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CHAPTER
TWO

Design of the study

Three different survey instruments were developed for the study.
Construct validity was established through a series of reviews
and trials. Drafts of the instruments were developed jointly with
American and Japanese mathematics educators for use in all
three countries and were reviewed by prospective researchers in
those countries. The resulting instruments were then field tested
with students and further revised as a result of the pilot studies.

The three survey instruments developed for and used in this study
were as follows:

Preference Survey (PS)
Attitude Survey (AS)
Mental Computation Test (MCT)

All the instruments were administered in the order listed above
during one 50-minute period for all classes in Years 3,5, 7 and 9,
except that the Attitude Survey (AS) was not used in Year 3.

The Mental Computation Test (MCT) consisted of two parts—a
set of items presented orally (items read individually by the
administrator) and a set of items presented visually (items
presented individually using an overhead projector). Half of the
classes in the sample took the first half of the test through an
oral administration format followed by the second half of the
test by way of a visual administration format. The
administration format was reversed with the other half of the
sample (visual administration for the first half; oral
administration for the second half). Table 1 describes the
administration format for the Year 3 MCT. This plan provided an
opportunity to examine any mode-of-presentation effect, as well
as any learning effect of the test form. Each of the other year-
level tests followed the same pattern.



6 Mental computation in school mathematics

Sample

instruments

Table 1: Administration Pattern of MCT Forms A and B for Year 3
Students

Administration Format

Items Form A Form B
1-15 Oral Visual
16-30 Visual Oral

Four schools (three primary and one secondary) in Western
Australia participated in the study. The set of schools was
chosen from a “typical” metropolitan region. Such a region was
“typical” in that it reflected the setting of many Australian
schools. The secondary school was selected together with three
of its major “feeder” primary schools (Years K-7) to enable more
meaningful between-year comparisons to be made.

Within each primary school, two classes were randomly selected
at each of the year levels 3, 5 and 7. Students in all classes were

" heterogeneously grouped as is the custom in most Australian

primary schools. One class in each pair was randomly assigned
Form A of the MCT while the other was assigned Form B of the
test. In the secondary school where students were streamed on
ability, as is the case in many Australian secondary schools,
stratified random sampling was used to select three pairs of
classes, with each pair at a different level of ability as
previously determined by the school. One class from each pair
was assigned Form A of the MCT, while Form B was assigned to
the other three classes in the pairs. The total numbers of subjects
were 163, 163, 163, and 152 in Years 3, 5, 7, and 9 respectively.

Preference Survey (PS)

Numerical calculations can be carried out by three main methods:
mental computation, written computation, or with a calculator.
Among these alternatives, the curriculum for Western Australian
schools places most emphasis on written computation (Curriculum
Branch, Ministry of Education, 1989). This is also true of other
Australian states.

The Preference Survey (PS) began with a reminder that different
types of computational methods existed, and that each person




Design of the study 7

needed to choose which method to use for a particular
computation. The Preference Survey provided a series of
numerical computations and asked participants if they would
choose to do these computations mentally. For example, Year 7
students were asked to respond “yes” or “no” to whether they
would mentally compute items such as 58 + 34, 60 x 70, 264 - 99,
and 6 - 4.5. Table 2 shows an excerpt from the beginning of the PS
for Year 9 students.

Table 2: Excerpt from Year 9 Preference Survey

Computation is often involved in solving real-world problems. When
solving problems, several computational methods exist:

o Sometimes people use a calculator.

o Sometimes people use paper and pencil.

e Sometimes people compute mentally without writing anything down.

We want to learn which problems you prefer to do mentally.
Please look at each problem below and decide if you prefer to do it
mentally.’

Circle YES or NO to indicate your response. It is not necessary for you to
work the problems.

Problem | would do this problem mentally
1. 165+99 Yes No
2, 7x25 Yes No
3. 14x83 Yes No
4. 945x1000 Yes No

The participants were not asked to carry out the particular
computation but only to decide if they would do the computation
mentally if allowed a choice. Students indicated their answer by
marking “yes” or “no”. The same instructions were used for each
year level. The survey items at each year level were selected to
coincide with items commonly found in the mathematics
curriculum at that particular year level. Four “checker” items (14
x 83, 35 x 55, 4/7 + 2/5 and 0.35 x 567) that would be tedious to

compute mentally were included to determine how discriminating
the students were in their responses to the preferences. A few
items, such as 165 + 99, were used in more than one year level to
provide a profile of preferences across years. Some items in the
PS were also included in the MCT so that data reporting
preferences could be compared with actual performances on the
same item. Copies of the PS for each year level are included in
Appendix A.
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Attitude Survey (AS)

A series of statements designed to document students’ attitudes
toward mental computation were developed, field tested, refined
and utilised in the Attitude Survey (AS) for Years 5, 7 and 9. The
Attitude Survey was not considered to be suitable for Year 3
students. Students at this level were unlikely to have the
required comprehension. The final statements resulted from
reviews of earlier versions of the attitude instruments by a
number of mathematics educators in Australia, Japan and the
USA, as well as pilot information from Japanese teachers and
students. The Attitude Survey included 28 statements clustered by
five dimensions. The dimensions and a sample of the statements
are shown in Table 3.

Table 3: Framework and Sample Items from Attitude Survey Instrument

Interest and Enjoyment
Written computation is more interesting than mental computation.
Mental computation is more interesting than written computation. .

Perception of Competence
| am good at written computation.
I am good at mental computation.

Perception of Value ,
It is more important to be good at written than mental computation.
It is more important to be good at mental than written computation.

Perception of Use

I think | will do written computation more than mental computation as an
adult. '

I think | will do mental computation more than written computation as an
adult.

Perception of Source of Instruction
| learned to do written computation at school.
I learned to do mental computation by myself.

Two types of statement were included within each dimension of
the framework. One type provided a parallel mental
computation statement to accompany each statement related to
written computation. For example, the parallel statements, “It is
important to be good at mental computation” and “It is important
to be good at written computation” were both included in the
survey. Another type of statement required a response to'a
judgemental statement such as, “I am better at written than
mental computation”. Each judgemental statement was
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accompanied by a parallel statement, in this case, “I am better at
mental than written computation”. These pairings provided a
further means of checking on the consistency of student responses.
A copy of the complete AS instrument is included in Appendix B.

Mental Computation Tést (MCT)

The MCT was designed by the researchers for group
administration. The Year 3 and Year 5 MCT versions contained 30
items, 15 administered orally and 15 administered visually. The
Year 7 and Year 9 versions contained 40 items — 20 administered
orally, and 20 administered visually. Two different forms (A and
B) were developed for each year level. Each form contained the
same set of items but differed in the presentation format as was
illustrated in Table 1. Prior research has documented the
difficulty in obtaining valid and reliable measures of mental
computation (Reys, B., 1985; Reys, R., 1985; Reys, Reys & Hope,
1993; Sachar, 1978; Shigematsu, Iwasaki & Koyama, 1994).

In order to provide an accurate assessment of mental computation,
several steps were taken. First, the Mental Computation Test
(MCT) included only non-contextual computational items. This
allowed students to focus exclusively on the required
computation, thereby eliminating the need for students to decide
from the context of the question which operation was
appropriate.

Second, the MCT was composed of oral and visual items, with
half of the items presented orally (read aloud by the
administrator) and half presented visually (via an overhead
projector). To investigate the order effect of the administration,
half of the classes were given the oral section of the test first
followed by the visual section, while the other half experienced
the visual section of the test followed by the oral section.

Third, all items on the mental computation test were given one at
a time and the time allotted for each item was carefully
controlled. This was done to guard against the possibility of
students writing down items and using written rather than mental
computation techniques. Items were individually paced by the
examiner with 20-second intervals between item presentations.
Pilot testing confirmed that 20 seconds was very generous for some
students and yet adequate for nearly everyone to attempt the
computation mentally. The visually-presented items were
individually displayed on an overhead screen for a period of 20
seconds. The orally administered items were read twice with a
brief pause (2-3 seconds) between readings followed by a 20-
second wait period between items. The test items were selected to
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best match the mathematics curricula of the three countries for
each year level. Several items used in earlier research studies
(Reys, Reys and Hope, 1993; Shigematsu, Iwasaki & Koyama,
1994) were also included to provide some comparative
benchmarks.

Fourth, a specially constructed answer sheet provided room only
for a written answer, thereby discouraging copying of the problem
onto the paper. In addition, students were specifically instructed
not to write anything down but the answer. Every response to the
MCT was evaluated and coded as either correct or incorrect.

Finally, in addition to providing a profile of student mental
computation performance at each year level, the tests were
designed to monitor the development of mental computation
skills over the year levels. A set of common items across year
levels was embedded within the tests. Several sets of “nested”
items (items related in mathematical structure) were also
included (see Appendix C for a complete listing of items in each
year level of the MCT). Table 4 shows the distribution of items
by operation and domain of numbers for each year.

Table 4: Mental Computation Test (MCT) Item Distribution

Number Operation Year 3 Year 5 Year 7 Year 9

Type
Whole Addition 12 6 4 2
Numbers Subtraction 12 6 4 2
Multiplication 4 6 6 4
Division 2 6 6 6
Fractions Addition - 2 4 4
Subtraction - 2 4 4
Multiplication - - 2 4
Division - - - 2
Decimals Addition - 2 2 1
Subtraction - - 2 2
Multiplication - - 2 2
Division - - - 2
Percentages Multiplication - - 4 5

Total 30 30 40 40




CHAPTER
THREE

Analysis of results

Preference Survey results

The Preference Survey (PS) focused on computations which
students preferred to do mentally and provided one perspective of
mental computation. Most items in the PS were also included in
the Mental Computation Test (MCT), but four very difficult
“checker” items (4/ 7+ 2y 5, 14 x 83, 35 x 55 and 0.35 x 567) were
included to provide a check on the validity of the PS data.

The results from the PS for each year level are shown in Table 5.
For the 17 items that were used across year levels, all but two
(0.1 x 45 and 7 x 25) show an increasing preference for mental
computation in the higher years. For example, the item 165 + 99
shows preferences of 39, 60, 70 and 89 per cent in the four Years 3,
5, 7 and 9 respectively. Some of the increases were considerable;
for example, the item 264 - 99 has percentages of 43 and 76 in Year

7 and Year 9 respectively. However this trend is not true of the
one “checker” item included in more than one grade. The
percentage of students opting to do 14 x 83 mentally fell over the
grades from 18 in Year 5 to seven in Year 9.

It is reasonable to hypothesise that those younger students who
B expressed a preference to perform this calculation mentally

s misunderstood the level of difficulty. This is supported by Table
6 which shows that the lower ability students were more likely
to choose to do 14 x 83 mentally. Overall, 40 per cent of Year 9
students indicated a preference for computing 4/ +2/5 mentally
but 63 per cent of the fifth quintile (lowest 20 per cent of students)
did so. It may well be that some of these students were
misinterpreting the computation required and would perform the
calculation by separately adding the numerators and the
denominators.

More than 40 per cent of Year 5 students would not do the item
... 100 x 35 mentally and between one third and one quarter of Year 7
e and Year 9 students would not calculate 945 x 1000 mentally. This
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suggests that many students lack conceptual understanding rather
than computational skill. For example, a student who has
conceptual understanding of the decimal system of numeration
would see 945 x 1000 as simply 945 thousand.

Table 5: Computational Preferences Reported by Students in Years 3, 5,
7 and 9 as Percentages

Item Year 3 Year 5 Year 7 Year 9
(n =163) (n = 163) (n = 163) (n = 152)

6+8 88
60 + 80 69 94
36+9 63
58 + 34 42 78 96
47 + 54 + 23 72 78
265 + 100 57
500 + 300 80 99
165+ 99 39 60 70 89
74 - 30 48 74
100-68 45
73-23 58
80-24 55 77
264 - 99 43 76
6-4.5 , 72 89
Vo +34 .75 78
1-Ti5 61 69
Double 26 61 - 88
60x70 ) 60 86
100 x 35 57
945 x 1000 68 74
7x25 , 57 72 63
1740 of 45 47 60
0.1x45 48 45
90+ 1/, 88
25% of 48 55
‘Checker’ Iltems
47425 40
14 x 83 18 10 7
35x55 18

0.35 x 567 1
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This lack of conceptual understanding was also apparent in the
results for the item 0.1 x 45, for which fewer than half of Year 7
or Year 9 students would use mental computation in spite of the
easy computation involved. One item in the PS (945 x 1000) was
also included as part of one of the earlier National Assessment of
Educational Progress (NAEP) (1983) mathematics assessments.
NAEP reported that about 35 per cent of the American 13-year-
olds would do the computation mentally, with the remainder
opting to use either paper and pencil or a calculator. However in
our research over two thirds of the Year 7 and Year 9 students
indicated they would do this computation mentally.

Preference versus performance

In order to determine whether students scoring high and low on
the MCT differ in their selection of items to compute mentally,
student responses were sorted by first (high), third (middle) and
fifth (low) quintiles according to their total score on the MCT.
The results are reported in Table 6. An examination of Table 6
indicates that, with the exception of the “checker” items, the
higher the MCT score the greater is the preference for mental
computation, and there is a marked difference in the preferences
of high and low performers on the MCT. Thus, students who are
more skilled at mental computation tend to prefer this method
over others, while less skilled students tend not to opt for a
mental computatmn approach

Table 6 shows that for almost all items that are common across

.- years, markedly more students in the high performance quintile
for ahy year level opt for mental computation than do those in
the low performance quintile in the higher year level. For
example, for the item 165 + 99, 61 per cent of the high
performance Year 3 group would use mental computation
compared to 30 per cent of the low performance Year 5 group; 82
per cent of the high Year 5 group compared to 55 per cent of the
low Year 7 group; and 88 per cent of the high Year 7 compared to
77 per cent of the low Year 9 group.

Gender differences

Table 7 shows computational preferences according to gender. In
Year 3 the percentages of boys preferring a mental computation
approach were higher than for girls for all items, with the
differences being very marked for most items. In Year 9 the boys’
preferences for mental computation were greater than for the
girls in all but one of the items, and the differences were
generally of the order of 10-15 points. One possible explanation is
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_ that mental computation is seen as an approach involving risk-
taking, and that girls are less inclined to take risks in
mathematlcs than boys. However, while this may be true at both
Year 3 and Year 9 levels it does not explain the lack of gender
differences at Year 5 and Year 7 levels, where the results show
little overall differences between boys and girls.

Table 6: Percentages of Year 3, 5, 7 and 9 Students in First, Third and Fifth Quintiles
Preferring Mental Computation for the Given Calculations *

Htem Year 3 Year 5 Year 7 Year 9

L M H* L M H L M H L M H
6+8 76 88 94
60 + 80 39 73 91 8 97 100
36+9 3 64 82
58 + 34 21 42 76 67 79 8 8 100 100
47+ 54 + 23 58 8 88 63 87 87
265 + 100 30 52 9t
500 + 300 55 88 94 94 100 100
165 + 99 24 42 61 30 67 8 55 70 8 77 93 100
74-30 42 52 70 52 79 94
100 - 68 27 42 73
73-23 36 64 76
80 - 24 42 61 73 61 8 9
264 - 99 27 39 64 63 73 93
6-4.5 3 76 97 73 90 100
15 +314 67 73 8 60 80 90
1-1/3 48 58 88 61 58 91
Double 26 36 67 97 64 88 100
60x 70 45 - 55 91 70 85 100
100 x 35 42 58 85
945 x 1000 30 79 97 43 87 97
7x25 42 52 76 58 79 82 47 53 87
/40 of 45 30 3 76 37 63 97
0.1x 45 ‘ 33 5 67 17 50 77
90 + 1/ 73 87 97
25% of 48 . 40 53 83
‘Checker’ items .
47 +2/g 60 30 40
14 x 83 24 3 21 18 6 9 7 7 10
35x 55 24 21 15
0.35 x 567 0 0 o0

*L, M, H designate low, middle and high quintile MCT groups.
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Table 7: Percentages of Year 3, 5, 7 and 9 Students by Gender
Preferring Mental Computation for the Given Calculations

Item Year 3 Year 5 Year 7 Year 9

F M F M F M F M

6+8 87 89

60 + 80 63 75 89 99

36+9 59 67

58 + 34 28 54 75 81 95 96

47 + 54 + 23 76 69 73 83

265 + 100 50 64

500 + 300 78 82 99 99

165 + 99 33 44 55 66 69 71 84 95

74 - 30 40 55 70 77

100 - 68 35 55

73-23 55 60

80-24 47 62 76 78

264 - 99 41 45 65 86

6-45 69 76 80 97

1154314 76 73 76 79

-1 I3 58 65 68 70

Double 26 56 66 86 91

60 x 70 62 52 91 81

100 x 35 61 59

945 x 1000 71 65 69 78

7x25 60 54 75 69 59 67

/4g0f 45 49 46 53 67

0.1x45 51 45 35 55

90+ 1/p 88 87

25% of 48 50 60

‘Checker’ items

47 + 2 41 40

14 x 83 20 16 10 10 3 10

35x 55 23 14

0.35 x 567 0 1

Attitude Survey results

Appendix B shows that the statements in the Attitude Survey
(AS) were randomly ordered for presentation to the students. In
order to facilitate the review and analysis of the attitude data,
these statements were grouped within clusters as illustrated in
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Table 3. The categories were Interest and Enjoyment, Perception of
Competence, Perception of Value, Perception of Use, and
Perception of Source of Instruction. All the AS results are
presented in Table 8.

Table 8: Percentages of Responses of “Yes”, “No” and “Not Sure” to all AS ltems by Students
inYears 5, 7and 9

Yr5 Yr 7 Yr 9
(n=163) (n=163) (n=152)
Interest and Enjoyment Y N NS Y N NS Y N NS
1. | enjoy doing written computation 63 10 27 60 12 24 41 33 26
15. | enjoy doing mental computation 60 23 17 60 25 15 47 36 17
2. 1 think written computation is 49 25 26 36 30 34 37 42 21
interesting
23. | think mental computation is 60 23 17 56 25 19 47 31 22
interesting
14. Written computation is more 41 33 26 42 36 22 32 39 29
interesting than mental computation
27. Mental computation is more 38 32 30 38 25 37 32 33 35

interesting than written computation

Perception of Competence
21. Written computation is challengingto 35 41 24 35 45 19 38 38 24

me

16. Mental computation is challengingto 54 24 21 66 18 16 72 10 18
me '

12. | am good at written computation 77 7 16 64 10 26 68 11 21

17. | am good at mental computation 52 21 27 45 20 35 50 24 26

13. | think written computation is more 23 56 21 23 57 20 9 76 15
challenging than mental computation '

3. 1think mental computationismore . 63 24 13 70 14 15 80 9 M
challenging than written computation

4, | am better at written than mental 59 29 19 57 19 24 60 18 21
computation
22. | am better at mental than written 29 44 27 32 39 29 30 49 22

computation

Perception of Value
19. It is important to be good at written 70 6 24 64 13 24 76 11 12
computation

25. ltis important to be good at mental 75 5 19 77 7 16 87 4 9
computation

26 Itis more important to be good at 27 29 44 14 41 45 8 41 41
written than mental computation

8. Itis more important to be good at 49 21 30 47 21 32 53 18 30

mental than written computation.

Table 8 continued opposite
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Yr 5 Yr 7 Yr 9
{(n=163) (n=163) (n=152)

Perception of Use

9. Ithink I will do written computation 30 47 23 22 41 38 20 41 39
more than mental computation as an
adult

24. |think I will do mental computation 48 27 25 44 19 37 40 29 31
more than written computation as an
adult. ,

18. At school | do mental computation 24 40 36 21 47 32 30 55 15
more than written computation s

5. At school | do written computation 52 18 30 45 18 37 59 24 17
more than mental computation.

11. | do written computation more than 34 43 23 22 50 28 34 54 12
mental computation away from school

6. | do mental computation more than 41 38 21 46 29 25 57 32 11

written computation away from school.

Perception of Source of Instruction

20. |learnedto do mental computationat 56 29 15 54 25 21 39 39 22
school

28. |learned to do written computationat 65 23 12 68 14 18 78 12 10
school.

10. |learned to do written computationby 40 42 18 24 52 24 17 64 19
myself

7. llearned to do mental computationby 42 37 21 44 33 24 59 18 23
myself

The Interest and Enjoyment cluster suggests that equal
'percentages of students in Years 5, 7 and 9 think that both mental
7 ; -+ and written computation are equally interesting. However Table
N 9 shows that whereas support for written computation was
1 ’ spread fairly evenly across abilities, interest in mental
computation was much more closely correlated with ability.

Table 9: Distribution by Quintiles of Percentages of Students Giving Positive Responses to
PS Items 1 and 15

Year 5 Year 7 ) Year 9
Quintile 1t 2 3 4 5 1 2 3 4 5 1 2 3 4 5

1. lenjoydoing 58 56 76 56 70 61 53 61 56 73 47 45 53 29 20
written
computation

t5. lenjoydoing 76 72 67 44 42 76 69 64 50 45 77 52 40 42 23
mental
computation
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In regard to statements classified under the Perception of
Competence heading about one-third of the students at each year

/- level said written computation is challenging, while a majority
at each year level said mental computation is challenging. Over
half of the students at each year level felt they were better at '
written than mental computation while less than a third said
they were better at mental computation.

The statements relating to Perception of Value of mental
computation illustrate the similarity of responses across primary
and secondary school. For example, about three quarters or more

“- of the students at each year level felt it was important to be good
at mental computation while slightly less felt it was important
to be good at written computation. Likewise, less than a quarter
of the students felt it was more important to be good at written
computation than mental computation, and about half of the
students agreed that it was more important to be good at mental
than written computation.

Did students see mental and written computation as equally
useful? The Perception of Use cluster revealed that less than one
half of all students felt they would do more mental computation
than written computation as an adult, while only about one-
quarter of the students said they would do more written
computation than mental computation as an adult. This is in line
with research by Wandt and Brown (1957) which indicated that
adults in non-occupational tasks use mental computation three
times as often as they use written computation. About a half of
the students at each year level said they would do more written
“than mental computatmn at school, whereas similar percentages
said that they would do more mental than written computation
away from school.

The Perception of Source of Instruction cluster shows that a
majority of students (65, 68 and 78 per cent of Years 5, 7, and 9
respectively) reported learning written computation at school
whereas about a half (56, 54 and 39 per cent of Years 5,7, and 9
respectively) reported learning mental computation at school. At
each year level, more students reported learning mental than
written computation by themselves.

Attitude profile

Many messages are suggested in the attitude data but most could
be confirmed only from case studies, involving careful observation
and/or interviews with students. Nevertheless, there are some
common themes that seem to cut across primary and secondary
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school. Based on these data, a possible characterisation of the
attitude of a Year 9 student might read as follows:

I enjoy doing both mental and written computation. I learned
to do written computation at school but learned to do mental
computation by myself. I spend more time at school doing
written computation than mental computation but experience
the opposite when away from school. I find mental computa-
tion far more challenging than written computation, but feel
that I am better at doing written computation than mental
computation. I think it is important to be good at both mental
and written computation, but mental computation will be
used more when I'm an adult, so it is more important than
written computation.

Mental Computation Test

Overall performance

The Mental Computation Test (MCT) at each year level was
composed of items that the researchers felt were reasonable for a
significant percentage of students in the year level to compute
mentally. There were 30 items for each of Years 3 and 5, and 40
items for each of Years 7 and 9.

Figures 1-4 display frequency distributions of the students’
performances at each year level.
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Figure 1: Frequency Distribution of MCT Performances for all Year 3
Students

These histograms provide visual evidence of the range of per-
formance with 13, 13 and 2 students in Years 3, 5 and 7 respective-
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ly scoring less than five, suggesting that for these students the
MCT was very difficult. On the other hand four Year 7 students
and eight Year 9 students answered all 40 items correctly.
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