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Abstract Given the deluge of data that school principals and teachers receive as a 
result of student assessment, it has become essential for them to have statistical lit-
eracy skills and understanding. Earlier work with primary and secondary teachers in 
Victoria revealed that, although most saw school statistical reports as valuable for 
planning and thought that they could adequately interpret them, their confidence was 
often not well founded, with some fundamental misconceptions evident in their sta-
tistical understanding. Based on these results, a workshop was developed to target 
key aspects of statistical literacy particularly relevant to the education context. The 
workshop incorporated simple hands-on activities to develop understanding of box 
plot representations, critiquing descriptions of distributions and applying the newly 
learned principles to participants’ own school reports. Although principals and teach-
ers responded favourably to the activities, delayed post-testing indicated limited 
retention of the relevant aspects of statistical literacy. These results suggest that when 
teachers are dealing with data on only one or two occasions in a year, it may be 
important to provide timely and efficient access to reminders of basic concepts.
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1  Introduction

Statistical literacy is typically considered to involve the ability to read and 
interpret statistical information, often in everyday contexts, and draws on 
understanding of numeracy, statistics, general literacy and data presentation 
(see, e.g. Gal 2002). The importance of statistical literacy for all has been high-
lighted by statisticians (e.g. Wallman 1993), and its scope within the school 
curriculum and appropriate pedagogical approaches have received attention 
(e.g. Watson 2006). What is being referred to there is knowledge sufficient to
make sense of data and statistical information that are likely to be encountered 
in the broad community (e.g. in the media). However, there may be specific
aspects of statistics and reporting styles that are specific to particular sectors of 
the workforce. We use the term professional statistical literacy to refer to this 
slightly more specialised knowledge.

An increased push for measuring educational outcomes and a growth in insti-
tutional capacity to generate and analyse large data sets have resulted in schools 
having to deal with extensive statistical information about student outcomes and 
similar data. The government expectation is that teachers will use this informa-
tion to inform decisions regarding school planning and teaching practice, and 
“develop a more objective view about the performance of their students com-
pared to those in other schools and in relation to state-wide standards” (Ministerial 
Council on Education, Employment, Training and Youth Affairs, n.d.). Clearly a
necessary requirement for successful data-driven choices is that school princi-
pals and teachers have sufficient statistical literacy to interpret such data. 
However, a Statistical Society of Australia Inc. (2005) report pointed out that 
statistics has a poor image and profile among students, parents and the general 
public. Indeed, negativity towards statistical information and lack of confidence
in analysing statistical data may discourage education personnel from other than 
cursory engagement with such information. Tom Alegounaris, a board member 
of the Australian Curriculum and Assessment Authority and president of the
NSW Board of Studies, commented that “teachers lack the expertise to analyse
student results” and “were seen to resist using data”, arguing further that “teach-
ers had to discard their ‘phobia’ of data” (Ferrari 2011). Michelle Bruniges, 
Director-General of Education in NSW, similarly suggests that “school improve-
ment is being held back because many teachers lack confidence and skills to 
analyse National Assessment Program for Literacy and Numeracy (NAPLAN)
student test data” (Milburn 2012).

This chapter examines the issues associated with statistical literacy in the educa-
tion workplace and reports on the trial of a workshop for teachers. This workshop 
was developed in order to address previously identified barriers and misconceptions 
associated with analysing and interpreting system reports of student assessment 
(hereafter referred to as SRSA). The chapter draws attention to conceptual and atti-
tudinal issues that need to be addressed in any statistics courses designed for  
pre- service or practicing teachers.
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2  Evidence Base for Teachers’ Statistical Literacy Workshop

In researching professional statistical literacy in the education sector, we chose to
focus on the system reports associated with student assessment in Victoria, specifi-
cally reports from the National Assessment Program for Literacy and Numeracy 
(NAPLAN) and the Victorian Certificate of Education (VCE) data service. Prior to
the development of a workshop for teachers, data were collected from 938 Victorian
primary and secondary teachers as summarised in Table 1. These data were intended 
to give us an indication of both attitudinal factors and statistical literacy issues that 
might impact on teachers’ work with SRSA.

2.1  Underpinning Frameworks and Results

The surveys mentioned in Table 1 had items investigating teachers’ attitudes towards 
data, and their understanding of how to interpret SRSA. The background for and 
results from these sections are discussed in what follows; they were particularly 
relevant to informing the design of the professional statistical literacy workshop.

2.1.1  Theory of Planned Behaviour

Gal (2002) specifically highlighted the role of dispositions in contributing to 
whether or not individuals will choose to “activate” their statistical knowledge. 
A series of items framed by Ajzen’s (1991) Theory of Planned Behaviour (TPB) 
probed teachers’ attitudes, subjective norms and perceived behavioural controls 
that may act as enablers or barriers for their intention to engage with SRSA (see
Pierce and Chick 2011a). Ajzen (1991) proposed the TPB as a framework for 

Table 1 Data collected to provide an evidence base for the design of the workshop for teachers

Group (size) Data collected Sample type

1 (n=84) Pilot survey targeted attitudes and 
perceptions affecting 
engagement with SRSA

Convenience sample of secondary
mathematics and English teachers from 
non-government schools

2 (n=150) Paper-based survey followed by 
focus group. Survey targeted 
demographics, access to 
SRSA, attitudes, perceptions 
and statistical literacy with 
respect to SRSA

Cluster sample: five school regions then one
network from each region, then two 
primary and two secondary schools from 
each network, then seven teachers and 
principal or nominee from each 
government school

3 (n=704) Online survey using simplified 
version of previous survey 
with items rephrased or 
modified in the light of focus 
groups and paper-based survey

Random sample of 104 primary and secondary
government schools, with expectation of 
60 % school agreement and 50 %
within-school teacher response rate

Improving Teachers’ Professional Statistical Literacy
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studying intention to change behaviour, and identified three key components 
that determine that intention:

The first is the attitude toward the behaviour and refers to the degree to which a person has 
a favourable or unfavourable evaluation or appraisal of the behaviour in question. The sec-
ond predictor is a social factor termed subjective norm; it refers to the perceived social pres-
sure to perform or not to perform the behaviour. The third antecedent of intention is the 
degree of perceived behavioural control which … refers to the perceived ease or difficulty 
of performing the behaviour and it is assumed to reflect past experience as well as antici-
pated impediments and obstacles. (p. 188, emphases added)

He argued that favourable attitudes and subjective norms, together with greater per-
ceived behavioural control, would result in a stronger intention to perform the associated 
behaviour. This has been supported by research (see, e.g. Armitage and Conner 2001), 
showing that the three components are strongly predictive of behavioural intent, which, 
in turn, can account for a considerable proportion of variance in actual behaviour.

Table 2 shows the results from half of the TPB questions used in the survey con-
ducted with Group 3, focusing on attitudes, signified by AT, and behavioural controls,
signified by BC. These indicated that most teachers saw SRSA as valuable for plan-
ning at a school, curriculum and lesson level (2.3, 2.5, 2.6), and that they did not think
that they had a problem interpreting the SRSA (2.7). Although these results were
generally positive, there were significant numbers of neutral and disagreeing responses.

2.1.2  Framework for Professional Statistical Literacy

A second series of items on the Group 3 survey focused on teachers’ professional
statistical literacy. Using a framework proposed by Pierce and Chick (2011b)—
building on earlier work by Curcio (1987), Gal (2002) and Watson (2006)—these 
questions assessed teachers’ ability to interpret data in a professional situation. This 

Table 2 Likert items probing teachers’ attitudes and perceptions towards SRSA and planning

Statement
SD 
(%)

D 
(%)

N 
(%)

A 
(%)

SA 
(%)

2.1 AT SRSA tell me things about my students that I had not
realised

4 16 25 48 7

2.2 AT SRSA are helpful for grouping students according to 
ability

3 10 21 57 10

2.3 AT SRSA are useful for identifying topics in the 
curriculum that need attention in our school

2 5 12 60 22

2.4 AT SRSA are useful for identifying an individual student’s 
knowledge

2 12 21 56 9

2.5 AT SRSA are helpful for planning my lessons 4 10 28 50 8
2.6 AT SRSA are useful to inform whole school planning 2 4 15 58 22
2.7 BC I don’t feel I can adequately interpret the SRSA I

receive at our school
21 42 22 13 2

2.8 BC Practical constraints mean that it is not possible to 
change teaching in my area in response to SRSA

10 42 34 13 2

2.9 BC I find that most SRSA are not relevant to my teaching 10 46 31 10 3
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framework (shown in Fig. 1) acknowledges that effective data interpretation requires 
attention at multiple levels in a hierarchy. The lowest level, reading values, involves 
understanding features such as keys, scale and graph type, together with the capacity 
to read specific data points on the graph or table. The second level, comparing val-
ues, requires attention across multiple facets of a graph or across one or more repre-
sentations (graphs or tables). Finally, the third level, analysing the data set, involves 
considering the data as a whole entity, including interpreting variation, and attending 
to the significance of results. The framework also acknowledges the role of context, 
in association with the three levels of technical facility. Professional context con-
cerns information relevant to the profession and needed to interpret the data set (e.g.
meaning of specialist terms such as “band”). The second, local context, comprises 
knowledge about the situation or context that gave rise to the data that is not evident 
in the data set alone (e.g. knowledge of the local school situation that may have
affected test results). These two context components may overlap, hence the dashed 
line between them in Fig. 1. The structure of this framework for professional statisti-
cal literacy was verified in Pierce, Chick, Watson, Les and Dalton (2014).
It should be noted that in Victoria the most common graphic used in SRSA is a

box plot, with whiskers extending only to the 10th and 90th percentiles because
testing is considered unreliable at the extremes. Since the graphic does not repre-
sent the full distribution of results, there is potential for misinterpretation; further-
more, research (see, e.g. Pfannkuch 2006) tells us that students commonly exhibit 
confusion between the frequency and density of data points in a box plot. In the
survey items focusing on these aspects, misconceptions were found to be prevalent, 
implying that teachers’ confidence in their capacity to interpret SRSA—as revealed 
by their responses to 2.7 in Table 2—was not well founded (see Pierce and Chick
2013, for further details). Specifically, whereas most teachers could correctly read 
values from tables and identify a school’s weakest area from a graphic, more than 
70 % misinterpreted certain aspects of box plots. Furthermore, data collected
through focus groups and surveys (from Groups 2 and 3 in Table 1) suggested a 
need to check and address participants’ conceptual understanding of data and 

Analysing the Data Set

Comparing
Values

Reading
Values

Professional
Context

Local
Context

Fig. 1 A framework for 
considering professional 
statistical literacy (Pierce and
Chick 2011b, p. 633)
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graphics before focusing on interpretation and consequent workplace decision 
making. It was also clear from Group 2 responses and focus group discussions that
a lack of appropriate vocabulary hindered teachers’ ability to describe and compare 
distributions of results.

3  The Teachers’ Statistical Literacy Workshop

3.1  Learning Objectives for the Workshop

The information obtained about teachers’ attitudes and statistical literacy informed 
our objectives—in terms of the messages to be emphasised and the choice of content 
to be targeted—in the half-day professional learning workshop that we designed for 
teachers to improve attitudes and statistical literacy. The data suggested that a sig-
nificant minority of teachers did not feel that the data were valuable nor that they 
provided useful information about their students (items 2.1 and 2.4, Table 2), and 
that a majority did not understand the fundamental construction of a box plot (a typi-
cal set of SRSA boxplots is shown in Fig. 2). These results implied that any profes-
sional learning workshop clearly needed to address both attitudes and competence.

The structure and nature of the program developed paid attention to previous 
research on the elements of successful professional learning programs. Ingvarson
et al. (2005), for example, examined four studies on teacher professional 
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Fig. 2 The hypothetical school summary report showing the results of the hypothetical class’s 
results (the right-most box plot in each group of three) compared with national and state results 
(leftmost and middle, respectively)
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development undertaken by the Australian Government Quality Teacher Programme. 
In total this encompassed 80 professional development activities and 3,250 teach-
ers. They found that “consistent significant direct effects were found across the four 
studies for the impact of content focus, active learning, and follow-up on knowledge 
and professional community” (p. 1). These findings—together with the recommen-
dations of Martin (2008, 2010) based on his experience of providing statistical 
training in a variety of industries—informed the development of the “Making sense 
of data” workshop for teachers described below. Martin (2008, 2010) drew attention 
to the deep learning that can take place when statistical knowledge is set meaning-
fully in the participants’ workplace context so that the new knowledge and the skills 
being taught relate to real workplace needs. For these reasons the workshop focused 
on the detail and format of the statistical reports most commonly sent to Victorian 
schools from the various government education authorities.

Based on our research results and the above professional learning principles—a 
focus on content, active learning and attention to participants’ practice—a work-
shop was designed to actively engage teachers with the statistical content of SRSA. 
The learning objectives for the workshop were that teachers should be able to:

1. Demonstrate understanding that the box plots in the NAPLAN reports provided
to their schools only represent the middle 80 % of the cohort since the whiskers
extend only to the 10th and 90th percentiles, and, as a consequence, interpret box
plots taking into account that the weakest and strongest students are not repre-
sented by this particular graphic.

 2. Demonstrate understanding that the “fences” of a box plot divide the cohort into 
quarters so that the length of each section gives an indication of density not fre-
quency, and, as a consequence, interpret box plots appropriately avoiding such 
misconceptions as “there are too many students in the tail”.

3. Engage with the data because they realise it tells them something about their students.
4. Make use of the data to inform planning for teaching by identifying patterns in

students’ strengths and weaknesses.

3.2  Workshop Structure and Tasks

The activities were designed to actively involve teachers with relevant scenarios 
that targeted key concepts. At the beginning of the session teachers were intro-
duced to a hypothetical class of 30 students with a School Summary Report (see
Fig. 2) and individual SRSA results. Each student in the class was depicted on a 
separate narrow card as an image with individual assessment data (one such
student is shown in Fig. 3, together with his NAPLAN data). The class size of 
30 was chosen not only for its realistic estimate of Victorian class size, but also
to allow simple determination of the top and bottom 10 % of the cohort together
with the location of the median.

Improving Teachers’ Professional Statistical Literacy
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Fig. 3 One of the set of 30
hypothetical students used as 
a data set for the professional 
learning workshop with 
individual NAPLAN data 
results. Data recorded in the 
text below the student figure 
were James’ NAPLAN results 
—Reading 523.4, Writing:
582.4, Spelling: 594.8,
Grammar & Punctuation: 
557.2, Numeracy: 541.1

3.2.1  Task 1: From Students’ Scores to Box Plots

The teachers, working in groups of three or four, used the image cards and their 
data (Fig. 3) to plot the distribution of Reading scores on a large number line. The 
cards themselves were used as data points (see Fig. 4). Using this plot, they then 
built a NAPLAN-like box plot by (1) dividing the group into quarters, (2) placing
a red box over the middle 50 %, (3) turning over the top and bottom 10 % of images
to hide those students and their data (while still leaving a place holder in the plot)
and (4) extending whiskers to the furthest visible students (see Fig. 4). It should be
noted that dividing the class into quarters was mildly problematic for some teach-
ers because the class size was 30. The statistical solution to this was discussed
briefly, but the main emphasis was on building the idea that each quarter contains 
equal numbers of students. This exercise used images of students, not just points, 
in order to reinforce the message that this data provide information about students, 
thus linking the abstract box plot graphic image to concrete information. The box 
plot construction exercise emphasised, first, the density rather than frequency of 
students represented by the sections of the plot and, second, the importance of pay-
ing attention to the key, which on Victorian SRSA notes that the whiskers extend to 
the 10th and 90th percentiles.

R. Pierce et al.
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3.2.2  Task 2: From Box Plots to Students’ Scores

Given that the background research data had suggested teachers were confused 
regarding the density vs. frequency issue, the workshop included an activity that 
was essentially the reverse of Task 1, in which it was highlighted that a given box
plot could represent any number of possible distributions. Each group was given a 
new box plot and asked to plot student image cards (with no scores given) in a pos-
sible distribution to fit the box plot. The variety of distributions suggested from the 
different groups allowed discussion of possible and impossible solutions. The activ-
ity also afforded explicit consideration of possible ranges, densities, and skewness.

3.2.3  Task 3: Interpreting and Discussing Box Plots

In the third task participants were asked to consider a series of statements describing
Example College’s Numeracy results. The wordings used in the descriptions—good
or otherwise—were based on actual descriptions given by teachers to an open- 
response survey item in the evidence-base phase described earlier. These descrip-
tions, together with our observations in the early phase of data collection with 
Group 2, revealed that many teachers appeared to have difficulty using appropriate 
language to describe graphical information and statistical results. The workshop 
task was intended to address these difficulties and focus on descriptive precision 
and appropriate vocabulary. In the workshop each group of teachers was given ten
statements to consider (see Fig. 5). The task was to (1) identify and discard incorrect
statements; (2) rank the remaining statements in terms of helpfulness and then (3)
write their own summary of one of the SRSA box plot reports.

Fig. 4 The distribution of reading scores for the set of 30 hypothetical students used as a data set
for the professional learning workshop, with the associated boxplot

Improving Teachers’ Professional Statistical Literacy
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1. The middle 50% of students have scaled scores between about 460 and 
630.

2. The distribution is positively skewed with half of the students scoring 
below approx 530

3. There is a narrower range of ability in those students between the 10th and
50th percentile than between the 50th and 90th percentile.

4. The weakest 10% of students scored below 460.

5. The distribution for numeracy is centred around 530.

6. Most of the scores are in the 50 to 75 percentile.

7. The bulk of the students are above the 50th percentile.

8. Graph down the bottom mainly.

9. Fewer children scored in the lower range than did in the upper.

10. Numeracy has a low mean.

Fig. 5 Teacher statements describing Example College’s Numeracy results

3.2.4  Task 4: Analysis of Real Data

After working on box plots and allowing teachers to articulate global impressions of the 
Example College group’s abilities (in relation to the State across five tests), the focus of
the workshop shifted to having teachers examine students’ responses to individual 
NAPLAN test items via what is known as an ItemAnalysis Report. This report provides
statistics about school, state and national performance on specific questions used in stu-
dent tests. This activity was introduced through examples discussing the absolute and 
relative differences between results (e.g. determining whether or not it is significant that
a school has only 56% of its students getting a question correct compared to 61% of the
students in the whole state), with a focus on practical local measures of similarity and 
difference. This led to the final half of the workshop, which provided an opportunity for 
each school group to work on interpreting its own school SRSA.

4  Outcomes

4.1  Participants and Method

The workshop participants were a subset of Group 2 in Table 1, with the same teach-
ers who had provided the survey and focus group data, but chosen from just one of 
each of the primary and secondary schools in the networks previously involved (this
choice of school was random, leading to a selection of participants from 10 schools

R. Pierce et al.
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out of the original 20). Five workshops were conducted, one for each of the five pairs
of primary and secondary schools. At least 4 weeks after taking part in their single
half-day workshop, the participants—together with the other Group 2 teachers from 
those schools who had not attended the workshop—completed an online survey tar-
geting attitudes, perceptions and statistical literacy with respect to SRSA, similar to 
the initial paper-based survey they had taken to provide the evidence base for the 
workshop design. Allowing for teacher attrition over time and non- participation in the 
follow-up survey, 82 of the original 150 teachers completed the survey (noting that
only 123 were still available to participate), and 45 of these attended the workshop.

4.2  Workshop Outcomes

The outcomes of the workshop were noted through the workshop observations of 
the authors, and via more formal feedback from participants via the follow-up sur-
vey. Those involved in presenting and organising the sessions (the authors, along
with representatives from the project’s partners) were aware of the impact of the 
workshops as they progressed. After each presentation the project team noted the 
strong evidence for the teachers’ clear need for conceptual activities related to box 
plots. In one group, the assumed data expert from the school was observed to be
confidently making erroneous statements about some aspects of the data set.  
This helped confirm the researchers’ decision to include a workshop activity where 
the validity of statements made about data could be examined.

There was informal but audible appreciation from the participants as they came 
to understand the box plot representation, with many indicating that they had not had 
such understanding prior to the workshop. This feedback indicated that some partici-
pants realised for the first time, for example, that a “long tail” on a box plot indicates 
diversity of student results rather than large numbers of students; that the box does 
not represent the whole class; and that bounds at the 10th and 90th percentiles mean
that the character and number of students not represented within the displayed box 
plots is almost certainly of practical significance for teaching. Participants also com-
mented that working with images of students prompted mental links to their own 
students, and that they now had a greater perception that such data could be relevant 
to their practice as teachers. The observers also noted that participants were able to 
use this understanding to critique descriptions of distributions, and could appropri-
ately apply the principles learnt to an analysis of their own school reports.

The researchers also noted a high level of engagement from participating teach-
ers throughout each of the workshop sessions. Working in groups of three to four,
the participants were observed to make group decisions about all aspects of the 
activity where a box plot was built from the data on the figures’ cards. In response
to a final comments question in the online post-workshop survey mentioned above, 
many commented favourably on the value of that exercise:

I thought the hands on method (using the actual number lines & cards) was excellent &
increased my understanding of box & whisker graphs and data analysis.

Improving Teachers’ Professional Statistical Literacy
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I found the explanations of how to produce and read box plots really helpful. The manipula-
tives were great.

Teachers’ general perceptions of the workshops were overwhelmingly positive. 
Some comments mentioned increased confidence, greater understanding of box 
plots, and use of (or intention to use) the materials and ideas with other staff in par-
ticipants’ schools. Indeed, some participants requested access to the materials so
they could replicate the box plot activities at future staff meetings. The comments 
also indicate that principals and teachers at both primary and secondary levels 
responded favourably to the simple hands-on learning activities creating box plots. 
Typical of the comments are the following:

Excellent opportunity to finally learn how to properly analyse box and whisker plots (hope-
fully)—we dedicated a 2-hour staff meeting to sharing this information with the rest of our 
staff. Feel much more confident when asked what comments I can make in response to data
when presented to me.
It was good also to work with secondary teachers which gave a slightly different per-

spective (although we used our own school data).
Was really good to discuss and interpret the data, and have practical tasks to complete

relating to data analysis. Made you think! Some good ideas to take back to staff on how to 
analyse data more accurately.

Some of the comments indicated why changes to statistical literacy understand-
ing may have been limited for participants. Three comments in particular indicated 
that even a focused, hands-on workshop may be insufficient to ensure on-going 
understanding.

It was excellent. However, you tend to forget some of the stuff because you are only exposed
to it for a short period of time. You need to be exposed to it for a few more sessions to not
only become confident with it and ask questions, but then become so familiar with it that it 
becomes second nature.
I think I would need a week of intense professional development to be able to fully

understand how to read these graphs. While I get exposure to this and I am getting a better
understanding as years pass I still struggle on some aspects.
I find data interpretation to be quite challenging, and would like to attend further PDs on

this subject if they should arise.

4.3  TPB Factors and Statistical Literacy

The delayed post-workshop survey allowed some comparisons between workshop par-
ticipants and non-workshop participants. On average those who had attended the workshop 
had higher scores on attitude items and lower scores for perceived barriers than those 
who had not attended the workshop, indicating the likelihood of improved attitudes and 
perceptions among participants. The statistical literacy questions on the survey were 
scored, using a simple partial credit scale, and it was found that the statistical literacy 
scores for those who attended the workshop (W) were higher than for those 
who had not had this experience (NW) but this difference is not statistically signifi- 
cant: x s x s t pW w NW NW df= 26.4, = 7.5; = 24.5, = 9.1; = 0.975, = 0.3327=79( ). 
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However, the results in Table 3 suggest that although the frequency density misconcep-
tion had been corrected for some—but by no means all—teachers (see the data in Row
3.2), there remained confusion about some aspects of the presentation of box plots. This
was caused by not reading the key and difficulties interpreting the consequences of a 
“reduced” box plot (with 10 %/90 % whiskers) (see Row 3.3). It may be that the image
of the box plot is too powerful and hinders individuals’ capacity to (a) remember that
some data are not represented by components of the plot and (b) recognise the possible
range of such “invisible” data.

5  Conclusions and Implications

The workshop described here certainly appears to have had a positive effect on  
attitudes and perceptions, as well as having improved some aspects of teachers’ 
professional statistical literacy. Unfortunately, at least one significant misconcep-
tion persisted despite the attention given to what is and is not shown in box plots, 
and one teacher claimed to be “still baffled” after the program. Another comment 
reflected the mixed success of the program: “[The activities] were worthwhile, 
interactive, hands on, well paced, informative and I learned lots (but obviously not
enough to pass this ‘test’!)”. For many teachers, reading box plots is not yet “second 
nature”, although it is acknowledged that the peculiarities of the non-standard for-
mat used in Victoria’s particular box plot representations may exacerbate the prob-
lem. Nevertheless, the teachers acknowledged the effectiveness of the materials and 
activities used in the workshop for developing understanding.

For those with statistical experience and expertise, many of the concepts associated 
with professional statistical literacy for teachers and highlighted above are rela-
tively elementary. On the other hand, for those who deal with data only a few times 
a year and with limited prior knowledge, the outcomes from the evidence-based 

Table 3 Percentage of teachers choosing the truth or otherwise of given statements in the post- 
workshop survey, from those who had (W) and had not (NW) attended the workshop

Definitely 
true

Definitely 
false

Not enough 
information

I don’t
know

W NW W NW W NW W NW

3.1 The spread of the 50th–90th percentile
results is wider in writing than in 
spelling

82* 84* 8  9  2  2 8 4

3.2 In the writing results, fewer students
were between the 25th percentile 
and the median than were between 
the median and the 75th percentile

27 59 50* 14* 11 14 11 14

3.3 Victoria College’s writing results have
a greater range than the state results

86 86 7* 7* 4 4  2  2

Note: Items relate to a report similar to that shown in Fig. 2. The correct responses are indicated 
with an asterisk

Improving Teachers’ Professional Statistical Literacy
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research and the post-workshop survey suggest that there are some areas that many 
teachers do not understand sufficiently. In any case, it appears important to provide
timely access to reminders of what others may regard as basic concepts. For these 
teachers, extended programs and/or refresher programsmay be of benefit. Following
the qualified success of the workshop, the researchers are interested in examining 
ways of providing targeted statistical literacy professional learning for teachers in a 
timely and accessible way, without having to formally timetable a face-to-face  
presentation for groups. The authors have used their experiences with the work-
shops to create a series of short online packages, each requiring just a few minutes 
of interaction. The packages have been designed to emulate some of the practical 
activities, but are accessible for teachers’ use at their convenience. These have been 
trialled with some groups of teachers, with initially encouraging signs, although the 
formal research into their effectiveness is not yet complete.
In order for teachers to use data effectively in their planning, it is essential that they

acquire the kind of fluency that allows them to understand how the abstract data rep-
resentations depict their very real class or school. In addition, they need to understand
where each student is or could be located within the data. This means that the critical 
misconceptions explored here—the density/frequency issue and the all-the-data-are-
within-the-plot assumption—need to be overcome. Equally importantly, a shift in atti-
tudes, confidence and perceptions about the data’s value and comprehensibility is also 
likely to lead to greater and better use being made of such school assessment data.

6 Note

Developed from a paper presented at Eighth Australian Conference on Teaching
Statistics, July 2012, Adelaide, Australia.

This chapter is refereed.

Acknowledgments This study is supported by The Australian Research Council (LP100100388)
with the Victorian Department of Education and Early Childhood Development (DEECD) and the
Victorian Curriculum and Assessment Authority. Other members of the research team are Ian
Gordon, Sue Helme (University of Melbourne), Jane Watson (University of Tasmania), Michael
Dalton, Magdalena Les (VCAA) and Sue Buckley (DEECD). Some of this work was conducted
while the second author was with the University of Melbourne. We thank all teachers who have
provided data but especially those from the 20 focus Victorian DEECD schools. An earlier version
of this chapter was presented at the 2012 OZCOTS conference.

References

Ajzen, I. (1991). The theory of planned behavior. Organizational Behavior and Human Decision 
Processes, 50, 197–211.

Armitage, C., & Conner, M. (2001). Efficacy of the theory of planned behaviour: A meta-analytic
review. British Journal of Social Psychology, 40, 471–499.

Curcio, F. (1987). Comprehension of mathematical relationships expressed in graphs. Journal for 
Research in Mathematics Education, 18, 382–393.

R. Pierce et al.



309

Ferrari, J. (2011, July 15). Teachers are ‘phobic’ over student test data. The Australian, p. 7.
Gal, I. (2002). Adults’ statistical literacy: Meanings, components, responsibilities. International 

Statistical Review, 70, 1–51.
Ingvarson, L., Meiers, M., & Beavis, A. (2005). Factors affecting the impact of professional devel-

opment programs on teachers’ knowledge, practice, student outcomes and efficacy. Education 
Policy Analysis Archives, 13(10), 1–26.

Martin, P. J. (2008). Assessment of participants in an industrial training program. In H. L.
MacGillivray & M. A. Martin (Eds.), Proceedings of OZCOTS 2008—6th Australian 
Conference on Teaching Statistics (pp. 136–142). Retrieved April 28, 2014, from http://iase-
web.org/documents/anzcots/OZCOTS_2008_Proceedings.pdf

Martin, P. J. (2010). Evaluating statistics education in vocational education and training. In Data 
and context in statistical education: Towards an evidence based society (Proceedings of 8th 
International Conference on Teaching Statistics). Ljubljana, Slovenia: IASE, ISI. Retrieved
from http://www.stat.auckland.ac.nz/~iase/publications

Milburn, C. (2012, August 27). Teachers ‘failing’ on test data. The Age. Retrieved from http://
www.theage.com.au

Ministerial Council on Education, Employment, Training and Youth Affairs. (n.d.). Benefits of 
participating in national assessments. Retrieved April 29, 2009, from http://www.curriculum.
edu.au/verve/_resources/Benefits_of_participation_in_national_assessments1.pdf

Pfannkuch, M. (2006). Comparing box-plot distributions: A teacher’s reasoning. Statistics 
Education Research Journal, 5(2), 27–45. Retrieved August 2, 2009, www.stat.auckland.ac.nz/
serj

Pierce, R., & Chick, H. (2011a). Teachers’ intentions to use national literacy and numeracy assess-
ment data: A pilot study. Australian Education Researcher, 38, 433–447.

Pierce, R., & Chick, H. (2011b). Reacting to quantitative data: Teachers’ perceptions of student
achievement reports. In J. Clark, B. Kissane, J. Mousley, T. Spencer, & S. Thornton (Eds.),
Mathematics: Traditions and [New] Practices (Proceedings of the 34th Annual Conference of 
the Mathematics Education Research Group of Australasia) (pp. 631–639). Adelaide, SA,
Australia: AAMT.

Pierce, R., & Chick, H. L. (2013). Workplace statistical literacy: Teachers interpreting box plots.
Mathematics Education Research Journal, 25, 189–205. doi:10.1007/s13394-012-0046-3

Pierce, R., Chick, H., Watson, J., Les, M., & Dalton, M. (2014). A statistical literacy hierarchy for
interpreting educational system data. Australian Journal of Education. Advance online publi-
cation. doi:10.1177/0004944114530067

Statistical Society of Australia Inc. (2005). Statistics at Australian universities: A SSAI-sponsored 
review. Braddon, ACT, Australia: Author.

Wallman, K. K. (1993). Enhancing statistical literacy: Enriching our society. Journal of the 
American Statistical Association, 88(421), 1–8.

Watson, J. M. (2006). Statistical literacy at school. Mahwah, NJ: Lawrence Erlbaum.

Improving Teachers’ Professional Statistical Literacy

http://iase-web.org/documents/anzcots/OZCOTS_2008_Proceedings.pdf
http://iase-web.org/documents/anzcots/OZCOTS_2008_Proceedings.pdf
http://www.stat.auckland.ac.nz/~iase/publications
http://www.theage.com.au/
http://www.theage.com.au/
http://www.curriculum.edu.au/verve/_resources/Benefits_of_participation_in_national_assessments1.pdf
http://www.curriculum.edu.au/verve/_resources/Benefits_of_participation_in_national_assessments1.pdf
http://www.stat.auckland.ac.nz/serj
http://www.stat.auckland.ac.nz/serj
http://dx.doi.org/10.1007/s13394-012-0046-3
http://dx.doi.org/10.1177/0004944114530067

	Improving Teachers’ Professional Statistical Literacy
	1 Introduction
	2 Evidence Base for Teachers’ Statistical Literacy Workshop
	2.1 Underpinning Frameworks and Results
	2.1.1 Theory of Planned Behaviour
	2.1.2 Framework for Professional Statistical Literacy


	3 The Teachers’ Statistical Literacy Workshop
	3.1 Learning Objectives for the Workshop
	3.2 Workshop Structure and Tasks
	3.2.1 Task 1: From Students’ Scores to Box Plots
	3.2.2 Task 2: From Box Plots to Students’ Scores
	3.2.3 Task 3: Interpreting and Discussing Box Plots
	3.2.4 Task 4: Analysis of Real Data


	4 Outcomes
	4.1 Participants and Method
	4.2 Workshop Outcomes
	4.3 TPB Factors and Statistical Literacy

	5 Conclusions and Implications
	6 Note
	References


