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External representations are needed when learning or solving problems about distributions of statistical data. Well-
known and widely used examples of these representations are histograms, box plots, and descriptive statistics. 
Besides some anecdotal evidence, not much is known about the way people interpret and use these 
representations. In this study we asked 125 university students to solve tasks that were specifically constructed to 
test for misinterpretations concerning the use of space and direction in graphs in which the distribution of one 
variable is represented (Tversky, 1997). Overall, performance was relatively low. We were able to detect four 
misinterpretations that can be accounted for by means of Tversky's design principles. This suggests that we can 
probably assign these interpretation difficulties at least also to the design of the representations and not only to a 
lack of knowledge or skill of the students. Implications for research and teaching are discussed.  
Reasoning about data distributions is an important part of data description and thus of data analysis (Moore, 1990). 
In addition, understanding data distributions is believed to help understanding theoretical and sampling 
distributions (Meletiou & Lee, 2002). When interpreting the distributions of statistical data, external 
representations are necessary. Various representations are available and widely used in education, like histograms 
and box plots. There is some (mostly anecdotal) evidence concerning difficulties students have interpreting these 
representations, especially concerning histograms (e.g., delMas, Garfield, & Ooms, 2005; Meletiou & Lee, 2002) 
and box plots (Bakker, Biehler, & Konold, 2004). The present study aimed at studying these difficulties in a more 
systematic way by having 125 university students solve tasks specifically designed to detect possible systematic 
misinterpretations of these representations. The tasks were constructed based on a pilot study and the graph 
design principles of Tversky (1997).  
 
Tversky's cognitive design principles  
Tversky (19997) proposed two important design principles that are based on the way people interact with their 
environment. First, space in a graph should be used in a natural way. This means that proximity of elements in a 
graph should correspond to proximity of a property of the represented variable, like value, frequency, or time. The 
same holds for the area in a graph. Second, people tend to focus more on the vertical than on the horizontal 
dimension of a graph. In the vertical dimension, the top is naturally better than the bottom: We grow in a vertical 
direction, if you make a pile of objects the pile will get higher, and so on. This means that we tend to associate 
higher with "more" or "better".  
Tversky's principles about the use of space and direction in graphs can be applied to external representations for 
data distributions to explain (and maybe even predict) how people interpret these representations. For example, 
when looking at a histogram or box plot, people will tend to focus at the height of the elements they see. This is 
relevant for the bars in a histogram, but the height of the box in a (horizontal) box plot is not at all relevant. This 
way we could, for instance, predict that when interpreting a box plot, it is not unlikely that students will make 
mistakes by trying to take the vertical dimension into account.  
 
Method  
125 university students (first year Educational Sciences) participated in our study in return for course credit. 
Participants had all completed the same introductory statistics course covering descriptive statistics and graphical 
representations, among other topics, at the time of the study. In this paper, we will focus on five tasks from a larger 
paper and pencil test. These tasks were specifically constructed to systematically detect misinterpretations that 
were encountered in a pilot study with another group of students and that can be explained by Tversky's principles. 
Although most of these misinterpretations are specific for certain representations, we randomly varied the 
representation that accompanied a task between students: histograms, box plots, and descriptive statistics. By 
doing so, we would be able to see whether a specific misinterpretation was due to a certain representation or due 
to the task (and the involved statistical concept) itself.  
Results  
On average, students solved 2.03 out of five tasks correctly. Four systematically occurring misinterpretations were 
detected. First, when using a grouped histogram or a box plot, students did not take into account that these 
representations only provide a summary of the data, disguising the exact data: They believed they could see in the 
graph whether a specific observation was made (Figure 1A). Second, students took the height of the bars in 



histograms into account to compare the means of two histograms, by stating that the histogram with the highest 
(modal) bar also has the highest mean, while it is of course the position and overall shape of the distribution that 
determines the mean (Figure 1B). Third, students thought that Quartile 1, or the beginning of the box in a box plot, 
was the lowest observed value, thus ignoring the 50% data which is located in the whiskers (Figure 1C). Fourth, 
again concerning box plots, students mistakenly thought that the area of the box represents the number or 
proportion of observations that are located in that interval, while in fact each part of a box plot represents 25% of 
the data (Figure 1D). All these misinterpretations can be accounted for by Tversky's (1997) design principles, as is 
explained in Figure 1.  
Discussion  
Our results show that students have various difficulties interpreting representations for data distributions. The 
design principles of Tversky (1997) can help to explain why these students misinterpreted the representations. 
Students focused for instance on the height of the bars in histograms instead of taking also the horizontal spread 
into account or they tried to interpret the area of the box in a box plot. This suggests that the problem with the 
interpretation of these representations is not (exclusively) caused by a lack of knowledge or experience with these 
representations, but (also) by the general design of these representations.  
For research, these results have various implications. First, when studying students' distributional reasoning, 
representation is a crucial factor to take into account, because any study would unavoidable rely on some 
representations. Second, also in other domains of statistical reasoning many representations are used, which 
makes it interesting to study the occurrence of misinterpretations of these representations too. Third, more effort 
must be put into studying where these misinterpretations come from and how they can be prevented and 
remediated.  
For education it is also important to know how students interpret representations of data distributions as this gives 
teachers the opportunity to diagnose, prevent, and remediate possible problems. A fruitful approach might be to 
use multiple representations of the same data distributions, and to confront the conclusions that are suggested on 
the basis of one representation with those in another representation, in order to directly address the 
misinterpretations. 


