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Abstract
This report focuses on the ways in which 36 Grade 4 students recognized, explained, 
described, and employed variation during interviews conducted 1 month after par-
ticipating in STEM-based activities in which they tested, adjusted, and re-tested cat-
apults. An inductive thematic methodology was used for analysis of the interview 
transcripts to capture the ways in which students discussed their analyses and justi-
fied their conclusions from the activity. The results were based on 1080 instances 
of variation in student responses to the interview questions, which evidenced three 
ways students characterized variation: contextual variation, specific variation, and 
general variation. Findings point to the essential nature of context in building sta-
tistical understanding in relation to both specific and general aspects of variation as 
well as decision-making in that context.

Keywords Statistics education research · Variation · Students’ experiences · Practice 
of Statistics · STEM education

Background

Variation

Variation in statistical terms is ill-defined. Dictionary definitions (e.g., Kirkpat-
rick, 1983, pp. 1437–1438; https:// www. merri am- webst er. com/ dicti onary/ varia 
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tion) are associated with “variable,” “vary,” and “a range in which a thing var-
ies.” It is problematic that words associated with the etymology of variation are 
used to define the word. Those words themselves display a range of possible 
interpretations. Typical descriptions include the following: a change, a differ-
ence, a modification, a deviation, and a range. James and James (1959) in their 
Mathematics Dictionary equate variation with dispersion, as “scatteration of 
the data” (p. 125). Shaughnessy (2007) goes further to describe variation as the 
measure of variability and elaborates on variability as follows: variability in par-
ticular values, including extremes and outliers; variability as change over time; 
variability as whole range—the spread of all possible values; variability as the 
likely range of a sample; variability as distance or difference from some fixed 
point; variability as the sum of residuals; variability as covariation or associa-
tion; and variability as distribution. Research into young children’s interpreta-
tions, experiences, and understanding of variation is limited.

In the history of statistics education, variation was not the earliest concept 
explicitly considered. In one of the first suggestions of a framework for teach-
ing statistics for students aged 11–16 in England and Wales, Holmes (1980) 
suggested five stages of a statistical investigation: data collection, data tabu-
lation and representation, data reduction, assigning probabilities, and interpre-
tation and inference. The word “variation” was not included in the expanded 
description of these five stages. Towards the end of the twentieth century, there 
was growing interest in teaching statistics at the primary school following the 
National Council of Teachers of Mathematics (NCTM) publication of its Cur-
riculum and Evaluation Standards for School Mathematics (1989), which also 
had no specific mention of variation for the early grades. In 1997, Friel and 
Joyner produced a teachers’ manual for the US Grades K–6 including an exten-
sive concept map of the process of a statistical investigation, which briefly men-
tioned variation. Based on a representation of four corners of a square—pose 
the question, collect the data, analyse the data, and interpret the results––there 
were 22 linked boxes indicating the ingredients and processes involved in the 
process of a statistical investigation. Only one of the 22 boxes included the 
word “variation”: under analyse the data, descriptive statistics “may include 
measures of variation.”

About that time, Wild and Pfannkuch (1999) were analysing the work of 
their applied statistician colleagues. The PPDAC model they developed––Prob-
lem, Plan, Data, Analysis, Conclusion––brought planning more to the forefront 
of an investigation cycle. Although variation was not explicitly mentioned in the 
PPDAC description, Wild and Pfannkuch included variation in the second dimen-
sion of their larger model as follows: Types of Thinking. Here they included 
“Consideration of variation” as one type of thinking fundamental to statistical 
thinking. As part of perhaps the most extensive description in the literature, it was 
characterized as requiring the following: noticing and acknowledging; measur-
ing and modelling for the purpose of prediction, explanation, or control; explain-
ing and dealing with; and investigative strategies (p. 226). Earlier, Moore (1990) 
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went so far as to focus on aspects of variation in four of his five core elements of 
statistical thinking as follows: (1) the omnipresence of variation in processes; (2) 
the need for data about processes; (3) the design of data production with variation 
in mind; (4) the quantification of variation; and (5) the explanation of variation 
(p. 135).

The need for specific research on students’ understanding of variation was one 
of three major issues raised by Shaughnessy (1997) in an early keynote related to 
statistics education. Since that time, there has been an enormous growth in research 
on the topic, acknowledging both its foundational necessity and its application at all 
stages of statistical investigations. Recognizing the omnipresence of variation across 
all aspects of a statistical investigation, Watson (2009a) suggested the representation 
of a statistical investigation at the school level as seen in Fig. 1 and later related it to 
the Practice of Statistics at school (Watson et al., 2018).

Research into student understanding of variation has ranged from general large-
scale surveys related to the implementation of curriculum innovations (e.g., Shaugh-
nessy et  al., 1999; Watson & Callingham, 2003; Watson et  al., 2003; Zawojewski 
& Shaughnessy, 2000), to reports of classroom interventions (e.g., Bakker, 2004; 
Petrosino et al., 2003; Reading, 2004), to detailed focus on one or two students grap-
pling with the concept during an activity (e.g., Ben-Zvi, 2004), to comparison stud-
ies of two classroom interventions (e.g., Noll & Shaughnessy, 2012), to long-term 
learning outcomes from classroom interventions (Watson & Kelly, 2002a, 2002b, 
2004), to interviews with teachers (e.g., Peters, 2011) or pre-service teachers (e.g., 
Makar & Confrey, 2005), to focused individual student interviews while completing 
an activity (e.g., Lehrer & Schauble, 2002; Reading & Shaughnessy, 2004; Torok & 
Watson, 2000; Watson, 2009b; Watson & Kelly, 2005). As well, when interviewing 
pre-service teachers, Makar and Confrey focussed on the vocabulary used to articu-
late notions of variation used as the teachers compared two distributions presented in 
graphical form. Much of this research about understanding of variation has focused 
on utilising interviews and surveys as research methods. It has demonstrated that 

Fig. 1  The Practice of Statistics at school (Watson et al., 2018, p. 108)
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young students can express ideas about variation and some studies have reported the 
development of those ideas within hierarchical frameworks (Watson & Callingham, 
2003; Watson et al., 2003, 2007). Little research, however, has taken place explic-
itly linking variation and STEM topics or been carried out with students reflecting 
on extended structured learning experiences, such as a STEM inquiry. For the most 
part, studies have described what students are capable of but have not gone as far as 
conceptualising the post hoc characteristics of student reflections about variation in 
complex contexts, nor determined the ways in which students reason about variation 
when making decisions from the data and the language they use to do so.

Context of the Study: STEM

Recognizing that there can be no variation (or statistics) without context (e.g., Cobb 
& Moore, 1997), the range of topics that have the potential to be used as the basis for 
research studies is enormous. The context chosen for the study reported in this paper 
is based on a STEM (Science, Technology, Engineering, Mathematics) context. As 
STEM has grown in importance to national economies (e.g., Office of the Chief Sci-
entist, 2013), and has been acknowledged by school curricula (e.g., Australian Cur-
riculum, Assessment and Reporting Authority [ACARA], 2016), the opportunity to 
find meaningful topics across the school curriculum has expanded greatly.

In recent years, the governmental focus on STEM fields has created great interest 
across organizations associated with education at the school level, from early child-
hood (e.g., Early Childhood STEM Working Group, 2017), across the years (e.g., 
Australian Council for Educational Research [ACER], 2016; Education Council, 
2015) with specific focus on investigations (Australian Academy of Technology & 
Engineering, 2016; Harland, 2011; Rosicka, 2016). The focus of the project reported 
in this article was to build upon the Australian Curriculum (ACARA, 2019) subjects 
of Science, Digital Technology, Design Technology, and Mathematics with activi-
ties over 4  years, illustrating the power of linking the subjects through using sta-
tistics to solve interesting problems. A summary of the activities over the 4 years 
is presented in Fitzallen and Watson (2020) and Watson et al.  (2020a). Within all 
contexts chosen, variation was a key concept receiving attention.

The activity related to catapults, which is the context for this report, was chosen 
in relation to the topic of Force in the Science curriculum (ACARA, 2019), in par-
ticular, to help students appreciate the different aspects of variation that are involved 
in statistical investigations. It took place in Grade 4 following a Grade 3 activity 
intended to lay the foundation for the concept itself. In Grade 3, students took part in 
a hands-on activity making “licorice sticks” from PlayDoh® by two different meth-
ods (Watson et al., 2020b). The sticks were to be 1 cm in diameter and 8 cm long, 
made either by hand or with a PlayDoh® “factory.” Each student made three sticks 
by each method and weighed them, putting the mass (in grams) on a sticky label. 
This happened over 2 days with the results of each day displayed on a large stacked 
dot plot on the wall. Having completed the hand-made sticks first, the teachers were 
careful to use the same scale endpoints on the plot for the machine-made masses. 
Although the centers of the plots were nearly the same, the large difference in the 
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spread of the two plots was the starting context for the discussion of variation with 
the class. The “Big V” word (variation) was introduced in Grade 3 and discussed 
through every activity for the remainder of the 4 years.

The catapult activity (Watson et al., 2022) was introduced in Grade 4 to expand 
students’ appreciation of variation from a context where the expectation of two 
different conditions (the mass) is the same, to a context where the expectation of 
two conditions is different. In the case of catapults, the purpose was to test and 
then retest “modified” catapults to determine if they would launch ping pong balls 
further. Often when students are introduced to such activities, they focus on the 
“before” and “after” data values without considering the variation created within 
the data for each condition. The aim for this activity was to create for children an 
appreciation of both “middles” and “spread” visually from graphical representa-
tions of the data, many years before they were introduced to means and standard 
deviations via statistical calculations. This was considered a very straightforward 
way of creating an awareness of potential difference in variation in two samples, 
a topic that has proved difficult for both students and teachers (e.g., Cooper, 2018; 
Vermette, 2016).

Research Approach and Questions

This report concerns an activity carried out in the second year of a 4-year longitu-
dinal project based in STEM contexts for Grade 3 to 6 (8–12 years old). Although 
the research approach for the entire project was in some aspects design-based (Cobb 
et al., 2003), using the outcomes from earlier activities to inform the planning and 
execution of later activities, each individual activity followed a pragmatic paradigm 
(Mackenzie & Knipe, 2006) in being problem-centered and oriented to real-world 
practice. Specifically, as noted above, an extension of the Grade 3 activity, where the 
expectation (mass) of a product created by two methods was the same, introduced 
a different expectation (distance travelled) associated with two methods of launch-
ing ping pong balls from catapults. As well, the data analysis software TinkerPlots 
(Konold & Miller, 2015) was introduced, extending students’ repertoire for graphing 
data. For this activity, in keeping with Wiliam (2011), the formative thinking of the 
students is considered in Watson et  al. (2022), where the details of the classroom 
implementation of the activity were presented with analysis of responses to work-
book questions based on the application of neo-Piagetian cognitive learning theory 
(Biggs, 1992; Inhelder & Piaget, 1958) as developed in the Structure of Observed 
Learning Outcomes (SOLO) model by Biggs and Collis (1982, 1989). In particular, 
the characterization of students’ initial learning was presented in terms of two adap-
tations of the SOLO model. Groth et al. (2021) focused on the Ikonic (IK) mode of 
development (from approximately 18 months to 6 years) and the Concrete Symbolic 
(CS) mode (from around 6 years), extending the Unistructural (U), Multistructural 
(M), Relational (R) analysis of responses from the CS mode to the IK mode. This 
was useful with the hands-on nature of the experience with catapults. As well, mul-
timodal functioning (Biggs & Collis, 1991) occurred with IK support for many CS 

947



J. Watson et al.

1 3

responses. Given the diversity of the expectations of the workbook questions, IK 
responses ranged from 4 to 100%, CS responses, from 2 to 41%, and multimodal 
responses, where relevant, from 8 to 59.2% (Watson et al., 2022, p. 17).

This report considers the summative learning (Wiliam, 2011) a month after the 
completion of the activity. The research was underpinned by the version of construc-
tivism and situated cognition espoused by Cobb and Bowers (1999). This theoreti-
cal perspective acknowledges learning is situated, in this case, in the mathematics 
classroom and learning is both individually and socially constructed. As Cobb and 
Bowers assert,

A situated perspective on the mathematics classroom sees individual students 
as participating in and contributing to the development of the mathematical 
practices established by the classroom community (cf. Cobb & Yackel, 1996). 
From this point of view, participation in these communal practices constitutes 
the immediate social context of the students’ mathematical development. (p. 5)

They also go on to say that analyses within these contexts “attend to qualita-
tive differences in individual students’ reasoning” (p. 5) and the choice of unit of 
analysis is a pragmatic one that should be based on the purpose of the research. 
Therefore, in attempting to reflect on students’ individual experiences and thinking 
expressed after the implementation of a classroom learning experience, a qualitative 
interpretative approach was employed (Creswell, 2013) that followed an inductive 
thematic methodology (Gioia et al., 2012).

In this study, the optimal outcome was to investigate the students’ reporting of 
their decision making in relation to the activity, which included the following: com-
paring groups and drawing informal inferences (Makar & Rubin, 2009), as well as 
appreciating the vocabulary used (Makar & Confrey, 2005). That is, the overall aim 
was to determine the way in which the students used their understanding of variation 
to explain the results of their catapult trials 1 month after the activity was imple-
mented. Hence, the following three research questions were posed:

(1) What language do young students use, derived from the word “variation,” when 
reflecting on a STEM activity?

(2) In what ways do young students recognise, describe, and explain variation when 
reflecting on the data collection and analysis from a STEM activity?

(3) In what ways do these students employ variation in making comparisons and 
inferences when reflecting on a STEM activity?

Research Method

The Student Activity—Catapults

The catapult activity involved launching ping pong balls from pre-fabricated cata-
pults (Fig. 2), making adjustments to the catapults, and launching ping pong balls 
again to determine if the adjustments improved the performance of the catapults. 
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The context of improving the performance of the catapults was designed to be a 
motivating context within which to explore variation and challenge the students’ 
understanding of force. In particular for this activity, the importance of variation 
was reinforced in a context where expectation in the two parts of the activity was 
different. It was considered important to use the variation displayed in distributions 
for each way the launches were carried out, to assist in making a decision about the 
“improved” performance (expectation) of the catapults.

Participants

Two classes of Grade 4 students at an urban independent Catholic school partici-
pated in the catapult activities with 50 students having parental and student permis-
sion for their data to be collected. Of these students, 36 were interviewed 1 month 
after the completion of the final catapult activity. The 36 students, consisting of 18 
girls and 18 boys, with an average age of 10 years 4 months, were those present who 
had participated in all parts of the catapult activities and were able to be interviewed 
during the time available when in the school. The project had ethics approval from 
the Tasmanian Social Sciences Human Research Ethics Committee (H0015039). 
To maintain anonymity and confidentiality for reporting purposes, students were 
assigned unique student identification codes (e.g., ID101). Parental and student per-
mission was granted for the publication of student images.

Fig. 2  A fully constructed 
catapult
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Procedure

The catapult activity was divided into two sessions implemented five weeks apart. 
Briefly, the first session included a demonstration that explained the catapult and its 
construction (see Fig. 2). Then, working in groups of three, the students launched 
ping pong balls 12 times (four each) from pre-assembled catapults and collected 
data on the distance travelled each time (Fig.  3), created representations of their 
group’s data (e.g., Fig.  4 and Fitzallen et  al.,  2018), and analysed their data (see 
Watson et  al., 2022). As part of their introduction to the data analysis software 
program TinkerPlots (Konold & Miller, 2015), students were then given a copy of 
their group’s data represented as shown in Fig. 5, and asked to compare it with their 
hand-drawn graphs. Discussion of the gaps along the axis led to reasons why some 
balls had not travelled as far. Later, students were shown the combined data for the 
class (Fig. 6) and asked for an overall conclusion on how far the ping pong balls 
travelled, the consistency and variation in the results, and suggestions for improving 
the consistency (see Watson et al., 2022).

In the second session, the students tested modified catapults to determine if 
increasing the tension on the string improved the performance of the catapults. 
Baseline data were first collected using the same method as in the first session. The 
catapults were then modified by tightening the string holding the throwing arm, and 
another set of data was collected. The students then used TinkerPlots to create plots 
to answer questions about the range, variation, and typical values arising from the 
two trials. Finally, the students were shown the combined class data (e.g., Fig. 7) 
and asked to describe the catapults’ improved performances.

Data Collection

The data collected for the analysis of the ways in which students recognise, explain, 
describe, and employ variation consisted of transcribed responses to interviews con-
ducted 1 month after the second session of catapult trials. This timing was deter-
mined related to the scheduling of school activities at the end of the school year. 
The aim was to evidence student understanding retained from the activity. It was 
anticipated interviewing students after the activity would likely elicit recounts of the 
activity events rather than expressions that conveyed their understanding of varia-
tion. Thirty-six students from the 50 students who had been present for both cata-
pult activities were interviewed individually by one of the authors, reviewing the 
outcomes of the activity. The part of the interview considered here was based on 
interpreting TinkerPlots files with data for a single group and for an entire class in 
relation to providing evidence for the improvement of the catapults. Questions asked 
of the students in the interview were related to explanations of variation, includ-
ing consistency, typicality, and difference between the two trials (see the Appendix). 
The interview employed a laptop computer with the TinkerPlots files available to the 
students who could change the plots or give instructions to the interviewer to do so. 
The purpose was to explore how the students used the TinkerPlots data representa-
tions to support the exploration undertaken, observing the way in which variation 
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was addressed and utilised during the interview. The part of the interview analysed 
for this report took on average about 11 min. The interviews were recorded on digi-
tal devices. The interview audio data were transcribed verbatim.

Data Coding and Analysis 

As noted earlier, the learning taking place within the catapult activity was assessed 
from two perspectives. The formative aspects are reported in Watson et al. (2022), 
with the summative aspects considered here (Wiliam, 2011). As the summa-
tive assessment took place in an interview with a general range of questioning 
(see Appendix) rather than fixed written test questions, a qualitative analysis was 
appropriate.

Fig. 3  Trialling the catapults 
and recording data

Fig. 4  Examples of hand-drawn plots representing group data collected
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A qualitative content analysis (Kuckartz, 2019) was employed first to identify the 
students’ explicit use of the language of variation. The aim was to identify the vari-
ous words the students used to express their ideas about variation and to go beyond 
only identifying words from a prescribed list of words. The transcripts were then 
analysed using the inductive thematic analysis of Corley and Gioia (2004) as pre-
sented by Gioia et al. (2012). Although Gioia et al. (2012) conducted their research 
in a potentially more controversial environment of corporate management, it pro-
vides a model for other contexts where in the beginning, there may not be an agree-
ment in the vocabulary used for the decision-making being discussed between the 
interviewer and the interviewee. Several aspects of Gioia et al.’s work in particular 
suited this study. They found that the theoretical vocabulary of the context employed 
in one of their studies (Gioia & Thomas, 1996) was not the language used by some 
of their participants in the actual interviews. Hence, the importance of begin-
ning with identification of the vocabulary/language of the participants was critical 
(Research Question 1). The second stage of Gioia et al.’s (2012) methodology was 
to cycle repeatedly through the data to create a meaningful structure that repre-
sented the understanding and beliefs of those being interviewed. This structure first 
reflected what they called “informant terms,” viewed from their interviewees’ per-
spectives. These became first-order elements when merged into identifiable catego-
ries. These were then clustered from the perspective of the researchers into second-
order themes related to the purpose of the interviews. Finally, these themes were 
further combined into aggregate dimensions, creating the basis for a “data structure” 
to use as a visual aid in resolving answers for their research question/s.

Following the procedure developed by Gioia et al. (2012), two of the authors of 
this report developed a data structure from the interview transcripts in three stages, 

Fig. 5  Example of 12 trials from one group in TinkerPlots

Fig. 6  Data from one class for the initial catapult trials in TinkerPlots
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with comparison and debate at each stage. They produced many categories of 
response from the interviews based on terminology employed. These were succes-
sively combined to first-order elements and subsequently consolidated into second-
order themes, and finally, into aggregate dimensions. This procedure of developing 
the data structure was based on all comments in the transcripts judged to have any 
reference to variation and data. Care was taken to identify and categorise the phras-
ing of responses with the use of derivatives of “variation,” as well as the characteris-
tics of variation thinking suggested by Wild and Pfannkuch (1999, p. 226) (Research 
Question 1), and the aspects of Moore’s core elements of statistical thinking (1990, 
p. 135) (Research Question 2). Finally, the transcripts were further explored in a 
deductive fashion to report the inferences, including comparisons, made by students 
about the catapult activity (Research Question 3).

Findings

As reported in Watson et al. (2022), 50 students in two Grade 4 classes took part in 
this STEM-focused activity linking Mathematics (including measurement and sta-
tistics), Science (the topic of force), and Digital Technology (in representing their 
data in a data anlysis software package, TinkerPlots [Konold & Miller, 2015]). That 
report focused on the learning about variation taking place during the activity as 
reflected in the responses students wrote in their workbooks, responding to specific 
questions about the variation they were observing. This paper reports on interviews 
with the majority of the students 1 month after the completion of the activity. As 
seen in the Appendix, the word “variation” was not used in the interview protocol. 
It was hence of interest to document the ways in which the concept was employed 
when answering the general questions about the activity. The “Big V” word is indeed 
a sophisticated word for Grade 4 students to use casually. Hence, in interviewing the 
students about their engagement in the activity, many terms were expected to be 
used for the phenomenon. As well, it was important to recognise the ways in which 
variation thinking occurred, as Wild and Pfannkuch (1999, p. 226) suggest. Because 

Fig. 7  Class data for comparing original and “improved” catapults in TinkerPlots
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of the investigation in which the students took part, there were many possibilities for 
students to make comments related to the questions in the Appendix.

Many of the students in this study did not use the word “variation” in their 
responses. Initial analysis found 34 instances where a word derived from “variation” 
was used (Research Question 1). Further analysis of the interview data following 
the thematic analysis detailed by Gioia et  al. (2012) identified 650 first-order ele-
ments, which were deemed to be related to variation. The elements were based on 
the unfolding of the activity, interaction with the TinkerPlots representation, and the 
language used. These elements were then clustered into seven second-order themes. 
Some of the initial comments included more than one of these seven sub-themes and 
were hence counted again, resulting in 966 first-order elements in total. The second-
order themes identified in the data were then clustered into three aggregate dimen-
sions related to the fundamentals of dealing with variation: contextual, specific, and 
general. Contextual variation included recognizing specific relevant aspects of the 
activity as it took place, for example, the second-order themes related to personal 
hands-on experience with the materials in the activity and with the software Tinker-
Plots. This dimension was specific to the concrete experience of variation and hence 
related to using the features of the software to manipulate the representations ana-
lysed as opposed to identifying features of the data from the representations, which 
is addressed in the other themes. The second aggregate dimension, specific varia-
tion, included describing differences observed in relation to the data presented in 
TinkerPlots. The second-order themes were recognizing ranges and outliers, and 
generally being able to read and interpret the information visible in plots. The third 
aggregate dimension, general variation, reflected explaining the message of varia-
tion in the data, particularly based on the second-order themes related to distribution 
and approximation, including reference to shape, proximity, and uncertainty. This 
data structure is shown in Fig. 8 (Research Question 2) as suggested by Gioia et al. 
(2012). Finally, the responses that made actual claims about the outcomes of the 
activity resulted in 80 explicit comparisons or inferences (Research Question 3). In 
total, 1080 responses were interpreted through the complete analysis.

Research Question 1: What Language Do Young Students Use, 
Derived from the Word “Variation,” When Reflecting on a STEM 
Activity?

Explicit use of a word related to “variation” was not common, found in only 34 
cases, making up 3.1% of the total comments analysed. These words were used in 
three different ways. In some cases, the words were used while physically pointing 
to examples in a plot to describe what was seen, for example, “they are kind of vari-
ated [pointing to right side of graph]” [ID129]. Other students described the phe-
nomenon in words, contrasting it with the opposite phenomenon, as in “… it’s a bit 
more variety, it’s a bit more spread out” [ID118] or “… that one is variation [Trial 
2] and that one is consistent [Trial 1]” [ID115]. Finally, some explained the cause of 
the phenomenon, for example in the following:
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• Well, most of them were bunched up near the 130 and 140 because they were a 
bit on the side but there’s a long line going up so that showed that most of them 
were even and that there wasn’t a lot of variety. [ID152]

• Yeah, it has more variation because everybody twisted theirs a bit differently. 
[ID122]

Fig. 8  Data structure for student recognition (contextual), description (specific), and explanation (gen-
eral) of variation (Research Question 2)
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Research Question 2: In What Ways Do Young Students Recognise, 
Describe, and Explain Variation When Reflecting on the Data 
Collection and Analysis from a STEM Activity?

As illustrated in Fig.  8, examples of the seven second-order themes resulting 
from analysis of the 966 first-order elements are presented in relation to the three 
aggregate dimensions related to the application of variation.

Contextual Variation

Contextual variation related to description of student recognition of and interac-
tion with the observable aspects of the environment, explaining either the physical 
setup of the catapults or features of the TinkerPlots representation. This occurred 
in 14.7% of the responses in the thematic analysis. There were two second-order 
themes.

Personal Experience

The 119 student responses (12.3%) related to the second-order theme of personal experi-
ence focused mainly on the recollection of how to use the catapult and how this affected 
the results. Examples included linking the colors of the icons in  TinkerPlots displays to 
the twists of the string or commenting solely on the twists, e.g., “… the orange ones 
you can tell went higher … and the ones that we didn’t twist they were sort of like low 
ones, so when we twisted it, they went further” [ID104]. Other responses described the 
basic variation in people’s actions, such as, “When they were turning it, they could have 
messed it up” [ID135] or “I don’t reckon people did exactly the same thing” [ID139]. As 
well, some described the different action of firing, e.g., “You may not have put it back 
far enough, or you could have pulled it back too far” [ID124], or the results in terms of 
direction of the firing, e.g., “Because it’s just the way they fired it, I reckon they’ve pulled 
it back too far and it’s just gone up instead of straight out” [ID113].

Interesting in some of these responses was the informal notion of uncertainty, 
characteristic of encounters when making decisions with data. It was seen in lan-
guage such as “they were sort of like low ones” [ID104], “they could have been 
messed up” [ID135], or “you could have pulled it back too far” [ID124].

TinkerPlots

The second-order theme related to TinkerPlots involved the specific manipulation 
of the plots used in the interviews and constituted only 2.4% of the cases identified 
in the thematic analysis (n = 23). Some students manipulated a plot on the screen 
themselves, as in discussing the separation or combination of two parts of a data set 
before and after the changes to the catapult.
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• Because we could click the TinkerPlots so we could see [clicking sound] … So, 
the further ones are probably the second ones [clicking sound]. [ID111]

• If you were talking about both, just drag them back together [student uses mouse pad 
to amalgamate the line plots]. If you drag them both together it would probably still be 
that area [pointing to the peak in Trial 1 data.] [ID148]

Otherwise, students focused on gaps or peaks in the data, visible on the screen, 
accompanied by clicking sounds indicating the utilization of TinkerPlots when dis-
cussing variation.

• … and there is usually a gap between the blue and the orange [pointing]. [ID112]
• … if you drag this one up … [using mouse] it’ll separate them, so, that one’s a 

lot bigger. [ID113]

A few students introduced an extra feature of TinkerPlots, the Hat plot.

• The typical distance would be those two parts there [pointing at the two distinct 
clumps] … would be almost the same. It’s probably why when you put the Hat 
on [uses mouse pad to demonstrate] it’s spread right over those two. [ID113]

Specific Variation

Specific variation related to students describing the interaction with the data and occurred 
in 28.3% of the responses in the thematic analysis. There were three second-order themes.

Numerical Range

The numerical range second-order theme, with 105 identified cases (10.9%), 
included the specific reference to one or two boundaries for one condition or the 
other, which may not have followed the usual ordering convention.

• From 240 to about 120. [ID104]
• Or to 240 [pointing to a gap in the data for trial 2] Or around about there. [ID129]
• Most of the orange ones from 200 to 300. [ID157]
• For the second one from 60 to 160. [ID134]
• It went from 160 to 320 cm. [ID140]

Outlier

Although the word “outlier” was not used, there were comments and descriptions of 
data values satisfying its meaning (n = 50, 5.2%):

• There is one tiny weeny orange on there. [ID148]
• They have friends with them, and then his friends are all the way over there 

[pointing to icon]. [ID104]
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• That is a lot and this one is really far away. [ID142]
• One from the first one is all the way here [pointing at data point at the start of the 

graph] and one from the second one is all the way up the top [pointing at the last 
point on the graph]. [ID116]

• Because there’s more here and only three out to the left and none out to the right. 
[ID111]

• First was blue and second was orange, although this one was around there 
so someone might have flinged it the wrong way but it still counted. [ID122] 
Uncertainty was sometimes expressed in explaining outliers, as in this last response.

Data Reading

Data reading (n = 118, 12.2%) focused on specific language referring to aspects of 
the plot and positions of values within it:

• The first ones are behind 170 and most of the second trial ones are in front of it. 
[ID145]

• Second trial because it’s bigger numbers. [ID141]
• That’s the highest, 160. [ID126]
• 100 and 120 [in response to “What was the highest?”]. [ID131]
• Well, 20 was the lowest distance we got in the first trial. [ID147]

General Variation

General variation related to explaining the outcomes of the experiment and perhaps 
including acknowledgement of uncertainty. These responses accounted for 57% of 
the thematic analysis. There were two second-order themes.

Distribution/Spread

Comments on distribution/spread constituted the largest category of comments, with 375 
cases identified (38.8%). Some students used relatively general language, as in “this is 
more in the same area and this is spread out” [ID122], whereas others employed visual 
language, for example, “we’ve got a bit of a mountain again there [pointing to the stack 
in trial 1], the mountain was there before so it has gotten bigger” [ID129] or “Because 
it’s kind of in a pyramid there” [ID142]. Some language was similar to the observations 
of Konold et al. (2002) referring to clusters and clumps. These included the following:

• They’re all bunched up so you can’t see but with this one [trial 2] they are all sort 
of spaced out. [ID139]

• You’ve got all the blue ones here that are quite bunched together, so they were kind 
of the same, getting repeated answers but we can see up here … I think they may 
be a little more spread out, but then they’re still quite bunched together. [ID129]
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A few students included uncertainly in their discussion of distribution, as in “I think 
they are both about the same but I reckon trial 2 is probably a bit more consistent 
because it’s not as spread out it’s a bit more bunched up” [ID118] and “Mostly the 
first trials will be behind the middle and on the middle but then the second trial 
would be after the middle …” [ID110].

Approximation

Approximation was shown in the language of proximity and uncertainty in 176 cases 
(18.2%) of the thematic analysis:

• A bit hard to tell … the biggest group is around here [points]. [ID104]
• From 20 so let’s say 120. [ID125]
• For the trial 1, around 110, 100 and 120. [ID149]
• Maybe 260. [ID121]
• You see the blues are around here and there aren’t many up into the 200 to… the 

320. [ID148]

Research Question 3: In What Ways Do These Students Employ 
Variation in Making Inferences and Comparisons When Reflecting 
on a STEM Activity?

Making inferences and comparing groups refers to decisions related to the first and 
second trials (context) rather than just making observations about the data appearing 
in the plots that were the prompts used in the interviews (see Appendix). The justifica-
tions provided employ references to different types of variation. There were 80 such 
statements (7.4% of the total comments analysed), often including the word “because” 
along with reasoning based on the observable results. Of these 42 (52.5%) appeared to 
be justifying a conclusion or inference about the activity.

• I think the first one because it is stacked really well [pointing at peak in trial 1] 
but with the second trial it is all bunched out [pointing at the data in trial 2] so 
there is consistency so which you can see with the hat [pointing at the peak in the 
data trial 1] so I think I made the right decision with the first one. [ID128]

• Because in the second trials they are more spread out but they’re still close … 
and in the first trials they’re more together and squished up. [ID125]

• You can kind of tell because the first trial was closer to zero [pointing towards the 
left-hand side of the graph] the second one was closer to the higher thing [point-
ing towards the right-hand side of the graph] The highest it could go. [ID105]

• I think the top one [points to the one group data] because there’s less on there and it’s more 
spread out than the one that has the whole classes mashed together, it’s really hard because 
there’s some spread out and some together and they are really hard to tell. [ID104]

Uncertainty is expressed in the final response.
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The other 38 (47.5%) statements employed aspects of variation while comparing the 
two conditions.
• Like with that one it was probably the first trial because it’s shorter and then maybe 

that one at the end will be the last one because we’ve twisted it more. [ID119]
• When we twisted it to make it stronger for it to sling, it went a lot further and it 

would just make sense if it was all the way up here [pointing at the orange dots], 
not all the way down here [pointing at the blue dots]. [ID128]

• Which is funny because the change we made should have made it more consist-
ent, which was what happened in our group, ours was more consistent. [ID113]

• It’s hard to tell from this one [pointing to the left of trial 2 data] to that one there 
[pointing to the right of trial 2 data] maybe that one [pointing to the right of trial 
2 data] because they are kind of closer, then there’s a little part, then they’re all 
bunched up together [pointing at the left of the trial 2 data]. [ID129]

Again, uncertainty is expressed in the final response. While comparing the two 
trials and drawing conclusions and making inferences, notions of consistency were 
expressed in terms of the physical positioning or spread of the data in the graphs.

Discussion and Conclusion

Moving from the formative analysis of workbook responses of students while complet-
ing the catapult activity (Watson et al., 2022) to the less formal environment of a sum-
mative interview a month later allowed the researchers the opportunity to explore the 
potentially more lasting impact of the activity on students’ appreciation of the concepts 
introduced (Wiliam, 2011). In the interviews, the students provided expanded expres-
sions of their understanding of variation that may not have been as evident in their writ-
ten responses to explicit workbook questions posed when carrying out the hands-on 
activities. Following the extensive research on various aspects of students’ and teach-
ers’ understandings of variation over the past 20 years, this study looked in detail at 
children’s appreciation of variation on reflection after participating in a Science-based 
STEM activity. Similar to Makar and Confrey (2005), although at a different level of 
statistical sophistication, this study focussed specifically on the language of variation 
employed for describing the comparison of distributions in the catapult trials. The way 
in which the students reasoned about the catapult activity came through in the three 
aggregate dimensions that arose from the interview data. This was shown by their rec-
ognition of contextual variation through their personal experiences of the activity and 
using TinkerPlots, by their descriptions of the specific variation through their ability to 
discuss numerical values and plots, and by their explanations of general variation asso-
ciated with outcomes and comparisons across the data. This extends findings gleaned 
about students’ understanding of variation evidenced in previous research, for example, 
by Petrosino et al. (2003), who had students comparing the heights reached by rockets 
with different nose cones. This research goes further as it includes the employing of 
variation in the statement of the students’ final conclusions.
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It was acknowledged from the beginning of the project with the students in Grade 
3 that the “Big V” word, variation, was tricky to say and remember. Not using the 
word variation in the interview protocol (Appendix) meant it was not prompted in ini-
tial questioning, and as observed, there were only 34 explicit usages of a derivative 
of the word by the students. The thematic analysis of the transcripts, which demon-
strated that the concept was appreciated in three different ways while rethinking the 
activity, sometimes also displayed subtle hints of uncertainty, as advocated by Makar 
and Rubin (2009). This is seen in some of the language used in the comments pre-
sented in the previous section. For example, in discussing contextual variation, “… they 
were sort of like low ones …” [ID104], or related to specific variation in, “someone 
might have flinged it” [ID122], and for general variation, “Mostly the first trials will be 
…” [ID110]. Furthermore, in relation to Research Question 3, some students included 
their uncertainty as perceived difficulty in drawing conclusions, e.g., “it’s really hard 
because …” [ID104], or in making comparisons, e.g., “It’s hard to tell … maybe … 
because they are kind of closer” [ID129].

Following the three stages of the methodology of Gioia et al. (2012) was help-
ful in characterizing the Grade 4 students’ expressions of variation during their 
interviews. Similar to the experience of Gioia and Thomas (1996), these students 
generally used vocabulary different from “variation” to describe their experiences 
with and understandings of the concept. It was hence considered important to docu-
ment first their usage of the term before moving on to the detailed thematic analy-
sis of their descriptions of the activity, its results, and the conclusions they reached 
from it. The results of this inductive analysis can hopefully contribute to deductive 
hypotheses in future research studies.

In relation to the overall design-based aspects of the 4-year project, the out-
comes of this activity point to the continued need to include explicit verbal class-
room reinforcement of the word variation and its derivatives, to expand the use of 
more advanced features of TinkerPlots, and to move to STEM contexts where dif-
ferent visual presentations of variation occur (e.g., introducing more variables and 
relationships). As the complexity of variables within contexts increases, different 
aspects and comparisons of variation become possible (e.g., Cooper, 2018; Shaugh-
nessy, 2007; Vermette, 2016). Examples of these later contexts are found in Smith 
et al. (2019), Watson et al. (2021), and Wright et al. (2021), but many more are still 
needed.

The extended activity with catapults reported here and in Watson et  al. (2022) 
provides another example of the type of research-based practical application of 
STEM learning that can be implemented in the primary classroom, as called for by 
Rosicka (2016) and ACER (2016). Focus on student representation of data (Fitzallen 
et al.,  2018) and on the links to the science topic of force (ACARA, 2019) shows 
the strength of choosing STEM contexts at this level of schooling. Given the funda-
mental connection of variation to both statistical enquiry and investigations across 
the Science and other STEM curricula (Watson et al., 2020a), this research suggests 
four specific aspects of variation to explore when students are immersed in a STEM-
based experimental context. Based on the language used, what aspects arise from the 
context of the experiment? What aspects are related specifically to the data collected? 
Which aspects are employed when describing the physical features and progress of 
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the experiment? And what influences the conclusions drawn from carrying out the 
experiment? Watson et al. (2020a) further illustrate the importance of statistics across 
the STEM disciplines by demonstrating the links between the “big ideas” of the 
fields, the contribution statistical literacy can make to STEM literacy, and even the 
needs of those later choosing STEM careers, which suggest a need to increase enrol-
ments in Science and Mathematics at the school level.

This study has illustrated that the use of the data analysis software TinkerPlots 
(Konold & Miller, 2015) empowers young students to capture the essence of vari-
ation from specific data values, spread, and distribution perspectives as described 
by Shaughnessy (2007). Future challenges, however, include convincing teach-
ers the work required to introduce data analysis software into learning and teach-
ing practices is superceded by the value it adds to student learning (Watson et al., 
2021; Wright et al., 2021). Another challenge is determining ways of building stu-
dent capacity to transfer knowledge gleaned from one context to other contexts. This 
study, as part of the larger project (Fitzallen & Watson, 2020), has brought to the 
fore the importance of providing meaningful contexts for the development of under-
standing of statistical thinking and reasoning within practical investigations and the 
capacity for young students to be engaged in such investigations. Research, however, 
is needed to find ways of ensuring students of all ages, make connections among 
multiple learning experiences, varying contexts, and other statistical concepts.

Appendix. Student interview protocol

Part 1: Set up a plot from one individual’s data (24 data points) with the data stacked 
on a continuous scale and no attribute selected (blue dots).

Catapult Data - Group 1 Options
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1. How are we going to tell if the catapult improves in the second trial?
 Change the plot as directed by each student or make changes to stimulate thinking 

and ideas.
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Catapult Data - Group 1 Options
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Catapult Data - Group 1 Options
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2. How can you tell from the plot/s that the changes made improved the catapult?
3. What is the typical distance the ball travelled in the first trial before we changed 

the catapults?
4. What is the typical distance the ball travelled in the second trial after we changed 

the catapults?
5. Which data or parts of the graph helped you to decide? [Asked regularly through-

out the interview]

a. Why did you choose this/these data points?
b. Where are the data consistent? or, the same? More than one place?

6. What do you think helped to get those data points to be consistent? or, inconsist-
ent? [Provides the opportunity to link back to the context of the data collection—
firing technique and catapult features.]

 Set up a plot of the class data with a continuous scale with the data stacked on a 
continuous scale and no attribute selected (blue dots).

Class Data 4S Options
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7. How are we going to tell if the catapult improves in the second trial?
  Change the plot as directed by each student or make changes to stimulate think-

ing and ideas.

Class Data 4S Options
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 8. How can you tell from the plot/s that the changes made improved the catapult?
 9. What do you suggest we do to the plots to look at the typical distance for each 

of the trials?
 10. What is the typical distance the ball travelled? First trial? Second trial? Overall?
 11. Which data or parts of the graph helped you to decide? [Asked regularly 

throughout the interview]

a. Why did you choose this/these data points?
b. Where are the data consistent? or, the same? More than one place?
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