
ABSTRACT 
 
HENDERSON, JOHN TOLLIVER. Pre-service Secondary Mathematics Teachers’ 
Preferences of Statistical Representations of Univariate Data. (Under the direction of 
Karen Hollebrands). 
 
This study was designed to analyze if preferences for certain statistical representations 

existed for a group of pre-service secondary mathematics teachers.  Twenty-three 

surveys were distributed to two classes of pre-service teachers enrolled in a mathematics 

education course and 18 completed surveys were returned.  Questions on the survey 

focused on five major statistical ideas: (1) typical value for a data set, (2) standard 

deviation, (3) spread/distribution of a data set, (4) recognition/effect of outliers, and (5) 

comparing two or more data sets.  Students were asked to indicate the representation that 

they found most helpful in answering these questions.  Students chose from box plots, 

dot plots, histograms, and data tables.  The conclusions drawn from this study involved 

the use of two types of statistical analyses combined with observed trends within the 

data.  A goodness of fit test determined that within each of the main ideas, 

representational preferences existed.  Confidence intervals were used in combination 

with observed preferences to determine if and where individual representational 

preferences existed.  The results indicated that these pre-service teachers typically 

focused on median as typical value for a data set, felt that any of the graphs could be 

used to determine distribution, lacked a complete understanding of standard deviation, 

and that their initial focus on individual points when recognizing outliers developed into 

a more global view of the data as they reasoned about the outliers’ effects.  Discussions 

and implications from this survey along with recommendations for future research are 

included. 
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Introduction 

Statistics play an integral part of people’s daily lives as media outlets offer data and 

graphs to provide information and evidence to support various viewpoints.  Over a decade 

ago, Watson (1997) realized that “the need for statistical thinking in social decision-making 

[was] exemplified every day in the news media” (p. 107).  The number of media outlets over 

the past decade has increased dramatically with the internet providing various types of 

statistical information within a click of a mouse.  For people to be informed consumers of 

this data, “data literacy has become a fundamental skill for living in a democratic society” 

(Rubin, 2002, p. 1) 

Data literacy involves an understanding of statistical concepts.  Statistical concepts 

and processes involve the use of mathematics, but it is important to understand that statistics 

and mathematics are separate disciplines and therefore statistical reasoning differs from 

mathematical reasoning (Gal & Garfield, 1997; Garfield, 2003; Moore, 1997).  Mathematics 

can be characterized as the study of structure, shape, space, change, and number (Steen, 

1990).  Statistical reasoning, characterized by “a conceptual understanding of . . . 

distribution, center, spread, association, uncertainty, randomness, and sampling,” combines 

concepts of data and chance to make inferences and interpretations (Garfield, 2003, p. 23).   

The concept of context is a distinctive difference between statistics and mathematics.  

Typically, mathematics can be studied in the absence of a context, but statistical analysis 

cannot occur independent of a context.  This is because statistical analysis requires data and 

this data provides the context for the work.  Knowing more about how people reason 

statistically is important because of the growing need for data literacy. 
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To represent data, different types of graphs are often used.  It is important that these 

graphs be correctly interpreted because, “processing information in our highly technological 

society is becoming more and more dependent upon a reader’s ability to comprehend graphs” 

(Curcio, 1987, p. 382).  Education provides the ideal environment for students to study how 

graphs are used and to learn about the major characteristics of different types of statistical 

graphs.  Students will become more informed consumers of the data and graphs that they 

interact with on a daily basis if they understand how they should be read and interpreted. 

Research indicates, though, that students’ understandings of graphs appear to be 

limited (Mevarch & Kramarsky, 1997).  Despite the push to focus on statistics and data from 

standards writers (see NCTM, 2000) and curriculum designers and the findings and the 

suggestions of researchers, there are consistent misunderstandings amongst many students in 

today’s classrooms.  In particular, students struggle to understand variability (Meletiou & 

Lee, 2002; Ben-Zvi, 2004b; Ben-Zvi, in press), measures of center (Friel & Bright, 2006; 

Konold & Higgins, 2003; Groth, 2003), and outliers (Ben-Zvi, 2004b).  Struggles have also 

been noted in how students approach data sets, whether they reason about data using 

individual points or as an aggregate (Ben-Zvi, 2004a; Bakkar & Hoffman, 2005; Hancock, 

Kaput, & Goldsmith, 1992) and the methods students use to compare two or more data sets 

(Meletiou & Lee, 2002; Konold & Higgins, 2003). 

 Before students work with a data set, they must first determine which representations 

will be most beneficial for a particular need.  Students should be aware of unique 

characteristics associated with the different representations.  Students can then determine 

which graph will provide them with the information needed to draw reasonable and reliable  
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conclusions about a data set.  Thus, there is a need to examine the representational 

preferences of students.  If student preferences are determined for certain types of questions, 

then these graphical preferences could inform other researchers, curricular developers, and 

statistics instructors of the representations students generally use for certain types of 

question.  This is particularly important as some representations are generally accepted as 

better suited for presenting certain characteristics of the data and thus, more appropriate to 

use when answering questions about those characteristics.  For example, box plots might be 

considered a best representation to determine range or median of a data set.  Histograms and 

dot plots might be considered more useful in determining the spread and variation within a 

data set as they both present the overall shape of the data.   

The patterns found in representational preferences can help classroom instructors 

anticipate difficulties, address common misconceptions before they begin, and support proper 

uses of graphs.  Preferences can help curriculum designers to shape plans that address the 

common struggles and encourage proper use of statistical graphs.  Researchers can build 

upon these preferences, perhaps trying to develop frameworks or conjectures as to why 

students tend to use certain types of graphs in certain situations. 

 When discussing the difficulties students have with statistical data and graphs, it is 

important to realize that teachers are not immune to these struggles.  It has been noted that 

instructors have similar troubles as their students (Shaughnessy, 2007).  Research indicates 

that statistics teachers also struggle with measures of center (Rubin, 2002; Hammerman & 

Rubin, 2004), variation (Russell & Mokros, 1990), outliers (Rubin, 2002), and comparing 

data sets (Makar & Confrey, 2005). 
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 In a recent article Ben-Zvi (in press) suggests “further explorations are needed in the 

issues of developing teacher knowledge of statistics as well as methods of helping teachers 

understand the big ideas of statistics” (p. 8).  This statement indicates that it is not only 

important to focus on developing teaching methods, but also to focus on content knowledge.  

In other words, it important for teachers to understand the statistics they teach.  The similar 

struggles that both teachers and their students encounter can likely be attributed to similar 

causes.  Thus, examining the statistical representation preferences of teachers can provide 

valuable insight into the common misconceptions, misuses, and proper uses of graphs. 

 The following research study is designed to gauge the statistical representational 

preference of a group of pre-service teachers.  A survey was designed and analyzed to 

determine if this group, as a whole, preferred certain types of graphs (box plots, dot plots, or 

histograms) or a data table when presented with questions about multiple characteristics of 

different data sets.  The characteristics of interest include typical value, spread, standard 

deviation, and effects of outliers for single data sets and multiple data sets.  There were no 

pre-assigned best representations to which participants’ preferences were compared.  This 

survey’s main purpose was simply to determine if in fact there were statistical graph 

preferences associated with questions examining different characteristics of a data set.   

 Ben-Zvi’s (in press) statement mentioned previously, stresses the importance of 

teacher statistical knowledge in addition to how the subject is presented to students.  If 

students are expected to understand statistics and statistical representations presented in class, 

how much more important is it then, that their instructors have a deep understanding of these 

concepts and representations?  In order to give their students the greatest opportunities to  
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learn, teachers must understand the statistical concepts and graphs that they present to their 

students.  Graphical preferences are important because graphical selection is one of the first 

steps in working with the data.  If an ineffective or inefficient representation is used to 

represent a data set, then major characteristics of the data may be missed.  Correct 

representational use is especially important for teachers, as students will most likely follow 

their lead.  Therefore there is a need to learn more about teachers’ graphical preferences in 

the context of statistics.  The findings from this study will contribute to statistics education 

research by examining graphical selections and preferences of pre-service teachers with 

potential implications for both students and teachers of statistics.  
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                                                   Literature Review 

Introduction 
 
 Graphs provide a foundation for the learning and understanding of many 

mathematical concepts.  Leinhardt, Zaslavsky, & Stein (1990) state that graphing is 

fundamental to learning more sophisticated mathematics.  In other words, graphing provides 

a platform for learning increasingly advanced mathematics. 

Comprehension of statistical graphs is important for students and teachers.  Wainer 

(1992) defines graphicacy as “proficiency in understanding quantitative phenomena that are 

presented in a graphical way” (p. 16).  For example, if a student that has proficient 

graphicacy were presented a graph of a car’s speed versus time, then they would be able to 

understand how the two entities interacted according to the graph and answer questions about 

a certain speed at a certain time.   This ability goes beyond just reading directly from the 

physical representation, but extends to an understanding of the mathematics represented in 

the graph.  According to Friel and Bright (1995), the “process of data reduction and the 

structure of graphs are factors that influence graphicacy” (p. 2).  As students move from a 

data set to a graph there is an increase in abstraction as a reduction of data occurs (Konold, 

2002).   

Beyond the transition from data to graphs, Friel and Bright (1995; 1996) state that 

different graphical representations reflect different levels of data reduction.  As students 

move into upper grades they begin to work with more complex graphs and these graphs 

increasingly hide more data. Dot plots and bar graphs do not allow one to see the original 

data, increasing the level of abstraction.  Even more complex are box plots and histograms,  

 



 7

which no longer present individual data points; instead these representations group data.  For 

example a box plot of student scores on a history test does not allow you to see the original 

score of one particular student.  Adding to the complexity is the fact that one cannot revert to 

the original data set from graphs such as histograms and box plots.  There is great value in 

researching students’ understanding of statistical graphs.   

Knowing how students comprehend statistical graphs is useful for teachers so that 

they can provide students with greater opportunities to develop Wainer’s concept of 

graphicacy.  Researchers and standards writers emphasize the importance of statistical graph 

comprehension in classrooms.  Ben-Zvi (2004a) notes the growing importance being placed 

on developing students’ statistical reasoning about data analysis and on graphical approaches 

in schools.  The National Council of Teacher of Mathematics (NCTM, 2000) standard for 

data analysis in grades 9-12 calls for students to select and use appropriate statistical methods 

to analyze data.  The value of statistics and data analysis in school is magnified by the 

graphical representations used in the media to present data into daily lives. 

The work done with students provides insight into teachers’ misunderstandings 

because it has been noted that teachers often struggle with similar concepts as their students 

(Shaughnessy, 2007).  Research on students’ struggles and misunderstandings of graphs, we 

can assume, will shed light on teachers’ struggles with graphs. 

This literature review discusses research on student and teacher interaction with 

graphs.  The initial focus of the review is on the concept of representations in mathematics.  

From the general concept of representations, the review discusses research on graphs as 

specific types of representations.  Work done in areas outside of statistical graphing is  



 8

discussed because of valuable and applicable findings in this research.  The review then 

transitions into work that has been conducted with statistical graphs to give a more specific 

picture of the landscape in statistics education.  Finally, the review includes a discussion of 

relevant articles and studies on graphical preferences.  The findings from this research 

present a need for intentional and focused statistics education instruction and provide 

relevance for observing students’ and teachers’ representational preferences. 

The Concept of Representation 

 Representations are crucial elements of mathematical teaching and learning because 

“math plays an essential part in conceptualizing the real world” (Vergnaud, 1987, p. 277).  

Representations allow conceptualization, in part, because of their ability to reduce data into 

images.  These representations are not just physical diagrams or pictures that are presented in 

a textbook.  Janvier (1987) states that representation has to be considered as a combination of 

written symbols, real objects, and mental images.  There is a distinction between external 

(symbolic representations such as written symbols, graphs, or diagrams) and internal (mental 

images) representations (Dufour-Janvier, Bednarz, & Belanger, 1987), but they do not occur 

in isolation of each other (Janvier, 1987).  In this light, graphs are external representations, 

but require internal processes to be fully comprehended. 

Graphs are some of the most common types of visual representations used in 

mathematics and statistics.  Realizing that they are external images requiring the coordination 

of internal images and processes we realize the difficulties that might be associated with 

them and the value there is in studying how they are used and understood.  As noted by 

Larkin and Simon (1987), graphs are useful representations because they contain great  
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amounts of information and because they “can support extremely useful and efficient 

computational processes” (p. 99).  There is something to be gained not only from 

understanding how students interact with a graph, but researchers can gain insight on student 

thinking in their use of graphs (Kohl & Finkelstien, 2005).  Researchers have developed 

studies and frameworks to gauge the internal imaging and processes of students.  For 

example, some researchers have examined student interpretation of graphs at either a global 

or local level (Ben-Zvi & Arcavi, 2001; delMas, Garfield, & Ooms, 2005; Ben-Zvi, 2004a; 

Hancock, Kaput, & Goldsmith, 1992).  As the work that researchers are doing with students 

and graphing is discussed, it is important to keep these internal processes in mind. The 

interaction of external and internal images helps to develop a clearer picture of student 

understanding.  Although students’ internal images are not a focus in this literature review, it 

is important to consider the interaction of internal and external representations as students 

and teachers interact with graphs.  

The concept of representation and the associated research, provide relevant 

foundation for examining student and teacher work with graphs.  Beyond this, the work 

conducted with representations provides a sound basis for the study of how students not only 

use graphs but also in how their interacting with graphs can indicate a level of 

comprehension.  

Students and Graphing 
 
 In order to analyze students’ graphical comprehension it is important to consider how 

students view the purpose of graphs. Friel, Curcio, and Bright (2001) present a valuable 

definition for graph comprehension as “the ability of graph readers to derive meaning from  
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graphs created by others and by themselves” (p. 132). Deriving meaning from a graph is 

tightly connected with how students use or view the purpose of a graph. Konold and 

Pollatsek (2002) and Wild and Pfannkuch (1999) state that students had an initial tendency to 

see and use graphs as illustrations rather than as reasoning tools.  In other words students see 

a graph only as a picture of a data set rather than a tool that can be used to analyze a data set.  

These findings suggest that some students do not coordinate internal images with the graphs 

they interact with.  Viewing a graph’s purpose only as an illustration with no coordination of 

internal representation limits students’ graphical comprehension. 

Curcio (1987) provided one of the most recognized and accepted frameworks of 

graphical comprehension that presents a clear picture of student understanding of graphing.  

Curcio presents three levels of graphical comprehension: (1) reading the data, (2) reading 

between the data, and (3) reading beyond the data.  Students in the first level can answer 

questions based on solutions that are easily identified on a graph.  For example, finding the 

median given a box plot.  Students in the second level can find answers that are considered to 

be ‘in-between’ data points or make comparisons of given data.  For example, if given a 

graph of median wages associated with varying levels of education, a question asking how 

much more a college graduate made than a high school graduate would require students to 

read between the data.  Students in the final level can predict values outside of the given 

range with some type of success.  An example of a question requiring students to read 

beyond the data would ask students to determine a better fuel economy between a 2008 fuel 

economies if given a graph of fuel economies for 2006 models.  For example, if the 2008 

economy of Model A increases by ten miles per gallon while the 2008 fuel economy of  
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Model C decreased gas mileage by 4 miles per gallon.  As students reach the last two levels, 

especially the third, then the maximum potential of the graph’s purpose is realized.  At the 

upper two levels students coordinate a visual, external representation with internal processes 

occurring.   

In order to fully read between and beyond the data students should notice details 

within graphs.  Understanding the subtleties of graphs should be the ultimate goal, giving us 

a slightly different perspective on a view of graphical comprehension (Leinhardt et al., 1990).  

Wainer (1992) provides similar insight in that graphs are used most effectively when we 

understand the structure and limitations, which can be considered to be subtleties.  The views 

of Leinhardt et al. (1990) and Wainer (1992) give us a more robust picture of graphical 

understanding.  In combining their views with Curcio (1987), we can consider 

comprehension of graphs to include not only the ability to interpret and predict, but also 

notice the small details within the graph and why these might be crucial.  Further, noting the 

subtleties of a particular graph could provide triggers to help students interpret and predict 

using that particular graph.  For example, if students are given a graph of world record times 

over the past 100 years in the 100-meter dash, by noticing the axis labels, students have 

access to a context.  If context is considered, students making predictions with this graph 

should realize that a line of best fit for this graph would not have an intercept along the year 

axis because the time can never be zero seconds. 

 Beyond the vital role in graphical comprehension that context plays, previous 

experience is a crucial determining factor in understanding graphs.  Regardless of what type 

of graph the students were studying or where the researcher concentration was focused, one  
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of the most crucial aspects of interaction with graphs is previous knowledge and experience 

(Curcio, 1987; Roth, 2004; Ben-Zvi, 2004a; Sharma, 2006).  Studies examining the role of 

technology in the teaching and learning of graphs also note the issue of previous experience 

whether it be with graphs or with the technology tools being used (Rubin, 2002; Leinhardt, 

Zaslavsky, & Stein, 1990, Chance, Ben-Zvi, Garfield, & Medina, 2007). 

 The following three sections will discuss ideas from work focusing on graphs.  The 

first section provides findings from research conducted on non-statistical graphs, typically 

studies on student work with functions.  These studies contain valuable aspects and ideas that 

can be applied to statistical graphs.  The second section takes a more focused look at research 

examining student interactions with statistical graphs.  Most of the research discussed will 

center on student struggles with the crucial concepts of statistical graphs.  The final section is 

a brief presentation of some relevant issues of related to technology and graphing in the 

classroom. 

 Work with non-statistical graphs.  The work examined in this section includes: 

students’ initial view or retrieval of data, misconceptions associated with graphical 

interpretation that are common, and the role that situation plays.  Situation as defined by 

Leinhardt et al. (1990) includes both the setting of a mathematical task, such as a lesson in a 

mathematics classroom, and the context of the problem.  The findings associated with all 

three of these concepts, examined outside of statistics, can apply and extend to help develop 

concepts associated with statistical graph comprehension. 

 When students begin working with a graph there are internal processes going on as 

the student acts upon this external object, as stated in the discussion of representation.  An  
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issue that is associated with graph comprehension is whether it is interpreted globally or 

locally.  Global interpretation refers to a student reasoning about data as a whole set, or 

aggregate, whereas students with a local focus tend to reason using individual data points.  

Ideally, teachers want their students to be able to interact globally with graphs, but as 

Leinhardt et al. (1990) noted in their work, this will often depend on what the students are 

asked to do with the graph.  If emphasis is placed on local features then this is where students 

focus.  This local focus can compound the difficulties students might have during their initial 

interpretation of graphs (Wainer, 1992).  Inability to view a graph from a global perspective 

will hinder ones ability to reach the upper levels of graphical comprehension (Curcio, 1987). 

 Beyond the initial view of data, Leinhardt et al. (1990) describe two other common 

student misconceptions: difficulty with abstraction and a desire for regularity.  Students’ 

difficulty with abstraction is related to data reduction.  Data reduction refers to the process of 

graph creation from a data set when the initial data seems to disappear within a graphical 

representation.  This reduction of data is difficult for students to fully understand (Leinhardt 

et at., 1990). 

The desire for regularity can reveal itself in a number of ways.  One such way is 

similar to Groth’s (2005) finding that students attempted to reach a “school-sanctioned” 

answer.  The Groth (2005) study is actually a statistical study, but is included in this section 

because it is consistent with other research discussing common student struggles when 

working with data.  Students wanted to find a “right” answer and in doing so, tried to 

produce some level of regularity in their responses.  At times this desire for regularity of an 

answer came at the expense of correct methods or sound reasoning.  Leinhardt et al. found  



 14

that students “develop the idea that only patterned graphs represent functions” disregarding 

irregular graphs as unacceptable representations.  In other words students do not consider 

oddly shaped graphs as legitimate representations of functions based only on appearance. 

Students’ approach to graphing and their value of graphs are greatly affected by 

classroom context, specifically teaching and curriculum choice (Knuth, 2000).  Context plays 

a substantial role in graphical comprehension.  The importance of context cannot be 

neglected in the teaching and learning of graphs if students are expected to understand the 

graphs they work with (Ben-Zvi, in press; Even, 1998; Kaput, 1987).  Elby’s (2000) “what 

you see is what you get” framework discusses how compelling visual attributes are often 

influenced by context.  Ignoring the importance of context will greatly diminish the potential 

to understand graphs and in turn hinder classroom performance (Padilla, McKenzie, & Shaw, 

1986).  For example, a student making a prediction with a graph on the maximum vertical 

jump of basketball players should recognize that there would be a limit to the jumping ability 

of a person if context were considered. 

These studies on student work with graphs yield valuable findings that can be applied 

to student work with statistical graphs.  Students’ trouble extracting data from graphs 

(Wainer, 1992) will likely prevail when students work with statistical graphs.  The 

difficulties might look different, but the difficulties associated with extracting information, 

such as reading between and beyond the data will most likely still exist. A desire for 

regularity, in the sense of the right answer, can keep students form exploring the data and 

thus they may miss opportunities to read between or beyond the data (levels 2 and 3 from 

Curcio, 1987).  It is vital for students to think and reason globally in order to comprehend  
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graphs, as will be discussed later in this review.  Abstraction will play a vital role as data is 

greatly reduced in statistical graphs such as box plots and histograms.  Particularly important 

when dealing with statistics is the underlying context.  If students ignore context then 

misunderstandings can be compounded and comprehension of graphs is compromised. 

 Work with statistical graphs. When research conducted on students’ understanding of 

statistical graphs is examined, it is important to consider not only the types of graph but also 

the major concepts associated with interpretation of statistical graphs.  These concepts 

include measures of center, variability, comparing data sets, and the importance of viewing 

the data as an aggregate.   

 Research examining statistical representations reveals students’ difficulties with 

them.  One particularly abstract graph is the histogram.  Shaughnessy (2007) noted that 

researchers have found that students can read histograms, but have trouble interpreting or 

predicting with them (see also Meletiou & Lee, 2002).  DelMas, Garfield, and Ooms (2005) 

also found that students had difficulty interpreting histograms. Understanding histograms 

could potentially become easier if students understand subtleties (Wainer, 1992).  DelMas et 

al (2005) found that if students noticing subtleties or guiding features such as outliers or 

modal clumps, when trying to match graphs of the same data, then they had greater success.  

Konold and Higgins (2003) found that students consistently neglected context, an indication 

that they were not even attempting to locate subtleties.  Difficulties of histograms will 

become compounded if students neglect context.  There will likely be increased 

understanding of histograms if students not only keep context in mind but also are aware of 

details and subtleties within the graph. 
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 Beyond the studies on graphs, research on the important characteristics of statistics, 

can provide insight into how students interact and comprehend statistical graphs.  

Understanding features such as center and spread and being able to see data as a whole play 

crucial roles in understanding statistical graphs.   

 Finding the appropriate measure of center can be difficult for students (Groth, 2003).  

When students were asked to find a typical value, researchers were able to gain insight into 

students’ understandings of mean (Mokros & Russell, 1995).  Students typically focused on 

the mode as opposed to mean as the best statistic for describing a data set in some studies 

(Konold & Higgins, 2003; Friel & Bright, 1996).  Beyond formal computation, students 

lacked a complete understanding of mean.  Four different interpretations of average (data 

reduction, fair share, typical value, and signal among noise) presented by Konold and 

Pollatsek (2002), can be used to determine how students understand average.  These 

interpretations go beyond the formal computations and interpretations of average that 

students typically learn in school.  A solid understanding of mean increases student ability to 

determine the best interpretation for certain situations.  For example the average could be 

viewed as a single number, calculated using a particular equation, which can describe a data 

set (data reducer).  Beyond a single value, average might be interpreted as a balancing point 

where perhaps three siblings were given 12 toys to share and it should be determined how 

many each should get (fair share).  An example of students viewing average as typical value 

would be estimating of hours of television watched among 10 classmates.   If a group of 

students using the same scale to find the weight of a box of cereal, recognize the various 

weights found by each group member as a deviation from the actual weight and the actual  
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weight could be determined by using all of the deviations, this would be the students 

understanding average as a signal among noise.  A more robust understanding of mean can 

lead to a fuller understanding of appropriate measures of center for data sets.  

 Variability also plays a crucial role in statistical theory (Ben-Zvi, 2004b) and in 

students’ comprehension of statistical graphs.  Variability has proven to be a difficult concept 

for students to understand (Ben-Zvi, in press) to the extent that Meletiou and Lee (2002) note 

that the variation within histograms “is one of the stumbling stones in statistics education” (p. 

4).  In a pre-assessment of students Meletiou and Lee found that many incorrectly concluded 

that a particular histograms had more variation because it was “bumpier.”  Students based 

their conclusions of greater variation within the graphs based on appearance as opposed to 

the overall spread of the data.  It is important to the study of statistical graph comprehension 

to consider the difficulty students have with variability, because comprehension of 

histograms, box plots and dot plots require understanding of spread. 

 A difficulty similar in both algebraic and statistical graphs that students have is local 

versus global views of graphs.  Being able to see statistical graphs from a global view is 

crucial to comprehension, but this is not an easy process (Ben-Zvi, 2004a).  When students 

first interact with statistical graphs their focus is almost always on individual points 

(Hancock, Kaput, & Smith, 1992).  Ben-Zvi (2004a) hypothesizes that this individual focus 

is a carryover from algebra perhaps because students typically work with functions by using 

a particular value of x to find the corresponding y value or vice versa.  By focusing on 

individual data points, students are unable to view data sets as an aggregate in a statistical 

setting (delMas et al. 2005). If students cannot reason about data as a whole then they will 
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not understand essential parts and purposes of statistics (Bakkar & Hoffmann, 2005).  This 

can include the comparison of groups, which is an important concept in inferential statistics.  

It is worth noting that local focus was not found to be detrimental to students’ 

graphical comprehension in all situations.  Some research indicates that local focus initiated 

students’ thinking about global features of the graph in certain situations  (Ben-Zvi & Arcavi, 

2001; Ben-Zvi, 2004a; Hancock et al, 1992).  For example, a student trying to match graphs 

of the same data might be able to use outliers from a dot plot to identify the corresponding 

box plot.  In situations such as this, a local focus can be a springboard into the more desired 

aggregate view of data in statistical graphs. 

Student comprehension of statistical graphs is reliant upon their ability to consider 

context and understand the major concepts that are associated with the given graph (Konold 

& Higgins, 2003; Even, 1998; Ben-Zvi, in press).  Students need a solid grasp on the 

measures of center, variability, and shape to understand graphs of statistical data.  

Comprehending the characteristics of data sets helps students to move toward viewing the 

data as an aggregate.  As students view data globally, they increase their likelihood of 

understanding statistical graphs. 

 Technology’s influence on comprehension.  It is important to include a discussion of 

the role of technology because it is becoming more prevalent in today’s classrooms.  

Standards and curriculum writers are increasingly encouraging the use of technology.  The 

NCTM states that, “Technology is essential in teaching and learning mathematics; it 

influences the mathematics that is taught and enhances students’ learning” (p. 25).  As a 

result, there has been growth in research investigating technology’s role in graphical  
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understanding.  It has been seen that technologies can play multiple roles.  From revealing 

student difficulties with graphs (Kaput, 1987) to being seen as great environments for the 

exploration of real world data (Chance, Ben-Zvi, Garfield, & Medina, 2007), technology has 

gone from being blamed as inhibitors of learning to being praised as a valuable asset in 

mathematics and statistics education.  There have been great strides over the past 20 years 

made in the technologies themselves, and in the roles they play in the support of statistics 

teaching and learning (Bakkar & Hoffmann, 2005; Ben-Zvi, 2000; Delmas et al., 2005; 

Hancock et al., 1992). 

 The increasing importance and presence of technology in statistics classrooms reveals 

its potential to aid in graphical comprehension.  Possibilities in the use of these technologies 

include quicker graph generation, the ability to create multiple representations of the same 

data at the click of a button, and easy access to summary statistics along with other features 

that can help guide instruction and aid students working with data sets.  Having more access 

to the data and being able to manipulate the representations encourages students to generate 

their own constructs, allowing them to develop a deeper understanding.  The positive 

potential of technology in the teaching and learning of graphing is best realized if its 

implementation is appropriate and thoughtfully designed (Chance, Ben-Zvi, Garfield, & 

Medina, 2007; Ben-Zvi (2000); Bakkar & Hoffmann, 2005).   

There is value in not only knowing how students comprehend graphs, but also 

knowing how graphs are selected.  Using the most appropriate graph is an important first step 

if the ultimate goal is comprehension.  Technologies such as TinkerPlots (Konold & Miller, 

2005) and Fathom (Finzer, 2007), allow students access to multiple types of graphs.  These 
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environments provide a relevant platform for the study of student preference, as students and 

teachers now have many different graphical options available at the click of a button.   

 Technology has great potential to not only influence, but also determine how statistics 

is taught.  Students are increasingly comfortable with technology in the world around them 

and this comfort can be employed to implement technology successfully into classrooms.  

Technology that is thoughtfully incorporated into lessons can allow students to explore 

fundamental areas of statistics and through exploration students develop their own constructs.  

These constructs that will help make the concepts much more meaningful and in turn have 

the potential to help students understand statistical concepts at deeper levels. 

Teachers and Graphing 

 There are very few relevant studies on teachers’ comprehension of statistical graphs.  

However, there has been research done on teachers’ interaction with statistical concepts, such 

as measure of center, outliers, and variability, which can be used to help develop a picture of 

how teachers interact with representations of data.  In addition to research on teachers’ 

understandings of statistical concepts and graphs it is important to keep in mind that teachers 

typically struggle with the same concepts as their students (Shaughnessy, 2007).  Thus, the 

noted struggles of student can be assumed to be troublesome areas for many statistics 

teachers.  

Rubin (2002) found that when teachers were asked to work with a data set, initial 

focus was on mean as the most appropriate measure of center.  The teachers in the study 

gravitated toward the mean even when a more appropriate measure was available.  Similar to 

findings from the research of students working with measures of center, teachers had 
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difficulty accepting that the mean could be representative of an entire data set, despite their 

belief that it was the most appropriate measure of center (Hammerman & Rubin, 2004). 

Rubin (2002) also noted teachers’ initial apprehensive approach when working with 

outliers.  Teachers had inconsistent approaches in this study, rarely being confident in their 

personal methods when interacting with outliers.  The teachers’ struggles to understand the 

effects of outliers perhaps reflect an inability to think globally.  For example, being unsure of 

how an outlier effects a data sets spread or how they effect basic statistics, such as mean or 

standard deviation, suggests that teachers might not be able to reason about the data set as a 

whole. 

Variability is another area of difficulty for teachers and their students.  Makar and 

Confrey (2005) state that little is actually “known about how much teachers express 

variation” (p. 27) but it is recognized as a difficult area for both teachers and their students to 

understand (Russell & Mokros, 1990; Makar & Confrey, 2005).  These struggles will greatly 

hinder their comprehension of the statistical graphs that they are trying to teach because 

variability is a crucial element in understanding statistical data sets and graphs. 

 Keeping context in mind is an area that teachers do not struggle as often as their 

students (Rubin, 2002).  Perhaps due to more life experience with graphs and statistics, 

teachers consistently consider context as they interact with data and graphs in their day-to-

day lives.  This is worth noting because as teachers keep context in mind they are more likely 

to understand the major characteristics of the graph and in doing so will have a better 

opportunity to comprehend the graph and the data that is represented in that graph. 
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Student Graphical Preference 

 Student graph selection can be viewed as a precursor to comprehension of the chosen 

graph.  Beyond just understanding the major characteristics of a graph, students should be 

using appropriate representations in order to understand the statistical concepts within and 

beyond the graph.  Students need to be using an appropriate representation in order to have 

the greatest opportunity to understand the statistics represented in the graph.  There is little 

discussion in statistics education literature on student statistical graph preferences, but 

research on students’ work with functions may shed some light on what we might expect 

from students as they work with statistical graphs.  

 Work with functions.  Research conducted with algebraic functions, in particular with 

the area of multiple representations, can yield useful information on student preference in 

graphing. Within the literature on functions, multiple representation refers to student work 

with either one or a combination of algebraic, tabular, or graphical versions of a function 

(Leinhardt et al., 1990; Owens & Clements, 1998; Even 1998). 

Within the theory of multiple representations of functions is the ability to decide on 

an appropriate graph for a given problem (Owens & Clements, 1998).  When selecting the 

most appropriate among various graphs it was crucial for students to realize advantages and 

disadvantages of each representation for a given problem in order to develop conceptual 

understanding (Even, 1998; Dufour-Janvier et al., 1987).  These findings suggest the 

importance of appropriate representation selection in graphical comprehension. 

 Students that are good problem solvers realize that multiple graphs can be used for 

the same purposes but some are inherently better than others in given situations (Larkin &  
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Simon, 1987; Lesh, Post, & Behr, 1987; Ozgun-Koca, 1998).  This can translate to student 

work with statistical graphs in that multiple statistical graphs can present the same ideas and 

information, but some will be more beneficial in certain situations (Owens & Clements, 

1998; Even, 1998).  Recognition of the most appropriate graph for a given situation is an 

indication of good problem solving and a level of understanding. 

 Work with statistical graphs.  The research discussing student graphical preference in 

statistics found that the most crucial factor on student choice is previous experience.  delMas 

et al. (2005) hypothesized that students gravitate toward bar graphs because they were most 

familiar with these types of graphs.  Students are introduced to bar graphs early and use them 

often in elementary school and in so doing, develop a comfort level that can lead them to 

gravitate toward use of a bar graph to represent statistical data. 

 It is important that students use multiple types of graphs when working with 

statistical data.  Harradine and Konold (2006) determined that student abilities could be 

hindered if they are limited in their use of representations.  Some statistical graphs present 

different characteristics of the data more appropriately than others.  For example, the median 

is easier to recognize in a box plot than in a histogram while variability is often easier to 

visualize with the aid of a histogram than a box plot.  If a student is attempting to describe 

the spread of a data set that contains two modal clusters, but only a box plot of the data set is 

given, then that student cannot recognize the overall shape of the distribution. As students are 

encouraged to explore multiple representations, they will most likely begin to note the 

different characteristics of the data that become more apparent in certain representations and 

gain a better understanding of the data set and the statistics that are used to describe it.   
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There is need for caution as students work with multiple types of graphs.  We can 

expand Friel and Bright’s (1996) warning that forcing students to interpret data using 

unfamiliar graphs can “motivate misconceptions” (p. 4).  It is critical that students be 

working with graphs that they are familiar with in order to avoid these misconceptions.  

Research indicates that the use of multiple representations is beneficial for students, but this 

warning indicates the importance of appropriate and thoughtful implementation of the 

multiple statistical graphs.   

These studies reveal a need for research on the types of graphs students prefer.  There 

is value in determining why students choose particular types of graphs because learning 

about students’ preferences can be an initial step into gaining insight into statistical graph 

comprehension. 

Conclusion 

 Researchers have determined that as students and teachers interact with graphs it is 

not a simple process.  As students work with graphs, whether they are algebraic or statistical, 

we must realize their initial focus is typically local, they desire some type of regularity, and 

they have great difficulty with abstraction (Leinhardt et al., 1990).  Statistical graphs in 

particular are increasingly abstract as often times it is impossible to move from the graph 

itself back to the raw data used in its creation.  If we are to gauge student comprehension we 

must bear these things in mind.   

The most influential factors on comprehension might not necessarily be the graph 

themselves, but the context that a given graph is situated within and the individual’s previous 

experience with similar information.  Therefore, as we are attempting to gauge student or  
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teacher graphical comprehension or preference, it is important to realize that people bring 

with them previous knowledge. Their previous experiences play a large role in how they 

approach, work with, and interpret graphs. 

Therefore, to effectively assess graphical preference previous experience needs to be 

considered in some capacity.  Context must not be neglected in such an assessment as 

research confirms its crucial role in comprehension.  Cikla (2004) presents a study of 

preference where students were given solutions to a certain problem and asked to indicate the 

representation that they consider most helpful in reaching the correct solution.  This study is 

of value, but in order to gain a more complete picture of preference, the problem solving 

process cannot be isolated from graphical preference because the problem solving process 

provides a context for graph selections.  Research on student and teacher work with graphs 

indicates that the processes involved in solving problems can play a vital role in graphical 

preference. 

Following from this, it would be of interest to examine the graphical preferences of 

students and teachers as they interact with data.  Pre-service teachers provide an audience of 

interest, as they are only a few years removed from being students and only a few years away 

from teaching.  Pre-service teachers preferences of statistical representations for some of the 

big ideas in statistics can help to develop a picture of why students or teachers choose a 

particular representation.  Examining why certain graphs are chosen could potential help 

researchers better understand why certain struggles exist.  Further, research on pre-service 

teachers can aid in the development of coursework that best prepare future statistics 

educators to provide quality environments for the teaching and learning or statistics. 
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Methods 
 
Introduction 
 
 Research in the area of graphical preference typically analyzes student or teacher 

choices within the context of multiple representations of functions.  These studies are 

designed to determine whether one prefers an algebraic, tabular, or graphical representation 

of a certain function.  Less research focuses on student preferences of statistical graphs.  

With statistics gaining a much more predominant place in school curricula and classrooms, 

especially high schools, it is important for researchers to study and know the ways in which 

students and teachers interpret graphical representations of statistical data.  

This study is designed to analyze statistical graphical preference of pre-service 

middle school and secondary mathematics teachers who were was taking an introductory 

course in teaching mathematics with technology from a southern university.  The survey was 

administered at the completion of an introduction the software tools TinkerPlots and Fathom 

which are designed for use in middle and high mathematics classrooms to support students’ 

exploration and analysis of data.  The participants had just completed a unit analyzing 

univariate data and had not yet begun the next unit which was covered bivariate data 

analysis.  Administration of the survey after this section was conducted in order to reduce 

possible confounding issues that are documented when students work with graphs of 

bivariate data (Friel & Bright, 1995, 1996; Padilla, McKenzie, & Shaw, 1986; Konold & 

Higgins, 2003).  A description of the survey, the participants, and the procedures used for 

analysis are in the following sections. 
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The Instrument 
 

This study was designed with the goal of increasing the knowledge base in statistics 

education by examining how students and teachers interacted with statistical graphs.  The 

results of this graphical preference survey provided insight into which representations these 

pre-service teachers choose as they answered questions focused on main ideas associated 

with statistical data and graphs. 

 The survey went through multiple phases during its creation.  Questions from the 

Assessment Resource Tools for Improving Statistical Thinking, ARTIST, (Garfield, delMas, 

& Chance, 2006) were initially used to help develop the structure of potential survey items. 

However, if a student were only given these questions, or similar types of questions, with no 

follow up sections it would be difficult to analyze their thought process and graphical 

preferences.  The many formats of the questions within the database made it difficult to 

construct a consistent survey with consistent follow up questions.  Therefore, new questions 

were written for the survey.   

In order to develop the new questions, the statistics and probability unit in the 

textbook used by the participants was examined (Lee, Hollebrands & Wilson, 2008).  This 

was a beneficial first step in creating questions because the textbook included mathematical 

objectives for each section.  These objectives were used to help develop the statistical 

concepts that would be on the survey because each participant used the textbook during the 

univariate statistics unit.  Thus, it could be safely assumed that the students would be familiar 

with the information and terminology that was presented in survey questions.  After the 

initial scan of the mathematical objectives, the following framework (See Figure 1) was  
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developed in order to help guide the question writing process. 

  Type of Representation 
Main concepts Data Table Box Plot Dot Plot Histogram 
Center     
Spread     
Comparing two data sets     
Effect of outliers     
Recognizing aggregate     
Standard Deviation         

Figure 1: Initial Framework for Question Development 
 

This framework helped to guide the preliminary question writing process, but in order 

to better analyze and compare participant preferences across question types a different 

framework was needed.  If the survey addressed each of the cells in the framework four 

different representations and six different concepts would need to be included.  A survey that 

considered all of the concepts with all of the representation would be very time consuming 

for interested participants.  Incomplete surveys could result if participants did not have the 

necessary time, and if a considerable number of incomplete surveys were returned, it would 

have been difficult to draw any reliable conclusions.   

Beyond the consideration of time to take the survey, it was determined that multiple 

concepts could be accounted for in a single question.  For instance a question could have the 

students examine central tendencies of multiple data sets (See the Appendix, Question 19) 

and in doing this are combining two of the concepts from the framework, center and 

comparing two data sets.  Recognizing the aggregate was eliminated from the initial 

framework for two reasons.  First, it is difficult to ask questions that uniquely focus on local 

or global thinking without inclusion of other statistical concepts.  Recall that local thinking is 

the tendency to focus on individual data points when reasoning about a data set whereas  
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global thinking is typically analyzing and reasoning with the data set as a whole.  Secondly, 

in extension of the first reason, local or global reasoning can be determined if participants’ 

explained their answers.  As the questions were finalized, the following five main ideas were 

determined to be most important: (1) typical value for a data set, (2) standard deviation, (3) 

spread/distribution of a data set, (4) recognition/effects of outliers, and (5) comparing two or 

more data sets. 

Once these main ideas were developed, the survey became increasingly structured.  

The preference survey was separated into five parts.  Five sections of four questions each 

would provide sufficient information on graphical preference for the researcher while not 

overwhelming the participants with too much work to do in order to finish the survey.  These 

five parts either included representations that compared multiple data sets or representations 

of a single data set.  Three of the sections, I, III, and V, included representations that 

contained multiple data sets.  The other two sections, II and IV, had representations of a 

single data set.   

The sections alternated in order to keep participants from developing a pattern of 

thinking.  The five main ideas covered in the survey did not have any relation to the five 

sections of the survey.  It was merely coincidence that the survey is divided into five sections 

and includes five main ideas.  The main ideas were developed using the course textbook and 

then modified as the survey was created, while the decision to have five sections, as 

mentioned above, was to provide enough information for the researcher without 

overwhelming the participants.   

The concern that students might develop a pattern in their thinking because the survey  
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was designed such that similar questions appear in multiple sections.  This allowed 

comparisons to be made across the questions in different parts of the survey.  All five 

sections of the survey included a question about typical values.  Four of the sections ask a 

question about standard deviation, four included a question about spread, and three sections 

included a question or questions about recognition or effect of an outlier.  Parts I, III, and V 

included questions that asked the user to compare data sets.  There are no questions that 

required the participants to compare outliers in multiple data sets.  In order to ask these 

questions the survey would need to be extended, and survey length was a concern in this 

study as previously discussed.  Participants might not have finished a time consuming, 

voluntary survey.  Beyond this, it was determined that enough information about 

representational preference of participants being asked about outliers could be determined 

with questions about a single data set.  This separation of multiple data sets or a single data 

set that were presented to participants determined the final framework used to analyze 

completed surveys (Figure 3).  Figure 3 is presented in section four of this chapter. 

Each section of the survey was two pages in length (See Appendix A for the complete 

survey).  The two pages were set adjacent to each other.  The first page contained brief 

instructions and the representations used to answer the questions.  The questions were placed 

on the adjacent page.  This allowed the participants to view the representations and 

associated questions in each of the five sections at the same time without having to turn 

pages.   

The instructions and explanation for each section included a brief description of the 

data.  The representations of these data sets appeared just below the instructions and  
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explanations.  Each of five parts contained three different representations.  Box plots, dot 

plots, histograms, and data tables are the four types of representations that appeared 

throughout the survey, as these are typical representations associated with univariate data and 

were used in the course. Three representations were selected for each survey section.  Only 

three representations were used in each section to keep the page from being too cluttered.  An 

important distinction that needs to be made here is that the box plots used within this survey 

were standard box plots.  Standard box plots do not display the outliers of a data set 

individually, but include them in the “whiskers” of the graph.  Students used both standard 

and modified box plots (box plots that identify and display outliers) during the course, but 

only standard ones were used in this survey.  Thus, when box plots are mentioned or 

discussed throughout this research, it is in reference to standard box plots.   

Two pieces of software were used to create the graphs and tables: TinkerPlots 

(Konold & Miller, 2005) and Fathom (Finzer, 2007).  These programs were used to create the 

representations on the survey because the participants had just completed a univariate 

statistics unit that incorporated these pieces of software.  The course textbook and course 

assignments in the univariate data unit of the course had the students interacting with both 

pieces of software, and so it was assumed that all survey participants would be familiar with 

graphical presentations from TinkerPlots and Fathom. 

The four representations were chosen to coordinate with the participants’ course 

work, class assignments, and previous knowledge.  Prior to this course, the students all had a 

basic course in statistics.  Between the required prerequisites and the course work the 

students are assumed to have knowledge of the graphs on the survey (box plot, dot plot, and  
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histogram).   Thus, there was no need for explanation or description of the types of graphs 

and their major characteristics on the survey.  The data table was included in two sections 

because it is a familiar representation to the students and tables were presented as part of the 

course material.  Not only was it included because of its familiarity, but also as a way to 

analyze how students interact with the data.  Typically, the questions asked for characteristics 

of the data that are easier to determine from the graphs, but if a student did not recognize this 

and used the data table, the course instructors could make necessary shifts in the class.  For 

example, if students used the data table to find a typical value instead of a graph that gives a 

more organized overview of the data, then course instructors can be sure to stress this useful 

characteristic of certain graphs in the future.   

Each of the five sections included a box plot because it provides basic summary 

statistics for the students to see.  Each of the sections also included at least a dot plot or 

histogram (Sections I, III, and IV include both) to give students a representation that 

provided an idea of distribution which could be used by participants to compare two data sets 

graphically.  Sections II and V did not contain both a histogram and dot plot because data 

tables are included in these two examples.  The data table was used for these two sections 

because the data was easy to understand within tables without being visually overwhelming.  

In section II, there is only a single set of data and the table is less cluttered, reducing 

confusion.  Despite the fact that section IV contains a single data set, a table was avoided 

because of the number of data points.  A data set that large would create an extensive and 

potentially confusing table.  A table was used for section V because gender is a familiar 

concept to everyone, and there is not an abundance of data.  Thus, the table was organized by  
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gender.  Participants could easily see the birth weights of boys and girls because the genders 

are separated.  Despite not having an abundance of data, Section I did not include a data table 

because participants were more likely to understand a division of gender, as it is a more 

familiar division than a split on employment.  Section IV did not use a data table because 

there are three sets of data being compared by the three sets of graphs.  A data table with this 

much information within three different data sets had the greatest potential to cause 

confusion.  Table 1 presents the representations used in each of the sections. 

Table 1 
Representations Used in Each Section 

Section Representations Used 
I Box Plot, Dot Plot, Histogram 
II Box Plot, Dot Plot, Data Table 
III Box Plot, Dot Plot, Histogram 
IV Box Plot, Dot Plot, Histogram 
V Box Plot, Histogram, Data Table 
 
The page adjacent to the representations in each of the five sections presented four 

questions about the associated group of representations.  Four questions were included with 

each section for two reasons.  The first reason was to minimize visual distractions and clutter.  

There are fours parts to each question, which are described below, and with the multiple parts 

there was a concern that the participants would be visually overwhelmed if too many 

questions were included.  However, with only four questions, the questions page for each of 

the five sections could be kept to one page.  Secondly, four questions are included in each 

part to ensure that enough data was collected for each of the five areas of interest. With four 

questions, each part was limited to one uncomplicated page that provided enough 

information for meaningful analysis. 
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Major characteristics of each representation were considered as questions were 

developed.  Box plots present some of the basic statistics of the data sets including median, 

quartiles, and range.  Box plots also present enough information to draw some basic 

conclusions about variation but “do not give a sense of the overall shape of a distribution” 

(Friel, Curcio, & Bright, 2001).  Thus questions on typical values were included.  Dot plots 

are the only graphs in this survey that did not fully reduce the data, meaning that participants 

could continue to see individual data points.  For the students that tend to focus on individual 

points to reason about data, a dot plot will probably be preferred.  The presentation of 

individual data points could also help students to recognize and reason about outliers.  Dot 

plots also give insight on overall shape of a distribution.  Histograms, like dot plots present 

the overall shape of data distribution if intervals are appropriately selected (Friel, Curcio, & 

Bright, 2001).  Histograms, however, do not include individual data points.  Rather, data is 

grouped, or binned, and is presented in frequency bars.  Participants that reasoned with 

global reasoning, would most likely prefer a histogram.  Thus, questions on both spread and 

standard deviation are included.   

The four questions within each section of the survey were broken down into four 

parts.  Each question included four parts to ensure that enough data was collected on student 

thoughts and processes.  Initial concern was that the participants could be overwhelmed with 

too much to do within each question if four parts were included.  In fact, the first version of 

the survey only included three sections because of this concern.  These sections were a 

multiple-choice question, a selection of most helpful representation, and an explanation of 

why a certain representation was most helpful.  Asking for a brief explanation of the  
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participant’s multiple-choice answer provided more data without seriously compromising the 

amount of time the participants spent on the survey and so this fourth part of the question 

was added.  With a total of twenty questions, the survey was estimated to take between thirty 

and forty-five minutes to complete, and more importantly provided sufficient information 

about each of the participant’s graphical preferences. 

The first part, part a, of each of the finalized questions was a multiple-choice question 

with between two and four answers.  The questions with two answers were associated with 

the sections that had graphs comparing multiple representations.  These questions focused on 

a comparison of a major characteristic of two data sets.  Questions with three answers were 

included for two reasons.  First, section III presented representations with three sets of data.  

Questions that compared a characteristic of the three data sets can only have three possible 

answers.  For example, if given data on basketball players scoring averages and asked a 

question about which position typically has the highest scoring average, guards, forwards, or 

centers, there are only three possible choices.  The only other occurrence of three choices for 

answers occurred in Part IV of the survey.  There were only three choices in two of these 

questions in order to keep this section’s questions to a single page.  This allowed the entire 

survey to have a consistent format and a consistent use of font size.  All other questions 

included four answer choices.  A majority of the distracters in these questions were selected 

in order to recognize misunderstandings or identify patterns of incorrect thinking.  For 

instance in question 8 of Part II, skewed left, normal, and even are all included to identify 

students that do not fully understand the definition or direction of skewness. 

Part b of each question asked for a brief explanation of the participant’s choice in part  
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a.  As previously mentioned this was the final section added to each questions in order to 

maximize the amount of information from the survey.  This section provided extra insight as 

students discussed their use of a certain representation prior to the later parts of the question.  

This section also provided insight into student thinking as they write out their problem 

solving process for each question.  The explanations did not include specific mention of a 

certain representational use, but understanding the participants’ thought processes still 

provides valuable insight into how they might be using the representations.   

The third section, part c, asked the survey taker to select which representation was 

most helpful in determining their multiple-choice answer.  This part was designed to gain a 

quick overview of graphical preference.  This section was used to determine patterns in the 

participants’ answers.  It was considered plausible that the participants might use aspects of 

multiple representations to determine some of their answers. This was accounted for by 

instructing participants to select only the representation that was most helpful in determining 

their answer. 

The final part of each question, part d, asked for a brief explanation of their graphical 

choice. This section provided the most detailed information on graphical preferences because 

it provided insight into participant thought processes.  Part c of each of the questions 

provided a quick overview of the graphical preference, whereas part d allowed the researcher 

to note how the graphs were used.  By noting how participants use graphs, preferences were 

better understood.  Beyond preference, student strengths and weaknesses could also be noted 

with their responses in part d.  

Although designed to analyze graphical preference, the four-part breakdown could  
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also be used to analyze overall strengths and weaknesses of the participants.  The explanation 

sections, parts b and d, could also be used by course instructors because students provided 

reasoning for their answers.  These two sections could reveal common misconceptions within 

a class.  If common misconceptions were found, the instructors of the course can use this 

knowledge to help future students avoid the same mistakes. 

Administration 
 
 The survey was administered to two sections of an introductory course in teaching 

mathematics with technology.  The two sections had the same curriculum (Lee, Hollebrands, 

& Holt, 2008) and included basic instruction on the use of TinkerPlots (Konold & Miller, 

2005) and Fathom (Finzer, 2007) to analyze univariate data.  All of the participants 

completed the univariate data unit at the same time during their semester.  

The participants had similar backgrounds in course work.   Prerequisites to the class 

ensured that all of the students completed a mathematics education courses and a course in 

calculus.  The two courses had a total of 25 enrolled students, 16 in the first section and nine 

in the second section.  Of the 25 students, 23 agreed to take the survey and out of these 

volunteers, 18 returned completed surveys.  The students that returned surveys included one 

sophomore, five juniors, eight seniors, three post-baccalaureate study students, and one 

student listed as unclassified.  

The three post-baccalaureate students were returning to school to complete 

requirements for a teaching certification.  The unclassified student was a clinical instructor 

sitting in the course.  Of the remaining 14 students, eight were high school mathematics 

education majors, two were middle school mathematics education majors, three were in a  
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dual program for certification in middle school mathematics and science, and one student 

was enrolled in an engineering program.  The student enrolled in engineering was in the 

midst of transferring into the mathematics education department, but all of the necessary 

paperwork had not yet been completed.  Five of the participants were males and thirteen were 

female.  

Students in these two classes were used in part because of the convenience of the 

sample.  All necessary forms were submitted and approved through the university’s IRB 

compliance office to obtain permission to conduct the study.  Signed consent forms (See 

Appendix B) informed volunteers that participation would have no bearing on their course 

grade, the approximate time needed to complete the survey, that their surveys would be kept 

confidential, and that they had the choice to withdraw from the study at any point.  As 

previously mentioned, twenty-three of the twenty five students enrolled in the course 

returned singed informed consent forms and volunteered to be a part of the study.  

Another determining factor for this sample was the age of the majority of study 

participants.  A majority of the participants, 14 of the 18 volunteers, were in their sophomore, 

junior, or senior year of college.  This meant that they were only a few years removed from 

high school mathematics classrooms as a student and only a few years from teaching 

mathematics.  Thus, this study could potentially yield generalizations to both statistics 

students and teachers.  Course instructors can use findings from the survey to help shape the 

introductory class’s curriculum in a way that best prepares and supports the current or soon-

to-be teachers enrolled in the course. 

Each class was similar in the type of student that participated and the reason for using  
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those students, but how the survey was administered differed between the two course 

sections.  In section one, the course instructor allotted time within one of the class periods for 

all of the participants to complete the survey.  The survey was distributed to the participants 

by the researcher at the beginning of the class.  After distribution the researcher left the room 

in order to minimize classroom disruption and to reduce the amount of influence or pressure 

the participants might have felt if the researcher had remained in the room.  The survey was 

collected by the course instructor after completion and returned to the researcher a day later.  

The second section did not complete the survey during class time.  In an attempt to 

reduce classroom disruption the course instructor was given the survey to distribute at their 

discretion and the instructor determined that in order to minimize interference with class time 

or material, the best time for the participants to take the survey would be at home between 

class meetings.  Initially the participants were given a week to finish the survey and return it 

to the course instructor.  However, as a result of some confusion the surveys were returned 

two weeks after distribution. 

Although the overall return rate was good, 18 of the 23 who volunteered to participate 

in the survey by returning the informed consent form, the number of surveys returned by the 

two sections differed.  The first section returned 15 surveys, while the second section 

returned only three completed surveys.  The difference was attributed to the fact that the first 

section was given time in class to finish and turn in the completed survey while the second 

section was given the survey with much less structure.   
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Data and Analysis 

 Completed surveys were collected and then examined question-by-question using the 

analysis grid below (Figure 2).   The grid was adapted from a table presented in Agresti’s 

(2002) Categorical Data Analysis.   

    Representation 
Number of Data Sets Main Idea Box Plot Dot Plot Histogram Data Table 
 Typical Value         

 Spread         
Single Data Set Standard Deviation         
  Effect of Outliers         
  Typical Value         

 Spread         
Multiple Data Sets Standard Deviation         

 Effect of Outliers         
  Comparing data sets         

Figure 2: Initial Analysis Grid 
 

The analysis grid, shown in Figure 2, was used to tally the preferences from individual 

surveys by recording an indicated preference in cells that corresponded to both the type of 

question used (the term type of question is used in this study as another way of saying the 

main idea covered by the question), and the representation that was considered to be most 

helpful by the survey participant.  For example, if a student used the box plot to answer a 

typical value question, then a tic mark was added to the box plot/typical value cell. In order 

to keep the surveys organized, each survey and corresponding analysis grid were identically 

numbered. 

The first major separation in the analysis grid was of questions considering single or 

multiple data sets because the five sections of the survey had either representation of one or 

multiple data sets.  The next separation was the main idea of the question.  The main ideas  
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covered in the survey as mentioned earlier were: (1) typical value, (2) standard deviation, (3) 

spread/distribution of a data set, (4) the recognition/effects of outliers, and (5) comparing 

multiple data sets. 

 As the first surveys were analyzed a difficulty in using in the analysis grid became 

apparent.  It proved difficult to analyze when a participant compared multiple data sets 

because it was not a topic in and of itself.  In order to compare multiple data sets students had 

to use one of the other main ideas.  For example, question 2 of the survey (See Appendix A) 

asked students to compare typical values of two data sets.  In this question students compared 

multiple data sets by comparing typical values.  Thus, the grid in Figure 2 was restructured 

into the final analysis grid (Figure 3).  The number located next to each of the main ideas 

indicates the number of times this type of question appeared on each of the individual 

surveys.  The analysis tables, found in the Results chapter, continue to use these numbers to 

remind readers how many times each type of question appeared on the individual surveys. 

    Representation 
Number of Data Sets  Main Idea Box Plot Dot Plot Histogram Data Table 
 Typical Value (6)         
Single Data Set Spread/Distribution (3)         
 Standard Deviation (2)         
 Effect/Recognition of Outliers (4)         
  Typical Value (2)         
Multiple Data Sets Spread/Distribution (1)         
  Standard Deviation (2)         

Figure 3: Finalized Analysis Grid 
 

The row for comparing multiple data sets was shifted to be an initial split in the data 

analysis grid because the survey is designed to either ask a question based on a single data set 

or multiple data sets.  Therefore, it seemed a logical shift.  The effect/recognition of outliers 

row was not included in the comparing two or more data sets portion of the grid.  This row  
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was omitted because there were no questions that compared the outliers of multiple data sets. 

Sections I, III, and V of the survey presented representations created using two or 

more data sets.   Not all of the questions in these sections asked participants to compare the 

multiple data sets.  For example, question 9 (See Appendix A) asked for the typical value of 

one of the data sets.  There were three data sets in each representation, but the question only 

asked student work with one.  The indicated preference for this question was added to the 

using a single data set, typical value row instead of the two or more data sets, typical value 

row because participants did not comparing multiple data sets to find their answer.  

Preferences were analyzed with the framework be examining responses in part c of 

each question.  Part c asked the students to chose the graph or representation that was most 

helpful in determining their answer in part a.  A count was kept for each main idea and which 

representation was chosen to be most helpful.  Corresponding surveys and analysis grids 

were paired and preferences for each individual survey were tallied in individually associated  

grids.  If a student used multiple graphs to draw their conclusions then they would have noted 

it in part d and it is plausible that their explanation in part b might shed some light on a 

thought process that involved using multiple representations.  In this situation, only the 

representation that participants noted as most helpful was tallied into the corresponding cell 

of the analysis grid.  This was done for two reasons.  First, the researcher was primarily 

interested in examining the initial preferences.  Secondly, the analysis procedures used to 

analyze the final counts are based on the participants having to select a single statistical 

representation. 

Parts b and d were included in each question to provide some background to the  
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students’ answers.  They were not used in the totaling of preferences but proved to be useful 

as conclusions were made about the overall preferences that the students had (This 

information is presented in the Discussion chapter of this thesis).  In cases where interesting 

or surprising results were found, student explanations (parts b and d) were consulted to help 

determine why particular representations were preferred.  Course instructors can also use this 

information to note students’ strengths and weaknesses when working with statistical graphs 

and this information can help determine future instructional practices.  These two explanation 

sections can also be used in future research or for further investigations that reach beyond the 

scope of this particular study.   

The method used to tally preferences was implemented regardless of correct or 

incorrect reasoning.  The survey revealed misconceptions, but the analysis was not completed 

to determine struggles.  The survey and subsequent analyses were used to determine which 

statistical graphs are preferred for the five main statistical ideas discussed earlier.  For 

example, if a student used a dot plot to answer a question on skewness but was confused on 

skew direction, the fact remains that they chose the dot plot as the most helpful 

representation, and this preference was included in the overall counts. 

The only disregarded preferences were associated with students that indicated guesses 

or no knowledge of the concept the question addressed.  If students guessed, then they did 

not understand the concept and it would be fruitless to gauge a preference of an unknown 

concept.  An important distinction that needs to be made is that guessing and 

misunderstandings were treated differently.  Even if misunderstandings existed, a graphical 

preference was still associated and so accounted for, but if participants did not know how to 
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approach or work with the concept of interest, then their preferences are of little value and so 

were disregarded.  

The analysis grid is designed to analyze student preference in each type of question.  

There were no predetermined “best” representations associated with each type of question.  

Therefore, completed surveys were not compared to a “best” answer in order to be analyzed.  

Analysis was not on whether participants chose the best representation for one of the main 

ideas.  Rather, the main focus of this survey was simply to examine what graphical choices 

the participants made. 

After all 18 surveys were analyzed the preference tallies were combined into one 

analysis grid.  Initially, totals for the two course sections were kept in separate analysis grids 

so that patterns of preferences unique to each class might be recognized.  However, the 

disparity in number of returned surveys from each section did not allow for this.  With 15 

returned surveys from section one, recognizable patterns would be present.  For example, 

students tended to use a particular representation when determining standard deviation.  With 

only three returned surveys from the second section, it would be difficult to discern reliable 

patterns within their work.  Therefore, the surveys from both sections were combined to 

provide overall preference information. 

The need for statistical analyses. From the initial final count table (Table 3 in Results 

chapter) and the associated proportion table (Table 4 in Results chapter) only basic 

conclusions were drawn.  However, these conclusions did not have statistical significance, 

they were based solely on speculation.  Therefore, two different analysis procedures were 

used to further analyze the data.  First, a goodness of fit test was used to check for any  
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statistically significant preferences.  The test compared observed proportions to expected 

proportions using a chi-squared distribution.  If any significant preferences existed further 

analyses were conducted to determine where those differences existed.  The secondary 

analyses calculated confidence intervals based on proportions that determined if and where 

particular preferences exist.  Both the goodness of fit test statistic and the confidence interval 

calculations were done using Excel (Microsoft, 2004).  The calculation details of the two 

procedures are discussed in much more detail in the following chapter.   

The goodness of fit test was the most valuable initial analysis for multiple reasons.  It 

provided a quick check for overall differences, or in our case it checked to see if a preference 

existed.  Secondly, because goodness of fit tests compare observed data with expected 

values.  In this study expected values for representational preferences could be determined 

within each question type and then compared to observed values from completed surveys.  

The test statistic was calculated using the expected and observed values and then compared 

to the chi-square distribution.  Detailed explanation of how these expected values were 

determined and how the goodness of fit test was carried out in this study, including the 

calculations of these test statistics, is provided in the following chapter.   

Finally, the goodness of fit test was determined to be the most appropriate test 

because of the quantity of collected data.  A quick check was done to make sure that enough 

data was available to use this test (See Table 2).  It was recommended that the total number 

of observations for each type of question, n, be large enough so that the product of n and the 

expected proportions all be greater than or equal to five ( npio ≥ 5).  Hogg and Ledolter 

(1992) state that beyond this “in many cases the approximation also works very well for  
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1≥ionp ” (p. 250).  Without presenting detailed explanation of my calculations of expected 

probabilities here (this explanation appears in the Results chapter along with a table of 

expected proportions in Table 6), Table 2 presents the previously mentioned check that the 

values of n are in fact large enough.  The n values used were as follows for the single data set 

questions: n = 103 for typical value questions, n = 54 for spread/distribution questions, n = 

29 for standard deviation questions, and n = 65 for the effect/recognition of outliers.  The n 

values for the comparing two or more data sets were n = 36 for typical value questions, n = 

17 for spread/distribution questions, and n = 34 for standard deviation questions.  A thorough 

explanation of these values is presented in the results chapter, but for now they are given to 

show how the values in Table 2 were calculated.  Recall that the numbers beside the question 

types indicate how many times that type of question appeared on an individual survey. 

Table 2 
Determination of Sufficient Data Collection 

  Representation 
Number of Data Sets Main Idea Box Plot Dot Plot Histogram Data Table 
 Typical Value 34.33 28.61 28.61 11.44 
Single Data Set Spread/Distribution 18.00 12.00 12.00 12.00 
 Standard Deviation 9.67 4.83 9.67 4.83 
 Effect/Recognition of Outliers 21.67 21.67 10.83 10.83 
  Typical Value 12.00 6.00 12.00 6.00 
Multiple Data Sets Spread/Distribution 5.67 5.67 5.67 - 
  Standard Deviation 11.33 11.33 11.33 - 

 
This quick check revealed all but two cells were greater than five, but these two cells 

contain values that are greater than one.  Thus, it is evident that enough data was collected to 

ensure an approximation to the chi-square distribution was valid.  There were no values for 

the multiple data sets spread/distribution or standard deviation cells for data table, because 

the data table was not available for selection when these two types of questions were asked. 
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The initial goodness of fit test was used to determine if a significant preference exists, 

but it did not indicate which specific representation was preferred.  Thus, a follow up 

procedure was needed to determine exactly where the preferences existed.  The follow up 

procedure used in this study, as mentioned earlier, compared two representations at a time by 

using proportions to create confidence intervals.  The confidence interval calculations were 

done assuming that student choices did not change as the pair-wise comparisons were being 

made.  In other words, if a student preferred a histogram for a spread question but the box 

plot and dot plot proportions were being compared, that student did not have to re-answer the 

question choosing between a box plot and dot plot, rather that preference simply did not 

contribute to this comparison.  More detail on this procedure is included in the results 

chapter. 

These results from the two analysis procedures in combination with the observed data 

gave sufficient information needed to draw conclusions about statistical representation 

preferences.  When each representation was paired with another representation, significant 

differences indicated a preference and the observed data reflected where that preference 

existed for these students. 
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Results 

Introduction 
 

The initial count totals provided a quick snapshot of the overall preferences, but only 

speculation could be made without further analysis.  In order to make statistically significant 

claims, further analyses were needed.  A goodness of fit test was used to determine if overall 

graphical preferences existed within each type of question.  In general, a goodness of fit test 

attempts to fit a statistical model to a sample of data.  In this study expected proportions were 

fitted to observed proportions using a chi-squared distribution.  If the observed proportions 

were close to the expected, then the observed data would be a good fit for the expected 

distribution.  If significance was found using the goodness of fit test, then a more focused 

analysis was done using confidence intervals to determine where specific preferences were. 

Initial Totals 
 

After individual surveys were analyzed, the 18 analysis grids were combined to find 

the overall counts for the sample of students.  Table 3 presents the aggregate preference totals 

for each type of representation within each type of question.  For example, out of the 

questions answered about effect / recognition of outliers, the dot plot was considered to be 

the most helpful representation by the participants 39 times.   

Table 3 
Overall Counts of Representational Preferences 
  Representation 

Number of Data Sets Main Idea Box Plot Dot Plot Histogram Data Table 
 Typical Value (6) 64 30 7 2 
Single Data Set Spread/Distribution (3)  14 19 21 0 
 Standard Deviation (2) 23 3 3 0 
 Effect/Recognition of Outliers (4) 16 39 5 5 
  Typical Value  (2) 24 4 9 0 
Multiple Data Sets Spread/Distribution (1) 4 2 11 - 
  Standard Deviation (2) 18 7 9 - 
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There were no values in the data table cells for spread/distribution or standard 

deviation questions comparing two or more data sets because data tables were not provided 

with those two types of questions.  All of the calculations in the study reflected that data 

tables were not available for these two types of questions. 

Table 4 presents the proportion of graphical preference within each type of question.  

The value in each of the individual cells was calculated by taking the count from the cells in 

Table 3 and then dividing by the total number of preferences for those types of question (the 

sum of preference counts in each row).  For example, out of questions on standard deviation 

using a single data set, there are 29 total indications of preference of which 23 were for the 

box plot and 79.
29
23

= .  In other words, 79 percent of the single data set standard deviation 

questions were answered using the box plot as the preferred representation.  Proportions in a 

few of the rows do not sum to one due to rounding. 

Table 4 
Observed Proportions of Representational Preferences 
  Representation 
Number of Data Sets Main Idea Box Plot Dot Plot Histogram Data Table 
 Typical Value (6) 0.62 0.29 0.07 0.02 
Single Data Set Spread/Distribution (3) 0.26 0.35 0.39 0.00 
 Standard Deviation (2) 0.79 0.10 0.10 0.00 
 Effect/Recognition of Outliers (4) 0.25 0.60 0.08 0.08 
  Typical Value (2) 0.64 0.11 0.25 0.00 
Multiple Data Sets Spread/Distribution (1) 0.24 0.12 0.65 - 
  Standard Deviation (2) 0.53 0.21 0.26 - 

  
Use of Goodness of Fit Tests to Determine Overall Significance 
 

Counts and proportions from the previous two tables could be used to draw basic 

conclusions, but no significant claims could be made.  In order to make more meaningful  
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claims, a goodness of fit test was used to determine statistical significance for each of the 

seven types of questions.  The seven types of questions refer to the four types of questions 

asked for single data sets (typical value, spread/distribution, standard deviation, and 

effect/recognition of outliers) and the three types of questions comparing two or more data 

sets (typical value, spread/distribution, and standard deviation) 

 The goodness of fit test compared expected counts with observed counts to determine 

test statistics that were compared to a chi-square distribution.  This analysis would be 

simplified if all four representations were used an equal number of times for each question 

type.  If this were the case each of the expected proportions would be equal.  The 

representations, though, were not used the same number of times for each of the types of 

questions.  Calculations were needed to determine the expected proportions of each type of 

representation within each of the seven types of questions.   

Each cell in Table 5 presents the number of times each representation was used for 

each type of question.  The final column in the table gives the total number of possible 

representational uses.  In other words, there were 18 possible representation choices 

associated with single data set typical value questions on the survey, of which 6 were box 

plots, 5 were dot plots, 5 were histograms, and 2 were data tables. 

Table 5 
Total Number of Available Representational Preferences 
  Representation  

Number of Data Sets Main Idea Box Plot Dot Plot Histogram Data Table Total Count 
 Typical Value (6) 6 5 5 2 18 
Single Data Set Spread/Distribution (3) 3 2 2 2 9 
 Standard Deviation (2) 2 1 2 1 6 
 Effect/Recognition of Outliers (4) 4 4 2 2 12 
  Typical Value (2) 2 1 2 1 6 
Multiple Data Sets Spread/Distribution (1) 1 1 1 - 3 
  Standard Deviation (2) 2 2 2 - 6 
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Table 5 showed that each of the four representations were presented different 

numbers of times for each type of question.  In other words, participants taking the survey 

had more chances to chose a box plot than a data table when answering a question on typical 

value.  This must be reflected in the calculations of test statistics.  Table 5 also shows that 

students did not have the same number of representational choices available to them in each 

of the seven types of questions.   

The counts in Table 5 were used to calculate expected probabilities.  The value in 

each cell was divided by the row totals to find each representation’s expected probability for 

each type of question.  For example, the row for the effect/recognition of outliers using a 

single data set has a total of twelve representational choices.  Of the 12 available 

representational choices, 4 were box plots.  The expected proportion of box plot preferences 

then, would be 4 of the 12 or one third.  Therefore, the same method was used to calculate 

the expected proportions associated with each type of representation within each of the seven 

types of questions.  Table 6 presents these values.  Fractions were used in this table for visual 

appeal and because these fractions would be less complicated to read and understand than the 

equivalent decimals (5/18 as opposed to 0.277). 

Table 6 
Expected Proportions 
  Representation 
Number of Data Sets Main Idea Box Plot Dot Plot Histogram Data Table 
 Typical Value (6)   1/3    5/18   5/18   1/9  
Single Data Set Spread/Distribution (3)   1/3    2/9    2/9    2/9  
 Standard Deviation (2)   1/3    1/6    1/3    1/6  
 Effect/Recognition of Outliers (4)   1/3    1/3    1/6    1/6  
  Typical Value (2)   1/3    1/6    1/3    1/6  
Multiple Data Sets Spread/Distribution (1)   1/3    1/3    1/3  - 
  Standard Deviation (2)   1/3    1/3    1/3  - 
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 Expected probabilities for data table use with spread/distribution and standard 

deviation questions with data comparing two or more data sets were not calculated because 

no data tables were available for these questions.  Calculations needed to carry out the 

goodness of fit tests took the absence of data tables in these two types of questions into 

account. 

 The expected proportions, pio, were used to set up the null hypothesis for each type of 

question.  Under the null each of the observed proportions, pi, should equal the expected 

proportion (pi = pio).  The alternative hypotheses were designed to test for at least one 

inequality, or that pi ≠  pio.  Seven sets of hypotheses were developed because of the seven 

different types of questions.  In each set of hypotheses, p1 was the observed proportion 

associated with the box plot, p2 was the observed proportion associated with dot plot, p3 was 

the observed proportion associated with the histogram, and p4 was the observed proportion 

associated with the data table.  Table 7 presents the hypotheses for each type of question 

asked on the survey: 

Table 7 
Hypothesis for the Seven Types of Questions        
Number of Data Sets Questions Type   Hypotheses    

   Typical Value    Ho : p1 =
1
3

, p2 =
5

18
, p3 =

5
18

, p4 =
2
9

Ha : p1 ≠
1
3

, p2 ≠
5

18
, p3 ≠

5
18

, p4 ≠
2
9

 

 

Spread/Distribution   Ho : p1 =
1
3

, p2 =
2
9

, p3 =
2
9

, p4 =
2
9

Ha : p1 ≠
1
3

, p2 ≠
2
9

, p3 ≠
2
9

, p4 ≠
2
9

 

Single    

Standard Deviation   Ho : p1 =
1
3

, p2 =
1
6

, p3 =
1
3

, p4 =
1
6

Ha : p1 ≠
1
3

, p2 ≠
1
6

, p3 ≠
1
3

, p4 ≠
1
6
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Table 7 (continued) 
             
Number of Data Sets Questions Type   Hypotheses    

   Effect/Recognition of Outliers 
Ho : p1 =

1
3

, p2 =
1
3

, p3 =
1
6

, p4 =
1
6

Ha : p1 ≠
1
3

, p2 ≠
1
3

, p3 ≠
1
6

, p4 ≠
1
6

 

             
 

   Typical Value    
Ho : p1 =

1
3

, p2 =
1
6

, p3 =
1
3

, p4 =
1
6

Ha : p1 ≠
1
3

, p2 ≠
1
6

, p3 ≠
1
3

, p4 ≠
1
6

 

 

Two or More  Spread/Distribution   
Ho : p1 =

1
3

, p2 =
1
3

, p3 =
1
3

Ha : p1 ≠
1
3

, p2 ≠
1
3

, p3 ≠
1
3

 

 

Standard Deviation   Ho : p1 =
1
3

, p2 =
1
3

, p3 =
1
3

Ha : p1 ≠
1
3

, p2 ≠
1
3

, p3 ≠
1
3

 

             

Only three proportions were used in the final two sets of hypotheses because there 

were no data tables associated with the questions asking participants to compare the 

spread/distribution or standard deviation of multiple data sets.  Thus there were no expected 

probabilities for data table preference.  Only the box plots, dot plots, or histograms could be 

preferred.  This difference was accounted for when the goodness of fit test statistic was 

calculated and compared to the chi-squared distribution. 

 Equation 1 was used to determine the goodness of fit test statistic for the seven 

hypotheses above: 

∑
=

−
=

k

i i

ii
t np

npN
Q

1

2)(
     (1)  
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In Equation 1, t is the type of question, k was the number of representations compared, n was 

the number of expected answers for each type of question, and pi  is the probability 

associated with each type of representation. The value tQ  has an approximate χ 2(k −1) 

distribution.  If )1(2 −≥ kQt χ  then we will have sufficient evidence to reject the null 

hypotheses in favor of the alternatives.  Another way of writing Equation 1 that made it 

easier to comprehend what exactly was going on the procedure was: 

 

∑
=

−
=

k

i
t Expected

ExpectedObservedQ
1

2)(     (2) 

 
 
 The observed values were given in Table 3.  The expected values required a bit of 

work to calculate.  A brief explanation is needed to clarify how these values were determined 

as an adjustment needed to be made for non-response.  Table 8 was used to help determine 

the total expected counts each type of question for all of the returned surveys. 

The first step was totaling the number of times each type of question was asked on the 

survey.  Next, those values were multiplied by 18, because 18 surveys were returned.  This 

provided an initial expected count, but did not account for non-responses or indications of 

guessing.  Some of the participants skipped questions or never indicated a preference and 

some noted that answers were determined by guessing.   Only the responses that contributed 

to expected counts needed to be included, otherwise the expected count could become 

inflated.  In order to adjust for non-responses, omitted preferences, and indications of 

guessing without disregarding completed surveys, the expected counts were adjusted.  The 

expected counts were adjusted by subtracting the total number of omissions (accounted for in  
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the number of omissions column) from the initial expected count.  

Table 8 
Finding the Adjusted Expected Counts 

Number of Data 
Sets Main Idea 

Number of 
Questions asked 

Number of 
Returned Surveys 

Expected 
Counts 

Number of 
omissions 

Adjusted 
Count 

 Typical Value (6) 6 18 108 5 103 

Single Data Set Spread/Distribution (3) 3 18 54 0 54 

 Standard Deviation (2) 2 18 36 7 29 

  Effect/Recognition of Outliers (4) 4 18 72 7 65 

 Typical Value (2) 2 18 36 0 36 

Multiple Data Sets Spread/Distribution (1) 1 18 18 1 17 

  Standard Deviation (2) 2 18 36 2 34 

 
The expected proportion (Table 6) for each of the representations within each 

question type was multiplied by the adjusted expected count (Table 8) to find the expected 

value for each representation.  For example, 103 preference responses were expected for 

typical value questions (single data set), 1/3 of which were expected to be the box plot.  

Thus, the expected value for preferring a box plot when answering a typical value question 

would be 103(1/3) = 34.33.  Table 9 presents these expected values. 

Table 9 
Expected Values 

  Representation 

Number of Data Sets Main Idea Box Plot Dot Plot Histogram Data Table 

 Typical Value (6) 34.33 28.61 28.61 11.44 
Single Data Set Spread/Distribution (3) 18.00 12.00 12.00 12.00 
 Standard Deviation (2) 9.67 4.83 9.67 4.83 
 Effect/Recognition of Outliers (4) 21.67 21.67 10.83 10.83 

  Typical Value (2) 12.00 6.00 12.00 6.00 
Multiple Data Sets Spread/Distribution (1) 5.67 5.67 5.67 - 

  Standard Deviation (2) 11.33 11.33 11.33 - 

 
At this point, the test statistic needed to compare our goodness of fit test to the chi-

squared distribution was calculated.  The first step in using Equation 1 was to calculate the 

Observed − Expected( )2

Expected
values.  The observed values in the cells of Table 3 each correspond 
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to an expected value cell in Table 9 and using a spreadsheet, the first step (everything but the 

summation) was carried out and the results are presented in Table 10.  

Table 10 
Initial Step in Determining the Test Statistic 

  Representation 

Number of Data Sets Main Idea Box Plot Dot Plot Histogram Data Table 

 Typical Value (6) 25.63 0.07 16.32 7.79 
Single Data Set Spread/Distribution (3) 0.89 4.08 6.75 12.00 
 Standard Deviation (2) 18.39 0.70 4.60 4.83 
 Effect/Recognition of Outliers (4) 1.48 13.87 3.14 3.14 

  Typical Value (2) 10.08 0.67 0.75 6.00 
Multiple Data Sets Spread/Distribution (1) 0.49 2.37 5.02 - 

  Standard Deviation (2) 3.92 1.66 0.48 - 

 
 Recall that the missing values in the figures occurred because data tables were not 

available for questions using multiple data sets to compare spread/distribution or standard 

deviation.  To determine the final test statistic indicated below as qt, each of the rows was 

summed (qt was used to represent the summations instead of Qt).  The test statistics were as 

follows: q1, for single data set, typical value questions, q2, for single data set, 

spread/distribution questions, and so on all the way down to q7 which was the test statistic for 

comparing standard deviations of multiple data sets.  The test statistics for each question 

were recorded in Table 11. 

Table 11 
Summations 
Number of Data Sets Main Idea qi values Test Statistic 
 Typical Value (6) q1 49.82* 
Single Data Set Spread/Distribution (3) q2 23.72* 
 Standard Deviation (2) q3 28.52* 
 Effect/Recognition of Outliers (4) q4 21.63* 
  Typical Value (2) q5 17.50* 
Multiple Data Sets Spread/Distribution (1) q6 7.88a* 
  Standard Deviation (2) q7 6.06a* 

aValues calculated with only three representations because the data table was not presented for these types of 
questions. 
* Statistically significant at 05.=α  
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 For the first five sums (q1, q2, q3, q4, q5) the test statistic was compared to χ 2(.05,3) = 

7.82.  This chi-squared value was used because the alpha level was set at the generally 

accepted level ofα = .05 and there are 3 degrees of freedom associated with the k = 4 

possible representations (there are k-1 degrees of freedom).  In each of these cases, 

)3,05(.2χ≥tq , which meant that the null hypotheses is rejected in favor of the alternative 

for all four types of questions that used a single data set and questions that compared typical 

values for multiple data sets.  This means that at least one of the observed proportions 

differed from the expected proportions for all of these questions.  This indicated that a 

preference for one of the representations existed. 

The final two test statistics (q6, q7) were calculated in a similar manner except that 

they were compared toχ 2(.05,2) = 5.99.  The degrees of freedom reduced to 2 because only 

three types of representations were available.  In both of these cases )2,05(.2χ≥tq , so the 

null hypotheses were rejected in favor of the alternatives.  It was again the conclusion that at 

least one of the observed proportions differed significantly from the expected values for these 

the two types of questions.  This meant that a preference for one of the representations 

existed. 

 The initial test revealed that within each of the question types, a preference was 

present.  However, this test did not reveal exactly where these preferences existed.  More 

specifically, representational preferences existed among typical value questions, but it could 

not be determined from the goodness of fit test whether the preferences was for the box plot, 

dot plot, histogram, or data table.  Claims about preference could only be made based on 
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trends of the data.  In order to make statistically significant claims about which 

representations are preferred, further analysis was needed. 

Determining Preferences using Confidence Intervals 

 The goodness of fit test found that each of the seven types of questions had a 

graphical preference associated with them, but more analysis was needed to determine more 

specifically where significant preferences existed.  To do this analysis, confidence intervals 

were calculated based on the estimation of the differences among proportions.  If a 

confidence interval that compared two of the representations contained zero, it was an 

indication that no difference in the true proportions existed between those two 

representations.  It could then be concluded that that no preference existed between the two 

compared representations.  The confidence intervals compared proportions of two 

representations at a time for each of the seven types of questions with Equation 3: 

 

)var( 21
2

21 reprep
c

reprep ppZpp
∧∧∧∧

−±⎟
⎠
⎞

⎜
⎝
⎛ − α     (3) 

 

The z-statistic was determined using the value of  c2
α .  The value c represented the 

number of comparisons made within each of the question types.  This correction, called a 

Bonferroni correction, was used to account for possible inflation.  Further details of the z-

statistic and the use of the Bonferonni correction are presented in greater detail below, prior 

to Table 14, but a brief explanation is given here to clarify why the variable c appears. 
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The first step in this analysis found the difference of the proportions for each pair of 

representations ( 21 reprep pp
∧∧

− ), where p
∧

rep1 and p
∧

rep 2 were the observed proportion of the 

representations being compared.  The differences were found by using the following 

proportions: 

21

1
1

reprep

rep
rep nn

n
p

+
=

∧

 and p
∧

rep 2 =
nrep2

nrep1 + nrep 2

                     (4, 5) 

 

The indexes rep1 (representation 1) and rep2 (representation 2) indicated which two 

representations were compared.  These indexes changed according to which representations 

were being compared.  The n values used in these calculations are the observed counts found 

in Table 3.  For example, when the box plot proportions were compared to dot plot 

preferences for single value spread/distribution questions, the box plot was rep1 and the dot 

plot was rep2.   The n values (found in Table 3) were, 141 == boxplotrep nn  and 

192 == dotplotrep nn .  The p
∧

 values were: 42.
33
14

1914
14

==
+

=
∧

boxplotp  and 

57.
33
19

1914
19

==
+

=
∧

dotplotp .  Once these values were calculated, then the difference was 

determined by subtracting 21 reprep pp
∧∧

− .  Continuing the previous example, the difference 

between the proportions for box plots and dot plots when answering single value spread 

questions was .42 - .57 = -.15.  Table 12 presents the differences among the proportions for 

all possible representational preference comparisons. 
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Table 12 
Proportional Differences 
  Compared Representations 

Number of Data 
Sets Main Idea 

Box plot  
vs. 

Dot Plot 

Box Plot  
vs. 

Histogram 

Box Plot 
 vs.  

Data Table 

Dot Plot 
 vs. 

Histogram 

Dot Plot 
 vs. 

Data Table 

Histogram 
vs.  

Data Table 

 Typical Value (6) 0.36 0.80 0.94 0.62 0.88 0.56 

Single Data Set Spread / Distribution (3) -0.15 -0.20 1.00 -0.05 1.00 1.00 

 Standard Deviation (2) 0.77 0.77 1.00 0.00 1.00 1.00 

  Effect / Recognition of Outliers (4) -0.42 0.52 0.52 0.77 0.77 0.00 

 Typical Value (2) 0.70 0.44 1.00 -0.38 1.00 1.00 

Multiple Data Sets Spread / Distribution (1) 0.33 -0.47 - -0.69 - - 

 Standard Deviation (2) 0.44 0.33 - -0.13 - - 

 
The square roots of the variances of the proportional differences for each comparison 

were the next values to be calculated.  The variance of the difference of the proportions for 

any two representations simplified1 to 1/n, where n was the count of total observations of the 

two representations that were compared for a certain type of question ( 21 reprep nnn += ).  

Table 13 gives the calculations for variance of the proportional differences for each of the 

comparisons and Table 14 presents the square root of these variances. The seemingly 

incorrect square root values in Table 14, the box plot vs. histogram comparison, for example 

were due to rounding ( 12.01. =  according to the cell in Table 14). 

Table 13 
Variances of Proportional Differences 
  Compared Representations 

Number of Data 
Sets Main Idea 

Box plot  
vs. 

Dot Plot 

Box Plot  
vs. 

Histogram 

Box Plot 
 vs.  

Data Table 

Dot Plot 
 vs. 

Histogram 

Dot Plot 
 vs. 

Data Table 

Histogram 
vs.  

Data Table 

 Typical Value 0.01 0.01 0.02 0.03 0.03 0.11 

Single Data Set Spread / Distribution 0.03 0.03 0.07 0.03 0.05 0.05 

 Standard Deviation 0.04 0.04 0.04 0.17 0.33 0.33 

  Effect / Recognition of Outliers 0.02 0.05 0.05 0.02 0.02 0.10 

                                                 
1 The variance was calculated based on the fact that the trials were dependent and binomial.  Simply put, if we compared histograms to dot 
plots for standard deviation questions, then participants had two choices – histogram or dot plot.  There was total of 6 possible uses for 
either of these two representations for these questions.  Of these 6, participants had to either chose dot plot or histogram.  The student could 
choose the dot plot or not choose the dot plot.  If the student did not chose dot plot then they had to choose histogram.  Thus, choice of one 
representation was dependent on their choice to not use one of the other presented graphs or table.  The fact that only two choices are 
available when analyzing the data in this matter meant that the distribution was binomial and under the null hypothesis of each type of graph 
being equally likely to be chosen, the probability of each is .5.  Combining these two concepts caused the variance to simplify to 1/n in each 
case where n is the sum of the totals in the two representations that were compared for a given type of question. 
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Table 13 (continued) 
 
  Compared Representations 

Number of Data 
Sets Main Idea 

Box plot  
vs. 

Dot Plot 

Box Plot  
vs. 

Histogram 

Box Plot 
 vs.  

Data Table 

Dot Plot 
 vs. 

Histogram 

Dot Plot 
 vs. 

Data Table 

Histogram 
vs.  

Data Table 

 Typical Value 0.04 0.03 0.04 0.08 0.25 0.11 

Multiple Data Sets Spread / Distribution 0.17 0.07 - 0.08 - - 

 Standard Deviation 0.04 0.04 - 0.06 - - 

 
Table 14 
Square Root of the Variances of Proportional Differences 
  Compared Representations 

Number of Data 
Sets Main Idea 

Box plot  
vs. 

Dot Plot 

Box Plot  
vs. 

Histogram 

Box Plot 
 vs.  

Data Table 

Dot Plot 
 vs. 

Histogram 

Dot Plot 
 vs. 

Data Table 

Histogram 
vs.  

Data Table 

 Typical Value 0.10 0.12 0.12 0.16 0.18 0.33 

Single Data Set Spread / Distribution 0.17 0.17 0.27 0.16 0.23 0.22 

 Standard Deviation 0.20 0.20 0.21 0.41 0.58 0.58 

  Effect / Recognition of Outliers 0.13 0.22 0.22 0.15 0.15 0.32 

 Typical Value 0.19 0.18 0.21 0.28 0.50 0.33 

Multiple Data Sets Spread / Distribution 0.41 0.26 - 0.28 - - 

 Standard Deviation 0.20 0.19 - 0.25 - - 

 
 Table 15 presents the value found when the values in the cells of Table 14 were 

multiplied by the appropriate z-statistic.  The appropriate z-statistics for the first five 

questions types was 2.395 and for the other two question types was 2.13.  The z-statistic was 

calculated by considering that a two-tailed test was in order and by accounting for possible 

inflation of the test statistic.  Initially the z-statistic’s alpha level is divided by two because 

the alternative hypotheses are testing for unequal proportions (a two-sided test).  A 

Bonferroni adjustment was made for each of the z-statistics because multiple comparisons 

were made under the same assumptions.  If the correction was not made then the test 

statistics could have become inflated.  The Bonferroni adjustment divided the alpha value by 

the number of comparisons being made.  For the first five questions two of the four 

representations were compared at a time, which meant that six comparisons were made.  For 

the last two question types two of the three available representations were compared each  
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time meaning that three comparisons were done.  The conservative nature of the Bonferroni 

correction allowed for a relaxed alpha level of α = .10 to be used.  This meant that the alpha 

level of .10 for the z-statistic for the first five questions was divided by 12, while the alpha 

level for the final two questions’ z-statistics was divided by six.  Thus, the z-statistic for the 

first five questions types was calculated as z.10
12

= z.0083 = 2.395 and the z-statistic for the other 

two question types was z.10
6

= z..0167 = 2.13.  These products, as previously mentioned, were 

reported in Table 15. 

Table 15 
Product of Variance Work with Appropriate Z-statistic 
  Compared Representations 

Number of Data 
Sets Main Idea 

Box plot  
vs. 

Dot Plot 

Box Plot  
vs. 

Histogram 

Box Plot 
 vs.  

Data Table 

Dot Plot 
 vs. 

Histogram 

Dot Plot 
 vs. 

Data Table 

Histogram 
vs.  

Data Table 

 Typical Value 0.25 0.28 0.29 0.39 0.42 0.80 

Single Data Set Spread / Distribution 0.42 0.40 0.64 0.38 0.55 0.52 

 Standard Deviation 0.47 0.47 0.50 0.98 1.38 1.38 

  Effect / Recognition of Outliers 0.32 0.52 0.52 0.36 0.36 0.76 

 Typical Value 0.46 0.42 0.50 0.66 1.20 0.80 

Multiple Data Sets Spread / Distribution 0.87 0.55 - 0.59 - - 

 Standard Deviation 0.43 0.41 - 0.53 - - 

 
Confidence intervals for each of the comparisons were calculated by combining the 

proportional differences in Table 12 with the values in Table 15.  The values in the cells of 

Table 15 were subtracted from the corresponding cells of Table 12 to find the lower limit of 

the confidence interval.  The values were added to find the upper limit of the confidence 

interval.  Table 16 gives the confidence intervals for each comparison.  

Table 16 
Confidence Intervals 
  Compared Representations 

Number of Data 
Sets Main Idea 

Box plot  
vs. 

Dot Plot 

Box Plot  
vs. 

Histogram 

Box Plot 
 vs.  

Data Table 

Dot Plot 
 vs. 

Histogram 

Dot Plot 
 vs. 

Data Table 

Histogram 
vs.  

Data Table 

 Typical Value (0.11, 0.61) (0.52, 1.09) (0.64, 1.23) (0.23, 1.02) (0.45, 1.30) (-0.24, 1.35) 
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Table 16 (continued) 

  Compared Representations 

Number of Data 
Sets Main Idea 

Box plot  
vs. 

Dot Plot 

Box Plot  
vs. 

Histogram 

Box Plot 
 vs.  

Data Table 

Dot Plot 
 vs. 

Histogram 

Dot Plot 
 vs. 

Data Table 

Histogram 
vs.  

Data Table 

Single Data Set Spread / Distribution (-0.57, 0.27) (-0.60, 0.20) (0.36, 1.64) (-0.43, 0.33) (0.45, 1.55) (0.48, 1.52) 

 Standard Deviation (0.30, 1.24) (0.30, 1.24) (0.50, 1.50) (-0.98, 0.98) (-0.38, 2.38) (-0.38, 2.38) 

  Effect / Recognition of Outliers (-0.74, -0.10) (0.00, 1.05)a (0.00, 1.05)a (0.41, 1.13) (0.41, 1.13) (-0.76, 0.76) 

 Typical Value (0.24, 1.16) (0.01, 0.86) (0.50, 1.50) (-1.05, 0.28) (-0.20, 2.20) (0.20, 1.80) 

Multiple Data Sets Spread / Distribution (-0.54, 1.20) (-1.02, 0.08) - (-1.28, -0.10) - - 

 Standard Deviation (0.01, 0.87) (-0.08, 0.74) - (-0.66, 0.41) - - 
aThe lower limits of these two confidence intervals appear to be 0, but this is due to rounding. These two lower limits are actually .00118.  Thus these two confidence intervals do not 
include 0 
*Significant intervals are bolded 

The confidence intervals in Table 16 provided the information needed to identify 

where significant preferences existed.  The significant preferences were bolded.  If the 

confidence interval contained zero, then there was no significant difference between the true 

proportions of the two representations being compared.  If the entire interval was either 

completely positive or negative (did not include zero) this indicated that one of these 

representations was preferred.   

These confidence intervals revealed if a preference existed between the two 

representations that were compared within each question type, but could not be used to 

determine which representation of the pair was preferred.  No suitable test was found to 

determine which representation within each pair was preferred so the observed data was 

consulted.  Combining the significant preferences among pairs with the observed preferences 

(Table 3 and Table 4) conclusions were developed.  It is important to realize that these 

conclusions combine statistically significant results with observed counts.  Conclusions are 

not completely statistically significant, but by noting the trends in the data valuable insights 

were gained into preferences for the seven types of questions.  Table 17 presents the findings 

of most preferred representations for the participants in this study.  An ‘x’ was placed in the  
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cell that corresponds to the most preferred representation for each type of question. 

Table 17 
Most Preferred Representations 

  Representation 

Number of Data Sets Main Idea Box plot Dot Plot Histogram Data Table 

 Typical Value (6) X    
Single Data Set Spread / Distribution (3)   X  
 Standard Deviation (2) X    
  Effect / Recognition of Outliers (4)   X     

 Typical Value (2) X    
Multiple Data Sets Spread / Distribution (1)   X  
 Standard Deviation (2) X    

 
Typical value questions (single data set). For these questions a statistically significant 

representational preference existed in all of the pairs except for the histogram vs. data table.  

The data suggested that box plots were preferred over dot plots, histograms, and data tables 

for typical value questions.  The data also suggested that the dot plot was preferred to the 

histogram and data table when answering typical value questions.  

 Spread/distribution questions (single data set).  For these distribution questions it was 

determined that the preferences existed among the comparisons of box plot vs. data table, dot 

plot vs. data table, and histogram vs. data table.   The data suggested that in each of these 

comparisons the data table was the lesser-preferred statistical representation.  In fact the data 

table was never even selected as the most helpful representation for these questions.  Despite 

not being a significant preference the data suggested that the histogram was the most 

preferred representation for these questions. 

Standard deviation questions (single data set).  Preferences exist for the comparisons 

between box plot vs. dot plot, box plot vs. histogram, and box plot vs. data table for these 

questions about standard deviation.  The data suggests that the box plot was the preferred  
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representation when answering questions on standard deviation.   

Effect/recognition of outliers (single data set).  For the questions about the 

effect/recognition of outliers using a single data set, representational preferences existed for 

the following comparisons: box plot vs. dot plot, box plot vs. histogram, box plot vs. data 

table, dot plot vs. histogram, and dot plot vs. data table.  The data suggested that if the dot 

plot was an option it was preferred over the other three representations for these questions.  

The data also suggests that the box plot was preferred over both the histogram and the data 

table.  Upon initial inspection, it looked as though that the box plot vs. histogram and box 

plot vs. data table comparisons contained no significant preferences because the lower limit 

of the confidence interval appeared to be zero.  However, upon closer examination, it was 

determined that the lower limits were actually slightly greater than zero, but were rounded 

down by the spreadsheet.  Therefore it can be concluded that preferences did exist because 

the intervals did not include zero. 

Typical value questions (two or more data sets).  Graphical preferences for these 

comparisons included, box plot vs. dot plot, box plot vs. histogram, box plot vs. data table, 

and histogram vs. data table.  The observed data suggested that the box plot was the preferred 

representation over the other representations for these questions.  According to the data the 

histogram was preferred over the data table as well for typical value questions. 

Spread/distribution questions (two or more data sets).  The only representational 

preference for spread/distribution questions comparing two or more data sets was found in 

the comparison dot plot vs. histogram.  The data suggested that the histogram was the 

preferred statistical representation for the questions comparing the spread of two data sets. 
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Standard deviation questions (two or more data sets).  For these standard deviation  

questions, the only significant representational preference was determined in the comparison 

box plot vs. dot plot.  The data suggests that the preference for these questions was for the 

box plot. 

Summary 

 These initial counts of participant preferences indicated that overall preferences might 

have existed for certain representations within each type of question.  The statistical analyses 

revealed that representational preferences did in fact exist within each type of question on 

this survey.  Although the analyses did not provide significant results for the overall 

representational preferences, enough information was collected to determine which types of 

graphs were preferred by these pre-service teachers for certain types of questions.  Recall that 

the survey questions were designed to assess the five main ideas presented in the methods 

chapter.  The following chapter discusses in further detail the noted preferences of the four 

representations on this survey and the implications of noted preferences. 
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Discussion 
 

Introduction 
 
 This study took survey responses from the 18 pre-service teachers and analyzed 

graphical preferences.  No predetermined best answers were used as comparisons to 

participant responses; rather the survey determined if and where particular graphical 

preferences existed for five main ideas.  The survey examined the following five concepts: 

(1) typical value, (2) standard deviation, (3) spread/distribution of a data set, (4) 

recognition/effects of outliers, and (5) comparing two or more data sets.  To compare two or 

more data sets the participants were given questions that compared typical values, standard 

deviations, and distributions.  Participants’ indicated the representation they found to be most 

useful for each question.  This process revealed preferences among the four different 

representations, box plot, dot plot, histogram, and data table, for each of the main ideas.  

Preferences within the seven types of questions were presented in the results chapter.  

 This chapter discusses the preferences for the four representations in greater depth.  In 

some instances, the noted preferences were consistent with previous suggestions and findings 

made among researchers and educators.  In other cases the findings lead to further questions 

and suggestions for similar research in the future.  Discussion of changes to be made in 

future research along the same lines and suggestions for research building on this study are 

also discussed in this chapter. 

Conclusions 
 
 The survey presented each of the four representations, box plot, dot plot, histogram, 

and data table, for each of the main ideas.  All of the questions had three associated  
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representations used by the students to help determine answers throughout the survey.  

Student responses indicated if and where preferences for certain representations within 

certain types of questions occurred.  Statistical representational preferences were found by 

comparing two representations and combining the observed data with statistical analyses.  

A representational preference was found for each of the seven types of questions that 

were asked.  The seven types of questions included the four questions focused on single data 

sets (typical value, spread, standard deviation, and outliers) and the three types of questions 

that compared two or more data sets (typical value, spread, and standard deviation).  The 

conclusion that a particular representation was most preferred was based on a combination of 

the statistical analysis and observed data.  Statistically significant preferences were identified 

for all of the seven types questions using the secondary analyses.  These analyses determined 

where preferences occurred by comparing two representations at a time with confidence 

intervals based on observed proportions.  When the significant preferences were noted, the 

observed proportions data in Table 4 were examined to see which graphs were selected most 

often.  For example if box plots and dot plots both appeared to be preferred over the 

histogram for a certain type of question, then the observed data was consulted to see which 

proportion in Table 4, the box plot or dot plot, was greater.  Whichever representation had 

the greater proportion was considered to be the most preferred.  In some cases statistically 

significant preferences were not found when all of the representations were compared.  In 

these cases, the observed data was consulted to determine the overall representational 

preferences for these particular questions. 

Box Plot.  The results of this survey indicated that the box plot is a preferred  
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representation for all seven types of questions.  For some of the question types, the box plot 

was the most preferred representation while in other cases it was not the most preferred 

representation, but was favored over at least one of the other representations. 

For typical value questions, whether using a single data set or comparing multiple 

data sets, the box plot was not only a preferred representation, but the most preferred 

representation.  A majority of the participants’ explanations of their box plot preferences 

mentioned use of the median.  This reasoning revealed that students understood a major 

characteristic of the box plot, the median, and their reasoning indicated that the participants 

felt that the median is representative of a data set. 

Another possible reason for the preference of the box plot for these questions on 

typical value might have been for ease and speed in completing the survey.  If the 

participants were trying to move through the survey as quickly as possible, and they wanted 

the representation that allowed them to see a measure of center without much time or effort 

then they would have most likely looked directly toward the box plot because it presented the 

medians of the data sets.  When considering this possibility, it is worth noting that the box 

plot was available within each of the five sections.  Thus, if these participants were trying to 

quickly complete the survey they would have likely gone straight to the box plot for typical 

value questions because of its availability and the easy access to the median within that 

particular graph.   

The data collected on questions asking about spread using a single data set indicated 

that the box plot was preferred only over the data table.  After examining the observed data it 

is not surprising that a significant difference between the box plot and data table existed  
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because the data table was never chosen as the most helpful representation.  This is most 

likely attributed to students being able to see the shape of the data better in a box plot than in 

a data table.  The box plot might not have been the best graph to show distribution, but it did 

give a better concept of shape and spread than a data table, because the data tables presented 

only individual data values.  For questions that compared the distribution of multiple data 

sets the box plot was never significantly preferred. 

The box plot was the most preferred representation for the questions about standard 

deviation whether the question asked about a single data set of compared characteristics of 

multiple data sets.  The box plot was significantly preferred over the other three 

representations for questions on single data sets.  For questions that compared the standard 

deviation of multiple data sets, the box plot was significantly preferred over the dot plot, but 

no significant preference was noted between the box plot and histogram. 

These results are perhaps the most surprising findings of this study, because the box 

plots provided limited information that could help determine a data set’s standard deviation. 

Most of the students that indicated that the box plot was most helpful did so because they 

used the inter-quartile range to determine standard deviation.  Reasoning that indicated the 

use of the inter-quartile range indicated that these participants did not fully understand 

standard deviation.  A potential use of the inter-quartile range to determine standard 

deviation is by starting with the middle 50 percent of the data (the inter-quartile range) and 

then to expand the values slightly to include 66 percent of the data.  This would give an 

approximation of the data that is within one standard deviation of the median, but 

participants never indicated this line of reasoning.  Multiple students even stated that the box  
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plot actually presented the standard deviation and used this as the support of their preference. 

These results indicated that most of the participants in this survey did not fully 

understand standard deviation.  The box plots on this survey did not provide sufficient 

information on a data set’s variability, which should have been important to consider as 

standard deviation was determined for a particular data set (Chance, delMas, & Garfield, 

2004; delMas, Garfield, & Chance, 2004).  Representations that gave students a better picture 

of variability or overall shape, such as the dot plot or histogram, would be more helpful and 

thus more preferred. 

Another possibility for the box plot preference on the standard deviation questions, 

similar to the noted preference for typical value questions, would be for speed.  A 

combination of the noted struggles students have in understanding standard deviation and a 

desire to complete the survey in a short amount of time could have caused many students to 

glance at the box plot for help in answering these questions.  Supposing that the participants 

already had trouble recognizing or comparing standard deviations, it is reasonable to expect 

that they would spend little time on these questions and the box plot, being easy to 

understand and read for basic information, would most likely be the representation that 

allowed them to move on most quickly.  From student responses it is not possible to conclude 

this with any degree of certainty, but it is of interest to consider the quick readability of the 

box plot as a reason it was used so often for the standard deviation questions. 

For the questions on the effect or recognition of outliers the box plot was the 

preferred representation when compared to either the histogram or data table.  The dot plot 

was the most preferred representation, but significant preferences for the box plot were found  
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when compared to the histogram and data table.  Students indications that the box plot was 

most helpful, was typically associated with the use of the formal definition of outlier.  Most 

of the students that preferred the box plot did so because they could determine what values 

would be considered outliers based on the formal definition (an outlier being one and half 

times the value of the inter-quartile range away from either the upper or lower quartiles).  

The quartiles are needed in this definition and the box plots presented these values for each 

data set.  Thus, it was determined to be more helpful in working with outliers than both the 

histogram and data table. 

Another common justification for the preference of the box plot mentioned the use of 

the “whiskers” of these graphs.  Multiple students shared similar views that if a value was not 

on the whisker of a box plot then it had to be an outlier.  This preference of the box plot over 

the histogram was most likely because students could easily access the outermost data points 

of the box plot, whereas the histogram did not always present the exact value of the least or 

greatest data points.  The exact values were difficult to determine in the histograms because 

frequency bars represented the data and these bars made it difficult to evaluate the exact 

outermost value. 

Dot plot.  Dot plots were preferred for question about typical value, spread, and the 

effect/recognition of outliers of a single data set.  No dot plot preferences were found for 

questions that asked students to compare multiple data sets. 

 Typical value questions using a single data set were most often answered using the 

box plot as mentioned previously, but statistically significant differences were found when 

dot plots were compared to both the histogram and the data table.  In both cases participants’  

 



 73

indicated that the dot plot was preferred to either the histogram or data table.   

The finding that the dot plot was preferred over the histogram becomes more 

interesting when it was examined along side the results for comparing typical values of 

multiple data sets.  In those questions no preferences for the dot plot were found.  This was 

an indication that when working with a single data set the students probably reasoned with 

individual data points whereas when two or more data sets were compared, students avoided 

using individual data points.  In other words the participants reasoned more at a local level as 

they worked with single data sets but then reasoned more globally when data sets were 

compared. 

Students that indicated the dot plot was most helpful for typical value questions also 

used modal clumps to determine their answers.  One student supported their preference of the 

dot plot because it “shows the large number of data points between [two values].”  These 

preferences were based on the mode being viewed as the best descriptor of a data set.  These 

findings are similar to previous research, in that the mode was an acceptable value to students 

that represented an entire data set (Friel & Bright, 1996; Konold & Higgins, 2003). 

It was difficult to determine exactly why the dot plot was preferred over the data table 

for typical value questions.  The most likely basis for this preference over the data table 

would be similar to the box plot preference over the data table: students could see the overall 

shape of the data in the graphs. 

For questions on spread, the dot plot was preferred only over the data table when the 

question focused on a representation created using a single data set.  As with the box plot, 

this result was not surprising because no students used the data table as their preferred  
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representation for distribution questions.  Multiple students’ indicated that being able to see 

the shape of the data in a dot plot made it easier to determine spread.  One participant noted 

that the dot plot was “the only graph that allowed [them] to view [the data] collectively.” The 

proportions indicated that the dot plot was slightly preferred to the box plot.  This slight 

preference was also an indication that the students focused on the shape of the data when 

determining spread.  The preference of the dot plot, though, was never shown to be 

statistically significant for distribution questions. 

Dot plots were never preferred for questions on standard deviation.  The findings that 

the dot plot was not considered to be more useful than the box plot for these questions, as 

previously mentioned, were very intriguing.  They are of interest because the dot plots 

provided participants with the shape of the data, which one might assume, would be quite 

helpful in determining the standard deviation of a data set.  These findings suggest that the 

survey participants did not have a deep understanding of the standard deviation. 

Dot plots were the overwhelmingly preferred representation for questions that asked 

participants to recognize outliers and their effects.  It was preferred over all three of the other 

representations.  Of the questions focusing on outliers, 60 percent were answered using the 

dot plot.  Most students reasoned similarly to one participant in that the dot plot allowed 

them to “see the individual points.”  Students could easily see where outliers were or might 

be on the dot plots.  In fact, some students added or removed (marked through) outliers to 

help determine their effects.  These students initially reasoned at a local level to recognize 

outliers and then built on this into a global perspective to answer questions.  These findings 

were consistent with both Ben-Zvi and Arcavi (2001) and Ben-Zvi (2004a). 
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 Histogram.  Participants preferred the use of the histogram in only a few instances for 

this survey.  For typical value questions the histogram was only preferred when comparing 

two or more data sets.  Histogram preferences were also noted in the spread/distribution 

questions for single data sets and for those that compared two or more data sets.  There were 

not any significant preferences for histograms in the questions about standard deviation or 

the effect/recognition of outliers.  

 The only noted preferences for the histogram among typical value questions were the 

questions comparing typical values of two or more data sets.  The data suggested that the 

histogram was preferred over the data table.  This preference was not surprising, as the data 

table was never selected as a most helpful representation for these questions.  This preference 

is most likely attributed to students preferring to use a graph that allows them to see the 

shapes of the data sets.  

 Histograms were preferred in both types of questions, single data sets and comparing 

multiple data sets, asking about spread/distribution.  Statistically significant preferences were 

found in the comparisons of the histogram to both the data table that used a single data set 

and the dot plot when the spreads of two or more data sets were compared.  The proportions 

in Table 3 indicated that the histogram was the most preferred type of representation for 

spread/distribution questions whether using a single or multiple data sets.  Just under 40 

percent of the recorded preferences for spread/distribution questions using graphs of a single 

data set were for histograms.  Preferences for the histogram were more common when 

distributions of two or more data sets were compared.  Sixty-five percent of the preferences 

when comparing distributions of multiple data sets were for the histogram. 
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 The participants reasoning behind their preference of the histogram were similar to 

preferences of the dot plot for distribution questions: because the histogram allowed them to 

see the shape of the data sets.  A major difference between the dot plot and histogram is the 

presentation of data in frequency bars versus individual data points.  The frequencies give the 

histogram a more continuous appearance, or as one participant stated “it is easier to [see] 

symmetry on [the histogram] because your vision kind of gets bogged down with all of the 

dots in [the dot plot],” a response that indicated why the histogram was the most preferred 

representation for question on spread. 

 As with the dot plot, the histogram was not a preferred representation for any of the 

standard deviation questions.  Similar to the dot plot results, these were surprising because it 

seems that students should have determined standard deviations by examining the shape of 

the data, which is something the histogram allows them to do.  This again led to questions 

about whether the participants in the survey had a full understanding of standard deviation. 

 The histogram was never a preferred representation for recognizing outliers or 

determining their effects.  These results were not completely surprising because the 

histograms did not allow students to see the individual data points.  The histogram made it 

difficult to determine where outliers were located or to determine their effects on a data set, 

because data in histograms is binned together to produce the graph.  Students might have 

been able to use the histograms to note if a value would be well outside of a particular bin, 

but if they had access to a dot plot, it seems logical that the dot plot would be preferred 

because it provided the individual data points.  Multiple students indicated that being able to 

see individual data points made the recognition of outliers easier. 
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 Data table. The data table was never a preferred representation.  As mentioned in 

previous discussions of results for each type of representation, the most likely reason students 

did not use the data table was because the information they needed to find solutions was 

presented within one of the graphs.  Recall that it was assumed that many of these students 

did have a basic working knowledge of these graphs because of course prerequisites and 

class work.  It was difficult to assess exactly why participants did not use the data table, as 

students only indicated why their preferred representation was most helpful.  However, the 

explanations given by students that did find the data table most helpful shed some light on 

why it was preferred at times for individual students.  The most frequent use of data tables 

was for questions about outliers.  Closer inspection indicated that a majority of the noted data 

table preferences were for one particular question on the survey, number 7.  This question 

required students to identify individual data points by name and then determine their effects.  

The students that found the data table most helpful used it to identify the individual data 

points by name.  Reflecting on the wording of this questions it was determined that question 

7 should not have required students to identify individual data points by name.  By requiring 

the students to identify certain points using a data table, the survey forced them to use a 

particular representation.  If participants were required to use a certain representation to 

answer a certain type of question, then the survey forced preferences, something the survey 

was designed to avoid.  The original intention of this question was for students to use the data 

table only to find the points, but then find a different representation more helpful in 

determine the effects of the outliers. 

 Another possible reason for students not using the data table could be the wording of  
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part c of each question.  After the surveys were distributed it was realized that part c asked 

the students “Which graph was most helpful in answering this question.”  The use of the 

word graph as opposed to representation might have caused some confusion as participants 

might have felt that data tables should not be chosen, as they are not a type of graph.  The 

instructions page did indicate that the students should select the most helpful representation, 

but within the survey part c used the word graph, increasing the possibility for some 

uncertainty. 

Implications 
 

It must be pointed out that the results and conclusions from this sample can be used to 

make inferences on the pre-service teachers taking the same course that had recently finished 

the univariate data analysis unit (Lee, Hollebrands, & Holt, 2008).  Some general comments 

and conclusions can be applied to high school students and current statistics teachers because 

of the sample’s proximity in age to both groups.  However, caution must be employed when 

applying the findings beyond the population of pre-service teachers taking this, or a similar 

course.  Current statistics teachers did not all necessarily have access to this course or one 

similar to it, and neither would all high school students. 

Participants’ tendencies to gravitate toward a box plot for typical value questions, as 

discussed earlier, was an indication that the median was considered the best statistic to 

represent a data set.  This conclusion can help shape how students are taught typical value.  If 

instructors are comfortable with students using the median as the most appropriate value to 

represent a data set, then a box plot seems to be the most appropriate graph to present.  The 

findings that dot plots were preferred for some questions indicated that students also consider  
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the mode to be representative of a data set.  If the desire is for students to focus not only on a 

specific value as representative, instead investigating the data to determine if mean, mode, 

median, or a range of values is representative of a data set, then teachers should use multiple 

types of statistical representations during instruction and stress important characteristics of 

each representation.   

Both Fathom and TinkerPlots provide environments in which students have access to 

multiple types of representations.  These two pieces of software can show typical measures 

of center such as mean, mode, and median, using some type of markers.  Students can 

explore the multiple representations and use the markers to find the advantages and 

disadvantages of each measure of center when trying to describe a given data set.   

Explorations such as these can help students develop a better concept of center as a measure 

of typical value. 

For question on spread/distribution the students generally used a dot plot or 

histogram, indicating that they used representations presenting the overall shape of the data.  

Thus, class instruction on spread or distribution would be best supported with the use of dot 

plots or histograms as these two representations present the overall shape of the data set 

because as indicated in this survey, students are somewhat comfortable with these graphs for 

that particular concept.  Both TinkerPlots and Fathom give students access to both types of 

graphs along with the opportunity to use side-by-side box plots to further explore the spread 

of single data sets or to compare distributions of multiple data sets. 

Student use of box plot to answer questions on standard deviation was an indication 

that they did not fully understand standard deviation.  In order to draw appropriate  
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conclusions on standard deviations students should consider not only the center and spread 

but also variability.  The deeper issue could be a struggle to comprehend variability, which 

has proven to be a stumbling stone for students and teacher (Ben-Zvi, in press; Meletiou & 

Lee, 2002) 

Instructors could focus on the use of statistical graphs such as the dot plot or 

histogram during lessons on standard deviation, stressing that these two types of graphs help 

provide the shape of a data set and in doing so provide a way to determine variability within 

a data set.  These results also imply that more time on exploring standard deviation might be 

needed.  By using both histograms and dot plots a deeper understanding of the variability can 

be attained.   

Thoughtful instruction using Fathom or TinkerPlots can also help students to better 

understand the difficult concept of standard deviation.  In both environments the standard 

deviation can be displayed on a graph.  Explorations can be arranged in such a way that 

students have the ability to alter data sets and in doing so see the affects these changes have 

on variability and in turn the data set’s standard deviation.   

Students overall preference for the dot plot (60 percent of the responses) when 

answering questions about outliers reveal that students were initially reasoning at the local 

level with individual data points.  This in turn led into a global view of the data to determine 

effects of outliers.  Reasoning with the aggregate is desired over reasoning with individual 

points because it indicates a deeper level of understanding (Ben-Zvi, 2004a, Bakkar & 

Hoffman, 2005).  If teachers desire to help students transition from local to global thinking, 

questions on outliers with the use of dot plots might provide a suitable background. 
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Consistent with the other areas of interest software environments such as Fathom or 

TinkerPlots can provide students with opportunities to explore the data and recognize 

outliers.  Students would have access to other representations such as a modified box plot, 

which actually identifies outliers.  Students could take time to explore the multiple 

representations in software environments and gain a better understanding of what outliers are 

and their potential effects on the data set with access to multiple types of graphs. 

Suggested Changes 
  
 At the conclusion of data collection and analysis, modifications of this survey were 

considered as means of improvement.  The changes discuss ways to improve data collection, 

make data analysis less complicated, and, in turn, gain more conclusive results. 

 The initial change of this survey would be a more focused effort in the data collection 

process.  This is not to say that too little data was collected for the study, because as seen in 

the methods chapter the preliminary test for a sufficient amount of data showed that enough 

was collected.  If more surveys had been collected from the second section, then comparisons 

between the two classes could have been made.  It would have been interesting to explore the 

data and see if the different teaching styles or class settings could have played a role on 

preference.  With only three surveys from one class compared to fifteen from the other, valid 

and reliable comparisons could not be made.  The class comparisons would be very helpful 

for recognition of valuable instructional methods that could help students better understand 

statistical concepts.  Additional completed surveys would also help to gain a better overall 

perspective on the graphical preferences of these pre-service teachers. 

 In order to make data analysis easier, each representation should be presented an  
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equal number of times for each type of question.  The current survey does not present each 

representation an equal number of times for each of the question types (See Figure 7).  This 

resulted in the calculation of different proportions for seven different sets of hypotheses.  The 

multiple proportions associated with multiple sets of hypotheses required more calculations.  

If each representation on the survey had presented the same number of times for each 

question type, the expected proportions would be equal.  This would eliminate confusing and 

time-consuming expected value calculations. 

 A modification of the current survey that would most likely improve reliability of 

results would be the inclusion of more questions comparing two or more data sets.  The 

preliminary test done in the methods chapter and mentioned above showed that enough data 

had been collected, but with so few questions, it is difficult to conclude that the results for the 

preferences associated with these questions are reliable.  When the survey was created and 

administered, it was thought to have enough of these questions, but upon further 

examination, it was realized that many of the questions in section with multiple data sets 

asked about only one of the data sets.  Very few questions comparing multiple data sets were 

on the test because the initial split in the survey, between single and multiple data sets 

presented in each section, was considered to be sufficient.   However, upon closer 

examination, as just mentioned, many of the questions in the sections with multiple data sets 

asked only about a characteristic in one of the data sets within the graph.  These questions, 

despite being a part of the sections that presented representations of multiple data sets, did 

not ask students to compare data sets; they were focused on a single data set.  If more 

questions asked students to compare characteristics of certain data sets, the conclusions  
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would then be better supported because of the presence of additional data.  This would 

alleviate some of the questions within the researchers mind about the reliability of these 

results.  

 It would also be interesting to modify which representations were presented to survey 

participants.  The initial analysis showed that significant results existed when the data table 

was involved.  The secondary analysis that used confidence intervals revealed the data table 

was never preferred when compared to each of the other three representations. This was not 

surprising because so few people, and in some cases no one, considered this representation to 

be the most helpful.  It would be interesting to conduct a similar study without the data table, 

presenting only the box plot, dot plot, and histogram, and test to see if similar results were 

found.   

By eliminating the data table, the preferences among box plots, dot plots, or 

histograms could help researchers study student reasoning.  For example, preference could 

identify when and where students reasoned locally or globally.  These conclusion could be 

made because both representations present the general shape and spread of a data set, but the 

dot plot uses collection of individual data points while the histogram presents grouped data.   

 In order to help with analysis of preferences it would be interesting if a way to 

determine why students did not pick a certain type of graph was included.  It is difficult to 

say what this might look like.  Perhaps follow up interviews could be conducted asking 

students why some representations were chosen over others.  This would be quite time 

consuming but has the potential to yield some promising further insights into student 

preferences and reasoning.   
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Another possible solution would be inserting an additional part to each question that asked 

student to discuss which graph or graphs were least helpful or no help at all in answering 

certain questions.  These follow up questions would help gauge why certain representations 

were preferred or avoided.  This would extend the survey and a concern for length and time 

needed for completion would resurface.  Thus, an inclusion of another part to each question 

would require thoughtful incorporation, or perhaps an elimination of one of the current parts. 

Summary 
 
 The results from this survey revealed the strengths and weakness of this group of pre-

service teachers.  The results indicated that the participants did not completely understand the 

concept of standard deviation, most likely because they did not understand variability.  The 

shape of the data, which could be used to determine variability, was much easier to see in the 

histograms and dot plots but the overall preference for this study was the box plot.  It was 

surprising that the box plot proved to be the most preferred representation for standard 

deviation questions, but the noted struggles with variability were consistent with previous 

research (Meletiou & Lee, 2002; Ben-Zvi, 2004b; Ben-Zvi, in press).  

 In order to be best prepared to teach about standard deviation, these pre-service 

teachers should spend more time studying the concept.  The struggles with variability should 

be addressed before these pre-service teachers go into classrooms to ensure that they have the 

needed content knowledge.  Student struggles with variability are well documented but a 

potential aid in reversing the trend of student struggles is a teacher that understands and can 

properly teach about variability.  The struggles with variability should also be addressed in 

order to help these pre-service teachers become more conscious consumers of the data and  
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graphs they will see in their day-to-day lives. 

The participants’ graphical preferences for determining typical value indicated that 

the median and mode were both considered appropriate values to use when describing the 

data set.  The findings suggest that the median was most preferred, contrary to some research 

(Friel & Bright, 1996; Konold & Higgins, 2003), which suggested that modes were used 

more often to describe typical values.  These results indicated that the participants realized 

that a certain data value might be representative of an entire data set. 

 Another encouraging strength of this group was the ability to work from local 

perspective to a global interpretation of the data.  The preference of the dot plot for the 

questions about outliers revealed that these students most likely initially focused on 

individual data points to recognize outliers.  In order to determine the effects of these 

outliers, the participants shifted their reasoning from a local focus to a view of the data as an 

aggregate.  Working from a local to global view is a point of emphasis of curriculum 

designers, standards writers, and researchers (Ben-Zvi & Arcavi, 2001; Ben-Zvi, 2004b), and 

is also an important step in being a good consumer of data.  

Future research along similar lines would continue to develop a better picture of 

statistical graphical preferences.  These studies can help fill in gaps in statistics education 

research thus helping to navigate through the statistics landscape.  Building on what we know 

about students’ approaches to and use of statistical graphs, including their preferences in 

certain situations, will help statistics educators make more informed decisions in the 

classroom as statistical concepts are presented to students. 
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Appendix A 
 

Graphical Preference Survey 
 

Thank you for taking the time to participate in this research study by taking this survey.  

Please take a moment to read the following instructions.  By following these instructions 

carefully, you will be helping the researchers maximize the amount of knowledge that will be 

gained from this survey.  

 
 
Breakdown of the Survey 

The following survey is separated into 5 sections.  Each section contains four questions.  

Within each question is a breakdown of four parts.  The parts are as follows: 

 

• Part A: A multiple-choice question 

• Part B: A brief explanation of your answer 

• Part C: A selection of the representation that was most helpful in finding the answer 

• Part D: A brief explanation of your representation choice 

 

 

Explanation of the 4 parts with instruction: 

• In Part A you will be given either 2 or 4 answers.  Please circle the most appropriate 

answer. 

• In Part B, please give some insight into how you reached your solution in Part A. 

• In Part C, you will be asked to circle the representation that was most helpful in 

reaching your answer in Part A.  If you used multiple representations to help 

determine an answer, please just circle the one that was most helpful. 

• In Part D, please give some insight into why you felt a particular representation was 

most helpful for determining the answer in Part A.  If you used more than one 

representation to find your answer, then please note that in this section.   
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Section I 
The following three pairs of graphs present information on the number of hours spent on homework by two 
groups of students: those with part-time jobs and those without part-time jobs. 
 
Use the graphs to answer questions 1-4 
 

A 
US Students

no

yes

0 2 4 6 8 10 12 14 16 18 20 22 24 26

HomeWork (hours/week)

Circle Icon  
 

B 
US Students

no

yes

0 2 4 6 8 10 12 14 16 18 20 22 24 26

HomeWork (hours/week)

Fuse Rectangular  
 

C 
US Students

no

yes

0 2 4 6 8 10 12 14 16 18 20 22 24 26

Box Plot of HomeWork (hours/week)

HomeWork (hours/week)

Fuse Rectangular  
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1a) Which of the following would be a typical number of hours spent on homework by students that do not have part-time jobs? 
a. 7-8 
b. 2-3 
c. 10-12 
d. 4-5 

 
1b) Explain how you arrived at your answer:        
 
            
 
            
    
 
1c) Which graph was most helpful in answering this question? (Circle one) A      B      C  
 
1d)  Why?            
 
             

 
2a)  Based on the information on students working and homework habits, which student do you think spends more time on homework, those with or without 
jobs? (Circle One) 
  
 Students with jobs   Students without jobs 
  
 

2b) Explain how you arrived at your answer:        
 
            
 
            
    
 
2c) Which graph was most helpful in answering this question? (Circle one) A      B      C  
 
2d)  Why?            
 
             

 
3a)  Which  of the following best describes the typical number of hours spent on homework by students that have part time jobs?  

a. mean 
b. median 
c. mode 
d. midrange 

 
3b) Explain how you arrived at your answer:        
 
            
 
            
 
 
3c) Which graph was most helpful in answering this question? (Circle one) A      B      C  
 
3d)  Why?            
 
             

 
4a) Which data set has a larger deviation, (Circle One)  
 
 Students with jobs   Students without jobs 
  
 

4b) Explain how you arrived at your answer:        
 
            
 
            
    
 
4c) Which graph was most helpful in answering this question? (Circle one) A      B      C  
 
4d)  Why?            
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Section II 
The following three representations present the information collected on the duration of Atlantic Hurricanes that 
occurred from 1999 through 2004. 
 
Use the graphs to answer questions 5 – 8. 
 

   A.       B.  
Atlantic Hurricanes 1999-2004

0 2 4 6 8 10 12 14 16 18 20 22

Box Plot of Duration (days)

Duration (days)

Circle Icon
    

Atlantic Hurricanes 1999-2004

0 2 4 6 8 10 12 14 16 18 20 22

0

5

10

15

Duration (days)

Circle Icon
 

 
 

C. 
StormName Duration StormName Duration StormName Duration 

Alex 7 Kate 13 Lorenzo 5 
Bonnie 10 Larry 5 Michelle 8 
Charley 5 Mindy 5 Noel 2 
Danielle 9 Nicholas 11 Olga 11 

Earl 4 Odette 4 Alberto 19 
Frances 16 Peter 3 Beryl 3 
Gaston 6 Arthur 3 Chris 3 

Hermine 3 Bertha 6 Debby 6 
Ivan 17 Cristobal 4 Ernesto 2 
Ten 1 Dolly 7 Florence 7 

Jeanne 15 Edouard 6 Gordon 5 
Karl 8 Fay 3 Helene 4 
Lisa 15 Seven 2 Isaac 11 

Matthew 3 Gustav 5 Joyce 8 
Nicole 2 Hanna 3 Keith 7 
Nicole 1 Isidore 13 Leslie 4 
Ana 4 Josephine 3 Michael 3 
Two 2 Kyle 22 Nadine 4 
Bill 3 Lili 14 Arlene 8 

Claudette 9 Fourteen 3 Bret 8 
Danny 5 Allison 2 Cindy 13 

Six 3 Barry 5 Dennis 16 
Seven 2 Chantal 8 Emily 5 
Erika 4 Dean 7 Floyd 13 
Nine 2 Erin 15 Gert 13 

Fabian 13 Felix 10 Harvey 4 
Grace 2 Gabrielle 9 Irene 8 
Henri 6 Humberto 7 Jose 9 
Isabel 14 Iris 6 Katrina 5 

Fourteen 3 Jerry 3 Lenny 11 
Juan 5 Karen 4     
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5a)  What was the longest hurricane duration recorded between 1999 and 2004? 
a.  22 days 
b.  14 days 
c.  19 days 
d.  27 days 

 
5b) Explain how you arrived at your answer:        
 
            
 
            
    
5c) Which graph was most helpful in answering this question? (Circle one) A      B      C  
 
5d)  Why?            

 
             
 
6a)  If you hear that a hurricane is headed toward the east coast, if you only have access to the above information, how long would you assume the hurricane 
will last?   

a.  1-2 days 
b.  7-9 days 
c.  3-5 days 
d.  11-13 days 

 
6b) Explain how you arrived at your answer:        
 
            
 
            
    
6c) Which graph was most helpful in answering this question? (Circle one) A      B      C  
 
6d)  Why?            
 
             

 
7a)  Suppose we remove Hurricane Kyle and Hurricane Alberto.  What effects would this have on the data set? 

a.  The median, mean, and standard deviation would decrease and the distribution becomes less skewed 
b.  The mean would increase, while the standard deviation decreases and the overall shape does not change 
c.  The median remains constant, while the mean and standard deviation both decrease and the overall shape does not change 
d.  Only the standard deviation will change, as it will decrease with the removal of two points. 

 
7b) Explain how you arrived at your answer:         
 
            
 
            
    
7c) Which graph was most helpful in answering this question? (Circle one) A      B      C  
 
7d)  Why?            
 
             

 
8a)  Which of the following best describes the distribution of Atlantic Hurricanes from 1999 through 2004? 

a.  Normal 
b.  Even 
c.  Skewed left 
d.  Skewed right 

 
8b) Explain how you arrived at your answer:          
 
            
 
               
 

8c) Which graph was most helpful in answering this question? (Circle one) A      B      C  
 
8d)  Why?            
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Section III 
The following four graphs present the career scoring average for 75 members of the NBA Hall of Fame.  The 
graphs are separated by position: guard, forward, or center. 
 
Use the graphs to answer questions 9-12 
 

A. 
Basketball

0 5 10 15 20 25 30 35

Points (per game)

Fuse Rectangular  
 

B. 
Basketball

6 8 10 12 14 16 18 20 22 24 26 28 30 32

Points (per game)

Circle Icon  
 

C.                                                             
Basketball

6 8 10 12 14 16 18 20 22 24 26 28 30 32

Box Plot of Points (per game)

Points (per game)

Circle Icon  
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9a)  Which average could be considered an outlier on the graph of forwards? 
a.  18 points per game 
b.  11 points per game 
c.  6 points per game 
d.  25 points per game 

 
9b) Explain how you arrived at your answer:         
 
            
 
            
    
9c) Which graph was most helpful in answering this question? (Circle one) A      B      C  
 
9d)  Why?            
   
            

  
10a) Which position’s scoring average appears to be closet to normal? 

a.  guards 
b.  forwards 
c.  centers 

 
10b) Explain how you arrived at your answer:        
 
            
 
            
    
10c) Which graph was most helpful in answering this question? (Circle one) A      B      C  
 
10d)  Why?            
   
            

 
11a)  Which position has the largest standard deviation within scoring averages?  

a.  guards 
b.  forwards 
c.  centers  

 
11b) Explain how you arrived at your answer:        
 
            
 
            
    
11c) Which graph was most helpful in answering this question? (Circle one) A      B      C  
 
11d)  Why?              
 
            

 
12a)  Suppose you have just found out that the incoming Hall of Fame inductees for 2008 were all guards.   What would you expect their career scoring 
averages to be? 

a.  19 points per game 
b.  15 points per game 
c.  17.5 points per game 
d.  22 points per game 

  
12b) Explain how you arrived at your answer:        
 
            
 
            
 
12c) Which graph was most helpful in answering this question? (Circle one) A      B      C  
 
12d)  Why?              
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Section IV 
The following three graphs present the information collected on earthquakes worldwide from January 1, 1999 
through January 10, 1999. 
 
Use the graphs to answer questions 13-16 
 
 

A. 

Magnitude
1 2 3 4 5 6 7

January 1-10, 1999 Earthquakes Dot Plot

 
 

B. 

5

10

15

20

25

30

35

40

Magnitude
0 1 2 3 4 5 6 7

January 1-10, 1999 Earthquakes Histogram

 
 

C. 

Magnitude
1 2 3 4 5 6 7

January 1-10, 1999 Earthquakes Box Plot
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13a)  What was the typical magnitude of earthquakes between January 1 and January 10, 1999? 
a. 3.4-3.7 
b. 4.1-4.4 
c. 2.7-3.0 

 
13b) Explain how you arrived at your answer:        
 
            
 
            
    
13c) Which graph was most helpful in answering this question? (Circle one) A      B      C  
 
13d)  Why?            
   
            

 
14a)  Which of the following best describes the earthquake data? 

a. Data has a normal shape with clusters of readings around 2.8, 3.5, and between 4 and 5  
b. The magnitude readings are fairly even from 1 through 6 
c. Data is symmetric around the magnitude of 3.6  
d. The data is skewed to the right with all of the major magnitudes occurring between 4 and 5. 

 
14b) Explain how you arrived at your answer:        
 
            
 
            
    
14c) Which graph was most helpful in answering this question? (Circle one) A      B      C  
 
14d)  Why?            
 
             

 
15a)  What is the standard deviation of earthquake magnitudes? 

a. .3 
b. 1.4 
c. .5 
d. .9 

 
15b) Explain how you arrived at your answer:        
 
            
 
            
    
15c) Which graph was most helpful in answering this question? (Circle one) A      B      C  
 
15d)  Why?            
 
             

 
16a)  Suppose it was found that an earthquake with a magnitude of 8.2 was omitted from the data.  What effects would this magnitude have on the data set once 
included? 

a. The major characteristics of the data would not be affected because this magnitude is within the data’s range 
b. The data would become severely skewed to the right 
c. The mean would increase slightly and the median will most likely increase as well. 

 
16b) Explain how you arrived at your answer:        
 
            
 
            
    
16c) Which graph was most helpful in answering this question? (Circle one) A      B      C  
 
16d)  Why?            
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Section V 
The following three representations present information on the birth weights of girls and boys. 
 
Use the graphs to answer questions 17-20. 
 
 

       A.                B. 
Baby Boom

boy

girl

Box Plot of Weight (grams)

Weight (grams)

Circle Icon
    

Baby Boom

boy

girl

1600 1800 2000 2200 2400 2600 2800 3000 3200 3400 3600 3800 4000 4200

Weight (grams)

Fuse Rectangular
 

 

 
C. 

Gender Weight at Birth (g) Gender Weight at Birth (g) 

girl 3837 Boy 3554 

girl 3334 Boy 3838 

girl 2208 Boy 3625 

girl 1745 Boy 2846 

girl 2576 Boy 3166 

girl 3208 Boy 3520 

girl 3746 Boy 3380 

girl 3523 Boy 3294 

girl 3430 Boy 3521 

girl 3480 Boy 2902 

girl 3116 Boy 2635 

girl 3428 Boy 3920 

girl 2184 Boy 3690 

girl 2383 Boy 3783 

girl 3500 Boy 3345 

girl 3866 Boy 3034 

girl 3542 Boy 3300 

girl 3278 Boy 3428 

  Boy 4162 

  Boy 3630 

  Boy 3406 

  Boy 3402 

  Boy 3736 

  Boy 3370 

  Boy 2121 

  Boy 3150 
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17a)  What is the typical weight of girls at birth. 
a. 3500-3700 g 
b. 3800-3900 g 
c. 3400-3500 g 
d. 3000-3200 g 

 
17b) Explain how you arrived at your answer:        
 
            
 
            
    
17c) Which graph was most helpful in answering this question? (Circle one) A      B      C  
 
17d)  Why?            
 
             

 
18a)  Which of the following best describes the distribution of birth weights for girls?  

a. Normal 
b. Skewed right 
c. Skewed left 
d. Even 

 
18b) Explain how you arrived at your answer:        
 
            
 
            
    
18c) Which graph was most helpful in answering this question? (Circle one) A      B      C  
 
18d)  Why?            
 
             

 
19a)  Do boys or girls tend to weigh more at birth? (Circle One) 
 
      Boys   Girls 
 

19b) Explain how you arrived at your answer:        
 
            
 
            
    
19c) Which graph was most helpful in answering this question? (Circle one) A      B      C  
 
19d)  Why?            
 
             

 
20a) Of the following, which would you choose as the best estimate for the standard deviation for the weight of boys at birth?  

a. 2100 
b. 600 
c. 1200 
d. 400 

 
20b) Explain how you arrived at your answer:        
 
            
 
            
    
20c) Which graph was most helpful in answering this question? (Circle one) A      B      C  
 
20d)  Why?            
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Appendix B: Informed Consent Form 
 

Informed Consent Form 
Prospective Teachers 

Preparing to Teach Mathematics using Technology (IRB# 177-05-8) 

Dr. Hollylynne Stohl Lee, Principal Investigator 

Additional Investigators: Dr. Karen Hollebrands, John Henderson 

You are invited to participate in a research project.  The purpose of this project is to gauge 
prospective teachers’ graphical preferences when working with data with technology.  You 
will contribute to this research by completing all regular class assignments and allowing 
researchers to have access to your work on these assignments for further analysis. In addition 
to regularly assigned work, you will be asked to complete a take-home survey (about 45 
minutes) and allow the researchers to have access to your work on the survey. Your 
responses on this survey will not be graded for the course. 

There will be no risk associated with your participation in the research study. Your grade in 
the course will not be affected by your decision to participate in the study. The knowledge 
we gain from your experiences will add to the knowledge base in mathematics education, 
especially with regard to how preservice teachers learn how to teach mathematics with 
technology. The information derived from the class activities and assignments will be kept 
strictly confidential, with your name removed from the work.  It will be stored securely in a 
locked file and will be made available only to the researchers unless you specifically give 
permission in writing to do so.  No reference will be made to your name either in oral or 
written reports and transcripts that could link you individually to the study. 

You are free to withdraw from the study at any time; however, you will still participate in all 
of the activities that are class requirements.  If you have any questions at any time, you may 
contact Dr. Karen Hollebrands at 513-0505.  Her address is 502F Poe Hall, NC State 
University.  If you feel you have not been treated according to the descriptions in this form, 
or your rights as a participant in research have been violated during the course of this project, 
you may contact Dr. Matthew Zingraff, Chairperson of the NCSU Human Subjects 
Committee, Box 8101, NCSU Campus. 

 

CONSENT 

I have read and understood the above information.  I have received a copy of this form.  I 
agree to participate in this study.  

Participant’s signature         Date:     

Investigator’s signature             Date:            

Investigator’s signature             Date:            

Investigator’s signature             Date:            
 


