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Data Description
The data used for this study was selected from a sample of 40 students. They were all Year 5 school children learning mathematical concepts in a local primary school. The sample data was randomly collected to offer equal opportunity for all the students in the population studied, hence avoiding biasness in the research. The sample data included the respondents’ test scores before using the maths learning app (represented the achievements of the children when they applied the traditional materials to assist in learning). The data also included the respondents’ test scores after using the maths learning app (represented the achievements of the children when they applied the new online app to assist in maths learning). A descriptive analysis was performed using excel statistical tool, to explore the distribution of the two sets of data in form of summary statistics. The results obtained are shown in the tables 1 and 2 below.
Table 1
	Test score before using app

	
	

	Mean
	12.75

	Standard Error
	0.648222

	Median
	12.5

	Mode
	17

	Standard Deviation
	4.099719

	Sample Variance
	16.80769

	Kurtosis
	-0.99283

	Skewness
	-0.20828

	Range
	15

	Minimum
	5

	Maximum
	20

	Sum
	510

	Count
	40



From table 1 above, it was observed that the lowest test score recorded before using the maths learning app was 5 marks while the highest test score during this period was 20 marks, with average mark being 12.75 (SD = 4.10). Before the introduction of the app, majority of the students were able to attain 17 marks in the maths test. It was also observed that the skewness value (-.21) fell between -1 and 1 range, hence indicating that the set of data followed a normal distribution.
Table 2
	
	Test score before using app

	
	
	

	
	Mean
	12.75

	
	Standard Error
	0.648222

	
	Median
	12.5

	
	Mode
	17

	
	Standard Deviation
	4.099719

	
	Sample Variance
	16.80769

	
	Kurtosis
	-0.99283

	
	Skewness
	-0.20828

	
	Range
	15

	
	Minimum
	5

	
	Maximum
	20

	
	Sum
	510

	
	Count
	40



From table 2 above, it was observed that the lowest test score recorded after using the maths learning app was 4 marks while the highest test score during this period was 20 marks, with average mark being 15.3 (SD = 3.91). After the introduction of the app, majority of the students were able to attain 20 marks in the maths test. It was also observed that the skewness value (-.73) fell between -1 and 1 range, hence indicating that the set of data followed a normal distribution.
Study Hypotheses 
For this study, the null hypothesis stated that there is no statistically significant mean difference in students’ math test score before and after using the online learning app (H0: µbefore = µafter) while the alternative hypothesis stated that there is a statistically significant mean difference in students’ math test score before and after using the online learning app (HA: µbefore ≠ µafter). The hypothesis were tested at α = 0.10, 0.05 and 0.01 levels of significance.
Statistical Test
In a quantitative study, the choice of the statistical test to be used for data analysis depends majorly on the nature of the variables presented in the data. The variables can either be categorical in nature or continuous and dependent or independent specification (Sheard, 2018). For this study, a paired sample t-test was applied to examine the existence of a significance mean difference between the students’ test score before and after using the online learning app. This type of t-test is usually used to explore if a mean difference existed between two sets of data. The sets are as a result of measuring each entity twice resulting to a pair of the data. Thus, it was suitable for this research as it requires finding of mean differences in a pair of observations (Test scores of the 40 sample students were measured twice; before and after using the app). Also, the test was suitable since the dependent variable (Test scores) was continuous in nature and followed a ratio level of measurement. It was also assumed that the paired sample observations are independent of each other. Lastly, it was assumed that the sets of data are normally distributed and free from any kind of outliers. This was a two-tailed test since the significant mean difference can either be greater than or less than each other (Kim & Park, 2019).
Data Analysis and Interpretation 
Hypotheses Testing at α = 0.10
A paired sample t-test was performed to examine the existence of a significant mean difference between the pair of test scores; before and after using the app. From the test results, the p-value (0.00017) was found to be less than 0.10. Thus, the null hypothesis was rejected and a conclusion was made that there was a significant mean difference between the pair of students’ test scores, t (39) = -4.15, p < .10. The students recorded higher maths scores after using the app (M = 15.30) than before using the online learning app (M = 12.75). These results therefore supported the alternative hypothesis of the study at 0.10 level of significance. The results are shown in table 3 below.
Table 3
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Hypotheses Testing at α = 0.05
A paired sample t-test was performed to examine the existence of a significant mean difference between the pair of test scores; before and after using the app. From the test results, the p-value (0.00017) was found to be less than 0.05. Thus, the null hypothesis was rejected and a conclusion was made that there was a significant mean difference between the pair of students’ test scores, t (39) = -4.15, p < .05. The students recorded higher maths scores after using the app (M = 15.30) than before using the online learning app (M = 12.75). These results therefore supported the alternative hypothesis of the study at 0.05 level of significance. The results are shown in table 4 below.
Table 4
	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	



Hypotheses Testing at α = 0.01
A paired sample t-test was performed to examine the existence of a significant mean difference between the pair of test scores; before and after using the app. From the test results, the p-value (0.00017) was found to be less than 0.05. Thus, the null hypothesis was rejected and a conclusion was made that there was a significant mean difference between the pair of students’ test scores, t (39) = -4.15, p < .01. The students recorded higher maths scores after using the app (M = 15.30) than before using the online learning app (M = 12.75). These results therefore supported the alternative hypothesis of the study at 0.01 level of significance. The results are shown in table 5 below.
Table 5
	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	



Testing for Outliers
Box and Whisker plots were used to investigate whether there was presence of outliers in the two sets of data. From figures 1 and 2 below, it was observed that the pair of test scores were free from any outliers.
Figure 1: Box and whisker plot for Students’ test scores before using app

Figure 2: Box and whisker plot for Students’ test scores after using app


[image: Chart, box and whisker chart

Description automatically generated]









Discussion of Findings and Recommendation
The findings of these research indicated a rejection of the null hypothesis in all the three significant levels. The findings revealed that the students’ performance in maths test improved with the introduction of the online learning app. Thus, the findings supported our main hypothesis which claimed existence of differences in test scores between prior and after using the app. Therefore, the use of the app was a success and there was need for application of the online app in order to improve learning and performance of the students. These findings therefore suggested for the continued use of the app in the school.
Discussion of Factors Omitted
Although this study fairly excelled in answering its main research questions, it failed to consider certain important factors. This might have affected the effectiveness and conclusiveness of the results obtained. This study used data that was collected from a small sample size. As a result, it might have affected the precision and accuracy of the results. The research was also based in a small sampling frame (Year 5 school children) which might have given results that did not represent the opinions of the school population. The study also lacked a control group that would have been to make comparisons with the actual findings. This might have affected the legitimacy of the results in terms of accuracy and precision. Another factor that was not put into consideration was ecological validity. This factor indicated that the outcome of the results might have been as a result of a change in the set up. This meant that, a change in the set up might give results that are different from those obtained in this study. Thus, our findings might not be consistently significant to be used in a real world situation. There are other human aspects that might have influenced the students’ test scores despite the introduction of the app. A student’s IQ level is strongly correlated with school achievement. Generally, students with higher IQ levels tend to score higher in tests while those with lower IQ levels tend to record lower performances (Goh & Kim, 2021). A student’s ability to access relevant learning materials such as books will impact his or her performance on the test. Individuals who have more access to studying materials tend to achieve higher scores while those with less access to these materials achieve lower (Hussain et al., 2018). The student’s focus level while taking a test, is also a key determinant of test scores. Students who are able to focus for longer periods tend to record higher scores in the test while those with less ability to focus tend to perform poorly in the given test (Mendoza et al., 2018). Regarding the state of mind, a student’s mindset may determine his or her success rate in the test. Students with negative mindset tend to have a lower performance in the test while those with positive mindset tend to have greater achievement in the test (Smith et al., 2018). Lastly, family background may be measured in terms of income levels and thus may affect a student’s ability to perform in the test. Students’ from poorer family backgrounds tend to struggle in the exams compared to those from well-off families (Hou, 2021).
This study suggested for the use of a larger sample size in the future, with an aim of attaining more accurate results. A control group should also be included in the future to improve the accuracy and precision of the findings. The research also suggested for the use of a stratified sampling technique while collecting data in order to avoid the challenge of ecological invalidity. The research also suggested for the inclusion of other human factors such as IQ level, accessibility to studying materials, level of focus, state of mind and family background, in the analysis with an aim of producing significant results that reflect the opinion of the larger population studied.
Conclusion
From this research, it was found that there was a significant positive impact of the learning app on the performance of the students. Students tend to perform better in the maths test after using the online learning app compared to using traditional materials.
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