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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

Eni s,®iflemu
M.S., Department of Elementary Science andhdatatics Education
SupervisorAssoc. ProfMi ne | kBOBRTAW L

November 2014, 19pages

The aim ofthe present study was to investigte solution strategies used sgventh
grade studentand theirpossible errorsvhile solving questions regand) the concepts
of mean, median and modgven in bar graph representation$t u d e ndsibld p o
misinterpretation regarding the concepts of mean, median and mode ghangraph

representatiosiwas also examined.

Partipants were 233 seventh grade sttglérom two public middle schools in Gelibolu

di strict of ¢canakkal e. Data were <collected
(SAQ) during 20122014 spring semestefo addresshe research questions, students'

possible solution strategies, errors anisinterpretations were identified through item

based irdept analysis.



The results of the study indicated that students' used three different solution strategies to
solve questions regarding each concéph the other handanalysis revealed that
studens 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 rsumber
meetirg all requirements of a problem, forming incomplete data @ed incorrect
reading of values from graph. Furthermorer the median concept, identified errors
were operational error, wrong decision on unordered data set, wrong decision on ordered
data s& wrong interpretation of graph, forming incomplete data set, incorrect reading of
valuesfrom graph and incorrect largest and/or smallest dalizes. In addition to these,
students' errors in the quiests regarding the mode conceygreinappropriate sage of
averaging algorithmforming incomplete data set and incorrisgest and/or smallest
datavalues.Besides studentdhave severamisinterpretations regarding the concepts of

mean, median and mode.

Key Words: Mean, Median, Mode, Solution $¢gies, Errors
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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 (Jacolibargalho, 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 angironment 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 (Kon&ldHi ggins, 2003).

With the increasing importance attached to statistics in many fields, NCTM added
statistics to the curricula of-K2 mathematics. Moreoverhe Principles and Standards

for School MathematiceNCTM, 2000) set out of 5 content areas, one oictvlis 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 (Shaugh8gssy, 1
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, noéasures
spread and probabilistic evenBufut, 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 knowl@dgBIE,

2005). Furthermore, the lastvised mathematics curriculum has also included statistics



in each level of the middle school mathematics curriculum in Turkey (MoNE, 2i013)
statistics, data analysis is crucial; it includes asking questions, toujlelata, 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 chaggingpriate
numerical and graphical representation methods, and using these methods to analyze
collected data (FrankljiMewborn, Moreno, Peck, Perry, & Scheaffer, 2005). One of the
frequently used numerical representations in data analysis is measueEti
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 impgortant
note that no one method of numerical and graphical representation is more useful than
the other. Each method of representation is appropriate asgatig used in parallel to

the purpose of the collected data (Konold & Higgins, 2003). On the otret, lthe
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 ddtaraimg) 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 isairhptort

communicate ogonclusiongShaughnessy, 1992; Van de Walle, 2013

With increasing emphasis laid upon data analysis in statistics as an outcome of
curriculum reform efforts,st udi e s regarding student séb
concepts havdbemme 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 mde @right & Friel, 1998;Cai, 2000 Pollatsek, Lima & Well, 1981Smith,
diSessa, & Roschelle, 199%trauss & Bichler, 1988 For example students face
difficulties while calculating the weighted meéRollatsek, Lima & Well, 1981) and

they made errorswhile using computational algorithm of the me@anfind a missing

value of a data set when mean of the data set was @a2/1998. Besides according

2
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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 informatiomardigg students'
procedural andconceptualknowledge regarding the concepts of mean, median and
mode, their errors whileodsing questions related to the concegitsuldbe investigated.

On the other hand, elementary students tend to have misconceptions on the interpretation
of collected data (Capraro, Kulm & Capraro, 200marr & Shaughnessy, 20p7
Moreover, they made er®mmwhile 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 conpts. In this regard, focusing on students' errors regarding the
concepts of mean, median and mode while solving questgwsn in graph
representation would be valuable to investigate gain information aboustudents’
procedural and conceptual undenstimg 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 strategieed 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 studeah correctly and flexibly apply the
averaging algorithm to solve questions regarding the concept (Cai; Y¥@&8on &

Moritz, 200Q. However, the number of studies in Turkey are not sufficient regarding
students' solution strategies while solving questicegarding the mean, the median and

t he mode as wel | as errors and i nterpret
Akdoj an, 2009) . Focusing on students' sol
solve guestions related to these concepts can reveal important information about their
undestandings 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.



As it is mentioned above, it is known thaiddle school students have errors and
difficulties regarding the concepts of mean, median and mBdgh{ & Friel, 1998;

Cai, 2000 Smith, diSessa, & Roschelle, 1998trauss & Bichler, 1988Watson &
Moritz, 2000 and identifying students' solution ratiegies is essential to gain
information regarding conceptual understanding about the concepts (Cai V18&8&n

& Moritz, 2000. Thereforethe aim of the present study was to investigate possible
solution strategies used by seventh grade students heeid drrors while solving
questions regarding the concepts of mean, median and gigde in bar graph
representation Lastly, the studentsiisinterpretations regarding the conceptanean,
median and modgiven in bar graph representatiomere invesgated

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 modegiven inbar graphrepresentatio;m Theotherpurposs of this study vereto
examineseventh grade st wddemmshterpietatprsregardifmglttee er r or s
concepts of mean, median and magieen in bar graphrepresentatiosn In order to

achieve the purposes of this studygeeresearctguestions were posed:

1) What are the possible solution strategies used by middle |sséwnth grade
students whilesolving questions regarding the concepts of mean, median and mode

given inbar graphrepresentaticsf?

2) What are the possible errors mame middle school seventh grade students
regarding the concepts of mean, median and rgoa® inbar graplrepresentatios?

3) What are the possibiaisinterpretations made by middle school seventh grade
students regarding the concepts of mean, mediah raaode given in bar graph

representatiosf?



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 thfese 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 (Ddapwnt 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 s t ulddgen (MsNE, 2606)a Besided, the sew Rumkeshw
curriculum indicated the importance of learning statistics by placing statistics instruction

into each level omiddle schoomathematics education (MoNE, 2013).

Students could use different solution strategahile solving questions regardirige

mean concept such dsvdling and using average formu(&ai, 2000).The solution
strategies used by students to solve given questions regarding averages shed light upon
their procedural and conceptual knowledgeardmg 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, 1986kurthermore as an example for conceptual
knowledge regarding the average concepss deciding appropriate numerical and
graphical representatioaccording to purpose of the collected déBaroody, Feil &
Johnson, 2007)Thus focusing on students' solutiotragegies also give information
regarding students' understandings of average conchpkrds & Russell, 1995;
Watson & Moritz, 2009).In other words identifying students' possible solution
strategies is important since if a student have conceptual stadeing regardinghe
average conceptshe student can correctly and flexibly apglsocedures, rules and
algorithms of these conceyitssolve questions regarding the concé@isi, 1998) More
specifically,center of balance and fashareunderstandigs whichwere definedastwo
understandigs of the mean by past research@fan de Walle, 2013)can be used to

solve problems regarding the mean if a student have conceptual understanitiag



concept Thus, ®lution strategies can also give infornosti regarding these
understandings of middle school studeiitserefore, m order to gain information about
middle school students' understandings regarding the concepteasf, median and

mode, the present study is significant.

On the other handanalyzirg students' solution strategiean also reveal information
regarding students' errorse\gral studies revealed ththe concepts of average are not
concepts that are easily comprehensitideight & Friel, 1998; Cai, 2000 Smith,
diSessa, & Roschelle, 199Strauss & 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 adgthm, understanding of theoncept and its properties,

use of representations and language, ability to fartvard arguments, among
others(p.50).

Thus, t seems that there is an agreement in the literature that students experience
difficulties and makeerrors regarding averages in statistics (Garcia & Garrett, 2008)
Therefore this research is importarftom the aspects of identifying seventh grade
middle school students errors related to the concepts of mean, median and mode.

Interpretation of the camepts of mean, median and mode is important to communicate
on conclusions of a research (Shaughnessy, 1992). However, inteilpreting these
concepts, studentsend to have misconceptiondlgthew & Clark, 2007 Tarr &
Shaughnessy, 2007)o illustrate,the mean was accepted as a process not measures of
central tendency (Mathew & Clark, 2007herefore, analyzing how Turkish middle
school students interpret the average concepts is essergah information about their

misinterpretations regarding tlwencepts of mean, median and mode.

In addition it is known thatsinceknowing statistical concepts affestudentslife both
practically and educationally (Konold & Higgins, 2008)eir understanding regarding

these concepts is importafurthermorethe questions in the questionnaire used in the



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 questionateel 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,200Q Pollatsek, Lima & Well, 1981, Smith,
diSessa, & Roschelle, 1993), there is still limited research regarding this topic (Cali,
2000; U-ar & Akdoj an, 2009) . Similarly, S
errors seventh grade students make niigg 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 stute resort to while solving questions regarding the mean, the
median and the mode through bar grajhg also the errors and nmterpretations 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 atimetics

curriculum developers.
1.3 Definitions ofthe 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 falliin short, tr
is one of the describers of collected data. The median of a distribution is affectedl by t
number of terms (Fraenkel & Wallen, 2006).



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 hawveotmodes that are named l@modal distribution
(Fraenkel & Wallen, 2006).

Graph:Gr aph refers to Ainformation transmitted &
two-di mensi onal surfaceo (Fry, 1984, p.5).

In this study, especially bar graphs are us&dcording to Oxford Dictionary (2014) the
bar graph refers toadiagramin which the numerical values of variables are

representedly theheightor length of lines orectangle®f equalwidth.”

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 algoritityrbesed

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 algorithruomead

knowl edge inadequacy. Mor eover, the term O&er

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, fgeicance 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 studiesn 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, Igsia 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 andinterpretations they made regarding the
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mean, median and mode concegitgen in bar graph representatiofi$ie last chapter
involves the discussion and implications of the study and presents recommendations for

further studies.



CHAPTER 2

LITERATURE REVIEW

In this chapter, review of related literature is presented. Based on the purposes of the
study, the chapter consists efx sections: conceptual and procedural knowledge
regarding the concepts of mean, median and mode, definiti@rsoof 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 chapsemmaary of thessix

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 (SchneiderSgern, 2020). 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 stbg-step proedures 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 ded/Nall13). 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 gleasl 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
propositons 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 relationsps 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 andlant 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 ére twhsummarize

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 th algorithms, or rules, for completing mathematical tasks" (Hiebert &
Lefevr e, 1986, p.5). The first part Ai ncl
represent mathematical ideas and an awareness of the syntactic rules for writing symbols
inan acce@gbl e formd (Hiebert & Lefevre, 1986,
type "consists of rul es, al gorithms, or [
(Hiebert & Lefevre, 1986, p. 6). An example from statistics to explain the difference

between théwo types of procedural knowledge could be given. Knowing the meaning
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of the symbolX 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 thenthdd
divide" algorthm 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 invesggstelents' errors
regarding the interpretation of the mean, the median and the gnagte in bar graph
representation based on their conceptual and procedural knowledge regarding the
concepts. In accordance with the purpose of the study, in the fofjosection,

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 sexct.

Within there |l ated Iliterature, two different
exampl e, Koshy (2000) defined error as fa wro
result of a misconception, but nortcanal ways so

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 fAé a mistake, slip, bl under or i nac
(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 symigoms o
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 erromsnaiodr
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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, Radai1979) 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 processesoséh nature must be discovered.

Second, it seems to be possible to analyze the nature and the underlying
causes of mi stakes in terms of the 1 ni

mechanisms. (p. 170)

In addition to the above definition, he stated that wigiégning mathematics, mistakes
are not lack of correct answers or the result of unfortunate occurrence. He also added
t hat causes of mi stakes can be anal yzed
processing mechanisms. Thus, he focused on causes of tstesden mi st akes
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 applyinglaiede strategies and rules. In
addition to this study, Radatz (1980) stud
process. Similar to his previous study (Radatz, 1979), he claimed that the causes of
mistakes are not carelessness, unsafety or umigcemstances in a situation; in fact,
the causes are previous experiences of stu
features of student mistakes based on the research results as follows, claiming that
student mistakes:

1 are causally determideand very often systematic;

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

intervenes pedagogically;

1 can be analyzed and described as error techniques;
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1 can be derived, as to their causes, from certain difficulties experiegiced b
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, mist&es 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 averageseahighly influential in statistics because these concepts are used
to describe a representative value that summarizes information about large data set
(Shaughnessy, 199Zyhe mean,medianand modeare threetypesof averagesamong
manyaverageypes(Van de Walle, 2013).In orderto give moreinformationregarding

the averageconceptsthe sectionis separatednto three parts, namelythe mean,the

medianandthemode
2.3.1 The Mean

The mean is a very strong and powerful concept in statistics and i $gatl 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 eytelRsine

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 illustragdculate 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 valuel avhat 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, ppessearchers defined two models, nanednter of
balanceand fair-share (Van de Walle, 2013). The understandings also combined the
mean concept's mathematical and statistical aspects. Firstlyetiter of balance
accepts the mean as point of balanca diata set (Hardiman, Well & Pollatsek, 1984).
This process is presented in Figure 2.1. Secondlyfaineshare accepts the mean as
equal distribution of a data set (Mokros & Russell, 1995). An illustration of this

approach is given in Figure 2.2.

| o 2 s N4l 500 7 89 101112

Two pointe moved 1 down. ..

... are balanced by one
point moved 2 up.

O 1F2= 8 456" 7 89 101112

Figure 2.1 The Mean as a Point of Balance (Van de Walle, 2013, p.448)
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The same cubes rearranged into equal stacks.
The height of each stack is the mean cost of toys.

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

It is claimed that fakshare and center of balance understandings provide a cognitive
bridge between the mean as 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 defriations

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
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 thretatee 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 defame "the point below and
above which 50 percent o f the scores in
(Fraenkel & Wallen, 2006, p.196). The median of a distribution that includes an odd
number of values is the middle score when the values ard irsterder. 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 plgnn 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 developeesmiédian 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 seektaeme values, the median is

the most appropriate average type to summarizedteesgt (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 sumraaxidata 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 nansebiraodal 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 ga(Ressell, 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 ffidution 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) beasse 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). Irthis 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 conakepnowledge of
mathematical concepts in mathematics education (StraBgl&er, 1988). It is stated

that although the computational algorithm of the mean concept is easily understood,
precollege and college students have problems in understanding flestipo 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 conductedmeitity children of

814 ages. The purpose of the study was to tes
average by investigating their understanding of its computational properties. To
illustrate, one of the tested properties was whether the childréizeteahat 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 thatettageawvnay 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 awarezénatas 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
setand that the mean may not be equal to any one of thes/al 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 froreetleducational 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 solvingabhkems improved with

age.

Additionally, other studies regarding procedural knowledge of the mean were conducted
to investigate studentsodé difficulties on
Well (1981) designed a study to examine how 37 undergtadstudents 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 ureged samples by

using given means of the samples, they calculated the weighted mean of the sample as if
the samples were equal sizéebllatseket al. (1981) statedthat lack of conceptual
understandingof the mean could be the reasonfor this result. In a similar way,
Mevarech(1983)carriedout a studyto investigates t u d ealculasobprocedureof the
weightedmean.Accordingto the resultsof the study, the collegestudentshada wrong
assumptionthat a set of arithmetic averageswith simple meancalculationprocedure

formed a mathematicalgroup that satisfiesfour axioms, namelyassociativity,identity,

closure and inverse. She statedthat the misconceptionwas so deeply rooted in the

s t u d &nowleslge basethat more advancedstatistic coursewas not sufficient to
overcomethe misconceptionHowever,mostof the studentformedappropriateschema

of statisticalconceptsby meansof diagnosticactivities with feedbackfrom an expert.
Furthermorethe resultsof the studyconductedoy Watsonand Moritz (1999)indicated

that studentswere gaining competencedo calculatethe weighted mean by meansof

instructionwith reallife contexts.
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On the other hand, several studies have been conductedto investigatest udent s 0
conceptualinderstandingf averagesin oneof the studies Mokros and Russell(1995)
investigatedgrades4, 6 and8 s t u d eondeid@nsof averagesy examiningtheir
preferencewhile proceedingwith averagesParticipantsof the study consistedof 21
students,and data were collected by an instrumentthat included sevenopen ended
problems. Four of the problemswere describedin their report. Two of these four
problemswerenamedasAllowance ConstructiorProblemandPotatoChipsProblem.in
the problems the studentsvere expectedo find a possibledatasetfor the given mean
by working backward.For example,in the Potato Chips problem, the mean of the data
set was given a$1.35.Then,studentsvereaskedto find a possibledatasetwhich had
thatmeanwithout usingthe actualmeanas a datavalue. At this step,the studentsvere
supposedo work backwardto find the dataset. The Allowance problemwas different
from the PotatoChipsproblemin thatthe Allowance problemincludeddatapointson a
bar graph and askedweighted mean of the data set. The remainingtwo problems
requiredthe interpretationof a given datasetand calculationof weightedmeansBased
on theresultsof the study, five different construction®of representativeneds/ students
were identified: averageas mode, averageas algorithm (arithmeticmean),averageas
reasonableaverageas midpointand averageas mathematicapoint of balance Another
resultof the studywasthat the studentswho focusedon modeas averagesncountered
problemswhile working backwardsfrom the meanto constructa possibledata set
without usingthe meanas a datavalue becausehey were focusingon individual data
valuesinsteadof the whole data set. Moreover, it was found that the studentswho
focusedon averageasalgorithmwantedto applyalgorithmdirectly to find themeanof a
given problem.The studentglid not takeinto accountwhethertheir answemadesense
in reality becauseheyovertrustedthe algorithm.Similarly, a studyby Cai (1995)found
that althoughmost of the studens easily calculatedthe meanof a given dataset, they
hadproblemswhile working backwardgo find missingvaluesin a datasetby usingthe

given mean

In additionto theoreticalfindings of MokrosandR u s s edrkl, Kbisold and Pollatsek
(2002) addednew termsto the literature on the averageconcept.They identified four
conceptuakermsfor the meanconcept,namelytypical value, fair share,datareducer
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andsignalamid noise.They claimedthatthe meanasfii s i @micnl 0 i 5 t@most
importantone from a statisticalperspectivebecausdhe conceptionis the most useful
while comparingtwo different datasets.Moreover,they indicatedthat meanastypical
value and fair shareare not useful while comparingtwo data setsand meanas data
reducerandtypical value are helpful for decisionmakingin statistics.The researchers
suggestedhat meanshouldbe introducedas fair shareand typical value becausehe
conceptionanbebuilt ons t u d major irstuitions. Moreover,meanconceptshould
be introducedto studentsin a context that include comparisonof two data sets.
Similarly, Watson and Moritz (1999) suggestedhat conceptsof averageshould be
introducedwith activitiesthatinvolve comparisorof two equalsizeddatasets.

With regardto the effect of conceptuaknowledgeon proceduraknowledge Cai (1998)
designeda study to examineUS s t u d eandeptualunderstandingof mean by
investigatingtheir solutionsof a given contextualizedaverageproblem that required
computationahlgorithmof mean.The studyresultsrevealedhat studentuseddifferent
representationsyhich were algebraic,arithmetic, verbal and pictorial representations
andsolutionstrategiego solvethe problem.In fact,thes t u d mathersaficaproblem
solving abilities affect their selection of solution strategiesand representations.
Moreover, studentsusing arithmetic and algebraicrepresentationgxperiencedmore
problemsthan studentsusing pictorial and verbal representationo solve the average
problem.In addtion, the studentsusedthree different solution strategieso solve the
given averageproblem,that is levdling, using averageformula and guessand check
Furthermorefive different typesof errorswereidentified basedon the findings of the
study. The error typeswere minor errors, violation of stoppingrule, incorrect use of
computationahklgorithm,unjustifiedsymbolmanipulationandothers More specifically,
a studentwho madethe incorrectuse of computationalalgorithm error tried to apply
compuational algorithm of the meanbut the applicationwasincorrect. Furthermorea
studentwho made the minor error applied correct procedureto solve a problem
regardingthe meanbut the studentmadea minor calculationerror. The resultsof the
study also indicated that half of the studentsmade mistakes while applying the

computationalalgorithm to solve the problemalthoughthey knew the algorithm. The
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studyresultsalsoindicatedthatthe averageconceptshouldbe taughtboth asa statistical

ideaandcomputationaklgorithm.

In a further study, Cai (2000) conducteda crossnationalstudyto explore Chineseand
US st u d eunderstédnding of averaging computational algorithm and their
representationsvhile solving questionsregardingthe arithmetic averag@. Data were
collectedby aninstrumentthatincludedtwo openendedproblemsinvolving arithmetic
average One of the openendedproblemsgave dataseton a pictograph.lt was found
thatthe numberof Chinesestudentavho solvedthe problemswvasmorethanthe number
of US studentswvho solvedthem.He also statedthat the difficulties were causeddueto
their lack of conceptualknowledgeof the averagingalgorithm. Furthermore,it was
found that Chinesestudentshad a higher tendencyto use algebraicrepregntations,
while US studentshad a highertendencyto useverbal and pictorial representationto
solve the problems. Besides,while solving the problems,the studentsused three
different strategies,namely levelling, using averag@ formula and guessandcheck.
Furthermore,jn addition to observederrorsin the study by Cai (1998), two different
errors was observed namely total numberof hats sold in four weeksand looking a
patternfor the numberof hatssold. Also, Cai (1998) includedsamequestionwith Cai
(2000),which gavea dataseton a pictograph.

Additionally, alongitudinalstudyof studentsn Grades3 to 9 wascondictedby Watson
and Moritz (2009 to investigatethe developmenbf their conceptsof average.These
researchersglevelopedan instrunent by examiningother studieson the sameissueand
the instrumentincluded some questionsdisplaying similarities with thoseusedin the
study of Mokros and Russell (1995). In addition, the instrumentincluded different
guestionghatmeasuredtudentsinterpretatiorof averagan areallife situation,suchas
"Have you heardof theword averagebeforeAWhereAWhatdoesit mean?'In this study,
94 interviews were conductedwith studentsfrom Grades3 to 9, and follow-up

interviews were conductedwith 22 of 94 studentsafter three years and 21 of the
remainingstudentsafterfour years.Resultsof the studyindicatedthat studentsability to

applythe calculationrule of arithmeticaveragancreasedvith their gradelevel. On the

otherhand,the studentsinterpretatiorability of arithmeticaveragalemonstratetimited
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developmentvith grade.Similarly, the presentstudy investigatedstudentsprocedural
andconceptuaknowledgethroughidentifying their solutionstrategieserrorsandwrong

interpretatbns.

Additionally, Mathew and Clark (2007) carried out a study which aimedto examine
s t u d eemetogni@nof knowledgeof somemain statisticalconceptsThe participants
of the studywereeight studentsvho weresuccessfufirst gradestudentsn a college.lIt
was found that studentshad processconceptionaboutthe mean.Processconceptionis
beingableto baseanswerson computationaformulaof the6 t i e a whénaskedwhy
it me a s dsed. The studentsacceptedthe meanas merely a process,not as a

measuref centraltendency.

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 dilogvever, 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 confusionrelatedto statisticalconceptsis that many studentsuse the terms
0 me amd® a v e rintergharigeablyBrown & Silver, 1989). Averageincludesall
measure®f centraltendencythatis, mean,medianandmode.Studentsalsotendto use
meanif the bestrepresentativef a datasetis asked.Theygenerallydo not corsiderthe
medianandthe modeasanappropriataepresentativef the dataset. The misconception
can be overcomethrough counterexampleswhich showsthat the medianor the mode
canbethebestrepresentativef a dataset(Seftlage 2007).

In this sectim, studiesregardingstudentsunderstandingsf the mean,the medianand
the modehavebeenpresentedin the following section,in accordancevith 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

misinterpretationgyiven inbar graphrepresentation
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2.5 Studies on Errors and Difficulties in Graphs

Studies on graphing is essential because graph comprehension is necessaly inot
studentsd educational |l ife but also in their
literature indicates that students have difficulties and misconceptions regarding graph
concepts (Tortop, 2011). Middle grade students tend to haveomsesations 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 misconteptie also observed

in undergraduate statistics students (Capraro, Kulm, Hammer, & Capraro, 2002;
Conners, McCown & RoskeBwoldsen, 1998). In addition to these, there were some
studies in accessible literature, which investigated students' interpretatimnconcepts

of mean by means of grap@ai, 1998; 20002002 Mokros & Russell, 1995).

Additionally, some studies have indicated that sample size of data have an effect on
studentsd representation of the dudytta . For ex:
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 aretdimel ®ne 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 consistedOoftudents 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 theserted 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 middlesgredats

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 3vith 1

sixth grade students to investigate the stude
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on interpretation and graphical representation of data. Instrument of the study consisted
of an operended problem named as Vet Club. The problem was formed by dsking
studentsdé number of pets and their type of
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 ideatifpuses

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. Accordieg to th
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 iddnivithout

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 distinguistetdiar

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 acceptedtagoaceh
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 interpregtaeirs 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 whibslating 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, Mullisndj&ionzalez, 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 fwesent 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 (PMezitza &
Mel | or , 1991) a nahd reatdingdakilitytaedt théiramegpretatigre 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 stesdent r eadi ng and i nterpret:
of graphs Carr & Begg, 1994 PereiraMondeza & Mellor, 1991;Watson & Moritz,

2001). For instance, Pereikdendoza and Mellor (1991) conducted a study with 121

fourth grade and 127 sixth grade students to examinethet dent s 6 abi |l ity in r
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 proptisadthere were four general error

types based on graphing, namébpic, scale, data arrangemeand 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 answestigms if the answer was not on the

graphical representations. For instance, if a question required making predictions about a
future situation (the year iis not on the grafg

graph, so | cannot answer the quest .

On the other hand, there were studies which investigated students' understandings
regarding the mean concept by means of problems which were given on dtaphs (
1998 200Q 2002; Mokros & Russell, 1995 For example, a study by Mokros and
Russell (195) investigated students' understandings of the average concept in statistics.
As previously mentioned, instrument of the study included a problem which was named
asthe Allowanceproblem The Allowanceproblemincludeddatapointson a bar graph
andaskeal weightedmeanof the dataset Participantsof the studydecidedthe modeof

given data set based on the highest bar of the given bar graph representation.
Furthermore the study of Cai (1998) investigatedstudents'conceptualunderstanding
regardingthe meanby analyzingtheir solution strategiesand errors while solving a
guestion Datasetof the questionwasgivenon a pictographanda missingvalue of the
datasetwasaskedwhenmeanof the datasetwasalsogiven. As previouslymentioned,

studentausedleveling, averagdormulaandguessandchecksolutionstrategiego solve
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askedquestion.More specifically, studentswho usedthe leveling solution strategies
benefited from the pictographrepresentatiorof askedquestionin the study. Thus,
studentsmight use different solution strategieswhile solving questionsregardingthe

averagesvhenthequestionsveregivenin graphrepresentations.

One of thepurposs of the present study was to investigate the solution strategies used
by seventh grade studsrwhile solving questions regarding the mean, median and mode
conceptsgiven in bar graphrepresentatiom Theother purposs of the present study

were to investigate the possible erramad misinterpretations e vent h gr ade st
would make while soimg questions regarding the concepts of mean, median and mode
given in bar graphrepresentatio; In accordance with the purposes, interpretation of
graphs were important since purposes of the present study included interpretation of the
mean, the mediannd the mode conceptgiven in bar graphrepresentation As
mentioned above, in related literature, some studies were used graphs while
investigating students’ understandings of the mean cosrgt giving data set a set on

a graph might provide differémnterpretations regarding the concepts of mean, median
and modégCai, 19982000;Mokros & Russell, 19956

2.6 Studies in Turkey on Averages and Graphing

Although the importance of statistics in education and daily life situations has been
emphasized ithe national curriculum of Turkey (MoNE, 2013), thevere few studies

related to measures of central tendency and graphs in accessible literature of Turkey
(U-ar & Akdoj an, 2009) . More specificall
investigating students' understanding of averages are also limitecevelg 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 stuaiesgsuring tools for assessing
graphing ability of students were devel op
Temiz & Tan, 2009p

U-ar and Akdojan (2009) conducted a study

students were selected from eachelde examine the effect of grade level on students'
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understanding of average. Sestriuctured interviews which included five questions
were conducted to collect data. According to the results of the study, it was observed
that averagewas understoodas anithmetic meanand not acceptedas a representative
valuefor the givendataset.Moreover,therewasa positivecorrelationbetweenstudents'
understandingf averageand studentsgradelevel since2 studentdrom Grade6 and4
studentdrom Grade8 accepedthe meanasa summarystatistics

Another study was conducted by Tortop (2011) to examine the effect of instruction on
seventh grade students' typical errors and misconceptions on graphs through
qguestionnaire and interviews. The questionnaire was foroyethe researcher. The
instrument was administered to 71 seventh grade students and a teacher before and after
instruction in Afyonkarahisar. After the questionnaire, sstnictured interviews were
conducted with 8 students and the teacher. The redultseostudy 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 seraod 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 thedrice 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 HErature 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 adiion, 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 relad 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; iauuss & Bichler, 1988). Furthermore, there were some other
studies which indicated that students have difficulties on weighted mean problems
(Pollatsek et. al., 198 Mevarech, 1983).1t is reported that the difficulties students face
regarding the averagy algorithm derive fronstudents' lack of conceptual knowledge
rather than their lack of procedural knowledge (Cai, 0®n the other hand,
identifying students' possible solution strategies while solving questions regarding the
mean is important sinceif 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 stedi 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 onitheolution strategies and errors while solving questions
regarding these concepts is necess@gsides, in order to have information regarding
effect of graphical representations on interpretation of the average coriceptgorth
to study on intergtation of the conceptsf mean, median and modgven in graph
representation Hence, it was investigated in the present study students' interpretations
of the mean, the median and the mode conagpésn inbar graplrepresentation

Additionally, literature review showed that there are few studies related to
averagesand graphingin Turkey. Resultsof a study by U - aand A k d o j(2a09)
showed that averageswas understoodas arithmetic mean and not acceptedas
representativedf a given databy elementarystudents.Moreover,U - aandAk d o] an
(2009) also statedthat thereis necessityto study on studentssolution strategieswhile
solving questiongegardingthe mean,the medianandthe modeconceptsFurthermore,
graph interpretation was also important part of statisticsin Turkish mathematics
curriculum. Also, graphical representationsnight affect students'interpretationsof
averageconcepts.Thus,whenthe accessibleelatedliteraturein Turkeyis investigated,
it canbe seenthatthereis alimited numberof studieswith similar purposessothereis
needto conductfurther studieson thetopic. Hence the purpose dafhe present study was
to investigate the solution strategies used by seventh grade students and their possible
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errors while solving quéiens regarding the concepts of mean, median and mivdea
in bar graphrepresentatios . I n addi ti omsintearpgretatiosnedarsilg possi bl e
the concepts of mean, median and maieen in bar graphrepresentation was

investigated.
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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 religbitf 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 investigtie solution strategies used by seventh
grade studentand their possible erromhile solving questions regarding the concepts
of mean, median and modgven in bar graphrepresentatios. In addition the other
purpose of the study was to investigate esgl grade students possible
misinterpretations regarding tlo®ncepts omean, median and modéven inbar graph
representation

In order to reach these purposes, the survey research design was preferred in this study
because surveys are conducted ttndesome aspects and characteristics of a population

or a sample (Fraenkel & Wallen, 2006). More specifically, the esesgonal survey

design was used in the study since the esessional survey requires collecting data at

one point of time from a fected sample from a predetermined population to describe
the characteristics of the population (Fraenkel & Wallen, 2006). The collected data were

analyzed through item baseddepth analysis to identify solution strategies and errors,
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and descriptive stistics 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 popul ation of this studey was al |
Moreover, the accessible population of the study was all seventh grade students in the
Gelibolu district of ¢anakkale. The convenien
since convenience sample is a class of readily available individuals (Fr&eWkalen,

2006). The sampling procedure was selected since the researchemidgaieaschool

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

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

the Statistics Achieveme@uestionnairavas conducted to 233 students in the Gelibolu
district, ¢tanakkal e. Al l s e vneddlé Schoojgrirad e st ude
Gelibolu district completed the Statistics Achieveméntestionnaire 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, aggeaddr 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 3.1Paticipants' Demographic Information

Classes Sample Age Gender
size(n) (years)
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 stgaés used by seventh grade students while
solving questions related to the concepts of mean, median andgwedenbar graph
representation  Moreover, the study also aimed to examine possible errors and
misinterpretations made by seventh grade studezitied tothe concepts ofmean,
median and modgiven inbar graphrepresentation Data for the study were gathered

through the Statistics Achievement Questionnaire (SAQ).
3.3.1 Statistics Achievement Questionnaire

In the present study, data were cakecthrough an instrument that was developed by
the researcher. The instrument was an achievement testest was prepared in three
phases. Firstly, the objectives of seventh grade Turkish Natibh@dlle School
Mathematics Education Curriculum relateml bar graphs and the concepts of mean,
median and mode were identified. Furthermore, the objectives of fifth and sixth grade
Turkish NationalMiddle Sdool Mathematics Education Curriculum were investigated
define

i n order t o s telatedeta thes heanp meglian, magdes
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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 preparediaddiitems 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 olgsctf the seventh grade

mathematics curriculum.

The Statistics Achievement Questionnaire (SAQ) consisted of G-apded questions.
In this test, questions-4, b and 2b were adapted from literature. The remaining
questions were developed by the researdo investigate the research questions of the

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

Question 1, whichvasadapted from study of Mokros and Russell (90 nsists of two

parts. In the question, students' understamaf 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 thfe 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. &first part of the 1st question is given in Figure 3.1 below.
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Question 1:

a) In a scout camp, there are 8 students whose agedifarent from each other. Th
average age of the students is 15. Based on the information, what could their ag
Draw a bar graph in order to show a possible data set of the ages of the student

camp.(Note: None of age of the students in tiaenp is not 15.)
4 )
Ages of Students in Scout Carr

Age
N

T T T T T T T >l Student
lstd. 2.std. 3.std. 4.std. 5.std. 6.std. 7.std. y Pl

. J
How did you give your answer? Explain.

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 algiwen. 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 possbtiata 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.Dbelow:
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Question 1:

b) In a scout camp, the average ade8 students is 15 and if the age of a student is
what could be the ages of the other students so that the average will still turnout to
Draw a bar graph to show a possible data set of the students' ages in tljdNcaepNone

of age of thestudents in the camp is not 15.)
4 ] )
Ages of Students in Scout Carr

Age
/S

17

N
1.std. 2.std. 3.std. 4.std. 5.std. 6.std. 7.std. 8.std. Student

- J

How did you give your answer? Explain.

Figure 3.2The 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/Gradd-&fan, Fey, Fitzgerald, Friel, &
Philips, 2006). Theemaining 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 @ 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 atcthation
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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.

Question 2:

Elif's Project Scores

Scores

90 4

85

80 -

75 -

70 -

65 -

60 -

55 -

50 -

43 1 = Elif's Project Score:
35 A

30 -

25 -

20 -

15 A

10 -

5 - .

0 - T T T T Projects

Project 1 Project 2 Project 3 Project4 Mean

The bargraphshowd B f 6s scores on three of thel:
E | infe@nscore 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 score
b)Find Elif's scoreon Project 4. Explain your reasoning

c¢) Elif claimsthat If | had 20 points higher than 3rd project score, mean of my prp

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

—_—

d) If we did not know any of the EE project scores and we knew only mean of [

projects' scores; how could we comment on Elif's project scores?

Figure 3.3The second question of the QA

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 sebfn the given bar graph were examined. Similarly, the second part
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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 lat 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:

Question 3The burning durations of the candles produced by companies A and B ar
wanted to be comparebh order to compe the burningdurationsof the candles of
CompanyA and Company, the same size 8 candles from each company were chosg
Then, the candles were burned and the number of minutes that each bantes/ere
recorded.

( )

_ _ Candles' Burning Time:
time(min.)

A

B A company

O B company

S RONIRIRINININIRINING
OFNWRAUIC~OXOORN W AUIT~I0XOOFNI

1 2 3 4 5 6 7 g Candles

a) Determine the mean of burnitignes of candles for each company

Mean

A Company €. .. .. ...

B Company é¢e¢é

b) Determine the mediasf burning times of candles for each company
Median

A Company é. ... ....

B Company ééée

c) Ahmet claims that candles of A Company have longer burning thmes
candles of B Company. Do you agree with Ahmet?...........cccoooiiiiiieeennnnnne
1 How did vou decide whether Ahmet is riaht or not? Explain vour reasonir

Figure 3.4The third question of the SAQ
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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' readird)iaterpretation 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 imh@tion 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 &émel mode concepts (Van de Walle, 2018)the

third part, it was xamined how studentaterpret average of a data set when a value was

subtracted fronthe data seEach part of 4th question is given in Figure 3.5 below:

Question 4:

4 N

Ages Ages of Children in a Par

A

I I I -
aa Y ¥ 7 . ' E Names

Seda Tuba Emre Burak Merve Murat

OFRLNWhAIOITO N

J

The above bar graph shows the ages of 5 children out of 6 children i &pswer the
following questions according to the above graph.

a) In this park, if the number of nine agedtildren 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) Sec claims that if Murat leaves the park, the average age of the children will
decrease. Do you agree with Seda? .........ccccccccvnnmirviiinniiniiniiin,
1 How did you decide whether Seda is right or not? Explain your reasoning.

Figure 3.5The fort question of the SAQ
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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
guestion assessed students' reading interpreting abilities D bar graphs. In the
guestion, 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 findsibpe 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.

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.

4 A
Number of Individuals in the Families
Number of individuals
11
10 A
9
8
7
6 -
5 -
4 4 m Number of individuals
3 -
2 -
1 -
0 - Families
&x’?f(\ 8@@ x’bé\‘ox'b@\ox'b@\\x’bé\\\x&\\x'b@v&'b@vx'b@
(—)
\_ J

- How did you construct your possible data set? Explain.

Figure 3.6 The fifth question of the SAQ
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In question 6, the students were asked if the workangs df 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 lygtakto 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 arithmedverage was

examined. The 6th question is given in Figure 3.7 below:
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Questiong:

Merve and Seda are tvamployees in the same workpla@ée working
durationsof Merve is given in the graghelow.

(" )

Working Times of Merve
Working Times(hour)
A
8
7
6
> m Merve
4
3
2
1
0 T T 1 1 Days
Monday Tuesday Wednesday Thursday Friday

-

J

If theworking days of Seda and Merve and #nighmeticaverage of their
working durations ar¢he samdor a week what could béheworking durationsof
Sedr? Show by drawing a bar graph in the drelaw. (Note: Seda and Merve have
different workingdurations on theame days.

4 )
Working Times of Sede
Workingtimes(hour)
A
H Seda
0 T T T T > Days
Monday Tuesday Wednesday Thursday Friday
. J

Figure 3.7 The sixth question of the SAQ
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To sum up, totally 6 questions were asked in the SAQ. Details regarding the pilot study
of the SAQ are explaed 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 eéch 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, -20Mnfal lsdmastee Sedgemty twa gighth h e
grade middle school sflents 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, itwas 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 o$ lrargiven bamgraph in
guestion3 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 basedeoddta 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 EduoatiDepartment of different universities to
provide content related evidenot validity of the instrumentThe experts checked the
guestions of the instrument based on the table of specification in terms of
appropriateness of each question and their absgct 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 MiddlecBool 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. Thef tgi#eification of

the SAQ questions is presented in Table 3.2 below:

Table 3.2Table of Specification for the SA@ems

Objectives

Students are able to calculate the mean of data.

1a, 1b, 2b, 2c, 3a, 4b, 6

Mean (Arithmetic

average) Students are abte interpret the mean of data.

1a, 1b, 2d, 3¢, 4c, 6

Students are able to calculate the median of data.

3b, 4b

Median
Students are able to interpret the median of data.

3c, 5

Students are able to calculate the mode of data.

4a, 4b

Mode
Students arable to interpret the mode of data.

4a, 5

Reliability is "the consistency of the scores
individual from one administration of an instrument to another and from one set of items

to another" (Fraenkel & Wallen, 2006.157). In order teheck the reliability of the

SAQ questions, the intenater reliability was computed since the questions are-open

ended and they were scored according to the rubric. The responses of 35 seventh grade
student sd ans we rgeaduateestudent sncrmathesndtics beglucation 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 quemns regarding the concepts of mean, median and mivda in

bar graphrepresentation Another goal of the study was to examine the students' errors
and misinterpretations regarding the concepts of mean, median and gnatein bar
graphrepresentatian 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 Natnal 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 thepedures of this study.

Subsequently, SAQ was administered to 28@ldle schoolseventh grade students
during the spring semester of the 28B4 academic year. The data were collected in
this time period because the teachers had just completed teduhistgtistics 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 abiqudspuof 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,S&@ was
administrated by a mathematic, a science, an English, a religion and an ethics teacher,
and the researcher #te same timeTo reach the purpose of the study, before the
administration of SAQ in each classroom, the researcher emphasized totittipgods

that it was of utmost importance to provide explanations to the methods of solution used
to answer each questiootally, 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 3.3Time Schedule for théataCollection Procedure

Date Events

January - November 2013 | Development of the instrument of the study

December 2013 Pilot studyRevision of the instrument
March 2014 Implementation of the instrument
April - March 2014 Analysis of the data

3.7 Analysis of Data

In order to answer the research questiofsthe 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 scoringesygstO to 4 points). The rubric, which is
presented bel ow, was prepared by taking
each item. Since some of the items required finding an average type and some of them
required the construction of a possible ds¢h 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, thqggints 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 wéeft blank or an irrelevant answer was given. Details of the

rubric are presented in Table 3.4.
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Table 3.4Scoring Rubric for Opended Questions

Codes Answer Types

0 Blank

Irrelevant answers

il
il
1 No interpretation
il
il

1 Incorrect answer with missing or urtaptable solution strategy
Constructed an inappropriate data set with missing or an unacce,

solution strategy with erroneous or correct drawing
i Incorrect answers due to operational error
i Misinterpretation

2 i Correct answer without explanation
i Construted appropriate data set without explanation w
erroneous/correct drawing

3 i Partially correct answer with an acceptable solution strategy
erroneous/correct drawing

4 i Correct answer with acceptable solution strategy

i Constructed appropriate data séth an acceptable solution stratei
with erroneous/correct drawing

i Correct interpretation

In order to answer the research questions of the study, participants' aoswets were
analyzed in the second part of the analysis. More specifically, canssters 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 mgiden in bar graphrepresentation
However, partially correct answers with acceptable solusitvategies, which were
coded as 3were not analyzed to identify used solution strategies to solve questions of
the SAQ since they were not accepted as totally correct anBs&tare identifying
students' solution strategjeBequencies ofstudents who gave correct answer with
acceptable solution strategies item 1-a, b, 2ab, 2c, 3a, 3b, 4a, 4b, 5 and 6vere
determinedbased on analysis @83 students' answers and are presented biela5 as

follows:
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Table 3.5Frequencies aftudents' correct answesgth acceptable solution strategy

Items l-a | 1-b | 2-ab | 2-c 3a | 3b 4-a | 4-b 5 6

Frequencieg

of correctl 74 | 63 | 88 | 75 | 94 | 53 | 128 | 107 | 28 | 65
answers

Then, their correct answers weemalyzel to identify students' solution strategies
regarding the concepts of mean, median and mode given in bar graph representations
For mean concept, using balance modsing averagéormula and guess and check
solution strategies were identified based lo@ &analysif resultsof the present study

For median concepusing numerical proceduredepending on graphepresentation

and guess and check solution strategies were identified. Lasyg numerical
proceduresgepending on graptepresentatianand 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 stugbgrticipants' incorrect answers with
unacceptable solution strategies and their r@gmetations, which were coded as 1,
were analyzedin order to identify 233 participants'errors and misinterpretations
regarding the concepts of mean, median and mode given in bar graph representations,.
Before identifying students' errorand misinterpetations frequencies obtudents who

gave incorrect answergith unacceptable solution strategfor items 1-a, xb, 2-ab, 2

c, 3a, 3b, 4a, 4b, 5 and Gandmademisinterpretations for ites2-d, 3-¢c and 4c were
determined based on analysisstiderts answergand are given in Tablg 6 as follows:
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Table 3.6Frequencies of students' incorrect answers for each item

Items 1- 2-
1-b 0 2c|2d|3a|3b|3c|4a|db|4dc| 5 6
a a

Frequencies
of incorrect| 71| 49 | 78 | 49 | 48|62 | 94| 30| 21|59 | 80| 76 | 98

answers

After the abovdrequencies 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 representatiofis.order to identify the students' errors regagdhe

mean concepitems 1a, kb, 2ab, 2c, 3a, 4b and 6were analyzedAccording to the
results,operational errorfinding total number, incorrect usage of averaging algorithm,
acceped close values, looking pattern and turned to find smallearged numbers, not
meeting all requirements of a problem, forming incomplete datansetyect reading of
values fromthe graph were identifiedas errors regardingnean conceptSecondly,
according to analysigf studentsincorrect answersrrors regating the median concept
were observed in the itemsb3and 5 Results of the analysis showed tlsitidents'
identified errors regardinmedianwere operational error, wrong destbn on unordered

data setwrong decision on ordered data set, wrong inteapicet of graph forming
incomplete data seipcorrect reading of values from gragmndincorrect largest and/or
smallest data values. Lastltrors regardingnode concepts were observed in iters 4

and 5. According to analysis of the resufiBjdentéthree error types were identified,
namely inappropriate usage of averaging algorithm, forming incomplete data set and
incorrect largest and/or smallest data valugssides,misinterpretations, which were

also coded as 1, were analyzébm items 2d, 3¢ and 4c in order to determine
participants'misinterpretations related to tl®ncepts omean, median and mogé/en

in bar graphrepresentatio
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3.8 Assumptions and Limitations of the Study

In this section, assumptions and limitations of the stuydiscussed. 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 intelligencé amcioeconomic 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 isgmgplnot one of the

random sampling methods, the selected sample could not be representative of a large

popul ation. According to Fraenken and Wal

en

considered representative of any population and should be avéidedait al |l possi bl

(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 demografanioation 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 questid®Q since when
different questions were asked related to these concepts, different findings could be
found. Furthermore, thdéindings of the present study wdmnited with the participants'

ability of selfexpression since items of the SAQ requisetwers of their solving

procesor their reasonindor given answer
3.9Internal Validity and External Validity
3.91 Internal Validity

Internal validity of a study refers to the differences observed in the dependent variable,
which occur due to the indep#ent 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
achievementest 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 praéesenkel & 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 cdlector 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
openended 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 éatarsoll
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, inienabetween 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 degreeidhb thle 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 representsrget
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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 generalizapitif a study is defined as "the degree [of]
generalizability of results of the study to other settings and condititires setting

under which a study takes placeo (Fraenkel &
the present study could be acceptedyeseralizable 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 purposs 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 cogoaptsin bar graph
represerdtiors. 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.

I n addition, the second purpose of this st
possible errors regarding the mean, the median and the mode cagigeptsn bar
graphrepresentation Therefore, the second section oktbhapter 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 wasitonvesti gate seventh ¢
possiblemisinterpretations regarding tlencepts ofmean, median and modgven in

bar graplhrepresentation Therefore, the third section of this chapter presents findings
regarding the studentshisinterpretations, Wwich were analyzed from the SAQ to

identify their misinterpretations while providing answers to the questions regarding the

conceptgiven inbar graphrepresentation
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4.1 Solution strategies

In order to identify the students' solution strategies, coaaswers 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 conceptsing balancemode| using average formula, and

guess and checktrategies were identified. Moreover, for the median concegng
numerical proceduresdepending on graplrepresentatiog and guess and check
strategies were identified. Lastly, for the mode concesih)g numeral procedures
depending on graptepresentatios andguess and chedtrategies 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 sokitiategies employed by

the students, for each item regarding the mean, the median and the mode concepts.

54



Table 4.1 Frequencies (and percentages) of solution strategies employed by students

providing correct responses

Mean Median Mode
) Depend Using Dependi
Using Using Guess Using ) ing on| Guess Numeri ng on | Guess
Numeric
Balance Average | and ol Graph | and cal Graph and
STR. Model Formula | Check Procedy Represen | Check Procedu | Represe | Check
(%) (%) (%) tations | (%) res ntations | (%)
res (%)
ITEMS (%) (%) (%)
ltem 1-a | 23 43 8 0 0 0 0 0 0
(31.1%) (58.1%) (10.8%) | (0%) (0%) (0%) (0%) (0%) (0%)
ltem1-b | 19 38 6 0 0 0 0 0 0
(30.2%) (60.3%) | (9.5%) (0%) (0%) (0%) (0%) (0%) (0%)
Item 2- | 8 60 20
ab (9.1%) 68.2%) | (227%) i
ltem2-c | 2 73 0
2.7%) 97.3%) | (0%) )
Item2-d | - - - - - - - -
Item 3-a 94
0 0 -
(100%)
Item 3-b 50 3 0
) ) ) ©4.3%) | G.7%) | ©%) ’
Item3-c | - - - - - - - -
Item 4-a 6 122 0
) ’ ’ ’ ) ) @.7%) | (95.3%) | (0%)
ltem4-b [ O 107 0 0 0 0 0 0 0
(0%) (100%) (0%) (0%) (0%) (0%) (0%) (0%) (0%)
ltem4-c | - - - - - - - -
Item 5 22 0 6 22 0 6
) ) ) (78.6%) | (0%) (21.4%) | (78.6%) | (0%) (21.4%)
Item 6 4 58 3
(6.2%) (89.2%) | (4.6%) )

As can be observed in Tablel4 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 meansusgd
average formulaas a solutiomethod. For example, 100% of the participants wsaagy
average formulasolution strategy to solve itemc3and 97.7% of them also used the

solution strategy to solve item@ On the other handjsing numerical procedures
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solution strategy is the mosefjuently used solution strategy for questions regarding the
median. To illustrate, 94.3% of the participants solved item 8/ means olusing
numerical proceduresolution strategyAdditionally, in item 4a, which is related to the

mode concept, 95.3% fothe participants solved it withdepending 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 oftcehtendency question.
4.1.1 Solution Strategies for the Questions Regarding the Mean

Solution strategies to solve questions regarding the mean were addressed iraifdms 1

b, 2ab, 2c, 3a, 4b and 6 since the questions required calculation of tteroka 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 weigy balancemode] using

averag formula andguess and check

Using Balance Model: The students who usedsing 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, andethrof 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, aalue from a data set is balanced with the other value in order to

obtain the mean of the data set.

According to Table 4.1ysingbalance model was most frequently used solution strategy
for item Za. It was seen that 23 students (31.1%) among 74 stugsadgsingbalance

model solution strategy to solve the item. Moreover, 19 students (30.2%) among 63
students also usagingbalance model as a solution strategy for iten In addition, 8
students (9.1%) among 88 students for iteab22 students (2%) among 75 students

for item 2c, 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 1a is presented below:
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Participant 19:
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Figure 4.1Answer of Participant 19 to itemd

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 ualwas 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 miiéied the ages of the other students using the same

procedure.

Like the previous example, Participant 129 solved item 6u&ing balance model

solution strategy and it is presented below:
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Participant 129:

7

Seda'nin Giinlere Gore Calisma Siireleri
Calisma siireleri(saat)
v 1- 1
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0 v 13 ) proseleeet=2% Giinler
Pazartesi Sal Carsamba Persembe Cuma

e  (Grafigi nasil olusturdugunuzu agtklaymiz.

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 thaher 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 solutiostrategy was most frequently used in the
guestions 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 usedsing avera@ 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 satd 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 canbe seen in Table 4.1, the solution strategy was most frequently used in-éems 3
and 4b. More specifically, it was observed that 94 students (100%) in itararl 107
students (100%) in item-d had used the solution strategy. Furthermore, to solve the
guestionsusing averageformula was also found to be used by 43 students (58.1%)
among 74 students in itemal 38 students (60.3%) among 63 students in itdm 6D
students (68.2%) among 88 students in iterab2 73 students (97.7%) among 75
students intem 2-c, and 58 students (89.2%) among 65 students in item 6. For example,

Participant 154 used the solution strategy to solve itena8 presented below:

Participant 154:

a) Her iki sirkete ait mumlarin yanma siirelerinin aritmetik ortalamalarini bulunuz.
. . 0 4 “.‘
Aritmetik Ortalama \ %J) -
. (7_. | »
1 1 o L s _— C
15 &— A Sitketi2 Q0O+ b+ 1 & T \ BT \F+ 19=120 40
i AOLA (&4 Yo T O N e
\p &—B Sirketi224:20+151 (AT LSH04 C = \%8 \2
= -,{- "Nk
42
s -
> < izt

Figure 4.3 Answer of Participant 154 to iteme8

As can be observed in the sadutt 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
usingavera@ formulasolution strategy. Additionally, it was seen that Participant 18 had

solved item 2ab correctly byusingaverag formulastrategy as presented below.
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Participant 18:

a) Grafige gére agagidaki tabloyu doldurunuz
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— S { )
2133 P - p ~ a ) -
b) Elifin 4. projeden aldig1 notu bulunuz. Cevabinizi nasil buldugunuzy aciklayiniz.
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Figure 4.4 Answer of Participant 18 to itemdb

As Participant 18 explained, firdt¢ 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 subtractedrfr®40 and the result was found as 95.

In general,using avera@ 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 thexdet.

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 correctnessmiaappess 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 solttaw@gy was most frequently
used in item Zab by 20 students (22.7%) among 88 students. Moreover, the solution
strategy were used to solve itermal1-b, and 6 by 8 students (10.8%) among 74
students, 6 students (9.5%) among 63 students, and 3 studé¥i¥ #hong 65 students

in item 6, respectively.
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To illustrate, the solution strategy used by Participant 28 is presented below:

Participant 28:
Soru 2:
e ~N
Elif'in Proje Puanlari
Puanlan o0
D
12(/)6\ )
¢ &
f\V O \

# Elif'in Proje puanlan ,ﬁ?

Projeler s

Proje 1 Proje 2 Proje 3 Proje4  Aritmetik
ortalama

Elif matematik dersi i¢in toplam 4 proje hazirlamistir. Yukaridaki siitun grafiginde ilk
li¢ stitun Elif'in matematik dersi i¢in hazirladigi 3 projeden aldigi notlar1 gostermektedir.

Grafikte 4. projeden alinan not gosterilmemistir. Son siitun ise ayn1 ders i¢in hazirladig1 dort . 2
projenin aritmetik ortalamasini gstermektedir. Bu grafigi dikkate alarak asagidaki sorulari /‘—,n\{/
n L2

cevaplaymiz. % L 257
a) Grafige gore asagidaki tabloyu doldurunuz é/{

1.proje notu QO %(7 O 38

2. proje notu 9 0 %O

3. proje notu 5 \/9

Proje notlarimnmn aritmetik ortalamasi 74 5 q)/L
b) Elif'in 4. projeden aldigi notu bulunuz. Cevabinizi nasil buldugunuzu aciklayiniz. 35

0 - a
4. {)rOje r\o-\»u :SS ; 96@
= %O
‘56 O ;O

¢) EIif :*3. Proje notum 20 puan fazla olsaydi; projelerimin aritmetik ortalamasi 4 puan —%% o

Figure 4.5 Answer of Participant 28 to itemdb

In order to solve item-ab, Participant 28 chose 80 for thessing 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 theseevalso 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 iténislanother example

that is presentelelow.

Participant 132:

(" . " )
Izci Kampindaki Ogrencilerin Yaslari
Yas
!C)f.\ ———
@ + - |
¥ S )
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Cev 1bml/1 nastl olusturdugunuzu agiklayiniz.
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Figure 4.6 Answer of Participant 208 to itemil

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-gefHs, 1

3-b, 4b and 5 because itemdland 1b 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 iteras tb and 4b 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 acceptabnsstrategy

were analyzed and it was found that there were three types of solution strategies used,
namelyusing numerical procedurgdependingon graphrepresentatiog, andguess and

check.

Using Numerical Procedures Theusing numerical proceduredution strategy is used

in the following way:Numerical values of a data set argedin the strategyto find

median of a data sdf a data set is given on a graph, students obtain values of the data
set from given graphThen, vwhen the values are listed 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 distributiomtlncludes 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 4ukjng numerical procedursslution strategy was used

by most of the studesitwho 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 solveeitn 3b by 50 students (94.3%) among 53 students. In addition,
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22 students (78.6%) among 28 students ugssidg numerical proceduresolution
strategy for item 5. To illustrate, Participant 75 ordemadherical values ofhe given
data sets and then fourttetmiddle score of the data sets to solve itelo Bhe solution

strategy used by Participant 75 is presented below:
Participant 75:

b) Her iki sirkete ait mumlarin yanma siireférinin ortancaﬁ\ﬁm (medyan) bulunuz.

Ortanca (medyan)

A sirketi. L 6.0 § 2, e 1L 16, 1N, (&) 18 ik 6,0
B Sirketif (5... L N i
.;.\ \w L0, 1} 20, e 2 ?,L\_’Elo
w } 3 g E—»"—-—w\e
Y Ahmat: A civlratinin marmalaee T Alldoadloo o weo 3.1 —‘—7—»9:’. e

Figure 4.7 Answer of Participant 75 to itemi3

As can be seen from the solution strategy used by Participant 75hérstrdered the
burning times of the candles for each company and then found the hgdbmtdf the

middle values for these data sets. Similarly, Participant 163 used the solution strategy
and it is presented below:

Participant 163:

Ailelerdeki Kisi Sayisi

11 K)igi SEVISL.. . el

B
o

m Kisi Sayisi

Aileler

O R N WA UVON®O
< pge e

1.aile 2.aile 3.aile 4.aile 5.aile 6.aile 7.aile 8.aile 9.aile 10.aile

|
SO

e Ornek veri grubunuzu nasil olusturdugunuzu agiklayiniz.
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Figure 4.8 Answer d 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 studysing numerical procedursslution strategy &s most
frequently used in the questions which required directly finding the median of a data set.
The other solution strategy wagpendingon graphrepresentationand the details of

this strategy is given below.

Depending on Graph Representatiors. The fudents who usedependingon graph
representatiomsolution 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 graph.

As can be observed in Table 4.1, only 3 students (5.7%) among 53 students used
dependingon graphrepresentatiamsolution strategy to solve itemi8 For example,
Participant 18 ordered the given data set on the graph and then found the méuan of
data set to solve item-8 To illustrate, the solution strategy of Participant 18 is

presented below:
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Participant 18:

Soru 3: A sirketi ile B sirketinin tirettigi mumlarin yanma siireleri karsilagtirilmak
isteniyor. Bunun igin her iki sirketten de ayni boyutlarda 8 mum aliniyor ve her biri ayn1 anda
yakiliyor. Sirketlerden segilen mumlarin yanma siireleri asagidaki siitun grafiginde
gosterilmigtir.

Mumlarin Yanma Siireleri
Yanma siireleri (dak)

1
28 |——

® A sirketi

OB sirketi

)

<

Mumlar

G
ORENWANON®KO

’

a) Her iki sirkete ait mumlarin yanma siirelerinin aritmetik ortalamalarini bulunuz.
Aritmetik Ortalama

A Sirke(i../l)g.....

B Sirketi.. £4...

b) Her iki sirkete ait mumlarin yanma siirelerinin ortancalarin (medyan) bulunuz.

Ortanca (medyan)

ASirkcli..4 Lf 5‘
B Sirkeli.../ﬁ;’..

Figure 4.9 Answer of Participant 18 to itemi3

As can be observed in the solution of Participant 18, he orderedlties ¥ar 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 Partidipaand it is

presented below:
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Participant 54:

Soru 3: A sirketi ile B sirketinin tirettigi mumlarin yanma siireleri karsilastirilmak
isteniyor. Bunun igin her iki sirketten de aym boyutlarda 8 mum aliniyor ve her biri aym anda
yakiliyor. Sirketlerden segilen mumlarin yanma siireleri agagidaki siitun grafiginde
gosterilmistir.

7 TN
Mumlarin Yanma Siireleri
Yanma stireleri (dak)
30 A
28
27
26 :
25
24
23
22
21
20
19
18
16
%5 o A sirketi
14
13 irketi
i OB sirketi
11
10
9
8 o
7
6 =
5
4 -
3
2 i
(1) Mumlar ;
5)
1
\s 7

a) Her iki sirkete ait mumlarin yanma siirelerinin aritmetik ortalamalarini bulunuz.
Aritmetik Ortalama

A Sirketi. 15....
B Sirketi..{.é...

b) Her iki sirkete ait mumlarin yanma siirelerinin ortancalarini (medyan) bulunuz.

Ortanca (medyan)

Asiketi[6:5
B Sirketi. 1.6...

Figure 4.10Answer of Participant 54 to itemi3

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 onrtdps.g-urthermore,
another solution strategy was guess and check to solve the questions regarding the
median. The details regarding this strategy is presented below.

Guess and CheckSimilar 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
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correctness or appropriateness of their answer based on the given conditions in the
question. Tallustrate, 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 correfcthess
constructed data set for the given median. Thus, the participant used guess and check

solution strategy to solve item 5.

Participant 139:

< ™\
Ailelerdeki Kisi Sayisi
Kisi sayisi
11 A
PO o e e e .':_“"“- Rk
) ’
9 1 !
3 f 4
8 —1 3
; | |
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5 { | . . 3 i Kisi Sayisi
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Figure 4.11Answer of Participant 139 to item 5
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According to the explanation of Participant 21, it wasesied 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:

Ailelerdeki Kisi Sayisi
11 Kisi sayisi
A
10
9
8 T\
7 ‘5
By
6 AN |
5 i\*; = Kisi Sayisi
:"i?’f
4 - \‘.":‘
N
3 ;_f\i
2 4 —
g . x;\
R Aileler
0 + — ; :
1.aile 2.aile 3.aile 4.aile 5.aile 6.aile 7.aile 8.aile 9.aile 10.aile J

Figure 4.12Answer of Participant 21 to item 5

In generalthe 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

Solutionstrategies regarding the mode questions were identified in iteang-t, 4-a,
4-b and 5 because itemsaland 1b required the construction of a possible data set for

the given averages andbdrequired finding the average of a data set; the remaining
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guestions required the construction of a possible data set for a given mode. However,
none of the students accepted the mode as an average for-igerb and 4b since all

of the students used the mean as the average to solve these items. According to th
results of the study, the questions related to the mode could be solved by means of three
types of strategies, namelysing numerical proceduresdepending on graph
representatios, andguess and check

Using Numerical Procedues The studentsvho usedusing numerical procedures
solution strategy to correctly solve the questions related to the mode found the most

frequent value in a given data seitsed on numerical values of a data set

As presented in Table 4.1, this solution strategy by used bydérgs (4.7%) among
128 students to solve itemadand by 22 students (78.6%) among 28 students to solve
item 5 correctly. For example, Participant 4 used the strategy in order to solveatem 4
as presented below:

Participant 4:

a) Buoyun parkinda 9 yasindaki gocuklarin sayisi digerlerinden fazla olduguna gore,

Burak kag yasindadir? Cevabimzi nedenleri ile agiklayiniz. x

- b \ | /‘ ~N o
66&0; S menue =174 béa(a LQ“[ "l(,;/z.)r/'f(f_:. sr@f' e
TV =\0 rmutot = } i veer-dor o (& ro’%,r\ MOS s ';
~£[‘.,\(:> e Q C R A dofl J e SR BF o ootk A o
2 : - ¢ i <

15, ‘_7"‘ il £ 1o 87, v for - §

S

Figure 4.13Answer of Rrticipant 4 to item &

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 yedrs ol

As another example, the solution of Participant 104 is presented below:
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Participant 104:

P —— —
Ailelerdeki Kisi Sayisi
1 KI\§I sayisi
10 4—
9 -4 —
8 = e
¢ RS A fZ é
6 - — =
5 = Kisi Sayisi
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Figure 4. 14Answér of Part|C|pant 104 to item 5

As Participant 104 stated, she selected 6 individuals from the third family to have 6 as
the most frequent datu in the constructed data set. Another strategy used to solve the
questions regarding the mode waéependingon graphrepresentation The details of

this strategy are presented below.

Depending on Graph Representatiors. The students who usetkependingon graph
representatian 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 Tabfel, 122 students (95.3%) among 128 students used this
strategy to correctly solve itemal For example, Participant 52 directly used the values
on the graph to find the missing value in itera.4Thus, according to the graph, the age
of Burak was predied to be 9 to obtain the most frequent age in the group. The solution
strategy utilized by Participant 52 for iterrads presented below:
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Participant 52:

Soru4:
Yaslar i
Yaslar
15 o _—
| 12 §— e - S
11 44— I NN
! 10 o me——— —————————————
9 A —
8 .L? episnins S
4 A ® Yaslar
o i i
3.5 W = .
2 A 57 e S
7 l |
17 ’ig isimler
0 4 v T 5 :
Seda Tuba Emre Burak Merve Murat

A

Yukaridaki siitun grafiginde bir oyun parkinda oynayan 6 gocuktan 5’inin yaslari
gosterilmektedir. Asagidaki sorulan yukaridaki grafige gore cevaplandiriniz.

a) Bu oyun parkinda 9 yasindaki gocuklarin sayisi digerlerinden fazla olduguna gore,
Burak kag yasindadir? Cevabinizi nedenleri ile agiklayimz.

D urokto 3 Q\jaimdo)im Godnd & wesa dok
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Figure 4.15Answer of Participant 52 to itemat

Similarly, Participant 161 identified the age Bfirak 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 bytiBigant 161 is given below:
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Participant 161:

Soru 4:
e
Yaslar

Yaslar
153 3
12 = 5
11 — B
10 —
9
8
7
6 # Yagslar
5
4 4
3 E———— — =
3 " isimler
0 o ' T " T v ¥

Seda Tuba Emre Burak Merve Murat

J

|

Yukaridaki siitun grafiginde bir oyun parkinda oynayan 6 ¢ocuktan 5’inin yaslari
gosterilmektedir. Asagidaki sorulari yukaridaki grafige gore cevaplandiriniz.

a) Buoyun parkinda 9 yasindaki ¢ocuklarin sayisi digerlerinden fazla olduguna gore,
Burak kag yasindadir? Cevabinizi nedenleri ile agiklayiniz.
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Figure 4.16 Answer of Participant 161 to itemat

In general, according to the results of the studydémgendingon graphrepresentatios

solution strategy was most frequently used to solve the quegtimvided 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 sgwestions

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, whéara ques
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 sttgl€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:

-~ N\
Ailelerdeki Kisi Sayisi
Kisi sayisl
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Figure 4.17Answer 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 Srneguhe 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 posglhla 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 studebte poss
errors regarding the concepts of mean, median and ngdeen in bar graph
representation 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 studentsrrors 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 meamnedian and mode, name&gorithmically based
errors, errors based on formal knowledgad other errors. Firstly, algorithmically

based error is an error type which is generally made in the arithmetic operations
(Ashlock, 1990). In this study, many stude 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 meandiae 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. Mapecifically, for the mean concept, the surbup of
algorithmically based errors waperational error.In addition, the sugroups of errors

based on formal knowledge wefiading total number, incorrect usage of averaging
algorithm, accepted close vakielooking patternandturned to find smaller or larger
number.Lastly, the subgroups of other errors weret meeting all requirements of a
problem, forming incomplete data send incorrect reading of values from graph
Moreover, for the median concepperational errorwas also defined as a sghoup of
algorithmically based errorsyrong decision on unordered data set, wrong decision on
ordered data seandwrong interpretation of graplwere defined as sugroups of errors

based on formal knowledgeand subgroups of other errors weferming incomplete
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data set, incorrect reading of values from gragoid incorrect largest and/or smallest
data valueslin addition to these, the students' errors in the questions regarding the mode
concept,inappropriaie usage of averaging algorithmas observed as a sgboup of

errors based on formal knowledge, afmiming incomplete data seand incorrect
largest and/or smallest data valuesere subgroups of other errors. Errors regarding
each concept are presentadhe following parts.

4.2.1Errors Regarding the Mean Errors related to the mean were identified in items
1-a, kb, 2ab, 2c, 3a, 4b and 6 since the calculation of the mean of a data set or the
construction of a possible data set for a given mean regréred in the items. In order

to identify the students' errors, wrong answers were identified in itess 2c, and 3

a, which required the calculation of the mean, and in itelm which required the
calculation of the average of a data set. Moreawer construction of inappropriate data
sets were identified in itemsd, 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 analysesperational error was observed as an
algorithmically based errors. Moreovefinding total number incorrect usage of
averaging algorithmaccepted close valugwoking patternandturned to find smaller

or larger numberswere observed as errors basedformal knowledge. Lastlynot
meeting all requirements of a problerforming incomplete data seand incorrect
reading of values from grapiere accepted as other errors of the questions regarding
the mean. Frequencies and percentages of these errorstismhioy the participants are

presented in Table 4.2 below.
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Table 4.2Frequencies (and percentageshaf student®rrorsregarding the mean

Algorit
hmicall
ERR y Errors Based on Formal Knowledge Other Errors
ORS Based
Errors
ITEM
Turned Not In-
S . . Form:
to Find | Meeting . correct
o Incorrect ing )
) Finding Accepted Smaller All Reading
Opeatio Usage of . ) Incomp
Total ) Close Looking or Require of Total
nal Error averaging lete
Number ) Values Pattern Larger | ments of Values
algorithm Data
Numbe a from
Set
rs Problem Graph
Item 0 17 5 3 0 41 4 1 0 -
l-a (0%) (24.0%) | (7.0%) (4.2%) (0%) | (57.8%)| (5.6%) | (1.4%) | (0%)
Item 0 11 1 9 0 26 2 0 0 49
1-b (0%) (22.4%) (2.0%) (18.4%) (0%) (53.1%) | (4.1%) (0%) (0%)
Item
11 0 59 1 3 0 0 4
2-ab 0 (0%) 78
(14.1%) (0%) (75.6 %) | (1.3%) (3.9%) (0%) (0%) | (5.1%)
Item
) 5 0 19 0 0 0 25 0 0 49
-C
(10.2%) (0%) (38.8%) (0%) (0%) (0%) (51.0%) (0%) (0%)
Item 46 9 0 0 0 0 0 5
2 (3.2%) 62
3-a (74.2%) | (14.5%) (0%) (0%) (0%) (0%) (0%) (8.1%)
Item
4b 23 8 26 0 0 0 0 0 2 5o
(39.0%) (13.5%) | (44.1%) (0%) (0%) (0%) (0%) (0%) (3.4%)
Item 6 3 0 0 0 7 0 83 2 3 o8
(3.1%) (0%) (0%) (0%) (7.1%) (0%) (84.7%) | (2.0%) | (3.1%)
Total 68 45 112 13 10 67 114 3 14

As it can be seen in Table 4.2, there was ome tof 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 commaworetype 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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second frequently made error that the stusliad committed. It was seen that 59 out of

78 students in item-3db and 26 out of 59 students in itenb 4dised the averaging
algorithm incorrectly. In addition to these, the third common error type was the
‘operational error'. For example, 46 students.2%)} among 62 students made
operational error in item-8. Examples of students' wrong answers and their constructed
inappropriate data sets are presented below under the category headings given in Table
4.2.

4.2.11 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 additionothis err
was seen in items-&b, 2c, 4b and 6. In item b, 11 students (14.1%) among 78
students; in item -2, 5 students (10.2%) among 49 students; in item 23 students
(39.0%) among 59 students made an operational error. Lastly, an operational srror wa
made by 3 students (3.1%) among 98 students in item 6. To illustrate, the response of

Participant 93 to item-2 is given below:
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Participant 93:

S RN JEE - e )
i Mumlarin Yanma Siireleri
Yanma siireleri (dak) [
30 —
gg N — it S s G SR el
o S S S 1S Ay ‘
2 = ot
25
% - Lo
22 — 1 (ST ——C <
== = e
19 2o e
i X
1 === o
: 15 —_— LR - W A sirketi N e
(>, - 1 =] sirketi Lg”
U 5 V= S OB sirketi 1
o) 1 == ;
L™ 18 - b——- /
0 : = — _ / Y
6 £ s
/(/ s b — a )
A, gk == =
7 /s e 3 B s et “ o)
/ (1) Mumlar 172 }‘T,
7 1 2 3 4 > A3
/k b, e
‘.' ) .y . . . a. > . . ) 3‘\
A\'» a) Her iki sirkete ait mumlarin yanma siirelerinin aritmetik ortalamalarim bulunuz. B ¥
\ Aritmetik Ortalama 3
| [ RLHnelK Urialama 2%

o A sirketi. AL ;S

B S§irketi. 1503 S

)
\ 1D \( b) Her iki sirkete ait mumlarin yanma siirelerinin ortancalarini (medyan) bulunuz.
LA T Ortanca (medyan)

Uy = B g i ‘
/ A sirketi A2, &), 1€, 12 ,1C
, B §irketi. 3, 40 , 7 @ o 2D AT
> /= A ) e SuL, S
N Mz e e S o

Figure 4.18Answer of Participant 93 to itema

As can be seen in the solution provided by Paditi®3, 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 tinné€ompany 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 tlusiaritem 4b.
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Participant 27:

b) Bu gocuklarin yaslarinin ortalamasi kagtir?

—~
hy
)
<
ot
-

10454919+ 1432y 012

t 5

Figure 4.19Answer of Participant 27 to itemlz

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.
4.2.1.2Errors Based on Formal Knowledge

In this study,finding total number, incorrect usage of averaging algorittaocepted
close values, looking patterrgnd turned to find smaller or largemumberswere

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 constrgsitdepo

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 aathie 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 4.2his error type was made in itemsal1-b, 3a, and 4b, and this

error was most frequently seen in itema &nd 1b. In item %a, it was observed that 17
students (24.0%) among 71 students had made this error. Additionally, it was observed
in the resposes that 11 students (22.4%) among 49 students in #bm91students
(14.5%) among 62 students in itera3 8 students (13.5%) among 59 students in item
4-b had made this error. For example, the errdimgling total numbekvas seen in the

response fvided by Participant 57 in item& which is presented below:
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Participant 57:

izci Kampindaki Ogrencilerin Yaslari
Yas

. ) _ Ogrenci
1.68r 2.08r. 3.0gr. 4.0gr. 5.08r. 6.068r. 7.6gr. 8.0gr.
N J
| &
. >< &
Cevabimizi nasil olusturdugunuzu agiklayiniz. o o

ALLAL D 10 LaANUL 2o LALLM . ... . DRD |
SONNA ontalome  pee™NT  werip B SOM
olust; odlan

Figure 4.20Answer of Participant 57 to itema

As Participant 57 stated, she found the total number of values as 120 first and then tried
to find a possible data set. Hovegywhen 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 madefiding total numbererror type in item
1-a as presented below:
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Participant 17:

Soru 3: A sirketi ile B sirketinin tirettigi mumlarin yanma siireleri karsilastirlimak
isteniyor. Bunun i¢in her iki sirketten de ayn1 boyutlarda 8 mum alintyor ve her biri ayni anda
yakiliyor. Sirketlerden segilen mumlarin yanma siireleri asagidaki siitun grafiginde
gOsterilmistir.

SR g i
Mumlarin Yanma Siireleri

Yanma siireleri (dak)

25
28
27
26
25
22
23
22
21
20
19
18
17
16
15 ® A sirketi
14
S OB sirketi
11
10
9
8
7
6
5
4 1
3
2
(1) Mumlar
\.
20 N g
12 20 a) Her iki sirkete ait mumlarin yanma siirelerinin aritmetik ortalamalarint bulunuz.
1€ 1H Aritmetik Ortalama
W42
z 7 A Sirketi. | 2Q
) 915 B Sirketi. |28

=5
S\

iL’_ b) Her iki sirkete ait mumlarin yanma siirelerinin ortancalarim (medyan) bulunuz.
o (23 Ortanca (medyan)

Figure 4.21 Answer of Participant 17 to itemd

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, respetyiv

Another error based on formal knowledge whg 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 iteras b, 2ab, 2c, 3a, and 4b.

In addition, as seen in Table 4.2 the incorrect usage of averaging algoritmvas

most frequently made in item-& by 59 students (75.6%) among 78 students.
Moreover, the error was done by 5 students (7.0%) among 71 students inatein 1
students (2.0%) among 49 students in itetn 19 students (38.8%) among 49 students

in item 2c, 2 students (3.2%) among 62 students in item 36 students (44.1%)
among 59 students inld As an example, the answer of Participant 29 for itdmcdn

be given.

Participant 29:

b) Bu ¢ocuklarin yaslarinin ortalamasi kagtir?

o i s C, /N ~ ., a )

Q-\ /O\ o ) S 1 E S (‘\/-' s :’/»4'\’ i \
OV Iy 30 IS (o 18 UYip)
-5 [ — J

AT

I~ |

Figure 4.22 Answer of Participant 29 to itenilat

As seen fromhe 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 Participeno tri

use the averaging algorithm of the mean but the application was incorrect. Similarly, in
the below example, Participant 171 made itierrect usage of averaging algorithm
error in 3a since first the total number was found and then the total numasedivided

by 10, which was not the number of values for the data set.
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Participant 171:

Mumlarin Yanma Siireleri
Yanma siireleri (dak)
3

29 M e e P T S g TR o L S S

A sirketi

OB sirketi

P

ORNWANONEODR
|

!

1[; T
| {

o | )5

/—g //z,/ a) Her iki sirkete ait mumlarin yanma siirelerinin aritmetik ortalamalarim bulunuz.

Aritmetik Ortalama s g

j ;)707 A$tlrk:t| % 77
B Sirketi.

1Dy, = Jr~

N

.
-
N\
Y

b) Her iki sirkete ait mumlarin yanma siirelerinin ortancalarim (medyan) bulunuz. 70 Vi }
7 Ortanca (medyan) \) 7’3(
-—C A Sirketi.. 5)
7 B Sirketi..

733

c) Ahmet: “A sirketinin mumlari B sirketine gére daha uzun siire yanar.” iddiasinda /)53
bulunuyor. Sizce Ahmgy iddiasinda haklimi? 72 6

e Buiddiamn dogru olup olmadigina nasil karar verdiniz? Cevabimzi agik bir 677 ()
sekilde belirtiniz. !

Figure 4.23Answer of Participant 171 to itema3

In addition to these, there were different versions ofrtberrect usage of the averaging
algorithmerror type in item 2ab. Each version is explained with examples. To illustrate,
the response of Participant 98 is given below.

84



Participant 98:

a) Grafige gore asagidaki tabloyu doldurunuz

1.proj D~
pl’O_j-C notu 50
2. proje notu Q0
3. proje notu = <
Proje notlarinin aritmetik ortalamasy- e J)
T T T AT R — e ~] &9
2 z J | ——

Fo
gsnl buldu%um;zu aciklaymiz.

b) Elifiin 4. projeden aldig1 notu bulunuz. Cev:
RSN . SOdelomay

1.Pccye noty W2 O o
%, £ 2z teofleyd G boldu M

=
o IR 4

Figure 4.24Answer of Participant 98 to itemdb

Participant 98 added the first, second, and third project semashe 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 itesh. 2As an example, the

response of Participant 48 presented below:

Participant 48:

a) Grafige gore asagidaki tabloyu doldurunuz

1.proje notu i

2. proje notu

3. proje notu

Proje notlarinin aritmetik ortalamast | et -,

b) Elifiin 4. projeden aldig1 notu bulunuz. Cevabinizi nasil buldugunuzu agiklayiniz.

% Vs 4 =8 ' W, N 2 g Wl »
ﬁ.""\ em | N M. ™ 2.0 % ™ Y& £ N AL T
¢ (= S LN s 00

Figure 4.25Answer of Participant 48 to iteméab

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 itefab2 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:

a) Grafige gore asagidaki tabloyu doldurunuz

1.proje notu q0
2. proje notu 80
3. proje notu S
Proje notlarinin aritmetik ortalamast | bY

b) Elif'in 4. projeden aldig1 notu bulunuz. Cevabinmizi nasil buldugunuzu agiklayiniz.

ap2 (1 / v " | ' ‘
v § /§/‘ once wy Iﬂfo\)e pstons i’o@b‘;‘m Sonce 4@ 60:"3, &l
ye& Dohus Crt{_/J(,: I ' ; g -

Figure 4.26 Answer of Participant 7 to itemab

On the other hand, Participant 1 made another version of this error in idmAS
Participant 1 stated, when he tried to solve the item, he added the first, second, third
project scoregnd 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:

a) Grafige gore asagidaki tabloyu doldurunuz

0
1.proje notu 20 N
2. proje notu 90 ¥? .
. a5 !
3. proje notu 75 = P
Proje notlarinin aritmetik ortalamasi 330 ~330

b) Elifin 4. projeden aldig1 notu bulunuz. Cevabimzi nasil buldugunuzu agiklaymiz.

?ch) 232 //5‘ Bityn ?(oaﬂ«r A4 o’;‘f‘vk("‘f “
66,

i\ O Iy e O Gans S o
25 AR L
- )

L
4 _§,ﬁ,,—

e o
Lt LYo L S, VG A.3 ‘.}‘-\‘R (R PRI S| SENOEL LY oL SR IS 1) SRS L [

- _ } IV

Figure 4.27 Answer of Participant 1 to item&b
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Anothe error, which was a sufroup of errors based on formal knowledge regarding
the concepts of mean, wascepted close valuasd this error type is defined under the

following heading.

Accepted Close ValuesThis error type was observed when the studeidd 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 studesy$edca 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 calculiedjuotient 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, thaccepted close valuesror was rarely made when compared

with the other error types. Thésror 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, b and 2ab respectively.

The following response of Participant 74 for itera Is an example for this error.
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Participant 74:

e e . R —
Izci Kampindaki Ogrencilerin Yaslari
Yas
AN
-')j
.'b‘
$a Sn l i
2\ d ' R
Ml
A \tob f
hos 0 ; = . ’ . . 2 Ogrenci
AN 9 1.68r 2.68r. 3.68r. 4.68r. 5.08r. 6.06gr. 7.68r. 8.08r.
&) "‘-(/‘($
*| 2
AT\ :
1o i)
— 3
Cevabinizi nasil olusturdugunuzu agiklayiniz.
mn \
v OFL O

.........................................................................................................

Figure 4.28Answer of Participant 74 to itemd

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 aaccepted close valuesror 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 itefm Which is presented below,
was similar that of Participant 74.
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Participant 98:

b) Yas ortalamasi 15 olan 8 kisilik izci kampinda bir Kisinin yagi 17 ise; digerlerinin

-.\}\’2151?12@1@ olabilecegini ésaéldaki‘ alana siitun grafigi gizerek rnek bir veri._
grubunda gosteriniz. (Not:.Bu kamptaki 6grencilerin hi¢birinin yasi 15 degildir.)

o oG = et
Izci Kampindaki Ogrencilerin Yaslari
Yas
A
K
\
¢ ; 3 . C.
%17 \ % @) FrE L 2
=== A @ / - . ‘t,
l "v ~ £ £ ___72}//’//’_”* .
[ Y7 N\ fL\ ‘ 3 N (7‘ ;
e - o S XY,
iz I =/ | P o
i g ( ’{ /| T } 1
! I | \ -
0 v ¥ 102 1 " L] v RS ) N K Oérenci
1.68r 2.6r. 3.08r. 4.68r. 5.08r. 6.08r. 7.08r. 8.68r.

Cevabinizi nasil olusturdugunuzu agiklayiniz.

Figure 4.29Answer of Partigpgant 98 to item 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 nilaender of the division

operation was 4. Thus, Participant 98 made the accepted close values error ibitem 1

since the quotient was found to be 15 but remainder was not zero.

Another sukerror of errors based on the formal knowledge category lo@lsng

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 whesome of the values in a data set were given and a missing value was

asked for.

As can be observed in Table 4.2, theking patternerror was committed in item-&b
and 6 by 3 students (3.9%) among 78 students and 7 students (7.1%) among 98 students,
resgectively. To illustrate, Participant 231 made kbeking patternerror while trying to

solve item 2ab. His response is presented below:

Participant 231:

a) Grafige gore asagidaki tabloyu doldurunuz

1.proj
proje notu ’ g(’j‘
2. proje notu %
3. proje notu A —
. X 25
Proje notlarinin aritmetik ortalamasi @@ -

7

b) Elifin 4. projeden aldigi notu bulunuz. Ceyabimzi nasil bukluQunuxu agiklayiniz.

, . , )
(}\‘, pro>e - fﬁ()‘vtdﬂn ?@& ~ \\ QC)\L IC)/\ /O = /\/'//

| S

/'i L 5 ’%J( (o

— ~/

Figure 4.30Answer of Participant 231 to itemé&b

It was claimed in the explanation of Particip@31 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 vaasincrease 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 equal85. Thus, théooking patternerror 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

Seda ile Merve’nin ¢alistiklart glinler ve ¢alisma stirelerinin aritmetik ortalamasi ayni ise
Seda’nin ¢alisma siireleri ne olabilir? Asagidaki alana grafik ¢izerek gosteriniz. (Seda ve
Merve’nin ayni giinlerde ¢alistiklari stireler farklidir.)

Seda'nin Giinlere Gére Calisma Siireleri
‘ Calisma sureleri(saat)
Y OJ\'JJ’(T
R . 7T
L 3 ~ - { 1
. " E 3 |
I = | { { { !
s > — - — . ‘g | - } 3 “ -
(+ %‘ i - 4’ % # Seda
| 34 k z |

o i I B { i

| | ' 1 A

= § l g \ 7

H o 7 4 4 il . L
Hi % ' Giinler
Pazartesi Carsamba Persembe Cuma

Figure 4.31Answer 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 incredsene 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 notoggjate 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 posgldata
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 1a and 26 students (53.1%) among 49 students n itém Fbor

example, Participant 207 was one of the students who made this error inatem 1

Participant 207:

izci Kampindaki Ogrencilerin Yaslari i

|

\J
/

l
|
) ~—+2 Ogrenci

4.08r. 5.08r. 6.08r. 7.08r. 8.08r.

R Ll T T R £ P /A LV~ PR IR AL st £ £ 7 AR g B R R R PP

Figure 4.32Answer of Participant 207 to itemél

As Participant 207 said, eaghlue 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 errortofned to find smaller or larger numbevgas made. The

following response dParticipant 226 exemplifies this error in itenip 1
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Participant 226:

b) Yas ortalamasi 15 olan 8 kisilik izci kampinda bir kisinin yas1 17 ise; digerlerinin
yaslarimin kag olabileceg@ini agagidaki alana siitun grafigi ¢izerek ornek bir veri
grubunda gosteriniz. ( Not: Bu kamptaki grencilerin higbirinin yagi 15 degildir.)

izci Kampindaki Ogrencilerin Yaglari

Yas

A
W
2cd—-- © T T =
2y 4% — -~ e & - = i — i _ F"" ~
JIh S S s o e e e e
e e B o b, e,
ga ks e e e e ’
(DT = == P — } ‘
i 1 i

. ' 71 Ogrenci
1.68r 2.08r. 3.08r. 4.0gr. 5.08r. 6.08r. 7.08r. 8.08r.
N 7

Cevabimzi nasil olugturdugunuzu agiklayimniz.

f ... Biciar ... yRGIAL.. 7 {;/@\%zawm

Figure 4.33Answer of Participant 226 to itemil

As Participant 226 stated, each value of the constructed data set was larger than the
given mean in the problem context. Thus, tilmmed 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.

93



4.2.1.3 Other Errors

In this study, other errors regarding the mean concept negnemeeting all requirements

of a problemforming incomplete data sahdincorrect 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 anel h&e/
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 studdatthereot
meeting all requirements of a problesnror in item 6. For instance, the response of

Participant 193, which is presented below, exemplifies this error:

Participant 193:

-_—

Seda'nin Giinlere Gore Calisma Siireleri
Calisma siireleri(saat)
i A4
+0 ® Seda
-5
—7
L
0 ) ) * 4 7 Giinler
Pazartesi Sah Carsamba Persembe Cuma
* Grafigi nasil olusturdugunuzu agiklayimz.
mgﬁ?ﬁm@ @W UAD. ;J)%«Q,m Uﬂ ..... w@q\m’ O,(\A
jﬂ&ﬂ?ﬁmfw&fo% <. Voyehdarinm. Risof.. &Wm ......
i citier] A 78
.............. A q‘)@\»& R R R S T R e s s T rer e e

Figure 4.34Answer of Participant 193 to item 6

As can be seen from theagth 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 meanf 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 oinot meeting all requirements of a problgras made.

Participant 233 also made this error sinice 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:

Seda'nin Giinlere Goére Calisma Siireleri

Calisma siireleri(saat)

i

{.

) re—

| S
|

[ —
i | S

I

] j S
L T —

Pazartesi Sali Carsamba Persembe Cuma

# Seda

i

B® v Tl o
L

>

o —"‘—L—\
i

' Glinler

Figure 4.35Answer of Participant 233 to item 6

Furthermore, this error was made by 4 students (5.6%) amaostgddnts and 2 students

(4.1 %) among 49 students in iteratand 1b respectively. On the other hand, this error
was made in item-2 by 25 students (51.0%) among 49 students since the students
evaluated whether or not the given mean was increased butetherequired the
calculation of this increase. Thus, this error occurred. To illustrate, Participant 181 made

the error oinot meeting all requirements of a problemitem 2c as presented below.
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Participant 181:

c) Elif :“3. Proje notum 20 puan fazla olsaydi; projelerimin aritmetik ortalamasi 4 puan
artard1.” Seklinde bir agiklama yapmustir. Elif” e katihiyor musunuz? Cevabimzin
sebeplerini agiklayimniz.

\

F A e YN S Aepong  Oldwaa @‘Q“E\opn%e\

| ~ N P L Q " ) 3 —~ Y i
K-O*‘!‘\‘jw\ « QoA Puen CllentiSe O TimeiPl OCialane

A0

d) Elif'in proje notlarindan hig birini bilmeyip. sadece projelerin aritmetik ortalamasint
Figure 4.36 Answer of Participant 18tb item 2c

As Participant 181 stated, the mean of Elif's project scores were evaluated in terms of
only increase or decrease. However, the statement of tereduired the identification

of the amount of increase in Elif's project scores. Thus, this @as 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 handormingincomplete data setas another errdype, 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 ordeto 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-éeamnd 2 students
(2.0%) among 98 students in item 6 made this error. For example, the arfswer o

Participant 80 for item 6 is presented below.
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Participant 80:

Seda ile Merve’nin ¢alistiklar: giinler ve ¢aligma siirelerinin aritmetik ortalamasi ayni ise
Seda’nin galigma siireleri ne olabilir? Asagidaki alana grafik ¢izerek gosteriniz. (Seda ve
Merve’nin aym giinlerde ¢alistiklar siireler farklidir.)

e N
Seda'nin Giinlere Gére Calisma Siireleri

|

!

i Caligma siireleri(saat)
i A
i

i

i

e 5

1
H -

H

- T -t o - R o e e e = Seda

(A \ 1
| |

E0 s il ' =eTT ) i
E- ,' f ‘

o 4N 1 ! 1 ? A

o ’ ’ ’ Giinler
Pazartesi Sali Carsamba Persembe Cuma
Nk w4
e Grafigi nasil olusturdugunuzu agiklaymiz. N
5 A\ \ A \ \
Bcon .. Fohods. .. O gl CoBlar | Naretdes skor2s

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 da&tawas 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:

Seda ile Merve’nin galistiklar giinler ve g¢alisma siirelerinin aritmetik ortalamas: ayni ise
Seda’nin galisma stireleri ne olabilir? Asagidaki alana grafik ¢izerek gosteriniz. (Seda ve
Merve’nin ayni giinlerde ¢alistiklar siireler farklidir.)

p
Seda'nin Giinlere Gore Calisma Sureleri

Calisma siireleri(saat)

N
¢ 4 [Py
S = /_/A )
i V)
) { /)
1\ )
"/,v/‘l 5 Seda

2. 4 il ‘

; / *

| 17
B | J ( '/

| |
0 = v ey > Giinler

Pazartesi Sali Carsamba Persembe Cuma

e Grafigi nasil olusturdugunuzu agiklayiniz.

Figure 4.37 Answer of Participant 226 to item 6

According to the constructed data &g 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

beendifferent from the correct value.

As can be seen from Table 4.2, the erranobrrect reading of values from graph error
was made in items-ab, 3a, 4b and 6. It was seen that 4 students (5.1%) among 78
students in item -ab, 5 students (8.1%) among 6fidents in item -&, 2 students
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(3.4%) among 59 students in iterb4and 3 students (3.1%) among 98 students in item
6 made this error while trying to solve these items. For instance, the efmmoaotect
reading of values from graptvas seen in theesponse of Participant 31 in iterra3

which is presented below:

Participant 31:
— e
29 . Mumlarin Yanma Siireleri
(Z/O Yanma siireleri (dak)
30
5 T
1%
Y
2
11 =
/‘Q | A sirketi
| i g. == OB sirketi
_*(rg —
— 7 ) - s
(4 — -
rﬁ—c" =
09 — - Mumlar
1 2 3 4
20 2 4
; 3]
; {o ¢ a) Heriki sirkete ait mumlarin yanma siirelerinin aritmetik ortalamalarmi bulunuz.
},;? £3 Aritmetik Ortalama
13
9. ¥ ANk NG
\g 9 B Sirketi..\& 5
3 W
+ 'g b) Her iki girkete ait mumlarin yanma siirelerinin ortancalarini (medyan) bulunuz.
[ / 3 (5} Ortanca (medyan)
e /,,5 oA sirketi. 18,5
29 B Sirketi. (6.

oY G .

Figure 4.38Answer of Participant 31 to itema

As can be observed in the solution of Participant 31 for itemtBe burning duration of

the fifth candle of Company A we 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 cale$ 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 thisHsror

response is given below.

Participant 3:

Merve'nin Giinlere Gore Caligma Siireleri

Calisma siireleri(saat)
9

& Merve

O = N W & U1 O N

Giinler

Pazartesi Sal Carsamba Persembe Cuma
8 J

Seda ile Merve’nin ¢ahistiklar: giinler ve ¢aligma siirelerinin aritmetik ortalamasi ayni ise
Seda’nin ¢aligma siireleri ne olabilir? Asagidaki alana grafik gizerek gosteriniz. (Seda ve
Merve’nin aym giinlerde ¢alistiklar: siireler farklidir.)

S B \

Seda'nin Giinlere Gore Calisma Sureleri
Calisma siireleri(saat)
A
N B
||
> b - ——73
=l = — 1 -
c = : - f eda
A ] I |
3 ! =
) I |
\ { ‘ \
{ |
0 ’ o . ; “* Giinler
Pazartesi Sah Carsamba Persembe Cuma

e Grafigi nasil olusturdugunuzu agiklayimiz.
20K ... SURUTN VS da B 2o,

Figure 4.39Answer 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 woudkatgd 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 andcepcentages 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 tolitemd 3.

The calculation of the medians of each data set mggsired in item & 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 -ibeanc
inappropriate data sets were constructed for item 5. Aisalgsults 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 knowledgd other errors
Moreover, a sulgroup of algorithmically based errors aperational errorand sub
groups of errors based on formal knowledgevareng decision on unordered data set
wrong decision on ordered data satd wrong interpretation of graphOn the other
hand,formingincomplete data sgincorrect reading of valugfrom graphandincorrect

largest and/or smallest data valuasere accepted as sgpoups of other errors. The
frequencies and percentages participants committing these errors in-litend35 are

presented in Table 4.3 below.
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Table 4.3Frequenciegand percentages) of the students' errors regarding the median

Algorithmicall Errors Based on Formal
Other Errors
y Based Errors Knowledge
Wrong Wrong Incorrect
= . Wrong . Incorrect
. Decision | Decision Forming . Largest
ERROR Operational Interpret Reading of
on on ) Incomplete and/or Total
S Error ation of Values from
Unordere | Ordered Data Set Smallest Data
ITEMS Graph Graph
d Data Set| Data Set Values
23 26 29
Item 3-b 9 (9.6%) 5 (5.3%) 2 (2.1%) 0 (0%) 94
(24.5%) (27.7%) | (30.8%)
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 witm 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 itemI8 made an error ofvrong interpretation of graplerror.
Moreover, this eor was made by 29 students (30.8%) among 94 students in-ienm 3
addition, the most common error type in item 5 i@sing incomplete data setnce

the students had not constructed an appropriate data set for the given sample size. It was
seen that B 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-B. As an example, the response of Participant 5 is presented below.
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Participant 5:

b) Her iki sirkete ait mumlarin yanma siirelerinin ortancalarini (medyan) bulunuz.
Ortanca (medyan) T R 2572 2013 151 108
g0 12 (g (D1 0 9 "
A Sirketi. 161... 12+15=2%
e ol - O /
B Sirketi..{b. ... 13 41k = JJ7274{D,”1 %2-2:"/@

Figure 4.40Answer of Participant 5 to itemI3

As can be seen in thesponse 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 thdata 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-8.

Participant 142:

b) Her iki sirkete ait mumlarin yanma siirelerinin ortancalarini (medyan) bulunuz.

Ortanca (medyan) ;3 | %7; s
A sirketi.[0,8.. /9,100,111t =

49
o ‘iO

Figure 4.41Answer of Participant 42 to itemi3

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 sedroups of errors based on formal knowledgemely wrong
decision on unordered data sewrong decision on ordered data sethd wrong

interpretation of graph

Wrong Decision on Unordered Data SetThis error type was seen when the students
tried to find the median of a data set in iterh.3rhe studets did not order the obtained

data set from the given bar graph in itesh ® 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 i®m 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 thevrong decsion on unordered data setror 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 ote 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 unoededata sets as the median of these two
data sets. His response is presented below.

Participant 117:

b) Her iki sirkete ait mumlarin yanma siirelerinin ortancalarini (medyan) buluffiz.=™ |« =
Ortanca (medyan) 7 g f ) /o 10 4 A
o [20 1016 14/ 18 19

e

- A 4
A Sirketi... 5. 5.}

c - [ L} - ».J {

Figure 4.42 Answer of Participant 117 to itemI8
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Secondly, a student subtracted the small middle value from the large middle value of an
obtained unadered 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 ad 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 preented below:
Participant 59:

b) Her iki sirkete ait mumlarin yanma siirelerinin ortancalarini (medyan) bulunuz.
Ortanca (medyan)

A Sirketi.. ... gg,«o,1gﬁﬁ,3,iﬁ‘:1t;l§ M=0=2
B Sirketi... ... ' x
Sirketi... & Ll zo AR, 25.10,8 AT -1 =

Figure 4.43Answer of Participant 59 to item3

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:

b) Her iki girkete ait mumlarin yanma siirelerinin ortancalarini (medyan) bulunuz.

Ortanca (medyan) &D Do -1 -1 -4 1-9 - 18 —14 _1(j

A Sirketi. 1.7 |
' L3050 15 —piulllE o | 4.5
B Sirkcti.ﬁ_.ﬂ—,, & > - s — 15y

Figure 4.44Answer of Participant 95 to itemi3

Lastly, some of the students added the middle values of the unordered evest daik
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 datelsinbBte,
the same procedure was applied in the second data set. The solution of Participant 150 is

stated below.

Participant 150:

b) Her iki girkete ait mumlarin yanma siirelerinin ortancalarini (medyan) bulunuz.
Ortanca (medyan)

Y

A Sirketi. 2.0.. 20 + 10 +16+iA 341G +1A+ ]
B Sirketi.2=8. S nin 0 +'S mA

ZLAGS ALY

[ & - = y
Uedh+ \04F = 144l 22 g

Figure 4.45Answer of Participant 150 to itemi8

On the other hand, another formally based errorwrasg decision on aered data set

Details regarding this error are mentioned under the following heading.

Wrong Decision on Ordered Data SetWhen the median of a data set was asked, the
students who made this error first ordered the data set but they could not findi#s.med
This error was seen in itemiBsince 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 itemtB The analysis of item-B indicated that there we
different versions of this error afrong decision on ordered data s#hce the data set

included an even number of values.

Different versions of thevrong decision on ordered data setror were made by
students. Each version is described with exaspklow.

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-berRd® instance, Participant 21
was one of the students who had made first version of this error ggmahse is given

below.
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Participant 21:
b) Her iki sirkete ait mumlarin yanma siirelerinin oxtdncahnm (mec}yal ) bulumu
Ortanca (medyan) Sﬁlt - 7 \ 3

A Sitketi. TF.ve AO
B Suken.@. N 'g

oy

p) O \ (3) é }\ h’ [

W LS Lo E

Figure 4.46 Answer of Participant 21 to itemt3

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 givenaasiness.

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 itdtnThe following
response of Participant 2 exemplifies the second version oWwtbeg decision on

ordered data set error.

Participant 2:

b) Her iki sirkete ait mumlarin yanma siirelerinin ortancalarini (medyan) bulunuz.
Ortanca (medyan)

3! ‘0 tl l?"»!g m = "\’"b: \ )
ASirketi..QSfﬁ:t-—*‘“" b 1~ \_.5.@.7./ Q]glg

B Sirketi..4.....
&0, 1,153 ,20,02,25 s 20,

Figure 4.47 Answer of Participant 2 to itenmi3

As can be seen above in the response provided by ParticipanttBé,esginning, 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,sdn@e procedure was
applied for Company B. Thus, this versiontbé& 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 datet s the answer(s). As an example, the following

response of Participant 158 can be given.

Participant 158:

’ : : : 14 -\
Aritmetik Ortalama _ + D x o 4 1A % + 18t ,H r14 =W
3 /,} - 4\9 : A + + %
qg\" (I [:5) 1 F e ¥ LB 2
AsiketitD., T @- 22 ! S . v 3
o 1D S - S ; n
N B Sirketi..1 ), yt BT X '
5 AR« b b3 b e Y o
o VLY AA D = 0 =2\
~ P % 2.9 % ok
RS b) Her iki sirkete ait mumlabif yanma siirelerinin ortancalarini (medyan) bulunuz. )
. Ortanca (medyan A
" g, e
4, ¢ A= 2.3 1 [r)/[’}’LO L Lo
o A Slrkeu..\.‘)...... i
N B Sirketi...|la..
NS
<, ¢) Ahmet: “A sirketinin mumlar: B sirketine gore daha uzun siire yanar.” iddiasinda
Q bulunuyor. Sizce Ahmet iddiasinda hakli m?
N\ LHoews o Hekl.. &3
= o Buiddianin dogru olup olmadigina nasil karar verdiniz? Cevabimizi agik bir
7 sekilde belirtiniz. :
. i Vgl UNE \» dw o
i CL)/\ k\u ‘\S 5\’{\@"’\ oA ROn ey %D @ win _SU'(
)
Q pA My

Figure 4.48Answer of Participant 158 to itemI8

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 tirelered 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.
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Participant 184:

b) Her iki sirkete ait mumlarin yanma stirelerinin ortancalarint (medyan) bulunuz.

Ortanca (medyan) A )5 27 2

A Sirketi A2......

. - 08 ) -
SIT A N D &
B Sirketi.;3.3.... > 2G 1819 ¢ :

R

)

-~ o1

Figure 4.49Answer of Participant 184 to itemI8

According to the resp@e of Participant 184, it can be said that the fourth version of
wrong decision on ordered data sstor 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. Moreoverhé 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 setakgle, 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 Participanpsented

below.

Participant 61:

b) Her iki sirkete ait mumlarin yanma siirelerinin ortancalarin (medyan) bulunuz.
Ortanca (medyan)

A Sitkef (9.1 (b 43 UF 19 22 7 b1z 33 27 24,127
L A e U =

BSitketi..8..42 14, 5 4 90 20 257 I5trc 3 afF=
i s o = g PWhE 3T 4

Figure 4.50Answer of Participant 61 to item3

Another subgroup of errors based on formal knowledge regarding the median was
wrong interpretation of graptDetails and examples of this error are presented uneler th
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 iFb3since the item asked for the madiof two data sets
given on a bar graph. As presented in Table 4.3, the errarasfg interpretation of
graph was the most frequently made error in iterb; 29 students (30.8%) among 94
students had made this error in the item. For example, Partidi@édnhade this error in

item 3b as can be seen in the response of the participant given below:

Participant 187:

Figure 4.51Answer of Participant 187 to itemI8

As can be seen in the response of Participant 187 for itbpadine on the given bar

graph was drawn. Thus, the median of the data sets regarding Company A and Company
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