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SCAFFOLDING STATISTICS 
UNDERSTANDING IN THE MIDDLE SCHOOL 

Jane Watson 

University of Tasmania 

The Reforming Mathematical Futures II Project (RMIT and AAMT) is building a 
learning and teaching resource to enhance mathematical reasoning in Years 7 to 10. One 
of the focus content areas is Statistics. Based on the results of assessment items completed 
by students in the project schools across Australia, tasks and scaffolding strategies are 
being suggested to improve student understanding across the years and to prepare for 
further study in Years 11 and 12. This paper includes a learning progression, suggested 
scaffolding questions for teachers, and examples of potential lessons. 

Introduction 
Assessments of various types help us as teachers make judgments about where students are “at” in their 
understanding of various topics and concepts in the mathematics curriculum. The tricky part is knowing 
a method of building students’ understanding to higher levels when necessary in ways that will be 
incorporated permanently and not just repeated or memorised temporarily. Although “telling” is often 
our last resort, surely our preference is to devise dialogue that highlights the current issue and provides 
scaffolding that will move the student forward. Unfortunately, there is no fool-proof method of doing 
this because each student is likely to be different, requiring a different strategy. We teachers hence need 
a rich treasury of pedagogical content knowledge that can be adapted to meet each situation. 

One of the aims of the Reforming Mathematical Futures II project (RMFII, Siemon, 2016) is to extend 
work done previously on multiplicative thinking to algebra, geometry, and statistics. Based on student 
assessments and Rasch analysis, learning progressions are being proposed with descriptions of levels 
of understanding. These are then being used to assist teachers in interpreting outcomes from the initial 
assessments and planning learning sequences that will move students to higher levels. Recognising that 
a class is likely to include students at several different levels adds to the teacher’s load in helping the 
students currently performing at lower levels. One goal is for teachers to develop the ability not only to 
have dialogue with individual students, but also to devise class discussions that will involve other 
students in assisting with the scaffolding. 

The first part of this paper provides a description of the characteristics identified by previous research 
associated with six levels of a Learning Progression for Statistics (e.g., Watson & Callingham, 2003). 
The second part makes some suggestions of possible teacher questioning that are hypothesised to help 
individual students move to higher levels. To employ these, teachers need to have the content 
knowledge of the various parts of the statistics curriculum as well as know their individual students and 
what pedagogical approaches may be successful. The third part models hypothetical classroom 
scenarios that exemplify what could happen in the classroom as part of discussion with a group of 
students. 

Part 1: A Learning Progression for Statistics 
Table 1 outlines the levels of understanding typical of six levels or stages associated with statistics 
across the school years. Although the first two levels are predominantly found in primary classrooms, 
some students will arrive in high school with these beliefs or lack of procedural skill. These two levels 
are combined in the table. 
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Table 1 
Characteristics of Levels of a Learning Progression for Statistics (Watson, 2006, p. 253-4) 

Levels 1 & 2: Idiosyncratic/Informal 
Context:  engagement personal, colloquial or informal 
Sampling:  inappropriate beliefs or single elements employed 
Representation:  basic graph and table reading; basic calculations from values observed 
Average:  single or colloquial terms used 
Chance:  inappropriate or colloquial interpretation, “anything can happen” 
Inference:  imaginative explanations or single, non-central issues considered 
Variation:  difference only for graphs, rigid predictions in chance settings 
Math/Stat Skills:  one-to-one counting, select largest number, addition, subtraction 
Level 3:  Inconsistent 
Context:  engagement selective or inconsistent 
Sampling:  focus on inappropriate features 
Representation:  interpretation of graphical details rather than context in graphs 
Average:  colloquial interpretation on recognition of need for a formula 
Chance:  limited interpretation of percent, conjunction, and conditional chance 
Inference:  mainly non-central issues 
Variation:  inappropriate attempts 
Math/Stat Skills:  little change, qualitative chance statements 
Level 4:  Consistent non-critical 
Context:  engagement often appropriate but non-critical 
Sampling:  multiple elements but inconsistent 
Representation:  partial recognition of context 
Average:  straightforward application of mean and median 
Chance:  mixed success depending on context 
Inference:  inconsistent acknowledgement of central issues 
Variation:  success in chance settings 
Math/Stat Skills:  mean, simple probability, graph characteristics 
Level 5:  Critical 
Context:  critical engagement 
Sampling:  critical thinking in familiar contexts 
Representation:  representation of bivariate association in context 
Average:  consolidation of mean and median 
Chance:  success on conditional tasks 
Inference:  little change 
Variation:  unsolicited acknowledgement in chance and graphs 
Math/Stat Skills:  little change 
Level 6:  Critical mathematical 
Context:  critical engagement including proportional reasoning 
Sampling:  critical thinking in less familiar, subtle contexts 
Representation:  summaries and rate calculations in context 
Average:  recognition of biasing effect of outliers 
Chance:  success when more sophisticated mathematics required 
Inference:  appreciation of subtleties of uncertainty and cause-effect 
Variation:  no change 
Math/Stat Skills:  proportional reasoning, rates, multiplication principle for independent 
events 

 
It is clear that skills and understanding from elsewhere in the mathematics curriculum are required to 
be successful with statistical investigations. These include arithmetic procedures, measurement skills 
and understanding, and proportional reasoning related to fractions, decimals, ratios, and percentages. 
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Part 2: Scaffolding Improvement 
A few illustrations are provided in this section related to the descriptions of levels in Table 1. These are 
imagined to be operating in a one-on-one situation with students rather than with an entire class, but it 
is likely they can be adapted for use with several students or even a class. In chance situations for 
example, it is often appropriate to ask students to test their suggestions in some manner. As the middle 
school curriculum moves into theoretical probability from intuitive contextual considerations of chance, 
using repeated trials to confirm theoretical claims is often a reinforcing initial step. The idea of “fair” 
is useful in talking about both chance and sampling. It leads to the belief that every person in the 
population or every outcome from a chance device has the same chance of being chosen or occurring. 
Later when events are introduced that are not equally likely to occur, care must be taken with the 
language use, and focussing on the context from which the probabilities arise can be helpful. 

Often as understanding is developing partial responses are given to questions. Rather than just accepting 
these or moving on to the next student, it is possible to ask for more details, with “how”, “why”, and 
“what” questions. For data sets that the students collect themselves, we can have open discussion about 
which is the best way to describe the typical value in the data set: mean, median, or mode (reviewing 
their definitions). “What is the relationship among the three measures? Do they reinforce each other or 
not? How?” “Maybe a range of values describes the typical value better.” Such discussion is useful with 
students at several levels as they can be challenged to extend their current understanding. Table 2 gives 
some possible specific follow-up questions for students’ answers or comments at various levels. 

Table 2 
Examples of Teacher Scaffolding 

Level Response from student Possible questions or suggested actions 
1,2 Answering questions on likelihood of 

chance events: “4 is my lucky number” or 
“the six dots on a die are heavier so it will 
be on the bottom” 

My lucky number is 2, so how can we tell which one is 
really lucky? 
What is a way to test your theory about the dots on a die? 

2 Answering questions on likelihood of 
chance events: “anything can happen” 

Okay, so can you give me an example of one thing that 
might happen? How likely is it to happen? Compared to 
[an alternative outcome] do you think it has more or less 
chance? 

3 Providing non-quantitative answers to 
chance questions that can be solved with 
frequencies:  “It’s more likely to be blue” 
or “there are more boys than girls in the 
class” 

What do you mean by ‘more’? How much/many more? 
How do you know? Can you be more specific and show 
me how you decided ‘more’? 

1,2 Choosing a sample: “pick those who have 
finished their work” or “you have to pick 
everyone” 

Would that be a fair sample? How do we get a sample 
that represents everyone? 
What can we do if the population is too large to pick 
everyone, like the whole school or the whole city or the 
whole country? 

2,3 Graphing: reading individual values from 
a graph is correct but limited, and often 
labels are missing 

So what are some of the nearby values? What do they 
tell you about the story the graph is telling? What do the 
labels on the graph tell you? 
Can you put a label on that axis so I’m sure about what 
the data are measuring? 

3 Incomplete definitions for sampling: “a 
sample is a test” or “a sample is a little bit 
of something” 

Why else is a sample going to help answer your 
question?  
What is the relationship between the data values in a 
random sample?” 

3 Incomplete justifications about reasons 
for averaging: “my method is quick and 
easy to do” 

But what does it tell you about the data and what is 
typical in the whole data set? 

4 Believes all chance outcomes are equally 
likely: “when tossing two coins, HH, HT, 
and TT are equally likely” or “when 

Can we draw a tree diagram to model the possibilities, 
starting with the first coin/die? 
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tossing and summing the outcomes of 2 
dice, all numbers 2 to 12 are equally 
likely” 

Let’s do many trials in the classroom and see what 
happens. 

5 Considering 2-way table problems: 
Decisions made without considering all 
information available 

Do we need to consider all of the cells in the table? What 
does the information in the row and column totals give 
us? 

 
By the time students reach Level 4, they possess most of the basic skills but not the critical thinking 
ability to rethink and question whether they have covered all of the implications of their decisions and 
whether other possibilities for analysis exist. Developing critical thinking is likely to be supported by 
critiquing the work of others, either their classmates or claims that are made in the media. Having led 
the class through questioning a claim in the media based on a phone-in survey or a misleading graph, 
these experiences can be used as reminders when students are asked to review their own work. In all 
situations it is a matter of constantly challenging students to think more deeply about their analyses. 
Statistical problem solving is likely not to have a definitive answer that students know is correct, like 
often occurs elsewhere in mathematics. Helping them to use the language of uncertainty rather than the 
language of proof is a goal in decision making. 

Part 3: Modelling a Classroom 
In seeking to assist teachers to visualise what might take place in the classroom, the RMFII project is 
creating several scenarios of classroom lessons or segments discussing particular difficult problems. 
These scenarios are intended to illustrate the range of responses to be expected from students across the 
Learning Progression and how responses at higher levels are elicited by the teacher or volunteered by 
other students. Being produced in PowerPoint or video format the intention is for a teacher or a group 
of teachers to stop the presentation at various points and think about and/or discuss how they would 
expect students to respond next or what they would plan to say or ask to raise the level of response. 

In the first scenario the purpose of the lesson is to expand students’ appreciation for two of the Big 
Ideas of Statistics: Variation and Expectation. These are integral to the AAMT’s Top Drawer Teachers: 
Statistics site <topdrawer.aamt.edu.au/statistics> and in the lesson are used to help students appreciate 
the links between chance and data. The class begins with an introduction to the two ideas by exploring 
students’ understanding. Introducing a dice scenario, the teacher uses students’ initial responses to 
questions on expectations of outcomes to lead into predicting and then carrying out 30 trials of 
individual 6-sided dice. The experience of variation, often unexpected in the trials, leads to combining 
trials, and comparing the variation in trials of different numbers of tosses. This requires a recognition 
of the need for percentage rather than frequency to summarise results, and leads to some surprising 
numerical results. Two short sequences of three slides are shown in Figure 1, where student responses 
have been taken from actual student responses in research projects. A similar approach is described in 
Watson and English (2015).  
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Figure 1. Six slides from a classroom scenario considering variation and expectation when tossing a 
die. 

A different scenario, based on the weather, and again using student responses from research for the 
initial part of the “lesson”, is used to add Distribution to the other two Big Ideas of Variation and 
Expectation. In this case the teacher reviews the definitions and asks the students for examples of the 
Ideas. The context of the average daily maximum temperature in Hobart for a year is then introduced. 
Students are asked how the average value (17°C) might have been found and how they would describe 
Hobart’s weather to an exchange student. They are then asked to produce representations of the data 
set, which are shown and discussed. Moving on, the teacher introduces the possibility of comparing the 
average monthly maximum temperatures of Australia’s eight capital cities. This leads to considering 
distributions for Hobart and Canberra in the Summer and Winter, with characteristics of the 
distributions used to make comparisons. Figure 2 shows the description of Hobart’s weather and Figure 
3 shows several student representations. 
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Figure 2. Describing Hobart’s weather. 

  

  

Figure 3. Student representation for a year’s maximum temperatures in Hobart. 

At the end of this lesson, rather complex comparisons of 54 years of data are used to discuss different 
levels of variation in data sets. This is an extension and the examples are created to show the potential 
for students to make comparative statements. 

For the third example, a single problem requiring proportional reasoning is used to demonstrate the 
levels of response likely in a high school classroom. In the scenario different levels of response are 
suggested by different students and the dialogue has students included in the scaffolding as well as the 
teacher. If the teacher knows the students well this is a good strategy to use in avoiding being the only 
voice of knowledge in the classroom. All initial responses of the students were observed in research 
studies, illustrating the complexity of dealing with two-way tables and the proportional reasoning 
involved. Figure 4 introduces the problem and also shows some of the issues in linking context to the 
mathematics required to solve a problem. The second slide in the scenario, where the teacher explains 
the problem and asks the students to write a solution, is not included to allow for more student responses 
and interaction to be shown. She says, “As you can see data are given in the table for a hypothetical 
situation involving Smoking and Lung Disease. The data can hence be interpreted in this case as 
frequencies to represent the probability of contracting Lung Disease for those who smoke or do not. 
Looking at the frequencies we are asked to decide if lung disease depends on smoking or whether they 
are independent for this sample … Be sure to explain your answers. When you hand me your answers 
I’ll select some for us to discuss.” 
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Figure 4. Beginning of a discussion on a two-way table problem. 

The slides shown in Figure 4 begin to show the problem of not taking into account all of the cells in a 
two-way table for two categorical variables. A complete discussion of the issue for students and teachers 
is found in Watson and Callingham (2014). 

Conclusion 
The idea of using classroom conversations to illustrate students’ levels of response and how they can 
be used by teachers to scaffold development is further explored in Watson (in press) with scripts for 
scenarios (i) developing understanding of variability, (ii) describing distributions, (iii) using random 
sampling for decisions about a population, (iv) drawing comparative inferences about two populations, 
(v) investigating a probability model, and (vi) investigating association in bivariate data. Again these 
can be used as the basis for teacher collaborative discussion or individual study. Other background on 
middle school students’ reasoning about probability is found in Watson (2005, 2016). Developing the 
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pedagogical content knowledge to scaffold a varied class of learners is a challenge that never finishes 
for all of us as teachers. 
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