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In this article results of a study about statistical reasoning that high school teachers develop in a 

computer environment are presented. The results indicate that despite the abundance of 

representations provided by the software, teachers focus on the calculation of averages to describe 

and compare distributions, rather than on the important properties of data such as variability, 

shape and outliers. Many teachers were able to build interesting graphs reflecting important 

properties of the data, but cannot use them to support data analysis. Hence, it is necessary to 

extend the teachers’ understanding on data analysis so they can take advantage of the cognitive 

potential that computer tools to offer. 

 

INTRODUCTION  

In the last two decades the importance of approaching the teaching of statistics towards the 

development of cognitive processes as statistical reasoning and thinking; more than in calculations, 

procedures and formulas has been recognized; especially since the statistics has been 

conceptualized as a science of data in context and not as a branch of the mathematics (Moore, 

1992), but also for the development of computer technology that has transformed some phases of 

data analysis into trivial processes (e.g., descriptive measures calculations, graphs construction). 

The new approach has implied a profound change in the statistics curriculum to adapt it to 

the new learning objectives; at the same time it requires a drastic change in the instructional 

teachers’ practices (Garfield, 2002). Although, some research (e.g., Eichler, 2008) reveals that in 

respect to this last aspect, the change has not been immediate and has generated diverse difficulties 

to the teachers. Particularly in the case of Mexico, the statistics curriculum in the most universities 

and the instructional practice of many statistics teachers still makes too much emphasis in the 

traditional statistics (calculations, procedures, formulas) and gives little importance to the 

reasoning and statistical thinking (Inzunsa & Juarez, 2007). 

Therefore, we have considered investigate about the impact of a sequence of activities with 

the support of software Fathom in the reasoning that teachers have on data analysis, particularly 

about the distribution concept, that involves important concepts such as averages, variability and 

graphics representations. Our main purpose is to assess to what extent the teachers are conscious of 

the importance of using software in their instructional practice. 

 

THEORETICAL CONSIDERATIONS  

Computer technology has been an element that has motivated the change of approach from 

the traditional teaching of statistics to the teaching focused in the thinking and statistical reasoning, 

and should become a valuable tool for the teachers. The computer environments provide dynamic 

and interactive representational tools that go beyond than “amplifying” the computational 

capabilities; when used appropriately the computers can generate a “cognitive reorganization” in 

the mind of the users (Pea, 1987). 

In particular, in the teaching of probability and statistics, the computer technology has 

shown a great potential to help the students understand difficult concepts (Ben-Zvi, 2000; Mills 

2004; Change y Rossman 2006). In the probability case, one of the most relevant aspects in which 

the computer may be useful as a pedagogic tool is the simulation of random phenomena; since with 

the use of simulation, concepts and principles can be explored and understood (for example: 

probability distributions, random sampling and sampling distributions) that in another way would 

be more abstract.  

On the one hand, in statistics the computer can be useful to perform laborious calculations 

(for example; calculations of the standard deviation and the correlation coefficient), in the 

exploring real data problems and in the construction of graphs (Chance et al., 2007). Given their 

interactivity and dynamism in the representations, the computers promote the formulation of 



ICOTS8 (2010) Invited Paper  Inzunsa & Juárez 

International Association of Statistical Education (IASE)  www.stat.auckland.ac.nz/~iase/ 

conjectures, explore and analyze data, promote active learning and motivate the interchange of 

ideas in collaborative environments (Cobb & McClain, 2004; Garfield & BenZvi, 2008). 

 

METHODOLOGY  

Six high school teachers that were taking a course about the new approaches of teaching 

statistics participate in this research. The design of the activities was planned so that the teachers 

analyzed quantitative variables separately first, and later made an analysis of a qualitative variable 

versus a quantitative variable with the objective of establishing comparisons between distributions 

and use concepts as averages, variability, shape and outliers. Curcio (1989) calls the first activity 

“read the data” and the second activity “read between the data.” 

The instructions in each activity indicated to the teachers to use all the resources of the 

software that were necessary to make the complete analysis and respond to certain questions that 

pretended to capture the type of representations they used to answer. In total three activities were 

set (backpacks, cholesterol and quality control); but due to space issues, in this work we will only 

present the results of the first two activities. The questions of each activity were responded by the 

teachers in the text boxes provided by the software, from which we have taken some fragments that 

are shown in the next paragraphs. In the final part of the study two teachers were interviewed with 

the purpose of deepening into the comprehension they developed during the course. 

 

RESULTS AND DISCUSION 

 

Activity 1 

Many students present problems of back pains. The doctors consider that these problems 

are caused by the weight of their backpacks. Sometimes, the form in which they carry their 

backpack also contributes to the back pains (Konold & Miller, 2005). Analyze and describe the 

data in the most complete possible way. Use all the resources of the software that you consider 

convenient for the analysis and answer the following questions: 

 

• What students do you think carry more weight in their backpacks, the ones from lower or 

higher grades? Justify your arguments. 

• Which students do you think carry more weight in their backpacks, women or man? Justify 

your arguments. 

• If doctors recommend that the weight of the backpack of a student should not be more than the 

15% of their body weight, what percentage of students take a weight higher than 15% of their 

body weight in their backpacks? In these students are there more girls or boys? Are there more 

superior or inferior grade level students?  

 

First question 

All teachers answered correctly the question noting that the ones with a higher grade carry 

more weight in their backpacks, for which they have taken into consideration the average weight of 

each of the grade levels. In Fathom it is simple to construct a table with two variables (see table 1), 

which was the principal resource used to answer the question. It was observed that all teachers 

constructed diverse types of graphs, but their analysis was based particularly on the table. For 

example, in the figure 1 that was used by Paul, has marks that indicate the average weight of each 

grade, but it also gives very important information about the distributions shape, the variability and 

outliers, but it was not considered by the teacher when answering the first question. 

 

Just one teacher establishes relationships beyond the averages, but in a superficial manner. 

The average weight of the student’s backpacks is as follows: the first grade shows 4.94 

pounds, the third grade is 6.52 pounds, the fifth grade is 11.5 pounds and the seventh grade 

is 17.42 pounds…The students of a greater grade carry a higher weight, those in fifth 

grade carry 50% more weight in pounds than those in first and third grade approximately 

(Gisela). 
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On the other hand, Ramon is the only teacher that does not use the table (Table 1) and is 

based only in the graph (Figure 1), which is insufficient to make the analysis; also, instead of using 

the averages to define the scholar grade that carry a higher weight in their backpacks, he uses 

maximum data. 

 

We found that the higher grades tend to carry backpacks of higher weight. The graph (dots 

plot) shows how the students of the fifth and seventh grade come to carry backpacks of a 

higher weight, even up to 39 pounds, on the other hand the students form first and third 

grade come to carry up to 10 and 11 pounds maximum. 

 

 
 

 

Table 1. Average weight of  

backpack by group 

 

Figure 1. Dot plots with data from each group 

 

Second Question 

Again, the teachers answer the question correctly using the averages, mostly by means of a 

table. In this case we observe that only one of the teachers (Claudia) used the descriptive 

measurements, without recurring to the graphs, to make the analysis; she constructs table 2 for her 

explanation; some teachers used more resources of the software to make the analysis than in the 

last question, such as Claudia’s case, who used table 2 for her explanation: 
 

The women carry a average weight of 9.92 pounds and the man the average weight is of 

10.45 pounds. The half of the women carry a backpack weight of more than 7 pounds [has 

looked at the median] with a maximum value of 22 pounds and an atypical value of 39 

pounds [has looked at the graph]. Half of the men carry a weight higher than 8.5 pounds 

[has looked at the median] with a maximum of 27 pounds. About the variability it was very 

similar in both genders with a standard deviation of 1.16 in woman while in man it was 

1.02. 

 

 
 

Table 2. Descriptive measurements by gender 
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Third question 

The difficulty of finding a formula that allows them to answer the question, the teachers 

decide to construct diverse graphs but choose principally the dots plot as the most adequate graph 

(Figure 2 and Figure 3), since it allows the counting of data above the recommendation of doctors 

(15% of body weight) marked by a vertical line. 

 

 
 

 

 

Figure 2. Percentage of weight vs. grade 

 

Figure 3. Percentage of weight vs. gender 

 

There are more boys (17 of 40) than girls that exceed the recommendation. By grade, there 

are 14 students of seventh grade who carry more than 15% of their body weight (Claudia). 

 

38% of students carry a weight of more than 15% of their body weight in their backpacks, 

42.2% of boys exceed the suggested weight and the girls only the 33.33%. The fifth and 

sixth grades are the ones that mostly exceed the weight by 14% and 18% respectively 

(Gisela).  

 

It is important to noting the change of representation that the teachers used in respect to the 

previous points, where they had principally used a table. Inserting a line that defines the excess 

limit of weight in a dot graph with both variables of interest is a graphic representation that the 

software permits to construct and that it was chosen adequately by the students of a group of 

possible graph representations. 

 

Activity 2 

The high levels of cholesterol are a risk factor for heart disease. The data that is shown next 

corresponds to the cholesterol levels of 24 patients before and after taking a diet based of the 

consuming of vegetables during the month. The cholesterol levels are measured in milligrams of 

cholesterol by deciliter of blood (mg/dL). Analyze and describe the data in the most complete way 

possible. Use all the software resources to respond the following questions: 

 

• Based on the data analysis, do you consider that the vegetarian diet had an effect in the 

reduction of cholesterol levels? Justify your answer. 

• If doctors recommend a cholesterol level lower than 200, what percentage of patients is above 

such a value before and after the diet? 

 

An adequate table to answer the second question was constructed by the most teachers. 

Following is a table (Table 3) and graph (Figure 4) constructed by Refugio and Claudia 

respectively: 

 

We can observe that the levels of cholesterol average before the program were of 187.79 

mg/dl, while after the program the cholesterol average levels decreased to 168.25 mg/dl 

[she is looking at the mean]. After the program half of the patients had a cholesterol level 
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under 165 mg/dl while before the program the cholesterol levels were 179 mg/dl [she is 

looking at the median](Claudia). 

 

It can be observed that the average value of cholesterol decreased from 187.79 to 168.25. 

Before the treatment they were 28% above the recommended value and after it was 

approximately 20%, although in this situation with values not so close to the allowed value. 

Therefore it is observed that the applied diet gives positive effects in the decreasing of the 

cholesterol level (Refugio).  

 

 
 

 

 

Table 3. Cholesterol before and  

after of the diet 

 

Figure 4. Dot plot with cholesterol levels 

 

In addition to looking at the average (media and median), Claudia focus her attention in the 

quantity of patients that diminished their cholesterol levels to less than the recommended level, 

before and after the diet, which is an indicator that they are taking into consideration descriptors in 

addition to the averages leaning on dot plots. Also observe that both professors use numeric 

descriptions that are contained in the table and do not use the information in an important graph 

they have constructed and it allows them to respond to both questions at the same time from the 

same activity. 

 

CONCLUSIONS 

The data analysis and the reasoning developed by the teachers were based principally in the 

construction of tabular representations with average calculations and in dot plots. We consider that 

the experience of the teachers with the data analysis focused in descriptive statistics, influenced so 

that they did not take into consideration important graphic representations like the box diagram, 

that it was even unknown to some of them, and descriptive measurements such as quartiles, for a 

more complete analysis of data. The above indicates the is necessary for the teachers to know the 

potential of a computer environment to go from descriptive statistics in pencil and paper 

environment to the exploratory data analysis that emphasizes primarily the use of graphic 

representations and that goes beyond the calculation of descriptive measurements. 
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