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Abstract 

The following paper explains different theories on understanding graphical representations of 

data. It expands upon the difficulties of understanding graphs, both for teachers and students. It 

sheds light on what creates misconceptions in the classroom, and explains how to avoid and 

effectively correct those misconceptions. Finally, the paper examines theories on how to improve 

student understanding, making note of the relevancy and effectiveness of such theories.   



UNDERSTANDING GRAPHICAL INTERPRETATION OF DATA Erwin 3 
 

The Difficulties in Graphical Analysis 

 Zacks and Tversky, in their paper entitled Bars and lines: A Study of Graphic 

Communication, state “Graphs are a pervasive species of cognitive artifact, used both to reason 

about data and to communicate them” (1999, p.1073). Graphics, however, although widely used, 

are not widely understood.  Many students and teachers struggle with basic understanding of 

graphs and have a hard time making inferences from the data given. Even teachers of 

mathematics struggle with understanding box plots and paying attention to important details, 

such as the key or legend, on a graph (Pierce & Chick, 2013). Although the intent of graphs is to 

succinctly present information in an easy to read format, many times the information gets lost, 

leaving people with misinterpretations of the data presented. So although Zacks and Tversky do 

make a valid argument for the purposes of graphic representations of data, the reality is many 

people struggle to understand graphs and are neither capable of reasoning nor communicating 

about the raw data from the given graphics.   

Theories on Graph Comprehension 

 Lack of understanding and comprehension on graphical displays has led to an 

increase in theories on graphic understanding. From explaining the progression of 

comprehension of graphs to determining how people analyze graphs, the research is extensive.  

Friel, Curcio, and Bright, in their article “Making Sense of Graphs: Critical Factors Influencing 

Comprehension and Instructional Implications,” define graph comprehension as understanding 

and interpreting pre-constructed graphs, as well as correctly identifying data sets to their 

graphical representations (2001).  They expand upon this definition by explaining “graph sense,” 

which has the same criteria as graph comprehension but includes the ability of people to 

construct their own graphic representations (Friel et al., 2001).  
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 With regard to understanding graphical displays, Nathan and Bieda present two 

perceptions: “unbounded” and “bounded” (2006).  People who have bounded perceptions of 

graphical displays understand the graph to be finite, and see the data as beginning and ending 

within the constraints of the visual graphical display. In contrast, people with unbounded 

perceptions of graphs can see the graph as a small representation of an infinite amount of data 

(Nathan & Bieda, 2006). Between these two perceptions, many differences and struggles occur. 

For instance, a person with a bounded understanding of graphs can struggle to extrapolate data, 

as he or she believes the graph is nonexistent past the boundaries of the given x and y planes. In 

comparison, a person with an unbounded view of the graph can extrapolate the data, as they 

understand the graph to reach beyond the visual boundaries given.   

 Pierce and Chick (2013) give an alternate understanding of graphical analysis, 

based upon a scale to determine the degree of difficulty. They define the first level as “reading 

values,” which requires no analysis of the data, but simply understanding the graph and obtaining 

given information. The next level is considered “comparing values” and requires students to 

make minor inferences about the data and use basic statistical analysis tools. Finally, the highest 

level of analysis of graphs is “analyzing the data set” and is defined as seeing trends and changes 

in the graph, as well as considering the data set as a whole (Pierce & Chick, 2013). Abiding by 

these definitions, extrapolation can be considered the highest level of difficulty, “analyzing the 

data set” (Pierce & Chick, 2013).  Extrapolation requires a student to analyze the data as a whole 

and make predictions about the future.  Since extrapolation is a component of the highest level of 

graphical analysis, one can conclude it is more difficult to accomplish than other methods of 

analyzing a graph; for instance, determining which bar in a bar graph contains the most data 
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points. This definition of extrapolation explains why some students in the study had such a 

difficult time completing this type of analysis (Nathan & Bieda, 2006). 

 Nathan and Bieda were also particularly interested in understanding visual cues 

from a student. They categorized students’ gestures as unbounded and bounded, and noted when 

students used visual cues in conjunction with verbal communication. The researchers found 

when students created unbounded gestures, while analyzing the graphs presented, they were four 

times more likely to extrapolate correctly than their peers who used bounded gestures. In 

addition, students who used verbal communication to make their bounded understanding known 

were the most likely to answer extrapolation questions incorrectly. In conclusion, students who 

have any type of unbounded perception of a graph are more successful at extrapolation than their 

peers who have a bounded view, regardless of their method of communicating understanding 

(Nathan & Bieda, 2006). 

 Visualization is also considered to be a mechanism for understanding graphical 

displays, yet defining what student actions are considered visual can be difficult. Therefore, 

using this method to analyze students’ interpretations of data is not easy. Noble and Nemirovsky 

give two definitions of visualization, arguing it can be either in the mind or tangible (1997). 

Visualization in the mind is hard to measure, since it is not outwardly expressed, and cannot be 

seen. Yet tangible visualization, such as on paper or a computer screen, is also difficult, since it 

can easily be confused with pictorial representations. In addition to these complications, some 

things cannot be solely thought of as inside or outside of the mind, and in this case, the theory of 

visualization proposed by Noble and Nemirovsky is not applicable. Although visualization is a 

theory for student understanding, there are many components not explored by Noble and 

Nemirovsky, and therefore it fails to be a complete form of analysis.  
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Teacher Perceptions 

 Pierce and Chick, in their research article entitled, “Workplace Statistical 

Literacy for Teachers: Interpreting Box Plots,” strive to understand how teachers of mathematics 

comprehend and analyze box plots. They conduct this research in the hopes of helping teachers 

improve their teaching, which can in turn increase students’ understanding of box plots. In a 

questionnaire given to all participants of the study, Pierce and Chick asked teachers to explain 

their perceptions of the usefulness and level of difficulty of box plots. Although some teachers 

saw them as useful for analyzing large amounts of data, other teachers admitted to avoiding box 

plots because they were difficult to understand, due to the teachers’ unfamiliarity with this 

particular statistical representation of data (2013). The researchers found some teachers who 

claimed to like box plots had a shallow understanding of their true statistical value, which Pierce 

and Chick determined by giving the teachers a survey requiring them to analyze box plots. 

Shockingly, on some questions, the percentage correct was as little as twenty-two percent for the 

secondary teachers, and even lower for the elementary teachers, at eleven percent.  Even teachers 

who could successfully interpret the data from the boxplots had trouble stating the analysis in 

statistical language. This issue led to teachers who were able to achieve the correct answer but 

failed to successfully justify their responses statistically (Pierce & Chick, 2013).  The teachers 

had a procedural understanding of the benefits of boxplots, but failed to understand them 

conceptually. Without implementation of proper professional development, these teachers will 

most likely continue to make these same mistakes.  

 Teachers who fail to interpret boxplots on a deeper, more statistical level will in 

turn create students who struggle with these same issues. The students will fail to justify their 

answers mathematically, even after answering the question correctly. Middleton and Jansen, in 
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their book, Motivation Matters and Interest Counts: Fostering Engagement in Mathematics, 

present the reader with a way to combat this issue, called scaffolding. They define scaffolding as 

“build[ing] bridges between where students are currently and where teachers want students to 

be” (2011, p. 119). However, teachers cannot perform this method of deepening students’ 

understanding without first deepening their own understanding. With this issue in mind, it would 

benefit both the teachers and students if the teachers were first scaffolded into a more conceptual 

understanding of boxplots. In turn, teachers could successfully scaffold students in this area of 

graphical analysis, thus increasing the students’ knowledge of the mathematics as well. 

Scaffolding is not effective unless the person doing the scaffolding -- in this case, the teacher -- 

is well-versed in the content knowledge being taught.  

 The researchers also noticed teachers who had continued to study statistics after 

high school, as well as those who had studied statistics most recently, had a higher percentage 

correct on the assessment given. Not surprisingly, teachers who had been in a statistics course in 

their own educational experience were also more capable and more accurate when interpreting 

information from graphs (Pierce & Chick, 2013).  Experiencing mathematics on a regular basis, 

or in this case a more recent basis, can encourage teachers to continue thinking in mathematically 

meaningful ways, thus allowing them to analyze the data in a more in depth way.    

 This same conclusion can be applied to students. Integrating mathematics into 

students’ lives can have positive effects on their mathematical understanding and their ability to 

think mathematically. If students are presented with situations on a daily basis in which 

mathematical reasoning is required, they will be more prepared to make deeper connections 

about mathematics and to explore their own understanding of mathematics further.  



UNDERSTANDING GRAPHICAL INTERPRETATION OF DATA Erwin 8 
 

 Dempsey, Fisher III, and Hale also conducted a study of teachers’ perceptions 

and understanding of graphical displays, concluding teachers’ perceptions greatly influenced 

students’ perceptions (1998). Teachers believed it was more worthwhile to teach students how to 

comprehend and interpret graphs, rather than putting emphasis on students creating their own 

graphical representations of data (Dempsey et al., 1998). However, in the document entitled 

Principles and Standards for School Mathematics, this notion is argued, as the authors encourage 

students to select, create, and analyze their own graphical representations of data (2000). The 

authors want the students to feel comfortable using their own graphics, rather than solely relying 

on the teachers’ representation. The teachers surveyed in the Dempsey et al. study (1998) also 

admitted to using graphs less frequently as grade level increased, even though Principles and 

Standards for School Mathematics (2000) highlights the importance of using graphs for all 

students, at every grade level. In their study, Dempsey, Fisher III, and Hale found teachers of 

elementary and kindergarten reported using graphical displays twice as often as high school 

teachers, and when asked why this was the case, teachers stated school is more “active” during 

the elementary years (1998, p. 39).  Even if students are indeed more “active” in early years of 

schooling (Dempsey et al., 1998, p. 39), this does not excuse upper level teachers from using 

graphics in a meaningful, engaging way.  

  The majority of teachers surveyed by Dempsey et al. (1998) also admitted to 

believing bar charts were the most useful and easiest for students to comprehend in analyzing 

statistical data, and thus the most appropriate statistical tool.  Not surprisingly, this belief led to 

students being most familiar with bar charts (Dempsey et al., 1998). However, Zacks and 

Tversky argue bar charts have a specific job, namely to show comparisons among discrete data 

points (1999).  However useful bar graphs are in statistical analysis, it is imperative to remember 
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they may not be the most useful for every statistical situation. If used in an improper setting, bar 

charts can lead students to misinterpret the data, thus resulting in an incorrect analysis.   

Effect of Graph Type on Understanding 

 In the words of Friel, Curcio, and Bright, “visually displaying a table of 

information has inherent advantages” (2001, p. 127). However, visually displaying the 

information is not enough. The Common Core Standards for Mathematics state students must be 

able to “Decide if a specified model is consistent with results from a given data-generating 

process, e.g., using simulation” (2014). Using this as a framework, the importance of using and 

understanding appropriate representations of data is essential. The information must be presented 

in such a way as to evoke the correct analysis from the data. In a study conducted by Zacks and 

Tversky, a categorical variable – gender - and continuous variable - height - were presented in 

four different graphs, where the x and y axes and type of graph (whether bar or line) are different 

each time. The participants were each given one of the four types of graphs, and asked to explain 

their meaning (1999). Below is an example of two of the four types of graphs represented: 

 

(Zacks &Tversky, 2011, p. 1076) 

As seen above, the bar chart has more external meaning for the categorical data, gender. In this 

case, the graph on the left makes more sense than the graph on the right, as a logical 
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interpretation of the slope of the graph on the right does not exist. The researchers knew this and 

purposely presented the students with the graph on the right to determine if graph type had an 

effect on the analysis. Indeed, graph type did have an effect, as one student wrote, “’The more 

male a person is, the taller he/she is’” (Zacks & Tversky, 1999, p. 1076).   This student focused 

on interpreting the slope of the graph, disregarding previous knowledge about the data presented. 

Many other students made mistakes similar to this, leading to the researchers reporting the type 

of graph to be two times more important than what a person knows to be true (1999, p. 1076). 

Other factors, however, -- such as previous teacher-emphasis on particular mathematical ideas or 

the order in which slope and analysis of statistical ideas are taught -- could influence the results 

of this study. Even still, from this research we can see graphical analysis is not only important, 

but can be easily swayed by type of graph presented. Stewart, Cipolla, and Best also analyze the 

effect graphical representation has on interpretation of material, but instead of focusing on type 

of graph, like Zacks and Tversky, they focused on the extraneous information given, such as 

color and the addition of a third dimension (2009).  The researchers found students could 

accurately analyze graphs on a shallow level, much like Pierce and Chick’s “reading values,” 

regardless of the number of dimensions of the graph (2013; Stewart et al., 2009). Although they 

noticed color was not a factor in graph comprehension, they did observe the accuracy of answers 

decreasing as the level of difficulty of the questions increased for the three-dimensional graphs. 

The researchers warn against the notion of three-dimensional graphs being superfluous; in fact, 

they note three-dimensional graphs as useful when three variables are present. However, if a 

study has only two research variables, Stewart, Cipolla, and Best warn the addition of a third 

dimension is distracting and reduces the comprehension of the data in the graph, as well as the 

level of accuracy of students’ analyses (2009). In addition, it also increases the amount of time a 
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student spends looking and analyzing the graph, even if the correct answer is still not achieved 

(Stewart et al., 2009). Overall three-dimensional graphs, like all types of graphical 

representations, should be used with discretion.  

 Pie charts are also widely used in representing data, specifically data given in 

percentages. Friel et al. (2001) argue comparing bar graphs is much simpler than comparing pie 

charts, because to correctly compare pie charts requires comparing the angle of each partition, 

whereas a bar chart can be compared by the length of each of its bars.  Interestingly enough 

however, Stewart et al. found three dimensional graphs to be easier to read in pie chart form than 

in bar chart form.  They noticed accuracy of answers increased when the same information was 

represented in a pie chart rather than a bar graph, which could argue against Friel et al.’s claims 

(Stewart et al., 2009). Regardless of either researcher’s claim, it is essential to consider the 

appropriateness of the statistical representation of the data before examining the effectiveness of 

such representation. Without first creating an appropriate representation of the data, the 

effectiveness of the model cannot be determined.  

 Noble and Nemirovsky also agree to graph type having an effect on analyzing 

data (1997). In their research, they follow a girl, Karen, through her own analysis of a graphing 

instrument linked to a computer. Karen struggles in understanding from where the instrument is 

reading, trying to determine the perception of the tool and the computer, and how these 

perceptions are linked. Then, when she thinks she understands this relationship, the instrument 

continues its trajectory and the computer reports the exact opposite of her hypothesis. She finds it 

rather difficult to understand how a velocity graph could decrease while increasing speed, but 

this is exactly what the graph shows. She questions this fact, but ultimately remembers velocity 

and direction are linked, which explains her questions. The authors, however, warn against such 
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issues as the one stated in Karen’s case. Karen accepted the issue as an error in her hypothesis, 

taking the computer to be correct, and tried to determine a new conclusion from the data given. 

Although the computer challenging her led to a positive result, in future instances, this could be 

detrimental. For instance, Karen, much like many students, could now consider all things the 

computer, or any type of graphing mechanisms, does to be correct, to her own detriment. In the 

future, she could disregard all logic and take the machine to be fact, much like Zacks’s and 

Tversky’s research subjects (1999; Noble & Nemirovsky, 1997). Students who do not understand 

their computers’ graphical renderings, however, could blame themselves; either claiming the 

computer to be correct, stating they forgot how to do it, or thinking they did something to the 

graph or machine to make it compute an error, such as knocking something over or inputting the 

wrong data (Noble & Nemirovsky, 1997). Friel et al. note technology can be beneficial in 

analyzing data further than a by-hand computational method, but this must be done in such a way 

as to reduce errors and misconceptions from forming (2001). If used effectively, students can 

develop a deeper understanding of statistical processes because they are required to use 

technology to implement these processes. Overall, an analysis of data using graphical 

representations cannot be a simple process, but rather one which makes mathematics meaningful 

for students through conscious consideration and planning.  

Struggles in Graphing 

 According to the National Council of Teachers of Mathematics (NCTM), 

“Instructional programs… should enable all students to – create and use representations to 

organize, record, and communicate mathematical ideas; … use representations to model and  

interpret physical, social, and mathematical phenomena” (Principles and Standards for School 

Mathematics, 2000). This idea is indeed the best use of graphs, but they can only be used in this 
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manner when understood and analyzed correctly.  When graphs are analyzed or constructed 

incorrectly, issues occur. For instance, in the study conducted by Pierce and Chick, teachers 

seemed to forgo attention to detail, leading to a misinterpretation of the graphs presented (2013). 

Students can often make the same mistake, hurriedly working through a problem without 

realizing the importance of small details, such as the scale factor and the labeling of the axes. 

Friel et al. suggest students are usually adept at reading basic facts from a graph, but struggle 

when asked to interpret and make inferences from the graph (2001). However, interpreting and 

making inferences about a graph is the goal of understanding statistics. Friel et al. are suggesting 

students have a procedural understanding of graphical analysis, but fail to understand the 

conceptual meaning (2001). Therefore it is imperative for teachers to deepen students’ 

understanding, enhancing the students’ knowledge so inferences can be made.  

 People often look at a graph and create a conjecture about it based on previous 

knowledge, meaning important differences can be difficult for people to notice (Zacks & 

Tversky, 1999). In addition, some graphical representations hide the data points from the student, 

making analysis very difficult (Friel et al., 2001). For instance, box plots do not represent the 

quantity of the data, but rather the diversity of the data. However, when teachers were asked to 

compare two box-plots, with comparably different sized interquartile ranges, many teachers said 

there were more data represented by the box-plot with the larger box, when in reality, there is a 

greater variability in the data represented.  Although box plots are useful for visual comparisons, 

they are a hindrance if the teacher does not have the necessary understanding to teach the content 

correctly.  It is for this reason the researchers argue professional development on statistical 

analysis needs to be more prevalent and accessible for teachers (Pierce & Chick, 2013).  After 
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all, if misconceptions like these are held by teachers, it stands to reason students will walk away 

from their mathematics course holding these same misconceptions.   

Advice for Teaching Graphs 

 The majority of elementary teachers surveyed in the study conducted by 

Dempsey et al. claim to use graphical displays “often or very often,” which is why a student’s 

ability to understand such graphics is so important (1998). With student understanding on the 

line, however, it can be daunting teaching students how to interpret and analyze graphs. It is 

important to know situations that can hinder or increase what a student understands. In addition, 

is essential to recognize when a student is struggling with something and to not only help the 

student, but encourage the student to think in a beneficial way for his or her long-term 

mathematical knowledge. In addition, some graphs lend themselves to being interpreted in 

different ways. For instance, discrete comparisons are made more easily with bar graphs, while 

proportions of a whole are more easily represented by a pie chart. Absolute values are also 

represented more easily with bar graphs, while trends and changes in variables are represented 

by line graphs (Zacks & Tversky, 1999).  When teaching, it is important to know which type of 

graphical representation to use in the classroom; otherwise misconceptions can be created simply 

because of an incorrect graphical representation.  

 Nathan and Bieda argue it is important to create tasks with bounded and 

unbounded data, thus engaging students who think in both ways, but also creating a distinction 

between the two types of thought (2006).  It is also beneficial to know the types of problems 

students will face when interpreting and creating graphical displays beforehand, thus preparing 

the teacher to combat the potential misconceptions. In Smith and Stein’s book, 5 Practices for 

Orchestrating Productive Mathematics Discusssions, they define five actions to take when 
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planning and teaching a mathematics lesson.  The first action, anticipating, is defined as 

“anticipating likely student responses to challenging mathematical tasks” (Smith & Stein, 2011, 

p. 8).  Especially when using technology, misconceptions can arise quickly out of a minor error, 

and it is therefore essential for teachers to understand and prepare for how students will interact 

and react to the technology being used. Even when students create their own data and are 

familiar with the content and can therefore recognize if a graphical representation is incorrect, 

they can still struggle with interpreting the data and analyzing it in a mathematically meaningful 

way (Friel et al., 2001).   Being a good teacher of graphics does not just mean presenting the 

students with graphs to be interpreted and analyzed, but also planning for the errors and struggles 

of students ahead of time, as well as allowing the students to create their own graphics and 

helping them to interpret them in a mathematically correct way. 

Conclusion 

 Learning graphs is important for later in life, as graphs are everywhere in our 

world (Dempsey et al., 1998; Pierce & Chick, 2013). However, this is an area in which many 

students, and people, struggle. While most people are capable of understanding graphs on a 

shallow level, such as reading data from the given representation, interpreting and analyzing 

graphs get harder as the data becomes more obscure, or in the case of interpolation and 

extrapolation, non-existent. With an increased understanding of graphics on the teaching end, as 

well as preparation for the potential mishaps students may encounter, misconceptions in 

graphical analysis can decrease. 
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