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Abstract

We report new ways for assessing
statistical problem solving when it has
been used in the pedagogy for teaching
and learning statistics. We show that a
range of different skills are needed by
teachers to teach through a problem
solving approach and
cognitive skills that are necessary for
students to be able to learn statistics
through this approach. These make it

consider new

necessary to develop a new regime of
assessment that takes into account the
different skills required by teachers and
learners.

1 Introduction

Following a commission by the UK
government, Smith (2004) published a
report into post-14 mathematics
provision. His report made wide-ranging

recommendations for improving
mathematics education in schools in
England. Based on one of the
recommendations, in 2005 the

Qualifications and Curriculum Authority
(QCA) commissioned the Royal
Statistical Society Centre for Statistical
Education (RSSCSE) to
position of the teaching of statistics and
handling data (S&HD) in the curriculum.

review the

In autumn 2005 the RSSCSE/QCA
Review carried out a national survey of
heads of mathematics, geography and
science to determine their views, needs
and capabilities within the S&HD area.
The results showed that teachers of
science and geography appeared to be
more confident than those of
mathematics when teaching school aged
learners to understand and interact with

statistical concepts and ideas - skills

that are fundamental for getting them to
develop their statistical literacy.

Examining the approach to the teaching
and learning of S&HD within the science,
geography and other curricular it was
noted from the survey that the key
differences in teaching were in the
application of S&HD to real contexts and
problems arising from within each
subject. This corresponds with the
growing body of opinion that has been
suggesting that statistics is best taught
through problem solving. These research
findings led the project team to develop a
set of learning and teaching resources for
mathematics lessons by
mathematics teachers that draw on real
problems in real contexts. Alongside the
teaching materials a new assessment
regime was developed that is designed
specifically to test the effectiveness of
teaching and learning in a problem
solving setting. In this paper we describe
the strategy we used to produce the
resources and assessment.

use in

In the next section we review the way
teachers of statistics have gradually
proposed changing the way statistics is
taught to make it more relevant, with
some making the case for
problem solving approach entirely. As
part of the RSSCSE/QCA Review we
devised a portfolio of problems through
which some topics in statistics can be
taught and we report the development of
resources to support this approach in
section 2. In section 3 we describe one of

using a

the resources that we produced in some
detail and also briefly describe how they
were trialed in schools. In section 4 we
report the development of methods for
assessing this approach and present an
analysis of the results obtained from
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trialing the new assessment. In section 5
we present the results and effectiveness
of our methods. In section 6 we present
some conclusions and suggest that our
findings could be used for the
development of teaching, learning and
assessment of statistics at all levels.

2 The Problem Solving Approach for
Teaching and Learning

A simple paradigm for solving problems
using statistics is summarised in the
English National Curriculum using four
activities: specify the problem and plan;
collect data from a variety of suitable
sources; process and represent the data;
and interpret and discuss the results.
The activities are cyclic (illustrated in
Figure 1) because it may be necessary to
refine the initial approach to solving a
problem and repeat the process over
again. Throughout this paper we refer to
this four stage cycle as the (statistical)
problem solving approach (PSA). It is
also known as ‘the handling data cycle’.
There are variations of this cycle that
are currently being used — for example
Wild and Pfannkuch (1999) proposed a
five-stage procedure that is closely allied
with the cycle illustrated in Figurel.

v Specify the
7 problem and
it plan

Interpret and Collect Data
discuss

Process and
represent data

]

Figurel The statistical problem solving approach

It was from the early to mid 1990s that
literature began to emerge which was
explicit in advocating the use of the PSA
(see, for example, Chatfield 1995 and

2002) for the teaching of statistics.
Stuart (1995 and 2003) discusses the
dominance of mathematical thinking in
statistics education and suggests the
PSA as being a good counter-measure to
this. Garfield (1995) and Garfield and
Ben-Zvi (2007) summarise educational
research views on statistical learning
which suggest that teaching statistics
through solving problems is considered
to improve learners’ skills, particularly
as they interact with real data, see also
Cobb (1992) and Cobb and Moore (1997).

More recently Franklin and Mewborn
(2006) reported that the
Statistical Association has endorsed the
reports the
Assessment and Instruction in Statistics
(GAISE) project which
advocate the active learning of statistics
using real data and a problem solving
approach. Rossman et al (2006) found
that using the problem solving approach
in the teaching of statistics is of great
benefit to both teachers and learners, a
view also supported by Groth (2006).

American

from Guidelines for

Education

The PSA has been included in the
English National Curriculum since 2000,
but carrying out the problem solving
cycle depicted in Figure 1, using real
data real-world problem contexts,
requires a number of different cognitive
skills. Thus, in devising a teaching,
learning materials and assessment
regime that can be used to grade
learners’ problem solving skills, these
cognitive skills need to be identified.
Different forms of learning also need to
be recognized. Bloom et al. (1956)
published a taxonomy of educational
objectives which was later revised by
Anderson and Krathwol (2001). The six
categories of Anderson’s

in

revised
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taxonomy
understanding;
evaluating; and creating.
categories to
hierarchy of skills — although there is
some educational debate as to whether

are: remembering;

applying; analysing;
These
be a

are considered

they are also progressive.

In considering the development of the
teaching, learning and assessment
resources that use the PSA we completed
a mapping from the handling data
specification within the English national
curriculum for mathematics onto the
categories of the revised taxonomy. Table
1 presents this mapping and shows that
each stage in the cycle demands the use
of at least four levels of the taxonomy.
For example, even at the first stage of
the PSA, the only category that is not
used to any extent is ‘evaluating’.

Anderson and Krathwohl (2001) also
introduced a second attribute/category
which they refer to as the knowledge

dimension, representing the outcomes of

the thinking process, are factual,
conceptual, procedural and
metacognitive. The classification in

Table 1 was used, together with a two
way table that combines the cognitive
process dimension with the knowledge
dimension, to produce a mapping of the
learning objectives of the statistical PSA
onto the resulting two way classification.
This table is not reproduced here, but
can be
www.rsscse.org.uk/gca/doc/psatwowaymap.pdf.
This process then naturally identified
our starting point for the development of
both the teaching and learning materials
and the assessment and its associated
guestions.

viewed at

dimension. The categories of this
Tablel Revised Taxonomy and the Problem Solving Approach
Stage of problem | Descriptor Level in taxonomy

solving approach

(from the QCA specification)

(from the revised taxonomy)

1. Specify the
problem and plan

formulate questions in terms of
the data needed, and consider
what inferences can be drawn from
the data; decide what data to
collect (including sample size and
data format) and what statistical
analysis is needed

Remember: recognising; recalling
Understand: interpreting; exemplifying;
explaining

Apply: executing

Analyse: differentiating; organising
Create: planning; producing; generating

2. Collect data

collect data from a variety of
suitable sources, including
experiments and surveys, and
primary and secondary sources

Remember: recognising; recalling
Understand: classifying; comparing
Apply: executing; implementing
Analyse: organising

Create: planning
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3. Process and turn the raw data

represent the data
the problem

into usable
information that gives insight into

Remember: recognising; recalling
Understand: interpreting; exemplifying;
classifying; summarising

Apply: executing; implementing
Analyse: differentiating; organising

4. Interpret and answer the initial

discuss the data

question by
drawing conclusions from the data

Remember: recalling

Understand: interpreting;
exemplifying; summarising;
inferring; comparing; explaining
Analyse: differentiating;
organising; attributing
Evaluate: checking; critiquing
Create: generating; producing

From January to September 2006 the
RSSCSE/QCA Review project produced
eight exemplar resources for teaching
statistical topics through the PSA. These
designed, written, trialed and
refined using input from practicing
teachers in secondary schools in England.

were

The resources are freely available from
the web site www.rsscse.org.uk/gca.
These materials are designed to support
delivering statistical
concepts in a holistic manner. A simple

teachers in

and appealing version of the handling
data cycle diagram was used (see Figure
2) which is reinforced and repeated
throughout the and
presentation of the materials

delivery

These resources differ from what has
previously been used in schools in two
important The first, and
arguably the most important, part of the
PSA occurs at the planning stage of the
cycle. These resources lead learners into
a detailed discussion of the problem and
come to a decision that data can assist
in addressing the problem and
attempt to seek a solution. The learners
then decide what data they think would
be the most helpful and they discuss and
arrive at a decision as to how best these
data might be collected. This experience

respects.

them

draws the learners into the problem and
the
procedures that are to follow and,
therefore, of the solutions that are
eventually The second
important feature of the materials is

establishes their ownership of

formulated.

that there is regular reinforcement of the
cycle involved in the PSA with constant
reminders of the current stage of the
process as the investigation proceeds.
These two features serve to establish and
reinforce the statistical PSA as a natural
and powerful evidence-based and logical
approach to solving problems.

Plan Colbect

Process

The Problem Solving Approach
15 thare anything
elze you would ke

to investigata? g Eiﬁ%l
G VI \\

Collect % 3'

iscuss '

Figure2 Schematic diagram of the problem solving

approach

The teaching materials and supporting
designed
formative and summative assessment.

documentation are for

Teachers are provided with notes which
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they can draw on as much or as little as
they need to. These contain suggestions
for discussion and so support teachers in
their use of questioning for formative
assessment. There are also worksheets
which allow teachers to get quick
insights into learners’ understanding
throughout the lesson. Summative
approaches to assessing the materials
enabled us to judge the effectiveness of
the materials in terms of the learning in
the classroom.

3 New Resources for Teaching and
Learning

In order to fully illustrate the manner in
which the PSA is used in the resources
we have developed, we describe in detail
one of them, called “How safe is your
area?” On the website for this resource
(www.rsscse.org.uk/qcal/resources.htm)

the teacher can find a teacher’s overview
of the resource, access to both
PowerPoint and over head projector
(OHP) versions of the resource and a
pupil worksheet and pupil questionnaire.
We discuss the PowerPoint version in
this section and PowerPoint notes that
advise the teacher on the use of the
presentation are also available to
download. These duplicate in large part
provided within the
PowerPoint file itself.

the notes

3.1. Example resource

The presentation opens with the slide in
Figure 3 and a statement of the lesson
objectives which are that children should
learn to:
e relate individual statistical
techniques to a wider problem;
e think analytically about a
statistical problem;

e apply a variety of techniques to
solve a problem.

The four stages of the PSA are clearly
marked at the top of each slide and are
colour coded throughout the presentation
to provide visual cues to the pupils.
Additional visual cues are provided by
associating different icons with each
stage in the cycle. During any stage this
icon is displayed together with an
enlarged colour coded box to allow pupils
to associate their current activities with
the stage of the cycle they are currently
working on. These points are
illustrated for the PLAN stage in Figures
3 and 4.

Plan callect Process Disciies

How safe is the
area you live in?

Figure3 Introductory slide in “How safe is your

area?”

Cobloct Procass  Biscuss
Plan @
How safe is the area you live in?

T, radic and newspapers regulary report crimas and
crime statistics,

g =TT o
s T— _Eﬁ gz miisguecd Broen] B joil - ]

Figure4 Initial slide for the PLAN stage

As the first slide for each stage of the
PSA appears, the associated notes for the
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teacher show the objectives. For the
PLAN stage these are that children
should learn:
. the context of the problem;
. to ask questions about
presented information;
. to hypothesise.

The teacher is then advised to begin with
a quick discussion of the media and
reporting of crime - some example
guestions are provided:

o What was the most recent

crime that made the headlines?

. What kinds of crimes tend to
make the headlines?
. Why do they make headlines?

These questions are presented on a slide
that
enable pupils to learn the context of the

is then followed by slides that

problem by discussing questions that
relate to the
different regions, the perceived relative

incidence of crime in

‘importance’ of different types of crime
and how they are
authorities.

recorded by the

Credledt

Plan

How safe is the area you live in?

The guesticn "how =afe is your area’ can be looked at in
b ways- by finding out the actual crime figures and by
fooking at how worned pecple are about crime.

Procass

‘Which approach will you use?

Loeal crima Paopla’s parceptions
figures of crime
o et | Saley

Figure5 Different approaches to the problem

The class could address the “How safe is
your area?” problem by investigating the
perception of crime. This will require
them to conduct their

own survey

(primary data), or they could study

actual crime figures (secondary data)
from government websites to answer the
same question (with less processing of
data at the initial stage). Once the
appropriate choice has been made (see
Figure 5) the PowerPoint presentation
branches off down one of two different
routes of investigation. At the end of the
first route the PowerPoint presentation
offers the second alternative route as an
extension activity. If neither button is
selected, the PowerPoint presentation
will, by default, follow the secondary
data route. Here we follow the primary
data route as an illustration. Figure6
shows the first slide for this route.

; Coltoct s —
Plan @
Some possible questions
Which crimas are peagls most womried about whers

vou live?

Dies a person’s feelings (perception) abouk crime
have anything to do with thair 298 or gender?

what type of information will help us answer ;
these guestions?

Questionnaire/ Survey

Figure6 Formulation of the PLAN

Frocess

Plan @Cailef}@

Where can we get suitable data...
on how worried people are about crimes?

A survey which we design )
British Crime Survey

Ca_nsusﬁtﬁl:hn:g!.nt:l.ac.uk —Meﬂm

< wWhich h’r:ady Fas real ”q

o — data from a survey af - —
sehact puie

Figure7 Consideration of data sources

The final part of the PLAN stage can now
take place in which the pupils discuss
how they can collect suitable data.

Clearly there is an overlap between the
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PLAN and COLLECT stages of the cycle
and this is emphasized by highlighting
both at this point of the presentation as
is shown in Figure7.

At the transition point between stages of
the cycle the of the PSA is
emphasized by the use of slides that
remind the pupils where they currently

use

are in the cycle. Figure 8 shows the first
of these for this example.
Plan

Collect Procass

The Problem Solving Approach

58
Plan |

! L

ot

coue;}@

Figure8 The use of the PSA being reinforced

The fifth phase (2004- 2005 UK academic
year) of the CensusAtSchool project
contained four questions on pupils’
perception of crime. Pupils were asked
having
being mugged; being

attacked; and being insulted. The range

“how worried are you about...”:
property stolen;

of responses was limited to ‘Very’, ‘Fairly’
‘Not very’, ‘Not at all’. These
alternatives are the same as in a recent
European survey of crime. The
RSSCSE/QCA website contains random
samples of data from learners’ responses

and

from each region of the UK, each sample
containing anonymous answers for 12-16
yr olds. PDF versions of these data can
be downloaded from the right hand side
of the “How Safe Is Your Area?” webpage
using drop-down menus.

How Safe Is Your Area?

[ 1]

How worried are you of being a victim of...
Not

[ ]

Age Gender

Not at

all very Fairly Very
Stolen O O O O
Attacked O O O O
Mugged O O O O
Insulted O O O O
O O O O
Figure9 The questionnaire
Py Collect Frocews  Dlscusi
MHW safa is your araa? B S d

Stolen | Mtackod | Mugged | [nssmed |
| ¥ T = ] " [T
|

r i ;
o | aon | g |

Figurel0 The summary sheet

Alternatively, pupils could be encouraged
to record their own perceptions and
Figures 9 and 10 show the pupil-centered
resources that are available for the
of primary data for this
Figure9 the single
guestion questionnaire, these are also

collection
example. shows
available from the website and can be
distributed around the class. FigurelO
shows the summary sheet and each pupil
is encouraged to enter their data as a
line in this sheet. The resulting sheets
can then be processed.
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Plan Discists

Collect
@Pmc ess
Using Crime Statistics

Cnoe we have collected our data, how can we use it to
sofwe each probfem?

Which crimes are people worried about where you live?

Voarwerind miwpoz ol being
mupged?

Being mugged
Wery worriad [ I'I.".:'I. RM:I’ i w
Fairly worried | i W | %x'-
Mok very worred | "ﬁ,]q'\,]!.- rat I e & {
Mot atall | W WOl £

Figurell Processing the data

At the PROCESS stage of the PSA,
illustrated in Figure 11, the pupils are
prompted to discuss how the data can be
assembled into a table. A discussion of
whether the use of percentages or totals
is more useful is then followed by the
associated calculations. The discussion
then turns to how data might be

presented graphically.

The final, DISCUSS, stage can start with
a look at some of the results from a

random sample taken from the
CensusAtSchool web site and how the
responses there compare with the
perceptions from the class. This

discussion can then be extended to other
guestions the CensusAtSchool
survey. The slides shown in Figure 12
illustrates a discussion around the
perceptions of two different crimes and

from

Figurel3 shows questions that return
the discussion to the original PLAN
stage and help to summarise the pupils
findings.

Plan callect Process

nis:uw

How safe is the area you live in?

These twe crimas show 2 similar set of responsas from pupils.
For each, more than half are either fﬂlll',' or very worried

Vickim of
violence

Being
mugged

ot
55%

Togathe
53%

‘What do these crimes have in camman?

Figurel2 Comparisons

" Mlan Colluc Procass

How safe is the area you live in?
Which types of crimes did you investigate?

‘What can you say about peoples” pereeptions for esch
type of crime?

Are there any patterns you have noticed about Ehe
opinions pecple have given?

Yiou row have an idea of how warried people are about
particular crimes. But how common are these crimes in
yvour area¥ Should people in your area really be wormed
abrout Ehese crimes?

Figurel3 Discussion summary

3.2. Feedback from teachers

The resources developed for the
RSSCSE/QCA project were trialed in 43
schools from a random sample selected
by the QCA. The teachers using the
resources were asked to provide detailed
feedback using an online form in which
they were the
effectiveness of the material from their
experience. The feedback form
contained 26 statements the
teachers used a sliding scale (from 0 for
disagree to 100 for agree) to express
their views. The teachers who responded

asked to evaluate
own
and

in this way expressed strong support for
the use of both the PSA and materials of
the type we provided. In addition over
75% of the teachers providing online
feedback indicated that they would use
the resources with older pupils. The
teachers were also asked for open-text
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written feedback and we provide here a
selection of the comments from teachers
who trialed the resources. The resources
were amended on the basis of the
detailed provided by
classroom teachers and referees.

comments

4 Developing a New Assessment
Regime

A change in teaching and learning leads
to the need for a regime change in the
corresponding assessment. For example,
one that grades learners’ knowledge and
skills in problem solving could not just
rely on asking, for example, guestions
about the mechanics of calculating
summary statistics, or the ability to
draw bar charts and/or histograms. The
regime needs to focus on the thinking
behind each stage of the process, the
links between the stages and an ability
to entertain the fact that there may be
more than one solution to a statistical
problem. In this section we describe the
way which developed
assessment regime taking into account
these key points and the thinking needed
to learn through statistical problem
solving.

in we an

After considering various options for the
PSA we decided to develop an online
assessment regime which involves
setting themselves up
advisors and critiquing the work of
others. Having recognized that high level
skills are demanded in applying the PSA
(see Table 1) it was felt that assessment
to supported
environment, particularly when
considering that the initial design of the
learning materials was for use with 12
year old However,
believe that older learners, for example

learners as

needed occur in a

learners. we now

-10 -

at UK A level study (learners up to the
age of about 18) and at first level at
university, benefit from the
approach we have adopted, both for
learning from being taught through the
PSA and being assessed on the approach.

will

We were also confronted with the need to
create a time-constrained assessment
and were concerned that it should be
accessible to learners with a wide range
of ability. By necessity, S&HD has a high
level of literary demand and by using an
online tool features such as audio
commentary and zooming can be used to
make the assessment as accessible as
possible. Similarly, the
familiar context for the problem at the
core of the assessment puts learners at
ease and helps to generate genuine
interest in the problem they are trying to
solve. A computer-based tool has the
added advantage that large sets of data
can be used where appropriate, and are
easily stored on a computer database. We
believe that the assessment environment

choice of a

not only draws out learners’
understanding in these areas but also
presents S&HD in a manner similar to
the way it in practice by
professional statisticians. Finally there
is a gradual move towards the use of
online assessment from within the QCA,
which also one of the

recommendations by Smith (2004).

is used

was

We chose as a context for the assessment
a scenario associated with the purchase
of a new mobile phone: Getting the best
deal. We felt that it was important that
the familiar context should be easily
accessible and should also have the
potential to be supported with audio files,
allowing the reading aloud of text within
the assessment.
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The assessment, which comprises three
sections, A, B and C, was designed to
take one hour to complete. The questions
used are described in detail in Table 2
and we now summarise the main results
of the online assessment.

Section A is designed to test the
candidates’ knowledge of the whole PSA
and presents them with a modified
version of Figure 1 (see Figure 14).
Candidates are presented with four
descriptions of the activities undertaken
during the different stages of the cycle
and are asked to drag and drop the
descriptions into the correct locations.
The next question presents them with
the cycle and asks them to explain in
their own words why it is described as a
cycle and why this description is
important.

Start here
i S l‘

[ Final stage | | 2nd stage

Figureld Template for the first task in the

assessment

Section B starts by describing a case in
which a student, ‘Ayesha’, has used the
problem solving approach to decide
which mobile phone would be the best

value for money. Ten statements
summarising the process are presented
and the candidates are asked to read
them and to drag and drop each into its
correct ‘box’ of the cycle diagram (Figure
14). This is followed by eight further
guestions that carefully probe the
candidates’ wunderstanding of what
Ayesha did at each of the different stages,
and the extent to which she was correct
in her work.

Section C describes another child, ‘Andy’,
who also wants to buy a mobile phone but
who has not completed the problem
solving cycle. Instead the candidates are
led through eight slides in which
available information is presented and
the candidates are invited to help make
some decisions. After some of these
decisions the candidates are told what
was actually done but they cannot return
to previous pages to change their
responses. The next stage presents the
collected data and encourages learners to
interact with them. The candidates are
asked to undertake calculations, make
comments on the data and to consider
suitable graphical presentations and
summary measures. They must then type
in responses as part of a discussion of
what has been found and finally make a
decision as to which phone should be
purchased. The last three questions
explore the fact that the data used by
Andy was not all that was available and
leads them to comment on how the
problem solving cycle could be revisited
if different questions are posed.

Table2 Questions in the on line assessment “Getting the Best Deal”

Question | Task

A. Overview of the problem solving approach
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A0

Al

The descriptions of the stages of the cycle must be dragged and dropped into the
correct position.
Explain why the process is called a cycle and why that description is important.

B. Ayesha’s investigation

Ayesha has been told she now has to pay for her own mobile phone. She wants to use what she

has learned about the problem solving approach from her math teacher to achieve this. She has

written up her investigation in rough using ten statements.

BO

The ten statements, describing Ayesha’s investigation, must be dragged and
dropped into their correct positions in the cycle.

With reference to the ‘plan’ statements in Ayesha’s investigation

Bl Look at the four statements and then indicate whether someone else could read
this plan and then carry it out for themselves (Yes, No or Don’'t know)ft.

B2 If they answer ‘'no’ to B1, describe what other information they would need (by
typing into a text box)f.

B3 Indicate which of the statements states the problem Ayesha is trying to solve
(‘Don’t know’ is one possible answer).

B4 Suggest another method Ayesha could use to choose a day at random (text box).

Question | Task

With reference to the ‘collect’ statements in Ayesha’s investigation

B5
B6
B7

What is the mean length of Ayesha’s phone calls (text box)?

Comment on her choice of shop (text box).

Would collecting more information on different deals help? Explain your answer
(text box).

With reference to the ‘process’ statements in Ayesha’s investigation

B8

B9

B10

The process statements used by Ayesha are presented showing her calculations.
Why did Ayesha use the number 30 in the calculations (text box)?

Do you think it is reasonable to expect she’ll use her phone the same amount each
month (Yes, No or Don’t know)?

Explain your answer (text box).

Are there other things you think she should do with the data (text box)?

With reference to the ‘discuss’ statements in Ayesha’s investigation

B1l1

B12

B13

Would you advise Ayesha to change to the deal given that the calculations are
correct (Yes, No or Don’t know)?

Why (text box)?

Ayesha thinks that £56 is a lot of money and 840 minutes is a long time. It is based
on data from one day. What might have happened on this day for it to be higher
than normal (text box)?

What could Ayesha do to check if her use on this day is similar to other days or not
(text box)?

C. Andy’s investigation

Andy considers advertisements for two phones that only differ in the amount of time and

number of texts that are included in the package. The two adverts are displayed.

With reference to the ‘plan’ stage of Andy’s investigation

Ci

Andy’s friends say that the deals are the same. Do you agree (Yes, No or Don't

-12 -
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know)?
C2 Can you give an example of when one deal might be better than the other (text
box)?

Andy decides to investigate how much he uses his phone to see which is the better deal. The
candidates’ task is to help him with his investigation.

(After the candidates have committed to an answer they cannot return to it later in the light of
what Andy actually decided. They are told that their responses will be judged on the basis of
whether their reasons and explanations are correct, not on whether they choose the same
course of action as Andy.)

C3 What data do you think he should collect (text box)?

C4 Over what number of days, weeks or months should he collect data? Explain your
choice (text box).

C5 How could he collect the data (text box)?

A handwritten statement of Andy’s problem and plan are then presented for consideration.

Cé6 Why does he decide to choose a bill at random (text box)?

Cc7 Why are his mobile phone bills a good way to collect the data (text box)?

With reference to the ‘collect’ stage of Andy’s investigation

A table of the data that Andy decided to collect (hnumber of calls, total call duration and number
of texts for each of 31 days).

cs8 The call durations are in seconds and look messy. Suggest how Andy could make
this better (text box).

With reference to the ‘process’ stage of Andy’s investigation

He decides to change the seconds to minutes and round them to the nearest half minute

C9 Andy has done the first few, can you do the rest below? (Four numerical data boxes
are there for the answers to be entered and an on screen calculator, together with

instructions for its use, is also available.)

Question | Task

C10 One of the rows in the table doesn’t look right to Andy (the row is presented). Can
you spot why (text box)?

C11 Can you explain why it’s happened (text box)?

C12 Is it a problem (text box)?

C13 Complete the frequency table for the number of calls made each day for the month.
(Numerical data boxes labeled 0, 1, ..., 12 are there for the answers to be entered.)

Look at the chart below (line graph of daily call duration). Mark whether you think
C14i it is helpful or unhelpful (or not sure) in deciding which package to use.

Look at the chart below (bar chart for number of calls per day). Mark whether you
C14ii think it is helpful or unhelpful (or not sure) in deciding which package to use.
Look at the chart below (pie chart for number of calls per day). Mark whether you
think it is helpful or unhelpful (or not sure) in deciding which package to use.
C1l4iii Look at the chart below (scatter plot of nhumber of calls vs number of texts). Mark
whether you think it is helpful or unhelpful (or not sure) in deciding which package
to use.
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Cl4iv Candidates are asked to undertake calculations for the number of calls made daily.
(Numerical data boxes labeled mean, median, mode and range are there for the
answers to be entered.) On screen calculator is provided.

C15

With reference to the ‘discuss’ stage of Andy’s investigation

C16 What does the mode tell you about how Andy uses his phone (text box)?

C17 How long does he spend on the phone in the month in all (text box)? Candidates can
use the data and charts on previous screens.

C18 Which package do you think he should choose and why (text box)?
Superimposed line graphs of number of texts and number of calls for a different
month are presented. An anomaly is highlighted.

C19 Can you give a possible explanation for what happened here (text box)?

Referring back to the ‘plan’ stage of Andy’s investigation

Andy had noticed that lots of phone deals seemed to suggest that the more texts you send the

fewer calls you make. Two sample deals are presented.

C20

Write a plan for an investigation to look at whether it is true that the more texts a
person sends, the fewer phone calls they make.

tWhere ‘Yes, No or Don't know’ is indicated there are three check boxes.

tWhere ‘text box’ is indicated the candidates are invited to “Type your answers here”.

Our approach to designing a grading
scheme and then allocating marks for the
assessment adapting the
delightfully simple grading scheme for

involved

UK A level coursework in statistics
provided by the MEI. This allocates the
assessment questions to domains for
grading and uses a very simple mark
allocation scheme. In our regime we
use five domains: the first to allow for
the holistic view of the problem solving
approach and the remaining four to

correspond to the four different stages of

the problem solving cycle in Figure 1.
Following suggestions by Garfield (1994,
example 2) we allocated marks that
correspond to the responses candidates
make to each question being incorrect (0
marks), partially correct (1 mark) or
correct (2 marks). Each of the five
domains could also be given different
weightings if an examiner so wishes. The
resulting mark allocation scheme is
in Table 3, where we have
indicated a drag and drop question by
‘D&D’.

shown

Table3 Assessment sheet for Getting the Best Deal

Domain | Mark | Question | Description Comment | Mark
Holistic 0,1,2 | AD&D Places descriptions in correct
view locations.
0,1,2 | Al Clear statement of what cycle means.
and why it is important.
0,1,2 B D&D Places statements into correct stages.
of the cycle.
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Ayesha

Plan 0,1,2 Bl & B2 | Gives a clear justification for choice
of response to B1.

0,1,2 B3 Correctly identifies the statement
that is the problem to be solved.

0,1,2 B4 Gives a clear description of an
alternative method that could be used
to choose a day at random.

Collect 0,1,2 B5 Correctly calculates the mean.

0,1,2 B6 Clearly comments on the choice made
for the shop.

0,1,2 B7 Presents clear discussion of whether
collecting more information would
help.

Process 0,1,2 B8 Clearly states why the number 30
was used.

0,1,2 B9 Gives a clear justification for choice
of response to whether phone use
could be expected to be the same in
other months.

0,1,2 B10 Clear statement of other uses that
should be made of the data.

Discuss 0,1,2 B11 Gives a clear justification for choice
of advice on whether deal should be
accepted.

0,1,2 B12 Gives a clear statement of possible
reasons for data to be an outlier.

0,1,2 B13 Makes a clear statement of how data
should be checked.

Andy

Plan 0,1,2 Ci Selects the correct answer.

0,1,2 C2 Clearly states an example of how one
of the deals could be better.

0,1,2 C3 Clearly states which variables should
be measured.

0,1,2 C4 Gives clear explanation of the choice
of time period over which data should
be collected.

0,1,2 C5 Clearly describes how the data could
be collected.

0,1,2 C6 Gives a clear explanation of why a bill
is chosen at random.

0,1,2 C7 Gives a clear explanation of why

phone bills are a good data source.
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Domain | Mark | Question | Description

Collect |0,1,2 C8

Makes a clear suggestion of how data
tabulation can be made less messy.

Process | 0,1,2 C9

statistics.

Correctly calculates call durations.
Correctly identifies mistake in data.
Gives clear explanation of why mistake
Gives clear statement of whether this
Correctly completes the frequency
Makes a sensible response to question
Makes a sensible response to question

Makes a sensible response to question

Makes a sensible response to question

0,1,2 | C10
0,1,2 | C11

is there.
0,1,2 | C12

poses a problem.
0,1,2 | C13
0,1,2 | Cl4i table.
0,1,2 C14ii about time series plot.
0,1,2 C1l4iii about bar chart.
0,1,2 Cl4iv about pie chart.
0,1,2 C15 about scatter plot.

Correctly calculates summary

Discuss | 0,1,2 C16

0,1,2 |C17
0,1,2 |C18
0,1,2 |C19

Gives clear interpretation of the mode.
Gives correct interpretation of results
from frequency table.

Clearly states preferred choice of
package and clearly explains reasons.
Gives a clear interpretation of the new
graphical information.

Plan 0,1,2 |C20

Constructs a clear plan for a further
investigation.

A mark of 0, 1 or 2 is allocated for each question asked of the candidates. These correspond to
the responses being incorrect (0), partially correct (1) or correct (2).

The assessment was given to a range of
learners who had experienced the
problem solving teaching/learning
resources developed at the material
development stage of the RSSCSE/QCA
review. The assessment materials are
intended to test the learners’ ability to
approach statistics in a holistic manner.

The assessment was well received by the

classes who trialed it and teachers could
choose to use correct answers in their
teaching after the assessment had taken
place. In addition to the factors that led
us to choose an online approach to the
assessment, we feel that this form of
online assessment has
educational advantages over paper-based
equivalents. We also believe that the
assessment regime developed for this

several
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project has much educational potential
for learners of al/l ages and we are
currently developing it for first-level
non-specialist university students.

Garfield (1994) stresses the need for
assessments that measure the
understanding of a PSA that can also be
viewed as an integral part of the
teaching and learning process. The
assessment we have produced is a
prototype of a tool that could be used to
judge the effectiveness of teaching
materials at different levels. The
structure and approach we have adopted
is appropriate for a variety of ages and
ability of learners. The template could be
adapted for a wide range of individual
needs. It is our belief that there is
potential for further developing the
assessment and providing feedback in
the following ways.

1. The assessment in its current
teachers to give
formative feedback by providing
responses for the whole group in a
spreadsheet. The responses could be
combined to produce a completed
exam paper for each student; this
could also be accessed on screen.
Similarly, the teacher could select a
particular response to a question and
examine the spread of responses
learners to become

form allows

allowing
accustomed to the idea that there is
often no single correct response to
some gquestions in statistics.

2. The potential exists for feedback
in the form of a checklist of skills
with a guide as to how learners have

performed against each skill. This
could work in partnership with a
portfolio of assignments to
demonstrate each skill.

In order to understand how this proposed
approach to assessment was received by
the pupils we approached teachers who,
of necessity, had trialed the materials
with their classes. Three of these
teachers agreed to use the assessment
with their pupils after delivering a class
to review the PSA. A total of 58 pupils
took the online assessment and
submitted their responses. The pupils
tested fell into two year groups, year
groups 8 and 9, and they were all given
the test during normal class time.

5 Results

In Figurel5 we display the star plots of
the scores of 25 learners in each of the
five domains: ‘Holistic’; ‘Plan’; ‘Collect’;
‘Process’; and ‘Discuss’. The length of
each arm of the star plot represents the
total score each learner achieved in each
domain. Thus a learner who achieved full
marks in each domain would have a
symmetric star with each arm at its
maximum length. For example, the third
star from the top left shows that that
learner did very well overall, but the
first star in that row shows that that
leaner did well in the ‘Holistic’ and
‘Collect” domains, but less well in the
‘Plan’, ‘Process’ and ‘Discuss’ domains.
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Figurel5 Results of 25 learners in the five domains

Star plots provide useful ways to judge
how well each individual learner has
performed and also gives an overall
impression of how a whole group has
done. Thus the stars in Figure 15 show
that the 25 learners represented by the
stars tended to do less well in the
‘Process’ and ‘Discuss’ domains, but

rather better in the other three domains.

In Figurel6é we show the overall scores
for all learners. It can be seen that the
full range of marks were used with the
man and median mark being close to
each other, although the distribution of
marks is skewed.

Summary for Total %o

Anderson-Darling Normality Test

— A-Squared 0.64

P-Value 0.090

Mean 37.046

/ StDev 18.265

Variance 333.613

Skewness 0.295180

Kurtosis -0.254043

— N 58

Minimum 0.000

1st Quartile 25.987

Median 35.526

3rd Quartile 51.645

® 2 @ o Maximum 78.947
95% Confidence Interval for Mean

— T3 o nos
95% C onfidence Interval for Median

27.692 36.842

. N

9596 Confidence Intervals 95% Confidence Interval for StDev

15.441 22.362

Mean+] I {
I
Median-| r

30 35

Figurel6 Overall distribution of marks for all learners

Table4 gives summary statistics for the
scores achieved by all of the pupils

within each of the domains.
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Table4 Test scores by domain
Domain | Minimum | Q1 | Median| Q3 | Maximum
Holistic 0.00 50.00 | 50.00 | 83.33 100.00
Plan 0.00 27.27 | 45.45 |59.09 90.91
Collect 25.00 50.00 | 68.75 |87.50 100.00
Process 3.85 11.54 | 19.23 |46.15 88.46
Discuss 0.00 12.50 | 21.43 |42.86 71.43

It is clear from Table4 that a wide range
of marks can be attained in each of the
domains. Note in particular that,
observed in the star plots in Figure 15,

performance
and ‘Discuss’

as
there is relatively poor
in the
group of questions.

overall ‘Process’

In Figurel?7 we display the box plots for
each year group. Note that in this Figure,
code C is the year nine group (age
approximately 14) and codes D and P are
year 8 (age approximately 13).

Boxplotof Holistic , Plan , Collect, Process , Discuss % vs Code
S 3 5
Holistic % Plan % Collect %
100 100
80
75 - 80 -
60
50 20 4 60
25 20 40
0 0
Process % Discuss % 20 g 0 y
80 C] D P
80 - :
60 »
60 »
40 4
40
20 % $ 209
0 T T T 0 =
C] D P
Code

Figurel7 Boxplots of learner scores by age group

All groups seem to have grasped the jidea
of the PSA (‘Holistic’ domain) and
performance is similar for the ‘Collect’
domain. The observed poor performance
could be due to the two year 8 groups
performing less well than the year 9
group for these questions and also,
although to a lesser extent, in the ‘Plan’
guestions. The performance at the
‘Collect’ stage is similar for all groups,
regardless of age, and all three groups
appear to have grasped the overall idea
(‘Holistic’ domain) of the problem
solving cycle to a similar extent.

In order to investigate this further we
undertook an analysis of variance for the
scores from all the questions (expressed
as percentages) with domain and year
group as main factors. Both of the main
effects proved to be highly significant as
was the interaction. The interaction plot
is reproduced in Figure 18 and clearly
shows the interaction to be between the
class (D and P are the year 8 groups) and
the domains.
These results are in line with what might

‘Process’ and ‘Discuss’
be expected in that the more complicated
the

younger pupils. The time available for

tasks proved more difficult for
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the test also appears to have been a apparent success in enabling pupils to
factor in pupil performance as less than understand the PSA and the relatively
half of the pupils attempted questions sound performance in both the ‘Plan’
C13 to C15 and questions C17 to C20. and ‘Collect’ domains for all pupils.

What is encouraging, however, is the

Interaction Plot (fitted means) for score %o
'C. : i
e domain
S omeme e o —— Collect
A B
‘\ —h - Plan
domain o ® L 40 Process
L B Lk
ER =T
LH\L_J_____—I F20
Bl class
—— C
&0 4 —m— D
P
40 4 class
20+
CDII;ect Discluss Hu:ulilst|c F‘Ielun Procless
Figurel8 Interaction plots for percentage question scores
6 Conclusions Learners of al/l ages benefit from skills
acquired through problem solving. The
In this paper we have presented template for teaching, learning and
materials that could be a methodology assessment that we have produced we
for teaching and learning through a shall be developing for use with older
problem solving approach and a new learners, for example undergraduates
assessment regime for grading learners who study introductory level courses at
after being taught statistics through university. At this educational level,
that approach. Academic and the problems used in teaching and
professional statisticians are learning are likely to be more complex
increasingly arguing for such an and the questions used for assessment
approach to be adopted in teaching at within each domain may depend upon
all levels: if this is done then the more complicated scenarios. For
assessment methods used need to example, the methods and techniques
match the new way of teaching and used in the ‘Process’ domain of the
learning. As problem solving involves a assessment may well refer to
range of different levels of cognitive cutting-edge  statistics, and the
skills, the actual questions posed to guestions posed would need to reflect
learners within the assessment need to this. Similarly the ‘Discuss’ domain
be different and should take these may contain, for example, questions
skills into account. that reflect decisions about the efficacy

of large drug trials. The template we
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have produced will handle all these
scenarios and we will be reporting their
implementation elsewhere.
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