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How does changing the question result in students 
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Students are asked questions to show teachers and other stakeholders both what they know 
and what they do not know. In mathematics, the terms that they use and the way in which 
they phrase their answers are an indication of their increasing understanding of the topic. 
This is reflected in the Mathematics Curriculum that accepts everyday language for lower 
levels and expects mathematical language for higher levels. This paper reports on how 
different questions resulted in differences in whether or not students used everyday or 
mathematical terms in talking about the activity they were undertaking. The students 
whose responses are discussed in this paper were part of the National Educational 
Monitoring Project's assessment of mathematics in 1997. Analysis includes differences 
between responses of Year 4 and Year 8 students, between students from upper and lower 
decile schools and between boys and girls. 

 
Why is language in mathematics learning important? 
This paper reports on one aspect of a larger study documenting the language used by 
students in Year 4 and Year 8 to describe quantitative and numerical comparisons. 
The language used in mathematics classrooms has long been recognised as important 
because ‘school mathematics is a practice in which meanings are made’ (Chapman, 
1997, p. 153) and ‘language is a resource for making meaning’ (Maybin, 1994, p. 
148). Chapman (1997, p. 154 italics in original) suggested that ‘meanings are 
perpetually constructed within rather than prior to, the processes of social interaction’. 
Each utterance therefore both contributes to the transfer of information but also 
acknowledgement of the relationship between participants. In mathematics 
classrooms, interactions are either between students or between a teacher and 
student(s). The value of students talking about their learning has been recognised 
since at least the 1960s (Swann & Graddol, 1994). Currently both the Australian and 
New Zealand mathematics curriculums state that students should use everyday 
language to describe their experiences before moving on to using more precise 
mathematical language (Australian Education Council (1991), New Zealand Ministry 
of Education (1992)). This move from everyday language to the more formal 
mathematics register reflects the need for students to have both fluency and accuracy 
in order to gain the most from their mathematical discussions. If students are expected 
to only use the mathematics register and thus be accurate, they are unlikely to be able 
to use language to explore new ideas that they are learning (Meaney, forthcoming). 
Yet if students are not encouraged to use mathematical language (both terms and 
grammatical constructions) then eventually their mathematical learning will be  
restricted (Khisty & Chval, 2002). For example, Ellerton, Clarkson and Clements 
(2000, p. 35) stated that  

research tends to suggest that we do need to link concepts, with appropriate language and 
applications. Furthermore, the language and applications that we choose to emphasise can 
create word patterns, visual images and memories of episodes which will influence 
students’ conceptual development. 



 
At different times, a teacher will encourage students to concentrate of developing 
their accuracy or fluency depending upon the topic and the students’ familiarity with 
it. As the instigator of learning activities, the teacher has a different role to that of 
students and this is reflected in the roles that their linguistic choices have to perform 
(Chapman, 1997). The teacher’s use of language needs to both model through 
providing examples and scaffold the language that they are expecting students to use. 
Teachers do this predominantly by asking questions and providing comments which 
act as a cushion as the students, sometimes tentatively, describe their new ideas or 
experiment with using new language (Bickmore-Brand and Gawned 1990).  
 
Assessment activities produce social interactions in which the teacher’s role is to have 
students demonstrate what they know and can do rather than to support their learning 
(although at times these roles can overlap).  However, in assessment tasks, the 
linguistic choices that students make influence how successful they are considered to 
be in making meaning in mathematics. Zevenbergen (1996, p. 106) in reviewing the 
literature on how middle class students’ home language experiences match much 
more closely those of school than those of their working class peers suggested that 
‘[t]his language disadvantage becomes manifested as mathematical disadvantage and 
reified as something lacking within the individual, usually described as something 
cognitive or a more innate ability rather than a linguistic difference’. Any assessment 
of students’ ability to do mathematics needs also to include an understanding of the 
linguistics choices that students have available to discuss their mathematical learning. 
 
Ellerton et al. (2000, p. 38) suggested that the placement of students into levels could 
be distorted if there was a mismatch between the language of the task and that used by 
the student or between the student’s linguistic choices and the expectations of the 
classifier. One aspect in which a mismatch between the assessor and the student can 
occur is when different sociolinguistic rules of interpersonal communication interfere 
with expectations of how the mathematics register is to be used (Chapman, 1997, p. 
156-7). Maybin (1994, p. 148) stated that it is not possible to separate the 
interpersonal and content transmission functions in any one utterance. However, 
students can become confused as they try to determine whether to prioritise the 
mathematical objects or the relationship between participants, especially when the 
questioner is an adult. In referring to the format for responding to problems, Ellerton 
et al. (2000, p. 44) suggested that ‘children feel most comfortable when they use the 
mode of expression expected of them by their teacher’. Citing the research of Lowrie 
(1996), they reported that the Year 6 students studied preferred to use more ‘verbal 
analytical approaches when tackling familiar tasks but more visual approaches when 
attempting to solve unfamiliar problems’. The verbal approach was the one preferred 
by the teacher. Khisty & Chval’s (2002) research showed that if the teacher did not 
use mathematical language then their students would not either. In their context, they 
were referring to a lack in the models of mathematical language provided to students 
but it is also likely that even if students had gained some fluency in the mathematics 
register they would be unlikely to use it if, when in a new class, a teacher did not use 
it themselves. This is because of the wish of most students to conform to the implicit 
rules of behaviour including those related to language which have been modelled by a 
teacher.  
 



Although, as was stated earlier, there has been a realisation that students need 
language in learning mathematics, there has have been few attempts to systematically 
document the language that students use. The exception to this would be the study 
undertaken by Irwin and Ginsberg (2001). They analysed the language used by 5-
year-old children of different socio-economic backgrounds while engaged in 
mathematical play. This study showed that children of different socio-economic 
backgrounds who used the same knowledge of mathematical concepts in their play 
were markedly different in their use of language. This difference suggested that those 
from lower socio-economic backgrounds were much less prepared to communicate 
their knowledge to teachers than were those from upper socio-economic backgrounds. 
In this study, a research methodology was chosen which built on that used in this 
previous study. However in trying to get a grasp of the larger picture of how children 
discuss mathematics at different ages, we have expanded it to use a series of ratios. 
 
Methodology 
The results reported here are students’ responses to two mathematics tasks selected 
from the videotaped interviews from NEMP. The students, interviewed in 1997, for 
this assessment project were from a light, stratified sample of all Year 4 and 8 New 
Zealand students. For this analysis, we requested a random selection of six students 
from each of the following subgroups.  

 
Table 1. Distribution of students chosen for analysis, six students per cell. 

Year Students from Upper 
Decile Schools 

Students from Lower 
Decile Schools 

4 Girls Boys Girls Boys 
8 Girls Boys Girls Boys 

  
When examining the nominal groups used by middle-class and working-class 5-year 
old children, Hawkins (1977) used a similar set of cells. This selection meant that for 
any of the variables, we always had a group of 24 but we were also able to look at the 
particular characteristics of the language of the six students in any cell, although no 
generalisations could be made about such a small sample. As suggested by Hawkins 
(1977, p. 8) ‘[i]ts advantage is that the effects of each variable may be estimated 
independently’. We anticipated that differences were most likely to occur between 
students from Upper and Lower Decile schools. The linguistic choices of Middle 
Decile school students will be examined in detail in a later paper as will more in depth 
descriptions of the linguistic choices of students in different cells.  
 
The tasks selected were “Better Buy” and “Weigh Up”. These are described in the 
text boxes below. These tasks were selected for analysis because they required 
students to solve a comparison question and describe some of their thinking about 
what they did and their reasons for this. We felt that we were more likely to see 
students chose to use mathematical terms in questions which required them to reflect 
on the process, rather than just describing what they had done (see Meaney, 2002b). 
With NEMP tasks, it is expected that teacher administrators will ask the set questions 
without modifications. 



Weigh Up 
1. Here are four boxes of Pebbles. They look the same, but they each have a different 
weight or mass. Think about how you could put them in order from the lightest to the 
heaviest — then tell me how you would do it using the balance. Don't use the balance yet.  
If the student simply says "Weigh them"...  
How would they go about weighing them? 

Put the placement mat in front of the student. 
2. I want you to use this balance to help you work out the order of the objects, from the 
lightest to the heaviest. Tell me how you are working it out as you are doing it and put the 
boxes in order on the placement mat.  

Once the student has arranged the boxes in order from lightest to heaviest, record their decisions 
on the recording sheet.  

3. If you had to explain to someone else in your class how to work out the order from 
lightest to heaviest, what would you tell them to do? 
 

Figure 1: Instructions for teacher administrators for the Weigh Up Task. 

 
Better Buy 

Place the 100g and 50 g boxes of Pebbles in front of the student. 
In this activity you will be using some boxes of Pebbles. The big box holds 100 grams of Pebbles and 
costs $1.30. The smaller box holds 50 grams of Pebbles and costs 60 cents. 

1. Which one is better value for money? 
Prompt: Which box would give you more Pebbles for the money? 
2. Why is that box better value for money? 
3. How do you know that? 

Place the 20g box of Pebbles in front of the student. 
4. This box costs 30 cents. Which is the better buy – this 20g box or this 100g? 

Point to the 20 g box. 
5. If I wanted 100 g of Pebbles, how many of these boxes would I need? 
6. How did you work that out? 
 

Figure 2: Instructions for teacher administrators for the Better Buy Task. 

 
Analysis 
Once the students’ for each subgroup had been chosen their videos were transferred 
onto CD-ROM and then transcribed. From the transcripts, the number of instances of 
particular expressions in a set of categories were counted. The categories which are 
reported in this paper are: agent (who or what was the main actor in a clause); process 
(the verb of each clause); and abstraction (what terms were used to describe the 
Pebble boxes) (see Meaney, forthcoming for a longer description of the features of the 
mathematics register).  
 
Students’ responses ranged from making no comment to answers several sentences in 
length. If a student was not asked a question then another student was chosen as a 
replacement. However if the question was asked but a student did not give a verbal 
response they were kept in the sample. As there were significant differences in the 
length of each answer, it was not useful to look simply at the number of each 
expression in each category. Instead, it was decided to use a ratio of the number of 
mathematical terms compared to everyday terms. In the category of agent we 
compared the number of times that students used the Pebble boxes (or a pronoun for 
them) as the main agent of a clause compared to their use of personal pronouns 
(including elliptical ones, as in the case of imperatives) (see Halliday, 1985). This is 
because in the mathematics register, how things are named is important. In most 
mathematics, mathematical objects are the doers of actions rather than people. It was, 



therefore, felt that concentration on the boxes of Pebbles more closely resembled the 
mathematics register than the students describing themselves or others as the doers of 
the actions. In the processes, the ratio was one between mathematical verbs (such as 
those showing a relationship between things or doing mathematical actions such as 
‘measuring’, ‘estimating’ and quasi-mathematical actions such as ‘figuring out’) and 
non-mathematical verbs which described other types of actions such as ‘putting on’, 
‘taking off’ or personal actions such as ‘saying’, ‘thinking’, ‘having’ or static verbs 
such as ‘is’ in ‘this is a box’. These final verbs need to be distinguished from the 
relationship verbs such as ‘this is heavier’ where the ‘is’ is describing a relationship 
and is very typical of the mathematical register. In the abstraction category, we 
compared the terms that students used to describe the Pebble boxes in an abstract way 
(whichever one, which one, the heaviest) to specific labels or pronouns referring to 
specific boxes. When students make generalisations in mathematics, it is important 
that they are able to describe categories rather than the specific items involved in the 
task. 
 
Before going onto the general results, two examples are provided to illustrate what we 
did. Harvey was a Year 4 boy from an upper decile school. His responses to the tasks 
are given in Table 2. When asked the Better Buy question, his sentences were all 
about the boxes and their mathematical characteristics. He even made up an uncalled-
for addition problem. He used mathematical processes for half of his verbs. He 
continued to favour mathematical agents and actions for planning the Weigh Up 
question. His explanations were entirely in terms of the mathematical characteristics 
of the boxes saying, for example, “whatever the heaviest is will be at the bottom”, and 
“you know… the lightest because it will be at the top…” When asked to tell a 
classmate how to do the problem, he followed the laws of conversation, using “I” and 
”you” as subject about 1/3 of the time, but still keeping the emphasis on the 
mathematical characteristics. He said: 
 

Well I’d, say well you’d measure it the way you thingy, put two, the thing, imagine by 
your hands using whatever’s the heaviest, you measure them both and whatever’s the 
heaviest you put at the front and then you measure it the one that was lightest with one of 
the ones, one of the other ones and whatever’s the heaviest out of that you’d put, you’d 
hold on to it and then you get the other one and if it was not um, heavier you’d put that 
one you measured first second, and then you’d put um, that second one, the one that lost 
when you did the first measuring, you put it in third place, then you put the last one in the 
last place. 

 
Table 2. Ratio of mathematics register linguistic choices to everyday linguistic 
choices used by a Year 4 boy from an upper decile school. 
 Weigh Up 

Plan 
Weigh Up 
Description 

Weigh Up 
Explanation 

Better Buy 

Mathematical object: 
person as agent  

12:4 6:3 5:13 10:3 

Mathematical process: non 
mathematical process  

7:3 4:3 8:11 6:6 

More: less abstract 
reference to the Pebble 
boxes 

1:11 2:4 6:13 0:11  

 
In contrast to Harvey, Table 3 shows the ratios of Helen’s language. She was the most 
talkative of the Year 4 girls from high decile schools, although she said only 194 



words. She said nothing while describing her actions in the Weigh Up task despite 
encouragement. She used most language while describing her Weigh Up plan. In this 
section, she always used a person as the agent of her clauses, and did this a majority 
of time in her explanation as well. Only in Better Buy, where she was asked about the 
Pebble boxes did she use the mathematical object as the agent of her clauses. 
 
Table 3. Ratio of mathematics register linguistic choices to everyday linguistic 
choices used by a Year 4 girl from an upper decile school. 
 Weigh Up 

Plan 
Weigh Up 
Description 

Weigh Up 
Explanation 

Better Buy 

Mathematical object: 
person as agent 

0:11 0:0 4:17 3:0 

Mathematical process: non 
mathematical process 

4:11 1:0 7:20 1:1 

More: less abstract 
reference to the Pebble 
boxes 

4:9 0:0 12:13 2:3 

 
Results 
The following tables summarise the ratios of agents, processes and abstractions 
judged to be mathematical to those not judged to be mathematical. The main points in 
each table are described. In the next section the differences between the three 
components of the Weigh Up task and the Better Buy task are discussed. 
   
Table 4. Ratios for the use of linguistic components in the Plan for the Weigh Up task 
 Gender Year Level School Decile  

Total 
 Boys Girls Year 4 Year 8 Low High  
Mathematical 
object: person 
as agent 

83:112 
0.7:1 

81:130 
0.6:1 

81:107 
0.7:1 

83:135  
0.6:1 

77:117 
0.7:1 

87:125 
0.7:1 

164:242 
0.7:1 

Mathematical 
process: non 
mathematical 
process 

80:124 
0.6:1 

85:138 
0.6:1 

84:108 
0.8:1 

81:154 
0.5:1 

70:115 
0.6:1 

95:147 
0.6:1 

165:262 
0.6:1 

More: less 
abstract 
reference to the 
Pebble boxes 

25:205 
0.1:1 

61:140 
0.4:1 

37:141 
0.3:1 

49:204 
0.2:1 

32:164 
0.2:1 

54:181 
0.3:1 

86:345 
0.2:1 

On this task, students used a person as the agent rather than a mathematical object, 
reflecting the aspect of the question “Tell me what you would do…”. Similarly, non-
mathematical processes were used more frequently than mathematical ones, with the 
closest relationship being 0.8:1 for Year 4 students. As a group, girls used more 
abstract expressions than any other group, especially boys.  
 



Table 5. Ratios for linguistics components used in Description of the Weigh Up Task, 
while the student was working on it. 

 Gender Year Level School Decile  
Total 

 Boys Girls Year 4 Year 8 Low High  
Mathematical 
object: person 
as agent 

102:85 
1.2:1 

148:135 
1.1:1 

92:86 
1.1:1 

158:134 
1.2:1 

123:114 
1.1:1 

127:106 
1.2:1 

250:220 
1.1:1 

Mathematical 
process: non 
mathematical 
process 

104:142 
0.7:1 

133:177 
0.8:1 

100:155 
0.6:1 

137:164 
0.8:1 

104:163 
0.6:1 

133:157 
0.8:1 

237:320 
0.7:1 

More: less 
abstract 
reference to the 
Pebble boxes 

26:310 
0.1:1 

45:318 
0.1:1 

22:273 
0.1:1 

49:355 
0.1:1 

35:284 
0.1:1 

36:344 
0.1:1 

71:628 
0.1:1 

While the students were actually ordering the boxes and describing what they were 
doing, the ratio of mathematical objects was just over 1:1. This was much higher than 
it was during the plan. However, the proportion of specific abstractions was 
consistently low across all groups and were less than for any other question. The most 
startling result for this part of the Weigh Up task is the consistency of the results 
across groups. 
  
Table 6. Ratios for linguistics components used in Explanation of how the Weigh Up 
Task would be given to a classmate. 

Gender Year Level School Decile  
Total 

 

Boys Girls Year 4 Year 8 Low High  
Mathematical 
object: person as 
agent 

99:172 
0.6:1 

82:170 
0.5:1 

66:133 
0.5:1 

115:209 
0.6:1 

95:119 
0.8:1 

86:223 
0.4:1 

181:342 
0.5:1 

Mathematical 
process: non 
mathematical 
process 

137:186 
0.7:1 

108:185 
0.6:1 

100:155 
0.6:1 

145:216 
0.7:1 

103:170 
0.6:1 

142:201 
0.7:1 

245:371 
0.7:1 

More: less 
abstract reference 
to the Pebble 
boxes 

83:236 
0.4:1 

76:199 
0.4:1 

43:223 
0.2:1 

116:212 
0.5:1 

63:209 
0.3:1 

96:226 
0.4:1 

159:435 
0.4:1 

When explaining how the task would be done to a hypothetical classmate, students 
returned to using people as agents more often than mathematical objects again most 
likely related to the pronouns in the question. However, students from low decile 
schools used proportionally less people as agents than did students from high decile 
schools. Although all students still used more specific terms to describe the Pebble 
boxes, this part of the Weigh Up task encouraged more use of abstract terms than the 
previous two parts. 
 
The major finding from looking at the results for the Weigh Up task is the consistency 
across the different categories. It is only occasionally that the different groups differ 
from their corresponding pair such as the Year 4 students using more mathematical 
process terms than the Year 8 students in the Plan section.  
  
However, there do appear to be some differences across the questions. The 
Description part of the Weigh Up task, produces very different ratios for the agent and 



abstraction categories than those for the plan or the explanation. This suggests that the 
description question encourages students to concentrate on the objects rather than 
themselves as the doers of actions but the objects are not discussed abstractly. It 
would have been unusual to find that in describing actions that they were currently 
undertaking that students did refer to the objects abstractly. On the other hand, the 
Explanation part of the Weigh Up task seems to encourage students to use more 
abstract language to describe the objects.  
 
When the results for the Better Buy task were considered the picture becomes more 
interesting. For this task, there were marked differences between year levels, genders 
and school decile levels for the agent and between year level and school decile level 
in the process category. Year 4s appear to make linguistic choices more related to the 
mathematics register than those of the Year 8s, as do girls compared to boys and 
students from low decile schools compared with students from high decile schools. 
None of the Weigh Up questions produced such significant differences. 
 
 Table 7. Ratios for the use of linguistic components on the Better Buy Task.  

 Gender Year Level School Decile  
Total 

 Boys Girls Year 4 Year 8 Low High  
Mathematical 
object: person 
as agent 

94:37 
2.5:1 

93:17 
5.4:1 

89:10 
8.9:1 

98:44 
2.2:1 

86:22 
3.9:1 

101:32 
3.2:1 

187:54 
3.5:1 

Mathematical 
process: non 
mathematical 
process 

91:61 
1.5:1 

73:52 
1.4:1 

75:31 
2.4:1 

89:82 
1:1 

71:48 
1.5:1 

93:75 
1.2:1 

164:113 
1.5:1 

More: less 
abstract 
reference to the 
Pebble boxes 

12:100  
0.1:1 

12:126 
0.1:1 

11:112 
0.1:1 

13:114 
0.1:1 

7:103 
0.07:1 

17:123 
0.1:1 

24:226 
0.1:1 

On this task, the mathematical object or a pronoun for it was chosen by Year 8 
students as the agent of an action more than twice as often as a person and for Year 4s 
this increased to nine times greater. The process ratios also show far more use of 
mathematical processes than for any part of the Weigh Up task with greater ratio for 
Year 4 students than Year 8s. With only two objects to compare, there was little need 
to use abstractions, as shown in the ratio of more abstract to more specific ways to 
describe the Pebble Boxes. This is compatible with the abstraction ratios in the 
Description part of the Weigh Up task. 
 
Discussion 
The results surprised us in that we had expected that the explanation question which 
required more self-reflection would have resulted in the use of language closer to that 
of the mathematical register. It was only in the category of abstraction that this proved 
to be the case. When designing the research we had chosen not to transcribe the 
teachers’ questions as we had wanted to focus on the students’ language. However, in 
trying to interpret our results we found that we had to look at how the questions were 
phrased.  
 
Most of the Weigh Up questions were phrased in language which emphasised the 
teacher and the student rather than the mathematical task. On the other hand, the 
Better Buy task put emphasis on “better value for money”. This seemed to result in 



students choosing more often to have an object as the agent of a clause rather than a 
person. However, it was only the Year 4s who took this cue to mean that they should 
concentrate on mathematical actions. Year 8 students choose similar numbers of non-
mathematical processes to mathematical processes. On some questions, it appeared 
that Year 4s were making linguistic choices closer to the mathematics register than 
Year 8 students. This also surprised us as we had expected to find that Year 8 students 
would recognise the task as being mathematical and therefore would be more clued 
into the need to use mathematics language. However this did not appear to be the 
case. 
 
Two implications for teachers come to mind from this initial analysis of the data. The 
first is that everyday language was quite adequate for the Year 8 students to do well 
on these problems (see Flockton & Crooks, 1998). It was not necessary for them to 
use elements of the mathematical register, and it may be that they are not familiar 
with this distinction because it may not be stressed in class. (see Khisty and Chval, 
2002). If this is so, then these students are ill prepared for the requirements of the 
National Certificate for Educational Achievement that they will take in a few years 
(see Meaney, 2000a). The second is the extent to which students appear to follow the 
laws of conversation (see for example, Chapman, 1997) in that when asked what they 
personally would do, they answer with a person as the agent, and use everyday 
language for process and abstractions. This suggests that teachers and assessors 
should phrase their questions in a way that indicates to students that use of the 
mathematics register is advantageous. If we always accepted everyday language as 
being sufficient in mathematical explanations, we are perhaps disadvantaging students 
in the long term. However, more research is needed to understand these issues more 
completely. 
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