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CHILDREN’S RESPONSES TO CONTRASTING ‘REALISTIC’
MATHEMATICS PROBLEMS: JUST HOW REALISTIC ARE

CHILDREN READY TO BE?

ABSTRACT. In recent years there has been an increasing emphasis within the world of
mathematics education on realistic problem solving. At the same time research has shown
that children typically remain apparently unwilling or unable to introduce realistic consid-
erations when solving supposedly realistic word problems, though research has also shown
that children’s behaviour in this domain does vary as a function of the nature of the item,
its context and the child’s social background. This paper analyses 11–12 year-old English
children’s responses to two ‘realistic’ problems. The first is taken from English national
tests; the second is a revised version of this item which has been rewritten to encourage a
more realistic pattern of responses. Through a comparison of responses to the two items it
is suggested that, given suitable ‘realistic’ problems, many children may be more willing
and able to introduce realistic responses in a testing context than earlier research might
lead us to expect.

BACKGROUND

In recent years there has been an increasing emphasis within the math-
ematics education field on the application of mathematics including, as
one aspect, the solving of problems posed in realistic contexts (e.g. Cock-
croft, 1982; NCTM, 1991; Gravemeijer, 1994; Dowling, 1991). A range
of suggestions has been made. Some wish to see children develop their
understanding of mathematics by applying it to textually represented real-
istic problems; others argue for the application of mathematics to real
problems outside the mathematics classroom. However, in many countries,
high stakes assessment in mathematics has continued to employ short ste-
reotypical test items which set mathematical operations within restricted
and artificial contexts. An example is shown here in Figure 3 where, as
we will show later, a child is expected to introduce only some particu-
lar realistic considerations into his or her solution but will be penalised
for introducing realistic considerations in general. This type of ‘realistic’
item does not provide much incentive for teachers to provide experience
with problems where there might be too much or too little information,
or where value issues intersect with more purely mathematical consider-
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Figure 1. Items from Verschaffel et al., 2000, p. 19.

ations (Pandey, 1990). Yet these latter features are those that frequently
characterise problems outside of the classroom.

Previous research has shown that children, in the context of a mathem-
atics test, typically do not pay attention to realistic considerations when
constructing their response to short word problems which embed some
arithmetical operation in a textually represented everyday context (see Ver-
schaffel et al. (2000) for a wide-ranging review of this research tradition).
A variety of operations and everyday contexts have been employed in
this research. The researched items have in common the potential for the
child’s response to include some realistic considerations – in the sense of
what would be relevant considerations in the everyday world pointed to
by the item context. Three examples of this type of ‘realistic’ problem are
shown in Figure 1 (from Verschaffel et al., 2000, p. 19).

There are, of course, at least two competing meanings that might be
given to a ‘realistic’ response to such items. In one sense, a child writing
12.5 for the buses item in Figure 1 might be seen as behaving ‘realistically’
– or at least rationally – given that school mathematics problems conven-
tionally have required little attention to the type of realistic considerations
that might arise outside of school. However, in the research programme
described by Verschaffel et al., a ‘realistic’ response is taken to mean one
which pays some attention to just those sorts of realistic considerations that
might characterise problem-solving outside the world of the classroom.
From this perspective, in the buses case, a ‘realistic’ answer would be 13
rather than 12.5. In the case of the planks item in Figure 1 a ‘realistic’
response would be 8 rather than 10. In the case of the runner item, it
clearly is not possible to point to a single correct realistic answer, since
a wide range of answers considerably larger than 170 would be sensible
responses.

In Verschaffel et al.’s (1994) study of 75 10–11 year-old Flemish chil-
dren’s responses to such items, it was found that very few responded ‘real-
istically’ in this second sense. While 49% of responses (either the answer
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itself or a subsequent invited written comment) to the buses item were
regarded as ‘realistic’ in the sense defined by these authors, only 13%
of responses to the planks item and just 3% of responses to the runner
item were coded as ‘realistic’. These findings replicated earlier work by
Greer (1993) with 13-14 year-olds in Northern Ireland. Faced with rather
stereotypical – and short – word problems, children tend to act without
much apparent concern for what would be realistically meaningful outside
of the classroom. These authors argue that this is a consequence of the way
mathematics is traditionally taught to schoolchildren.

It is possible to raise some critical questions about the way these authors
understand certain responses to some of these items as ‘realistic’ (Cooper
and Dunne, 2000a). Ten planks might not be a realistic response to the
planks item in the context of building shelving but might be in the context
of laying flooring, for example. Neither is it clear that it is always unreal-
istic to talk about twelve and one half buses. In planning a school trip, we
might want 12 and one half buses for the children from one school with
three and a half buses for the children then to be picked up from another
school, for example. This might total 16 buses but, in everyday speech, we
could expect to refer to halves in planning this trip. However, there can be
little doubt that the answer of 170 seconds to the runner item in Figure 1
leaves something to be desired from a ‘realistic’ perspective, especially
given the stress in recent years on applicability in mathematics educational
circles. Presumably we would prefer children to be able to approach such
problems realistically, pointing out that the child would almost certainly
slow down after the first one or two hundred metres.

These authors carried out further studies exploring ways of encouraging
children to respond more realistically to these and other items. From their
perspective the results were disappointing. A series of studies reviewed in
Verschaffel et al. (2000, chapter 3) showed ‘that minimal variations in the
experimental setting intended to sensitise students to the consideration of
aspects of reality by means of a general warning, or to legitimise alternative
forms of answers, may produce, at best, weak, effects’ (p. 50).

An interesting variation on this theme is the study carried out by Säljö
and Wyndhamn (1993) focusing on the relation between the ‘concrete
conditions for solving problems’ and the resulting nature of children’s
responses. They set a task (Figure 2) involving the finding of the required
rate to post a letter of a certain weight. Some children attempted this in
the context of mathematics lessons while some attempted it during social
studies lessons. Subsequently Säljö and Wyndhamn also varied the task,
introducing this question as ‘part of the more extensive undertaking of
establishing postage rates for a series of seven letters weighing from 10
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Figure 2. Item from Säljö and Wyndhamn, 1993, p. 329.

to 1200 grams’ (p. 329). Importantly, they claim that many of the re-
search participants (214 Swedish children from grades 8 and 9, aged 15
or 16 years) “would have had experience with this commonly available
table”. Their results are presented in terms of two modes of responding
to the question concerning the 120 gram letter. A student can ‘read off’
the result by consulting the table in the realistic manner expected in a
post office. Alternatively the student can use a strategy which involves
calculating the postage rate, for example by adding the tabulated rate for
20 grams to the rate for 100 grams to produce a rate for 120 grams. Säljö
and Wyndhamn found that while 57.4% of the students who undertook the
isolated 120 grams task in a mathematics class engaged in a calculation
to produce the answer, only 29.3% of students dealing with ‘the same
problem’ in a social studies class did so. This suggests a clear effect of
context on response. In Bernstein’s (1996) terms, students seem to have
recognised the task as a different one when it was presented in the context
of one school subject rather than another. This application by students,
within the context of strongly classified school subjects, of what Bernstein
would term a recognition rule allows the production of responses likely
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Figure 3. Lift item (SEAC, 1992).

to be seen as more or less appropriate within each subject context. When
the 120 grams task was embedded amongst seven differing weights there
was a substantial reduction in the percentage of children using calculating
strategies in both the mathematics and social studies contexts, though the
subject difference remained (pp. 333–334). The authors argue, “it would
seem as if reading off the postage rates directly from the table provided
was a more natural mode of proceeding when the number of letters be-
came so large that it was impractical and possibly too time-consuming to
use calculations” (p. 333). These results clearly show, as they argue, that
the “meaning of a task cannot be defined independently of the context in
which (the) problem is attended to and the individual’s assumptions of
what are the relevant premises for his or her actions” (p. 334). Similar
arguments have been made by many others, e.g. Newman et al. (1989), or,
from another direction, Lave (1988) and Nunes et al. (1993).

The extent to which English children differentially interpret the mean-
ing of ‘realistic’ national test items has been explored by Cooper (1998a&b)
and Cooper and Dunne (2000a&b). In their work, however, the focus is
somewhat different from that in most of the research reported in Verschaf-
fel et al’s review of the field. Operationally, in their statistical analysis
of children’s performance on English national assessment items, they cat-
egorise items as ‘realistic’ where the textual representation of the problem
contains either persons or non-mathematical objects from ‘everyday’ set-
tings such as shopping or sports (see Cooper and Dunne, 2000a, p. 84 for
a fuller discussion). In their research, which also explored social class and
sex differences in response, it is shown that many children import extra-
school ‘realistic considerations’ into their solutions of this type of problem
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even though the test designers – judging from the marking schemes – in-
tend them not to do so, having employed everyday contexts merely as a
vehicle for introducing some mathematical task. However, a particularly
interesting subcategory of item in the English national tests comprises
tasks where some realism – but not too much – is required of the child by
the test designers. An example is the lift item in Figure 3. The single correct
answer given in the official mark scheme is 20. Here the child is required
to employ the realistic consideration that lifts do not go up 19.21429 or
whatever times, but he or she must not go beyond this to consider whether
the lift might not have been always full, whether it was sometimes overfull,
and so on. The test designers seem to want the child to introduce a par-
ticular realistic consideration but not realistic considerations in general
(Cooper, 1992).

The particularly interesting question arises of whether children who
answer ‘20’ might actually consider, but reject, alternative realistic an-
swers during the solution process. A further question is whether some
children who answer ‘20’ without considering other possible realistic an-
swers might yet do so were the problem to be posed differently. In other
words does assessment by such means as the lift item – with its associated
published marking scheme – not only produce pressures on teachers to
avoid emphasising the full range of realistic modelling skills that might
be brought to bear on a problem but also tend to fail to inform us about
what children are actually capable of, given suitable encouragement. In
this paper we will explore the second question – does this lift item tend to
restrict our knowledge of what children can do – by comparing children’s
responses to this item and to the revised item shown in Figure 4. The
rationale for this revised item will be provided later.

THE RESEARCH

These two versions of the lift item, alongside a number of other items1

– some of which paralleled the items used in the work by Verschaffel
et al. – were presented to 121 children aged 11-12 years at the end of
their first year in secondary school. The children were from two secondary
schools in the North of England. The schools and classes were chosen to
provide a wide range of attainment and social background. The children
took the tests in their normal classrooms during a mathematics lesson. We
administered the tests, with the class teacher present. The children were
told (and this was also written at the beginning of the test) that:

• There are some problems we need your help with.
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Figure 4. Revised lift item.
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TABLE I

Answers of all those children who took the test to the original
lift item

Answer (numeric part) Count Percentage

18 3 2.48

19 plus decimal or fractional part 17 14.05

19 20 16.53

20 55 45.45

21 1 0.83

3766 4 3.31

Blank 6 4.96

Other 15 12.40

Total 121 100.01

• We want to know if they are too easy or too hard for Year 7 children.

• You are allowed to use a calculator.

• You can show as much working out as you like.

• This is not a real test, but please try to solve each problem as if it
were a real test. This will help us a lot.

• When you are asked to explain your answer, don’t rush! We would
like you to write down a few sentences, not just two or three words.

• Once you have finished a problem, and turned over a new page, please
don’t go back and change your answer. We need to know what you
did when you first tried each problem.

• Please remember that this is just for our research. We won’t be show-
ing the results to anyone else without disguising your school. And we
won’t have your name!

• If you have any questions just put your hand up.

The original lift item appeared as the second item in the test, the revised
version as the fourth. We will focus in this paper on the responses to the
revised item of the children who produced the officially legitimate answer
of ‘20’ to the original lift item, though we will provide some quantitative
findings on the responses of other children in the sample. Given previous
evidence that there are sex differences in the ways in which children re-
spond to ‘realistically’ contextualised items (e.g. Boaler, 1994) we will
also consider the extent to which such a difference appeared here.
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FINDINGS

The distribution of responses to the original national curriculum (NC) lift
item is shown in Table I. Here we have shown just the numeric part of each
child’s response, with ‘20 trips’ being reduced to ‘20’, ‘19 times’ to 19, and
so on. Almost one half of these children (45.45%) produced the answer of
20 required by the NC marking scheme. 48.3% of the 58 boys produced 20;
42.9% of the 63 girls did so. Approximately equal percentages of children
produced either 19 (16.53%) or 19 plus some decimal or fractional part
of a whole number, such as 19.21 (14.05%). While the former children
seem to have produced 19 by rounding 19.21. . .. down, the latter children
seem to have behaved as many children do when faced with versions of
the buses template in Figure 1, by apparently entertaining the possibil-
ity of fractional trips of the lift. While it is possible that some of these
children thought that such answers represented a lift stuck between floors,
this seems unlikely to have been the typical case. It seems much more
likely that these children, like so many others in the research previously
discussed (Verschaffel et al., 2000) have undertaken the division of 269 by
14 without any thought for the realism of the resulting answer. They have
not considered the sense of their answer against the context of the lift in
the morning rush.

This item is peculiar – reflecting various ground rules for school math-
ematics word problems – in that it requires only one particular ‘realistic
consideration’ to be introduced rather than such considerations in general.
We have seen that while a substantial number of these children apparently
fail to introduce a ‘realistic consideration’, 55 of the 121 – almost one
half – do seem to have read the item as required, introducing just enough
realism to round up 19.21. . . to 20. However, it is clearly not possible
for us to know, from the response to the NC item, whether these children
contemplated the possibility of whole number answers larger or smaller
than 20 as rationally possible answers. It is also possible – though unlikely
given that the fractional part of 19.21 is less than a half – that some of
those answering 20 were simply rounding up the calculated answer without
any reference to realistic considerations. In order to explore whether these
children were capable of treating the underlying division problem more
realistically, we set later in the test the revised question shown in Figure 4.

The basic form of the revised item is modelled on one of the standard
templates which appear in the English annual national tests. In these items
the child is asked to comment on someone’s answer (for a discussion of
one such item and children’s responses to it, see Cooper and Dunne, 2000,
pp. 140–161). Less typically, we introduced four different answers to be
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commented upon. In designing this revised item we wanted to encourage
the children to respond in a more realistic way than they might to the more
stereotyped original item. The relation between this revised item and the
original lift item is similar in at least one respect to that between Säljö
and Wyndhamn’s (1993) postage stamp problem with seven weights and
the postage stamp problem with just one weight, in so far as the revised
item might be expected to encourage a more realistic perspective to be
brought to bear, and for several reasons. First, we hypothesised that the
presentation of four competing answers might – through causing some
cognitive conflict – lead the child to reflect on features of the represen-
ted situation not explicitly mentioned by the test designers. Second, the
instruction “Don’t forget to think about what might have really happened
in the rush hour when all these people wanted to get up to their offices.
This is very important!” might also be expected to lead to more realistic
considerations being reflected upon. Lastly, we also hypothesised that the
introduction of children’s names might influence the nature of responses,
possibly encouraging more realism. Children responding to items contain-
ing names had been found in earlier work to invoke – and take into account
– aspects of the everyday world indexed by particular names, e.g. the ethni-
city of the children named in the problem (see Cooper and Dunne, 2000a,
p. 107). We considered, but decided against, including a reference to the
existence of some stairs in the building. We decided it would be interesting
to see whether the children themselves introduced such features into their
reasoning about the problem. Clearly, in this research, we would not be
able to disentangle the effects of these various changes. We rather wanted
to explore the extent to which children might respond more realistically to
a suitably rewritten problem.

Our purpose was to explore the extent to which a disposition – latent or
otherwise – to respond more realistically might remain hidden behind the
response of 20 to the original item. The ‘realistic’ answer of 20 represents
for us a particular sort of limited rationality, one constrained by the es-
tablished conventions surrounding word problems in school mathematics.
Are these children, however, capable of responding in terms of a more
extended realistic rationality than their answer of 20 to the original lift item
might suggest? The form of the revised item was intended to encourage
these children to contemplate the possibility that there might be a range
of possible legitimate answers to the problem. Our working assumption
was that this might encourage the child to move outside the constraints
associated with standard word problems. We were offering them permis-
sion to deviate from the usual conventions. In Bernstein’s (1996) terms we
were encouraging them to recognise this problem as a context in which
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TABLE II

Answers to Part A of revised lift item by answer to original NC lift item

Answer to original No No Yes Yes Total Total

lift (numeric part) (count) (%) (count) (%) (count) (%)

18 3 100.00 0 0 3 100.00

19 15 75.00 5 25.00 20 100.00

19 plus decimal or

fractional part 6 35.29 11 64.71 17 100.00

20 35 63.64 20 36.36 55 100.00

21 0 0 1 100.00 1 100.00

3766 2 50.00 2 50.00 4 100.00

Blank 5 83.33 1 16.67 6 100.00

Other 9 60.00 6 40.00 15 100.00

Total 75 61.98 46 38.02 121 100.00

TABLE III

Answers to Part B of revised lift item by answer to original NC lift item

Answer to original Blank Blank No No Yes Yes Total Total

lift (numeric part) (count) (%) (count) (%) (count) (%) (count) (%)

18 0 0 2 66.67 1 33.33 3 100.00

19 1 5.00 9 45.00 10 50.00 20 100.00

19 plus decimal or

fractional part 1 5.88 8 47.06 8 47.06 17 100.00

20 0 0 3 5.45 52 94.55 55 100.00

21 0 0 0 0 1 100.00 1 100.00

3766 0 0 2 50.00 2 50.00 4 100.00

Blank 0 0 4 66.67 2 33.33 6 100.00

Other 2 13.33 9 60.00 4 26.67 15 100.00

Total 4 3.31 37 30.58 80 66.12 121 100.00

they could apply extensive everyday reasoning alongside purely arithmetic
operations.

Tables II to V show, first of all, how the children responded to the ini-
tial request for agreement or disagreement with each of the four provided
answers to the revised problem. The data have been presented so that it
is possible to see the relation between the response to the original lift
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TABLE IV

Answers to Part C of revised lift item by answer to original NC lift item

Answer to original Blank Blank No No Yes Yes Total Total

lift (numeric part) (count) (%) (count) (%) (count) (%) (count) (%)

18 0 0 3 100.00 0 0 3 100.00

19 1 5.00 17 85.00 2 10.00 20 100.00

19 plus decimal or

fractional part 1 5.88 13 76.47 3 17.65 17 100.00

20 0 0 34 61.82 21 38.18 55 100.00

21 0 0 0 0 1 100.00 1 100.00

3766 0 0 4 100.00 0 0 4 100.00

Blank 0 0 4 66.67 2 33.33 6 100.00

Other 3 20.00 7 46.67 5 33.33 15 100.00

Total 5 4.13 82 67.77 34 28.10 121 100.00

TABLE V

Answers to Part D of revised lift item by answer to original NC lift item

Answer to original Blank Blank No No Yes Yes Total Total

lift (numeric part) (count) (%) (count) (%) (count) (%) (count) (%)

18 0 0 1 33.33 2 66.67 3 100.00

19 2 10.00 15 75.00 3 15.00 20 100.00

19 plus decimal or

fractional part 1 5.88 13 76.47 3 17.65 17 100.00

20 0 0 43 78.18 12 21.82 55 100.00

21 0 0 0 0 1 100.00 1 100.00

3766 0 0 3 75.00 1 25.00 4 100.00

Blank 1 16.67 3 50.00 2 33.33 6 100.00

Other 5 33.33 6 40.00 4 26.67 15 100.00

Total 9 7.44 84 69.42 28 23.14 121 100.00

item and the subsequent responses to the four parts of the revised item.
While it is not possible to know from these tables whether the children
gave appropriate reasons for their choice of yes or no, we will begin by
summarising the pattern of yes/no responses. Our prime interest in this
paper is specifically in how the 55 children who had provided the ‘correct’
answer according to the official marking scheme behaved when encour-
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aged to think more deeply about the ‘lift in the rush’ situation. However,
since some readers will also be interested in the responses to the revised
item of the other children in the sample, we have provided the data in the
tables, and we will also provide a summary here of the two other largest
groups of responses, those from children who had answered either ‘19’
or ’19 plus a fractional or decimal part’ to the original lift item. Having
presented this summary, we will then return to our focus in this paper, the
55 children who had answered ‘20’.

Drawing respectively on Tables II through V, we see that of the twenty
children who answered ‘19’ to the original item, 25% subsequently agreed
that Joe’s answer of ‘19.21429’ might be correct. Exactly 50% of them
agreed that Tim’s answer of ‘20’ might be correct. Just 10% of them
thought that Gita’s answer of ‘25’ might be correct, while 15% thought
that Gill’s answer of ‘15’ might be. Turning to the seventeen children who
had given ‘19 plus some fractional or decimal part’ as their answer to the
original item, the respective percentages agreeing that Joe, Tim, Gita and
Gill might be correct are 65%, 47%, 18% and 18%.

We turn now to the group who are the focus of this paper. These 55
children had produced, for the original lift item, the officially legitimate
answer of ‘20’. Provided with a different set of cues, were they were able
and/or willing to move beyond this artificially realistic answer? Do they
possess, in some sense, latent capacities not tapped by the stereotyped
items often provided in high stakes tests?

Turning to Table II, of these children who had given the ‘correct’ ‘20’
as their answer to the original lift item, 36.36% agreed that there might
be a way in which 19.21429 could be the correct answer. 35.7% of the
28 boys and 37.0% of the 27 girls answered ‘yes’. Turning to Table III,
unsurprisingly, to Tim’s ‘20’, of those who had written ‘20’ themselves for
the original item, 94.55% ticked yes. 92.9% of the boys and 96.3% of the
girls did so.

The final two parts of the revised item represent implicit challenges to
the stereotyped answer of ‘20’ provided by the marking scheme. While
the children had not seen the answer scheme, they are likely to have had
plenty of experience of problems ‘requiring’ a single correct answer. The
answer in Part C, ‘25’, clearly can be obtained by allowing the lift to go
up less than fully loaded. The answer in Part D, ‘15’, could be obtained by
inventing some stairs. Without these, it requires the lift to be overloaded,
i.e. for a rule to be broken. We might then expect fewer children to agree
to ‘15’ than ‘25’. Turning to Tables IV and V we see that of those who had
written ‘20’ themselves, 38.18% thought ‘25’ could be the correct answer
to Part C, while 21.82% of these children thought ‘15’ could be the correct
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TABLE VI

Responses (frequencies/percentages) to yes/no parts A, B, C, D of the revised lift item
(those answering ‘20’ to original NC lift item)

Pattern of answers Boys % within Girls % within Total % within

count boys count girls count total

No, no, no, no 0 0.00 1 3.70 1 1.82

No, yes, no, no 10 35.71 10 37.04 20 36.36

No, yes, yes, no 3 10.71 3 11.11 6 10.91

No, yes, yes, yes 5 17.86 3 11.11 8 14.55

Yes, no, no, no 1 3.57 0 0.00 1 1.82

Yes, no, yes, yes 1 3.57 0 0.00 1 1.82

Yes, yes, no, no 6 21.43 5 18.52 11 20.00

Yes, yes, no, yes 0 0.00 1 3.70 1 1.82

Yes, yes, yes, no 2 7.14 2 7.41 4 7.27

Yes, yes, yes, yes 0 0.00 2 7.41 2 3.64

Total 28 100.00 27 100.00 55 100.00

answer to Part D. For part C, 39.3% of the boys and 37.0% of the girls
agreed that ‘25’ could be the answer. For part D, 21.4% of the boys and
22.2% of the girls agreed that ‘15’ could be.

Taking the four possibilities together, the answer ‘20’ was the most
likely to receive assent from these 55 children as a whole, followed in
diminishing order by 25, 19.21429 and ‘15’. Amongst these 55 children
who had given ‘20’ as their answer to the original item, 21 agreed that
Gita’s 25 might be a valid correct answer. Of these 21, 11 agreed that
Gill’s ‘15’ might be. As we have noted, in the latter case, to generate the
possibility of the answer ‘15’ either a rule might need to be broken or the
environment described would need modification through the introduction
of some stairs. We have also seen that there are no simple sex differences
in the yes/no answers.

We turn now to examine the reasons these 55 children gave for their
choices of yes or no to the four questions. Table VI shows the distribution
of yes/no answers for the 55 children who answered ‘20’ to the original
lift item. Given limitations of space, we will concentrate on exploring
the reasoning displayed by the children who fell into the four categories
which dominate these responses. These comprise the twenty children who
answered no, yes, no, no, the six who answered no, yes, yes, no, the eight
who answered no, yes, yes, yes, and the eleven who answered yes, yes, no,
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no – a surprising answer at first glance. Together these comprise 81.8% of
the 55 children who had answered ‘20’ to the original lift item. Once again,
as can be seen from Table VI, there is no evidence of any clear difference
in response by sex.

NO, YES, NO, NO RESPONSES

We begin with the twenty children – ten boys and ten girls – who pro-
duced no, yes, no, no. In disagreeing with Joe’s answer of ‘19.21429’ to
part A of Figure 4, ten argued that the lift couldn’t go up in decimal or
fractional parts of a whole number. John2 argued, for example, “I chose no
because a lift can only go up in solid numbers not in fractions – it can’t go
up 0.21429’s way up”. A further three children said Joe’s answer would
leave some people still to go up. This reasoning might be interpreted as
showing that they understood the point in a similar way to the ten children,
especially given that they had answered ‘20’ to the original lift item. The
remaining answers covered a wide range, including Kylie who argued that
Joe has used a calculator, but that his answer would be wrong because “half
of human (sic) don’t go in the lift – it’s whole humans”. Turning to these
children’s positive response to Tim’s answer of ‘20’ – their own answer to
the original item – fourteen of the twenty argued in some way, but with
varying degrees of explicitness, that there was a need for an extra trip to
take the total of 269 people up. Paul, for example, argued “I answered yes
because they would have to go up one more time because three people are
left”. John argued “I answered yes because if the lift went up 20 times it
could take more than enough people up”. Sarah argued “I think 20 is the
right answer because if the number is 19 point something it has to go up
an extra time whether it’s full or not”. Again the remaining reasons were
varied.

Reasons given for disagreeing with Gita’s ‘25’ in part C mainly invoke
the claim, explicitly or implicitly, that the lift would have 14 people in
it whenever possible. Eleven of the twenty children offered this type of
‘realistic’ reason why ‘25’ was too high a number of trips. Two of these
eleven children explicitly argued that the lift would have been as full as
possible. Peter, for example, wrote “no, because the lift would have had as
many people as it could in to make less trips up”. Five of the eleven argued
in some form that after the twentieth trip there would be no people left.
John, for example, argued “I answered no because if the lift went up 25
times it would take up empty loads”. Darren argued, “because there wasn’t
enough people to get the lift to go up that many times”. Another stated that
only 20 trips were needed. The remaining three of the eleven just stated
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baldly that 25 trips were too high. The other nine children produced a
variety of reasons, including one who argued that 14 doesn’t go into 269
25 times. We can see that the majority of these twenty children seem to
have been convinced that the lift would be as full as possible – within the
loading rules – on its trips, at least up to the last but one trip.

In part D, Gill’s answer of ‘15’ was rejected mainly on the grounds that
there were more people than that many trips could take. Fourteen reasons
fell into this broad category. John, for example, argued “I answered no
because in 15 times the lift couldn’t take all the people up”. Four of the
fourteen mentioned that the limit of 14 would have to be broken to get
the people up in just 15 trips. One of these, Paul, for example, argued
“because if more than 14 people got on at one time it could go up 15 times
but the lift could break”. Three of the fourteen gave as their reason that
14 × 15 = 210. Two further children argued that 14 doesn’t go into 269
15 times. These sixteen of the twenty children clearly were working on
the assumption that no more than 14 could go in the lift at a time. Some
seem to have considered the possibility that more than fourteen might have
entered the lift but were unwilling to break the stated condition that the lift
can carry fourteen people. Others may not have explicitly considered the
‘14’ condition during their solution process but rather tacitly accepted it as
given. The most typical answers to parts B and C suggest that these chil-
dren expected the lift to be full with 14 people whenever possible. Whether
this was because they had understood the implications of the ‘morning
rush’ or because they just were following a tendency, when presented with
this genre of problem, to divide the larger number by the smaller number –
in conjunction with the realistic consideration that lift trips are best thought
of as whole numbers – is harder to determine.

NO, YES, YES, NO RESPONSES

We turn now to the six children – three boys and three girls – who produced
no, yes, yes, no. On the face of it, these might be expected to be children
who were willing to contemplate the under-filling but not the over-filling of
the lift. Four of the six rejected Joe’s ‘19.21429’ in part A on the grounds
that lifts don’t go up in decimal or fractional parts of trips. Another wrote
that you couldn’t divide people. To justify their agreement with Tim’s ‘20’
in part B, two argued the need for an extra trip to take those left after 19
trips, two argued that 14 × 20 is 280 which is more than 269, and a fifth,
Catherine, argued, very explicitly, “if 14 people got in the lift at a time then
it would be 20. As it is also the rush hour so it’s more likely to happen”.
The sixth child offered “cos it did go up 20 times”. In agreeing with Gita’s
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‘25’ in part C, all of these children referred to the possibility that there
were not always 14 people in the lift. Richard, for example, argued that
“14 people might not have got on at once so the lift would have to go up
more times”. Catherine however did add that this was unlikely to occur in
the rush, arguing “people might go up in 9s 10s etc. but it is very unlikely
to happen in the rush hour”. Another, Carl, pointed out “the lift made some
unnecessary uses of energy but could still carry 269 people up”.

In rejecting the possible correctness of Gill’s answer of ‘15’ in part D
these six children fell into two groups, though all clearly believed that only
14 people could travel in the lift at one time. Two children pointed out that
14 × 15 = 210 and therefore 15 trips would leave people unaccounted for.
Three of the remaining four argued explicitly that only 14 people were
allowed. Of these three, Carl, previously concerned about wasting energy,
argued “because there is a limit to the people who could go in 1 turn and
this breaks the limit”, while Richard argued “people couldn’t cram on to
the lift”. The fourth child, Catherine, explained, in more detail, “because
if that was right the lift would have been too heavy and there would have
been more than 14 people in”. We can see that these children, unlike the
twenty who had answered no, yes, no, no were more willing to entertain
the possibility that the lift might not always be full in part C, but were
unwilling to allow an overloading of the lift in part D, even though at least
four of the six were clearly aware of the theoretical possibility of overload.

NO, YES, YES, YES RESPONSES

Turning to those eight children – five boys and three girls – who produced
no, yes, yes, yes we find that four rejected Joe’s ‘19.21429’ in part A on
the grounds that lifts don’t go up in fractional or decimal trips, with a fifth
child arguing that this answer would leave people over.

In agreeing with Tim’s ‘20’ in part B, four children argued the need for
an extra trip. Another said that Tim had rounded it. Another said “because
it is correct”. Mike produced an argument about whole numbers of trips,
arguing “because it can’t go up 19.73 or something with a point because it
wouldn’t make it to the top”. The underlying idea here of a trip comprising
the whole way from the bottom to the top occurred in several children’s
reasoning in the sample as a whole. The last child, Rebecca, produced the
unusual reason, apparently similar to that offered by Mike, that “the lift
will go up twenty times because everybody must get to the offices and
not get stuck in the lift”. Clearly, some children are able to give a realistic
meaning to 0.21429 of a trip, but are also aware of the need for a whole
final trip in order to get the 269 people up. In agreeing with Gita’s ‘25’ in



18 BARRY COOPER AND TONY HARRIES

part C seven of the eight referred to there not always being 14 in the lift
prior to the final trip. Rebecca nicely argued “the lift might have gone up 25
times if it was not full or people who were late went up after the rush”. The
eighth child, David, provided the simple reason “she’s stupid”3. To justify
their agreement with Gill’s ‘15’ in part D seven of the eight argued that
the lift could have been overloaded. Some added imaginative extensions to
this claim:

Charles: they might have packed the lift with people on the ceiling or
on the top going up the shaft.

Wayne: they could of (sic) overloaded it or used the stairs.

Susan: because if some of the people were thin or small children there
would be some space so more people could get in.

It seems clear that the difference between the second group of six and this
third group of eight children lies in their respective willingness to break
the rule of 14. Boys are slightly more likely than girls to fall into this
third pattern of four answers (17.9% against 11.1%) but, given the small
numbers involved, it would not be sensible to infer much from this.

We can consider this group of eight children together with the pre-
viously discussed group of six. In all fourteen cases these children were
willing to agree that Gita’s answer of ‘25’ might be correct. In so agreeing,
usually with appropriate reasons being added, these children showed a de-
gree of flexibility of reasoning and interpretation. The eight children who
agree that Gill’s ‘15’ might be a correct answer are taking this flexibility
one stage further. Their references to stairs, thin people, small children and
people on the ceiling all demonstrate a willingness to add additional fea-
tures to those given by the test designers in the represented real context. In
making this leap, these children are doing exactly what proficient problem-
solvers do in the ‘real world’, i.e. drawing on their previous experience to
ask sensible – if occasionally fantastic – questions about other probably
variable features of the context. They are treating the problem as relatively
open rather than relatively closed.

YES, YES, NO, NO RESPONSES

Lastly we can look at the eleven children – six boys and five girls – who
produced yes, yes, no, no, but solely to explore the justifications produced
for accepting Joe’s answer of ‘19.21429’ as possibly correct, given that
these children all gave ‘20’ as their own answer to the original lift item. In
fact, it turns out that many of the reasons given actually question the cor-
rectness of Joe’s answer, if implicitly. While three children simply refer to
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a calculator giving such an answer, another two add a reference to rounding
being needed:

Edward: Yes, as I used the calculator like Joe but I rounded up my
answer to 20 and Joe didn’t.

Samantha: I answered yes because 19.21429 was the correct answer on
the calculator but it will probably need to be rounded up to 20
times.

These two children seem to have interpreted ‘correct’ as referring to the
intermediate act of using the calculator to generate the arithmetically cor-
rect answer to 269 divided by 14. However, they have hedged their bets
by referring to the need for rounding. Another child, Dean, refers to a
calculator having been used, but adds that it “might have got muddled up”.
Three others refer to division having been done, but one, Maria, distances
herself from the fractional answer, arguing “because when I divided 269 by
14 I got that answer but I rounded it up to the nearest unit”. The remaining
two children also seem to have stretched the idea of ‘correct’ in agreeing
with Joe since they argued:

Jane: because it is very close to twenty and the lift had to go up
twenty times but taking less people on the twentieth ride.

Emma: because that’s the exact answer but you have to round it up
because the lift can’t only go up a bit.

We can see that once the detailed reasoning from these children has been
explored, the paradox of their answering yes to Joe’s ‘19.21429’ largely
disappears. These children have interpreted ‘correct’ in a way that allows
them to see the answer produced by dividing 269 by 14 as correct, even
if it isn’t the best answer to the problem as a whole. In recognising this
distinction, they are displaying considerable flexibility.

CONCLUSION

We set out to explore whether 11–12 year old children might be ready,
given some encouragement, to demonstrate in a simulated assessment con-
text a more realistic approach to problem-solving than that generated by
either the stereotypical type of word problem examined in the research
programme reviewed by Verschaffel et al. or by the sort of artificially
‘realistic’ item represented here by the original NC lift item in Figure 3.
Our approach was similar to that of Säljö and Wyndhamn (1993) in so
far as we deliberately varied an existing task by inserting it into an exten-
ded range of related tasks. Our intention was to encourage the children
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to recognise the task as one for which everyday knowledge as well as
arithmetical knowledge would be a relevant resource on which to draw.
The children in our sample received no special preparation before under-
taking the revised lift item. They will have received in their final primary
school years a mathematics curriculum following the broad lines of the
English national curriculum, with perhaps an increasingly strong focus on
basic numeracy as a result of the National Numeracy Strategy introduced
in 1999. Nevertheless, presented with a set of questions which encouraged
them to move beyond the assumption of a single right answer, around a
quarter of the 55 children who had initially offered the officially ‘correct’
answer of ‘20’ to the lift item showed themselves able and willing to of-
fer reasons – the majority appropriate – in support of one or both of the
answers of ‘25’ or ‘15’. There was no clear difference between boys and
girls in this respect. More children were willing to offer support for the
first of these two answers, probably because it was possible to create a
viable scenario to support an answer of ‘25’ without either breaking the
implied rule that no more than 14 were allowed in the lift or introducing
a change in the structure of the environment by introducing some stairs.
The relatively small proportion willing to support ‘15’ might be seen as
disappointing by some advocates of realistic problem solving. However,
it should be recalled that additional children showed an understanding of
how ‘15’ could be a viable answer but decided to reject this because of
their apparent unwillingness to break a rule. Similarly, additional children
showed in their discussion of ‘25’ that they had considered the possibility
of a less than full lift, but rejected this answer because of the rush hour – a
realistic consideration.

Importantly, the children in this study are unlikely to have been asked,
in mathematics lessons at least, to undertake this type of question. They
will have been used largely to questions requiring the production of a
single conventionally correct answer. That some children nevertheless seem
ready to enter into the type of reasoning encouraged by our revised item
suggests that the current regime of stereotyped and/or artificially real-
istic questions typical of many school texts and tests is not encouraging
the breadth and depth of thinking that could otherwise be possible with
children of this age. Given the emphasis in recent years on applying math-
ematics to realistic problems this should give us pause for thought. If
textually represented realistic contexts are to serve as more than merely
convenient motivational vehicles for pure mathematical reasoning (or, in
some cases perhaps, as unintended impediments to such reasoning), then
educators will need to address a number of issues. They will need to agree,
both amongst themselves and with the designers of high stakes assess-
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ment tasks, that the criteria for assessing a child’s performance on such
items will include realistic considerations in general and not just the type
of one-off – and very selective – considerations attached to the marking
scheme for the lift item in Figure 3. Such a commitment might well involve
drawing a clearer boundary than many educators currently do between the
solving of problems in pure arithmetic and mathematics on the one hand
and the solving of problems which require more than purely mathematical
considerations on the other. Currently problems like the lift item straddle
this boundary very uneasily, being neither one thing nor the other. It is
difficult to see how this situation can benefit any learner or testee, since
what they are asked to learn is a peculiar ‘feel for the game’ of solving
artificial problems which are to be found only in school settings.

A serious commitment to encouraging children to use mathematics to
contribute to the solution of problems drawn from everyday life (whether
textually represented in texts and tests or actually experienced in their life
outside school) will also need to increase the permeability of the boundary
between children’s everyday knowledge and experience and their more
purely mathematical knowledge. The history of curriculum change within
school mathematics suggests that this will not be achieved within the walls
of the mathematics classroom alone, and especially so where teachers and
children are subjected to national testing and associated league tables of
schools (as they are in the UK). Notwithstanding these difficulties, our
findings give us a good idea of what children might begin to achieve in
problem solving if they were regularly exposed to problems making more
than a small gesture in the direction of realistic considerations. At the very
least children would see some point in drawing on the extensive knowledge
and powers of reasoning they develop out of school. Currently, as Cooper
and Dunne’s (2000a) research in England has shown, children who take
such an approach to some test problems which set mathematical oper-
ations in textually represented ‘realistic’ contexts often find themselves
disadvantaged as a consequence.
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NOTES

1. There were ten problems in all. Alongside the two lift items discussed in this paper,
these included several items drawn from the previous research by Verschaffel and his
colleagues (the runner, bus and planks problems); two English national assessment
items (versions of the tennis item and the traffic item discussed in Cooper and Dunne,
2000a); an item without any everyday context asking children to make pairs by taking
one member of each of two sets; an item without any everyday context asking the child
to undertake a division similar in arithmetical difficulty to that implicit in the original
lift item; and a final probability item concerning a spinner. These items were chosen
to allow some comparative analyses (which we will present elsewhere) of children’s
performance on ‘realistically’ contextualised and non-contextualised items of several
types.

2. All children’s names appearing in the paper are pseudonyms.
3. One reader of a draft of this paper pointed out that, given the likely existence of racist

attitudes in the sample, the choice of Gita might have been an unfortunate name to
include amongst the comparisons, given our goals. We hope it is purely coincidental
that David described Gita as stupid in giving the answer ‘25’. However, there is some
evidence from earlier research that children do read off aspects of children’s lives from
the names that appear in mathematics items (Cooper and Dunne, 1998) and that these
readings can affect answers given. There might also be comparable gender effects
operating here.
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