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Introduction 

I. Analogy and Teaching 

The term “analogy” derived from "αναλογια", a word of ancient Greek mathematics which means that the 
equality of the two ratios. Example, the pair of two numbers 3 and 5 is analogical with the pair of two numbers 
9 and 15 because 3: 5 = 9: 15. According to Wikipedia, “analogy is a cognitive process of transferring 
information or meaning from a particular subject (analog or source) to another particular subject (target), or a 
linguistic expression corresponding to such a process” [10]. Hativah (2000) defined analogy as a comparison 
between the two objects that are different in general, but considered as the same in some aspects appropriate: the 
object used for analogical basis is called the source (analog); meanwhile, the object explained or learned is 
called the target [6]. Therefore, analogical reasoning can be considered as a process involving the exchange 
between the source and the target. 

In the field of pedagogy, analogical reasoning has been considered as an effective learning - teaching tool. 

Brown (2003) believed that “analogy as a learning mechanism is a crucial factor in knowledge acquisition at all 

ages” [3]. In structure – mapping theory of Halford (1993), analogy was considered as the core of cognitive 

development which consists of assigning elements of one structure to elements of another structure by 

corresponding relationships [5]. Loc (2008) highly evaluated the role of analogy in teaching mathematics in 

secondary schools; he showed that analogical reasoning is an effective tool helping students constructing 

knowledge, and it could assist teachers to foresee errors of students in teaching mathematics [8]. However, 

according to Herr, “if the analogies are not well chosen or applied systematically, they may be ineffective or 

cause confusion” [7]. 

II. The Model “TWA” (Teaching with Analogy) 

In order to increase effectiveness of the use analogies in teaching sciences, Glynn (1994) introduced the model 

“TWA” (Teaching With Analogy) [4]. According to Herr, the TWA model is a strategy to transfer attributes 

from a familiar object (the analog) to an unfamiliar one (the target) by mapping their relationships [7]. The 

TWA model consists of six steps as follows: 

Step 1: Introduce the target concept; 

Step 2: Review the analog concept; 

Step 3: Identify relevant features of the target and analog; 

Step 4:  Map similarities;  

Step 5: Indicate where the analogy breaks down; and 

Step 6: Draw conclusions. 

Herr believed that the TWA could “maximize the benefit of analogies while minimizing the dangers”, he 

suggest that educators and teachers employ this model when using analogies [8]. In the School of Education, 

Can Tho University – Vietnam, we have introduced the TWA model to students of mathematics education. 
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 III. Statement of Research Problem 

In our previous study (see [9]), we found out that the students of mathematics education at Can Tho University 

have not tended toward applying analogical reasoning to teaching mathematics. This raised a question: “Did the 

mathematics education students have some difficulties in applying analogical reasoning to teaching 

mathematics?” For this reason, we performed a follow-up study with the below two objectives: 

1. To find out mathematics education students’ the ability to apply the TWA model to teaching mathematics 

contents in secondary schools. 

2. To know these students’ opinions on advantages and disadvantages of applying the model “TWA” to teaching 

mathematics in secondary schools. 

 

IV. Methodology 

A.  Participants: 31 mathematics education students who are studying in School of Education, Can Tho 

University – Vietnam. They were divided into nine groups (5 groups of 3 and 4 groups of 4). 

 

B.   Stages of the study 

The study consisted of three stages: 

Stage 1: The researchers introduced model “TWA”  

We introduced the TWA model and how to apply the model to teaching mathematics to participants. 

Stage 2: Participants made lesson plans  

Participants worked in groups to make lesson plans for teaching mathematics contents in Chapter 

“Coordinate Method” in space which was in the geometry curriculum of Grade 12 (the last grade of 

secondary education system of Vietnam). Particularly, mathematics topics were assigned to each group 

as follows: 

Group 1: Coordinate axis, the coordinate of a point, the coordinate of a vector in space; 

Group 2: The scalar product of two vectors and vector product (cross product); 

Group 3: The equation of a sphere; 

Group 4: The equation of a plane;  

Group 5: The relative position of two planes; 

Group 6: The distance from a point to a plane; 

Group 7: The parametric equation and the standard equation of a straight line; 

Group 8:  The relative position of two straight lines; 

Group 9: The distance from a point to a straight line. 

Stage 3: Participants discussed in groups to answer the following three questions: 

Question 1. In your opinions, what are strong and weak points of the TWA model for teaching 

mathematics? 

Question 2. Please indicate the difficulties you have encountered in each step of applying the model to 

teach mathematics? According to you, what is the most difficult step? 

Question 3.What are  factors to enable us to apply TWA model in an effective way? 

C. Rubric for evaluating participants’ the application of TWA 

We used the rubric suggested by Loc and Uyen (2014) to evaluate participants’ the products as follows (see 

Table 1) [9]. 

Table I: Rubric for evaluating the application of TWA (from [9]) 

Mark  Using  TWA model into teaching mathematics 

0 Not using any anlogogy. 

1 Only talking about analog 

2 Recalling characteristics of analog, but not establishing any correspondence between analog and target 

3 Establishing correspondences between analog and target 

 4 
Drawing a conclusion about the analogy and comparison of the new material with the already learned 
material 

  

The study was carried out in 2014. 
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V. Results and Discussion 

A. Participants’ applying TWA to their teaching  

Table II. Results of groups in applying TWA to teaching contents of Coordinate Method in Space 

Group 
 

Target 

 

Analog 

Evaluation based 

on the Rubric 

1 

Coordinate  axis in space Coordinate  axis in plane 4 

The coordinates of  a vector in space Coordinates of  a vector in plane 4 

The coordinates of a point in space Coordinates of  a point in plane 4 

2 The scalar product of  2 vectors in space The scalar product of  2 vectors in plane 4 

3 The equation of a sphere The equation of a circle 3 

4 The general equation of a plane The general equation of a straight line 1 

5 
The relative positions of 2 planes The relative positions of 2 straight lines in 

plane 

3 

6 The distance from a point to a plane  The distance from a point to a straight line 4 

7 

The parametric equation of a straight line in space  The parametric equation of a straight line in 

plane 

4 

The standard equation of  a straight line in space The standard equation of  a straight line in 

plane 

4 

Problems of writing straight lines in space Problems of writing straight lines in plane 4 

8 

The relative positions of 2 straight lines in a plane System of 2 equations in 2 unknowns 1 

The relative positions of 2 straight lines: y = 
ax+b and y =a’x+b’ in plane 

1 

9 
The distance from a point to a straight line in 

space 

The distance from a point to a straight line in 

plane 

2 

 

The table II showed that there were only 4 groups of students had a good handle on the TWA model, and 5 

groups of students have not yet mastered the TWA model: 3 groups only told about analog but not analyzed the 

characteristics of the analog, 1 group did not establish any correspondence between the source and target, 1 

group only showed correspondences between the source and target but did not make comparison of new 

knowledge with the already learned knowledge. The results indicated that it was not so easy to apply the TWA 

model to teaching mathematics; it means that the participants recognized advantages and disvantages, 

difficulties in the usage of TWA which were presented in the following parts. 

B.  Opinions on strong and weak points of the model TWA for teaching mathematics 

Table III showed the results of group discussions for answering the question 1: In your opinions, what are 

strong and weak points of the TWA model for teaching mathematics? 

 

Table III.  Weak and strong points of TWA 

 Opinions of students Group The number 

of groups 

Strong 

points of 

TWA 

Linking old knowledge and new knowledge 1, 2, 3, 4, 5, 6,7, 8, 9 9 

- Making learners interesting 
- Making classroom lively 

- Developing thinking for learners 

1, 5, 6, 7 4 

Learners will be positive, active in the classroom 1, 2, 9 3 

Helping students avoid some mistakes 5, 8, 9 3 

Developing learners’ capacity to solve problem 6, 7 2 

It is easy to make lesson plans according to TWA because steps of TWA are 

clear. 

3 1 

Weak 

points of 

TWA 

The speed of instruction is slow, thus it takes much time to give a lesson. 1, 2, 4, 5, 8 5 

There are some lessons not to be able to apply TWA 2, 3, 4, 9 4 

It is hard to find a suitable analog 6, 7 2 

Confusing between the source and the target if the learner does not master source 4, 8 2 

It is difficult to apply to solving exercises 2 1 

Carefully preparing before giving a lesson, depending on the experience of 

teachers 

1 1 

According to the above statistics (Table III), we find that mathematics education students raised both strengths 

and weaknesses of TWA in  teaching mathematics. The biggest advantages of TWA models which all groups 

mentioned are the link between the old knowledge with new knowledge, it means that from the knowledge 

learned, students can discover new knowledge. Therefore, students will be motivated as active learners. 

Furthermore, they also found a positive application of the TWA model which is to help students avoid some 

mistakes in the learning process.  

For obstacles when using TWA model, we noticed that two major difficulties which many groups mentioned 

were: (1) low speed, much time consuming,  and (2) there are lessons containing entirely new contents, we 

could not use TWA; it was explained by the second group of students as follows: 
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When using TWA model, we must spend much time repeating old knowledge, but sometimes students do not grasp 

the old knowledge, so the teacher has to restate this knowledge; besides, establishing the correspondence between 

the old knowledge and new knowledge should lead to lengthy, laborious. Furthermore, there are many lessons which 

consist of completely new contents, we will find nothing to do with old knowledge to be able to find the analog. 

The another difficulty which Group 6 mentioned was that there were some cases which had many different 

sources, then we did not know how to select an appropriate source.  

C. The difficulties in each step of TWA  

The Table IV and Table V showed participants’ the answers to the question 2:  Please indicate the difficulties 

you have encountered in each step of applying the  TWA model to teach mathematics? According to you, which 

is the most difficult step? 

Table IV. The difficulties in each step of TWA 
Steps of 

TWA 

Difficulty Group The number 

of groups 

1 
Difficult to create situations for students to see the necessity of knowledge 

destination 

1, 3, 5, 7, 8, 9 6 

2 

No suitable source 2, 4 2 

Difficult to select analog when there are many things to choose to be analog. 1, 3, 5, 8 4 

Difficult to arouse memories of  learners 6, 9 2 

3 
Learners forget analog knowledge  2, 4, 7, 8 4 

Much time-consuming to indicate  characteristics of the analog 1, 3, 9 3 

4 
Not finding correspondence between source and target 2, 3, 6, 8, 9 5 

Learners  make many errors  1, 5 2 

5 
Do not recognize incorrect conclusions 3, 9 2 

Must know how to refute the false conclusion 4, 5, 6, 8 4 

6 Relatively easy to apply TWA 1 - 9 9 

 

The groups described difficulties in every step they encountered during making lesson plans with TWA as 

follows.  

In step 1 (Introducing target knowledge): there were six groups agreed that it was difficult to create a situation 

whereby learners see the need for target knowledge. 

In step 2 (Learners were evoked memories of a similar situation): Group 2 and Group 4 had the same view that 

the right choice of analog was very important. For instance, for the direction of two vectors, they could not find 

their knowledge similar to this knowledge, so they could not apply the TWA model (Group 2). 

In step 3 (Recognizing the important characteristics of source): some of groups said that sometimes learners 

could not remember the analog knowledge exactly, so they could not state the characteristics of the analog. 

Sometimes learners will give too many characteristics of the analog, at that time they do not know what features 

are important to establish correspondence between source and target. 

Two difficulties were mentoned in step 4 (Establishing the correspondences between source and target): the 

learners could not find any correspondence between the source and target, or they could find the wrong target. 

This was explained by Group 1: establishing correspondences between the source and target depends very much 

on the level of learners. 

In step 5 (Indicating the incorrect conclusions): in some cases, we could not to find incorrect conclusions. For 

example, Group 3 stated: For the equation of a sphere, we did not know how to draw wrong conclusions.  Or 

another difficulty that the group 4, 5, 6, 8 shared was to reject  the wrong conclusion, if it was made explicitly, it 

would take much time. 

In step 6 (Drawing conclusions about the target knowledge): all of  groups had the same opinion that it was no 

problem to perform this step. 

Table V. The most difficult step of TWA 

Steps of 

TWA 

1 2 3 4 5 6 

Group 7 4, 8 2 1, 3, 5, 9 6 Not to be chosen 

Seeing Table V, we find that there was no group to choose Step 6 that is the most difficult step. The hardest step 

which was chosen by four groups is step 4; Group 9  explained it as follows: 

When making lesson plans, I found it difficult to infer the correspondences between source and target. For example, 

the source knowledge is the formula for computing the distance from a point to a line in the plane, I did not know 

how to guide students to find the formula distance from a point to a line in space. But the most important thing of 

using the analogical reason is to create correspondences between source and target, so that learners can discover 

new knowledge. If you could not perform this step, using the analogy would not bring anything effective.  
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Step 2 was the selection of the group 4 and group 8; in opinion of these groups, the most difficult thing when 

applying TWA is to choose the right source. If choosing the wrong source or inappropriate one, we will not be 

able to make analogical inferences. 

D. How to apply TWA effectively 

Table VI showed the solutions of applying TWA effectively - the answers of participants to the question 3: 

What are  factors to enable us to apply TWA model in an effective way? 

 

Table VI. How to apply TWA effectively 
Solution Group The number 

of groups 

 

Teaher must master the old knowledge and new knowledge  

4, 5, 6, 8, 9 5 

Learners must review old knowledge related in details before attending classroom 2, 7, 9 3 

Teacher search and select appropriate analog 3 1 

To avoid losing much time, teachers should help learners to choose analog knowledge  2 1 

Teahers must prepare  a lesson carefully before giving this lesson 1 1 

It takes enough time for teachers to master the use of TWA model. 6, 8 2 

 

When asked about the solutions to operate TWA model effectively, many participants said that the most 

important thing is to master the old knowledge and new knowledge. In order to spend less time reviewing old 

knowledge in the classroom, teachers should remind students to review the source related. This helps students 

grasp the characteristics of the source better. 

Another solution proposed by Group 3 is to seek an appropriate source because if we choose the wrong source, 

it can lead to many errors for learners in learning new knowledge. 

Two different opinions of the groups 1, 6, 8 are to prepare a lesson carefully before giving this lesson, and it 

takes enough time for teachers to master the TWA model. That is to adjust each lesson plan many times when 

teaching a mathematical content with TWA. After doing several times, the teachers will have a good lesson 

plan; so that teaching – learning process will occur as expected. 

VI. Conclusion 

Using models in teaching TWA brings many benefits to both teachers and learners. For teachers, this is the 

model with clear steps for designing teaching - learning activities in the classroom. For learners, it make them 

active in learning; especially they can self - discover new knowledge. However, for teachers TWA model also 

reveals some difficulties of its own such as: selecting appropriate analog and establishing the correspondences 

between the analog and the target. To overcome this problem, when using the model, the teacher needs to master 

the characteristics of analog knowledge and target knowledge, and to select appropriate analog from which he 

can design teaching and learning activities in an effective way. 
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