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INTRODUCTION: STATISTICS AND THE REAL WORLD

From an early age, there is an understanding that statistics are employed to

assist learning and decision-making, and in so doing they represent the

confluence of mathematics and the ‘real’ world (Graham, 2006, pviii). As long

ago as 1865 H.G. Wells recognised the importance of ‘statistical thinking’,

alongside reading and writing, in promoting ‘efficient citizenship’ (Graham,

2006, pviii). Within the context of an overall National Curriculum which aims to

build on the Primary framework and help all young people to become

‘successful learners, confident individuals and responsible citizens’ it is,

perhaps, unsurprising that today statistics occupies a key area in the

Mathematics curriculum (QCA, 2007, p155). This assignment will focus, in

particular, on the presentation and analysis of large sets of data by exploring

the pedagogy for lessons on histograms and box plots which constitute part of

the ‘handling data cycle’ within the statistics section of the Key Stage 4

Mathematics curriculum (QCA, 2007, p162).

Ernest (2001, p281) argues that including a historical dimension to

mathematics can help to counter a Eurocentric view of mathematics, so the

assignment will begin with a brief look at the origins of both histograms and

box plots. It will then consider approaches for teaching both topics on the

basis that this would occupy 2-3 hours of classroom time. These will be

predicated on inclusive approaches that begin with revision of key terms, such

as bar charts and median (cf QCA, 2003); introduce new terms and build up

each model collectively (using the interactive whiteboard as appropriate)

before getting the class to develop their understanding further through the use

of partially completed frequency distribution tables/ summary statistics that the
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pupils must complete in order to construct the respective histogram or box

plot. By researching academic literature and considering the pupils’

perspective, the paper will then seek to identify common difficulties and

misconceptions associated with such conventional teaching practice, for

instance failing to grasp that it is the area of the columns in a histogram that is

used to compare different class intervals, or that the spread of the distribution

in a box plot is centred around the median numerical as opposed to positional

value. As Ollerton (2001, p270) notes: “The richness of… pupils’ learning

experience depends on the range of teaching strategies [and]… the overuse

of a textbook… can monopolise learning… and create a dependency culture”,

so by researching possible alternative teaching approaches, (including small

group discussion, pupils setting and solving each others problems, paired

work and completing an experiment) the paper will seek to mitigate some of

the problems and misconceptions that act as obstacles to learning. It will also

include a section that focuses exclusively on the software packages and

Information and Communication Technology (ICT) that can be incorporated

into innovative approaches for teaching the two topics (Microsoft excel and

interactive educational websites1).

In a recent report compiled from the results of 192 school inspections,

OFSTED (2008, p6) observed that pupils had insufficient opportunity to use

and apply mathematics and to make connections across different areas of the

subject. The paper will, therefore also examine how both techniques can be

applied and how they are connected to other areas of mathematics, such as

1
Such as The National Library for Virtual Manipulatives

Available online http://nlvm.usu.edu/en/nav/topic_t_5.html
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standard deviation, and moreover, how they can be employed in other

disciplines such as scientific research.

In conclusion, the assignment will seek to critically reflect on the role of

histograms and box plots within the curriculum and the various pedagogic

approaches discussed, not only to develop a more advanced subject

knowledge of the curriculum itself but, in addition, a deeper understanding of

the ways in which pupils learn mathematics (termed ‘subject expertise’) that,

together with experience, are considered the ‘essential ingredients’ of

effective mathematics teaching (OFSTED, 2008, p5).

HISTORICAL PERSPECTIVE

The term ‘histogram’ is derived from the Greek words ‘istos’2 and ‘gram-ma’3,

that can be translated literally as a form of writing using masts, and was

introduced by the statistician Karl Pearson in 1892 to refer to a common form

of graphical representation that could act as a visual aid to statistical

approximations (Ioannidis, 2003, p1). It developed the existing ideas of a bar

chart, in which the length of the bar indicates the size of the category, by

introducing scale to both axes which enabled the area of the bar chart to be

expressed in proportion to the category (University of Leicester, 2010). This

evolution is reiterated in contemporary definitions such as Webster’s (cited in

Ioannidis, 2003, p2) which states a histogram is:

‘a bar graph of a frequency distribution in which the widths of the bars
are proportional to the classes into which the variable has been

2
Mast

3
Something written
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divided and the heights of the bars are proportional to the class
frequencies’.

Whilst bar-charts and histograms have been employed for centuries, box

plots4 are a comparatively recent innovation that emerged from Exploratory

Data Analysis (EDA) (c.f. Tukey, 1977). This goes beyond data-analysis

techniques per se, rather it provides a philosophy on how to dissect data sets

by placing an emphasis on visualisation through principally graphical

techniques that enable researchers to keep an open mind and spot patterns

and anomalies in sequential data-sets that would not be apparent with a

calculation (Graham, 2006, p81). Unlike traditional measures which

emphasise the mean and standard deviation as the key measures of location

and spread respectively, EDA stresses the median and inter-quartile range:

‘A box plot is a simple but powerful means of gaining an overview of a
set of data by marking, on a number line, the five key summary
statistics: Min, Q1, Med, Q3, Max’ (Graham, 2006, p81).

PEDAGOGY: FIRST PRINCIPLES

Histograms

As Zevenbergen (2001, p38) observes, the language of mathematics causes

marginalisation by systematically favouring some students while

disadvantaging others. In order to counter this, and as a form of revision, I

would begin the lesson by conducting a few simple exercises emphasising the

difference between height and area (perhaps contextualising it under the

premise I am painting a wall at home!). Following on from this would be a

refresher on bar charts whereby I would look for the pupils to select a

4
Sometimes referred to as box and whisker plots
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(nominal) variable which could be used to categorise the class (i.e. hair

colour, eye colour etc). Subsequently, I would introduce the concept of

‘discrete’ and ‘continuous’ (ratio/ interval) variables and ask the pupils for

suggestions (height, weight etc). I would ask whether it would be easy to

record the height of every child in the school and plot a bar graph with each

centimetre interval represented by the number of pupils, and look for

suggestions as to alternative options for a continuous category, such as age,

which could have a large number of arbitrarily small categories resulting in a

complex histogram that hampers interpretation; I would be looking for

someone to suggest ‘splitting the results up into groups’. As Ausubel notes

(cited in Watson, 2001, p218): “The most important single factor influencing

learning is what the learner already knows. Ascertain this and teach him

accordingly”. Beginning the lesson with some revision and topics that act as

scaffolding (c.f. Brooks et al, 2004, p50) for learning about histograms, and

allowing the pupils to make intuitive deductions (see Annex 1 & 2) would

enable me to understand more accurately the level of the pupils in the class

and tailor the rest of the lesson accordingly. I would work through some data

that involved partitioning it into different sized groups (introduced as ‘class

intervals’) and show how the graphical representation can be misleading if

these are plotted against frequency. At this point I would also demonstrate

how the class intervals are plotted (i.e. 150<h<160 would actually be 149.5cm

to 159.5cm and discuss the implications of accuracy and approximation). I

would then ask for suggestions as to how the problem of different sized

groups could be overcome and anticipate the answer ‘dividing the frequency

by the class interval’ which I would then introduce as the frequency density
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and explain that in a histogram it is this number that must be plotted against

the class interval. To practice constructing histograms I would provide the

pupils with handouts of additional data sets that would have partially

completed tables of class interval and frequency distribution which they would

need to complete before drawing the histogram on graph paper. An extension

of the lesson would be to get the pupils to consider how to decide the number

of class intervals into which the data should be grouped and discuss potential

formulae, such as the integer closest to √n where n is the number of

observations (Howell, 2007, p20).

Box plots

I would begin the lesson by exploring some key terms (median, quartiles,

inter-quartile range etc) that will act as the scaffolding around which to

develop the concept of a box plot, and in so doing enable me to pitch the pace

of the lesson at the right level. Exercises could involve comparing the average

mean and median age/ height in the classroom and the corresponding inter-

quartile range. I would then use the following framework (based on Graham,

2006, p243) to demonstrate the mechanism through which the box plot is

constructed on the basis of the key statistical pieces of data; Min, Q1, Median,

Q3, Max. Above a number line, mark the minimum and maximum values with a

vertical line xcm long centred along a virtual horizontal line. Mark Q1, Median

and Q3 with a line 2xcm long centred about the same horizontal plane. Join

the tops of Q1, Median and Q3 in a line parallel in the central horizontal plane

and repeat this for the respective bottom points. This yields the ‘box’; to

complete the ‘whiskers’ draw a line (along the central plane) from the min and

max points to the edge of the ‘box’. Finally, mark the specific values
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corresponding to Min, Q1, Median, Q3, Max immediately above the number

line. Having completed the construction of the box plot, I would ask the pupils

what it says about the distribution and how you can use it to interpret the

density of the results. Again, I would pre-prepare some handouts with various

data sets and tables, with the statistical inferences part-completed, which the

pupils would then need to complete before constructing the respective box

plots on graph paper. As an extension to this lesson, I would ask the pupils to

consider what other factors could be important when considering different

data-batches, such as differences in location and batch sizes, and how these

are likely to affect the distribution. It is also possible to introduce the concepts

of ‘gates’ and ‘adjacent values’ whereby outliers and anomalous results are

not included as part of the ‘whiskers’ rather marked by a single point (Howell,

2007, p52).

During both lessons I would be conscious of circulating around the class to

ascertain the level of understanding (in addition to whole class assessment for

learning techniques such as using mini-whiteboards) as many teachers were

criticised for not moving around the class to check for pupils who were stuck,

had made slips or found the work easy, in a recent OFSTED report (2008,

p6).

RESEARCH: PROBLEMS AND MISCONCEPTIONS

Histograms

The key point to grasp as far as histograms are concerned is that the size of

the category is grouped by the area of the bars as opposed to their length,
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however a ‘common error’ is to fail to appreciate this relationship which

inevitably can lead to a distorted interpretation of the data which concludes

that the most frequent category is the bar with the highest column as opposed

to the largest area (University of Leicester, 2010). A second issue which can

prove problematic when concerned with such continuous data is deciding

where one interval ends and the next one begins; a lack of consistency can

lead to overlapping data or gaps that confuse the analysis (Graham, 2006,

p69). The rationale for grouping continuous data, such as height, is that each

individual value could otherwise occur with low frequency and there could be

significant fluctuation between adjacent intervals leading to non-meaningful

‘random noise’ that would obscure the important trends in the data (Howell,

2007, p19). Grouping the data in a histogram represents the distribution as if

the frequency is spread evenly over each class which therefore acts as a

more meaningful first approximation (Graham, 2006, p36). Consider an

interval 150<h<155; the actual values this covers are from 149.5cm<h<154.5

(due to rounding) another factor which can trouble students and/or is easily

forgotten. The class intervals can be split in other ways but, however it is split,

it is essential that it is applied consistency. A final problem that can cause

problems in the construction of histograms is deciding how many class

intervals to split the data into; with too many or too few it will not be

informative (Graham, 2006, p41). Although many students will ask about the

‘optimal number’ there is no right answer to this question (Howell, 2007, p20).

Through experience pupils will find that around 10 is normally sufficient,

although there are some formal schemes such as the integer closest to √n
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where n = the number of observations; a flexible approach as opposed to a

rigid set of rules is critical in order to make the data meaningful.

Cooper and Dunne (cited in Zevenbergen, 2001, p46) showed that working-

class students performance is analogous to their middle class peers on tasks

that are de-contextualised, but when these are subsequently embedded into

context their performance declines. Consequently, in order to prevent such a

dichotomy emerging, it is critical it remain cognisant of ensuring that all pupils

have a sound understanding of the key stages of histogram construction

before contextualising it with real world exercises.

Box plots

The rationale for using Assessment for Learning (AfL) at the beginning of the

class is to ensure pupils fully understand terms such as the median, about

which many misconceptions are held. Consider the following test scores:

4.2, 5.2, 6.5, 6.7, 6.9, 7.2, 7.3, 7.5, 7.9, 8.5

To calculate the median average, use the formula
 

2

1


n
th result where n=

the number of results i.e. 10 so median = 11/2 = 5.5th result. As this lies

between 6.9 and 7.2 the median = (6.9+7.2)/2 = 7.05. However, a common

misconception is that the median is the positional value of the middle number

itself (i.e. 5.5) instead of the actual numerical value pertaining to the 5.5th

result (i.e. 7.05) (Graham, 2006, p33). Since the quartiles are predicated on

the value of the median (
2

1tionmedianloca
) a relational as opposed to

instrumental understanding of this concept is critical to the process and as a

way of emphasising this the pupils should be asked to generate ball park
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estimates for the summary values to enable them to conduct a benchmark

comparison once they have actually calculated the values (Graham, 2006,

p33; c.f. Skemp, 1976). Failure to grasp this concept can manifest itself in the

construction of consistently symmetric box plots, to which the teacher should

be alert. This would suggest that the pupil has interpreted the median as the

‘middle value’ which they have calculated by averaging the minimum and

maximum values and, similarly, Q1 and Q3 are found by dividing the range

between the minimum and maximum values by four such that the distribution

would always be seen to be symmetric about the ‘middle value’ irrespective of

the actual distribution (Graham, 2006, p245).

ALTERNATIVE APPROACHES

At times it can feel if everybody else knows better than the mathematics

teacher themselves (Ollerton, 2001, p262). Teaching is truly a complex and

dynamic profession predicated on multidimensionality, simultaneity,

immediacy, unpredictability, publicness and history in which careful judgement

is exercised to comply with maxims such as: ‘resources are an essential part

of teaching and learning mathematics but… they can be used in unhelpful…

ways’ (Brooks et al, 2004, p10; Delaney, 2001, p143). As a corollary, in such

a shifting and complex discipline as mathematics, comprising different

practices, its classroom manifestation should not be seen as rigid and

experienced through homogenous teaching practises (Earnest, 2001, p281).

Bishop (cited in Ernest, 2001, p281) extols that Mathematics is ‘cultural

knowledge’ derived from a set of ‘universal activities’ that comprise counting,
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locating, measuring, designing, playing and explaining in a ‘sustained and

conscious’ fashion. In essence, this is a deconstruction of the three main

learning styles (visual, auditory and kinaesthetic) through which pupils

typically process information, so by adopting different practices teachers have

a chance of addressing all three types (Brooks, Abbott & Bills, 2004, p57).

Having examined some of the literature on the pedagogic obstacles and

misconceptions to teaching histograms, and through wider reading, there are

several alternative options to those discussed earlier in the pedagogy section.

In a sense, histograms and box plots themselves embody a different approach

to learning mathematics which extract the pupil from the abstract concept of

numerical data on spread and median and epitomise the bromide that ‘a

picture is worth a thousand words’ by effectively providing an easily grasped

summary of the data (Hays, 1988, p88). Even so, over-reliance on a text book

or published scheme can ‘monopolise learning’ and facilitate a ‘dependency

culture’ that inhibits active and responsible learners as these tried and tested

teaching methods limit pupils horizons by reducing the chance that something

‘different’ might happen (Ollerton, 2001, p272). On this basis, the following

section will explore some more innovative and interactive approaches.

Some of the activities that have the greatest educational value are not

teacher-led, rather teacher-facilitated (Brooks, Abbott & Bills, p2004, p70). In

the context of teaching histograms and box plots this would entail devolving

more responsibility to the pupils for their own learning. For instance, having

introduced the structural foundations to the pupils, rather than getting them to

complete pre-prepared handouts, it would be possible to get them to conduct

an experiment measuring, for instance, head circumference and successfully
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representing the results on a histogram/ box plot. In order to further the

understanding and verify that pupils have understood the concepts well

enough to explain their findings, the class could also be asked to present their

findings. A classroom observation conducted by this researcher saw a similar

lesson in which the pupils were tasked with making deductions about a ‘thief’

who had ‘stolen’ a school laptop. The teacher had mocked up a crime scene

at which a baseball cap had been left behind. The pupils then had to measure

their circumference and compare the class results with the circumference of

the cap to deduce whether the perpetrator was likely to have been a peer or

an adult.

A second approach that could be taken, in both cases, is to empower the

pupils themselves as teachers. This goes beyond getting the class to make

presentations and actually involves them in the construction of effective

learning exercises. Again, after the initial concepts have been conveyed and

understood the pupils themselves could set each other tasks. This could be in

the form of merely selecting the datasets (e.g. the spread of spending by

Premier League football clubs) or at a more advance level creating partially

filled frequency-density tables or box plots which actually help their peers to

realise their understanding of the subject.

A third approach would be to embrace a Piaget-esque methodology whereby:

“to understand is to discover” (cited in Swan, 2001, p156). This would consist

of a more active role for the class in developing the concepts of the histogram/

box plot. Rather than the teacher taking the class through the evolution of the

models as discussed earlier it could be possible, for instance, to divide it into

groups of between four and five and present them with a bar chart and a
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histogram which they would then compare and contrast the graphs, in their

groups, to see if they can recognise the differences themselves. Across the

class there would, hopefully, be sufficient understanding to summarise the

purpose of a histogram which would enable the teacher to present the findings

to the class as if they had discovered it for themselves.

Information and Communication Technology (ICT)

ICT represents the most conspicuous manifestation of an alternative to the

traditional teacher led pedagogic approach to teaching lessons on histograms

and box plots. Paradoxically, however, “the majority of pupils [have] too few

opportunities to… use [ICT]” and “secondary schools should… improve pupils

use of ICT as a tool for learning mathematics” (OFSTED, 2008, p8). By

including ICT to model mathematical ideas and methods teachers can help to

achieve ‘better numeracy standards’ as the interaction with different

representation of data confers on the pupil the opportunity to receive feedback

from the virtual display that enables them to see statistical displays as

dynamic and general rather than static and particular (Delaney, 2001, p123;

Johnston-Wilder cited in Graham, 2006, p130). The focus of this section will

be on the software used to deliver the learning objectives in both instances,

through the prism of the ‘computer-as-teaching-aid’, and is predicated on

interactive websites and Microsoft Excel (Ainley, 2001, p177).

INTERACTIVE WEBSITES

Websites such as those from the National Library for Virtual Manipulatives

(Annex 3) act as a fantastic introduction into a topic such as histograms and

box plots that otherwise necessitate the construction of time-consuming
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graphics. One teacher goes further asserting that not only are they valuable

for their time-saving but, moreover, the graphics are of much better quality

and, in combination with analysing a greater number of graphics in a set

period, this enables the pupils to actually see connections rather that get

waylaid in their construction (Graham, 2006, p162).

In Annex 3 both programmes require the pupil to input the dataset only and

will automatically generate the graphics accordingly. Whilst the speed, power

and convenience of such software can undoubtedly facilitate learning there is

risk that, amongst less able pupils, it could merely be seen as a ‘magical black

box’ which performs calculations and generates representations which though

correct, the pupil does not fully comprehend (Graham, 2006, p174; cf Hodgen

& Wiliam, 2006). Consequently, using such software in isolation without re-

enforcing it with traditional class-work or more advanced ICT contingent on

understanding the general principle this approach may prove

counterproductive as it could mask pupils understanding which would be

exposed only during written examinations.

MICROSOFT EXCEL

As Beare (cited in Graham, 2006, p162) notes:

“spreadsheets... facilitate a variety of learning styles which can be
characterised by the terms: open ended, problem-oriented,
constructivist, investigative, discovery orientated, active and learner-
centred”.

This is indicative of Piaget’s (1975) ‘discovery’ approach that enables pupils

experience the eureka moment, of finally ‘getting’ a particular topic

independently. This represents a progression from customised online software

applications because, although EDA methods based on graphical
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representation have become the mainstay of statistics teaching in schools,

charts such as box plots are not standard features in Microsoft Excel, and

whilst there is a histogram plug-in it is both ‘cumbersome’ and ‘non-interactive’

(Baker, 2004, p1). Baker (2004, p12), however, explains how excel can be

manipulated to create both box plots and histograms (Annex 4) and that the

greater control such an approach confers on a pupil vis-à-vis prescriptive

applications, the greater their sense ownership and understanding. With

reference to the construction of the spreadsheet for designing a box plot, he

notes that although the process may seem ‘long-winded’ it is actually simple

and effective and that, when complete, it can act as a template for future

operations with different data sets such that: “the long term payoff looks good”

(Baker, 2004, p12). As far as the histogram is concerned, however, its

construction in Excel can still pose problems as it does not yield the ability to

alter the width of the columns in the chart (i.e. the class-interval) so it is not

able to accommodate histograms for grouped data when the class intervals

comprise different sizes (University of Leicester, 2010). There are, of course

other subject specific software packages which do have the ability to

accommodate lessons on histograms and box plots without the need to

manipulate the programme; such programmes include GeoGebra5 and

Statistical Packages for the Social Sciences (SPSS6). The problem, however,

with such tailored software package is that they are not necessarily readily

available, to the extent that Microsoft Excel is; they are not necessarily free;

and they are non-standard with the concomitant risk that the pupils are

inculcated into an idiosyncratic learning platform that fosters an instrumental

5
http://www.geogebra.org/cms/en/info

6
http://www.spss.com/uk/
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capacity without developing the relational understanding that would be

required if, for instance, they had to try and use a different operating system to

configure a solution to a similar problem.

TECHNOLOGICAL PROGESSION

Using interactive websites and Microsoft Excel in the ways described above

represents the ‘computer-as-teaching-aid’ at one end of what is, effectively, a

silicon spectrum. As pupils become more advanced in operating software

independently, as opposed to individual online applications, they approach the

‘computer-as-tool’ component which entails a more neutral role for the

computer alongside greater autonomy for the pupil (Ainley, 2001, p177). This

is, perhaps, the most effective balance between the needs of the pupil and the

needs of the teacher as opposed to the ‘computer-as-tutee’ model at the other

extreme of the spectrum which, although undoubtedly a powerful tool for

learners, can constitute a challenge for teachers (Ainley, 2001, p177). ICT has

undoubtedly revolutionised the appearance of the classroom and many

aspects of teaching practice over the past few decades with the walls now

adorned with such innovations as the ‘Interactive Whiteboard’ (IWB) and

pupils being able to complete their homework ‘online’ and submit it through a

programme which will mark it automatically, thus realising efficiency savings

for the teacher (consider My Maths7). Allied to the more conspicuous

manifestations of technological progress, such as dedicated subject ICT

laboratories for the pupils to embrace different approaches to learning a topic

as described above, it is axiomatic that ICT has evolved to become a critical

component of teaching mathematics and its implementation, as depicted in

7 www.mymaths.co.uk
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this instance for constructing histograms and box plots, is indicative of its

value across the curriculum.

MATHEMATICAL IDEAS AND CONNECTIONS

Having already extolled the virtues of embracing statistics as the confluence

of mathematics and the ‘real’ world (Graham, 2006, pviii) it should, then, come

as no surprise that there are a multitude of connections between histograms/

box plots and other areas within the mathematics curriculum itself and also to

other disciplines. Box plots, in particular, embrace knowledge on the median

average, inter-quartile range, anomalies and outliers that are first encountered

elsewhere in the syllabus and histograms too consolidate previous knowledge

of bar charts, frequency and graphical representation. Both techniques will

inevitably introduce pupils to the distributions of specific data sets and can be

extended to investigate the ‘normal distribution’ and possible explanations for

why a particular distribution may be skewed. It can also act as form of revision

of key concepts in statistics, such as variance, that will be developed to

generate more complex concepts such as standard deviation. Outside the

confines of Mathematics, pupils are also likely to encounter these topics

during investigations in science and/or social science and represent a genuine

cross-curricular learning tool. By liaising with other academic disciplines to

ensure a coordinated approach to teaching such statistical techniques it is

possible that replication can be avoided and a more coherent approach can

be adopted.
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CONCLUSION

This assignment has sought to investigate possible approaches to teaching

lessons on histograms and box plots. It has considered a diverse array of

teaching approaches from more traditional techniques, such as completing

partially filled exercise sheets, to more inchoate strategies, such as getting

the pupils themselves to ‘discover’ the key characteristics of, for instance, a

histogram or embracing interactive technologies. By coterminously

investigating some of the impediments to learning these topics, in the form of

misconceptions, alongside alternative approaches to the initial proposed

lesson plan, it has provided a comprehensive analysis of the issues that affect

the implementation of pedagogy. It has also served to illustrate some of the

wider issues that those involved in the teaching of mathematics face in other

areas of the curriculum. The section which focused on using ICT as an

alternative approach to teaching the construction of histograms and Box plots

also emphasised, however, that whilst technology continues to play an ever-

increasing role in the classroom, its implementation should be managed

carefully and systematically to ensure that a relational understanding, as

opposed to an instrumental understanding, is assimilated and the enigma of a

‘black box’ is not perpetrated.
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