data set in the question part of item 6. More specifically, the 
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working durations of Seda was stated to be the same with that of Merve on the same 

days. In fact, the mean of the data set was equal to the given data set, but the item 

required that Merve and Seda have different working durations on the same days. Thus, 

the error of not meeting all requirements of a problem was made. 

Participant 233 also made this error since the working duration of Seda was the same 

with that of Merve on Wednesday. The constructed data set for item 6 is given below. 

Participant 233: 

 

Figure 4.35 Answer of Participant 233 to item 6 

Furthermore, this error was made by 4 students (5.6%) among 71 students and 2 students 

(4.1 %) among 49 students in item 1-a and 1-b respectively. On the other hand, this error 

was made in item 2-c by 25 students (51.0%) among 49 students since the students 

evaluated whether or not the given mean was increased but the item required the 

calculation of this increase. Thus, this error occurred. To illustrate, Participant 181 made 

the error of not meeting all requirements of a problem in item 2-c as presented below. 
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Participant 181: 

 

Figure 4.36 Answer of Participant 181 to item 2-c 

As Participant 181 stated, the mean of Elif's project scores were evaluated in terms of 

only increase or decrease. However, the  statement of item 2-c required the identification 

of the amount of increase in Elif's project scores. Thus, this error was made since in her 

response she only stated that the arithmetic average of her project scores would increase; 

however, the response statement expected was the quantity of the increase. 

On the other hand, forming incomplete data set was another error type, which is defined 

and exemplified under the following heading.  

Forming Incomplete Data Set: The students who made this error did not construct an 

appropriate data set for a given sample size or did not use all the values of a given data 

set in order to find the average of the data set. To illustrate, in a problem, sample size of 

a data set was given as 5 and mean of the data set was given and the construction of a 

possible data set was required. The student who made this error constructed a data set 

but the data set did not include five values. Thus, the constructed data set was 

incomplete. 

As seen from Table 4.2, 1 student (1.4%) among 71 students in item 1-a and 2 students 

(2.0%) among 98 students in item 6 made this error. For example, the answer of 

Participant 80 for item 6 is presented below. 
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 Participant 80: 

 

Figure 4.37 Answer of Participant 80 to item 6 

As can be observed in the constructed data set of Participant 80, Seda's working duration 

on Thursday could not be decided. Thus, the data set was incomplete. Moreover, 

Participant 226 also made this error while trying to construct a possible data set for the 

working durations of Seda. 
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Participant 226: 

 

Figure 4.37 Answer of Participant 226 to item 6 

According to the constructed data set by Participant 226, Seda's working durations on 

Thursday and Friday could not decided. Although she explained that the sum of the 

values of Thursday and Friday was 15, the data set was incomplete since these two 

pieces of data could not decided. 

Incorrect Reading of Values from Graph: When values were given on a bar graph, the 

students who made this error read one or more values incorrectly from the graph. Thus, 

when one or more values of a data set was incorrect, the mean of the data set would have 

been different from the correct value. 

As can be seen from Table 4.2, the error of incorrect reading of values from graph error 

was made in items 2-ab, 3-a, 4-b and 6. It was seen that 4 students (5.1%) among 78 

students in item 2-ab, 5 students (8.1%) among 62 students in item 3-a, 2 students 
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(3.4%) among 59 students in item 4-b, and 3 students (3.1%) among 98 students in item 

6 made this error while trying to solve these items. For instance, the error of incorrect 

reading of values from graph was seen in the response of Participant 31 in item 3-a, 

which is  presented below: 

Participant 31: 

 

Figure 4.38 Answer of Participant 31 to item 3-a 

As can be observed in the solution of Participant 31 for item 3-a, the burning duration of 

the fifth candle of Company A were read incorrectly since the burning duration of the 

fifth candle was 9 but it was read as 8. For this reason, the sum of the burning durations 

of candles was found to be 119 instead of 120; then the arithmetic average of the 

burning durations of the candles of Company A was found incorrectly. Moreover, the 
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same error was also made in the calculation of the arithmetic average of the  burning 

durations of the candles for Company B.  

The response of Participant 3 can be given as another example of this error. Her 

response is given below. 

Participant 3: 

 

Figure 4.39 Answer of Participant 3 to item 6 

As Participant 3 stated, she used the same working durations of Merve in order to find 

the possible working durations of Seda. However, she read Merve's working duration on 
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Friday as 9 although there was no day which had 9 working hours. Thus, Participant 3 

had read a value from the given graph incorrectly. 

In the following part, the students' errors regarding the median concept are discussed. 

The frequencies and percentages of the errors made by the students related to the median 

are presented. 

4.2.2 Errors Regarding the Median 

Errors regarding the median were encountered in the responses given to items 3-b and 5. 

The calculation of the medians of each data set was required in item 3-b and the 

construction of a possible data set for the given median and mode was required in item 

5. However, errors were observed in the students' wrong answers for item 3-b and 

inappropriate data sets were constructed for item 5. Analysis results of this study showed 

that errors related to the median could be categorized into three main groups, namely 

algorithmically based errors, errors based on formal knowledge and other errors. 

Moreover, a sub-group of algorithmically based errors is operational error and sub-

groups of errors based on formal knowledge are wrong decision on unordered data set, 

wrong decision on ordered data set and wrong interpretation of graph. On the other 

hand, forming incomplete data set, incorrect reading of values from graph and incorrect 

largest and/or smallest data values were accepted as sub-groups of other errors. The 

frequencies and percentages participants committing these errors in item 3-b and 5 are 

presented in Table 4.3 below. 
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Table 4.3 Frequencies (and percentages) of the students' errors regarding the median  

 

 

 

ERROR

S 

ITEMS  

Algorithmicall

y Based Errors 

Errors Based on Formal 

Knowledge 
Other Errors   

Operational 

Error 

Wrong 

Decision 

on 

Unordere

d Data Set 

Wrong 

Decision 

on 

Ordered 

Data Set 

Wrong 

Interpret

ation of 

Graph 

Forming 

Incomplete 

Data Set 

Incorrect 

Reading of 

Values from 

Graph 

Incorrect 

Largest 

and/or 

Smallest Data 

Values 

Total 

Item 3-b 9 (9.6%) 
23 

(24.5%) 

26 

(27.7%) 

29 

(30.8%) 
5 (5.3%) 2 (2.1%) 0 (0%) 94 

Item 5 0 (0%) 0 (0%) 0 (0%) 0 (0%) 62 (81.6%) 0 (0%) 14 (18.4%) 76 

Total 9 23 26 29 67 2 14  

 

As it can be observed in Table 4.3, there is one type of error within algorithmically 

based errors, three types of errors within errors based on formal knowledge and three 

types of errors within other errors related to the median. According to the table, the 

majority of the students who had given a wrong answer while trying to find the median 

of a given data set in item 3-b made an error of wrong interpretation of graph error. 

Moreover, this error was made by 29 students (30.8%) among 94 students in item 3-b. In 

addition, the most common error type in item 5 was forming incomplete data set since 

the students had not constructed an appropriate data set for the given sample size. It was 

seen that 62 students (81.6%) among 76 students had made this error in item 5. 

Examples of the students' wrong answers for each addressed error type is presented 

below under the category headings given in Table 4.3. 

4.2.2.1 Algorithmically Based Errors 

Operational Errors: As defined in errors regarding the mean, the students made 

calculation errors while doing addition, subtraction, multiplication or division 

operations. In fact, the solution strategy used by students was correct but they made an 

operational error. 

As can be observed in Table 4.3, this error was made by 9 students (9.6%) among 94 

students in item 3-b. As an example, the response of Participant 5 is presented below. 
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 Participant 5: 

 

Figure 4.40 Answer of Participant 5 to item 3-b 

As can be seen in the response of Participant 5, each data set was ordered from the 

largest to smallest. Then, the middle values of the two ordered data sets were added and 

the sums were divided by 2. However, an operational error was made while trying to 

find the median of the data set regarding Company A since the sum of the middle values 

of the data set was not divided correctly by 2. Furthermore, this error was also made by 

Participant 142 in item 3-b. 

Participant 142:  

 

Figure 4.41 Answer of Participant 42 to item 3-b 

Similar to Participant 5, Participant 142 initially ordered each data set. Secondly, the 

middle values of the data sets were added since the data sets had an even number of 

values. Lastly, the sums were divided by 2 in order to find the median of each data set. 

However, while dividing the sum of the middle values of the burning durations of the 

candles of Company A by 2, an operational error was made.  
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4.2.2.2 Errors Based on Formal Knowledge 

There were three sub-groups of errors based on formal knowledge, namely wrong 

decision on unordered data set, wrong decision on ordered data set, and wrong 

interpretation of graph. 

Wrong Decision on Unordered Data Set: This error type was seen when the students 

tried to find the median of a data set in item 3-b. The students did not order the obtained 

data set from the given bar graph in item 3-b to find the median of the data set. Thus, the 

median of the data set was not found correctly. According to Table 4.3, 23 students 

(24.5%) among 94 students made this error in item 3-b. When the response of the 

students was investigated, some of the students who had made this error type found the 

mid-point of the two middle values of the unordered data set since there was an even 

number of values. 

Different versions of the wrong decision on unordered data set error were made by the 

students, which are described below with example responses for each version. 

Firstly, some of the students gave two middle values from an unordered data set as the 

answer. To illustrate, Participant 117 wrote the burning durations of the candles of 

Company A and Company B without ordering them. Then, he found the median of the 

data set of Company A as '11, 9' and median of the data set of Company B as '17, 11'. 

Thus, he found two middle scores in the unordered data sets as the median of these two 

data sets. His response is presented below. 

 Participant 117: 

 

Figure 4.42 Answer of Participant 117 to item 3-b 
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Secondly, a student subtracted the small middle value from the large middle value of an 

obtained unordered even data set and then the results were given as the answers. In item 

3-b, Participant 59 wrote the burning durations of the candles for each company based 

on the given bar graph. 9 and 11 were the middle scores of unordered data set for 

Company A and then he subtracted 9 from 11 and found the median of burning durations 

of candles of Company A as 2. In the same way, the participant subtracted 11 from 17 

and found the median of the burning durations of candles of Company B as 6 and the 

solution is presented below: 

 Participant 59: 

 

Figure 4.43 Answer of Participant 59 to item 3-b 

Thirdly, some of the students selected one of the middle values in the unordered even 

data set as the answer. For example, Participant 95 wrote each data set based on the 

given bar graph and found the median of the first data set as 11 and the second data set 

as 17 as given below: 

 Participant 95: 

 

Figure 4.44 Answer of Participant 95 to item 3-b 

Lastly, some of the students added the middle values of the unordered even data set and 

then the result was given as the answer. For instance, the response provided by 

Participant 150 showed that for the first data set, the middle scores in the unordered data 
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set, 11 and 9, were added and 20 was given as the median of the data set. Furthermore, 

the same procedure was applied in the second data set. The solution of Participant 150 is 

stated below. 

Participant 150: 

 

Figure 4.45 Answer of Participant 150 to item 3-b 

On the other hand, another formally based error was wrong decision on ordered data set. 

Details regarding this error are mentioned under the following heading. 

Wrong Decision on Ordered Data Set: When the median of a data set was asked, the 

students who made this error first ordered the data set but they could not find its median. 

This error was seen in item 3-b since the item asked for the median of two data sets 

given on a bar graph. As seen in Table 4.3, this error was made by 26 students (27.7%) 

among 94 students in item 3-b. The analysis of item 3-b indicated that there were 

different versions of this error of wrong decision on ordered data set since the data set 

included an even number of values.  

Different versions of the wrong decision on ordered data set error were made by 

students. Each version is described with examples below. 

In the first version of the error, the student had given two middle values from the 

ordered data set as the answer for each data set in item 3-b. For instance, Participant 21 

was one of the students who had made first version of this error and response is given 

below. 
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Participant 21: 

 

Figure 4.46 Answer of Participant 21 to item 3-b 

As can be seen in the response of Participant 21, each data set was ordered from large to 

small values but the two middle values for each data set was given as the answers. 

In the second version of the error, the student subtracted the small middle value from the 

large middle value within the ordered values of the data sets; then the results were 

divided by two in order to find the median of the data sets in item 3-b. The following 

response of Participant 2 exemplifies the second version of the wrong decision on 

ordered data set error.   

Participant 2: 

 

Figure 4.47 Answer of Participant 2 to item 3-b 

As can be seen above in the response provided by Participant 21, at the beginning, the 

values of each data were ordered from small to large. Subsequently, 16 was subtracted 

from 17, yielding 1. Then, 1 was divided by 2 and 0.5 was found as the median of the 

burning durations of the candles for Company A. Additionally, the same procedure was 

applied for Company B. Thus, this version of the wrong decision on ordered data set 

error was made by Participant 21. 
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In the third version of this error, the student selected the smaller one of the middle 

values from each ordered data set as the answer(s). As an example, the following 

response of Participant 158 can be given. 

Participant 158: 

 

Figure 4.48 Answer of Participant 158 to item 3-b 

Based on the response of Participant 158 given above, it can be said that first the data set 

of Company A was ordered, then 15, which was smaller one of the middle values of the 

data set was found as the median of the data set. The median of the data set regarding 

Company B was found in the same way. 

In the four version, the two middle values of the ordered data sets were added and the 

results were given as the answer. For instance, Participant 184 made the fourth version 

of this error as presented below. 

 

 

 

 



109 
 

Participant 184: 

 

Figure 4.49 Answer of Participant 184 to item 3-b 

According to the response of Participant 184, it can be said that the fourth version of 

wrong decision on ordered data set error was made since 17 and 15 which were middle 

values of the ordered values of Company A was added and median of the data set was 

found as 32. Moreover, the median of the burning durations of candles of Company B 

was found in the same way.  

In the last version of this error, the student first added two middle scores of an ordered 

even data set but then divided it by the number of values in the data set. For example, in 

order to find the median of the burning durations of the candles of Company B in item 3-

b, Participant 61 added 15 and 17; then the sum divided by 8, which was the number of 

values, thus 4 was given as the answer. The response of Participant 61 is presented 

below. 

Participant 61: 

 

Figure 4.50 Answer of Participant 61 to item 3-b 

Another sub-group of errors based on formal knowledge regarding the median was 

wrong interpretation of graph. Details and examples of this error are presented under the 

following heading. 
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Wrong Interpretation of Graph:  The student who made this error tried to find the 

median of a data set directly from the given bar graph, but the answer found was not 

correct. This error was made in 3-b since the item asked for the median of two data sets 

given on a bar graph. As presented in Table 4.3, the error of wrong interpretation of 

graph was the most frequently made error in item 3-b; 29 students (30.8%) among 94 

students had made this error in the item. For example, Participant 187 made this error in 

item 3-b as can be seen in the response of the participant given below:  

 Participant 187: 

 

Figure 4.51 Answer of Participant 187 to item 3-b 

As can be seen in the response of Participant 187 for item 3-b, a line on the given bar 

graph was drawn. Thus, the median of the data sets regarding Company A and Company 


