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Abstract: Making inferences is an important aspect of statistics education and 

such a skill needs to be developed progressively throughout students’ schooling 

years.  Although children may not have access to formal inferential reasoning, 

many researchers believe that children can engage in informal inferential 

reasoning (IIR).  The IIR in the early years has been argued to be an important 

cognitive tool to pave the way for the learning of formal inferential reasoning at 

later years of schooling.  In Singapore, statistics education begins in primary 

school as part of the mathematics curriculum.  Using a statistics education 

framework, this paper discusses the learning opportunities in the primary school 
statistics curricular materials to develop children’s IIR in the early years of 

schooling.   
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Statistics Education in Singapore – Primary School 

 
Figure 1. The Singapore mathematics framework for primary and secondary 

      schools.  Source: Ministry of Education, MOE, Singapore 2012. 
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Students’ first encounter with some form of statistics is usually in the context 

of mathematics (Peck, Kader & Franklin, 2008) and such is the case in the 
Singapore mathematics curriculum (Ministry of Education, MOE, Singapore, 

2012).  The Singapore mathematics framework (in Figure 1) provides the five 

key components that undergird the teaching and learning of mathematics.  In 

the Singapore mathematics syllabus, it is stated “(t)he central focus of the 
framework is mathematical problem solving, that is, using mathematics to 

solve problems.  The framework sets the direction for and provides guidance 

in the teaching, learning and assessment of mathematics at all levels, from 
primary to pre-university” (MOE, p. 14).  Since statistics is taught as part of 

mathematics, the Singapore mathematics framework also governs the 

direction of statistics education in Singapore.  Figure 1 shows that students’ 
data analysis skills are developed under the skills component with the focus on 

mathematical problem-solving in the course of teaching statistical and 

probabilistic concepts.  Thus, the focus of statistics education in Singapore is 

on mathematical problem-solving. 
 

Table 1 shows the content of the primary school statistics education syllabus 

in Singapore.  The main theme of statistics education at the primary school 
level is on solving problems based on information in graphical representations 

such as picture graphs in Primary One (P1) and Primary Two (P2), bar graphs 

in Primary Three (P3), line graphs in Primary Four (P4) and pie charts in 
Primary Six (P6).  An analysis of the primary school mathematics syllabus 

also reveals the rationale for the sequence of graphical representations taught 

in the primary level is such that the mathematical knowledge required in 

solving question sums are taught first before the teaching of graphs.  For 
example, P1 children are asked questions based on non-scaled picture graphs, 

which require answers of positive whole numbers, because prior to studying 

picture graphs, they are taught whole numbers up to 100 as well as addition 
and subtraction of these whole numbers.  Picture graphs with scales of two, 

three, four, five and 10 are introduced at P2 because the multiplication facts 

involving these numbers are developed at this level.  Pie charts are taught only 

at P6 after pre-requisite knowledge involving concepts such as fractions; 
angles and per cents, necessary to solve related problems have been developed 

in the preceding years.   
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Table 1  

Singapore primary school statistics syllabus 

Level Content Learning experiences 

P1 Read and interpret data 

from non-scaled 

picture graphs. 

 

Ask questions, collect and organize data 

from one class, make picture graphs with 

one-to-one representation, read and interpret 

picture graphs in both horizontal and vertical 

forms, make a story using information from 
a graph.  

P2 Read, interpret and 

solve one-step 

problems using data 

from scaled picture 

graphs. 

Ask and write questions, collect and organize 

data from more than one class, make picture 

graphs with scales, read and interpret picture 

graphs in both horizontal and vertical forms, 

make a story using information from a graph. 

P3 Read, interpret and 

solve one-step 

problems using data 

from scaled bar graphs. 

Discuss methods of data collection, use 

software to construct bar graphs, make a 

story using information from a graph, discuss 

real-world examples of data in bar graphs.  

P4 Complete a table from 

given data.  

Relate data from a table to bar graphs, 

explain and discuss the statistical 

investigation of bar graphs found in printed 

media, discuss misleading graphs.   

Read, interpret and 
solve one-step 

problems using data 

from tables or line 

graphs 

Relate and explain the differences between 
bar graph and line graph, use software to 

construct line graphs.  

P61 Read, interpret and 

solve one-step 

problems using data 

from pie chart.  

 

 

The rationale for the sequence of graphical representations introduced at each 
primary level is that the required mathematical knowledge to solve the 

problem sums precedes the teaching of graphs.  This is unsurprising as the 

Singapore mathematics curriculum has a spiral structure (Ng, 2009).  Thus 

                                                        
1 Referred to the 2007 MOE Singapore primary mathematics syllabus.  At the time of 

this article submission, only mathematics syllabus P1 to P4 2013 is made available in 

the MOE Singapore website: https://www.moe.gov.sg/education/syllabuses/sciences/ 
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concepts and skills taught at one school year are revisited and further 

developed at the next.  Except in P5 where children are taught the concept of 
average, a recurring theme in the Singapore’s statistics education at every 

level in primary school is solving mathematical problems based on graphical 

representations.  If such is the focus, what kind of learning opportunities are 

provided for children to be engaged in statistical investigations to develop 
their IIR skills? 

Literature Review 

Informal Inferential Reasoning (IIR)  
An inference made with statistical tests such as t-test or Analysis of Variance 

(ANOVA) is referred to as statistical inference and the study of using 

statistical test to make inferences is called inferential statistics.  Following that 
inferential statistics is more cognitively demanding, the learning of inferential 

statistics is usually reserved for pre-tertiary or tertiary level students 

(Paparistodemou & Meletiou-Mavrotheris, 2008).  However, there are many 

studies in the literature documenting students’ struggles with inferential 
statistics (Falk, 1986; Haller & Krauss, 2002; Sotos, Vanhoof, den Noortgate 

& Onghena, 2009; Utts, 2003; Vallecillos, 1999).  In fact, even basic concepts 

in statistics such as average (Markos & Russell, 1992; Mevarech, 1983; 
Pollatsek, Lima & Well, 1981), variation (Copper & Shore, 2008; Reading, 

2004; Reading & Shaughnessy, 2004; Watson & Kelly, 2002) and 

distributions (Bakker & Gravemeijer, 2004; delMas & Liu, 2005) seemed 
challenging for tertiary level students.  

 

Students’ struggles in statistics at the later years of schooling have prompted 

statistics educators and statistics education researchers to look at students’ 
learning of statistics in the earlier years.  Young children begin their 

experiences in data handling through means of presenting data graphically and 

interpreting graphical information.  Statistics education found its way into 
primary school level (e.g., Hong Kong Primary Mathematics Curriculum 

2000; Mathematics: The National Curriculum in England 1999; New Zealand 

Mathematics Standard 2009; Singapore Primary Mathematics Syllabus 2007; 

The Australian Curriculum: Mathematics 2012) with a focus on descriptive 
statistics – the other branch of statistics that organizes, summarizes and 

presents data in tabular, graphical or numerical manner.   
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Interestingly, children in the early years of schooling also faced many 

difficulties in learning statistics.  Dealing with graphical information is no 
easy task.  For children, difficulties in dealing with graphical information 

include incapability to use information presented in graphs to critique a 

comment (Aoyama & Stephen, 2003), could not display integrated 

understanding of various data presented in graphs (Chick & Watson, 2001), 
using a single point to describe a graph rather than reasoning with intervals 

(Friel & Bright, 1996) and failure to predict beyond data presented in graph 

(Pereira-Mendoza & Mellor, 1990).  In fact, there is a vast body of literature 
documenting students’ lack of understanding in graph interpretation (Cooper 

& Shore, 2008; Curcio, 1987; delMas, Garfield & Ooms, 2005; Shield, 2006; 

Wu & Krajcik, 1996; Wu & Wong, 2009) and the difficulties in interpreting 
graphs persist throughout adulthood (Roth & Bowen, 2001). 

 

The capability to make inferences about the context of the graphs is an 

important aim of statistics education.  But students’ struggles in understanding 
inferential statistics in the later years of schooling and the difficulties 

interpreting graphs in the early years of schooling have prompted educators 

and researchers in statistics education to inspect the conceptual underpinnings 
of pedagogical experiences in statistics education (Pfannkuch, 2006).  Many 

scholarly activities have been directed at exploring the possibilities of 

allowing students to engage in statistical inferences, perhaps informally at the 
initial stage (Zieffler, Garfield, delMas & Reading, 2008) by tapping on 

students’ natural intuitions about data (Paparistodemou & Meletiou-

Mavrotheris, 2008) during the early years of schooling (Ben-Zvi, 2006; 

Pfannkuch, 2006).  Hence, the concept of informal inferential reasoning (IIR) 
was conceived as a cognitive tool to pave the way for formal inferential 

reasoning.   

 
IIR is a cognitive process that engages in probabilistic generalization beyond 

the data presented (Ben-Zvi, 2012; Makar & Rubin, 2009) based on looking 

at, comparing and reasoning from distributions of data (Pfannkuch, 2006).  

Advocates of IIR reasoned that IIR is important in helping students transit to 
formal inferential statistics.  For example, IIR provides students with 

experiences of stochastic processes that are vital to better understand formal 

inferential statistics (Pfannkuch, 2006).  When students are exposed to IIR at 
early years, they are also given more time to revisit the numerous statistical 

concepts needed to form a conceptual framework for statistical inferential 
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reasoning (Zieffler, Garfield, delMas & Reading, 2008) at later years of 

schooling.  When students’ intuitions and prior knowledge are activated and 
misconceptions addressed in the earlier years of schooling, these experiences 

will provide foundation for better access to formal statistical reasoning in the 

later years of schooling.    

 
Given that much has been argued for the significance of IIR in the early years 

of schooling, the attention is then focused on the primary school statistics 

education in Singapore.  As discussed earlier, the statistics curriculum in 
Singapore primary schools is embedded in the mathematics curriculum with a 

focus on mathematical problem-solving.  Hence, what kind of learning 

opportunities are provided in the Singapore primary school statistics 
curricular materials to help children develop their IIR skills?  

This Study 

Instrument 

The intention of this paper is to interrogate the intended curriculum of 
Singapore primary school statistics education, specifically in the designed 

learning opportunities for children to develop their IIR skills.  Hence, 

curricular materials such as textbooks from the Approved Textbook List 
published on MOE Singapore’s website (http://www.moe.gov.sg/) and 

national examination questions from the Primary School Leaving 

Examination (PSLE) were interrogated for the intended curriculum of 
statistics education in Singapore.  The purpose for choosing textbooks to be 

examined is twofold.  Firstly, textbooks from the Approved Textbook List 

were chosen because they would have been vetted by the MOE Singapore and 

were deemed to have fulfilled the demands of the intended curriculum as 
specified in the curricular documents (Curriculum Planning and Development 

Division 2000, 2006, 2012).  Secondly, the textbooks were chosen with the 

intention to investigate how the data analysis component of the mathematics 
syllabi, especially on graphical representations, was interpreted by authors of 

the textbooks as exemplified in the examples and practice exercises.  Past year 

national examination questions were analyzed because these national 

examinations for mathematics assess the level of students’ attainment of 
mathematics (statistics) with respect to the objectives of the syllabi (Singapore 
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Examinations and Assessment Board, 2011).  Hence, these questions would 

be aligned to the objectives of the intended curriculum.   

Framework and rubrics for analysis 

Statistics education framework. Statistics has a lot to do with numbers but 

statistics is also about where the numbers come from and how closely these 

numbers reflect reality (Sullivan, 2013).  An investigation in the field of 
statistics is a process to understand more about the reality from which the 

numbers are stemmed.  Statistical investigation begins with questions about a 

context and then data are collected, analyzed and interpreted to answer those 
questions (Makar & Rubin, 2009).  So to examine how statistics curricular 

materials reflect statistical investigation systematically, there is a need for a 

framework that captures such a process accurately.  
 

There are a few statistical investigation frameworks in the literature that can 

be used to interrogate the Singapore primary school statistics curricular 

materials.  An example of such a framework is a four-dimensional statistical 
thinking in empirical inquiry developed by Wild and Pfannkuch (1999).  This 

framework encompasses a cyclic statistical investigative process of Problem-

Plan-Data-Analysis-Conclusion (PPDAC), a list of fundamental statistical 
thinking in an investigation, another cyclic interrogative process of Generate-

Seek-Interpret-Criticize-Judge and finally, the list of dispositions required to 

be engaged in a statistical investigation.  Although this four-dimensional 
framework is all-encompassing of statistical investigation, this framework 

was not used in this study for two reasons.  Firstly, this four-dimensional 

framework is too massive to be used to analyze the Singapore primary school 

statistics intended curriculum.  Secondly, this framework is perhaps more 
suited to evaluate the implemented statistics curriculum where the details of 

children’s dispositions, thinking and critiquing processes in statistical 

investigation could be observed.   
 

Instead, the statistics education framework proposed in the Guidelines for 

Assessment and Instruction in Statistics Education (GAISE) Report (Franklin, 

Kader, Mewborn, Moreno, Peck, Perry & Scheaffer, 2007) was used in this 
study.  This framework was published with the objective of providing a 

conceptual framework for pre-K-12 statistics education that complemented 

the National Council of Teachers of Mathematics (NCTM) Principles and 
Standards for School Mathematics (2000).  For simplicity and clarity of 
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subsequent discussions in this article, the statistics education framework 

proposed in GAISE would henceforth be referred to as the GAISE framework.    
 

There are at least three reasons for choosing GAISE framework to analyze the 

statistics education in Singapore.  Firstly, GAISE framework is a less massive 

and a more straightforward framework.  It is an integrated two-dimensional 
framework that captures important elements in statistical investigation such as 

asking questions, collecting and analyzing data as well as interpreting results 

in one dimension, and the development of students’ statistical literacy in the 
other dimension.  So unlike Wild and Pfannkuch’s (1999) framework which 

consists of somewhat isolated dimensions, the two dimensions in GAISE 

framework are integrated to show how a students’ statistical literacy in the 
different statistical investigation components can be developed.   

 

Secondly, the GAISE framework contains the important elements of IIR.  IIR 

aims at generalizing from sample data to unknown population parameters, and 
researchers regard the focus of statistical investigation cycle in terms of 

questions, data and analyses as part of making inferences.  Makar and Rubin 

(2009) argued that statistical investigations and inferential reasoning cannot 
be separated.  In addition, Rubin, Hammerman and Konold (2006) observed 

that IIR deals with variability as well as controlling bias.  Pfannkuch (2006) 

defined IIR as reasoning with distributions and sampling distribution within 
an empirical enquiry cycle.  All these views on IIR are encompassed in the 

GAISE framework, either as the statistical investigation components or as the 

developmental stages of statistical literacy. 

 
Thirdly, GAISE framework is the most recent framework for statistics 

education (Ben-Zvi, 2012; Metz, 2010) and possibly the only widely available 

framework which systematically charts the developmental levels of students’ 
statistical literacy spanning from pre-kindergarten to college level.  Hence,  

GAISE framework serves as a yardstick to assess curricular materials as well 

as a guide for further statistical literacy development, from early years of 

schooling to the later years of schooling.  In addition, GAISE framework 
adopts the important tenets in NCTM Standards for Data Analysis and 

Probability such as the aspects of formulating questions, collecting and 

analyzing data as well as interpreting results in attempts to answer questions 
about our surroundings (Metz, 2010).  
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Table 2  

The GAISE framework 
                                                 Developmental Level of Statistical Literacy 

 

 Level A Level B Level C 

S
ta

ti
st

ic
al

 in
v
es

ti
g
at

io
n

 c
o
m

p
o
n
en

ts
 

(I
) 

 

F
o
rm

u
la

te
 

Q
u
es

ti
o
n

 Teacher poses 

question of interest, 

questions are restricted 

to the classroom. 

Students begin to pose their 

own questions of interest, 

questions not restricted to 

classroom. 

Students pose their own 

questions of interest, 

questions seek 

generalization. 

(I
I)

 

C
o
ll
ec

t 
D

at
a
 Do not design for 

difference, census of 

classroom, simple 

experiment. 

Beginning awareness of design 

for differences, sample surveys 

- begin to use random selection, 

comparative experiment – 

begin to use random allocation. 

Students make design for 

differences, sampling design 

with random selection, 

experimental designs with 

randomization. 

(I
II

) 

A
n
al

y
ze

 D
at

a
 

Use particular 

properties of 

distributions in the 

context of a specific 

example, display 

variability within a 

group, compare 

individual to 

individual or 

individual to group, 

begin awareness of 

group to group, 

observe association 

between two variables. 

Learn to use particular 

properties of distributions as a 

tool of analysis, quantify 

variability within a group, 

compare group to group in 

displays, acknowledge 

sampling error, some 

quantification of association – 

simple models for association. 

Understand and use 

distributions in analysis as a 

global concept, measure 

variability between groups, 

compare group to group 

using displays and measure 

variability between groups, 

describe and quantify 

sampling error, 

quantification of association 

– fitting models for 

association. 

(I
V

) 

In
te

rp
re

t 
R

es
u
lt

s 

Students do not look 

beyond data, no 

generalization beyond 

the classroom, note 

differences between 

two individuals with 

different conditions, 

observe association in 

displays. 

Students acknowledge that 

looking beyond the data is 

feasible, acknowledge that a 

sample may or may not be 

representative of a larger 

population, note the difference 

between two groups with 

different conditions, aware of 

distinction between 

observational study and 

experiment, note differences in 

strength of association and 

basic interpretation of models 

for association, aware of the 

distinction between association 

and cause-and-effect. 

Students are able to look 

beyond the data in some 

context, generalization from 

sample to population, aware 

of the effect of 

randomization on the result 

of the experiments, 

understand the difference 

between observational 

studies and experiments, 

interpret measures of 

strength of association and 

models of association, 

distinguish between 

conclusion from association 

studies and experiment. 

Note.  Adapted from “Guidelines for Assessment and Instructions in Statistics 

Education (GAISE) Report” by C. Franklin, G. Kader, D. Mewborn, J. Moreno, R. 

Peck, M. Perry and R. Scheaffer, 2007.  Copyright 2007 by the American Statistical 

Association.  
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Table 2 shows how GAISE framework defines students’ statistics literacy 

development of Levels A, B and C (reading across the row) through statistical 
investigation components of (I) Formulate Question, (II) Collect Data, (III) 

Analyze Data, and (IV) Interpret Results (reading down the column).  

Statistics education at developmental Level A is more teacher-centred, 

restricted to data collection in the classroom, analyzing only one group of data 
and the result of analysis is not generalizable.  As students’ statistical literacy 

develops (towards Level C), statistics education becomes more student-

centred, data are collected through random sampling methods, analysis of data 
consists of quantifying, measuring and comparing variability between groups 

and there is generalization of the results from sample to a larger population.   

 
Graph comprehension rubrics. In studies on IIR, many researchers referred to 

Tukey’s (1977) Exploratory Data Analysis approach to uncover information 

from data through visualizations (Ben-Zvi, 2006; Makar & Rubin, 2009).  So 

besides a framework for statistics education, there is also a need for graph 
comprehension rubrics to analyze the Singapore primary school statistics 

education since the Singapore primary school statistics curriculum is mainly 

on dealing with graphical information.  Two rubrics, Curcio’s (1987) and 
Wainer’s (1992) rubrics for graph comprehension, were used to ascertain the 

types of questions graphical representations can answer (Wainer, 1992) and 

the actions involved in answering questions based on graphical 
representations (Curcio, 1987).   

 

Curcio’s (1987) three-level rubric described the actions involved in answering 

graph-based questions.  At the primary level, students read the data where 
information is merely lifted from the graphical representations.  In the next 

level, students read between the data where they are required to make one step 

of logical or pragmatic inference.  At the highest level of graph comprehension 
in Curcio’s (1987) rubrics, students are required to read beyond the data which 

may require them to extend, predict or infer from graphical representations.  

 

Wainer’s (1992) rubric, on the other hand, provided qualitative descriptions 
on the types of questions that a graph could be used to answer.  Wainer’s  

(1992) rubric comprised three hierarchical levels of questions.  Elementary 

level questions required extraction of data from the graphs.  Intermediate level 
questions required identification of trends present in graphs.  Overall level 

questions are the highest level in Wainer’s (1992) graph comprehension rubric 
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which required comparison of trends and identification of groupings in the 

graphs.   
 

Curcio’s (1987) and Wainer’s (1992) rubrics for graph comprehension were 

used simultaneously because their rubrics mapped well onto each other and at 

the same time, provided the required actions to answer the questions and 
qualitative descriptions of the questions based on graphs.  Table 3 matches 

Wainer’s types of questions based on graphs to Curcio’s actions in answering 

questions based on graphs.   
 

An example is also provided to illustrate the levels of questions based on 

graphs.  Questions (a) and (b) are elementary level questions where answers 
can be read from the graph – the answer to part (a) is reading a value on the y-

axis while the answer to part (b) is obtained from reading a value on the x-

axis.  Questions (c) and (d) are intermediate level questions which require the 

extraction of relevant information and mathematical calculations on the data 
extracted.  Question (e) is an example of overall level question as it requires 

students to make inferences from the information presented graphically, that 

is, provide an explanation for the trend of the data. 
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Table 3 

Graph comprehension rubrics for the types of questions asked based on graphical 

representations (left and centre panels) and an example to illustrate these types of 

questions (right panel) 

Qualitative 

description on 

the types of 
questions 

based on 

graphs. 

(Wainer, 

1992) 

Actions involved in 

answering 

questions based on 
graphs. 

(Curcio,1987) 

An example of question based on the 

following line graph: 

 
Elementary 

level 

questions 

Data 

extraction 
 

Reading the data 

Lifting information 

from the graph 

(a) What was the mass of old books 

collected February? _60 kg_ 

 

(b) In which month was the heaviest old 

books collected?  _June_ 

Intermediate 

level 

questions 

Identifying 

trends 

Reading between 

the data 

Involve at least one 

step of logical or 

pragmatic 

inference 

(c) What was the total mass of old books 

collected in the months of January and 

February?  _30+60 = 90 kg_ 

 

(d) What was the increase in the mass of 

old books collected from May to June?  

_90 – 40 = 50 kg_ 

 

Overall level 

questions 

Comparing 

trends and 
seeing 

groupings 

Reading beyond the 

data 

Involves extending, 

predicting or 
inferring from the 

representation to 

answer implicit 

questions 

(e) Why do you think there was a big 

increase in the mass of old books 

collection from the May to June? _Answer 

varies_ 
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Method 

 
Figure 2.  The process of analyzing the Singapore primary school statistics 

curricular materials.   

 

Figure 2 shows how the Singapore primary school statistics curricular 

materials were selected to be interrogated for the learning opportunities to 
develop children’s IIR skills using the graph comprehension rubrics and the 

GAISE framework.  The arrows represent analysis done on the curricular 

materials.  Some of these curricular materials came in the form of questions 

and some did not.  Some of those curricular materials in the form of questions 
were questions based on graphs and some were questions as instructions.  

Hence, there were three types of curricular materials examined – (1) questions 

based on graphs, (2) questions as instructions and (3) instructions.  
 

First, the curricular materials that were questions based on graphs were 

examined.  Such questions from MOE approved textbooks, past PSLE 
questions and teacher’s guides were analyzed for common themes.  Then, 

some questions with common themes were selected as typical questions based 

on graphs.  These typical questions were deemed representative of the kinds 

of questions based on graphs that may be asked from that particular topic.  
Then, these questions were analyzed using the graph comprehension rubrics 

to determine the kinds of responses expected from children.   
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If there were any parts of the graph comprehension rubrics that were not used 
to examine the questions selected, the pile of questions based on graphs from 

MOE textbooks, teacher’s guide and PSLE were examined once more.  Other 

questions were added into the pool or were used to replace the existing typical 

questions based on graphs.  The new pool was analyzed again using the graph 
comprehension rubrics.  This process was repeated until the pool of typical 

questions based on graphs became stable.  Subsequently, the responses 

expected from the typical pool of questions based on graphs were mapped onto 
the GAISE framework to determine how such responses from children could 

support the development of their IIR skills.   

 
Second, suggested instructions from the syllabus and questions as instructions 

were segregated from questions based on graphs.  This second part of analysis 

involved a direct mapping onto the GAISE framework without needing the 

analysis from the graph comprehension rubrics.  
 

Using teaching examples of non-scaled picture graphs in P1, Figure 3 provides 

examples of how the analysis shown in Figure 2 was done.  The left panel in 
Figure 3 shows an example of instructions which would be mapped directly 

to GAISE framework.  The suggested process begins with the teacher posing 

a question of interest to the class: Would you like to go to the bird park or the 
zoo for a class excursion?  Since this question is posed by the teacher and is 

asked to children of one class, such a learning opportunity maps to 

developmental Level A of the statistical investigation component (I) 

Formulate Question.  Census data are collected by counting the number of 
pupils who prefer to go to the bird park and the number of pupil who prefer 

to go to the zoo.  Such a data collection design is a simple experiment and this 

learning opportunity maps to developmental Level A of the statistical 
investigation component (II) Collect Data.   
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Figure 3.  (Left panel) A warm up exercise to introduce non-scaled picture graph 

in P1 2  and (right panel) questions asked in P1 based on picture graph 3  are 

elementary level questions.     

 
 

Then, for each location a circle is drawn to represent one pupil.  The 

responses from the class are tabulated in a picture graph to display the number 

of students in each category.  Such analysis in the picture graph displays 
variability within one group and there is individual-to-individual comparison.  

This learning opportunity maps to developmental Level A of the statistical 

investigation component (III) Analyze Data.  When the teacher asks the pupils 
to look at the graph and tell which the preferred location is, children do not 

look beyond the data and there is no generalization beyond the classroom.  In 

such a case, the learning opportunity maps to developmental Level A of the 

statistical investigation component (IV) Interpret Results.   
 

                                                        
2 From Discover Maths 1B Teacher’s Resource Book (p. 112), by Y. C. Lim, 2007, 

Singapore: Panpac Education Pte Ltd. Copyright by Marshall Cavendish Education. 

Reproduced with permission.  

 
3 From Discover Maths 1B Teacher’s Resource Book (p. 118), by Y. C. Lim, 2007, 

Singapore: Panpac Education Pte Ltd. Copyright by Marshall Cavendish Education. 

Reproduced with permission. 
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The right panel of Figure 3 shows examples of questions based on non-scaled 

picture graph which would be analyzed using the graph comprehension rubrics 
first before mapping it to GAISE framework.  Most of such questions require 

children to read data in the graphs such as Lisa read ___ books.  Other 

questions require children to extract data from the graphs to perform some 

mathematical calculations.  Examples include Amy read ___ more books than 
Lisa and the children read ___ books altogether.  In these examples, children 

are required to add or subtract information read from the graph.  

 
Most of the questions based on graphs such as in the left panel of Figure 3 

map only to two components of the GAISE framework – (III) Analyze Data 

and (IV) Interpret Results.  These questions require students to note the 
number of pictures in each category and make a conclusion based on the 

frequency in each category.  Hence, there are little learning opportunities from 

such questions based on graphs for children to generalize beyond the data.  

Such learning opportunities from questions based on graphs map to Level A 
of both components (III) Analyze Data and (IV) Interpret Results.   

 

All the analysis on the curricular materials in P1 were summarized in a table.  
Table 4 shows an example of the summary on the kind learning opportunities 

found in P1 statistics curricular materials to develop children’s IIR skills.    

 
Table 4  

A summary of learning opportunities in P1 according to the GAISE framework 

                                                  Developmental Level of Statistical Literacy 

  Level A Level B Level C 

S
ta

ti
st

ic
al

 i
n
v
es

ti
g
at

io
n
 

co
m

p
o
n
en

ts
 

(I) 
Formulate 

Question 

The teacher poses questions of 
interest, questions restricted to the 

classroom. 

- - 

(II) 

Collect Data 

Census of classroom by 

conducting simple experiment. 
- - 

(III) 

Analyze Data 

Display variability within a group, 

compare individual to individual. 
- - 

(IV) 

Interpret 

Results 

Students do not look beyond the 

data, no generalization beyond the 

classroom 

- - 
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Similar analyses for P2, P3, P4 and P6 statistics curricular materials were 

repeated and the results are presented and discussed in the Findings and 
Discussion section.  

Inter-rater reliability 

Two judges, a primary school teacher and a mathematics educator, were 

invited to classify seven sets of typical questions based on graphs – one set 
based on non-scaled picture graph in P1, one set based on scaled picture graph 

in P2, two sets based bar charts in P3, one set based on line graph in P4 and 

one set based on pie chart in P64.  There were two sets of questions for P3 
because the author could not find one set of questions based on a bar chart that 

encompasses a typical question asked in P3.  Each judge was provided with 

the GAISE framework, graph comprehension rubrics, seven sets of questions 
based on graphs and an accompanying classification template.  After the 

judges had clarified their doubts with the author, the judges classified these 

tasks individually at their own time. 

 
Generally, all the raters (author and judges) agreed fully that there was an 

absence of the first two statistical investigation components (I) Formulate 

Question and (II) Collect Data in P2, P3, P4 and P6 questions based on graphs.  
The typical questions examined require students to read the data and extract 

information from the graphical representations to solve mathematical 

problems, but do not require them to either formulate question or collect data.  
Hence, statistics education at the primary level mostly concentrates on 

mathematical problem-solving and the statistical investigation was 

incomplete.  There was a high agreement (12 out of 16 classifications) among 

the raters that a majority of the questions based on graphs in primary school 
mapped to Level A of the developmental process of statistical literacy in the 

last two statistical investigation components (III) Analyze Data and (IV) 

Interpret Results.  In the next section, Table 5 summarizes the kind of learning 

                                                        
4 At the time of implementing the inter-rater reliability, the judges were provided with 

curricular materials based on the 2007 syllabus because the 2013 curricular materials 

were not available then.   
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opportunities for children in Singapore primary schools to develop their IIR 

skills5.  

Findings and Discussion 

Table 5 

The developmental levels of the primary school intended curriculum in four 

statistical investigation components 

 Statistical Investigation Components 

School Level 

(I)  

Formulate 

Question 

(II)  

Collect Data 

(III)  

Analyze Data 

(IV) 

Interpret 

Results 

Primary 1 Level A Level A Level A Level A 

Primary 2 - - Level A Level A 

Primary 3 - - Level A Levels A/B 

Primary 4 - - Level A Levels A/B 

Primary 5 No graphical representation taught in P5 

Primary 6 - - Level A Level A 

 

Table 5 summarizes the learning opportunities found in the statistics curricular 
materials to develop children’s IIR skills in each primary school level.  

Generally, it was observed that the focus of statistics education in the 

Singapore primary schools is on analyzing data and interpreting results.  In 

addition, it was also observed that the complete statistical investigation seems 
to be emphasized in the first two years of primary school when children are 

taught about picture graphs, but unfortunately this statistical investigation 

becomes incomplete in subsequent primary school years.  Even though 
questions as instructions were asked and it seemed as though there were 

opportunities to collect data to answer the questions formulated, the analysis 

and interpretation of results were not matched to the questions as instruction.  

For example, the question as instruction may be regarding number of books 
read by children in a class but the questions based on graphs were regarding 

daily temperature of a country.  In such instances, the learning opportunities 

                                                        
5 Some of the later findings from the 2013 syllabus statistics curricular materials were 

incorporated at the time of this article submission to give a more current and 

representative reflection on the Singapore primary school statistics education.  
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were summarized as incomplete statistical investigation. The following 

sections elaborate on these two observations.  

Focus on analysis of data and interpreting of results 

The Singapore primary school statistics education is focused on answering 

questions based on graphs driven by mathematical problem-solving.  The 

syllabus in Table 1 informs us on the place of graphs in the primary school 
statistics curriculum while the summary of learning opportunities in Table 5 

informs us on the focus of mathematical problem-solving process.  The 

learning opportunities in the statistical investigation component (III) Analyze 
Data were coded as Level A only.   

 

Although the learning opportunities for components (III) Analyze Data were 
coded as Level A, there were some critical requirements in the Level A of (III) 

Analyze Data that were missing.  These requirements are critical because these 

requirements are important in developing children’s IIR.  While the capability 

of reading data off graphs is important, developing children’s IIR requires 
more than just knowing how to read data off graphs.  One such example is the 

important notion of group to group comparison, that is, providing children 

with the opportunity to “think about if and how their findings would “scale 
up” to a larger group, such as the entire grade level the whole school system, 

all children in the state or all people in the nation” (GAISE framework Level 

A, p. 26).  GAISE framework advocates that learning opportunities even at 
Level A must allow children to be aware of the limitations of conclusions 

made on one specific group of people.  

 

A possible way to envision curricular materials that provide group to group 
comparison is to perhaps look at the national standards of New Zealand’s 

statistics education (Mathematics Standards, 2009).  Figure 4 provides an 

example of a set of questions based on non-scaled picture graph from the New 
Zealand’s national standards which has the potential to support children’s 

development of IIR skills.  

 

Three questions accompanied the non-scaled picture graph of which the first 
two are similar to questions asked in the Singaporean curricular material in P1 

(refer to the right panel in Figure 3).  The last question in Figure 4, Do the 

girls read more books than the boys? has the affordances to provide better 
learning opportunities for children’s IIR skills to be developed.  In addition to 
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computational knowledge and the capability to discern boys’ names from the 

girls, students are provided with a learning opportunity to discuss whether the 
comparison is fair since there are three girls and two boys.  However as it is, 

the question still resides in Level A of the developmental level of statistical 

literacy in the GAISE framework but it can be further refined to potentially be 

a Level B or Level C question.   
 
 

 

Figure 4. Questions based on non-scaled pictograph can provide rich opportunities 

for students to be engaged in important ideas of statistics, such as the last question 

‘Do the girls read more books than the boys?’.  Source: MOE New Zealand, 2009. 

 
One way to further refine the question is perhaps to drop both the words ‘the’ 

so the question becomes Do girls read more books than boys?.  Such a 

question forces students to look beyond the data in the classroom and to 
generalize from sample to population.  It then creates opportunities to ask 

questions like Is this set of sample representative of the population?  If five 

other students were sampled, would girls still read more than boy? How about 
20 more students?  Such a learning opportunity is important for children to 

develop and further improve on their IIR skills.  

 

Learning opportunities that allow children to generalize beyond the data 
presented are important to develop and refine children’s IIR skills.  Such 

learning opportunities may be based on Ben-Zvi’s (2006) research which was 

built on Bakker and Gravemeijer’s (2004) model of ‘growing sample’ 
instructional heuristics.  Seventy-five fifth-graders were asked to observe 

aggregate features of a small sample and hypothesize about a larger sample, 
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then observe the features of this larger sample and hypothesize about an even 

larger sample, and so on.  The preliminary results of Ben-Zvi’s (2006) study 
showed students were engaging in IIR that was expert-like.  These young 

children were reported to “progress from additive reasoning to multiplicative 

reasoning, consideration of aggregate views of data, acknowledgment of the 

important role of larger samples, and accounting for variability” (Ben-Zvi, 
2006, p. 5).  Such a learning opportunity is lacking in the Singapore statistics 

education and to provide students with such a learning opportunity merely 

requires an addition of a question or two, as suggested from the discussion on 
the question taken from New Zealand Mathematics Standards (2009).   

Incomplete statistical investigation  

It was observed that there are intended learning opportunities for children in 
Singapore primary schools to formulate question, collect data, analyze data 

and interpret results in the first two years of schooling.  However, although 

some curricular materials seemed to have learning opportunities for each of 

the four components of statistical investigation in GAISE framework, the 
learning opportunities were not linked coherently.  Figure 5 provides an 

example of incomplete statistical investigation.   

 
The example given in Figure 5 shows an incomplete statistical investigation 

where the question as instruction and data collected on number of books read 

do not match the analysis of data on daily temperature recorded.  
Subsequently, the interpretation of results from the analysis on temperature 

will not lead children to answer the question in the beginning which was on 

the number of books read. Such an incoherent statistical investigation and the 

emphasis on mathematics problem-solving will highly likely hinder children 
from appreciating statistics as a powerful tool to understand more about the 

context from which data are collected.   

 
Emphasis of statistics education in the early years should not be placed solely 

in analyzing the numbers from graphs.  Instead, emphasis should be place on 

what the analysis of these numbers can tell us about the context of these 

numbers.  The complete statistical investigation begins with formulating 
questions about a context.  Question ignites curiosity and curiosity sustains 

interest to understand a context at a deeper level, which may in turn generate 

more questions about the context.  The numbers are just a small part of the 
story and these numbers are merely tools to tell us the story of the context.  
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Hence, when the emphasis is solely on the analysis of numbers, children may 

likely perceive graphs as objects and not appreciate the power of statistics that 
can help them learn more about a context.  When children perceive graphs as 

objects, they may not be successful in attaching relevant meaning to the 

numbers extracted from the graphs.  

 

  
Figure 5.  The questions asked was on number of books read but the data analysis 

was done on the daily temperature data6.   

 

As a matter of fact, there are numerous studies on children’s struggles in graph 

interpretation discussed in the literature review that support this notion. 
Without learning opportunities to provide probabilistic experiences for 

students to improve their IIR skills, students would struggle to find meaning 

for the analyses they have performed and the learning of formal inferential 

statistics at the later years of schooling becomes challenging.  In fact, Wu and 
Wong (2007, 2009) found from a large-scale survey on 907 Singapore 

                                                        
6 From My Pals are Here! Math 4B (3rd Edition) Pupil’s Book (p. 155-156), by H. K. 

Fong, K. S. Gan and C. Ramakhrisnan, 2016, Singapore: Marshall Cavendish 

Education.  Copyright by Marshall Cavendish Education.  Reproduced with 

permission.    
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secondary school students that the students performed well in graph reading 

and graph construction tasks but poorly in graph evaluation and graph 
justification tasks.  The growing body of literature on students’ struggles in 

the later years of schooling suggests that children should be provided with 

regular opportunities to revisit a coherent and complete cycle of statistical 

investigation process of formulating questions, collecting and analyzing data 
as well as interpreting the results to answer the question that begins the 

statistical investigation.  Once children’s IIR skills are developed, the formal 

inferential statistics is argued to be more accessible in later years of schooling.  

Conclusion 

A course in school statistics needs to provide children with many learning 

opportunities to develop and further improve their IIR skills progressively 
throughout their schooling years.  Although statistics has made its way into 

mainstream school mathematics (Moore, 2004), the teaching and learning of 

statistics should provide children with more regular learning opportunities to 

experience the complete statistical investigation process.  As a result, children 
would better appreciate statistics as a powerful tool in which they can ask their 

own questions about the world around them and have the know-how to answer 

their own questions.  Such an approach to statistics education would better 
foster self-directed learners who question and take responsibility in their own 

learning, which is one the Desired Outcomes of Education in Singapore.  
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