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Abstract

This study examined the effect of Photomath Al and traditional learning approaches on
academic outcome in Mathematics among Unity Colleges students in Akwa lbom State,
Nigeria. Two research questions and two null hypotheses were formulated to give
direction to the study. The study was quasi-experimental research and a non-
randomized pre-test; post-test design was used. The population of the study consisted
of one thousand one hundred and ninety-six (1196) SS2 Students in the three unity
colleges in Akwa Ibom State, Nigeria. The study sample comprised three hundred (300)
SS2 students in three unity colleges selected using purposive sampling technique.
Researcher-made instruments titled: Mathematics Achievement Test on Variation was
used for data collection. The reliability coefficient of the instrument, determined using
Kuder Richardson-21 (KR-21) formula was 0.87. The data obtained from all the tests
were analyzed using mean, standard deviation, and Analysis of Covariance. The result
showed that there is a significant difference in the mean academic outcome scores of
students taught Variation using Photomath Al and traditional learning approaches. It
was also revealed that there is no significant difference between male and female
students’ mean academic outcome scores when taught Variation using Photomath Al
and traditional learning approaches. Based on the findings, it was recommended
among others that Mathematics teachers should make effective use of Photomath Al
learning approach in since it has the ability to enhance students’ academic outcome.

Keywords: Photomath Al Learning Approach, Traditional Learning Approach, Gender
and Academic Outcome
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Mathematics as viewed by Ekim and Nkanang (2019), is a science that deals
with methods of discovery using concepts and symbols, properties and inter
relationships of quantities and magnitudes. Base on its nature Mathematics has long
been regarded as a fundamental subject in education, forming the backbone of various
fields such as; Engineering, Economics, and the Sciences among others. The
importance of Mathematics transcends disciplines, serving as a critical tool for
problem-solving, logical reasoning, and analytical thinking (Boaler, 2021). In many
educational settings, Mathematics remains a compulsory subject, ensuring that students
develop essential quantitative and cognitive skills needed for academic and career
success.Oyedokun (2020), reported that some of the mathematical concepts that
students perceive as abstract and difficult to learn are Variation, Geometry, Circle
theorem, Bearings, Trigonometry and among others. Some students find these topics
boring, complicated, and irrelevant with burdensome technical terms that require only
rote memorization West African Examination Council, (WAEC), Chief Examiner’s
Report (2023/2024).

Variation refers to the relationship between two or more variables, where a
change in one affects the other. It can be direct, inverse, joint, or partial. In direct
variation, one variable increases as the other increases, while in inverse variation, one
decreases as the other increases. Joint variation involves multiple variables, and partial
variation combines different types of variations (Borba et al., 2020). Understanding
variation helps in solving real-world problems involving proportions, rates, and ratios.
However, despite its significance, Mathematics has been widely acknowledged as a
subject that poses challenges to students, often characterized by poor academic
outcome (James, 2021). Students' academic outcomes in Mathematics have been a
subject of concern among educators, policymakers, and researchers. Several factors
contribute to variations in performance, including cognitive abilities, instructional
quality, learning resources, motivation, and pedagogical strategies (Hattie, 2022). In
Unity Colleges, where students undergo rigorous learning experiences, achieving high
proficiency in Mathematics remains a priority.

However, traditional instructional methods, which often emphasize rote
memorization and teacher-centered approaches, have not always yielded optimal results
as expected. In this regards, lweka (2022), suggests that students' engagement and
comprehension levels in Mathematics are significantly influenced by the methods used
in teaching and learning. As a result, the introduction of technology-based
interventions, such as Photomath Artificial Intelligence-powered learning tools, has
generated significant interest in Mathematics education.

Photomath Artificial Intelligence (Al) is an advanced educational tool that
utilizes Al-driven algorithms to assist students in solving mathematical problems by
providing step-by-step solutions through a mobile application. The application allows
students to scan mathematical problems using their smartphone cameras, after which
the Al interprets the problem and offers a structured solution (Borba et al., 2020). Thus,
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Photomathis designed to enhance students' problem-solving skills by breaking down
complex mathematical operations into understandable steps. So, the integration of Al in
learning Mathematics aims to provide students with personalized learning experiences,
immediate feedback, and adaptive learning support. The influence of Photomath Al on
students' academic outcomes in Mathematics has been widely debated. Advocates
argue that Al-powered tools improve students' engagement, motivation, and conceptual
understanding by offering real-time explanations and interactive learning experiences
(Zawacki-Richter et al., 2022). Unlike traditional approach where students rely solely
on teacher instruction, Photomath enables learners to explore mathematical concepts
independently, fostering a deeper understanding of problem-solving techniques.

Moreover, Al-based learning applications help bridge gaps in comprehension by
offering alternative solution strategies that align with students’ unique learning
preferences. This approach aligns with constructivist learning theories, which
emphasize active participation and exploration in the learning process.While Photomath
Al offers numerous advantages, concerns have been raised regarding its potential
drawbacks. Some educators argue that the tool may promote dependency, where
students merely copy solutions without fully grasping underlying concepts (Foster,
2019). Additionally, there is the risk of academic dishonesty, as students may use the
application to complete assignments without genuine effort. However, when used
appropriately, Al-driven educational tools like Photomath have the potential to
complement traditional learning approaches and enhance overall academic outcomes in
Mathematics.

Traditional learning approaches in Mathematics refer to conventional
instructional methods that have been employed in classrooms for decades, including
direct instruction, problem-solving exercises, and practice-based learning (Bassey,
2022). These approaches often involve a teacher-centered model, where instructors
deliver mathematical content through lectures, demonstrations, and guided practice
sessions. Traditional methods emphasize structured learning, reinforcing mathematical
principles through repetition and assessment.The influence of traditional learning
approaches on students' academic outcomes in Mathematics has been well documented.
Ekimet al., (2024), argue that direct instruction does not provides students with a clear,
systematic framework for understanding mathematical concepts. Teacher-led
explanations help students develop procedural fluency and accuracy in problem-
solving. Moreover, face-to-face interaction in traditional classrooms allows for
immediate clarification of misconceptions, fostering a supportive learning environment.
Structured learning environments contribute to improved mathematical reasoning and
computational skills among students (National Mathematics Advisory Panel, 2020).The
rigid nature of direct instruction may not accommodate diverse learning styles,
potentially leading to disengagement among students who struggle with abstract
mathematical concepts (Ali, 2022).

Additionally, traditional methods may not provide sufficient opportunities for
individualized learning, as students with varying levels of mathematical proficiency
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receive the same instructional delivery. This challenge has prompted calls for a more
blended approach rather than traditional learning approach. Based on these facts, the
researcher was motivated to investigate the effect of Photomath Al and traditional
learning approaches on academic outcome in Mathematics among Unity College
students. The study also addresses whether effectiveness of Photomath Al learning
approach is gender bias.

Gender refers to the social, cultural, and psychological characteristics, roles,
behaviors, and expectations associated with being male, female, or non-binary within a
particular society or culture. Gender has been identified as a major factor that affects
students’ achievement in Mathematics examinations (Omiko, 2021). Oni (2019),
posited that in Nigeria, women are marginalized while men are given greater
opportunities to advance based on their science background. In the Nigerian setting,
this factor has been found to offer males an unfair advantage over their female
counterparts. It has been reported by Stanley (2021), that most girls choose to be
successful in those subjects considered appropriate for females as a way of being a high
achiever while at the same time maintaining their femineity. This study investigated
the effects of Photomath Al and traditional learning approaches on academic outcome
in Mathematics among Unity Colleges male and female students.

Empirically, Adegbite (2021) conducted a study on the effectiveness of
Photomath Artificial Intelligence in enhancing students’ academic performance in
Mathematics among senior secondary school students in Lagos State, Nigeria. The
study adopted a quasi-experimental research design, specifically a pre-test, post-test
control group design. The study was carried out in Lagos State, a metropolitan area
with a diverse student population. The population comprised all senior secondary
school students offering Mathematics in public secondary schools within the state. A
sample of 120 students was selected using a stratified random sampling technique,
ensuring representation across different schools. The research instrument used for data
collection was a Mathematics Achievement Test (MAT), which was developed to
measure students' performance before and after the intervention. The instrument was
validated by experts in Mathematics education and educational measurement to ensure
its content and construct validity. To determine the reliability of the instrument, a pilot
study was conducted, and the test-retest method was used, yielding a reliability
coefficient of 0.86, indicating high consistency. Data collected were analyzed using
inferential statistics, including Analysis of Covariance (ANCOVA) to compare
students’ scores before and after exposure to Photomath Al. The findings revealed that
students who used Photomath Al showed significant improvement in their Mathematics
performance compared to those who relied solely on traditional methods. It was also
revealed that gender does no significantly influence students’ academic performance
when taught using Photomath Al.

Ogunleye (2022), carried out a study examining the impact of Photomath Al
learning approaches on students’ academic performance in Mathematics in public
secondary schools in Oyo State, Nigeria. The study employed a descriptive survey
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researcn cesign 10 gatner gata on SIUOENTS experiences witn traaituonal teacning
methods. The research was conducted in Oyo State, a region known for its strong
educational policies and large student population. The study population included all
senior secondary school students offering Mathematics in public secondary schools. A
total of 200 students were selected using a multi-stage sampling technique, combining
purposive and simple random sampling methods to ensure a fair representation of
students across different schools. The research instrument used was a structured
questionnaire, which was designed to assess students’ perceptions of traditional
learning approaches and their impact on academic performance. Experts in
Mathematics education and psychometrics validated the instrument to ensure that it
accurately measured the intended constructs. The reliability of the instrument was
established using the Cronbach’s alpha method, yielding a reliability coefficient of
0.82, indicating a high level of internal consistency. Data were analyzed using
descriptive statistics such as mean and standard deviation, as well as inferential
statistics, including the independent sample t-test, to compare students’ performance
based on their exposure to traditional teaching methods. The results indicated that there
is a significant impact of Photomath Al learning approaches on students’ academic
performance in Mathematics. It was also revealed that gender significantly influence
students’ academic performance when taught using Photomath Al.

From the above reviews, since the studies were conducted in other states in
Nigeria, the researcher was encouraged to carry out same study in Unity colleges in
Akwa Ibom State. The inconsistent result on gender also generates the need for further
study.

Statement of the Problem

Despite the numerous applications of Mathematics to all areas of human
endeavors, it is worthy of note that most students perform poorly in Mathematics at
school certificate level in Nigeria secondary schools. This poor academic performance
of Students in Mathematics is usually confirmed by WAEC Chief Examiner almost
every year. The curiosity to know and understand the reason for students’ poor
academic outcome resulting from poor outcome in Mathematics has attracted the
attention of researchers in recent times, and a good number of researches has been
carried out to ascertain the reason for poor academic outcome and some of the reasons
include; poor teaching methods, inadequate laboratory facilities, abstract nature of
Mathematics concepts.

Although researchers have advocated the use of innovative approaches such as
Al based, guided discovery, Computer Simulations, Flip Charts and co-operative
learning in teaching of science and science related subjects (Mathematics), no studies to
the best of the researcher’s knowledge have investigated the effect of Photomath Al
and traditional learning approaches on academic outcome in Mathematics among Unity
College students in the concept of Variation. Based on the foregoing, the major issue of
concern is posed as questions, Can the use of Photomath Al learning approach
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enhances Students’ academic outcome in the concept of Variation in Unity Colleges in
Akwa Ibom State? Does gender influence students’ academic outcome?

Research Questions
The following research questions will be raised to guide the study:

1. What is the difference in the mean academic outcome scores of students taught
Variation using Photomath Al and traditional learning approaches?
2. What is the difference between male and female students’ mean academicC

outcome scores when taught Variation using Photomath Al and traditional learning
approaches?

Hypotheses

The following null hypotheses tested at the .05 alpha level of significance were
formulated to guide the study.

Hol: There is no significant difference in the mean academic outcome scores of
students taught Variation using Photomath Al and traditional learning approaches.

H2: There is no significant difference between male and female students’ mean
academic outcome scores when taught Variation using Photomath Al and traditional
learning approaches.

Methodology

This study adopted quasi-experimental design which involves a non-
randomized pre-test post-test control group experiment. This design was adopted
because it would be possible to have in-tact class and random assignment of subjects
into experimental and control groups was not possible. This study was carried out in
Akwa Ibom State, Nigeria. Akwa Ibom State at the time of this study has 3 senatorial
districts namely: Akwa Ibom North-East, Akwa Ibom South and Akwa Ibom North-
West senatorial districts. Akwa lIbom North-East and Akwa Ibom North-Westsenatorial
districts has 1 correctional Centereach, while Akwa Ibom South senatorial district
hastwo correctional facilities; one at Eket town and the other at Ikot Abasi town. Akwa
Ibom State has a total of 4 correctional centers and this study was carried out across 3
correctional centers in Akwa Ibom State.

Akwa Ibom State was created on the 23rd of September 1987 for the people that
occupied the mainland part of the former Cross River State. It is lying between
Latitudes 4° 32” and 5°33” North and Longitudes 7° 35” and 8° 25 East. The State is
bounded on the East by Rivers State, on the West by Cross River State, on the North by
Abia State and on the South by the Gulf of Guinea.The State is divided into 31 local
government areas with Uyo as the State capital. Other major towns include; Eket, Ikot
Ekpene, Ikot Abasi, Oron, Abak, Itu, Etinan, Ibeno, etc. The people of Akwa Ibom
State are culturally homogenous with a common identity. The three major dialectal
groups are lIbibio, Annang and Oron. Other sub groups include Eket, Ibeno, Itu-
Mbonuso and the Andonis. English is the language of government and business. There
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are three unity colleges in this area. The researcher used this area because of the
observed poor academic outcome among students in Mathematics. The population for
this study consists of all Senior School two (SS2) students registered in the threeUnity
collegesinAkwa Ibom State. The colleges operate the same academic calendar. The
total SS2 students’ population was one thousand one hundred and ninety six (1196)
(Source: Counselling units of each of the colleges, 2025).

The sample size for this study was three hundred (300) SS2 students determined
using Taro Yamene formular from six intact classes in two purposively selected Unity
colleges. This study adopts purposive sampling technique. This sampling technique was
adopted because the researcher was interested in only unity colleges in the area with
good electricity and functional ICT laboratory. The instrument used for the study was
Mathematics Achievement Test on Variation (MATV). The MATV comprised of two
main sections; A and B. Section A had information on the personal data of the
respondents while section B contained two (20) test items with five (5) multiple choice
options (A-E). This instrument was developed by the researcher based on the concept;
Variation.The researcher also prepared lessons plans that was used in teaching the
students the concept of Variationusing the different learning approaches.

The draft instrument was given to three experts. One lecturer from
Measurement and Evaluation, University of Uyo and two experienced Mathematics
teachers who have marked Mathematics as WASCE examiners for at least five years.
Their corrections on the face and content validation was included in the final draft of
the instrument. To determine the internal consistency of the MATYV, the researcher
randomly selected 30 SS2 students in one of the colleges in the study area who was not
part of the study sample to respond to the instrument. Data generated from this study
was subjected to Kuder Richardson-21 (KR-21) to obtain the reliability coefficient. The
reliability coefficient of MATV was .87. This coefficient revealed that the instrument
was reliable to be used for this study.

The researcher administered the instrument to the respondents with the help of
three (3) research assistants. Before starting the data collection exercise, permissions
was obtained from the two college principals through letters of introduction from the
researchers’ institution. The researcher with the helped of the researcher’s assistants
met the Mathematics teachers and the students to brief them about the purpose of the
exercise in two selected unity colleges in Akwa Ibom State and administered the
instrument to them as pre-test. The sampled students was exposed to 120 minutes
teaching period, each using the respective learning approaches. The researcher
administered a post-test immediately after the treatment. Data collected from the two
test (pre-test and post-test) was used for analyses. Mean and standard deviation
statistical tools were used to answer the research questions and Analysis of Covariance
(ANCOVA) was used to test the formulated null hypotheses at 0.05 alpha level of
significance.

Results
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Research Question 1: What is the difference in the mean academic outcome scores of
students taught Variation using Photomath Al and traditional learning approaches?
Table 1: Mean and Standard deviation scores of students’ academic outcome
pretest and posttest scores in Variation using Photomath Al and traditional
learning approaches

Pretest Posttest
Groups n Mean SD Mean SD Mean
Gain score
Photomath Al150 19.08 3.54 70.46 6.4151.38
Traditional15019.60 3.63 29.44 3.93 9.84

Source: Researcher’s computation (2025)

Results in Table 1 shows the mean difference (Posttest-Pretest Mean Scores) for the
Photomath Al and traditional learning approaches to be 51.38 and 9.84 respectively.
This result indicates that students taught Variation using Photomath Al had a better
academic outcome scores than those taught using the traditional learning approach. The
post-test standard deviation scores of 6.41 and 3.93 for students in Photomath Al and
traditional learning approaches groups indicate that, though students taught using
Photomath Al had the highest mean academic outcome scores and the widest scattering
of raw scores about the group mean, those taught using traditional learning
approachhad their raw scores closest to the group mean.

Research Question 2: What is the difference between male and female students’ mean
academic outcome scores when taught Variation using Photomath Al and traditional
learning approaches?

Table 2: Mean and Standard deviation scores of male and female students’ pretest
and posttest scores in Concept of Variation when taught using Photomath Al
learning approach

Pretest Posttest
Groups n Mean SD Mean SD Mean Gain
score
Male 36 19.44 3.54 71.39 7.23
51.95
Female 51 18.82 3.55 69.80 5.74
50.98

Results in Table 2 shows that male students with mean difference of 51.95 slightly had
a better academic outcome than female students with difference of 50.98 when taught
Variation using Photomath Al learning approach. The post-test standard deviation
scores of 7.23 and 5.74 for students in male and female groups indicate that, male
students taught using Photomath Allearning approach had the very slightly higher mean
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academic outcome scores and the widest scattering ot raw scores apout the group mean
than female students taught using same approach.

Testing of Null Hypotheses

Null Hypothesis One: There is no significant difference in the mean academic
outcome scores of students taught Variation using Photomath Al and traditional
learning approaches.

Table 3: Summary of Analysis of Covariance (ANCOVA) of the Students’
Academic outcome mean scores classified by treatment groups

Type I Decision at
Sum of Mean .05 alpha
Source Squares df Square F Sig. level
Corrected Model ~ 61517.920% 2 30758.960 1018.620.000 S
Intercept 13749.114 1 13749.114 455.319 .000 S
PRETESTSCORES 48.252 1 48.252 1.598 .208 NS
Learning 60898.246 1 60898.246 2016.719.000 NS
Approaches
Error 4438.913 297 30.197
Total 491025.000 300

Corrected Total 65956.833 299

a. R Squared = .933 (Adjusted R Squared = .932), S= Significant at .05 alpha level,
NS= Not significant at .05 alpha level.

In Table 3, the calculated F-ratio for the effect of learning approaches on academic
outcome of students in Mathematics at df 1, 299 is 2016.719, while its corresponding
calculated p-value is .000 alpha. This calculated p-value is less than .05 in which the
decision is based, indicating that there was a significant difference in the mean
academic outcome scores of students taught Variation using Photomath Al and
traditional learning approaches. With this observation, null hypothesis 1 was rejected.
Null Hypothesis Two: There is no significant difference between male and female
students’ mean academic outcome scores when taught Variation using Photomath Al
and traditional learning approaches.

Table 4: Summary of Analysis of Covariance (ANCOVA) of Students’ Academic
outcome scores classified by gender when taught using Photomath Alwith pre-test
scores as covariate

Type I Decision at
Sum of Mean .05 alpha
Source Squares df Square F Sig. level
Corrected Model 59.617° 2 29.809 721 489 NS
Intercept 14662.305 1 14662.305 354.734 .000 S
PRETESTSCOREG6.603 1 6.603 .160 .690 NS
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GENDER 55.904 1 55.904 1.353 .248 NS
Error 3471.992 147 41.333
Total 435450.000 150

Corrected Total 3531.609 149
a. R Squared = .017 (Adjusted R Squared = -.007), S= Significant at .05 alpha level,
NS= Not significant at .05 alpha level

In Table 4, the calculated F-ratio for the effect of gender on academic outcome scores
of students in Mathematics when taught using Photomath Al learning approach at df 1,
149 is 1.353, while its corresponding calculated p-value is .248 alpha. This p-value is
greater than .05 in which the decision is based, indicating that there is no significant
difference between male and female students’ mean academic outcome scores when
taught Variation using Photomath Al and traditional learning approaches. With this
observation, null hypothesis 2 was retained.

Discussion of the Findings

The result from Research question one shows that students taught Variation
using Photomath Al achieved better than those taught using the traditional learning
approach. The result of the test of hypothesis one (Ho;) also revealed that there was a
significant difference in the mean academic outcome scores of students taught
Variation using Photomath Al and traditional learning approaches. The result could be
attributed to the fact that the interactive and adaptive nature of Al-assisted learning.
Photomath Al provided step-by-step solutions, enabling students to visualize problem-
solving processes and understand the underlying mathematical principles more
effectively. The immediate feedback and multiple solution strategies offered by the Al
tool enhanced students’ comprehension and retention of concepts, reducing errors and
misconceptions. In contrast, the traditional learning approach, which relied heavily on
teacher-centered instruction and rote memorization, often limited students’ engagement
and independent problem-solving skills. As a result, students exposed to Photomath Al
developed a deeper conceptual understanding of Variation, leading to improved
performance in assessments and problem-solving tasks compared to their peers who
learned through traditional learning approach. The findings agreed with the findings of
Adegbite (2021), who reported that Photomath Artificial Intelligence enhances
students’ academic performance in Mathematics among senior secondary school
students in Lagos State. The finding is also in supported with the findings of Ogunleye
(2022) who reported that there is a significant impact of Photomath Al learning
approaches on students’ academic performance in Mathematics in public secondary
schools in Oyo State.

The result from Research question two shows that male students taught using
Photomath Al learning approach had a slight higher mean academic outcome scores
than the female students taught using same approach. The result of the test of
hypothesis two (Ho,) also revealed that there is no significant difference between male
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and female students’ mean academic outcome scores when taught Variation using
Photomath Al and traditional learning approaches. The result could be attributed to the
fact that differences in learning engagement, technology interaction patterns, or
confidence levels in using Al-based tools. Male students often display a higher
inclination toward exploring technology-driven learning platforms, which may have
contributed to their marginally higher scores. However, since the difference was not
significant, it indicates that both male and female students benefited almost equally
from the Photomath Al approach. This suggests that Al-driven learning tools provide
an inclusive and effective method for enhancing mathematical understanding regardless
of gender, reinforcing the importance of integrating such technologies into the teaching
and learning process.The findings agreed with the findings of Adegbite (2021),who
reported gender does no significantly influence students’ academic performance when
taught using Photomath Al.

Conclusion

Based on the findings of the study, it is hereby concluded that Photomath
Allearning approach is more effective than traditional learning approach in facilitating
Students’ academic outcome in Variation in Mathematics. Also, gender had no
statistically significant effect on Students’ academic outcome in Mathematics when
exposed to Photomath Al learning approach.

Recommendation

Based on the findings and the conclusions reached, the following
recommendations were made:
1. Mathematics teachers should effectively make use of Photomath Allearning
approach since it has the ability to enhance students’ academic outcome.
2. Curriculum planners should ensure the incorporation of Photomath Allearning
approach in the teaching processes especially in Mathematics.
3. Government in conjunction with professional bodies like STAN should
endeavour to organize and sponsor regular workshops to train Mathematics teachers on
the use of Photomath Al learning approach in teaching and learning process.
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