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Abstract 
According to national and international curricular guidelines, algebra is an essential theme of the 
school math curriculum and emerges as a fundamental theme from the middle school years. All 
students should develop a learning algebra that promotes the development of language and algebraic 
thinking, but this is sometimes not achieved, since algebra is one of the mathematical themes for 
which students continue to have many difficulties. 

The main objective of this work is to study the algebraic expressions and once a variable is assigned a 
value, the value can be used in place of that variable. We use the applet Algebra Titles, in order to 
improve the traditional teaching methodology, facilitating and encouraging the development of skills 
and improvement of student learning. Algebra Titles is an applet that uses rectangles called tiles to 
represent variables and numbers in order to help in learning the content involved. Specifically, we 
intend to highlight the contributions of the use of an applet in students' learning, regarding the study of 
algebraic expressions. 

This study was developed with twenty-four students in a class of 7th grade of 3rd cycle of basic 
education and was carried in the context of a teaching experience during the teaching of the topic 
Functions. Methodologically we opted a qualitative and interpretative research approach, created on a 
case study, based on the data collection in the direct observation of a fifty-minute class and in the 
written productions of the students. A task was proposed that the students performed individually. The 
teacher is an author and assumed the role of observer.  

The results show that the proposal developed is valid and suitable for students in the 7th grade of 
elementary school. In addition, it was noticed that during the study of algebraic expressions, the applet 
contributed to the teaching and learning process, as the performance of students was significantly 
better than usual, even those who had poor mathematics. It is considered that the experience can be 
reapplied in other classes with the same results. 
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1 INTRODUCTION 
In most countries, numbers and algebra are two fundamental themes of school mathematics. 
Numbers play a decisive role in mathematical learning in the early years of schooling, and Algebra 
emerges as a fundamental mathematical theme from the intervening years ([1], p. 2). 

In Portugal, the education system foresees three cycles for basic education: 1st cycle, 1st to 4th year 
(6 to 10 year olds); 2nd cycle, 5th to 6th year (pupils from 11 to 12 years old) and 3rd, from 7th to 9th 
grade (pupils from 13 to 15 years old). With the new Basic Mathematics Program [2], it is expected 
that the study of Algebra will begin in the first years of schooling and it is in the 3rd cycle of basic 
education, that algebraic language is introduced: the work is done with expressions, equations, 
inequalities and functions, trying to develop in the student the ability to deal with different types of 
mathematical relations and study situations of variation in significant contexts. Thus, the study of 
"Functions" appears in the 7th grade of 3rd cycle of basic education, in particular, the linear function 
and one of the targeted learning is that the student makes the algebraic representation. 

The difficulties that students reveal in the theme "Functions" at the beginning of learning and in 
subsequent years, are thus closely related to the intrinsic ambiguity of mathematical symbolism, to the 
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restricted context in which symbols are taught, as well as to the limited type of tasks, and also, with 
the student's own interpretation of them [3]. In fact and according to Sfard ([4], p.9), a function can be 
understood in a structural perspective - as an object -, or in an operational perspective - as a process. 

In the teaching of Algebra it is fundamental to integrate technology [5] and to study its use in order to 
promote learning. Recent research recognizes that the interactivity and dynamism that technology has 
brought. The technology have changed perspectives on how teaching and learning concepts such as 
expressions and variables can be seen ([6], p.40) and Mathematics that is taught. Also improves 
students' learning allowing them to focus "on decisions to be made, thinking, reasoning and problem 
solving" ([7], p.26). 

On the Internet are several resources that can be accessed and exploited online, such as applets, 
interactive applications that address specific topics in Mathematics [8] that "alone, its use does not 
guarantee student learning. Therefore, it is necessary to know when and how they should use 
technology" ([5], p.17). 

It was in this context that a perspective of teaching experience arose during the teaching of the unit 
"Functions" in which it was decided to use virtual manipulative material in an applet format available 
on the Internet, Algebra Titles. This study has as main objective, to evaluate the contribution of the 
use of an applet in the approach to the thematic domain of Algebra, more specifically, in the study of 
algebraic expressions and the calculation of their numerical value, when we change the variable by a 
rational number. 

This paper is organized as follows: the next section is devoted to a brief theoretical context of support 
to our study, followed by a section where we discuss the methodology adopted. In the fourth section 
we present the results obtained with this study and we concluded this article with a section where we 
state some pertinent conclusions and we made some reflections about the obtained results. 

2 THEORETICAL BACKGROUND 
The prominent role of Algebra in basic mathematics manifests itself in many ways; however, there are 
two that stand out: algebraic language and algebraic thought [2]. 

An important concept in Algebra is that of variable, which is usually represented by a letter. The term 
“variable” can have several meanings, as Duarte [9] cites Sheffield and Cruikshank (2005), “the 
variable may mean a symbol that assumes several values of a given set (as in A = c × l) or may have 
only a very determined value (as in 5c = 20), which creates difficulties for students to understand the 
concept "(p.88). 

Küchemann study about how children understand letters, different levels of interpretation and use of 
letters in mathematical expressions were identified. These different interpretations of the students 
were classified according to six categories: letter evaluated, letter ignored, letter as object, letter as 
unknown, letter as a generalized number and letter as variable [10]. 

Nowadays, there are several explanations about the importance and the origin of the mistakes made 
and the difficulties felt by the students in the study of Algebra. Ponte, Branco and Matos [11] point out 
that the difficulties and errors in this domain are due to the mistakes students make "in working with 
algebraic expressions, because they do not understand the meaning of these expressions or the 
conditions of their equivalence" (p.91). Some of these difficulties are due to the fact that students 
continue to use in Algebra, the concepts and conventions previously learned in arithmetic. 

One difficulty concerns the understanding of the meaning changes, in Arithmetic and Algebra, of the 
symbols "+" and "=" [11]. For example, in Arithmetic, 27 has an additive meaning (20+7), while in 
Algebra, 5x has a multiplicative meaning (5×x). In addition, in Arithmetic, 7+4 indicates an "operation 
to give 11", but in Algebra x + 2, it represents an expression with variable, written in simplified form, 
until the variable x is not realized. These interpretations of the "+" and "=" signals, prevent students 
from correctly solving equations. 

On the other hand, students have difficulty understanding the notion of variable, and the 
interpretations in which they show the most difficulties are in the categories "letter as generalized 
number" and "letter as variable" ([10], [12]). 

Booth [13] mentioned the misinterpretation of first-degree monomials, which arise when students 
interpret monomials such as 4y are 4+y. 
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In Table 1 we can see the difficulties students feel in the transition from Arithmetic to Algebra 
synthesized by Ponte (2006) based on the works of numerous authors, such as Booth [13] and Rojano 
[14]. 

Table 1.  Difficulties of students in the transition from Arithmetic to Algebra ([1], p.10). 

− Give meaning to an algebraic expression, 
− Do not see the letter as representing a number, 
− Give concrete meaning to the letters, 
− Think of a variable with the meaning of any number, 
− Pass information from the natural language to the algebra. 
− Understand the changes of meaning, in Arithmetic and Algebra, of the + and = symbols, 
− Do not distinguish arithmetic addition (3 + 5) from algebraic addition (x + 3). 

The use of technologies is referred to as a didactic resource to take into account, in the current 
Mathematics Program of Basic Education [2] and in what concerns the learning of Algebra, the 
technologies represent resources with great importance.  

The interactive and dynamic nature of the technology, along with the multiple representations that it 
offers, has been changing the perspective on the learning of some algebraic concepts [15]. There are 
small digital applications, applets, that are usually directed to specific curriculum topics, many of which 
are available on the Internet, which incorporate these two dimensions and may be important tools for 
learning [16]. 

Moyer, Bolyard and Spikell [17] use the term "virtual manipulatives" to refer to applets in the form of 
virtual manipulative materials that enable the same properties as real manipulatives, adding the 
advantage that they can be used at any time by teachers Or students, as they are available on the 
Internet. 

The manipulatives materials can be a great support in the process of teaching and learning, but at the 
same time it is a challenge for the teacher. It should be noted that "(...) working with manipulative 
materials does not prepare to work without them and that there is a problem in the transition of ideas 
that arises when working with materials for ideas in terms of mathematical relationships and concepts" 
([18], p.8). 

3 METHODOLOGY 
Considering the follow-up of the idea outlined above and bearing in mind the main difficulties of the 
students in the transition from Arithmetic to Algebra, a work with predominantly qualitative nature of an 
interpretive nature was developed and whose purpose is to evaluate the potential help of the use of 
manipulative material in the form of an applet, the Algebra Titles, available at https:// 
illuminations.nctm.org/activity.aspx?id=3482 , in the study of algebraic expressions and the calculation 
of the numerical value when we change the variable by a rational number. 

This episode was energized, ending the didactic approach of the linear function, with respect to 
algebraic expression, which occurred at the beginning of the second period of the 2015/2016 school 
year and lasted for a fifty-minute math class. The subjects of the study were twenty-four students, 
fourteen girls (58%) and ten boys (42%), from a 7th grade class of the first author, aged between 12 
and 13 years. In the final evaluation of the first period, in a scale of zero to five, six students (25%) had 
level two and eighteen students (75%) had a level higher than or equal to three. 

The applet, Algebra Titles (Fig. 1), provides a set of small rectangles, representing monomials (1, -1, 
x, -x, x², -x²) that we can drag to the work area, placing them horizontally or vertically, thus becoming 
the value of x and the expression. Click on the "seen" button and it immediately appears in the 
"substitute for x in the expression" work area, which implies erasing the rectangles "x" and dragging 
the "1" squares until they match. Fill in the missing space, with the value of the expression. 
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Figure 1 - Applet screen used. 

At the beginning of the class (5 minutes) the teacher presented the applet "Algebra Titles" to the 
students, projecting the same on a screen. The students in groups of two, made the exploration of the 
applet (25 minutes). Clicking on the "Sheet" icon showed another exercise to solve 

The fact that this applet is originally in English was not a difficulty for students when they try to interact 
autonomously with this tool, since in Google Chrome 4.1, a browser widely used on the Internet, there 
is the translation feature with numerous languages, including Portuguese. 

After this stage, without any help, the students solved a lesson question that included the resolution of 
exercises that approached the calculation of the numerical value of an algebraic expression, when we 
change the variable by a rational number, using or not the model explored in Algebra Titles (Fig. 2). 
The students were asked to solve it individually and write down everything they did, to indicate all the 
calculations made, not to erase what they had done, and, when they were mistaken, to pass a line 
over and continue. 

 
Figure 2 - Activity - Question class (QA). 
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Data were collected by the first author who was the teacher of the class, using the following 
techniques: classroom observation; collection of written elements produced by students within the 
class issue, allowing information about the knowledge and abilities of students; achievement records, 
as detailed as possible, immediately following the classes, with observations and impressions of how 
students responded and engaged in tasks, as well as some significant episodes. 

4 RESULTS 
In the QA activity, the success coefficients obtained were globally satisfactory and some surpassed 
the expectations. Thus, for the most part, students are able to determine the value of the algebraic 
expression when they changed the variable by a rational number. All students (100%) correctly 
answered the first three questions. 

In the first item whose algebraic expression is “3x + 2” and “x = 5”, and the question is: "What is the 
numerical value of the expression that is indicated in the figure?", The students chose the answer 
"17". 

In the second item, "Consider the function whose algebraic expression is g(x)=3x+4. What is the 
image of object 2 by the function? ", The students chose the answer "10". 

In the third item, "Consider the linear function f, defined from Q in Q, by: f (x) = (4x-20) / 16. Calculate 
f(5).". All students (100%) performed the calculations and concluded that f (5) = 0. 

 
Figure 3 - QA activity - Example response (item 3) 

Regarding the fourth item "Consider linear functions f(x) = -(2/3)x and g(x) = (2/3)x . It is known that 
Df=Dg={-3, 0, 3}. What is the codomain of the function f+g?", it was found that only six students (25%) 
were successful in the answer, although one of the students became distracted by the sign of one of 
the numbers. 

 

 
Figure 4 - QA activity - Example response (item 4). 

It should be noted that twelve students (50%) who did not respond to item 4, all did the calculation of 
f(-3), f(0), f(3), g(-3), g(0) and g(3). The remaining six students (25%) did not answer. The difficulty of 
this item was fixed in operations with functions, in particular, with the sum of functions that the 
students did not perform. There were some errors of an arithmetic nature, more precisely, the signal of 
the product. 
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Figure 5 - QA activity - Example of incomplete response (item 4). 

In the next class the task was returned to the students and in order to clarify their answers, the teacher 
talked with the class and registered the dialogue. 

Teacher: In the 1st question, what was your reasoning? 
Fran: I replaced and counted the squares. 

Lily: Me too. 

Teacher: Has everyone done this? 

Joan: No. I replaced and made the calculation. 
Mary: Me too. 

Teacher: Put your hand in the air who replaced the variable for a number and calculated? 

Class: 16 students 

Teacher: Put your hand in the air who proceeded as in Algebra Titles? 
Class: 12 students 

Teacher: Put your hand in the air who make the two processes? 

Class: 4 students 

Teacher: What about the 2nd and 3rd questions? 
Kate: I replaced and made the calculation. 

Lois: Me, too. 

Teacher: Has everyone done so, or has anyone used the Algebra Titles scheme? 

Class: So with the calculation. 
Kelly: Without a computer, Algebra Titles is a lot of work. 

Teacher: And in the 4th question, why were there errors? 

Paul: I did not notice any of the functions and I did nothing. But I knew how to calculate f and g. 

Emma: Me too. 
John: I calculated the images, but I could not give the answer. 

Teacher: Did they all know how to make the images of the objects they requested? 

Class: Yes. 

John: I could not understand the question. I don´t understand the operations of functions. 

 (Interview, December 9, 2016) 

We can deduct from the information given by the students' answers that Algebra Titles was essential 
for the success of solving the items of the activity analysed in this work. 

In the next lesson, the resolution of the QA activity was given to the students corrected.  
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5 CONCLUSIONS 
The study revealed that students had difficulty understanding operations with functions, programmatic 
unit that had been previously taught. As for the study of algebraic expressions, with respect to the 
value of the algebraic expression and when the variable is replaced by a rational number, we can 
deduce, based on the success rate obtained, that Algebra Titles was essential for the Resolution of 
the items of the activity analysed in this study. 

In the course of the class the students were very interested and curious about discovering and 
experimenting with the applet, having carried out the tasks with dedication. It was verified from a given 
moment that the students, after substituting the variable, already calculated the value of the algebraic 
expression mentally and confirmed the answer by filling in the applet with the blank space. 

During this teaching experience, it was noted that after the teacher's explanation, the students easily 
manipulated Algebra Titles, which became advantageous for the teaching and learning process of 
calculating the value of algebraic expression when we substituted the variable by a number rational. 

Using the applet, Algebra Titles, it becomes simple to observe different cases of algebraic 
expressions, which allows students to question and navigate the path of discovery, making learning 
more meaningful, which is the objective of the new curricular goals for basic education [2]. 

The use of Algebra Tiles provided students with memorization of the schemas they obtained for their 
development. Thus, it was present in the students that 3x = 3×x and in this way, the use of this 
material was advantageous, since it caused some students to overcome frequent errors and that have 
already been object of national and international studies ([1], [12] ], [13], [14]). 

As far as disadvantages are concerned, they were not significant. As a limitation, Algebra Tiles only 
allows to work with algebraic representations of linear functions. 

It was also found that students liked to use Algebra Tiles and would like to repeat the experiment in 
other classes. The use of virtual manipulatives in applets format can help students to understand 
mathematical concepts by visualizing their multiple representations and exploring activities [19]. 
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