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Abstract: Since place-value blocks were introduced in the 1960s they have become the

predominant material of choice for teaching place-value concepts to young school

students. Despite their apparent advantages for modelling multidigit numbers, some

students who use them still develop faulty conceptions for numbers. A study currently in

progress in Australia is comparing the use of computers and of place-value blocks by

Year 3 students as they learned place-value concepts. Data analysed to date reveal

important differences in the behaviour of students in the two groups. Students using the

software tended to focus on the quantities being modelled, whereas students using

blocks spent large amounts of time counting and re-counting the blocks.
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1. Introduction

Place-value concepts are a key foundation for many areas of the mathematics

curriculum in schools. Understanding of the base-ten numeration system is a necessary

prerequisite for work in computation and measurement in particular, and underlies the

use of multidigit numbers in any application. Resnick (1983, p. 126) pointed out the

importance of this understanding and the difficulty teachers have in teaching it with her

comment that “The initial introduction of the decimal system and the positional

notation system based on it is, by common agreement of educators, the most difficult

and important instructional task in mathematics in the early school years.”

It is clearly important that teachers effectively assist their students to develop

place-value concepts, with a minimum of faulty or limited conceptions. Sadly,

however, research evidence shows that frequently students do develop conceptions of

numbers that are not accurate or complete, and this appears to affect their competence
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with computation and problem-solving. This paper is a report of a research study

presently in progress. The study involves Year 3 students at an Australian school, who

used either conventional place-value blocks or a computer software package as they

answered questions involving two- and three-digit numbers.

2. Physical materials as models for numbers

Because of the abstract nature of numbers, it is necessary to use physical models of

some sort to enable discussions with young children about number properties and

relationships. A wide variety of models have been used over the past few decades,

including varieties of commercial or teacher-made counting material, abacuses and

play money. Advantages and disadvantages of these various materials have been found,

which make some materials more effective than others.

The material that is probably the most frequently used in developing place-value

concepts (English & Halford 1995, p. 105) is place-value blocks (known also as Dienes

blocks). The reasons for the prevalence of use of place-value blocks relate to the

systematic structure of the blocks as a system, and the parallels between the “blocks

system” and the base-ten numeration system. The sizes of the blocks are proportional to

the numbers represented, so that they form a system of proportional analogues of

numbers. Actions on the blocks, such as trading, can be mapped onto actions on

numbers, such as regrouping, which are reflected in various computational algorithms.

The generally positive belief in place-value blocks as effective models of numbers

has to be tempered by other comments, however. A number of authors have pointed out

drawbacks for their use, including misunderstandings of what the blocks actually do in

terms of assisting children to picture numbers. First, it has been pointed out (Hunting &

Lamon 1995) that the mathematical structure of multidigit numbers is not contained in

any material; the structure of the numbers themselves has to be constructed in the mind

of the individual student. Thus there is no guarantee that use of physical materials will

lead to better understanding of numbers. Baroody (1989, p. 5) added support to this

point with his statement that learning can only take place when the “[learning]
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experience is meaningful to pupils and . . . they are actively engaged in thinking about

it”.

Research into the effects of instructional use of place-value blocks has produced

equivocal results. Hunting and Lamon (1995) suggested that there exist many variables

that may affect results from use of materials, including the type of material, length of

time used and teacher training. Thompson (1994) suggested that research studies

needed to give attention to the broad picture of the teaching environment to discern

reasons for the success or failure of instructional use of concrete materials.

The study reported on here used a descriptive approach to data gathering, relying on

videotapes of groupwork sessions to reveal important aspects of the learning

environment and its effects on students’ learning.

3. Research design

3.1 Research questions

Two broad questions are addressed in this research:

• Are there differences in children’s development of conceptual structures for

multidigit numbers when using two different representational formats (place

value blocks and computer software)?

• What differences emerge as children of different ability groups learn place value

concepts using two different representational forms and associated processes?

3.2 Method

Four groups of four students were involved in a series of ten groupwork sessions in

which they answered questions designed to develop concepts of two- and three-digit

numeration. The students had previously learned about two-digit numbers, but not

three-digit numbers. The sessions were conducted with a teacher-researcher present,

who directed the students to complete tasks on cards, helping and correcting them
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where necessary. The tasks were representative of tasks reported in the place-value

literature, and were of five types: number representation, regrouping, comparing and

ordering numbers, counting on and back, and addition and subtraction. The tasks were

set at two levels, involving first two-digit, and later three-digit, numbers. Two groups

used conventional place-value blocks, and two used a software application, called

Hi-Flyer Maths (Price, 1997), on two computers. All sessions were audio- and

video-taped, and a researcher’s journal, students’ workbooks and audit files produced

by the software were collected as supporting sources of data.

Prior to and after the ten sessions, each student was interviewed individually to

ascertain his or her understanding of two- and three-digit numeration concepts. Each

interview consisted of 27 questions, divided into eight question types. The questions

required participants to demonstrate a number of skills, including representing numbers

with place-value blocks, counting forward and backward by 1 or 10, comparing the

values represented by pairs of written symbols and solving problems involving novel

ten-grouping situations.

The raw data from the groupwork sessions, consisting mostly of audio and video

tapes, have been transcribed, and data analysis has commenced. The analysis approach

adopted is to pursue a close analysis of all relevant aspects of the learning environments

and their relationships with the evident learning by the participants.

3.3 Participants

Participants in the study reported here were selected from the population of Year 3

students (aged 7-8 years) at a primary school in a small Queensland rural town.

Participants were selected at random from two pools: students of either high or low

mathematical achievement, based on the previous year’s Year Two Diagnostic Net, a

state-wide test used in Queensland to identify students at risk in the areas of literacy and

numeracy. Students were assigned to groups of four, matched for ability, on the

assumptions that maximum learning would be possible if children in each group were

of similar mathematical ability. Each group comprised two girls and two boys. Four

groups were used, with one high- and one low-achievement level group using each of

the blocks or the computer.
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3.4 The software

The software application used in the study has been designed to model multidigit

numbers from 1 to 999 using pictures of place-value blocks on screen (Figure 1). The

screen blocks can be placed on a place-value chart, labelled “hundreds”, “tens” and

“ones”, and counters keep track of the number of blocks put out. The number

represented by the blocks can also be shown as a written symbol, and as a numeral

expander, that contains labels for the hundreds, tens and ones places that can be

individually shown or hidden. The verbal name of the number can also be accessed as

an audio recording played through the computer’s soundcard.

Fig. 1: “Hi-flyer Maths” screen showing block, written symbol and numeral

expander representations of the number 463
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As well as the representation of numbers, the software enables manipulations of the

blocks, that are designed to model actions taken on the represented quantities. A “saw”

tool allows a hundred or ten block to be dynamically re-formed into a collection of ten

ten blocks or ten one blocks, respectively, which are then moved into the relevant

column. In reverse, a “net” tool is used to “catch” ten blocks to be re-formed into one of

the next place to the left. By modelling regrouping actions dynamically on screen, it is

hoped that the software will assist children to gain better understanding of regrouping

processes applied to numbers.

3.5 Results

Transcripts of the two interviews of each participant conducted before and after the

groupwork sessions showed that understanding of place-value concepts improved for

the majority of participants (see Figure 2). For each of the 27 interview questions a

response was coded with a nominal score of 2 if it was completely correct on the first

attempt, 1 if correct on the second attempt or if there was a simple miscount, and 0 for

all other responses. Thus each participant was awarded two scores with a maximum

possible of 54. Figure 2 shows that increases in this measure of understanding of

place-value concepts for most students using either blocks or the computer. Of the 16

participants, 11 improved their score from interview 1 to interview 2, 1 had no change,

and 4 achieved a lower score on the second interview. The greatest increase was a gain

of 12 points, and the biggest decrease was a loss of 5 points. Comparing the two

treatments, the median improvement for blocks participants was 7.4%, and for

computer participants was 5.6%.
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Fig. 2: Summary of First and Second Interview Scores for Individual Participants

4. Discussion

Though the above numerical scores indicate that both computers and place-value

blocks were effective for developing understanding of place-value concepts, these

scores alone do not indicate important differences that emerged in the use of the two

representational formats. Analysis of transcripts has revealed a number of trends in the

data that are the subject of further on-going investigation and verification. The most

evident trend identified so far, discussed below, is the frequency and nature of counting

activity by participants using the two materials. In brief, students using the computer

counted much less often than students using blocks.

A simple count was made of the occurrences of the word “count” (including words

such as “counting” and “counts”) in the first three transcripts for each of the four

groups. This showed that in computer group transcripts, the word “count” occurred 16

times in 6 transcripts, whereas in block group transcripts it occurred 244 times. A closer

look at these transcripts showed that students using the computers occasionally counted
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a number sequence aloud, or counted on fingers to work out a simple sum, and on one

occasion a student started to count the blocks displayed on screen, until his friend

pointed out that the computer would do it for him. In comparison, students in block

groups counted blocks as they were first placed in a representation, re-counted subsets

of groups of blocks, mis-counted blocks, counted to find the answer to questions

relating to the numbers represented, and so on.

The statement that students using blocks were frequently observed to count the

blocks comes as no surprise. In the absence of any other means for determining the

numbers of blocks selected to represent a number, counting is a necessary adjunct to the

use of place-value blocks. Thus a student asked to “show 257 with the blocks” will

typically count out 2 hundreds, 5 tens and 7 ones blocks, and place them in a group in

front of himself or herself. In comparison, a student using the software needs to click

with the computer mouse until the same blocks are visible on the place-value chart on

the screen. However, counting is not needed for this task, as the software displays a

counter above each column, which shows how many blocks are in each place at any

time. For example, it was observed many times that a student using the computer

clicked the relevant button too many times, resulting in too many blocks on screen.

However, the screen counters enabled the student to notice and correct this quickly,

without having to count the blocks.

One aspect of counting activity in students using blocks that is of particular interest

is the prevalence of re-counting. Students using blocks frequently counted groups of

blocks more than once, for a number of apparent reasons. First, students sometimes had

to re-start counting because they were distracted or lost count while counting a group of

blocks. Second, students frequently re-counted a group of blocks simply to confirm that

the result of their previous count was correct. Third, it appeared that students

sometimes needed to re-count blocks because they simply forgot how many they had

counted previously. It is hypothesised that this may be the result of too great a demand

on the students’ cognitive capacity to complete the task at hand.

A worrying aspect of the block group students’ counting behaviour is the fact that

often students did not predict the numbers of blocks that ought to have been in place at a

given time. Generally it seemed clear that the students did not have a good enough

understanding of numeration to make links between block representations and
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manipulations made on the numbers so represented. For example, if a student had 4 tens

and 7 ones, and traded a ten block for ten ones, it was rare for the student to realise that

there should be 17 ones. Thus, rather than being able to say how many blocks there

should have been after a particular transaction, they needed to count blocks to reveal

how many blocks there were. This was particularly so for the low-achievement

students, but was also observed in students of high achievement. This difficulty was

compounded sometimes when the act of counting caused the student to forget what the

task was, as demonstrated in the following vignette. Clive and Jeremy (low

achievement students using place-value blocks) were asked to show 58 with blocks,

trade a ten block for ten ones, and record how many blocks resulted.

C(live): [Counts ten blocks] 2, 4, 5. [Puts tens down] 8! 58, 58. [Counts out ones two at a

time] 2, 4, 6, 8. [Writes in workbook] 58 equals 5 tens and 8 ones.

I(nterviewer): OK, this is 58 now, Jeremy. And Clive’s just doing the swap.

C: [Swaps ten for ones, counts them in his hand] 2, 4, 6, whoops, 8, 10. [Puts them on

table] Now that means ... [Counts ones] 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50,

51, 52, 53, 54, 55, 56, 57, 58. 58, again. [Pauses, smiles, pauses again.] I need

some help.

I: You’ve done 5 tens and 8 ones, which you’ve got to write down. How many tens

and ones do you have now, Clive?

C: Ah, ooh. That’s what I missed. [Starts to count one blocks]

I: Write the tens down first. You know how many tens there are.

C: [Writes in book] 58 equals 4 tens and ... [counts ones] 3, 4, 5, 6, 7, 8, 9, 10, 11, 12,

13, 14, 15, 16, 17! 17 ones.

Following this transaction Clive argued with the girls in the group about whether

there should be 17 or 18 ones. Clearly Clive did not have the understanding to predict

that it ought to be 18.

Analysis of the data is still at an early stage. However, analysis is showing that

students in the computer groups paid more attention to the quantities involved, and the

blocks and written symbols representing them, than their counterparts using blocks. For

example, in the following short vignette, Hayden and Terry realised that they did not

need to count the on-screen blocks, and “discovered” that after a ten block was

regrouped into ten ones, the number represented [77] had not changed:
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H(ayden): [Pointing to screen as he counts] 10, 20, 30, 40, 50, 60, ... [Puts up fingers on

his left hand as he continues] 61, 62, 63, [Goes back to pointing to screen] 64, 65,

66, 67, 68, 69, 70, 71, 72, 73, 74, 75, 76, 77.

T(erry): [As Hayden gets to ‘70’] Hey, no! Why didn’t you ask ... [To interviewer] There’s

an easier way to do it.

H: [Laughs] Oh, yeah. [Starts to use mouse]

COMPUTER: [audio recording] 77.

H: [To Terry, with surprised look] 77!

T: Oh! We’ve still got ... Oh, cool, that’s easy! [Writes in workbook] Seventy ... 77!

[To interviewer] How does it do that? It’s still got 77. [Interviewer looks at him,

but does not respond] Oh yeah!

H: [points to screen] It’s still ... You cut it up, and it’s still 77! [Looks at Terry]

It is conjectured that since they did not need to count the blocks, these boys were

freed to concentrate on other mathematical aspects of their activities, rather than on the

block representations alone.

Though it may appear that the lack of counting carried out by students in the

computer groups is of only superficial interest, on the contrary, it appears that this had a

critical impact on the students’ conceptualising. The lesser amount of time spent

counting apparently had two advantageous effects on the learning environment

experienced by these students: increased efficiency and a lowering of the cognitive

demand imposed by the tasks. Firstly, by spending less time counting, many tasks were

completed more quickly than by students in the blocks groups. Even high-achievement

students using blocks spent long periods of time counting, because of mistakes and

failing to remember the number of blocks they had counted. By comparison, students

using the computer were often able to complete tasks with little difficulty, simply by

placing blocks on the screen and referring to the screen display to see the numbers of

blocks.

The second advantage for students in the computer groups was that the cognitive

demands placed on them were less than for students using the blocks. This is related to,

but conceptually different from, the first advantage. By spending less time counting the

students were freed to concentrate on the tasks at hand. A short description of students

carrying out a task may help to make this point clearer. Suppose that the task required
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them to “regroup a ten out of 56 and write the numbers that result”. Typically, a student

using blocks might read the task, count out 5 tens and 6 ones, check the task, remove a

ten and swap for ones, re-count the blocks, re-read the task, then record their answer. A

student using the computer would typically read the task, use the software to show 5

tens and 6 ones, check the task, click the “saw” cursor on a ten block, observe the result,

and record their answer. Tellingly, students using the computer were observed on

several occasions to notice that the total number represented was unchanged, and to try

to make sense of that fact. On the other hand, students using the blocks frequently made

mistakes at some stage, and by the time they wrote their answer, apparently had little

idea of what it meant. The actions of (a) counting several quantities and holding them in

their minds, and (b) carrying out tasks on the blocks, seemed to cause a number of

students to forget what they were doing during the process, and thus to find it harder to

make sense of it all. Analysis is continuing; results emerging in this study suggest

strongly that appropriate software has the potential to assist students to develop number

concepts in ways not possible with conventional physical materials.
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