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 The purpose of this study was to provide an example of how to calculate, 

measure, and interpret a paired t-test analysis using Statistical Package for 

the Social Sciences (SPSS). This study explained a step-by-step process to 

understand how t-test analysis can be used. To support this study, 

bibliometric research was added for showing the research trend in the use of 

t-test in a wide range of applications in the medical and educational fields. 

The analysis was carried out in two stages, namely prerequisite testing and 

hypothesis testing. In the prerequisite test, we did the normality (the 

Shapiro-Wilk) and the homogeneity test (Levene). Both tests were used for 

understanding what a significant impact happens on student learning 

outcomes from the statistical data gained during the teaching and learning 

process. Since this study provided step by step on conducting the t-test using 

SPSS and also how to interpret the results, this study is applicable for users 

to use in various research fields. 
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1. INTRODUCTION 

There are two types of statistical inference, namely parametric and non-parametric methods. The 

parametric method refers to a statistical technique with several requirements: probability distributions can be 

determined, probability variables can be defined, and distribution parameters can be inferred. In contrast, 

nonparametric methods are used if the probability distribution cannot be determined [1]. One of the important 

statistical techniques is the t-test. The t-test belongs to the parametric method. It aims to determine the 

significant impact gained from the average difference in the two compared data [2]. This test can be used 

when the sample satisfies the conditions of measured values on an interval scale or ratio scale, simple random 

extraction, homogeneity of variance, normality data distribution, and appropriate sample size [3]. The t-test 

can be used although the samples are extremely small (n≤5) [4]. In the calculation, the t-test analysis is 

divided into two types: independent and paired t-test, depending on the type of dependency of the data [5]. 

Both types of t-tests can be analyzed using manual or computational analysis. 

Several studies are available relating to the t-test analysis. From a brief description of the t-test [6], 

an analysis of the misuse of the t-test and the operation of the Statistical Package for the Social Sciences 

(SPSS) in medical research [7], statistical records of the sample t-test independent for clinical researchers [8], 

the use of Welch t-test to compare differences between two groups of samples [9], and equivalent statistical 

test for one-sample t-test [10]. However, there is no paper yet discussing the explanation and visualization of 

t-test analysis. To support this analysis, bibliometrics is added to analyze the direction and trends of the 

research [11]–[30]. This study aims to provide a step-by-step process to understand how to calculate and 
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interpret a paired t-test analysis using SPSS. As an example, the analysis was taken from data from the 

teaching and learning results on students’ understanding of the concept of adsorption isotherm using a video 

with an experimental demonstration learning method. A detailed explanation of the adsorption isotherm is 

explained in previous studies [31]–[40]. 

 

 

2. RESEARCH METHOD 

2.1.  Bibliometric analysis 

This study consists of four stages as described in the flowchart. This research was fully carried out 

using a computer starting from collecting data to analyzing the mapping result. This research involves three 

software namely Publish or Perish, Microsoft Excel, and VOSviewer. The detailed information for the use of 

bibliometric analysis is shown in previous study [41]. 

 

2.2.  Calculating t-test using SPSS 

Some experimental data were used as a model in Table 1. Detailed explanation for the use of t-test is 

explained in previous literature [42]. The data is classified as independent and paired. Thus, we conduct the 

paired t-test. The data was obtained from pre-test and post-test conducted on two classes of vocational 

students around Bandung, Indonesia. Pre and post-tests were used to analyze students’ comprehension on the 

concept of adsorption isotherm by using a video with an experimental demonstration learning method. 
 
 

Table 1. Some experimental data for a model of analysis 

Question number 

Score (%) 

Control class Experimental class 
Pre-test Post-test Gain control class Pre-test Post-test Gain experimental class 

1 90 70 -20 90 90 0 

2 40 70 30 80 95 15 
3 30 30 0 30 55 25 

4 100 90 -10 85 95 10 

5 80 50 -30 70 90 20 
6 20 40 20 35 65 30 

7 40 90 50 60 90 30 

8 40 50 10 75 80 5 
9 40 60 20 35 70 35 

10 40 60 20 50 45 -5 

11 80 80 0 70 85 15 
12 40 60 20 50 75 25 

13 60 60 30 75 85 10 

14 20 70 50 30 60 30 
15 70 75 5 75 95 20 

Average 50.67 67.67 15.00 50.67 78.33 17.67 

 

 

3. RESULTS AND DISCUSSION 

3.1.  Trend research on t-test: bibliometric analysis 

The top 10 articles with the most citations are shown in Table 2. The most often used t-test are 

medical, animal, and education [43]–[47]. This is confirmed by the terms most related shown in Figure 1. 
 

 

 
 

Figure 1. The most related term to the t-test analysis 
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Table 2. Publication on the t-test analysis research with the highest number of citations 
Cited Title Year Ref 

15689 lmerTest package: tests in linear mixed effects models 2017 [48] 
2150 The impact of covid-19 epidemic declaration on psychological consequences: a study on active Weibo 

users 

2020 [49] 

1662 A prospective study of the accuracy and concordance between in-situ and postfixation measurements of 
colorectal polyp size and their potential impact upon surveillance 

2013 [50] 

1561 The effect of using educational multimedia in dictation on students’ listening comprehension at MA Darul 

Hikmah Pekanbaru 

2018 [51] 

1508 Bayesian estimation supersedes the t test. 2013 [52] 

1275 How to calculate sample size in animal studies? 2013 [53] 

1254 T test as a parametric statistic 2015 [1] 
1243 Analysis of factors associated with disease outcomes in hospitalized patients with 2019 novel coronavirus 

disease 

2020 [54] 

1163 Experimental design and analysis and their reporting II: Updated and simplified guidance for authors and 
peer reviewers 

2018 [55] 

1105 Diagnostic utility of clinical laboratory data determinations for patients with the severe COVID‐19 2020 [56] 

 

 

3.2.  Step-by-step calculating t-test 

Before conducting the t-test, the data must meet the requirements, namely normal and 

homogeneous. Thus, before testing the hypothesis in the form of a t-test, we must carry out a prerequisite 

test, namely the normality test and homogeneity test. If the data is not normal and not homogeneous, the  

t-test cannot be done. 

 

3.2.1. Normality test 

Statistical tests that can be employed include the Chi-square test, Kolmogorov Smirnov, Lilliefors, 

Shapiro Wilk, or Jarque Bera. The Chi-square or X2 method for the Normal Distribution Goodness of fit test 

utilizes the sum approach of the data for each class with the expected value. The requirements for the Chi-

square method are that the data are arranged in groups or grouped in a frequency distribution table, the 

amount of data is large (>30). The Kolmogorov-Smirnov test can be used for both large and small data. The 

requirements for the Lilliefors test are interval or ratio (quantitative) data, single data, or not yet grouped in 

the frequency distribution table. The data normality test with Lilliefors is almost the same as the 

Kolmogorov-Smirnov test, except that the Lilliefors test uses the Lilliefors table. The requirements for the 

Lilliefors test are the same as for the Kolmogorov-Smirnov test. The Shapiro-Wilk test is an effective and 

valid normality test method used for small samples. The requirements for the Shapiro-Wilk test are interval 

or ratio (quantitative) data, single data, not yet grouped into a frequency distribution table, and data from 

random samples. The Jarque Bera test is based on the fact that the skewness and kurtosis values of the normal 

distribution are equal to zero. Thus, the absolute value from this parameter is measured by the deviation of 

the distribution from normal condition. However, the Jarque Bera test is not yet available in statistical test 

software such as SPSS, Minitab or STATA. 

The study presents an example of calculating normality in the pre and post-test data of students who 

have carried out learning with the demonstration experimental method. In this study, the type of normality 

test used was the Shapiro-Wilk test. The Shapiro-Wilk test was chosen because it is suitable for use with 

small samples (<100), according to the sample of the study (less than 50 students per test class). The results 

of the normality test are presented in Table 3. To determine whether data is normally distributed using the 

Shapiro-Wilk, it is sufficient to get at the sig. on the Shapiro-Wilk column, meaning significance, called as 

the p-value, or probability value. If the p-value>0.05, H0 is accepted meaning the data is normally 

distributed. However, if the p-value <0.05, H0 is rejected, meaning that the data is not normally distributed. 

However, the hypothesis in this study are: i) Students’ pre and post-test results are normally distributed (H0); 

ii) The pre and post-test results of students are not normally distributed (H1). 

 

 

Table 3. The result of the normality test 
 

Respondent 
Kolmogorov-Smirnova Shapiro-Wilk 

 Statistic df Sig. Statistic df Sig. 

Pre-test 1 0.290 15 0.001 0.894 15 0.077 

2 0.207 15 0.084 0.902 15 0.103 
Post-test 1 0.148 15 0.200* 0.964 15 0.763 

2 0.195 15 0.130 0.895 15 0.081 

*This is a lower bound of the true significance. 
a. Lilliefors Significance Correction 
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As shown in Table 3, since the significance value of all data is more than 0.05, the data receive H0 

or which means the data are normally distributed. The value of degrees of freedom (df) is the number of 

samples or the amount of data used in the research. The statistical value is the result of calculating the 

Shapiro-Wilk (W) coefficient. This value correlates with the sample distribution. The greater value of this 

coefficient indicates the more likely the sample data normally distributed, and vice versa. The Shapiro-Wilk 

coefficient can be calculated using (1). 

 

𝑊 = ∑ (𝑋𝑖 −  x̄)2𝑛
𝑖=1   (1) 

 

For determining normality using the Shapiro-Wilk test manually, it can be determined by (2). 

 

𝑇3 =
1

𝑊
[∑ 𝑎𝑖(𝑋𝑛−𝑖+1  −  𝑋𝑖)]

2𝑘
𝑖=1   (2) 

 

where, W is the coefficient of Shapiro-Wilk, n is the total data, Xi is data number i, X̄ is the average, T3 is the 

Shapiro-Wilk statistical equation for determination of normal data, and Xn-i+1 is the data number n-i+1. 

Manual calculations are not widely used because it takes longer and the chances of calculation errors are 

greater. After confirming that the data is normally distributed, the calculation is continued to the 

homogeneity test. 

 

3.2.2. Homogeneity test 

To do the homogeneity test we can use Levene’s test or Barlett’s test. Levene’s test has the main 

objective to determine the homogeneity of the two groups of data with different variances [2]. The data tested 

using Levene’s test does not have to be normally distributed, but the data must be continuous. The Barlett test 

is used to test the homogeneity of the variance of more than two data groups. The study presents an example 

of calculating homogeneity using the Levene test. Levene’s test was used because it is suitable for testing 

homogeneity between two data. The results of the homogeneity test are presented in Table 4.  

 

 

Table 4. The result of the homogeneity test 
 Levene statistic df1 df2 Sig. 

Pre-test Based on mean 1.027 1 28 0.320 
Based on median 0.096 1 28 0.759 

Based on median and with adjusted df 0.096 1 24.958 0.759 

Based on trimmed mean 0.911 1 28 0.348 
Post-test Based on mean 0.001 1 28 0.979 

Based on median 0.007 1 28 0.936 

Based on median and with adjusted df 0.007 1 27.947 0.936 
Based on trimmed mean 0.001 1 28 0.971 

 

 

To determine whether data is homogenous using Levene’s test, it is sufficient to look at the Sig. in 

the based on mean column. The sig value means significance or may be called the p-value or probability 

value. If the p-value>0.05 then H0 is accepted meaning the data is homogenous. However, if the  

p-value<0.05 then H0 is rejected, meaning that the data is not homogenous. However, the hypotheses in this 

study are: i) Students’ pre and post-test results come from populations that have the same population variance 

(H0); ii) The pre and post-test results of students come from populations that did not have the same 

population variance (H1). 

In Table 4, the significance value of all data is more than 0.05, the data receives H0 or which means 

the data come from populations that have the same population variance or the variance of data is 

homogenous. The value of df1 is the number of independent variables, and df2 is the number of samples 

minus the number of independent variables minus 1. Levene’s statistic value is the result of calculating 

Levene’s (L) test. Manually, Levene’s test can be calculated using (3). 

 
(𝑁−𝑘)∑ 𝑛𝑖(𝑧̄𝑖̄− 𝑧̄.̄..)

2𝑘
𝑖=1

(𝑘−1)∑ ∑ (𝑧̄𝑖𝑗−𝑧̄𝑖̄.)
2𝑛𝑖

𝑗=1
𝑘
𝑖=1

  (3) 

 

where, n is the number of observations, k is the number of groups, Zij=|Yij - Ȳ|, Ȳi is the average of the  

i-group, z̄i is the group average of Zi, z̄ is the overall average of Zij. 
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3.2.3. T-test calculation 

The prerequisite for conducting the t-test is that the data is normally distributed and the variance is 

homogeneous. If the data is not normal and not homogeneous, the t-test cannot be carried out. If the 

prerequisites are not met, non-parametric mean difference tests such as the Mann-Whitney, Kruskal-Wallis, 

Wilcoxon, or ANOVA tests can be performed. In this test, we have to separate the control class and the 

experimental class. The paired t-test cannot be carried out simultaneously between the control class and the 

experimental class. Thus, we removed the experimental class data from the data view and perform the paired 

t-test separately. Table 5 shows the results of the descriptive analysis of the data obtained after the t-test was 

performed. The mean value shows the average value of the data. After the t-test is carried out, the average 

value shows the average value of the data. in both classes, the pretest score was lower than the posttest 

average. In both classes, there are differences in student learning outcomes descriptively. Bigger differences 

were found in the experimental class. The N value indicates the amount of data for each variable.  

 

 

Table 5. Paired sample descriptive analysis result 
 Mean N Std. Deviation Std. Error mean 

Control class Pre-test 52.67 15 25.486 6.580 

Post-test 63.67 15 16.952 4.377 

Experimental class Pre-test 60.67 15 20.777 5.364 
Post-test 78.33 15 15.999 4.131 

 

 

In Table 5, all of the calculated data groups show a deviation value that is smaller than the mean 

value. All mean values show a good representation. Equation (4) can be used manually to determine the 

standard deviation.  

 

𝑠 =  √
∑(𝑋𝑖− x̄)

2

𝑛−1
  (4) 

 

where, S is the standard deviation, Xi is the data to i, 𝑋̅ is the average value of the data, and n is the number of 

data.  

The mean standard error can be used to determine how accurately the average data sample can 

approach the population means for each variable. The known standard error can explain how the average data 

from the sample data for each variable can predict the population means if the data is regularly distributed 

(satisfies the normality test). The standard error mean (𝑠𝑥) can be calculated manually using (5). 

 

𝑆𝑋 = 
𝑆

√𝑛
  (5) 

 

where, S𝑋̅ is the standard error mean, s is the standard deviation, and n is the amount of data.  

The results of the paired sample t-test are shown in Table 6. The mean value represents the average 

difference and is used to calculate the value of pairwise differences. The test’s findings indicate that the 

average difference is -11.000 and -17.667. The sample standard deviation on the column is the pairwise 

difference. The test findings reveal a difference with a standard deviation of 22.694 and 11.932. The sample 

mean distribution (of differences) standard deviation is estimated using the standard error mean for an 

infinite population. The confidence bounds of the confidence interval for the mean difference are the upper 

and lower confidence limits. Equation (6) can be used to determine the confidence interval. 

 

𝑑 ± 𝑡∝/2 (
𝑆𝑑

√𝑛
)  (6) 

 

The t-value is the value used to determine the confidence bound. It is based on levels of confidence 

and degree of freedom. If the average difference value and the average difference’s standard error are known, 

the t value can be determined using (7). 

 

𝑡 =  
𝑑̅

𝑠𝑥̅
   (7) 

 

The degrees of freedom (8) can be used to determine the formation of the t distribution. 

 

𝑑𝑓 =  𝑛 –  1  (8) 
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A choice can be made by comparing the value of the t statistic with the t-table if the values of t and df are 

known. The decision-making principle is if the t-statistical value is greater than the t-table value. H0 is 

rejected (no significant difference) and Ha is accepted and vice versa. 

In addition to the t-value, significance can also be determined from the significant value or p-value 

in the table of t-test results (column sig. (2-tailed)). The basis for decision-making is if the sig. (2-tailed) 

<0.05, indicating a significant difference between the initial variable and the final variable (H1 accepted). 

There is a significant effect on the difference in the treatment given to each variable. However, if the sig.  

(2-tailed) >0.05, indicating no significant difference between the initial variable and the final variable (H0 

accepted). Also, there is no significant impact on the difference in the treatment given to each variable. The 

significance value of the control class is 0.081, while the experimental class is 0.000.  

For the control class, H0 is accepted, meaning that the treatment given to students in the control 

class has no significant effect on the results of the pre-test and post-test results of students. For the 

experimental class, the significance value is <0.05, which shows that H1 is accepted. This means that the 

treatment given to the experimental class (experimental demonstration method) has a significant effect on 

students’ post-test results. Further conclusions mean that the experimental demonstration method has a 

significant influence on learning outcomes, especially effective for conveying the concept of adsorption to 

students. 

 

 

Table 6. The paired sample t-test result 

 
Paired differences    

 
Mean 

Std. 

Deviation 

Std. Error 

mean 

95% confidence interval of the difference 
t df 

Sig.  

(2-tailed)  Lower Upper 

Control Pre-test 
Post-test 

-11.000 22.694 5.859 -23.567 1.567 -1.877 14 0.081 

Experiments Pre-test 

Post-test 
-17.667 11.932 3.081 -24.275 -11.059 -5.734 14 0.000 

 

 

4. CONCLUSION 

The study explained step-by-step process in calculating t-test using SPSS and interpret the results. 

To support this study, we also carried the bibliometric research for understanding the research trend for the 

use of t-test, confirming that the t-test analysis was widely used in research in the medical and educational 

fields. This research provides a visualization of the use of the t-test in various research fields and provide step 

by step to conduct the t-test using SPSS and also how to interpret the results. 
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