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Abstract 

 

Problem solving is an important activity in mathematics and its learning. 

Strategies in solving mathematical problems have always been attracting 

researchers. The objective of this present article is to analyze a typology in 

solving algebraic equations problems. The data were collected through written 

responses from 41 mathematics teachers in junior and senior high schools to 

the problems given and the data were then descriptively analyzed. The results 

of the analysis showed that the typology of strategies in solving equation 

problems is computation and transposition (CT) and relating elements and 

transformations (RT). The CT typology is very dominantly used by teachers 

than the RT one.  
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INTRODUCTION 

Problem solving is a crucial matter in learning mathematics. Students with good 

problem solving skills are also smart in other mental abilities such as in analogy, 

reasoning, critical thinking, perception, memory and creative thinking. They are also 

good readers and posses some knowledge of different approaches to planning that 

they may use to solve problems [8]. Good problem solvers own meta-cognitive skills, 

an ability to monitor and to evaluate their thoughts [6, 9]. However, many researchers 

state that students’ mathematical knowledge in problem solving is merely mechanical 

[11, 7]. From elementary schools, the mathematical procedural understanding in the 

form of calculative skills for four numerical basic operation is always given an 

emphasis in learning mathematics. Most information at school is provided by 

teachers, so that they as educators more or less contribute to their students’ ability. As 

a result, teachers’ ability in solving mathematical problems is very important and 

should always be improved.  
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Ability to solve problems develops slowly and takes a very long time. Problem 

solving is an activity that involves a problem solver in various cognitive actions, 

including accessing and  using some knowledge and previous experiences [13,1, 18]. 

Treffinger and Selby [24] state that a problem solving style is one’s consistent 

differences in which one chooses to plan, implement and focus in order to get some 

clarity, to result in ideas or to prepare oneself to make an action when solving a 

problem. This problem solving style is a very important dimension of creative 

productivity [13]. 

In general, there are some strategies in solving mathematical problems [17, 1, 18]. 

Some researchers have studied students’ strategies in solving mathematical problems 

[12, 10, 7, 14, 2, 3], but few studied what strategies mathematics teachers adopt in 

solving mathematical problems, while they are one of students’ learning sources. 

Therefore, it is important to study the typology of strategies of mathematics teachers 

in solving problems in general, and especially algebraic equations. 

 

 

METHOD 

Participant  

The participants were 41 high school teachers of mathematics who were voluntarily 

solving problems given. They consist of 10, 22, and 9 teachers of junior (SMP), senior 

(SMA) and vocational (SMK) high schools, respectively. 

 

Instrument 

The instrument consisted of algebraic equation problems containing three problems 

referring to [2,3]. These problems are expected to give a consistent typology of 

strategies mathematics teachers adopt in solving equation problems. For each 

problem, it is possible for the subjects to solve it in various ways with its own reasons.  

 

Data Collection and Analysis  

The data collection was focused on responses from mathematics teachers when they 

were solving the given problems. The problems should be solved in not more than 10 

minutes. The data were analyzed by coding each teachers’ answer to each problem 

given like in [2,3]. The data credibility was made by asking two persons to code 

answers. The agreement between the two coders was 95% for each problem with the 

same coding. Then the valid data were descriptively analyzed.   

 

 

RESULTS 

For the written responses to the given problems, coding was focused on the strategies 

the teachers adopted in solving equations problems. Based on the results of coding, a 

typology of strategies of mathematics teachers in solving T1 problems was classified 

into one of the two categories: 1) computation and transposition (CT) and 2) paying 

attention to the relation of numerical values or elements from two sides (relations) or 

transforming the equation so that two identical equations are obtained (RT). 
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CT Typology  

This typology is categorized into two strategies: CT-1 and CT-2. A Teacher’ response 

is represented by CT-1 if he focuses on doing  a counting operation followed by a side 

change, sign change or he does a side change, in the next sign changes, he then does 

the counting operation. CT-2 if a teacher does a CT-1 but in the computation he 

employs a simpler approach.  

In problem P1. Find the value of n so that 57 + 86 = n + 84 is true! and in problem P2. 

Find the value of d so that 345 + 576 = 342 + 574 + d is true! The solution adopting 

the strategy CT-1 is presented in Figure 1. 

 

                       
 

Figure 1: CT-1 Strategy in P1 and P2 

 

 

A CT-1 strategy to obtain a n or d value is made by adding a number at the next side, 

then reduced by a number at the other side of the equation. This method gives a 

priority to procedural computation, and does not demand any high thinking process. 

This strategy was dominantly employed by mathematics teachers: namely 70%, 

77.27% and 77.78% for F1 and for F2 80%, 81.82% and 100% for junior, senior, and 

vocational high school teachers, respectively. It means that most teachers are still 

possessing procedural comprehension and computation in solving mathematical 

problems. The CT-2 strategy in solving P1 and P2 is presented in Figure 2. 

 

                    
 

Figure 2: CT-2 strategy in P1 and P2 

 

 

The CT-2 strategy to obtain a n or d value is done by transposition, namely moving a 

number at the right side to the left one of the equation, considering that the 

computation is easier to make. In the CT-2 strategy, a computation and “equal or 

appropriate” numbers should be paid more attention. Moreover, a high thinking 

process is required. This method was employed by mathematics teachers in junior 

high school, 30%, senior high school 31.82% and vocational high school, 33.33% for 

P1, while 30%, 27.28% and 11.11% for F2.  
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In problem P3. Does m possess the same value in 2m + 15 = 31 and 2m + 15 – 9 = 31 

– 9? Give reasons! Solutions using CT-1 and CT-2 strategies are presented at Picture 

3 (a) and (b). The CT-1 strategy to obtain an m value is adopted by solving the two 

equations, P1 and P2, then the results of the the two solutions are compared. This 

strategy was adopted by 90% junior high school teachers and 100% senior high 

school/madrasah and vocational high school teachers. The CT-2 strategy is used to 

solve one of the equations, then the result is distributed to another equation, so that an 

equation is obtained. This strategy was adopted by 10% of junior high schools 

teachers, but not by senior high school/madrasah and vocational high school teachers.  

                    
(a)                                                        (b) 

 

Figure 3: CT-1 and CT-2 Strategies in P3 

 

 

RT Typology 

Like CT, an RT typology is also classified into two approaches, RT-1 and RT-2. A 

response is categorized into the RT-1 if a focus is made on the relationship between 

numerical values or elements of two sides, the characteristics of number are made use 

of and then some computation or equation transformations are made so that an 

identical equation of the two equations is obtained. Meanwhile RT-2 is adopted if the 

numerical values or elements of the two sides are focused on, then characteristics of 

numbers are used, and then some computations or without explicit computations are 

made.  

 

In problems P1 and P2. The solution using the RT-1 strategy is shown in Figure 4. 

 

                 
 

Figure 4: RT-1 Strategy in P1 and P2 

 

The RT-1 strategy to obtain an n or d value is done using the characteristics of 

number and computation. In solving P1, the 86 = 2 + 84 is described since at the right 

side there is number 84, so that the relationship between the two sides of the equation 
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is obtained. This strategy is adopted by 10% and 13. 74% junior and senior high 

school teachers, respectively. Whereas in P1, hundreds and tens numbers of the two 

equation sides are crossed and then a computation is made. This strategy was adopted 

by 11.11% of Vocational high school teachers.  

 

Dealing with the RT-2 strategy in solving P1 and P2, a special attention is paid to the 

relationship between numbers in the two sides of the equation, then an implicit 

computation is made, as presented in Figure 5. In P1, this strategy was adopted by 

11.11% vocational high school teachers, while in P2, 12.64% senior high 

school/madrasah teachers. 

 

                 
 

Figure 5: RT-2 strategy in P1 and P2 

 

 

The RT-1 and RT-2 strategies in solving P1 are each presented in Figure 6 (a) and (b). 

The RT-1 strategy is made by transforming a equation so that an identical equation is 

obtained. This was adopted by 0.09% senior high school/madrasah teachers, while the 

RT-2 strategy is done by paying attention to two sides of the second equation and the 

characteristics of the equation. This strategy was employed by 20% of junior high 

school teachers, 1.18% of junior high school/madrasah teachers, and 11.11% of 

vocational high school teachers. 

                 
 

(a)                                                                        (b) 

 

Figure 6 6: RT-1 and RT-2 Strategies in P3 

 

 

DISCUSSION  

The CT typology adopted by mathematics teachers in solving equation problems 

possesses long steps and requires the mastery of computation. This strategy also needs 

a long time to obtain a correct answer. This typology, especially the CT-1 strategy 

most teachers adopt is a conventional strategy [21] and its thinking process in still 

procedural. Therefore, this strategy is also called a procedural one [4, 7]. The process 
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of problem solving focusing on computation and procedures makes the mathematical 

knowledge is mechanical in nature [11, 7].  

In the RT typology, to build a strategy of problem solving, teachers do not focus on 

computation, but create a whole picture of a problem in their mind, make some 

analyses to find a core structure, and look for some important elements or relations 

among elements given. The process of this problem solving is called an analysis of 

expression [15] or relational thinking [5, 22, 23, 14]. The strategy of problem solving 

in the RT type has simple steps so that it needs a better concept of understanding, 

beside computational abilities. As a result, this type of strategy is also called a meta-

conceptual strategy [7] that brings the doer to a high thinking level in problem solving 

than the CT type. RT-1 and CT-2 strategies posses a little bit similarity, but the 

difference is in the main focus of the computation. In CT-2, the focus is on the 

computation, while in RT-1 on the relation between two sides of the equation. The 

Thinking process in the RT type in problem solving tends to be divergent, while in the 

CT type, divergent.  

In in the dimension oriented to change in the problem solving style, problem solvers 

adopting the CT typology are included into types of “developer”, and those adopting 

the RT typology, an “explorer” type [20]. Those with the ‘developer’ type tend to 

choose a solution under their present experience and to be easily assimilate this 

present reality, but they are still under the existing paradigm or system and adhere 

rules or procedures given. While the problem solvers with the “explorer” type leave 

from the system, know new possibilities and tendencies, adopt in-conventional ways, 

and produce ideas which others are difficult to understand.  

 

 

CONCLUSION 

Problem solving is a base for all mathematical activities [19] and integral part of all 

mathematical learning [116]. Therefore, learning problem solving strategies should be 

paid attention, especially mathematics teachers. Most mathematics teachers still give 

an emphasis on procedural and computational aspects in solving problems (CT type) 

from all aspects of conceptual comprehension. One of strategies emphasizing 

conceptual and holistic aspects in problem solving is the relational and transformation 

(RT) type that should be taken into account as the materials in education and training 

for improving pedagogical and professional competences of mathematics teachers. 

Moreover, the RT type is more elegant than the CT type considered from the 

processes or stages in problem solving. The RT type enables to develop creativities 

and high thinking levels that are really needed by teachers in doing their jobs. 

 

 

REFERENCES 

 

[1] Arnold, L.M. Heyne, A.L. Busser, A.J., 2005, “Problem Solving: Tools And 

Techniques For The Park And Recreation Administrator”, Sagamore 

Publishing, L.L.C. Champaign, Illinois. 



A Typology of Strategies in Solving Algebraic Equations Problems 3871 

[2] Baiduri, 2015a, “Mathematics Education Students’ Understanding of Equal 

Sign and Equivalent Equation”, Asian Social Science, 11(25), pp. 15 – 24. 

doi:10.5539/ass.v11n25p15  

[3] Baiduri, 2015b, “Mathematics Education Students’ Strategies in Solving 

Equations”, Proceedings of The 7th SEAMS-UGM Conference 2015” , pp. 28 

- 33.  

[4] Carpenter, T.P., Franke, M.L., & Levi, L., 2003, “Thinking mathematically: 

Integrating arithmetic and algebra in elementary school”, Posrtmouth: 

Heinemann  

[5] Carpenter, T.P., Franke, M.L., Madison, Levi, L., & Zeringue, J.K., 2005, 

“Algebra in Elementary Schooll: Developing Relational Thinking”, ZDM, 

Vol. 37(1), pp. 53 – 59. 

[6] Garofalo, J., & Lester, Jr., F.K., 1985, “Metacognition, cognitive monitoring, 

and mathematical performance”. Journal for Research in Mathematics 

Education, 16, pp. 163-176. 

[7] Hejný, M., Jirotková, D., Kratochvílová, J., 2006, “Early Conceptual 

Thinking”. In Novotná, J., Moraová, H., Krátká, M. & Stehlíková, N (Eds.). 

Proceedings 30th Conference of the International Group for the Psychology of 

Mathematics Education, Vol. 3, pp. 289-296. Prague: PME. 

[8] Hembree, R., 1992, “Experiments and relational studies in problem solving: A 

meta-analysis”. Journal for Research in Mathematics Education, 23, pp. 242-

273.  

[9] Hembree, R., & Marsh, H., 1993, “Problem solving in early childhood: 

Building foundations”. In R.J. Jensen, Ed., Research ideas for the classroom: 

Early childhood mathematics (pp. 151-170). New York: Macmillan Publishing 

Company. 

[10] Hoch, M., Dreyfus, T., 2005, “Students’ difficulties with applying a familiar 

formula in an unfamiliar context”. In H. L. Chick & J. L. Vincent (Eds.), Proc. 

29th Conf. of the Int.Group for the Psychology of Mathematics Education 

(Vol. 3, pp. 145-152). Melbourne: PME. 

[11] Hoch, M., Dreyfus, T., 2004, “Structure sense in high school algebra: the 

effect of brackets”. In M. Johnsen & A. Berit (Eds.), Proceedings of the 28th 

International Group for the Psychology of Mathematics Education, (Vol. 3, pp. 

49-56). Bergen, Norway: Bergen University College. 

[12] Kieran, C., 1992, “The learning and teaching of school algebra”. In D. Grouws 

(Ed) Handbook of Research on Mathematics Teaching and Learning (pp. 390-

419). New York: Macmillan. 

[13] Lester, F. K., & Kehle, P. E., 2003, “From problem solving to modeling: the 

evolution of thinking about research on complex mathematical activity”. In: R. 

Lesh, & H. Doer (Eds.), Beyond constructivism. Models and modeling 

perspectives on mathematics problem solving, learning, and teaching. 

Mahwah, NJ: Lawrence Erlbaum Associates, Publishers. 

[14] Molina, M., Castro, E., & Mason, J., 2008, “Elementary school students’ 

approaches to solving true/ false number sentences”. PNA 2 (2), pp. 75 – 86 



3872 Baiduri 

[15] Molina, M., & Ambrose, R., 2008, “From an operational to a relational 

conception of the equal sign: Thirds grades’ developing algebraic thinking”. 

Focus on Learning Problems in Mathematics, 30 (1), pp. 61 – 80 

[16] National Council of Teachers of Mathematics, 2000, “Principles and standards 

for school mathematics”. Reston, VA: National Council of Teachers of 

Mathematics. 

[17] Polya, G. 1973, “How to Solve it”. 2nd Ed. Princeton University Press, ISBN 

0-691-08097-6 

[18] Posamentier, A.S., Jaye, D., Krulik, S., 2007, “Exemplary Practices for 

Secondary Math Teachers”. Association for Supervision and Curiculum 

Development. Alexandria, Virgina USA. 

[19] Reys, R. E., Lindquist, M. M., Lambdin, D. V., Smith, N. L., & Suydam, M. 

N., 2001, “Helping children learn mathematics” (6th ed.). New York: John 

Wiley & Sons, Inc. 

[20] Selby, E.C., Treffinger, D.J., Isaksen, S., Lauer, K., 2004, “Defining and 

Assessing Problem-Solving Style: Design and Development of a New Tool”. 

Journal of Creative Behavior, 38 (4), pp. 221 – 243. 

[21] Star, J.R., and Rittle-Johnson, B., 2008, “Flexibility in problem solving: The 

case of equation solving”, Learning and Instruction, 18, pp. 565-579 

[22] Stephens, M., 2008, “Some key junctures in relational thinking”. In M. Goos, 

R. Brown and K. Makar (Eds.), Navigating current and charting directions 

(Proceedings of the 31th annual conference of the Mathematics Education 

Group of Australia, pp. 491 – 498). Brisbane: MERGA.  

[23] Stephens, M., 2006, “Describing and exploring the power of relational 

thinking”. In P. Grootenboer, R. Zevenbergen, & M. Chinnappan (eds.), 

Identities, Cultures and Learning Spaces, Proceeding of the 29th annual 

conference of the Mathematics Education Research Group of Australasia, pp. 

479-486. Canberra: MERGA.  

[24] Treffinger D. J., and Selby, E. C., 2004, “Problem Solving Style: A New 

Approach to Understanding and Using Individual Differences”. Korean 

Journal of Thinking & Problem Solving, 14 (1), pp. 5-10 


