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Previous studies reported the student’s difficulties in algebraic reasoning for 
solving problems involving quadratic equations. Mostly full to the agreement of 
understanding and solving quadratic equations is the conceptual challenge in 
subject mathematics. Integrating technology in the national school curriculum 
enhances the teaching and learning development throughout the science, 
engineering and mathematics in the facets of multidiscipline skills and reasoning 
in context. A quasi-experiment was conducted to determine the effects of 
Geometer’s Sketchpad (GSP)-based instruction through using Geometer’s 
Sketchpad on the algebraic reasoning abilities of Junior Two students. The 
experimental study was conducted on 60 Junior Two students, who were equally 
divided into experimental (30 students) and control groups (30 students). The 
data were collected through algebraic reasoning abilities test. Data were analysed 
using ANATES 4 and SPSS 25.0. Inferential statistics including the independent 
sample t-test was used in analyzing the quantitative data obtained. Significant 
differences were found in the algebraic reasoning abilities of students in relation 
to quadratic problem solving according to their group type. GSP-based 
instruction helped students develop their algebraic reasoning abilities in the 
instructional intervention and provided insights for mathematics educators into 
utilising the software. Moreover, the effect of the GSP-based instruction 
enhanced the algebraic reasoning abilities of students without influence of prior 
knowledge.  
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INTRODUCTION 

Trends in Mathematics and Science Study (TIMSS) is the global mathematics assessment 

framework on content and cognition, where the former evaluates numbers, algebra, geometry, 

data and chance, and the latter tests perspectives of knowing, applying and reasoning [1][2]. 

Malaysia, which is one of the participating countries in Grade 8 (Form Two level) since 1999, 

gained the ranking of 18th place and showed a non-evident increase of 25 scores in TIMSS 2015. 

That is, the TIMSS report regarding mathematics performance indicated that only 3% of 

Malaysian students achieved the advance international benchmark, 18% reached high benchmark, 

45% met international benchmark and 34% hit low benchmark [3]. In 2011, TIMSS results for 

Grade 8 students indicated poor performance in algebra and questions requiring higher cognitive 

ability [4]. These results showed unsatisfactory findings and emphasised the need to develop 

students’ algebraic thinking and reasoning in the early grades of secondary school. Students who 

scored in low and intermediate levels showed capability in constructing, reading and interpreting 

algebraic manipulations. However, most of them failed to do reasoning when applying and 

interpreting a variety of problem situations algebraically. 

Technological tools promote the active process of learning cognition and cultivate learning 

and the creative use of knowledge and indulgence to different viewpoints of students [5]. 

Technology promotes teaching mathematics and makes the learning environment alive and 
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attractive [6][7]. [8] and [9] stated that educational systems should be introduced and practiced 

with technology in the mathematics classroom for active learning mode. Many previous studies 

have reported improved students’ understanding and learning achievement when technological 

tools were integrated into the teaching and learning of mathematical concepts [10]; [11]; [12]; [13]; 

[14]; [15]; [16]; [17]; [18]. Moreover, transforming mathematics classroom from the traditional to 

the technological-based generally led to positive effect and learning attitude [19]; [20]; [21]; [22]. 

Apart from traditional education with routine algebraic word problems, the educational 

policy of promoting mathematical thinking and relational understanding shifts the teaching and 

learning highlight to the open response modelling tasks [23]; [24]; [25]; [26]. In the current 

educational system, students’ engagement in learning algebra can be leveraged with algebraic 

reasoning through the quantitative reasoning of data changing to the advanced reasoning in 

analytic geometry, calculus, differential equations and analysis [30]; [27]; [28] Algebraic reasoning 

heavily depends on personal thinking with quantities and magnitudes as objects in the authentic 

mathematical modelling [29]. The way of delivering fundamental reasoning abilities in algebra 

towards students was clarified by [30]. Acquiring such abilities starts with forming a scheme of 

thinking with magnitude, whereby students will be led to awareness of size, measurement 

magnitude and relative magnitude, followed by establishing the formation of algebraic learning 

cloud in thinking. Algebra reasoning is thinking in algebra, generalising quantities using a symbol 

system and exploring concepts of patterns and functions [31]. 

The approach to algebra reasoning and developing mathematical thinking is supposedly 

achieved via algebraic reasoning [32]. Algebraic reasoning is the key understanding in 

mathematics, functions as scaffolding abstract algebra understanding and allows students to think 

at high level with magnitudes and relative magnitudes in their exploration in the structure of 

mathematics [33]. Algebraic reasoning elicits students’ learning style with visual, auditory and 

kinaesthetic and will free the students from focusing on the operational routines and symbolic 

manipulation in solving sophisticated mathematical problems [34]. Students will be allowed to 

perform conceptual analysis of related mathematical ideas, where thinking with magnitudes play a 

vital role for conceiving of change in covarying quantities and obtaining numerical patterns [35]. 

Therefore, algebraic reasoning can decrease the gap between teachers’ thinking and students’ 

thinking that can be profitably exploited in algebra teaching and learning [36]. 

Students’ difficulties in algebraic reasoning for solving problems involve quadratic 

equations. Understanding and solving quadratic equations is the conceptual challenge in 

mathematics [37]; [38]; [39]. The existing teaching and learning practice on the topic emphasises 

procedural aspects of solving quadratic equations without providing the relational understanding 

variables and graphs of the quadratic equations. Understanding of the behaviour of quadratics 

and the relationship between the graph and the equation is ignored. [40] revealed that a detailed 

conjecture of mental constructions blocks the understanding of quadratic equations with 

improved interrelation of concepts and flexible application of solution approaches. That is, the 

competencies of flexible algebraic action when dealing with quadratic equations hinder the 

success of working with and understanding quadratic equations. Many types of errors arise from 

deficits in procedural understanding on fractions, algebraic processes and conceptual 

understanding regarding the prerequisite knowledge and solid foundation of algebraic 

conventions [41]. 
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This study aims to investigate the effectiveness of using Geometer’s Sketchpad software in 

developing algebraic reasoning abilities during the teaching and learning procedures. In particular, 

this study focuses on solving problems involving quadratic equations with one variable. This 

topic is stipulated in the lower secondary school mathematics syllabus, including independent 

Chinese secondary schools in Malaysia. According to the previous section, technological tools are 

the possible instruments that influence students’ algebraic reasoning. Thus, the focus of this 

research is to examine and survey the effect of using technological systems, specifically the 

Geometer’s Sketchpad software, towards the algebraic reasoning abilities of students. Algebraic 

reasoning includes (1) executing of conjectures, justification, generalisation, explanation and 

relationships between numerical quantities, (2) making connections with prior knowledge and 

communicating mathematically between arithmetic and algebra, (3) solving calculations and 

procedures, (4) checking solutions and (5) interpreting the solutions. 

 

METHODOLOGY 

Research Design  

This study is a quasi-experimental non-equivalent group using a pre- and post-test design. 

In this study, the researcher compared two groups of respondents, namely, control and 

experimental. The control group consisted of students in Junior Two class who received 

traditional classroom instruction using lectures, textbooks and activity books and were expected 

to use Geometer’s Sketchpad software. The experimental group comprised students from 

another Junior Two class who received quadratic equation tasks that emphasised using 

Geometer’s Sketchpad software in algebraic reasoning in addition to receiving traditional 

classroom instruction.  

 

Participants 

The participants were Junior Two students from two intact mixed-ability classrooms who 

have overall medium achievement in the school. All students were 14 years old at the time of the 

study. The researcher used coin-toss to assign which class is the experimental or control group. 

Each group had 30 students. No treatment was given to the control group. Students in the 

control group were taught using traditional methods with text and activity books in class. 

 

Measurement  

Instruments for measuring algebraic reasoning were adapted from [42], who used the five-

key competency framework. Algebraic reasoning assessment consisted of subjective-response 

tasks based on the criteria covering the algebra content of quadratic equation and had potential to 

elicit algebraic reasoning competencies. The four constructs and evaluation were based on the 

five competency levels in algebraic reasoning: (i) Reading and interpreting text and making sense 

of the context in problem statements, (ii) Identifying salient quantities and relationships between 

them, (iii) Using algebraic representations of relationships between quantities, (iv) Executing 

calculations and procedure with precision and checking plausibility of results and (v) Providing 

convincing explanations that give further insight into the depth of students’ algebraic thinking. 

The strategic algebraic reasoning is a criterion reference assessment and is based on level of 

algebraic competency developed by [42]. A combination of models was done according to 

resources from [43], [44] and [45] to identify students’ algebraic reasoning competency in 
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descriptive algebra. Various sources, including mathematics syllabus, mathematics textbooks, 

publisher materials and journals of algebraic reasoning, were used to produce an algebraic 

reasoning test.  

This instrument consisted of four constructs that evaluated the abilities in symbolic 

manipulation, conceptual understanding, analytic skills and word problem solving. The first, 

second and third constructs had 10, 3 and 5 questions. The experimental and control groups of 

students were required to answer 21 items in the pre- and post-tests. The items were constructed 

with the quadratic equation problematic context, which required students to make calculations, 

interpretations or explanation. The score of each item was given according to the level of 

competency, as suggested by [42], that students could achieve. 

Each level of achievement was given a mark of one. The five competencies in algebraic 

reasoning were assigned a full mark of five. The first and second constructs measured the 

students’ algebraic reasoning from level one to three only. The third construct evaluated the 

algebraic reasoning competency up to level four. The last construct involving word problems 

tested the algebraic reasoning up to level five. The reliability of the algebraic reasoning test 

involving 30 students was analysed using Cronbach Alpha in SPSS version 25 and obtained a 

Cronbach Alpha value of 0.780. An instrument with Cronbach Alpha value above 0.70 would be 

considered reliable. However, the result of the difficulty index and discriminant index were 

accepted with a range of 30% above for each item [46]. 

 

Data analysis  

The results were further analysed using SPSS software version 25. Paired sample t-tests 

were conducted on the two groups to determine any difference between the students’ learning on 

algebra topic for quantitatively analysing the collected data. Every individual in the sample was 

measured twice using the similar test before and after a period, and the two-measurement data 

were compared. The data of the dependent variable were in interval scale. The test was used to 

find any improvement in the algebraic reasoning competency between the pre- and post-tests of 

the experimental group. 

 

RESULTS AND DISCUSSION 

Difference in pre-test of algebraic reasoning abilities between the experimental and control groups  

Before hypothesis testing, the assumption test for normality was performed. Firstly, the 

result of the Shapiro–Wilk test indicated the statistics of 0.971 and 0.965, with the p-values of 

0.564 and 0.405 for the experimental and control groups, respectively. This result meant that the 

p-value was greater than 0.05 and that the assumption of normality for each group was not 

violated.  

Table 1. Results of the independent sample t-test in pre-test of algebraic reasoning assessment 

Group N M S

D 

t df Sig. 

Experimental  3

0 

2

1.57 

5

.33 

2

.904 

58 0.00

5 

Control  3

0 

1

6.47 

8

.01 
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The results of the independent samples t-test, which referred to the pre-test of algebraic 

reasoning competency, in Table 1 showed that the experimental (N = 30, M = 21.57 and SD = 

5.33) and the control groups (N = 30, M = 16.47 and SD = 8.01) had the t-value of 2.904, with 

the degree of freedom of 58 and the p-value of 0.005. A p-value less than 0.05 meant that the null 

hypothesis was rejected. The findings concluded a significant difference in the pre-test between 

the experimental and control groups. Moreover, the mean rank of the experimental group (21.57) 

was higher than that of the control group (16.47). Thus, the students in the experimental group 

possessed higher algebraic reasoning competency before the intervention period than those in the 

control group. This result indicated that the students in the experimental group had significantly 

higher algebraic reasoning competency than those in the control group before the intervention 

period at 5% level of significance. Therefore, the experimental group had better algebraic 

reasoning competency than the control group in solving quadratic problems before intervention. 

 

Difference in post-test of algebraic reasoning competency between the experimental and control groups 

Prior to hypothesis testing, the assumption test of normality was conducted. The result of 

the Shapiro–Wilk test indicated the statistics of 0.932 and 0.937, with the p-values of 0.056 and 

0.076 for the experimental and control groups, respectively. A p-value greater than 0.05 meant 

that the assumption of normality for each group was not violated. 

Table 2. Results of the independent sample t-test in post-test of algebraic reasoning assessment 

Group N M SD t df Sig. 

Experimental 30 4

0.90 

5.17 5.180 58 0.001 

Control  30 3

2.47 

7.27    

 

The results of the independent samples t-test, which referred to the pre-test of algebraic 

reasoning competency, showed that the experimental group (N = 30, M = 40.90 and SD = 5.17) 

and the control group (N = 30, M = 32.47 and SD = 7.27) had the t-value of 5.180, with the 

degree of freedom of 58 and the p-value of less than 0.05. This result indicated that the null 

hypothesis was rejected. The findings concluded a significant difference in the post-tests of the 

experimental and control groups. Furthermore, the mean rank of the experimental group (40.90) 

was higher than that of the control group (32.47). Thus, the experimental group possessed higher 

algebraic reasoning competency after the intervention period than the control group. This result 

indicated that the students in the experimental group had significantly higher algebraic reasoning 

competency than those in the control group after the intervention at 5% level of significance. 

Therefore, GSP-based instruction on the quadratic problem solving using Geometer’s Sketchpad 

improved the algebraic reasoning competency of students compared with traditional instruction.  

The results of the independent sample t-tests on students’ pre-algebraic reasoning 

competency indicated that the algebraic reasoning amongst the students in the experimental and 

control groups differed significantly before this study was performed. The students in the 

experimental group were assumed to possess slightly higher algebraic reasoning competency than 

those in the control group before the instructional intervention. The findings were concluded 

parallel with the researcher’s assumption of a significant difference. This finding was consistent 

with the quasi-experimental study conducted by [47], in which their students’ suicide awareness 

and prevention score before the study was conducted differed significantly. Students in the 
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experimental group seemed to perform slightly better than those in the control group according 

to the data of means and standard deviations. [48] found that the mathematical learning 

achievement and problem-solving abilities of the experimental and control groups differed 

significantly before intervention of the teaching methods. In addition, student scores reflected 

their initial algebraic levels of algebraic reasoning ranged from low to medium. This result was 

consistent with the research conducted by [4] on algebraic thinking of Grade 8 students in the 

pre-test. [49] stated that middle school students scored low on the mathematical equivalence and 

the formal algebraic reasoning based on their pre-stage of the primary educational instruction. In 

addition, [50] reported low performance on core algebra content assessment before their study 

was conducted. 

The results of the findings on the independent sample t-test revealed that students in the 

experimental group had a significant difference and improved better than those in the control 

group. The improvement was shown in students’ algebraic reasoning competency after the GSP-

based instructional intervention of quadratic problem solving using Geometer’s Sketchpad was 

given. The result was consistent with the meta-analysis that showed students in the experimental 

group scoring significantly different and having higher mathematical achievement in the post-test 

than those in the control group after implementing the dynamic-geometry-software-based 

instructional activities [51] and emphasising on the conceptual understanding with less overt 

algebraic functionality [52]. [53] claimed that the GSP-based instruction on derivatives enhanced 

students’ derivative mathematical reasoning. The experimental group showed higher post-test 

achievement after computer-assisted intervention and had higher retention and attitude scores 

than the control group [21]. On the basis of a similar result, the GSP-aided instruction revealed 

that the experimental group performed significantly better than the control group regardless of 

the gender factor due to students having the chance to use concrete learning aids [7]. 

This study had reported the potential and effect of GSP-based instruction of quadratic 

problem solving using Geometer’s Sketchpad programs. The algebraic reasoning competency 

amongst students in the experimental group improved significantly after the GSP-based 

intervention. This method of instruction of quadratic problem solving in the classroom activities 

designed with Geometer’s Sketchpad usage was useful and effective in guiding students’ learning 

of solving quadratic problems compared with the traditional instruction using chalk-and-talk 

approach. This result was consistent with the research done by Adulysas and Abdul Rahman 

(2014), who concluded that the use of Geometer’s Sketchpad under teacher’s guidance and 

instruction helped middle school students perform better. Their mathematical thinking was 

enhanced, as indicated by the quantitative statistics and mathematical reasoning in the qualitative 

data. Students actively participated in the GSP-based instructional classroom using Geometer’s 

Sketchpad, where collaborative learning was allowed [54]. Their communication skills in algebra 

reasoning improved when students worked together with their peers and exercised their 

mathematical thinking during the classroom problem-solving processes. They learnt to justify and 

explain their solutions throughout the GSP-based instruction using the Geometer’s Sketchpad. 

[55] suggested that students who had hand-on activities using the dynamic mathematics system 

gained positive effect on learning and mastering conceptual understanding in mathematics well.  

The findings from this study have several implications for algebraic reasoning competency 

based on the learning theory of distributed cognition. The significant improvement in the 

algebraic reasoning competency amongst students in the experimental and control groups 

supported the major assumption of the learning theory of distributive cognition that learners can 
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be active entities and learnt by working together to solve the tasks by using technological tools, 

such as Geometer’s Sketchpad. This way encourages the process of cognition and knowledge 

about the problem solving on quadratic topics distributed across students, worksheets and the 

dynamic and collaborative GSP-based platform in the learning environment. The encouraging 

findings of this research suggested that Geometer’s Sketchpad could be a useful tool in teaching 

quadratic problematic solving in the secondary school level. Students from different background 

might result in varying findings in using this tool and should thus be considered to enhance the 

exploration and explanation of the findings of this study. 

 

CONCLUSIONS AND SUGGESTIONS 

This study showed the potential and effect of GSP-based instruction of quadratic problem 

solving using Geometer’s Sketchpad programmes. The algebraic reasoning competency amongst 

students in the experimental group improved significantly after GSP-based intervention. The 

GSP-based instruction of quadratic problem solving in the classroom activities designed with 

Geometer’s Sketchpad usage was useful and effective to guide students’ learning of solving 

quadratic problems compared with the traditional instruction using chalk-and-talk approach. The 

dynamic mathematics software, such as Geometer’s Sketchpad, played a vital role in enhancing 

students’ participation and interest in discovering mathematical concepts instead of developing 

students’ mathematical thinking and reasoning. The implementation of the interactive 

mathematics software in mathematical learning activities allowed students to engage into deeper 

mathematical thinking, such as algebraic reasoning. 
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