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Abstract 

This paper is part of a study that arose from a concern about children's 
difficulties with decimal numbers and the role of calculators. The study was 
designed to gain information on how calculators affect children's understanding 
of decimal numbers in decimal concepts, computations, estimation and problem 
solving. Data from interviews and other sources (journal entries and worksheets) 
indicated that children generated links with their whole number and fraction 
ideas while working with decimals. This paper discusses research into how prior 
whole number and fraction knowledge influences the learning of decimals and 
provides evidence to support this view. The paper concludes with some 
suggestions for teachers and curriculum developers in Fiji. 

Introduction 

Results of large scale surveys such as the National Assessment of Educational 
Progress (Carpenter et al 1981) in the United States of America and Concepts 
in Secondary Mathematics and Science (Brown 1981) in the United Kingdom 
show that children experience difficulty in learning and applying decimal number 
concepts. Investigations in New Zealand have revealed similar patterns (Carr 
1986, Department of Education 1982). Research suggests that many children do 
not develop adequate meanings for decimal concepts because of a lack of 
conceptual knowledge, absence of connections between form and understanding 
and over-generalisation of fraction and whole number rules. The latter is of 
interest in this paper. 

A child who has just been exposed to instruction on decimals must build a 
representation of decimal numbers and relate decimals to other number systems, 
notably whole numbers and fractions. Prior knowledge of whole numbers and 
fractions can both support and interfere with the construction of a concept of 
decimals. The over-generalizations or misconceptions are discussed under the 
following headings: Whole number knowledge and Fraction knowledge. 
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Whole number knowledge 

Prior knowledge of whole numbers can both support and interfere with the 
construction of a correct concept of decimals. Table 1 (Resnick et al. 1989) lists 
elements of knowledge needed for a full decimal fraction concept (column 1) 
and indicates corresponding elements of whole number knowledge (column 2 ). 
For each pair of knowledge elements, column 3 shows whether the elements 
support or contradict each other. 

Column 1 Column 2 Column 3 

Elements of Decimal 

Fraction Knowledge 

A. Column Values: 

1. Values decrease as 
move occurs left to 
right 

2. Each column is 10 
times greater than 
column to right 

3. Zero serves as a place 
holder 

4. Zero added to 
left most 
column does 
change total 
value 

5. Values decrease as 
move occurs away 
from decimal point 

B. Column Names: 

1. End in -ths 

2. Start with tenths 

3. Naming sequence 
(tenths, 
hundredths ...) 

4. Reading sequence is 
tenths hundredths, 
thousandths 

Corresponding Elements of 

Whole Number Knowledge 

A. Column Values: 

1. Values decrease as 
move occurs left to 
right 

2. Each column is 10 
times greater than 
column to right 

3. Zero serves as a place 
holder 

4. Zero added to left most 
column does not 
change total value 

5. Values increase as 
move occurs away 
from decimal point 

B. Column Names: 

1. End in -s 

2. Start with units 

3 Naming sequence (tens, 
hundreds.) 

4. Reading sequence is 
thousands, hundreds, 
tens, ones 

Similar (+) 

Different (-) 

+ 

+ 

+ 

-

-

-

-

-

Table 1: Comparison of decimal fraction and whole number knowledge 
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Table 1 consists of two sections. The first (A) refers to basic conceptual 
elements of knowledge about column values. The second (B) refers to the 
knowledge of notational and naming conventions that may interact with 
conceptual knowledge to produce incorrect rules. The table clearly shows that 
there are some similarities and dissimilarities between whole numbers and 
decimals. However, students often ignore the differences and treat the two 
systems identically, thus making a lot of errors. 

There are a number of instances in the literature of children over-generalizing 
features of the whole numbers to decimals and in turn making errors. Sackur-
Grisvard and Leonard (1985) found that French fourth graders over-generalized 
the features of whole numbers when judging the magnitude of decimal numbers. 
According to their findings, children used two incorrect rules when numbers to 
be ordered had the same whole number digit, for example, 3.214 and 3.8. 
Sackur-Grisvard and Leonard's (incorrect) rule 1 specifies that the number with 
more decimal places is the larger one; for example, 3.214 is greater than 3.8 
because 3.214 has more digits in the decimal part and because 214 as a whole 
number is larger than 8. Sackur-Grisvard and Leonard further suggest that 
classroom teachers may support rule 1 by giving students exercises mainly in 
comparing decimals with the same number of digits, in which case children end 
up treating decimals as whole numbers. Sackur-Grisvard and Leonard's rule 2 
specifies that the more decimal places, the smaller the number. Thus, given the 
pair 1.35 and 1.2, rule 2 sample chose 1.2 as greater. The researchers predict 
that this rule was due to the (correct) belief that, because tenths are greater than 
hundredths and so on, the value of the decimal decreases with an increasing 
number of digits. 

As with numerical symbols, it appears that children over-generalise certain 
aspects of their whole number knowledge of operations in the context of 
decimals (Bell et al, 1981; Brown 1981; Hiebert and Wearne 1986; Mangan 
1989). By the time pupils begin to work with decimals, they are already quite 
familiar with the symbols + and - and the primitive notions that accompany 
these symbols, such as, + makes bigger and - makes smaller. These meanings 
can be generalised to positive decimal numbers without any adverse effects 
(Wearne and Hiebert 1989). However, multiplication and division situations 
present a different picture. Primitive notions such as multiplication makes bigger 
and division makes smaller and division involves taking a smaller number into 
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a bigger number that accompany x and ÷ cannot be transferred wholesale from 
whole number to decimal fractions (Hiebert and Wearne 1986, Mangan 1989). 
Students must modify the meanings of multiplication and division and suppress 
certain notions that were developed in the context of whole numbers. 

Research shows that many students inappropriately transfer their prior whole 
number knowledge of operation symbols to decimal contexts (Bell et al 1981, 
Brown 1981, Hiebert and Wearne 1986, Mangan 1989, Owens and Super 
1993). The prevalence of the misconception division makes smaller is 
illustrated by the following question given in a test to a sample of over 300 12 
to 13 year-olds in Northern Ireland (Mangan 1989). 

The answer for the sum 18 ÷ 0.7 will be (tick one): 

a. larger than 18.3 
b. smaller than 18.3 

Only 19 percent of the pupils chose the correct alternative. This finding is 
consistent with the findings of Bell et al (1981). They reported that many 
students (aged 12- 15 years) could correctly select x as the operation needed to 
solve a problem with x gallons of petrol at y per gallon when x and y were 
whole numbers; but selected division for the same problem when x and y were 
decimal numbers with y less than 1. The prevalence of the false generalisation 
dividing the larger by the smaller has been reported by Brown (1981) and Carr 
(1986). One of the problems in Brown's study asked students to divide a smaller 
number by a larger number (16 ÷ 20). Fifty-one percent of the 12-year olds and 
25 percent of the 15-year olds contended that there was no answer to a problem 
of this type: it was concluded impossible to divide. In the New Zealand study, 
Carr found that only 11 percent of the respondents could answer 16 divided by 
20 correctly. 

Fraction knowledge 

The values of the quantities to which both decimal and ordinary fractions refer 
correspond completely. For instance, the more parts a whole is divided into, the 
smaller are the decimal fractions and the ordinary fractions. However, there are 
important differences in the notational systems that could cause confusions. For 
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example, in ordinary fractions, digits show both the size of the parts and the 
number of parts; but in decimal fractions, digits show only the number of parts. 
Some children attempt to apply their conceptual knowledge about the size of 
parts (numerators) and the number of parts (denominators) to an incomplete 
understanding of the referents for decimal notation. 

Resnick et al (1989) report the following three main categories of incorrect 
translations children used when applying fraction knowledge to decimals: 

(a) encode only the numerator in the decimal and ignore the 
denominator. For example, ¾ (3,4) becomes 0.3 or 0.003. 

(b) encode only the denominator in the decimal and ignore the 
numerator. For example, (1,3) becomes 0.3. 

(c) keep both the numerator and the denominator of the fraction 
and put a decimal in some place. For example, ¾ (3,4) 
becomes 3.4. 

These translations produce numbers that have the surface structure of decimals 
but have no sensible relations to the quantities expressed in the fractions. For 
instance, the first translation reveals a knowledge of the correspondence between 
the written digits in ordinary and decimal fractions but it fails to find a 
correspondence between the notation of the denominator in ordinary fractions 
and the place value system of decimal fractions. 

The findings of Resnick et al are consistent with the findings of Hiebert and 
Wearne (1986). In the Hiebert and Wearne study, students were asked to write 
a decimal fraction to represent the shaded part of a rectangular region. One 
region was divided into 10 equal parts with three shaded; a second was divided 
into 100 equal parts with four shaded; and a third was divided into five equal 
parts with one shaded. Only about half the students in grade nine responded 
correctly to any of these items. The most frequent errors on the three tasks 
were 3.14, 4.100 and 1.5 respectively. Hiebert and Wearne also found that 
children also over-generalised the features of ordinary fractions to decimal 
fractions when comparing decimals. Students learn that thousandths are smaller 
parts than hundredths and that three-digit decimals are read as thousandths 
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whereas two-digit decimals are read as hundredths. From this knowledge, 
children infer that longer decimals, because they refer to smaller parts, must 
have lower values. Hiebert and Wearne asked students to identify the smallest 
of the foregoing numbers: 1.006, 0.06, 0.065, 0.3 and 0.09. Only 25% of the 
ninth-graders chose the correct decimal. The most common incorrect response 
was 0.065. These students must have applied the rule: the more digits there are 
to the right of the decimal, the smaller is the number. 

The Present Study 

Method 

The present research was a naturalistic study conducted in an intermediate 
school in Hamilton. Thirty-five Form 1 and Form 2 children (17 boys and 18 
girls), with a range of abilities and ethnic backgrounds, took part in this study. 
The research was carried out in four stages and data was collected at each stage: 
pilot study, first phase of interviews, instruction using calculators and second 
phase of interviews. 

(a) Pilot study: The pilot study was to check the appropriateness of the 
interview tasks and the time required for the completion of the tasks. 

(b) First phase of interviews: The interviews covered decimal concepts, 
computations with decimals, computational estimation and problem 
solving. The interviews were carried out by the researcher with 
individual children in a room away from the rest of the class. The 
students were encouraged to explain how they solved each problem. All 
interviews were audio-taped. 

(c) Instruction using calculators: The unit of instruction was taught to the 
children by their teacher. The activities were organised under two 
headings: number sense and operation sense, in line with the decimal 
number achievement objectives given in the curriculum (Ministry of 
Education, 1992). The researcher observed the lessons and helped the 
children when they worked in small groups. Information was also 
gathered from children's journal entries and the teacher's comments at 
the end of each lesson. 
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(d) Second phase of interviews: The tasks used were the same as those 
used for the first interview. The purpose was to investigate how the 
calculator-integrated instruction had changed children's understanding 
of decimals. All the sessions were again tape-recorded. 

Results 

The data revealed that children used a variety of strategies for solving the 
decimal number problems. Some strategies were mathematically appropriate, 
whereas others were inappropriate. The inappropriate strategies relating to 
pupils' whole number and fraction knowledge are categorised as: Over-
generalization of whole number ideas to decimals and Over-generalisation of 
fraction knowledge to decimals. 

Over-generalisation of whole number ideas to decimals 

Strategy: ignoring the decimal point 

Example 1: When comparing 0.8 and 0.73, students said that 0.73 was 
larger because 73 is larger than 8. 

Example 2: Some of the children, when solving the word problem (cost of 
0.5 kg of potatoes at $1.50 per kg), equated this as 1.50 + 
1.50 + 1.50 + 1.50 + 1.50. 

Note: Students' errors such as 0.75 is greater than 0.8 is probably a result of 
ignoring the decimal point and treating the decimals as whole numbers. 
These students assumed that the syntax rule more digits mean bigger 
that works for whole numbers is true for decimal fractions as well. 
When the decimals had the same number of digits after the decimal 
point, many students were able to give the correct answer but for 
wrong reasons: 0.83 is greater than 0.47 because eighty-three is bigger 
than forty-seven. The children who used this strategy for the 
multiplication item (6 x 0.4) experienced a lot of difficulty in placing 
the decimal point in the quotient. Sakur-Grisvard and Leonard (1985) 
and Resnick et al (1989) referred to this strategy as the whole number 
rule. Whatever the name given to this strategy, it led to a lot of errors. 
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Strategy: treating the whole number and decimal parts as separate identities 

Example: For the item (3.12 + 2.6), children added the whole numbers 
(5), added the decimal parts (0.18) and then combined the two 
to get an answer of 5.18. 

Note: This strategy was used for the computational (addition and subtraction) 
and estimation (open-ended) items. The students re-wrote the problems 
in vertical form and then added or subtracted the whole number parts 
and decimal parts as if they were separate identities. The students who 
used this strategy presumably thought of decimal numbers as a point 
that can be operated independently using the rules of whole number 
arithmetic. 

Strategy: converting decimal divisor into a whole number 

Example: For (40 ÷ 0.8), some children moved the decimal point in 
order to make the divisor a whole number. The students did 
not change the dividend. Thus 40 ÷ 0.8 became 40 ÷ 8 = 5. 

Note: During instruction on decimals, children are told to make the divisor 
a whole number by shifting the decimal point. Since the children do not 
know why the point is being shifted, they apply the moving the point 
rule inappropriately. In the above example, (40 ÷ 0.8) is the same as 
(400 ÷ 8), giving a result of 50. The results reveal that teaching 
children computational skills (rules) before they have actually 
understood them may not be very useful in the long run. 

Strategy: ignoring zeros 

Example 1: When asked to read 4.06 and 0.011, responses like four point 
six and zero point eleven and eleven-hundredths were given. 

Example 2: When comparing 0.35 and 0.06, students said 0.06 was 
smaller because it had a zero after the point. 
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Note: Apparently, these pupils over-generalised whole number syntax rules 
concerning zero in decimal fractions. With whole numbers, annexing 
a zero to the right increases the number by a factor of 10 times, 
whereas attaching a zero to the left does not change the value. Contrary 
rules apply to decimal numbers. Children who fail to make this 
distinction tend to ignore the zero. 

Strategy: aligning digits on the right 

Example: Rather than aligning the decimal places or decimal points, 
some students aligned the digits on the right. For example, 
148.72 + 51.531 became (with addition error): 

148.72 
+ 51.531 

66.303 

Note: During instruction on whole numbers and decimals, children are taught 
to align the digits on the right and to align the decimal points 
respectively. Thus, 148.72 + 51.531 becomes: 

148.72 
+ 51.531 

200.251 

Since the children do not know why these rules work, (adding like 
quantities) they apply the rules inappropriately. 

Strategy: annexing zeros 

Example 1: When comparing 0.5 and 0.35, some students added a zero to 
0.5 and said fifty was bigger than thirty-five. 

Example 2: In the equivalence task, some students said 4.90 was bigger 
than 4.9. 
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Note: Students over-generalized whole number syntax rule 
concerning zero in decimal fractions. 

Strategy: division makes smaller 

Example 1: 40 ÷ 0.8 = 50 (using a calculator) Doesn't look right 
Usually when you divide, you end up with a number lower 
than the dividend. 

Example 2: 40 ÷ 0.8 = 5 because It looks right. 

Note: The students think that the primitive notion division makes 
smaller that works with whole numbers also works for decimal 
numbers. 

Over-generalisation of fraction knowledge to decimals 

Strategy: operating directly on numerators and denominators or both 

About half the students used this strategy for changing fractions to decimals. 
There were three main categories of incorrect translations: 

Example I: For some children, two-fifths became 0.2. 

Example 2: For others, two-fifths became 0.5. 

Example 3: For the rest, two-fifths became 2.5 or 0.25. 

Note: One student used the reverse of the above procedure and used the 
calculator for all the computational items. Thus, 2.6 + 3.12 became 
(2 ÷ 6) + (3 ÷ 12) = 0.588 331. One explanation for these responses 
is that students called up a common fraction response, 2/5 and then 
manipulated the symbols into a decimal form. The responses are 
completely unreasonable but syntactically appropriate, one decimal 
point and at least some numerals to the right. Hiebert and Wearne 
(1986), Resnick et al (1989) called this the fraction rule and suggested 
that classroom instruction may support this rule by teaching fractions 
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before decimals. 

Strategy: operating directly on the number of digits 

Some children operated directly on the number of digits to the right of the 
decimal point while comparing and ordering decimals. There were two main 
categories of faulty rules: 

Example 1: Longer decimals have lower values. For some students, 3.7 
was larger than 3.53 because 3.7 had fewer digits in the 
decimal. 

Example 2: (Almost opposite to the above). Some students said, 3.53 was 
larger than 3.7. 

Note: Student strategies such as longer decimals have lower values are 
presumably due to children using their fraction ideas (hundredths are 
smaller than tenths). The second strategy reveals that children ignore 
the decimal point and treat the decimals as whole numbers. 

Implications of research results for teachers and curriculum developers 

Some of the implications relate specifically to the teaching and learning of 
decimals, whereas others relate to learning mathematics in general. 

Reconsider the timing of introduction of decimal fractions in the curriculum 

The use of calculators guarantees that students will experience decimal numbers 
before this topic is encountered in typical school mathematics curriculum guides. 
For example, seven-year-olds may find that 3 ÷ 9 looks very different from 9 
÷ 3. The present practice of delaying instruction in decimals until after children 
have mastered fraction procedures should be re-considered. In fact, this topic 
can come earlier in the curriculum and can be taught as an extension of whole 
number activities. The concept of decimals can be developed through calculator 
activities in the early grades and operations with decimals can be taught in later 
grades. 
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Reconsider the order of teaching fractions and decimals 

Currently fractions are taught before decimals because it is believed that a solid 
background in common fractions can assist in developing concepts of decimals. 
However, the results of both interview phases show that most errors resulted 
from children's attempts to integrate decimal numbers (new knowledge) with 
fraction knowledge (existing knowledge). Perhaps a different ordering of topics 
(teaching decimals before fractions) in the school curriculum may differently 
affect the kinds of errorneous rules that children construct. In addition, this 
sequence will mean that operations on fractions can be taught with decimals: 
when operating on fractions, first convert the operands to decimals, then operate 
on the resulting decimals. This approach will allow calculators to be used for 
operations on fractions and children will not have to rely on rote procedures. 
This suggestion is in line with the research findings of Resnick et al (1989). 
They found that different curriculum sequences produced different patterns of 
rule invention. In their study, children who were taught decimals before 
fractions, tended to avoid the errors associated with the fraction rule and instead 
seemed to pass directly to the use of the correct decimal comparison rule. 

Considering the interview approach 

The results of this study support the claim that achievement tests often give 
misleading information. The interview results provide evidence that often 
children would give correct answers for incorrect reasons. For instance, some 
children said 0.83 was larger than 0.47 because eighty-three is bigger than forty-
seven. Hence, it is important to determine whether a child understands 
conceptually or has made inadvertent errors. The findings indicate that 
interviews with structured questions supplemented with follow-up probing is a 
powerful research tool for assessing children's decimal number understandings. 

Emphasise constructivist ideas 

The present study revealed that decimal concepts are constructed by students 
from what they know about whole numbers and common fractions. The research 
also indicated that sometimes, due to misconceptions in learning, children's 
whole number and fraction knowledge interfered with the learning of decimals. 
Moreover, removing these misconceptions is not an easy task. Constructivist 
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ideas that might help reduce these misconceptions include diagnostic teaching 
incorporating constraints in the classrooms. 

Concluding thoughts 

Although this was a small-scale study, the results suggest that a number of 
difficulties occur when children are learning decimals. Most of these difficulties 
are due to their over-generalising the whole number and fraction ideas to 
decimals. The results also indicated that children's understanding of decimal 
fractions can be enhanced by the use of calculators. Although this study was 
carried out in New Zealand, it is probably relevant to and has implications for 
other countries in the South Pacific region. In Fiji for example, Decimals is 
taught at the Form 1 level but moves are under way to incorporate calculators 
in primary mathematics. 

It is hoped that the findings of this study will generate more interest in such 
important topics as calculator use, curriculum order and teaching approaches. 
It is important for teachers to be aware of how children use their prior 
knowledge in order to facilitate understanding. 
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