ICOTS8 (2010) Invited Paper McCusker, Nicholson & Ridgway

STATISTICS ASSESSMENT: THE GOOD, THE BAD, AND THE UGLY

Sean McCusker, James Nicholson and Jim Ridgway
SMART Centre, Durham University, United Kingdom
sean.mccusker@durham.ac.uk

Assessment tasks and scoring schemes convey information to students and teachers about the
nature of each discipline, and what is valued. It is important that tasks provoke desirable
classroom practices, and motivate students to continue to engage with the discipline. Tasks from
high-stakes national examinations are presented that are likely to have the opposite effect; Most
are ‘toy’ problems where a technical exercise is presented in a context which is uninteresting and
oversimplified. In contrast, we show tasks that engage students in reasoning with authentic data
from large scale surveys, and that require statistical reasoning to challenge assertions about
matters of fact or plausible courses of action. We believe that better tasks are an important element
in addressing Hand’s (2009) concerns about the public image of statistics.

INTRODUCTION

High stakes assessment has a very strong effect on what happens in the classroom
(Ridgway, McCusker & Pead, 2004; Burkhardt, 2009). The availability of past exam papers allows
teachers to align their lessons with the exam papers which they might reasonably expect pupils to
face in the future. As such, for many children in England and Northern Ireland in the 14-16 years
age group http://lwww.educationaldesigner.org/ed/volumel/issue3/article9/, their experience of
statistics or statistical methods, is heavily influenced by the content of the examinations taken at
the end of compulsory education - GCSEs. These experiences will shape pupils’ ideas about the
nature of statistics and the kind of problems which it can solve, both in terms of context and
complexity of information. A review of a range of GCSE statistics papers and the statistics content
of GCSE maths papers from 2008, the most recent year where a full set of papers is available, has
identified a large number of contexts which are at best mildly interesting and at worst obscure or
tedious - and sometimes both. Such tasks do nothing to teach pupil about the power of statistics to
solve real world problems.

The mathematics curriculum is compulsory at GCSE. It includes a strand dealing with both
probability and statistics. In this paper, the term ‘statistics” will be used to include probability
based items. For most children the only statistics they will encounter as part of their education will
be the statistics items in the GCSE maths papers (a small proportion of children also take GCSE
Statistics as a separate qualification).

EXEMPLIFYING THE PROBLEM
Current Statistics items, both on the GCSE Statistics and within the GCSE maths papers
can usually be grouped into one of 4 categories.

Real world but irrelevant or uninteresting

A food processing plant manufactures pots of organic yoghurt.
The label on each pot reads ‘weight 150 g’.
(a) Give one reason why the company does not check the weight of all pots produced.
(b) To check the weights of the pots, samples of five are selected at random from the
production process.

The mean weight of each sample is recorded.
The company requires that the sample mean weights must fall within the range 150g + 0.8%
AQA GCSE Statistics Higher Tier 3311/H June 2008
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Real world but not age-appropriate

The table shows the Price Index Numbers for the average monthly rental of two-
bedroomed properties in Manchester between April and August.

The base month is April.

Average monthly rental of two-bedroomed properties in Manchester

Month April May June July August
Price 100 97 110 70 96
Index

(a) In which month was the average monthly rental higher than it was in April?
The average monthly rental was £720 in April.

(b) Calculate the average monthly rental in July.

Edexcel GCSE Statistics Higher Tier Paper 1H 1389/1H June 2008

Context irrelevant

Clare is reading a poetry book.

(a) The shortest poem in the book has one verse and the longest poem has six verses.
The poems in the book are from ten to fifteen lines in length.

Design a two-way table for Clare to record the number of verses and the number of
lines for the poems in the book. [3]

(b) Clare counted the number of letters in each word of one poem.

There were 28 words in the poem.

She drew this table to show her results.

Number of letters Frequency
1 2

2 5

3 6

4 8

5 2

6 3

7 2

Total 28

Calculate the mean number of letters per word in the poem.

OCR GCSE Mathematics Syllabus A Paper 2 (Foundation Tier) June 2008 J512/02

Unrealistic context

There are 8 pencils in a pencil case.

1 pencil is red.

4 pencils are blue.

The rest are black.
A pencil is taken at random from the pencil case.
Write down the probability that the pencil is black.

Edexcel GCSE Mathematics B (Modular) — 2544 / Mathematics (Modular) — 2381
Foundation Tier June 2008 -5542F/8B 5381F/5B
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There are other items which, plausibly, are more interesting to 14-16 year olds, such as
Bats and their diseases, birds and their flight speeds or Opinions on the European Union.

STUDENT INTERESTS

Determining the interests of 16-year olds can be much like star gazing; by the time the
light reaches us, the star is long gone. Nevertheless examination of popular media provide some
hints.

Of the most popular books on Amazon in the 12-16 year old range, released in the 90 days
previous to 26/2/10, seven of the top ten were vampire stories; the remaining 3 were from the Percy
Jackson series - the adventures of a 12 year old boy who discovers he is a demi-god. The category
of Hobbies and Interests is dominated by exam revision guides, to the exclusion of just about all
else. Something can be inferred about this domain by grouping the 3927 books into categories.
Science dominates, with 40% of the titles, but perhaps unsurprisingly these are predominantly
curriculum or exam guides. The next 40% is made up from three categories—Arts & Crafts, Sport
and Animals & Pets.

Analysis of the most popular stories on the BBC Children’s News website in February
2010 shows the greatest interest has been in celebrities, disasters and in the peculiar (e.g., ‘Band
backs Cheryl after split’, ‘In Pictures: Chile Earthquake’, ‘Dinosaur-eating snake discovered”).

Development of test items (many of which were statistical in nature) for the World Class
Arena involved extensive classroom trialling. Informal observations showed that children are
particularly interested in the strange and the gross. They also showed a preference for problems
which are real and relevant, if not to themselves then at least to someone. Carlson (1998) makes
similar observations.

High stakes assessment drives the curriculum. In an attempt to avoid possible negative
consequences, Birenbaum et al. (2006) argue that pupil assessment should be derived from
valuable curriculum activities. One virtue of this approach is that pupils can be assessed on their
performance on extended tasks, rather than on short examination tasks where it is difficult to assess
much of the spectrum of statistical reasoning. Their Learning Integrated Assessment System is a
model bridging the space between summative assessment and formative assessment. They
highlight the importance of assessing process as well as product. Here, we offer a sketch of how
this might be done in the context of statistics education. Students are presented with authentic data
on topics of direct interest, and are asked to draw conclusions that can have important
consequences for both individuals and for social policy.

STATISTICAL UNDERSTANDING IN STUDENTS’ BACK YARDS

In his Presidential Address to the Royal Statistical Society, Hand (2009) argues that
statistics as a subject area needs to improve its poor public image, and to do this, must show that it
has the power to solve interesting, relevant and realistic problems. Few 16 year olds have had
experience of statistical solutions to important problems, and few know the kinds of questions
which statistics might help to answer. John Tukey said “The best thing about being a statistician is
that you get to play in everyone’s back yard” (in Hand, 2009). It is reasonable to look for contexts
and questions that are relevant to the back yards of 16 year olds.

The European School Survey Project on Alcohol and Other Drugs (http://www.espad.org/)
shows that, in the UK 70% of students that turn 16 years old during the calendar year of the data
collection, had drunk alcohol in the 30 days previous to the survey. Within the last year, over 50%
had had a heavy drinking episode and over 50% had been drunk to the extent of staggering or being
unable to speak properly. The same survey showed that 30% of 16 year olds had tried cannabis at
least once. Recent surveys (BBC) have shown that nearly a 1/3 of teenagers report having lost their
virginity below the legal age of consent, which in the UK is 16 years. Amongst 16 year olds, sex,
drugs and alcohol are likely to be major topics of interest. It seems perverse to ask them about
pencil cases and the weight of yoghurt.

As well as issues of context, there are important issues around the complexity of data and
the sophistication of the reasoning required. A review by Ridgway, Nicholson and Mccusker
(2007) looked at the content of the statistics papers used for university admissions (A-level
Mathematics). Questions involved mostly uni-variate data, and on the few occasions where bi-
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variate data was encountered, the relationships were linear. However, to imagine that most of the
interesting issues in the world are uni-variate or bi-variate in nature, and can be solved by the
simple statistical models encountered in the UK syllabus is to be naive. The major issues of
relevance to youth today are multivariate in their nature. For example the extent to which one is
exposed to a Sexually Transmitted Disease (STD) is dependent on its prevalence in the age group
and socio-economic status of one’s sexual partner. Any attempts to deal with STD as an issue must
take into account the way in which it has changed over time. (see Nicholson, Ridgway &
McCusker, 2010 for a fuller discussion). Analysis of some 2009 GCSE statistics papers is more
encouraging; there are some instances of non-linear bi-variate relationships, some set in reasonably
interesting contexts.

Interesting context; realistic modeling

The scatter diagram shows the average wingspan and the average weight of 8 British

birds.
: Average wingspan and average weight of birds
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(Source: British Trust for Omnithology)
Put a cross in the box to indicate which one of the equations is the best model for these
data.
r= 1 y=a \:“ X y= ax’
O [m) O

The scatter diagram below shows the body lengths and wingspans of the same birds.

;I.'.he scatter diagram shows positive correlation.
(b) What can you conclude about the relationship between the body length of a bird and
its wingspan?

A line of best fit has been drawn on the scatter diagram.
The equation for this line of best fit is of the formy =ax +b
(c) Work out the equation for this line of best fit.

A crow has a wingspan of 100 cm.
(d) Estimate the body length of this crow.

Edexcel GCSE Statistics Paper 1H Higher Tier1389/1H

There is much in the press which seeks to demonise youth, presenting them in a negative
light, or pronouncing on issues which are relevant to them. Some recent headlines from UK
mainstream media refer to Labour’s maths bungling leaves kids on scrapheap; Shock hike in kid
coke addicts (The Sun-Online), Alcohol and cigarettes are more harmful than Ecstasy and LSD,
says drugs tsar; Booze Britain: hard evidence links alcohol and youth crime (Daily Mail — Online).
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They can’t read, can’t write, keep time or be tidy: Tesco director’s verdict on school-leavers
(Guardian - Online) Violent games ‘worse’ than porn (BBC News Website).

These headlines are illustrative of those which the pupils in the 14-16 age group might
meet everyday in the mainstream press, where ill-founded speculation is presented as fact. It is
possible to create curriculum activities where pupils deconstruct media myths about adolescents.
This has the potential to show the power of statistics. An example is presented in Figure 1 and
Figure 2, that shows a mashup (A webpage with multiple links to information sources) comprising
recent survey data on alcohol use, presented in an interactive display, with links to recent
newspaper articles on alcohol consumption by young people.
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Figure 1. Figure 2.

Students worked with the task for three separate one-hour periods, starting with an
introductory piece focused on smoking, which allowed pupils to familiarise themselves with the
software. The main objective was for the pupils to create a media report on the topic of Alcohol
and Young People.

The structure for student outputs was very open. Pupils were not given strong guidance on
the content of what they were required to produce or how to analyse or interpret the data presented
to them. They were encouraged to explore the domain and report on their findings, with respect to
the news articles. These reports took a variety of forms such as letters to the editor, newspaper
articles, interviews and TV news reports. Students were encouraged to produce a report in any
format with which they felt comfortable. In total about 100 reports were produced and analysed.

Student responses were categorised primarily in terms of: use of argument (the ways in
which students use data to critique or create text media, and the extent to which they synthesise
information from different media accounts); and use of empirical data (judgments on the extent to
which students have made use of the data in the interactive displays).

A high proportion (> 80%) of the children were enthusiastic about the task. Reports were
well presented, with a good sense of audience and structure: only four reports failed to meet all of
these criteria adequately.

* Over 80% of the reports used data, with about 60% using it accurately and appropriately to
critique the media articles or in the creation of their own articles.

* Just over 20% of the reports described trends in a clear and accurate manner, and a further
10% described trends with at least some degree of success.

* About 15% of the reports made mention of 2-way interactions: this is interesting, because
the topic of interaction is usually considered to be too complex at age 16 years. In fact such
analyses are not required even within the A Level Mathematics and Statistics curricula in
England, designed for mathematically able 18 year olds.

DISCUSSION

Pupils” worlds are filled with complex and interesting problems. Statistical reasoning is a
powerful tool which is able to help make sense of these worlds. Pupils need to see the applicability
of statistical techniques and how these can relate to their environment and help them to understand
the issues which engage and threaten their interests. If we lead children to believe that statistical
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reasoning consists of set of techniques which allow them to determine confidence intervals around
the volume in pots of yogurt, they might struggle to see how this set of skills might reveal to them
the threat of catching an STD, help them to counter the bad press which they receive or reveal to
them the fact that the behaviour of their parents’ generation was much worse than theirs.
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