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Abstract 

Students who are preparing to study science and engineering need to understand 

equation solving but adult students returning to study can find this difficult. In this 

paper, the design of an online resource, Equations2go, for helping students learn to 

solve linear equations is investigated. 

Students learning to solve equations need to consider their overall strategy as well 

as the procedures for each step. Students were encouraged to develop strategies for 

solving equations with interactive software, Equations2go, which allowed students 

to decide on strategies while the computer carried out the procedures.  

The results of trials showed that the software helped students solve equations which 

they could not solve on their own. Some of the students were then able to 

successfully transfer their learning to solving linear equations with pen and paper.  
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Introduction 

Applicants for tertiary science and engineering programmes are required to have a good 

background in algebra so that they are well equipped to work with technical formulae. An 

important part of this algebraic background is the ability to solve linear equations but adult 

students returning to study often find this difficult. The ultimate goal of this project is to 

design software that helps students learn to solve linear equations. The purpose of this part of 

the project is to inform the design of such software by developing prototype software and 

conducting trials with students to investigate its impact on students’ learning of equation 

solving. 

The design of educational software should be based on a theoretical framework which is 

underpinned by attributes of learning theories (Wild & Quinn, 1998). Therefore, learning 

theories and pedagogical principles that relate to the type of thinking that is required for 

equation solving will be considered and used as the basis for the design of prototype 

software. 

Background 

In this section, the nature of mathematical thinking and its application to solving linear 

equations are considered as well as the type of guidance that is suitable for delivery by 

software.  

Mathematical thinking, or mathematical understanding, is often considered to be of two main 

types. These have been discussed in depth by researchers and described by various terms. In 

this study the terms conceptual and procedural are used, as suggested by Hiebert and Lefevre 

(1986). Conceptual understanding involves concepts, relationships and strategies, whereas 

procedural understanding involves following procedures to carry out steps. Conceptual 

understanding requires a global overall view whereas procedural understanding requires 

careful attention to detail. Descriptions and terms used by different researchers for these two 

types of mathematical understanding are summarised in Table 1.  

Conceptual understanding with its emphasis on relationships between concepts and strategies 

is generally acknowledged to be higher-level thinking and to be essential for a thorough 

understanding of mathematics. For example, Skemp (1971) stated that for meaningful 

learning to take place, relationships must be created or become understood by the learner. 

Students often make poor strategic decisions and lack the overall view of an equation that is 

needed when deciding how to approach each step (Kieran, 1992). 

On the other hand, many textbooks concentrate on procedures and rules (Kieran, 2004; 

Beeson, 1998) and although procedural understanding is important, more emphasis needs to 

be placed on conceptual understanding, including strategies (Kieran, 1992).  
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Table 1: Conceptual and procedural understanding 

 Conceptual Procedural 

Hiebert and Lefevre 
(1986) 

Conceptual knowledge. Procedural knowledge. 

Relationships between 

mathematical ideas and 

concepts. 

Algorithms (or steps or 

procedures) for solving 

mathematical problems. 

A network of relationships. A series of steps. 

Skemp (1971) Relational understanding. Instrumental understanding. 

Knowing what to do and why. Being able to use rules. 

Goal is general, e.g. solve any 

linear equation. 

Goal is specific, e.g. solve a 

particular type of linear 

equation. 

Analogy: like a map which can 

be used to navigate from any 

point A to any point B. 

Analogy: like a route, e.g. 

turn left, second right to get 

from a particular point C to a 

particular point D. 

Thomas and Tall (1988) 

Tall and Thomas (1991) 

Global, holistic.  Serialist, analytic. 

An overall view that allows 

appropriate paths to be 

selected and errors to be 

sensed. 

A succession of mechanistic 

steps. 

 

Thomas and Tall (1988) explained the need for both conceptual and procedural understanding 

of mathematics and described a combination of both as “versatile thinking”. They quote 

Scott-Hodgetts’ definition of versatile thinking in which students need to frequently switch 

between a local analytical view (procedural) and a global overview (conceptual) in order to 

help them understand how the procedures fit into the whole structure. (Scott-Hodgetts, 1986 

as cited in Thomas & Tall, 1988). Therefore, versatile thinking for solving equations includes 

combining conceptual understanding of an overall strategy with procedural understanding of 

carrying out individual steps in order to form an understanding of how the steps fit in to the 

structure of an overall strategy. Thomas (1995) also reported that it is often the lack of 

conceptual thinking that causes students to be unable to think with versatility. Pegg & Tall 

(2002) described versatile thinking as being able to use a number of different strategies, and 

Star and Rittle-Johnson (2008) described flexibility in equation solving as knowing multiple 

strategies and choosing an appropriate one.  

Important concepts for students to understand are that an equals sign in an equation 

represents equivalence rather than the answer to a process as used in arithmetic (Kieran, 

1992) and that a letter in an equation represents a specific unknown (Kucheman, 1981). 

Kieran described the way the concept of an equals sign causes difficulties for some students 

as they often expect the number on the right hand side of an equals sign to be the answer to 
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the process on the left hand side, as in arithmetic e.g. 7 + 5 = 12. However, for algebraic 

equations, it needs to be understood that an equals sign indicates the equivalence of both 

sides, e.g 4223  xx . 

Students also need to view an equation as an object (Sfard, 1991) and understand how both 

equivalence and the value of the unknown can be maintained when operations are performed 

on it. At each step, students must then decide on a goal and what action would achieve this 

goal. In this study these decisions are called “strategic decisions” as together they form an 

overall strategy. 

 

In Table 2, an analysis of one strategy for solving a linear equation is shown with concepts 

and procedures linked by strategic decisions for each step. 

 

Table 2: Analysis of solving the equation 
d

3
+
d

5
=1  

 Concepts Strategic decisions Procedures 

Goals Actions 

Step 1 In an equation, = represents 

equivalence, rather than the 

answer to a process. 

Equivalence is maintained 

if both sides are multiplied 

by the same number or 

term. 

Rewrite 

equation 

without 

fractions. 

Multiply 

both sides 

by 15. 
115

5

15

3

15

1
53









dd

dd

 

Step 2 Equivalence of fractions Rewrite 

equation 

without 

fractions. 

Simplify 

each term. 
       

1535  dd  

Step 3 Addition of algebraic terms. Combine 

unknown 

terms. 

Add terms.               8d =15 

Step 4 Equivalence is maintained 

if both sides are divided by 

the same number or term. 

Isolate the 

unknown. 

Divide 

both sides 

by 8. 

                    d =1.875 

 

Other strategies can be used to solve the equation in Table 2 and some strategic decisions will 

be common to more than one strategy. Therefore a network of relationships exists between 

strategic decisions and multiple strategies for solving an equation. Students need a conceptual 

understanding of these relationships to comprehend how and why multiple strategies can lead 

to the solution. Furthermore, the ability to use and select from multiple strategies is 

associated with mathematical expertise (Jonassen, 2000).  

Several researchers have suggested that encouraging students to develop multiple strategies 

needs to be specifically taught (Jonassen, 2000; Beeson, 1998). Rittle-Johnson and Star  
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(2009) found that comparing multiple strategies led to improved conceptual knowledge and 

flexibility in solving equations, where flexibility is considered to be knowledge of multiple 

strategies and appropriate use of efficient strategies. 

There appears to be a need to design learning activities that place less emphasis on 

procedures and more emphasis on understanding strategies and strategic decisions as well as 

the relationships among multiple strategies. This study focuses on software designed for this 

purpose and therefore types of guidance need to be considered that are suited to learning 

activities delivered by software. 

As part of his constructivist learning theories, Vygotsky (1978) proposed that “an essential 

feature of learning is that it creates a Zone of Proximal Development”. In this zone, students 

are able to solve problems that they are unable to solve on their own. The provision of 

appropriate guidance, called “scaffolding” enables the higher-level problem solving. 

Computer programs can be designed to provide scaffolding to support students (Reiser, 2004). 

Examples of providing effective scaffolding with software are: preventing students from 

making incorrect steps (Beeson, 2002) showing students the consequences of their decisions 

(Nguyen-Xuan, Nicaud and Gelis, 1997), and giving short timely feedback (Rieber, 2005).  

Feedback is widely recognised as making an important contribution to learning, but studies in 

which specific features of feedback such as amount, timing and frequency were investigated 

show conflicting results (Mory, 1996). It appears different types of feedback are suited to 

different stages of learning and contexts. However, it is generally agreed that feedback should 

encourage students to think actively. Students should not be able to look at the answer before 

giving a response (Mory, 1996) and giving students the opportunity to try again after 

receiving feedback about an error has been found to be helpful (Dihoff, Brosvic, Epstein & 

Cook, 2005). For the context of equation solving, Nguyen-Xuan et al. (1997) found that 

feedback should be short, show consequences of errors, and provide enough information for 

students to work out the next step themselves. 

There appears to be potential to design software that contributes to students’ learning of 

linear equation solving by providing scaffolding and feedback that encourages them to gain 

understanding of strategies rather than knowledge of procedures. In this study, prototype 

software was designed for this purpose and software trials with adult students were conducted 

in order to investigate the following question. 

 

“What impact does software, which encourages students to develop strategies, have on 

students’ learning of linear equation solving?” 

Software Design 

The goal of the software designed for this study was to help students focus on strategies, 

which includes understanding how multiple strategies may be used to solve an equation. 

Scaffolding and feedback were designed to support this goal and to help students solve 

equations they could not solve on their own, in other words, to help students in the Zone of 

Proximal Development.  
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In order to investigate the impact of the software on students’ performance, prototype 

software Equations2go (Robson, 2004) was developed for this study. It emphasises strategies 

in three ways: 

 allows students to concentrate on strategies while the software carries out procedures 

 guides students as they explore multiple strategies 

 guides students by providing feedback about their strategies. 

Terms used 

In this study, the term “strategic decision” refers to the objective for one step of solving an 

equation and consists of deciding on a goal and an action that will achieve that goal. The term 

“strategy” refers to a sequence of strategic decisions that together solve an equation. The term 

“efficient” is used to describe a strategy that does not require too many steps and in which 

each step makes clear progress towards the solution. For most equations, there are several 

different strategies that could be described as efficient. The term “available” is used to refer 

to the efficient strategies and strategic decisions that are accepted by Equations2go. The term 

“procedure” refers to carrying out the action determined by a strategic decision. 

Overview of software design 

In Equations2go, students make a strategic decision at each step by clicking the mouse on 

“hot spots” on the equation and choosing options from visual menus. The interface includes a 

stepping stones metaphor in which each step occurs on a stone and a successful step causes 

the next stone to appear. Guidance is provided to students with several types of feedback, and 

a visual record of strategic decisions is provided by “trails”. In Figure 1, a partially solved 

equation is shown.  

 

Figure 1: Partially solved equation in Equations2go 

In Figure 1, the first step is shown in which four was added to both sides of the equation. The 

mouse is shown hovering over a hot spot causing a visual menu of operations to be displayed 

for the next step.  

Trails 

Hot spot 

Visual menu 

Button for 

displaying feedback 

Mouse over 

hot spot 

START 
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Pedagogical principles 

The design of Equations2go is based on a combination of the pedagogical principles 

described earlier in this paper. These include equation solving strategies, multiple strategies 

and versatile thinking. 

Equations2go focuses on helping students plan equation solving strategies, because 

researchers identified the need for less emphasis on carrying out procedures. Students are 

able to concentrate on strategies with Equations2go, because the software carries out the 

procedures. Equations2go provides the opportunity for guided exploration of multiple 

strategies, because finding multiple strategies helps students learn equation solving. 

Equations2go may also encourage versatile thinking, because students can view feedback 

which includes the working for procedures that the software carried out. Students may relate 

this feedback to the strategic decisions they chose. 

Design principles of the software 

The design of Equations2go includes scaffolding and feedback which emphasises strategies 

and guides students as they explore multiple solution strategies.   

Students make strategic decisions at each step but Equations2go carries out the procedures. 

The purpose of this design is to provide scaffolding that allows students to concentrate on 

strategies so that their progress through the equation solving process is not hindered by their 

procedural errors.  

To support the main principle of the design of Equations2go, the feedback emphasises 

strategies. In addition, students must make an attempt before receiving feedback and they can 

try again after an unsuccessful attempt. The feedback also shows consequences of students’ 

strategic decisions, and gives students enough information to work out the next step 

themselves. For a strategic decision that is accepted, the feedback includes the equation with 

the working for carrying out the procedure that was done by the software and describes the 

goal that has been achieved. See Figure 2.  

 
Figure 2: Feedback for an action that was accepted 
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For a strategic decision that is not accepted, the feedback includes an equation showing the 

consequences of carrying out the procedure selected. It also suggests a goal but does not tell 

the student what action to take, so that students are given information to help them work out 

the next step but they are not told what to do (see Figure 3). 

 

Figure 3: Feedback for an action that was not accepted 

Equations2go allows several different strategies for solving most equations. After students 

solve an equation using one strategy, they can then search for the other strategies. The 

purpose of exploring different strategies is to provide activities in which students can see 

relationships between different strategies that lead to the solution and hence provide the 

opportunity for students to construct their own conceptual understanding of equation solving 

strategies. 

The prototype version of Equations2go used in this study includes only four equations so that 

the results of this study could be considered in the design of the full version of the software. 

The equations chosen included the following features: unknown terms on both sides, brackets, 

and fractions (see Table 3).  

Table 3: Equations in prototype software 

Equation 1 543 x  

Equation 2 1523  FF  

Equation 3 6)54(3 a  

Equation 4 
d

3
+
d

5
=1 
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Trials 

Software trials were conducted with adult students studying algebra at New Zealand 

Qualification Authority Level 1 or Level 2 (NZQA, 2012) at Christchurch Polytechnic 

Institute of Technology. The prior knowledge of students in these classes ranges from those 

who have not previously studied algebra to those who have more knowledge than their 

qualifications suggest. Seventy-five students took part in the trials but 13 were not included 

in the analysis because their data were unusable or incomplete. Of the 62 valid participants, 

29 were male and 33 were female. Half were aged between 20 and 29, one quarter were 

under 20 and one quarter were over 30.  

Software trials were conducted during class. The class teacher was present as an observer and 

the trials were conducted by the researcher. Before using the software, students completed a 

pre-test using pen and paper. The students were asked to solve each of the four equations in 

the software and then to look for other strategies for solving each of these equations. Students’ 

actions as they chose strategic decisions from the visual menus were logged by the software. 

All students explored the equations in the software for 20 minutes and then completed a post-

test using pen and paper.  

The pre- and post-tests provided data about students’ equation solving performance. In each 

test, students solved seven equations using pen and paper and they showed all their working. 

The pre- and post-tests were considered along with students’ actions logged by the software 

so that students’ equation solving strategies during the trials could be identified. The 

equations that students were asked to solve in the pre- and post-tests are shown in Table 4. 

Table 4: Equations in the pre and post-tests  

Question Pre-test Post-test 

1 72  y  H29   

2 2
8

5


b
 4

7

5


S
 

3 374 x  392 D  

4 44323  aaa  yyy 27234   

5 8)32(4 P  (first step only) 8)13(2 a  (first step only) 

6 1
72


tt
 1

37


mm
 

7 
4

1
3

2 VV



 

5

2
3

2

3 KK



 

Results and Discussion 

The data collected were used to analyse the impact of Equations2go on students’ learning. In 

this section, quantitative data of students’ performance in the pre- and post-tests is reported 

and the type of equation identified for which students showed the most improvement. An 

example illustrates different strategies students used to solve this type of equation during the 
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trials. Following this, the quantitative data is categorised for analysis of benefits students 

appeared to gain from using Equations2go. 

Student performance 

For each question, the percentage of students who scored full marks for their strategic 

decisions in the pre- and post-tests was recorded and the percentage increase calculated as 

shown in Table 5. All increases can be attributed to the use of the software as students 

worked on their own throughout the trial. Procedural errors such as arithmetic errors were 

ignored for this analysis. 

Table 5: Percentage of students who gained full marks for strategy 

Question Pre-test
 

Post-test
 

Percentage 

Increase
 

1 74% 82% 11% 

2 74% 81% 9% 

3 90% 90% 0% 

4 58% 69% 19% 

5 82% 90% 10% 

6 35% 58% 64% 

7 26% 31% 19% 

Question 6 stands out from the others. The seven questions were presented in approximate 

order of increasing difficulty (see Table 4). From the pre-test results, the majority of students 

could already solve Questions 1 to 5 when they did the pre-test, therefore there was little 

potential for student performance to improve in these questions. In Question 6, however, only 

35% of the students were able to solve the equation in the pre-test and this increased to 58% 

after students used Equations2go. In addition to the students who improved and gained full 

marks in Question 6 of the post-test, another 11% of students showed some improvement 

over their pre-test performance in this question. Question 6 is an equation with fractions and 

there is a similar type of equation in Equations2go. 

The final question in the pre- and post-tests, is a little more complicated than students in the 

trial learn in their courses and Equations2go does not include a comparable equation. It was 

included so that it would be possible to investigate students’ ability to combine and apply 

strategies from Equations 2, 3 and 4 in the software to a more complicated equation. There 

appears to be a small percentage improvement on Question 7 but the change was not 

statistically significant. 

Although in most questions a number of students showed improved strategy in the post-test 

after using a similar strategy in the software, Question 6 showed the largest increase in 

average score and had the highest number of students who improved between doing the pre- 

and post-tests. Therefore, the equation in Question 6 was chosen for further investigation.  
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Example of a student’s strategies  

In this example, the strategies for Student A are considered for the type of equation with 

fractions that is in Question 6 (see Table 4). Student A’s performance in the post-test 

improved for this question. There is a similar equation in Equations2go and the actions and 

procedures for each of the strategies available in the software are shown in Table 6. 

Table 6: Strategies accepted by Equations2go for the equation with fractions 

 Strategy 1 Strategy 2 Strategy 3 

G
o
a
ls

 Rewrite equation without fractions, 

collect unknown terms, then isolate 

unknown. 

Combine fractional 

terms, then isolate 

unknown. 

Combine fractional 

terms, rewrite equation 

without a fraction, 

then isolate unknown. 

A
ct

io
n

s 

Multiply all terms by 15, simplify 

each term, and then add terms. 

Write each fraction as 

an equivalent fraction 

with the same 

denominator, add the 

fractions, and then 

multiply both sides by 

15. 

Write the fractions 

over a single common 

denominator, multiply 

both sides by 15, and 

then add terms. 

P
ro

ce
d

u
re

s  

 
 

 

 

The strategies Student A used during different parts of the trial were determined from the 

data collected. The logged data, which listed the actions that students chose at each step, 

showed that this student solved this equation seven times, explored Strategy 1, of the three 

available strategies, twice and explored Strategy 2, five times.  

In the pre-test, Student A solved Questions 1 to 5 correctly but indicated that she could not 

solve the equation in Question 6 which was similar to the fractions equation in the software 

shown in Table 6. She attempted Question 7, but all steps were incorrect. After using 

Equations2go, Student A used Strategy 2 to solve Question 6 in the post-test correctly, apart 

from her use of equals signs in her first line of working. See Table 7. Her attempt at 

Question 7 in the post-test was similar to her pre-test attempt and was again incorrect.  

875.1

158

1535

115
5

15

3

15

1
53
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d

dd

dd

dd

875.1

158

1
15

8

1
15

3
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5

1
53











d

d

d

dd
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875.1

158

1535

1
15

35

1
53












d

d
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Table 7: Student A: Solutions to Question 6 in pre-test and post-test 

Pre-test Post-test 

 

 

In summary, Student A was unable to do the fractions equation in the pre-test, explored 

Strategies 1 and 2 in Equations2go, and solved the fraction equation correctly in the post-test 

using Strategy 2. Thus, this example illustrates how a student successfully applied one of the 

strategies she used repeatedly in Equations2go to solving a similar equation in the post-test.  

Performance groups 

Participants were classified into four groups according to their performance in Question 6. In 

the pre- and post-tests, marks were assigned on the basis of the number of strategic decisions 

needed to solve the equations and Question 6 was allocated four marks. The groups were 

labelled Good, Improved, Poor and Worse, and are described in Table 8.  

Table 8: Performance groups 

Student groups according to their Question 6 performance in pre- and post-tests 

Group 

name 

Performance in  

pre- and post-tests 

No of students 

in group 

Pre-test 

average marks 

Post-test 

average marks 

Good Scored full marks in 

both tests 

20 4.0 4.0 

Improved Improved between 

pre- and post-tests 

20 0.5 3.6 

Poor Scored 0 or 1 in 

both tests 

20 0.4 0.4 

Worse Solved correctly in 

pre-test but not in 

post-test 

2 4.0 0.5 

Thus, the students who showed the most improvement in Question 6 were labelled the 

Improved group. The increase in average marks in Question 6 for students in this group is 

statistically significant according to a paired two sample t-test for means (n = 20 and t = -12.4 
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at p = 0.05). Only the three main groups (Good, Improved, Poor) are considered in further 

comparisons as the last group (Worse) had only two students. 

One third of the students (Good group) could already solve Question 6 in pre-test, and their 

performance showed little change after using Equations2go. The equations in Equations2go 

were not in the Zone of Proximal Development for these students, so there was no potential 

for improvement. 

Another third of the students (Improved group) were unable to solve the fractions equation in 

the pre-test, but were able to solve this type of equation in Equations2go and in the post-test. 

Students in the Improved group showed the most improvement in performance after using 

Equations2go.  

The remaining third of students (Poor group) were unable to solve the fractions equation in 

both the pre- and post-tests, but they were able to solve this type of equation in Equations2go. 

Thus, for students in the Improved and Poor groups the fractions equation in Equations2go 

was in the Zone of Proximal Development, as they could not solve this type of equation in the 

pre-test but could in Equations2go. Equations2go appeared to provide scaffolding that guided 

these students to solve the equation and also prevented any procedural errors from hindering 

their progress. In addition, students in the Improved group were able to transfer their learning 

in Equations2go to a similar equation in the post-test. Students in the Poor group were unable 

to do this. There may have been a number of reasons for this.  

Equations2go provided only four equations as it was a prototype, and some students in the 

Poor group may have needed more practice by solving other equations of a similar level of 

difficulty. Others may have needed help with transferring their learning in Equations2go to 

pen and paper, perhaps by seeing the steps displayed on the screen in the same way they 

would be written on paper. It may also have been that some of these students did not have 

sufficient understanding of prior algebraic concepts. 

Student A, whose improved strategy in Question 6 was shown in Table 7, was in the 

Improved group. Like Student A, most students in the Improved group had explored their 

new strategy several times in the software. However, students in the Good group made more 

use of the multiple strategies available than those in the Improved group and only a few 

students in the Poor group explored more than one strategy for an equation. It may be that 

students need to feel confident with one strategy before being willing to explore other 

strategies. 

Conclusions 

This study provides insights into the impact of an online learning activity that emphasised 

strategies that will inform the design of the full version of the software.  

The results of this study provide general support for the principles followed in the design of 

the software: emphasising strategies (Kieran, 1992), providing scaffolding (Vygotsky, 1978), 

encouraging multiple strategies (Jonassen, 2000), and providing feedback which is short, 

shows consequences of errors and provides enough information for students to work out the 

next step themselves, as recommended by Nguyen-Xuan et al (1997). Although we did not 

test each of the design principles separately, the combination appeared to help many students 

increase their understanding of equation solving strategies.  
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The software appeared to provide scaffolding in the Zone of Proximal Development 

(Vygotsky, 1978) for a fractions equation for two-thirds of the students and half of these 

students were also able to transfer their learning to using pen and paper after using the 

software for only 20 minutes. This was achieved with an interface design that allowed 

students to explore multiple strategies while the software carried out procedures. This design 

principle was supported by individual scaffolding and feedback and allowed many students to 

solve equations that they could not solve on their own. Individual guidance on each strategic 

decision can be difficult to achieve in a standard classroom environment. 

In addition, Equations2go may have provided the opportunity for students to gain an 

overview of each strategy and perhaps to observe relationships (Skemp, 1971) between 

different strategies and strategic decisions, without interrupting their thinking to carry out 

procedures. Furthermore, as strategic decisions are the links between concepts and carrying 

out procedures, the software may have encouraged versatile thinking as described by Thomas 

and Tall (1998).  

There is therefore potential to modify and extend the software so that it includes a wider 

range of equations. In addition, there should be more equations of each type to provide more 

practice for students and it may be helpful for the steps of an equation solving strategy to be 

displayed below each other to help students transfer their learning to using pen and paper. 

In addition to informing the design of the full version of Equations2go, this study may be 

useful to teachers in the classroom. The analysis of strategies and steps of equation solving 

may help teachers structure their explanations of equation solving and their feedback to 

students as well as help teachers diagnose students’ difficulties. The components of equation 

solving identified were concepts, strategic decisions that consist of a goals and actions, and 

carrying out procedures. Demonstrating the prototype software may also help teachers 

emphasise strategies as the results of carrying out the procedures can easily be seen. 

Furthermore, demonstrating the software makes it very quick and easy to explore multiple 

strategies and promote class discussion of these.  

The major limitation of this study is that the software was developed as a prototype and 

therefore it had only a small number of equations that were used by students for only 20 

minutes. A further limitation is that the data for only one type of equation were analysed 

because it showed the most improvement in the Zone of Proximal Development for the 

majority of students thus providing suitable data for investigating how students were learning 

while using the software. 

Once the software is developed further, there is potential to investigate its impact on learning 

in more depth using data from more types of equations, larger samples and interviews with 

students. There is also potential for a future study to specifically investigate the impact on 

learning of exploring multiple strategies as logged data showed that students did explore 

multiple strategies. Furthermore, the pedagogical principles on which the software is based 

may be able to be applied to other topics, both in mathematics and in other subjects in which 

students need to learn to create strategies. 
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