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Abstract 

Young children often show uneven patterns of competencies in mathematics and some 

of them cannot even master basic arithmetic facts. This study concerns the primary 

arithmetic fact mastery for elementary school children education in China by developing 

an auto problem building model. To do this, a well-defined programming algorithm was 

first proposed to construct three-term arithmetic operation facts including addition, 

subtraction, multiplication and division, followed by construction of four-term hybrid 

combinations. The proposed algorithm was then implemented accordingly by Excel VBA 

to get a computerized system, which supports randomized operands, one-click building 

and customized settings. The results show that this model can be applied to the parents or 

experimenters to give their children routine education in a variety of exercise situations, 

which helps the school children become more expert at solving arithmetic calculations 

and perform better on standardized achievement tests. 

 

Keywords: Elementary School Children Education, Primary Arithmetic Fact Mastery, 
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1. Introduction 

For Chinese children from five or six years on, with an age, which means to attend 

academic grades for elementary school study, learning arithmetic is challenging. Not only 

must they learn to add, subtract, multiply and divide, they must also understand how these 

operations are related. It is well-recognized that children with poor fact mastery show 

weaknesses in nonverbal reasoning [1]. Previous studies have even shown that some 

children cannot master basic arithmetic facts despite relatively strong problem-solving 

skills [2-4]. Unlike sophisticated problem solving in mathematics which makes use of 

inferences, analogies, and other conceptually based techniques to give a whole outline to 

the solution, arithmetic facts requires elaborate calculation to give a more specific and 

detailed answer to the problem. To accomplish arithmetic fact tasks, participants need to 

master some skills such as encoding or adding multiple digits and temporarily holding 

partial results. They also need to know other useful strategies such as finding direct 

retrieval of the correct solution in long-term memory or using finger-counting strategy, 

and different transformation (e.g., to solve 45 + 39, one can do 45 + 40 – 1, 40 + 40 + 5 – 

1, or 50 + 34) and decomposition (e.g., to solve 45 + 39, one can do 40 + 30 + 5 + 9, 45 + 

30 + 9, 40 + 39 + 5, or 5 + 9 + 30 + 40) techniques that allow they to transform the 

problem into another one to suit their basic knowledge. As a result, arithmetic problem is 

hard for all graders, no matter what the operation is [5]. As to addition, for instance, it has 

been revealed that participants’ performance decreased as the number and value of carries 

increased in multidigit addition problem solving [6]. As to subtraction, it has been found 

that the borrow effect in subtraction is so hard to execute that the children notably lack 

both in their knowledge that the minuend is conserved and in their knowledge of the 
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values exchanged during regrouping [7, 8]. As to multiplication and division, it has been 

suggested that skill in these two situations depends on cognitive processes that are 

different from those needed for addition and subtraction, where the children most likely 

used computational strategies to reach solutions rather than rote retrieval [1]. Therefore, it 

is a great help for the children to perform plenty of arithmetical exercises on different 

types of calculation during the study period in order to become more procedurally 

proficient and serve for better understanding of school learning. 

For children’s parents, education on arithmetic fact solving for their kids is also a 

challenge. Some of them may want to find out how children spot the need for specific 

types of calculation when an operation fact is presented to them, and how they actively 

reconstruct the information given to them so that it fits the mathematical solution which 

they wish to apply. Others may wonder whether or not their kids can make particular 

kinds of calculations and whether or not they possess particular kinds of conceptual 

knowledge. Large majority, perhaps not all, of these parents may need to understand the 

logical structures that are constructed by their children as they learn from typical school 

instruction [9]. However, they suffered from a deficit in energy due to the busy life of 

everyday’s routine jobs and housework, which prevents them from guiding their children 

procedural skills, not even personally building up a paper for the exercise. Therefore, it is 

a great help for the parents to have a chance of giving some education to their children, if 

there exists such an auto-building system. 

Because the main goal in arithmetic teaching and learning is to develop the ability to 

resolve a variety of complex step by step organized tasks [10], primary arithmetic fact 

solving has special importance in children’s study so it is crucial to reexamine this issue. 

Past researches have focused mainly on (1) the age-related strategies that the participants 

used, including inversion problems solving skills [11, 5, 12], computational estimation 

skills [13-15] and other mastery skills [1, 16-18], (2) performance level or learning 

abilities [19-23], (3) behaviors with learning disabilities [24-27] and (4) neuronal 

functionalities [28-32]. These researches have made great contributions to the 

understanding of primary arithmetic fact solving and mastery in the literature. 

Nevertheless, the problem itself, i.e., the operation facts building on a test paper that 

contains addition, subtraction, multiplication, division and their combinations, has been 

ignored and left untreated. This paper seeks to contribute to leveraging this by developing 

a problem building model, which can automatically build up exercises with arithmetic 

combination problems made of operands with two-digit or three-digit numbers, to allow 

the children to examine their conceptual understanding and computational skill in 

arithmetic problem solving. 

 

2. Model Architecture 
 

2.1. Three-term Arithmetic Fact Building 

 

2.1.1. Addition Operation 

Denote the fact as “a + b = □” and suppose that either of the two addends is at the 

limit of a given number (denoted by “p”), the construction algorithm is listed as follows.  

1)  Generate a random number between 1 to “p” for the first addend “a”. If any digit 

of the number is 0, the generation must be repeated. Since this rule will be used 

repeatedly in the following building, it is convenient to introduce a simpler notation 

named nonzero-rule. 

2)  Generate a random number between 1 to “p” for the second addend “b” that 

satisfies the nonzero-rule. 

If a limited sum (also denoted by “p”) is preferred to represent the result of “a + b” is 

not greater than “p”, the algorithm should be changed to the following: 
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1)  Generate a random number between 1 to “p- 1” for the first addend “a” that 

satisfies the nonzero-rule. 

2)  Generate a random number between “a + 1” to p for the sum result (suppose it is 

denoted by “s”). To ensure that the second addend “b” to be generated in the next 

procedure satisfies the nonzero-rule, digits must not be repeated in the same unit, decade, 

or hundred positions (except the highest position) across “a” and “s”. If any repeat 

happens, the generation must be done again. 

3)  Solve the expression of “s - a” to get the second addend “b”. 

 

2.1.2. Subtraction Operation 

Denote the fact as “a - b = □” and suppose that either the minuend or subtrahend is at 

the limit of a given number (denoted by “q”), the construction algorithm is listed as 

follows. 

1) Generate a random number between 1 to “q” for the minuend “a”.  

2) Generate a random number between 1 to “a – 1” for the subtrahend “b” that 

satisfies the nonzero-rule. 

 

2.1.3. Multiplication Operation 

Denote the fact as “a × b = □” and suppose that the multiplicand “a” is at the limit of 

a given number (denoted by “u”) while the multiplicator “b” is at the limit of another 

given number (denoted by “v”), the construction algorithm is listed as follows. By the 

way, without loss of generality, suppose that “u > v”. 

1) Generate a random number between 2 to “u” for the multiplicand “a”. If “a” is the 

power of ten, like 1, 10, or 100, the generation must be repeated. Since this rule will be 

used repeatedly in the following building, it is convenient to introduce a simpler notation 

named non-ten-power-rule. 

2) Generate a random number between 2 to “v” for the multiplicator “b” that 

satisfies the non-ten-power-rule. 

 

2.1.4. Division Operation 

Denote the fact as “a ÷ b = □” and suppose that the dividend “a” is at the limit of “u” 

while the divisor “b” is at the limit of “v”, the construction algorithm is listed as follows. 

1) Generate a random number between 1 to “u” for the dividend “a”. 

2) Generate a random number between 1 to “v” for the divisor “b” that satisfies the 

non-ten-power-rule. 

 

2.2. Four-term Arithmetic Fact Building with Hybrid Combination 

Apparently, the precedence order (i.e., priority of operations) is crucial for the 

construction. Due to the page length limit, only several cases, which need special 

attentions, are illustrated.  

 

2.2.1. “(a + b) ÷ c = s ÷ c = □”  

1) Generate the first and second operands (“a” and “b”) by use of the above 2.1.1 

strategy similarly, except for the requirement on the sum result “s”. Since “s” serves for 

the dividend of the next operation, it is required to be at the limit of “u”. In other words, 

the generation must be repeated until “s” is not greater than “u”. To avoid infinite 

iteration, a maximum loop is introduced to fulfill this requirement. If the iteration process 

reaches the maximum loop but no such candidate for “a” or “b” can be found, use the 

following strategy instead. First generate a random number between 1 to “u/2” for the 



International Journal of u- and e- Service, Science and Technology 

Vol.8, No. 7 (2015) 

 

 

390   Copyright ⓒ 2015 SERSC 

first addend “a”, and then generate a random number between 1 to “u/2” for the second 

addend “b”. 

2) If aliquot result is required, find out all candidates from 2 to the sum result “s” 

and then randomly select one candidate as the divisor “c” 

3) If no such candidate can be found, figure out the operation fact reversely. That is, 

a) Generate a random number between 1 to “v” as one possible alternative of “c”. 

b) Generate a random number between 1 to <u ÷ c> (the notation “<a>” refers to 

potential floor effect of “a”, similarly hereinafter) and then multiply this number by “c” 

to get “s”. 

c) Generate a random number between 1 to “p” for the first addend “a”. 

d) Solve the expression of “s - a” to get the second addend “b”. 

e) Randomly select one divisible candidate from 2 to “s” for the divisor “c”.  

 

2.2.2. “(a - b) ÷ c = s ÷ c = □”  

1) Generate a random number between 1 to “q” for the subtrahend “b” that satisfies 

the nonzero-rule. 

2) Generate a random number between 1 to “q – b” for the subtraction result “s”. 

Since s serves for the dividend of the next operation, it is required to be at the limit of “u”. 

In other words, the generation must be repeated until “s” is not greater than “u”. To avoid 

infinite iteration, a maximum loop is introduced to fulfill this requirement. If the iteration 

process reaches the maximum loop but no such candidate for “b” or “s” can be found, use 

the following strategy instead. First generate a random number between 1 to “u” for the 

subtraction result “s”, and then generate a random number between 1 to “q – s” for the 

subtrahend “b”. 

3) Solve the expression of “s + b” to get the minuend “a”. 

4) If aliquot result is required, find out all candidates from 2 to “s” and then 

randomly select one candidate as the divisor “c”. 

5) If no such candidate can be found, figure out the operation fact reversely. That is, 

a) Generate a random number between 1 to “v” as one possible alternative of “c”. 

b) Generate a random number between 1 to <u ÷ c> and then multiply by “c” to get 

“s”. 

c) Generate a random number between 1 to “q – s” for the subtrahend “b”. 

d) Solve the expression of “s + b” to get the minuend “a”.  

e) Randomly select one divisible candidate from 2 to “s” for the divisor “c”. 

 

2.2.3. “a × b ÷ c = s ÷ c = □”  

1) Generate the first and second operands (“a” and “b”) by use of the above 2.1.3 

strategy similarly, except for the requirement on the multiplication result “s”. Since “s” 

serves for the dividend of the next operation, it is required to be at the limit of “u”. In 

other words, the generation must be repeated until “s” is not greater than “u”. To avoid 

infinite iteration, a maximum loop is introduced to fulfill this requirement. If the iteration 

process reaches the maximum loop but no such candidate for “a” or “b” can be found, use 

the following strategy instead. First generate a random number between 1 to square root 

of “u” for the multiplicand “a”, and then generate a random number between 1 to square 

root of “v” for the multiplicator “b”. 

2) If aliquot result is required, find out all candidates from 2 to “s” and then 

randomly select one candidate as the divisor “c”. 

3) If no such candidate can be found, figure out the operation fact reversely. That is, 

a) Generate a random number between 1 to “v” as one possible alternative of “c”. 

b) Generate a random number between 1 to <u ÷ c> and then multiply by “c” to get 

“s”. 
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c) Find out a number between 1 to “s” that can be divisible by “s” for the 

multiplicand “a”. 

d) Solve the expression of “s ÷ a” to get the multiplicator “b”.  

e) Randomly select one divisible candidate from 2 to “s” for the divisor “c”. 

 

2.2.4. “c ÷ (a ÷ b) = c ÷ s = □”  

1) Generate a random number between 1 to “v” for the third operand “b” that 

satisfies the non-ten-power-rule. 

2) Generate a random number between 1 to <u ÷ b> for “s”. Since “s” serves for the 

divisor of the next operation, it is required to be at the limit of “v”. In other words, the 

generation must be repeated until “s” is not greater than “v”. To avoid infinite iteration, a 

maximum loop is introduced to fulfill this requirement. If the iteration process reaches the 

maximum loop but no such candidate for “b” or “s” can be found, use the following 

strategy instead. First generate a random number between 1 to “v” for the division result 

“s”, and then generate a random number between 1 to “v” for the second addend “b”. 

Check whether “b × s” is greater than “u”, and if so, iterate the generation of “b” until “b 

× s < u” holds. 

3) Solve the expression of “b × s” to get the second operand “a”. 

4) If aliquot result is required, generate a random number between 1 to <u ÷ s> and 

then multiply this number by “s” to get the first operand “c”. Otherwise, generate a 

random number between “s” to “u” to get the first operand “c”. 

 

2.2.5. “a ÷ b ÷ c = s ÷c = □”  

1) Generate a random number between 1 to “v” for the second operand “b” that 

satisfies the non-ten-power-rule. 

2) Generate a random number between 1 to <u ÷ b> for “s”.  

3) Solve the expression of “b × s” to get the first operand “a”. 

4) If aliquot result is required, find out all candidates from 2 to “s” and then 

randomly select one candidate as the divisor “c”. 

5) If no such candidate can be found, figure out the operation fact reversely. That is, 

a) Generate a random number between 1 to “v” as one possible alternative of “c”. 

b) Generate a random number between 1 to <u ÷ c> and then multiply by “c” to get 

“s”. 

c) If <u ÷ s> is greater than “v”, then generate a random number between 1 to “v” 

for the operand “b”; Otherwise, generate a random number between 1 to <u ÷ s> for 

“b”.  

d) Solve the expression of “s × b” to get the first operand “a”. 

e) Randomly select one divisible candidate from 2 to “s” for the third operand “c”. 

 

3. Implementation of Model and Auto Evaluation of the Problems 

The proposed model was implemented to a system with Excel VBA and run on any 

computer that installed Microsoft Office, which is amenable to use. There are two issues 

about the model that still need to be addressed. For one thing, in order to cater for a 

variety of different-aged children, the system is designed to be versatile at the limit of, or 

just beyond, what could be solved by a particular age group. In other words, settings (also 

known as preferences) like the amount of problems, the range of operands and whether 

aliquot result is required or not, should be involved in and customized by the user. The 

homepage of the system is illustrated in Figure 1. 

For the other, in order to further alleviate the experimenter’s burden on going over the 

paper, it appears to be more prevailing to automatically solve the problems (operation 

facts) generated by the aforementioned algorithm. To this end, “eval” function of 
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VBScript would be helpful. Before an operation fact was transferred to the “eval” 

function, some preprocessing procedures should be applied.  

1) The notation “=” must first be eliminated from the original formula.  

2) For the case of multiplication, the notation “×” must be replaced by “*” to suite 

the language of Visual Basic.  

3) For the case of division, if it is a three-term arithmetic problem, or it is a four-

term arithmetic problem but is not continued division, the notation “÷” must be replaced 

by “/” to suite the language. Otherwise, it is a four-term arithmetic problem with 

continued division. For such a formula, if aliquot result is imposed, the notation “÷” must 

be replaced by “/” to suite the language. Otherwise (i.e., aliquot result is not required), the 

second operation (in the sense of priority of operations) “÷” must be replaced by “\” and 

“mod” in twice to calculate the quotient and residue respectively. 

 

 

Figure 1. Homepage of the System (Settings) 

4.  Performance Illustration 

If an experimenter wants to test the arithmetic fact solving ability of the child, what 

he/she needs to do is to open the excel file and enable macros to activate the VBA 

function. The addition, subtraction, multiplication and division button on the homepage, 

as shown in Figure 1, allows the experimenter to test the child’s three-term arithmetic fact 

mastery, whereas the hybrid button and drop-down combo boxes are used for four-term 

arithmetic fact building. Apart from these buttons and combo boxes, the amount of 

problems, the difficulty of the paper and whether the result is required to be aliquot for 

the case that the second operation (in the sense of priority of operations) is division can 

also be specified.  Once these preferences are set, a full page of problems which are 

matched across these settings is generated in the next worksheet. Figure 2 is a special case 

that the results of all the problems of addition operations are under 20 (more precisely, 

smaller or equal to 20). The experimenter can print this worksheet out as a test paper for 

the subsequent use. 

 

 

Figure 2. Built Paper after Clicking the “Addition” Button on the 
Homepage 

The child can be tested individually in his/her school or at home with the printed 

version paper or in front of the computer screen. The child can use any method he/she 

wants to figure out the answer and is given as much time as they needed or in a certain 
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minute session. Of course a limited duration of time is much better, for such a similarity 

to standardized achievement tests helps the child to become proficient with the paper-and-

pencil situation, rather than performing procedures in a rote and meaningless fashion. 

After he/she completes all the arithmetic problems, the experimenter can execute the 

answers by a simple click on the page where the problems locate to allow the child to 

check them out himself/herself, as depicted in Figure 3. More results can be found in 

Figure 4, Figure 5 and Figure 6, where the hybrid combinations of four-term arithmetic 

problems are illustrated.  

 

 

Figure 3. Auto Solving after Clicking the “Answer” Button for the 
Problems in Figure 2 

 

Figure 4. Paper Building and Auto Solving for the Problems of Four-
Term Hybrid Operations (Division First, and Subtraction Next, with 

Aliquot Result Required) 

 

Figure 5. Paper Building and Auto Solving for the Problems of Four-
Term Hybrid Operations (Addition First, and Multiplication Next) 

 

Figure 6. Paper Building and Auto Solving for the Problems of Four-
Term Hybrid Operations (Continued Division, and Aliquot Result was 

not Required) 
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5. Conclusion 

This study examines the school-aged children education of primary arithmetic fact 

solving competence by exploring a state-of-the-art auto problem building and evaluating 

model. A well-defined programming algorithm, which involved, from simple to complex, 

calculation of three-term arithmetic operation facts including addition, subtraction, 

multiplication and division associated with four-term hybrid combinations, was first 

proposed. An auto operation facts building system on computer was then developed by 

using Excel VBA. The results show that the underlying model makes the building highly 

effective and practically sound. 

The following are some of the significant benefits of the proposed model: 1) it is of 

practical ease due to its highly integrated and encapsulated by using Excel VBA; 2) it is 

efficient for the experimenters due to its one-click building; 3) it is effective for the 

participants due to its auto evaluation to the problem; 4) it is particularly convenient for 

the experimenters to build or for the participants to perform plenty of (refers to non-

repeated fact problems between two consecutive button clicks) arithmetical exercises on 

different types of calculation due to its randomized operands and customized settings; and 

5) it is practically sound since the fact problems are specially and elaborately built, which 

includes: (a) no operand in either addition or subtraction problem has 0 as digits since it 

needs no computation; (b) specific numbers like 1, 10 or 100 are not be used (or 

frequently used) as operand in neither multiplication nor division problem (as divisor) 

since it is too much simple, expect for the situation in hybrid combination that no other 

operand can be found (e.g., for the case of “a ÷ b ÷ c” with aliquot result required, if “a” 

is 5 and “b” is 5, then “c” has to be 1 since there is no other choice). 

There are several issues that still need to be further emphasized. First, although the 

model has been built to account for simple arithmetic, it can be generalized to complex 

arithmetic or five-term (or more) hybrid combinations research. Second, it appears that 

the underlying model makes the building highly effective and practically sound, there are, 

however, areas needing future attention, which include the following directions: (a) digits 

are not repeated in the same unit, decade, or hundred positions across operands (like in 

346 +149 or 346 + 376); (b) no digits are repeated within operands (i.e., like in 344 

+659); (c) no reverse orders of operands are used in one paper (i.e., if 383 + 458 is used, 

458 +383 can not be used); (d) it can be customized whether carry-over operation 

involved with one position can be also involved with another contiguous position (e.g., if 

decade position involves carry-over operation,  unit or hundred position also involves, 

such like 645 + 187); (e) since adding and subtracting the same quantity (e.g., 17 + 11 - 

11 = □ ) leaves the initial quantity unchanged and so no computation is necessary, such 

operation facts should be discarded; (f) the missing element of problems concerned in this 

study was on the right-hand side, whereas problems with the a-term missing (e.g., □  + 11 

= 43) should be considered in future’s work; and (g) the addend and subtrahend (or sum 

of subtrahends in four or more term problems) should differ by at least 3, to prevent 

children from decomposing the problem and using inversion, or using finger-counting 

strategies. All these will be part of our future work. 
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