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Variables Affecting Word 
Problem Solutions 

In Primary Mathematics 

FONG H 0  KHEONG 

One of the major goals in teaching mathematics is to help pupils 
develop their abilities to solve daily life problems. Mathematics 
educators have seen problem solving as the heart of the 
mathematics curriculum. The National Council of Supervisors of 
Mathematics (1977) pointed out that problem solving is one of the 
essential basic skills identified to meet the demands of a 
technological society. Owing to its importance, it is the responsibility 
of the teacher to equip his pupils with a variety of problem-solving 
strategies which will enable him to handle a wide range of problems 
in the future. 

A clear distinction had been observed in many books about the 
differences 'between problem solving and word problem. Problem 
solving is defined as a process of applying the previous acquired 
knowledge to a new and unfamiliar situation. In this article, the term, 
word problem, is taken as problem that has one or more verbal 
statements and this problem may require the process of applying 
previous knowledge to a new situation. A real problem that many 
pupils face in the school is that of solving word problems especially 
at the primary level. In Singapore, many teachers have hypothesized 
that pupils were weak in word problem possibly because they have 
not been exposed much to mathematics language or vocabulary. 
This leads to difficulties in understanding the word problems. Based 
on Piaget's (1967) theory, Caldwell and Goldin (1979) classified four 
different types of word problems, namely, concrete factual (CF), 
concrete hypothetical (CH), abstract factual (AF) and abstract 
hypothetical (AH). The developmental model might suggest that 
pupils at the lower level generally had difficulty in handling abstract 
and hypothetical problems. A study conducted by Caldwell and 
Goldin (1 979) indicated the support for the developmental model. 
The purpose of the present study is to investigate pupils' difficulties 
in word problems pertaining to the four categories of word-problems: 
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concrete factual, concrete hypothetical, abstract factual and abstract 
hypothetical. Other incidental variables affecting solving word- 
problems difficulty might also be investigated. 

The Subjects 

Thirty nine pupils were selected from a Primary 2 intact class of 
one school in Singapore. There were 21 boys and 18 girls from this 
class. The majority of these pupils conversed mainly in their own 
mother tongue instead of in the English Language. Most of them 
come from average income families. Where their performance in 
mathematics is concerned, previous results show that one-third of the 
class were weak in mathematics. Those who were poor in 
mathematics seemed to be more playful and have a poorer 
command of language. 

Instruments 

In order to study pupils' difficulties in solving addition and 
subtraction word problems, an instrument was developed to test their 
abilities to solve word problems categorised as concrete factual, 
concrete hypothetical, abstract factual and abstract hypothetical. 

An abstract word problem is defined as a word-problem 
involving a situation that describes only abstract or symbolic objects. 
On the other hand a concrete word problem is defined as one 
describing a real situation dealing with real objects. For example, a 
problem about digits in a number is .abstract, whereas a problem 
about dolls is concrete. 

A factual problem is defined as one that merely describes a 
situation. A hypothetical problem is one that not only describes a 
situation, but also describes a possible change in the situation. This 
change does not really occur within the context of the problem. The 
following examples illustrate the four different categories of word 
problems in addition: 
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Table 1 - Four Categories of Word Problems in Addition 

Using the above method of constructiqg word problem 
questions, a set of 20 items (Appendix 1) were used to test the pupils 
in solving the addition and subtraction word problems. Table 2 below 
shows the distribution of the different types of questions in addition 
and subtraction classified into each of the four categories (C, A, F 
and H). 

CF 

CH 

AF 

AH 

Table 2 - Distribution of Word Problems According 
to the 4 categories 

Ali had 148 marbles. John had 33 more marbles than Ali. 
How many marbles did John have? 

Jenny had 435 cards. Shauwei could have 67 more cards 
than Jenny if no cards were taken away from him. How 
many did Shauwei have? 

I have a number 76 written on a card. The number is 
increased by 28. What is the value of the number now? 

Lili has an odd number 779. She would like to have an even 
nurrrber 1000. How many must be added? 

Note : Total number of '+' questions = 12 
Total number of '-' questions = 8 

Factual 

Hypothetical 

Concrete 

1 (+) 
2 (-1 
3 (-) 
4 (+) 
5 (+l 
6 (+l 
7 (+) 
8 (-1 
9 (-) 

10 (+) 

Abstract 

11 (-1 
12 (-) 
13 (-) 
14 (+) 
15 (+) 
16 (+) 
17 (+l 
18 (-) 
19 (+) 
20 (-) 
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Procedures 

The test was administered to the 39 pupils of a Primary 2 class. 
They had already completed the topic on addition and subtraction. 
The test was administered to the class without any help from the 
teacher. The purpose was to find out how well they would perform in 
the test. 

Results 

The total correct responses of each item, each category and the 
percentage of each category are summarised below: 

Table 3 - Summary of Scores 

Percentage 
Correct of 

each Category 

54.8% 

67.1% 

46.7% 

41.5% 

Total No. of 
Correct Responses 

of each category 
(out of 195) 

Concrete Factual 

107 

Concrete 
Hypothetical 

131 

Abstract Factural 

91 

Abstract 
Hypothetical 

8 1 

Question No. 

1 
2 
3 
4 
5 

6 
7 
8 
9 

10 

11 
12 
13 
14 
15 

16 
17 
18 
19 
20 

No. of 
Correct Responses 

19 
24 
22 
13 
29 

28 
27 
29 
30 
17 

3 1 
17 
12 
15 
16 

9 
20 
15 
24 
13 
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The results show that, in general, this group of pupils had 
difficulty in handling the abstract type of word problems. 'The 
hypothetical type of problems were found to be more difficult than the 
factual type with respect to the abstract category. However the 
results reversed in the case of the concrete category. 

These findings seem to support the study conducted by 
Caldwell and Goldin (1979), which indicated that concrete word 
problems were less difficult than abstract word problems. This could 
be because at the Primary 2 level, pupils were familiar with the 
concrete word problems. At this level, they were not able to 
conceptualise abstract word problems. However, one could also 
explain that pupils could solve the type of problems in accordance 
with their cognitive developmental levels hypothesized by Piaget 
(1 968). 

Table 3 shows that questions 4, 13, 16 and 20 were relatively 
more difficult than other problems. Comparing questions 3 and 4, the 
word 'more' was used in both occasions. However, the structure of 
both questions was different although the word 'more' had been used 
in both cases. Pupils were often taught to carry out this operation 
'subtraction' when they encounter the word 'more'. Question 3 did not 
pose any difficulty to pupils when they use this 'cue' approach to 
solve the problem. However, in question 4, the word 'more' had a 
different meaning. 

Result shows that about 15% of the pupils were unable to 
provide correct answers because of the mistakes made in 
algorithmic procedures. About 51% of those who made mistakes 
could be classified as making translation error (i.e. translating verbal 
statement to mathematical statement). Questions 2, 4 and 5 are 
addition problems. Results show that question 4 was more difficult 
than questions 1 and 5 while question 5 was much easier than 
question 1. Notice that question 4 requires regrouping whereas 
question 1 involves zero in addition. Previous studies had indicated 
that addition requiring regrouping was more difficult than those 
without regrouping. Addition involving zeros also caused difficulties 
to pupils. These factors may explain why question 4 is relatively more 
difficult than questions 1 and 5 and question 1 is more difficult than 
question 5. 
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Questions 12 and 13, had the same structure : + X = y, 
find C] . In both questions, regrouping was required before 
subtraction could be performed. However, pupils found question 13 
more difficult than question 12. The main reason was that regrouping 
in question 13 involves the digit 0. Previous research in subtraction 
algorithm showed that children usually found subtraction difficult 
when zero was involved. 

Questions 16 and 17 had the same structure when they were 
translated into mathematical statement: X - C] = y, find . 
Analysis of each q~~estion shows that in question 17, regrouping was 
not required in performing the operation. However, in question 16, 
regrouping was required in the procedural algorithm. Results show 
that procedural mistakes accounted for about 20% of the total 
mistakes made in question 17. Hence regrouping is one difficult skill 
faced by the pupils. 

The process of solving word problems in mathematics has two 
general stages: translation and computation. During the translation 
stage, the problem solver would transform the verbal problem 
statement into a parallel form namely, the mathematical expressions 
or equations. During the computation stage, the problem solver 
performs the algebraic operations necessary to obtain the solution. 

From the analysis of each question, it was found that in solving 
word problems, students made more mistakes in translation of verbal 
statements to mathematical statements. This occured very often in 
the case of abstract word problems. In these cases, the students did 
not seem to understand the question. Many students relied too much 
on the cue words: 'subtracted' and 'added'. Consider Question 16 as 
shown below: 

Q. 16 1 have a number. If 36 is subtracted from this 
number, the answer is 75. What is my number? 

In this question, most pupils responded 36 - 75 or 75 -36. They 
always associated the word 'subtract' with the operation minus and, 
likewise, the word 'add' was associated with the operation of 
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addition. The great number of mistakes made in translation also 
indicated that pupils were also weak in reading. Thus, poor mastery 
of language was one of the main hindrances in the solving of word 
problems. 

Where mistakes in algorithmic procedures were concerned, the 
one common mistake made by the students was to put the numbers 
in the order that appeared in the problem. Taking Question 16 as an 
example again, the majority of the pupils would write the 
mathematical statement as 36 - 75, instead of 75 - 36. 

The following illustrates the types of mistakes made in 
regrouping: 

1. When 'carrying' from the ones, pupils often forgot, or ignored 
the tens. For example in the problem, 28 + 12, pupils 
responded 30 instead of 40. 

2. When 'borrowing' was carried out from the tens column, pupils 
forgot to less one ten in the minuend. 

3. In subtraction, the smaller number was used to subtract the 
bigger number, even though the subtrahend was the bigger 
number. 
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In conclusion, it seems that the kind of situation (abstract or 
concrete, factual or hypothetical) described by the problem 
statement may cause difficulty in translating verbal statement into 
mathematical expressions and, consequently, the overall difficulty of 
the problem. The following summarises the pupils' difficulties in 
solving arithmetic problems in the study. 

1. The pupils did not read the question in context. 

2. The pupils did not understand the question, leading to difficulty 
of translating from verbal to mathematical statement. 

3. The pupils were unsure when to use the operations '+' or I - ' .  

4. The pupils usually associated the words 'subtract' and 'add' to 
the operations '-' and '+' respectively, although it might not be 
necessarily so. 

5. The pupils were fond of subtracting the numbers in the order as 
they appeared in the problem, even though the first number 
might be smaller than the second. 

6. The pupils were also fond of subtracting the smaller number 
from the bigger number, even though the bigger number was 
the subtrahend. 

7. The pupils were also careless in borrowing. They often forgot to 
take away 1 from the munuend of the tens column after 
regrouping (borrowing). 

8. In a 2 column addition problem, when the sum of the units was 
more than 10, the pupils often forgot to regroup and add one ten 
to the tens column. 
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Conclusion 

This study seems to reaffirm the notion that problem solving is 
indeed a big problem in the primary school. The possible reasons are 
pupils' poor command of language, understanding of the questions, 
erroneous algorithmic procedures and the cognitive development of 
the pupils. 

This study also supports the study carried out by Caldwell and 
Goldin (1 979) that pupils' abilities to solve word problems are related 
to their cognitive development. Concrete problems are found to be 
easier than the abstract word problems. To investigate further, a 
bigger sample is required. Besides, the instrument constructed 
should also control the elements of (a) structure and (b) algorithmic 
difficulty of the problem. The discussion above has shown that these 
variables (structure and algorithmic difficulty) have affected, to a 
certain extent, the performances of the pupils. 
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APPENDIX 1 : Solving Word Problem in Addition and Subtraction 

Answer the following questions 

(1 ) Mingfa has 70 stamps. Ali has 10 more than Mingfa. How many 
stamps does Ali have? 

(2) John has 86 ballpens. He sells 28 ballpens. How many ballpens 
has he left? 

(3) Samy has 90 marbles. Ali has 76 marbles. How many more 
marbles does Samy have? 

(4) Suyin has 28 dolls. Chengwen has 12 dolls more than Suyin. 
How many dolls does Chengwen have? 

(5) Alvin has 12 balloons. Edwin has 13 balloons. Jianhui has 14 
balloons. How many balloons do they have altogether? 

(6) Mary has 10 dresses. If her mother bought 12 more dresses for 
her, how many dresses would she have? 

(7) Ivy has 10 books. If her sister has 12 books, how many books 
would they have? 

(8) Angeline has 14 oranges. If she gave 9 oranges away, how 
many oranges would he have left? 

(9) Weiming has 12 watches. If he gave 3 away, how many watches 
would he have left? 

(10) Jeffrey has 75 straws. If Jaspaul has 16 straws, how many 
straws would they have? 

(1 1) I have a number. when this number is added to 7, the answer 
is 14. What is my number? 

(1 2) 1 have a number. When this number is added to 12, the answer 
is 61. What is my number? 
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(1 3) 1 have a number. When this number is added to 29, the answer 
is 70. What is my number? 

(14) 1 have a number. When 10 is subtracted from this number, the 
answer is 15. What is my number? 

(15) 1 have a number. When 12 is subtracted from this number, the 
answer is 49. What is my number? 

(16) 1 have a number. If 36 is subtracted from this number, the 
answer is 75. What is my number? 

(17) 1 have a number. If 13 is subtracted from this number, I would 
get 26. What is my number? 

(1 8) 1 have a number. If 19 is added to this number, I would get 54. 
What is my number? 

(19) 1 have a number. If 25 is subtracted from this number, the 
answer is 33. What is my number? 

(20) 1 have a number. If 28 is added to this number, I would get 43. 
What is my number? 
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