
327 

.. YOUNG CHILDREN'S·NUMBERCONCEPTS - The effect of calculator use on teacher 
expectations .. 

SUSIE GROVES & JILL CHEESEMAN 
Deakin University ~. Burwood Campus 

This paper examines the. extent to which seven teachers changed their expectations of· 
'children'smathematical performance during their first two years of teaching at the. 
preparatory level in the . Calculators· in Primary Mathematics project - a long-term 
investigation into the effects of calculator use on the learning and teaching of primary 
mathematics. Questionnaire results' show a slight increase in expectations for most of the 21 
items dealing with counting and "large numbers", with a greater increase for the 5 items· 
dealing with negative numbers. In general, teachers' increased expectations reflected their 
observations of children's performance during the previoUS year. Nevertheless, teachers' 
predictions remained conservative compared to actual levels of performance. However, data 
obtained from interviews and teachers' comments suggest that teachers are adopting a more· 
open-ended approach (0 their mathematics teaching in order to cater for the increased level 
of understanding revealed by the presence of the calculator. 

The Calculators in Primary M~thematics * project is a long-term investigation .into the effects of 
the. introduction of calculators on the learning. and teaching of primary mathematics. It is based 
on the premise that calculators have the potential to significantly change mathematics curriculum 
and teaching (Corbitt, 1985, p.14; Cockcroft, 1982; p.109). Apartfrom the Calculator-Aware 
Number (CAN) project (Shuard, Walsh, Goodwin & Worcester, 1991), there is little evidence that 
shchchangesarecomm()nlyoccurring (Curriculum Development Centre, 1986, p.t8; Hembree & 
Dessart; 1986, p.83; Reys, 1989, p.173). 

The project commenced at prep and grade I level in six schools in 1990, with 45 prep to grade 
3 dasses participating in 1992. After three years. of. involvement, prep and grade 1 are. no longer 
part of the· project. in 1993, .. leaving 33 grades 2 to 4 classes participating. All children are given 
their own calculator to use whenever they wish, while teachers are provided with systematic 
professional support to assist them in using calculators to create a rich mathematical environment 
for children to explore. . . ... . 
. Changes in teachers' expectations of children's mathematical performance and consequent 

changes in the mathematics curriculum provide one oLthe major foci for the project. . 
Previous studies have found that young Children's mathematical skills are consistently 

underestimated by teachers, with the consequence that a high percentage of tasks setby teachers 
fail to challenge many children (Young-Loveridge, 1989,. p.60; Desforges & Cockburn, 1987, 
pp.90-94;Wright, 1991, p.13). . . . . 
. Young children in the CAN project used their calculators to explore numbers and developed 
mathematical concepts which were unexpected for their age (Shuard, Walsh, Goodwin, & 
Worcester, 1991, p.6). Furthermore, teachers began to listen more to children and encourage 
children to talk more about mathematics (pAS). .. .... .. 

Yackel, Cobb and Wood (to appear) regard the c1assroQm as the primary site for teacher· 
learning as teachers interact with their students, with class discussions providing the opportunity 
for teachers to develop expectations aM anticipate children's solutions.. .. . 

The Calculators in Primary Mathematics project is based on·a model of teach~r change which 
assumes that the major motivation for teachers to.change is the desire for improvement in student 
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learning outcomes and that changes in teachers' classroom practic.e need to precede changes in 
teachers' beliefs and attitudes (Guskey, 1986, pp.7-1O). . . . . 

ConSiderable anecdotal evidence exists. to' suggest that young children in the project are 
'. dealing with much larger numbe(s than would normally be expected, as well as negative numbers, 
. and, to a lesser extent, decimals (see, for example, Groves, Cheeseman, Clarke & Hawkes, 199]; 
,Groves & Cheeseman, 1992, pp.3-4). If children exceed teachers' expectations in certain areas, 
then it might be anticipated that teachers will change their expectations, which will then lead to 
curriculum change. In order to investigate changes in teachers' expectations, data is being 
collected each year by means of an extensive written questionnaire and teacher interviews . 

. This paper examines the extent to which the seven teachers, who participated in the project at 
preparatory level for tWO or more years, changed their expectations of children's mathematical 
penormance during their first two years. It focusses on three areas where We hypothesised that 
children in the calculator project would exceed teachers' previous expectations: counting, "large 
numbers" and negative numbers. Decimals are not dealt with here,as evidence suggests that gains 
in this area are notevjdent at the preparatory level. 

QUESTIONNAIRE ltESULTS . 
The written questionnaire. contains J 21 specific attainment targets,relating to number, at levels of . 
difficulty ranging from what would be usually accepted as relevant to prep children (e.g. count 
aloud to 10 ) to ones which would normally not be seen as part of the primary mathematics 
curriculum (e.g. correctly approximate to 3 significant figwes a number on a calculator display ). 
The choice of items was based on a selection of attainment targets from the Number strand of the 
UK National Curricultlm (National. Curriculum Council, 1988). The items have been arranged at 
random, to avoid preconceptions about levels of difficulty. A total of 26 items deal with counting, 
"large numbers" and negative numbers.' . . . . 

At the beginning of each year of their involvement in the project, teachers are asked to 
indicate, for each·of the items, their expectations of children at the beginning and end of that 

. year. They do this by indicating whether they eX.pect all, most, some or none of the children to be 
successful on the item. Their own 'completed questionnaires are then returned to the teachers. at 
the end of the year for them to indicate, in the same manner, children's actual performance by the 
end of the year, and to make free comments on how they think their expectations of children's' 
mathematical performance have changed over the period of their involvement in. the project. 

For the purpose of reporting the data here, the responses relating to the number of children 
expected or actually able to perform a task was mapped onto a linear numerical scale as follows: 
None 0 Some = 1 Most = 2 All = 3. 

Table 1 Teachers'expectations of children at beginning and end of prep year and children's 
actual performance for items related to counting 

Item Description Response* 
number of task Yr 1 Yr2 Yr 1 Yr2 Yr 1 

Beg Beg End' End Act 

7 Count aloud to 120 . 3 5 8 ]0 11 

22 Know the number 1 greater than 17 . 5 7 14 13 16 
""",~ 

23 Count 'backwards from 10 to 1 . 7 10 18 20 20 
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40 Count by 2's from 1 to 17 . 1 3 T 9 7 

42 Count by to's from 7 to 77. 1 1 6 5 9 

47 Count by lO's from 10" to 100. 4 4 14 12 15 

88 Count by 2'sfrom 2 to 28. 1 3 7 8 10 

92 Continue 5, 10, 15,20, .... 2 5 11 11 17 

100 Count backwards in lO's from 100 to O. 1 2 5 8 8 
-

107 Count by 5's from 5 to 50. 0 2 11 10 16 

1 1 1 Know that 10 more than 42 is 52. 0 1 4 6 7 

* sum of responses of seven prep teachers in their first and second years for expectations of children 
"" at beginning and end of year and children's actual performance, using the scale of 
" None =0 . Some == 1 . Most = 2; All = 3 . 

Tables 1 to 3 display, in summary form, the data obtained for the 26 items dealing with 
counting, "large numbers" and negative numbers. For each item, the numerical scale referred to 
above was used to sum the responses of the seven teachers for "their expectations at the beginning 
and end of the two years and children's actual performance in the first year. So, for example, for 
Items 7 and 107 inTable 1, the entries of 10 for expectations at the end of year 2 were obtained 
since three teachers expected most children to be able to do the task and four teachers expected 
only some children to do so ( 10 = 3x 2 + 4 xl ). "" 

" " 

Table 2 Teachers'expectations of children at beginning and 'end of prep year and children's 
actual performance for items related to large nuinbers 

Item Description Response* 
~umber of task Yr I Yr2 Yr I Yr2 Yr 1 

Beg Beg "End End Act 
Know that "four hundred and two" is written as 402 and 

13 know why neither ·42 nor 4002 is correct. 1 0 1 5 5 

16 Count from 389 to 407. 0 1 3 5 6 

19 Correctly read 14560. 0 0 1 1 3 
-<lJi 

20 Know the value of the 2 in 521 400 . 0 0 0 0 2 

-
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32 Know that 78 is 7 tens and 8 ones. 0 1 4 6 9 

36 Write in figures four thousand and seventy three. 0 0 0 I 2 

44 Correctly read 1810 0 ) ) 4 3 

55 Coaectly read numerals , to 1000 1 2 4 5 4 

83 Countin 10's from 960 to 1050. 0 0 1 3 5 
Know the next number to appear on the trip meter of a car 

98 after 06399. ' 0 0 0 0 I 
* spm of responses of seven prep teachers in their first and second years for expectations of children 

,at beginning and end of year and ,children's adual perforniance, using the scale of 
None::: 0 ; Some = l' Most = 2' All = 3. " 

Tables 1 and 2 show that for most. of the 21 items related . to counting and large numbers there, was 
a slight increase or no' change in teachers' expe<;tations forchHdrenatthebeginning arid end of 
the year. ' , '. ' 

,Four items (Items 22, 42 , 47 and 107) showed ,a slight decreas.e in expedationsat the end' of 
the year, mostly corresponding to just one teacher ]owering expectations by , one category. All of ' 
theseitemsre1at.ed tocountiqg, with three of the four i*ems relating to counting by 5's or 1 O's.lt ~s 
difficult to explain these. decreases in . expectations as, for each of the fouritel11s, 'teachers. had' 
rated children's actual ,performance at the end of the first year not only higher than their 
preclictionsiorthe second year, but also higher than their expectations for the first year. This 
~~ndency to make,conservatiyepredictions in corqparison with perceived actual· performance from 
the.previous year was consistent with data for all 21 items, withonly,three items (Items 40; 44 and 
55) showing teachers predicting a higher end of year performance than actually observed in the 
pfeviousyear, while 15 ,items produced lower predictions. , ' 

Only one item, (ltem 13) showed a decrease in expectations for the beginning of the year . .This 
,item required considerable knowledge.ofpJace value, as did five of tbe six items which showed no, . 
change in expectations at tbebeginning·oftbe y.ear. This result is. not surprising as these place 
value tasks would normally be expected to be much too difficult for children just beginning 
scbool.H.owever, Item 13 resulted in the greatest positive change in teacbers'expectations for the' ' 
end of the year, with 5 teachers expecting some children to know how to write 402 in their second 
ye.ar, cOm.pared to only one teacher in the [rrst year. , 

, Tbeother items to show signifiCant positive changes in teachers'expectations were Item 23 
(beginning of year} and Items 100an(1 44 (end' of 'year). Two of these items relate to counting 
backwards -a .popularcalculatof, activity which leads many children to "discover" negative 
numbers. 

Table 3 Teachers' expectations of children at beginning and end of prep year and children's 
. actual performance for items related to negative numbers . 

Item Description tte~P9nse* 
~ulllber of task Yr 1 Yr2 Yr 1 Yr2 Yr I 

Beg Beg End End Act 

-
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Know the answer for 2 -. 6 . 

Know that - 3 is the number immediately to the left of 
- 2 on a number line marked pff in I's. 

. Understand w,hat is meant by -7 on a calculatordisplay~ 

Count backwards from 9 to - 9 . 

J 1 8' Count backwards in ] O's from 50 to' - 70 . 

0 

0 

0 

0 

0 

0 0 3 3 

1 0 3 2 

0 1 7 6 

1 1 3 5 

0 0 0 2 
* SLIm of responses of seven prep teachers in their first and second years for expectations of children 

at beginning anQend of year and children's actual performance, using the scale of , , 
None = 0 ; Some = I ; Most =2' All =3 . 

..... 

Table 3 shows that, for four of the five items related to negative numbers, theJ:'e was a 
considerable shift in teachers' expectations of children's performance at the end of the year, with 
APproximately half to all of the teachers moving to expecting some children to be able to perform 
the task. The biggest chal1geoccurred for Item 60,· understanding what is meant by -7 on a· 

., calculator display, where all teachers in their sec.ond year of involvement expected some children 
to understand this, compared to no teachers in their first year. Teachers' expectations for the end 
of their second year were closer to their perceptions of actual performance than for the earlier 
items, The only exception to this was Item 118; counting backwards in lO's from 50 to - 70, for 

. which no.teacher expected any children to be successful either at the beginning or end of year, 
despite two teachers reporting that some children could do this in the first year. . 

TEACHERS' COMMENTS 
Data on changing expectations obtained from interviews with the seven teachers and their free 
comtlnents at the end of the written questionnaire falls into, three major categories.. . . 

All seven-efthe tea~hefs-specifi~allyreferte~atleast some children work-ing with and 
understanding larger numbers than previously expected - e.g. "They can be counting on their 
calculator with long strings of numbers,' counting from zero by fives. They can get right up into 
the hundreds and anticipate the next numbers. Once they stop keying in the numbers, they get up 
to 505 and they' will know the next number is 510" .. Teachers sometimes directly attribute the 
understanding to the presence of the calculator -. e.g. "1 think it enables them to do more difficult 
things. TheywiH make up counting grids and count up into the hundreds and even into thousands 
and they wouldn't be doing that if they didn't have the calculator". Teachers frequently comment 
that they ,are no .longer able to "limit".children to numbers less than I 0 (or 50 ,or 100) - e.g. "I'm 
not conscious of staying within a given number range. Although 1 might start that way, I then 
leave it up to the children ". . . 

This last comment also suggests a change in the way in which teachers are approaching their 
mathematics teaching. Five of the seven teachers· reported changes in their teaching of 
mathematics, while the remainingtwo denied any such changes. The most common changes were 
in the extent of open-endednessof the tasks and the extent to which children are able to lead the 
learning process. For example,one teacher reports that "I have changed the way I plan the sorts of 
activities I do and allow the kids to extend themselves. I think that's what the calculator has 
allowed." Several teachers compare the changes to earlier changes in their language teaching ~. e.g. 

, "lam asking alot more questions and allowing children to arrive at their own answers. I am giving 
them a lot • more freedom to experiment with number and problem solving. I·· am not giving 
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approval or disapproval, I am just allowing children to share what they find out So it's much more 
child:..centred,as language hasbecorne". 

There is considerable agreernent that the calculator enables teachers to see what the children 
can do and hence. affects their expectations. One teacher comments "Some things children are 
actually able to do might have been the same in previous years- but I may not have given them 
the opportunity to show me. Consequently past experiences and style of teaching have led to my 
end of year predictions" . When asked whether they believed the calculator was causingchanges in 
children's level. of . understanding. or merely revealing what they al ready . knew, three teachers 
believed that ·it was merely revealing what children knew, three believed it wasbolh, while the 
remaining teacher answered by saying "I think we actually stopped children from going too far 
years ago .:,we [wentlto lOin prep and 20 in grade 1 ... .{ really believe it's causing a change in 
teaching rathertlian itlchildten'S levels of learning. I think teachers are changing because we are 
.usingthe calculators now" . 

CONCLUSION 
Teachers' . expectations, asmeastifedby the questionnaire, show a sligbt increase for most of the 21 
. items dealing withcouriting and "large numbers", with a greater increase. for the 5 items dealing . 
withnegativepumbers. Ing~neral, teachers'increased expectations. reflected .. their observations· of' 
childr,e~'sperf~rrn~nced\lrjJlg the previous year. Nevertheless, teachers' predictions remained 
cOhservati~ecomi'are~ t0t\CtuaIlevelsofpetformance.. . . .. . ..... .'. . 

Onepossibl7 ~as{)n,fOrthes~conseryativeexpectationsinay-be, teachers'beliefsthat the few' 
childrenthey()bserved 'bein,g.ableto petform these tasks in their first year. of involvement in the 
preject wetettuly exceptional and that such children . were unlikely to be present again in other' 
years. ... ........ .....•....... .... .. ..... .. . .. ' ..... ....... '. .... .. . ' .. 

1'he itemsr~lating to counting which showed the greatest increase ill expectations .' both 
involvedcountingba~kwards. ·Countingback\Vardsoncalculators has been . cited by project 
teachers asle~dingmanychildren.to "discover" negative numbers ~ the area 'in which the greatest 
positive change inteachers'expeotatlons was observed . . ..... . '. ........ . ..' . .' 

Previous Btudiesha.ve found that the 'unrestricted mathematical environment provided by 
caictJlators encourages children to explore concepts from which they may have previously been 

.. "shielded" and that,as.aresult, teach~ts'reconsider their approach to teaching and begin to 
de,,,-elopexplpLa19ry~atl(:ltn,,e~tigative styles of teaching which allow children to take responsibility 
f<>Ltheirown leamin'g' ('Open UnTversiry,f982,ppA9::5'1 ;Shuard, Walsh,Goodwin,& Worcester, 
1991,p.44). . ... ...•... ....... .... ......... ..... . ..... ' ........ ' ..•. , .... ...... '.. .'. ,.' . . 

...... 9]·assroom observations and other data as repotted elsewhere (see,' for example, Groves, 1991) 
su~gest that te~chersinvolved in theCalculato'rsin . Primary Mathematics.project are changing 
'th~irteachingp~ctice ~llmathertlatics.Theseobservationsarenowsupported by data. obtained 
frortlinterviewsandthe free comments on the questionnaire, which sllggestthatteachers, at least at 
t~etire.pa~at6ry le~el;areadoptihg. a more open-ended approach to their mathematics teaching in 
ordertO .. e.tlter fo! t~~ increased >levelofuriderstanding revealed by the ,·presenceof the calculator. 
In.pafti?ular, •. teaChers .. ' are ·allow:ingchildren .. to . lead the learning· process by.· presenting. them. with . 
sfattingpoirttswhiCh.<allow for extensions in many different ways.'. .... .. . ' '. . ' . . 
'FutUre repottingoftesearchonproject . teachers'expectations will focus '. on other aspects of '. 
nutti'ber,suchasoperatiQfls,andothergrade levels. If teachers' conservative prediction~ compared 
to children's actual levelS 'ofpetforttiaric~ . persists, further data win be collected through interviews. 
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