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Abstract—This study aims to determine the effect of Photomath mobile ap-

plication on the achievement and attitude of learning algebraic equations for 

lower secondary school students in Malaysia. Photomath is a free mobile appli-

cation, for both ios and android platforms, which uses computer vision and im-

age understanding technology to scan math equations using the mobile camera 

to subsequently provide worked solutions. The application recognises equations 

of both printed and handwritten and provides step-by-step calculations and 

graphical solutions. In this study, data were collected from 33 lower secondary 

students through pre and post-test and questionnaire. Data from pre-test and 

post-test were used to investigate the performance of students after the applica-

tion of Photomath, whereas the questionnaire was used to identify the attitude 

of students towards the application of Photomath in learning algebraic equa-

tions, regarding belief and readiness aspects. Different mean scores for pre-test 

and post-test were tested, and hypothesis testing using a t-test was used. Data 

from the questionnaire were analysed using descriptive statistics. This study has 

found that the application of Photomath significantly enhances the learning of 

algebraic equations among Form Two students. However, the participants’ be-

lief and readiness towards Photomath are still at a moderate level. 

Keywords—Algebraic equation, Photomath, augmented reality, educational 

technology. 

1 Introduction 

TIMSS 2011 report analysis shows the performance of Malaysian students in 

mathematics education experienced a sharp decline between 1999 and 2000, 2011. 

According to the TIMSS report, countries that score below the average score of 475 

indicate that the category of students of the country is only capable of using basic 

math knowledge and they are still unable to apply mathematical knowledge. This 
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indicates that our students are only understanding the basic concept but generally 

cannot apply knowledge (Ministry of Education, 2013). The TIMSS report 2007, 

states that the field of algebra has a score lower average (454) than field number (491) 

and geometry field (477). Therefore, research in the field of algebra and problem 

solving is appropriate as an initial step to ensure improvement in understanding the 

topic as well as what and how the strategy is going to be implemented by teachers 

when conveying the lesson to students.  

In mathematics, algebra is a major component, with its uses extended to almost all 

other disciplines of mathematics such as arithmetic, geometry, statistics, and calculus. 

Algebraic thinking is essential to comprehend and interpret real-world problems 

mathematically to ultimately find the solution, which is often abstract (Ling, Osman, 

Daud, and Hussin, 2019; Nurhayati, Herman, & Suhendra, 2017). In Malaysia’s 2013 

Secondary School Mathematics Teaching and Learning Syllabus, algebra continues to 

be a foundation discipline. However, algebra has been deemed as difficult by the 

majority of students due to its abstract thinking nature (Ganesen, Osman, Abu, & 

Kumar, 2020; Susac, Bubic, Vrbanc, & Planinic, 2014). 

The current world we are living in is deemed to be undergoing the fourth industrial 

revolution (4IR), where digitisation and automation have become governing factors in 

almost all major sectors of the world. Technology is an important part of the 21st 

century and we are currently using technology in every aspect of our lives (Abidin & 

Hunter, 2017). Application of augmented reality in mathematics education can help 

students with higher self-efficacy to have more involvement with the contents to be 

learned towards higher level conceptions (Cai, Liu, Yang, and Liang, 2019; Coimbra, 

Cardoso, and Mateus, 2015). In the wake of AR in mathematics education, an inde-

pendent software company called Microblink has launched a mobile app called Pho-

tomath in 2014. In that context, this study was developed to investigate the effect of 

Photomath as a CVI tool in enhancing the learning of algebraic equations and to iden-

tify the secondary students’ attitude and belief towards learning algebra with Pho-

tomath. 

2 Literature Review 

The alternative education system known as education 4.0 has become a staple ele-

ment in the global education system (Xing & Marwala, 2017). The exponential 

growth of digital technology has created a need for a digital-centric education system 

to produce a future generation that can fulfill the requirements of 4IR. The trending 

technology in the current education scenario is the augmented reality (AR), a technol-

ogy which fuses virtual materials into a real-time situation or augments the reality to 

facilitate teaching and learning. The cyber-physical platform created by AR technolo-

gy allows the user to interact with the augmented surrounding and makes the user able 

to feel in real-time up to a certain degree, which deeply enhances the learning experi-

ence (Xing & Marwala, 2017). AR technology mainly utilizes text and object identifi-

cation technology to blend them seamlessly into the subject of learning. Since its 

inception in the early 2010s, AR technology is gaining widespread acclaim and atten-
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tion in the education sector due to its ability to actively engage students in teaching 

and learning (Saidin, Halim, & Yahaya, 2015). 

2.1 The need to learn Algebra with Augmented Reality through photomath 

A 21st-century learning environment should be of multi-disciplinary, multifaceted, 

and flexible to allow teaching and learning processes to occur most effectively and 

desirably for educators and students. Students of the 21st century are expected to 

perform independently, where the educators play the role of facilitators to assist the 

process to transform students to become creative and innovative knowledge seekers 

with a considerable mastery over technology. In 2012 Programme for International 

Student Assessment (PISA), students representing Malaysia only able to rank 52 out 

of 65 countries enroll which took part in the PISA. Furthermore, Malaysian students 

scored an average of 440 points in mathematics and 426 points in Science, below the 

Trends in International Mathematics and Science Studies (TIMMS ) average scale.  

However, Asian countries topped the list in the ranking of the Pisa 2012 results. 

Shanghai, Singapore, Hong Kong, Taiwan, and Korea were the top five economies in 

the latest results released. Vietnam which was ranked on the 17th gained attention as 

the only third world economy in the top 20 best-performing list. A difference of 38 

points on the Pisa scale was equivalent to one year of schooling. A comparison of 

scores showed that students in Shanghai were performing as though they had four or 

more years of schooling than 15-year-olds in Malaysia. Malaysia was continuously 

ranked in the bottom third in PISA and TIMMS. Despite having the highest budget 

allocation for the Ministry of Education, Malaysian students still fail to perform when 

it comes to math and science. Thus, the current pedagogy of math and science comes 

under scrutiny and calls for an integration of digital technology in Malaysian teaching 

and learning to enhance the process. 

A digital technology-driven math lesson can engage students more actively in a 

meaningful way, reducing the chance for rote learning to occur. AR and Computer 

Vision and Image Understanding (CVI), being the trending digital technology in edu-

cation, given the potential of this technology to bridge the gap between reality and 

subject of learning (Iyad & Aslan, 2015). In this research, the application of a CVI 

app called the Photomath in enhancing the learning of algebraic equations among 

Form Two students was explored. 

2.2 Malaysian students in algebra mastery 

The ability to solve algebraic equations is elementary for all students who enroll in 

science, engineering, and social sciences. Many researchers are interested in investi-

gating the difficulties faced by most students in learning algebraic equations. The 

major factor for students' difficulty in algebra is caused by the inability of the students 

on differentiating arithmetic and algebra, or the effort to draw similarities between 

both disciplines (Egodawatte, 2009); Egodawatte (2019) concludes that difficulties in 

teaching algebra cannot be solved without any creative solutions. New and creative 

ways to learn and teach mathematics are possible using AR technology; Teachers can 
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create more engaging math activities for the students using AR with ample time-

saving (Figueiredo, 2014). 

Computer vision is a process that produces, from images of the external world, a 

description that is useful to the viewer and not cluttered with irrelevant information 

(Marr, 1978). Computer vision is the scientific technology of machines that see. 

Computer vision is concerned with the theory and technology for building artificial 

systems that obtain information from images or multi-dimensional data. There is an 

increasing interest in the area of Learning in Computer Vision and Image Understand-

ing (CVI), both from researchers inside the learning network and from researchers 

involved with the computer imaginative and prescient world. The subject is character-

ised by a shift away from the classical, simple model-primarily based, computer vi-

sion techniques, towards facts-driven mastering paradigms for fixing actual-world 

vision troubles. Photomath, being able to integrate visual math equations into image 

understanding algorithms and subsequently solving it, can become the game-changer 

in the field of algebra learning (Iyad & Aslan, 2015). 

Despite concerns over using Photomath to cheat homework by students, Photomath 

application has given rise to new dimensions in teaching algebra. Students should be 

learning more than what Photomath could deliver as a solution (Webel & Otten, 

2015). Figure 1 shows an example of using Photomath in solving an algebraic equa-

tion. This app uses image capturing technology to scan math equations using the mo-

bile’s camera and provides a step-by-step solution for any math equation, ranging 

from basic arithmetic to advanced calculus. By harnessing state-of-the-art text recog-

nition and image understanding, both printed and handwritten, Photomath able to 

provide solutions in both calculations and graphical methods in a matter of seconds, 

with an option for feedback from the user to the developer for continuous improve-

ment of the app. Within mathematics education, technology is perceived as a valuable 

tool, the affordances of which allow mathematics learning to be reshaped and prac-

tised in distinctive ways (Abidin & Hunter, 2017; Torressibille, Cloquellballester, & 

Darton, 2009) 

 

Fig. 1. Using Photomath for solving an algebraic equation  
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2.3 Belief and readiness 

It becomes even more important to consider students’ attitudes in developing coun-

tries as a key component that must be taken into account to ensure a smooth process 

of learning mathematics with technology. They demonstrated that holding a high level 

of confidence in using technology appeared to influence students in having a very 

positive attitude to learning mathematics with technology (Abidin & Hunter, 2017).  

3 Method 

This pre-experimental study was carried out to investigate the effectiveness of the 

application of Photomath in enhancing the learning of algebraic equations among 

Form Two students aged 14 years old. A pre-test consisted of 4 linear equation ques-

tions were administered by the researchers to the participants. Then, the participants 

were taught by the researchers on the application of Photomath in learning algebraic 

equations by using a treatment task, consisting of 4 linear equation questions of a 

similar level of difficulty with the pre-test. The participants used their mobile phones 

with the Photomath app pre-downloaded before the pre-test session. During the treat-

ment task session, the participants were given a step by step briefing on how to use 

Photomath to solve and learn algebraic equations on their own. 

After a window period of 2 weeks, intended for the participants to assimilate Pho-

tomath into their learning, students answered the post-test consisted of 4 linear equa-

tions of a similar level of difficulty with the pre-test. Subsequently, a questionnaire on 

belief and readiness of participants towards the application of Photomath was admin-

istered using a Likert scale. The 5 levels Likert scale was used with the range of 1 

until 5 for showing strongly disagree, disagree, neither agree nor disagree, agree, and 

strongly agree. In this study, the researchers used the Cronbach Alpha to check for the 

reliability of the instrument. The questionnaire shows the value of Cronbach Alpha 

which exceeds 0.7. Therefore, the instrument is acceptable to be used in this research. 

The test papers were evaluated by the researchers and the marks were categorized 

into grades according to the current Ministry of Education's (MOE) standard. The 

descriptive analysis was used to elaborate on the mean and standard deviation of the 

scores as well as the demography of the participants. A one-sample t-test was calcu-

lated based on the gain obtained from the difference scores between pre-test and post-

test. 

4 Results and Discussion 

Figure 2 illustrates the mean scores of pre-test and post-test for Form-Two students 

before and after the application of Photomath application respectively. The pre-test 

score was based on conventional learning of algebraic equations and the post-test 

score was after students receiving the treatment session on the usage of Photomath 

application in learning algebraic equations. The result showed a significant increase in 

the score of students on the post-test which is after the use of Photomath application. 
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This finding indicates that the Photomath application was effective for learning the 

algebraic equations among Form Two students. 

 

Fig. 2. Mean score of pre-test and post-test  

Table 1 shows a t-test that performed between pre-test and post-test to investigate 

the significant level of achievement of Form Two students in school. The result 

showed that there was a significant difference between pre-test and post-test as p 

<0.05. The mean score of the pre-test was recorded as 8.48 with a standard deviation 

of 5.338 and the mean score of the post-test was recorded as 9.55 with a standard 

deviation of 4.214. The hypothesis tested for this study was there is no statistically 

significant difference in test scores between pre-test and post-test in learning algebraic 

equations using Photomath. Statistically, the p-value was 0.000 which less than 0.05. 

This study showed that there was a significant difference in students’ achievement 

between pre-test and post-test and thus this hypothesis is rejected.  

Table 1.  t-test between Pre-test and Post-test 

Category N Mean Std. Deviation 
Std. 

Mean 
t df Sig.(2-tailed) 

Mean  

Difference 

Pre 33 8.48 5.338 0.929 9.131 32 0.000 8.485 

Post 33 9.55 4.214 0.734 13.013 32 0.000 9.545 

 

Table 2 shows that 16 (48.5%) students agreed with the statement that Photomath 

application is an interesting method in learning algebraic equations. 13 (39.4%) stu-

dents agreed that Photomath helps them to do independent learning. For the statement, 

“Photomath helps to understand and solve algebraic equations easily”, 14 (42.4%) 

students neither agreed nor disagreed with it. Similarly, 17 (51.5%) students neither 

agreed nor disagreed with the statement that Photomath encourages 21st-century 

learning and lastly, 23 (69.7%) students agreed that Photomath application must be 

included in classroom learning. 

7.5

8

8.5

9

9.5

10

Pre-test Post-test

Mean Score of Pre-test and Post-test

Mean Score
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Table 2.  Belief Frequency Analysis 

Belief 
Strongly 

disagree 
Disagree 

Neither 

agree nor 

disagree 

Agree 
Strongly 

Agree 

Photomath application is an 

interesting method to learn an 
algebraic equation. 

1 

(3.0%) 

3 

(9.1%) 

12 

(36.4%) 

16 

(48.5%) 

1 

(3.0%) 

Photomath helps me to do inde-

pendent learning. 

4 

(12.1%) 

3 

(9.1%) 

11 

(33.3%) 

13 

(39.4%) 

2 

(6.1%) 

Photomath helps me to under-

stand and solve algebraic equa-
tions easily. 

1 

(3.0%) 

6 

(18.2%) 

9 

(27.3%) 

14 

(42.4%) 

3 

(9.1%) 

Photomath encourages 21st-

century learning. 

2 

(6.1%) 

1 

(3.0%) 

17 

(51.5%) 

10 

(30.3%) 

3 

(9.1%) 

Photomath applications must be 

included in classroom teaching. 

0 

(0%) 

0 

(0%) 

8 

(24.2%) 

2 

(6.1%) 

23 

(69.7%) 

 

Table 3 shows that 12 (36.4%) students strongly disagreed with statements that 

they have already known and have heard about Photomath application before this 

research is being carried out. 20 (60.6%) students neither agreed nor disagreed with 

the statement that they will use Photomath application to learn upcoming math topics 

before classroom lessons. Sharing knowledge on Photomath with other friends result-

ed in 11 (33.3%) students that agreed with that statement. 14 (42.4%) students strong-

ly agreed that they clearly understand how to use Photomath in learning algebraic 

equations and similarly, 14 (42.4%) students agreed with the statement that they will 

use Photomath to help them with mathematics homework that involves equations. 

Table 3.  Readiness Frequency Analysis 

Readiness 
Strongly 

disagree 
Disagree 

Neither 

agree nor 

disagree 

Agree 
Strongly 

Agree 

I have already known and have 

heard about the Photomath app 
before this research. 

12 

(36.4%) 

7 

(21.2%) 

6 

(18.2%) 

6 

(18.2%) 

2 

(6.1%) 

I like to use Photomath app to 
learn upcoming math topics 

before classroom lessons. 

6 

(18.2%) 

3 

(9.1%) 

20 

(60.6%) 

3 

(9.1%) 

1 

(3.0%) 

I will share my knowledge of 

Photomath with my family and 

friends. 

3 

(9.1%) 

6 

(18.2%) 

7 

(21.2%) 

11 

(33.3%) 

6 

(18.2%) 

I clearly understand how to use 

Photomath in learning algebraic 

equations. 

0 
(0%) 

3 
(9.1%) 

7 
(21.2%) 

9 
(27.3%) 

14 
(42.4%) 

I will use Photomath to help me 

with my math homework involv-
ing equations. 

3 

(9.1%) 

2 

(6.1%) 

7 

(21.2%) 

14 

(42.4%) 

7 

(21.2%) 

 

Table 4 shows that students’ belief towards Photomath application in solving alge-

braic equations in mathematics was still at a moderate level with a mean score of 3.55 

and a standard deviation of 0.94. It might be due to Photomath application which was 
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still new to them and only launched recently. This assumption goes along with the 

students’ readiness towards Photomath application in solving algebraic equations in 

mathematics which were also still at the moderate level with a mean score of 3.21 and 

a standard deviation of 1.15. The possible reason might be due to the unreadiness and 

resistance of the students to change their conventional methods of study to apply the 

Photomath application. Nevertheless, it can be concluded that students on average 

have more positive beliefs than average and feel more ready than average. 

Table 4.  Descriptive Analysis of Belief and Readiness Variables 

Variables N Scale Mean Standard Deviation Level 

Belief 33 1-5 3.55 0.94 Moderate 

Readiness 33 1-5 3.21 1.15 Moderate 

TOTAL 33 1-5 3.38 1.05 Moderate 

 

The results indicate that there was a significant increase in post-test scores after the 

implementation of Photomath. It on that the integration of Information, Communica-

tion, and Technology (ICT) helps to improve students’ achievement of learning alge-

braic equations. This finding is in line with the research findings by Ghavifekr & 

Rosdy (2015) that teachers’ well-equipped preparation with ICT tools and facilities is 

one of the principal factors in the success of technology-based teaching and learning 

(Ghavifekr & Rosdy, 2015). Moreover, according to Archer et al. (2014), to train and 

support teachers on how to use technology in their classroom instruction are important 

as a way to contribute to successful outcomes.  

This study also showed that the level of belief and readiness of Form Two students 

towards Photomath application was still at a moderate level. Nevertheless, the stu-

dents agreed that Photomath application works as an interesting method for them to 

learn algebraic equations. Most of them were not aware or heard about Photomath 

before this and they were not ready to use Photomath for the upcoming math topics 

before classroom lessons. However, they agreed to share their knowledge on Pho-

tomath with their family and friends and moderately understand how to use Pho-

tomath in learning algebraic equations. They also agreed that Photomath application 

helps them to do independent learning and helps them to solve algebraic equations 

easily. These findings indicate that Photomath application encourages students in the 

21st century of learning and it is preferable for the student to add on Photomath in 

classroom learning.  

5 Conclusion 

The findings of this study showed that the application of Photomath has a positive 

impact on enhancing the learning of algebraic equations among Form Two students as 

there was a statistically significant difference between the pre-test and post-test mean 

scores, which was increased from 8.5 to 9.5. In terms of belief and readiness, the 

majority of the participants are moderately receptive to the application of Photomath 

in learning. This might be due to the fact of lacking prior exposure of Malaysian stu-
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dents towards digital technology integration in education. This research provided an 

outlook on a comparison between the conventional learning and digital technology-

aided education through Photomath application in terms of its implications on learn-

ers’ experience and motivation through the usage of pre-test, post-test, surveys, and 

students’ remarks. Regarding practical implications, the research robustly emphasised 

the integration of digital technology into current mathematics teaching and learning, 

which can lead to significant changes in terms of perception and practice of the gen-

eral public towards new-age curricula. 
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