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Introduction 
There has been a shift of the statistics curriculum from the traditional development of 
procedural understanding, which includes statistical techniques, formulas, computations 
and procedures, to the development of conceptual understanding and statistical 
cognitions (Garfield, del Mas, & Zieffler, 2010). This came after much research in the 
‘traditional era’ revealed that students were not learning what they were expected to 
learn (Garfield, 1995). The desired result in many introductory statistics courses is to 
produce statistically educated students who demonstrate statistical literacy and the 
ability to reason and think statistically. These components are considered to be crucial 
skills for students to become more informed citizens and employees in consuming daily 
information (Gal, 2004) so that they can detect any misuse of statistics by policy 
makers, physicians and others (Utts, 2003).  
 
 Despite various definitions available in literature for statistical literacy, we consider 
a broader perspective to define this component in our study. As students prepare to 
become lifelong learners in their future life and professions, statistical literacy needs to 
also include the ability of students to develop statistical knowledge and their 
understanding of applications and dispositions. This will involve learning activities that 
allow them to learn in a better way and develop ways of statistical thinking, such as 
reading, statistical modeling, etc. While learning materials and tasks is considered one 
of the crucial factors in learning activities, the tasks provided for learning statistics 
should meet the aforementioned statistical cognitions as a good assessment item or the 
tasks should be designed based on the desired learning goals (Garfield & Franklin, 
2011).  
 
 This article reports a study aimed at analyzing tasks in Introductory Statistics 
textbooks regarding the arrangement of statistical cognitions and the advantages as well 
as disadvantages of such arrangements for future English teachers’ learning. Being 
English language learners is considered a special characteristic, which puts future 
English teachers at the position of being more likely to learn statistics through the 
English language for our future content and language integrated learning (CLIL) 
program (Coyle, Hood, & Marsh, 2010) in statistics teaching. In addition to becoming 
more informed citizens and employees, learning statistics is one way to promote future 
English teachers’ knowledge and expertise when they use statistics as one of content 
areas to introduce in their reading classes.  
 
 This study was designed as an initial step in exploring the proper learning materials 
and tasks for the program. The goal of this study was to investigate how the statistical 
cognitions are integrated into the tasks in statistics textbooks and the possible 
advantages and disadvantages for future English teachers engaging in these tasks. The 
analysis of tasks was conducted by applying the statistical cognition categories (Lei & 
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Yang, 2012) that have been modified to be compatible to the introductory statistics 
course at the college level.  
 
Method 
The textbook selected to be analyzed was Introduction to the Practice of Statistics by 
Moore, McCabe, and Craig (2009). The analysis is limited to only tasks in topics that 
were common to introductory statistics course in Indonesian universities, i.e., data and 
data presentation, measures of central tendency, and measures of spread.  
 
 Two researchers classified the selected tasks from the textbook according to the 
categories of statistical cognition: statistical basic knowledge, statistical reasoning, and 
statistical thinking. As one task may pose more than one question to solve, some of the 
tasks will belong to more than one component of statistical cognition. 
 
Statistical Basic Knowledge (Knowledge) 
K1:  Organizing data – to organize data into tabulation forms. 
K2:  Constructing graphs – to construct statistical graphs manually or by using 

technology.  
K3:  Reading graph – to read the information in a graph 
K4:  Describing distribution – to describe the features of data distribution based on the 

information from a statistical graph, such as overall pattern, shape, outliers, etc. 
K5:  Interpreting graph – to do simple calculation based on the information from a 

statistical graph, e.g., mean, percentages, etc. 
K6:  Comparing graphs – to compare and interpret different graphs for displaying the 

same data. 
K7:  Describing concepts – to describe statistical concepts, terms or vocabularies and 

symbols from a given phenomenon, e.g., samples, types of data, etc. 
K8:  Computing – to compute statistical measurements from the given data by using 

formulas manually or using technology 
K9:  Measurement transformation – changing the unit of measurements and understand 

its effect to the concept of the original data. 
K10: Creating data set – to create a data set from the given conditions 
 
Statistical Reasoning (Reasoning) 
R1: Explaining – to explain why a particular graph or method is or is not suitable for 

the given data 
R2: Interpreting (1) – recognizing the significance of different tools or methods in 

analyzing measures of center and spread 
R3:  Interpreting (2) – analyzing and interpreting the given phenomenon by selecting 

appropriate methods, including graphs 
R4: Predicting – to predict the phenomenon from the given data or graph by using 

knowledge or skills 
R5: Reasoning – reasoning with statistical ideas and making sense of statistical 

information 
 
Statistical Thinking (Thinking) 
T1:  Making questions – to form research questions from a given phenomenon  
T2:  Collecting data – to provide methods and reasons for data collection to answer 

research questions. 
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T3:  Selecting variable – to understand what and why such variables and measurements 
are needed to answer the given research questions 

T4:  Selecting method – to select suitable statistical methods based on the given 
questions 

T5:  Critiquing and evaluating – to critique and evaluate the results of a problem or a 
statistical study 

 
Results  
There are two types of tasks in the textbook used, short exercises and chapter exercises. 
Short exercise items placed in highlight boxes are available throughout the materials for 
each subtopic in the textbook to reinforce key concepts. For example, below the 
subtopic of Median, the authors provide short exercises on finding the median for a 
given set of exam scores. All these tasks characterize the statistical basic knowledge 
component. As for tasks at the end of each section, contexts provided are varied 
including general knowledge and some demanding contexts. Clear explanations are 
given for uncommon contexts to avoid misunderstanding the contexts.  
 
 Table 2 shows the percentages of task items in the two sections. In the process of 
coding, different classifications were found between the two coders. For example, in 
classifying a problem about describing variables to measure in a research and indicating 
the variable types, one coder initially classified this problem as statistical basic 
knowledge about describing concept (K7), whilst another classified it as statistical 
thinking component (T3). After some discussion, the two coders agreed that the 
problem could belong to both knowledge and thinking component, as it needs to select 
the suitable variables to measure (statistical thinking) and then identify the types of the 
variables (statistical basic knowledge). These items, which may be subsumed into two 
or more analysis units, were treated separately in the computation of item percentages 
shown in Table 2. For instance, to classify a task item such as the one below (see 
exercise 1.40 p. 28 for the complete context of the problem), we separated each task 
presented. The first sentence involves two tasks classified into two different analysis 
units, that is, constructing graph (K2) and explaining (R1).  
 

Present these measurements graphically by either a stem plot or a histogram and 
explain the reason for your choice. Then briefly discuss the main features of the 
distribution. In particular, what is your estimate of the density of the earth based on 
these measurements? 

 
The second sentence is about describing distributions (K4), while the last one would be 
classified into R3, as it is about analyzing and interpreting the given phenomenon. As a 
result, this single item was counted as four separate items. 
 
Table 2. Percentages of task items of the two topics for each component of statistical 
cognition 

 Data and Data Displays Measures of Center 
and Spread 

Statistical Basic Knowledge 81.32% 61.90% 
Statistical Reasoning 12.09% 33.33% 
Statistical Thinking 6.59% 4.76% 
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 The biggest percentages of statistical basic knowledge (81.32%) are found among 
the topics Data and Data Displays. The problems that dominate relate to constructing 
statistical graphs (K2) and describing distributions from the graphs (K4). Constructing 
graphs either manually or by using technology is involved in 25 problems, which are 
generally required to answer other related sub-questions within the same problem such 
as describing the distribution shown by a graph (K5, consists of 23 items), comparing 
with another graph (K6, consists of 12 items), etc. Other components such as organizing 
data (K1), reading graphs (K3) and describing concepts (K6) consisted of 4, 2 and 7 
items, respectively. There is only one item categorized as computing (K8) in this topic, 
but none in K5, K9 and K10.  
 
 Meanwhile, in the topics Center and Spread, 61.90% items were categorized into 
this component that are dominantly from unit K8, which is about computing statistical 
measurements from the given data using formulas manually or by using technology. 
There are 9 items in K2 for constructing box plots or histograms from the given data.  
 
 It is apparent that the component statistical basic knowledge is found in most of the 
task items from the four topics we analyzed. This might be due to these topics being part 
of an introductory statistics course that involves the introduction of basic concepts such 
as types of variable, measurements, statistical graphs, and statistical summary.  
  
Statistical reasoning 
The statistical reasoning component involves 12.09% and 33.33% of items from the 
topics Data and Data Displays and Center and Spread, respectively. The analysis unit of 
explaining why a particular method is suitable or not for the given data (R1, consists of 
7 items) is dominantly found in the former topic, while reasoning with statistical ideas 
and making sense of statistical information (R5, consists of 11 items) is the main unit in 
the latter topic.  
 
 Unlike the topic of center and spread whose items exhibit all the analysis units of 
statistical reasoning, there were only three analysis units of statistical reasoning that 
emerged among those of data and data displays topic. These analysis units beside R1 as 
mentioned previously, are analyzing and interpreting the given phenomenon by 
selecting appropriate methods, including graphs (R3) and reasoning with statistical ideas 
and making sense of statistical information (R5), consisting of two items each. 
  
Statistical thinking 
As for statistical thinking, there are only a few tasks items categorized into this 
component, which is around 11% of all the items. The tasks item in this component 
involves constructing suitable research questions for the given phenomena (T1), 
providing methods and reasons for data collection to answer research questions (T2), 
selecting the correct variables and measurements for given problems (T3), and also 
critiquing and evaluating results of a statistical study (T5). Among seven items, which 
belong to statistical thinking, four were classified as T3, and each of the other three was 
classified as T1, T2 and T5. As an example, we consider the following item to be T3, 
because it requires one to understand the variables needed to answer the intended 
research question (i.e., ‘physical fitness’ of college students) and also T2 since it is 
about understanding suitable methods or instruments needed to obtain the variables.  
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You want to measure the ‘physical fitness’ of college students. Describe several 
variables you might use to measure fitness. What instrument or instruments does 
each measurement require? (Exercise 1.13 p.23) 

 
 The topic of center and spread on the other hand has only four items with this 
component, all of which characterize analysis unit T5. These items generally ask about 
evaluating the results of measurements obtained from the previous tasks or of the effects 
that might occur when changing something in the original data. 
 
Conclusions and implications for future study 
This research is an initial attempt to identify the properties of learning materials and 
tasks for future English teachers learning statistics. Particularly for the beginning part of 
the statistics materials, the emphasis should be more on basic knowledge of statistical 
concepts. Statistical reasoning and thinking, even in smaller portions, should not be 
neglected. Meaningful contexts on the other hand, are an important factor in statistics 
learning, which differentiate the characteristics of statistics from mathematics 
(Rossman, Chance, & Medina, 2006). We found none of the task items in this textbook 
presented free of contexts which Cobb (1987) claims to be important criteria for good 
exercises. However, we consider some of the contexts presented to be unfamiliar 
contexts for our future English teachers that may be a hindrance to their learning (Lesser 
& Winsor, 2009). 
 
 We found some interesting ways of presenting the tasks in the textbook that was 
analyzed in this study, such as in introducing some advanced concepts that have not 
been discussed in the materials. For instance, the concept of trimmed mean is introduced 
through a task item of mean (see exercise 1.97 p. 53), in which students are asked to 
find and compare two values. This way of introducing advanced concepts may benefit 
students who have further interest in the topic without overburdening other students. 
The authors also caution on some task items that might cause misconceptions due to 
students’ false intuitions.  
 
 The analysis conducted in this study differs from other studies that have been 
conducted in this area (e.g., Cobb, 1987; Harwell et al., 1996; Huberty & Barton, 1990). 
It did not intend to compare textbooks but rather focused on how and how much the 
three components of statistical cognition are presented in the tasks. We argue that using 
statistical cognition components provides a more insightful picture of the ‘contents’ 
involved in the statistical tasks. Moreover, the three criteria for good quality exercises 
specified by Cobb (1987) may include: (1) using real data to promote statistical 
reasoning and thinking (Gal, 2002); (2) the ability to explain and interpret research 
results as parts of statistical basic knowledge and reasoning ( Garfield & Ben-Zvi, 
2004), and; (3) describing statistical thinking as the way statisticians think (Wild & 
Pfannkuch, 1999). 
 
 While the statistical cognitions can be regarded as ‘theoretical’ factors, other factors 
such as familiar contexts, readability and difficulty level specified by Harwell et al. 
(1996) could be considered as ‘practical’ factors because both students’ and experts’ 
perspectives would be required to carry out the analysis. Using these two factors 
together, the proper and qualified statistical tasks would be more comprehensible to 
different types of students. 
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 To validate our analysis of the advantages and disadvantages of task presentation in 
statistic textbooks, we continue to the next stage. We gather data from both future 
English teachers taking statistics courses and their lecturers. We may clarify the possible 
hindrances to their learning in this study and as well as study other factors that 
contribute to their learning difficulties. 
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