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INTRODOCTION 

Addition and subtraction are important topics taught in 
the ESN children's mathematics curriculum. According to Silbert 
(1981), these basic numeracy skills are essential for their daily 
independent living in later years. 

In Singapore, no systematic studies have looked into 
the ESN children's number performance. These ESN children with an 
intelligence quotient (IQ) range of approximately so - 70 (American 
Association on Mental Deficiency; Grossman, 1978) are said to be 
generally sl9w� learners. But evidence have shown that given proper 
guidance some of them are capable of higher-order learning 
(Kolstoe, 1976). 

Textbooks may not include the best recommended 
procedures for the teaching of addition and subtraction. so, 
attributing the errors made by ESN children to their memory 
problems or low intelligence may not be correct and may not be 
helpful to teachers or within the teacher's control. Therefore, 
in attempting to assist these children in the classroom situation 
a pilot study was conducted last year to examine ESN children's 
common errors in the computation of addition and subtraction. These 
ESN children were found to use mainly tedious, elaborate 
procedures, such as the Count-All and the Take-Away in computating 
their addition and subtraction sums (Figure 1). Both these . 
procedures have been criticised as time-consuming and inefficient 
(Thornton and Smith, 1988). These ESN children were also 
repeatedly using the same· procedures even with sums such as 
o + 15 = , 4 - 4 = and 4 - o = 



Figure 1: count-All and Take Away Procedures. 

Count-All Procedure 

steps e.g. 9 

1. Count out

0 0 0 0 0 
1 2 3 4 5 

2. count out

0 0 0 
1 2 3 

+ 3 = 

9 objects. 

0 0 0 0 
6 7 8 9 

3 objects. 

3. Join 9 and 3 and count
them altogether.

(9) 
0 0 0 0 0 0 0 0 0 0 

(3) 
0 0 

Take-Away Procedure 

Steps e.g. 12 

1. count out

0 0 0 0 0 
1 2 3 4 5 

2. count and

0 0 0 0 0 
1 2 3 4 5 

3. Count the

0 0 0 
1 2 3 

- 9 = 

12 objects. 

0 0 0 0 0 0 0 
6 7 8 9 10 11 12 

Remove 9 objects. 

0 0 0 0 0 0 0 
6 7 8 9 

Remainders. 

1 2 3 4 5 6 7 8 9 10 11 12 4. Answer is the last word said: 3.

4. Answer is last word said: 12.

Figure 2: count-on and Count-Up Procedures. 

Count-On Procedure 

Steps 9 + 3 = 

1. Identify the larger addend,
9.

2. Count on 3 more from 9.

000000000 
9 

0 0 0 

10 11 12 

3. The answer is the last word
pronounced (12),

Count-Up Procedure 

Steps 12 - 9 = 

1. Identify the minuend, 9.

2. count up from 9 to 12.

9 + 3 = 
000000000 0 0 0 

9 10 11 12 
(1) (2) (3)

3. Stop when 12 is
pronounced.

4. The answer is what the
finger pattern or
tallies show.

12 



Table 1: common Errors of ESN Children in the "Diagnostic Test on Basic 
Skills of Mathematics for Primary School": Pilot study 2 

Addition Examples Comment• 

l. Lack of mastery in addition 6 + 5 = 8 child misses certain 

facts or poor tracking in 5 + 6 = 10 numbers during 

counting procedure. (20\) counting 

2. Tendency to leave out 14 + 2 = 6 or 6 8 child fails to 

number in addition of more + 6 2 regroup or complete

than two numbers. (23\.) ------ the ten column 
2 0 

3. Lack understanding in 4 l 7 child adds each 
addition algorithm which + 8 9 + 3 2 column separately or 

involved renaming (49\) ----- ----- adds all digits 
1210 l 2 together 

4 Difficulty in dealing with 2 + 0 = 0 or 2 6 child equates 0 as 1 
zero. (8\) 0 + 15 = 16 + 7 0 or misunderstands

----- that any number added 
l 6 to 0 results in 0

Subtraction (_.;;;, ... Examples 

l. Lack mastery in subtraction 20 - 7 = 12 child misses number 
facts or poor tracking in 3 - 3 = 3 while counting or 

counting procedure. (20\) mistook 3 - 3 = 3 - 0

2. Lack understanding in 1 4 or 5 0 tendency to place all 
subtraction algorithms which - 7 - 2 7 numbers down or 
involved renaming. (31\) ----- ----- inability to borrow 

1 4 7 3 0 from ten column 

3. Difficulty dealing with zero. 14 -: 10 = 3 child equates 0 to 1

(18\)

4. Confusion with other 17 - 13 = 20 confusion with 
operations. (31\) 14 - 10 = 24 addition operation 

3 - 3 = 6 

Note: For numbers smaller than 10, children are often taught to give direct 
answers from number facts. 



Most of these errors were procedural errors, that is the 
inability to use the right algorithms in solving the sums (Table 
1). Some were errors made during the process of counting. The 
lengthy process required by the Count-All and the Take-Away 
procedures apparently might have increased the possibility of 
making errors. Moreover, children using these procedures were 
extremely slow in their computations. Even older EMR children aged 
beyond eleven took over 50 minutes to do only 20 addition or 
subtraction computation sums. 

However, researchers. like Baroody (1983, 1986a, 1986b), Gleary 
(1987), Fong (1987) and Thornton and Smith (1988) recommended the 
use of more efficient, short-cut procedures to reduce errors and 
unnecessary labour in learning as well as for enhancing· their 
recall. 

so far, people have not been in favour of encouraging children 
to use this procedure as "short-cuts" are considered as a form of 
cheating or may result ir. gaps in learning. However, given the 
lack of intellectual ability and slowness of ESN children, this 
seems to be a possible procedure to help them learn the essential 
basic skills. Moreover, these "short-cut" procedures may motivate 
the ESN children's learning. 

However, Baroody (1986) stresses that with the intellectually
disabled, there is a need to use more efficient short-cut
procedures through memorizing and verbalising the steps, and this
can be done through the Count-on and Count-Up procedures (Figure
2) . These procedures have less problems in relating to both
addition and subtraction, that is, whether the procedures be taught
through verbal or object instruction, the steps towards obtaining
the end results are still the same and do not add further confusion
to the learners. Moreover, counting forward is a natural process
which reduces errors in the process of counting as well as saves
time as there is less interference with other computation
procedures. However, a slight disadvantage is that the similarity
in the addition and subtraction procedure for Count-on and Count
Up may be confusing in some cases, but the simplicity of the
procedure and the advantages would outweigh the disadvantages of
the other addition and subtraction procedures. Therefore, in
emphasising relationships to assist the learning of addition and
subtraction facts, the Count-On and Count-Up procedures introduced
by Fuson (1987, 1988) seemed to be the best choice as procedures
for enhancing ESN children's learning of addition and subtraction.

This study, therefore, argues that ESN children can be helped 
to improve their basic numeracy skills, and that short-cut 
procedures such as Count-on and Count-Up can prove to be effective 
procedures in helping ESN children learn the required computation 
skills. 



RESEARCH DESIGN 

A quasi-experimental design using a pretest-posttest control 
group was used to test the effectiveness of the teaching 
procedures, that is, Count-on and Count-Up, in the teaching of 
addition and subtraction. The teaching procedures were adapted 
from Carpenter and Moser (1982), Thornton (1981), Thornton and 
smith (1988) and Fuson (1987,1988). 

SAMPLE 

Subjects were 40 ESN children with chronological age (CA) 
between 9 - 10 (108 - 131 months) from an ESN school in Singapore. 

RESEARCH QUESTIONS 

The study addresses the following questions: 

1. Are ESN children able to adopt short-cut procedures such as
the use of the Count-on and Count-Up procedures in their
computation of addition and subtraction?

2. Is the count-on procedure superior to the commonly used
Count-All procedure in teaching addition to the ESN children
in terms of achievement scores?

3. Is the Count-Up procedure superior than the commonly used
Take-Away procedure in teaching subtraction to the ESN
children·'in terms of achievement scores?

4. How effective are the Count-on and Count-Up procedures in
assisting ESN children with retention?

TREATMENT 

Two lessons comprising of 60 minutes and one lesson comprising 
of thirty minutes were given each week for six consecutive weeks 
to the Experimental group and Control group during the January term 
in 1989. The three classes in the Experimental group were taught 
by the Experimenter while the three classes from the Control group 
were taught by three second-year Special Education trainee teachers 
from the Institute of Education. In order to ensure inter-teacher 
reliability, both the Experimental and Control groups of children 
were given the same topics with sample lesson plans to learn over 
the same time frame. Surprise visits were also made to the Control 
group to ensure that standards were maintained. The teachers were 
also briefed on the the use of the structured procedures expected, 
that is: 

- Emphasis on the use of concrete presentations whereby both
groups were required to go through a progressive series of
structured, practical sessions which emphasized the use of
concrete materials for understanding before proceeding to semi
-concrete presentations and abstract symbol presentations on



paper. 

- Children were also encouraged to verbalise the steps leading to
the procedures assigned to each group to check on the
procedural steps taken.

- Discrimination of patterns of number concepts for easy
recognition of numbers were also encouraged.

- Drills and practice were also included through games to assist
recall and consolidation of learning

- Immediate feedback on their performance was also an essential
criteria for enhancing learning.

- Activities involved direct application wherever possible.

The only difference in the groups was that in the Control 
group, the teachers continued to teach the procedure used by the 
school, that is, the Count-All procedure for addition and the Take
Away procedure for subtraction while in the treatment programme of 
the Experimental group, the programme was adapted through the 
findings of Baroody (1983, 1986a), Bley, et. al. (1981), Fuson 
(1984, 1987, 1988), Greene (1985), Steinberg (1985), Thornton and 
Smith (1988), Thornton (1982), Thornton et al (1983) and Wheeler 
(1987) whereby the count-on procedure was used for addition and the 
Count-Up procedure was used for subtraction. 

The training�procedure included: 

* Questions about the nature and sp�cific demands of each
type of mathematical problem e.g.

What kind of sum is this? 
How do you know? 

The child was required to answer whether it was an 
addition sum or a subtraction sum and the reason for that 
decision e.g. 11 r can tell by the 11 + 11 (plus) sign" or 

"I can tell by the " - " (minus) sign". 

* Further probing by the teacher may be required e.g.

"Now, wh_at do you do?" 

To enhance retention, children were encouraged to verbalize 
their understanding of the procedure by repeating the specific 
steps required for successful completion of each part of the 
problem e.g. for an addition sum like 9 + 3 below, 

9 + 3

0 0 0 0 0 0 0 0 0 0 0 0 



the child was required to identify the larger number and then 
count-on after the larger number through verbalization and 
finger counting if necessary; and finally, arriving at the 
answer 12. The child may say: 

"Find the larger number and count-on", 

and from his finger patterns and verbalization continue to count 
after identifying with the larger number. 

9 

0 0 0 0 0 0 0 0 0 

+ 3 

I· o o o 

9, 10, 11, 12 

In Count-Up procedure, the child needed first to understand the 
subtraction symbo·1 ( - ) as "minus" and not take-away so that 
the latter word will not interfere with his learning. 
Initially, the "dot-and-symbol" layout as initiated by Fuson 
(1986) was used after experiencing with concrete objects. ,Then, 
the child was requested to count-up after identifying the 
minuend until the subtrahend was announced as indicated below. 

9 + 

o·b o o o o o o o 

9 

( ) 

10, 11, 12 

( 3) 

= 1 2 

9 

Therefore, the children were required to verbalise the steps 
leading to the procedures. However, if wrong steps were 
given, immediate feedback was provided by the experimenter or 
another child who comprehends. This is to be repeated again 
by the one who performed the error as immediate corrective 
feedback is encouraged to consolidate learning. 

As such, the only 'difference between the groups was the 
differences in procedures in deriving at the same computation 
problems. 

INSTRUMENTATION 

The Addition and Subtraction Test (Appendix 1 & 2) 
adapted from the Diagnostic Test developed by the Mathematics 
Department of the Institute of Education (1988) was used. Each 
test consisted of 20 questions with varied combinations of test 



items ranging up to 2 digit with renaming. 

In scoring, one mark was awarded to each correct answer and 
the sum of all the marks of each answer script gave the computation 
score of the subject. 

DATA ANALYSIS 

Two kinds of analysis were made to determine the effectiveness 
of the procedures. The first analysis was quantitative. The aim 
was to determine if the procedures used in the Experimental Group 
was more effective than those of the Control Group in terms of 
accuracy of test scores. The second.analysis was qualitative. It 
was done to further analyse the effectiveness of the procedures 
through the errors made. 

The test scores in the two groups were collated and analysed 
using statistical descriptors e.g. means, standard deviation and 
percentages. Differences in mean scores were analysed by using 
analysis of covariance. This was to take care of the initial 
difference between the groups and to compare the groups for 
treatment effects. It was also used to compare differences in gain 
scores between the two groups in the Posttestl and Posttest2 to see 
whether the effect stays over time. 

Table 2: Children's Mathematics Performance Over Three 

Test Occasions 

.. , 

Children's Performance Gains in 

Test (in mean scores and Mean Scores 

standard deviation) 

Component Group 

p Pl P2 Pl - p P2 - Pl 

E 7.9 11.8 13.7 + 3.9 + 1.9

(4.2) ( 4. 4) ( 3. 4) 
Addition 

C 11.8 11. 3 12.1 - 0.5 + 0.8

( 4. 2) ( 4. 5) ( 4. 4) 

E 5.7 12.1 11.2 + 6.4 - 0.9

( 5. 5) (4.9) ( 5. 3) 
Subtract 

C 8.5 8.2 9.1 - 0.3 + 0.9

( 5. 9) (5.0) (4.5) 

E 13.6 23.9 24.9 + 10.3 + 1.0

(8.9) (8.4) (7. 9) 
Overall 

C 20.3 19.5 21.2 - 0.8 + 1.7

(8.0) ( 7. 9) (8.5) 

(Maximum score for addition and subtraction tests = 20. 
Maximum score for overall results = 40. 
E = Experimental Group, C = Control Group) 



Table 3: Comparison of Children's Responses on Individual 
Items: the Addition Component 

Experimental Group Control Group 
Responses P -> Pl I P -> P2 p -> Pl p -> P2

I 

It-• that showed decline in responses

MB -> NL (H) 8 + 8 (H) 2 + 18
(V) 9 + 10

K -> NL (V) 3 + 4
K -> MB (H) 8 + 8 (H) 8 + 8

5 + 6

Items that showed no improvement 

L -> L (V) 34 + 9 (V) 34 + 9 (V) 34 + 9 (V) 34 + 9
3 + 38 3 + 38 3 + 38 

ML -> ML (V) 7 + 32 7 + 32 
44 + 5 

MB -> MB (H) 0·+ 10 (H) 8 + 10 (H) 8 + 10 
2 + 18 0 + 15 2 + 18 
8 + 8 4 + 6 5 + 6 

(V) 3 + 4 7 + 0 7 + 0 
14 + 4 14 + 4 

(V) 10 + 6 (V) 10 + 6
25 + 24 25 + 24 
19 + 30 19 + 30 

5 + 6 5 + 6 
9 + 10 

II -> JI,.,. (H) 2 + 5 ( H) 2 + 5
(V) 3 + 4

Items that showed improvement 

L -> ML (V) 44 + 5 (V) 44 + 5 
7 + 32 7 + 32 

25 + 24 3 + 38 
L -> MB (V) 19 + 30 (V) 19 + 30 

25 + 24 
ML -> MB (H) 14 + 4 (H) 5 + 6 (V) 44 + 5 

5 + 6 (V) 10 + 6 
(V) 10 + 6 9 + 10 

9 + 10 5 + 6 
5 + 6 

ML -> K (H) 0 + 15 (H) 14 + 4
0 + 15 

MB -> K ( H) 2 + 5 (H) 2 + 5 (H) 0 + 7 (H) 0 + 7
0 + 7 0 + 7 0 + 15 
7 + 0 7 + 0 4 + 6 
4 + 6 4 + 4 

8 + 10 
2 + 18 

(V) 3 + 4

(V) = Vertical Format (H) = Horizontal Format
L = 0-24\ correct responses

ML= 25-49% correct responses 
MB= 50-74\ correct responses

H = 75-100\ correct responses



Table 4: Comparison of Children's Responses on Individual 

Items: the Subtraction Component 

Experimental Group control Group 

Responses P -> Pl I p -> P2 p -> Pl p -> P2 

It-• that showed decline in responses 

ML-> L I I (H) 20 - 8

I I 

Iteas that showed no improvement 

L -> L (V) 35 - 9 (V) 35 - 9 (V) 35 - 9 (V) 35 - 9

41 - 7 41 - 7 41 - 7 41 - 7

10 - 5 10 - 5

ML-> ML (H) 19 - 4 (H) 19 - 4 ( H) 19 - 4 (H) 19 - 4

13 - 7 18 - 10 13 - 7 13 - 7

(V) 10 - 5 18 - 10 (V) 25 - 24

16 - 6

17 - 13

(V) 16 - 3

25 - 24

MB-> MB (V) 9 - 5 (H) 8 - 6

1 - 0 (V) 9 - 5

8 - 8 1 - 0 

8 - 8 

Items that showed improvement 

L -> ML (H) 17 - 13 (H) 17 - 13 (V) 38 - 6 (V) 38 - 6

(V) 16 - 3 (V) 16 - 3

38 - 6 38 - 6

25 - 24

L ->-kB (V) 25 - 24 (V) 49 - 30 (V) 49 - 30 (V) 49 - 30

49 - 30

ML -> MB (H) 10 - 3 (H) 10 - 3 (H) 5 - 0

20 - 8 20 - 8 16 - 6

(V) 10 - 5 13 - 7 18 - 10

(V) 9 - 5 17 - 13

20 - 8

(V) 16 - 3

ML-> B (H) 5 - 0 ( H) 5 - 0 (H) 5 - 0 (H) 10 - 3

16 - 6 16 - 6 10 - 3

18 - 10 (V) 1 - 0 

(V) 9 - 5 8 - 8 

1 - 0 

8 - 8 

MB-> B (H) 8 - 6 ( H) 8 - 6 (H) 8 - 6 (H) 4 - 4

4 - 4 4 - 4 4 - 4 

(V) = Vertical Format (B) = Horizontal Format 

L = 0-24% correct responses MB = 50-74% correct responses
ML = 25-49% correct responses B = 75-100% correct responses 



There was significant difference between the two groups in the 
overall mathematics achievement scores in the Posttestl over the 
six weeks of instruction period. The Experimental Group gained 
a total of 10. 3 score; whereas the Control Group made no 
progress over the same period of time. In fact, a decline in 
performance was observed in the Control Group. The result of 
the analysis of covariance showed 0.01 level of significance. 

2. Similarly, there was a 0.5 level of significant difference in
the addition test. A mean gain score of 3. 9 was observed in the
Experimental Group while a decline mean score of o. 5 was
observed in the Control Group.

3. There was also a 0.01 level of significant difference in the
subtraction test. A gain score of 6. 4 was achieveci by the
Experimental Group on the Posttestl unlike a mean score of
- 0.3 in the Control Group.

4. The insignificant difference in gain scores between Posttestl
and Posttest2 seem to indicate that there was retention in the
procedures learned even after a month in both groups.

5. The Experimental group showed a difference in mean gain score
of 3.9 (49%) for addition as compared to 6.3 (111%) for
subtraction. However, although the Count-Up procedure seems a
quicker way to learn, the slight decline in the Experimental
group's performance in the Posttest2 may indicate that there is
a slight confusion between the Count-Up procedure and the Count
On procedure after the one month's break from the relatively
short six weeks of training given.

6. The Count-on and Count-Up procedures were also found to be
effective in terms of fewer mistakes incurred in the test items
after the Posttestl especially with sums dealing with zero
computation.

SUMMARY OF CONCLUSION 

To sum up, the study indicates that: 

1. The Count-On and Count-Up procedures were more effective
than the Count-All and Take-Away procedures in teaching addition
and subtraction computation sums to ESN children.

2. The Count-On procedure tend to consolidate the understanding of
the addition procedure and is found to assist in the subtraction
computation especially since the two procedures complement one
another.

3. The children's performance were further reinforced when they see
the complimentary relationships between addition and subtraction
procedures as seen in their gain scores in the Posttestl.

4. The procedures were also found to enhance the teaching of zero
computation and computation sums requiring no renaming as the
sequence to the procedures are shortened and when children
realized that the zero concept is an empty set.



The effectiveness of the procedures was also reflected in the 
children's ability to retain the procedures after a month's 
break in their Posttest2 results rather than due to maturational 
effect. 

6. However, the Count-Up and count-On procedures have also found
to have their limitations. For example, when two addends are
both comparatively large as in addition. This can be reflected
in the Experimental Group's no improvement in sums such as 8 +
8 and 34 + 9 or when the subtrahend is smaller as in 13 - 7 or
19 - 4. However, this may be overcomed if teachers help
children consider a variety of possibilities for improving their
performance and be aware of multiple directions for follow-up
instructions where previously this was not catered and children
are limited in the use of more efficient procedures. In the
case, where ESN children tend to invert the order of digits in
subtraction, teachers must ensure that children are made aware
of the order of the digits during instruction time.

7. ESN children's poor regrouping performance may not be due to the
treatment procedures as there wasn't sufficient time provided
for mastery of the concept. However, this error may be improved
if teachers use more concrete demonstrations and structure the
algorithm steps more effectively.

8. In general, the minor problems found in the treatment procedures
can be overcome through the use of special education teachers'
effective teaching strategies in mathematics, such as,
encouraging verbal feedback, using rehearsals, drills and
diagnosing learning problems of students so that they can
provide more effective strategies to further help them master
their matbematics skills.

IMPLICATIONS 

Within the limits of this study the following inferences may 
be drawn: 

1. ESN children are capable of using short-cut procedures in
computing addition and subtraction.

2. The Count-on procedure is more effective than the Count-All
procedure for teaching addition. Children taught by the Count
on procedure not only scored higher on mathematics test but also
completed the test faster, and made fewer procedural errors.

3. The Count-Up procedure is more effective than the Take-Away
procedure for teaching subtraction. Children taught by the
Count-on procedure scored higher on the test and made fewer
procedural errors although it took children a little more time
to complete the mathematics test than those using the Take-Away
procedure.

4. Items requiring zero computation and without renaming were
fairly well achieved using the Count-on and Count-Up procedures
as children made improvement in all the number items provided
and also better retention of using the procedures to master the
number items were observed.



5. The Count-On procedure is found to consolidate the understanding
of the addition procedure and is found to assist in the
subtraction procedure especially since the two procedures
complements one another.

IMPLICATIONS FOR SPECIAL EDUCATION TEACHERS 

If teaching methods are to be effective for enhancing the learning of 
ESN children, mathematics education programmes must promote the 
f o_llowing: 

1. 

2 • 

3. 

4. 

5. 

6. 

7. 

Teachers must realise the need to minimise the process of 
learning during developmental programming so as to reduce 
redundant, unnecessary steps. As teachers, they must always
search for effective instructional materials and strategies 
which are appropriate to their children's developmental level. 

Early continual assessment for diagnosis and corrective 
feedback must be emphasized for the preven�ion of 
misconceptions in procedural errors. 

Teachers need to use appropriate remediation procedures 
for comprehension of concepts and algorithms for 
addition and subtraction. 

In presenting a number concept, children must be exposed to 
hands-on activities relating to real life situations, 
proceeding from concrete, semi-concrete and. finally to the 
abstract with the children modelling and verbalising 
the procedures to ensure their understanding of the 
concepts taught. 

Also, initial learning of addition and subtraction requires 
that children develop good understanding of 11 + 11 and 11 - 11 

signs besides the development of reversibility thinking and 
inclusion relations. 

In enhancing transfer of learning, teachers must consider 
various means of introducing the same problem e.g. displaying 
computation sums in a vertical as well as horizontal formats 
for practice and automatic recall and other creative ways to 
ensure that children's cognitive skills are enhanced. 

Children should also be given opportunities to .recognize the 
patterns of objects and pictures in a set ·without actually 
counting them so that subsequently this may prepare them 
towards self-reliance activities once mastery ot addition 
and subtraction is achieved. 

··� .. -• . ..  '

A CONCLUDING WORD . .

Although this study tends to examine the effectiveness of teaching 
ESN children on the Count-on and Count-Up procedures for addition and. 
subtraction, the procedures and findings should further be explored so 
that all teachers, beside Special Education teachers can b_enefit from 
the results of such research. The overall concern should be to develop 
more efficient and qualitative instructional procedures to assist all 
children in their understanding of mathematical concepts. 
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