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ABSTRACT  

In the modern education system, a minimum class attendance becomes a necessary 

criterion for eligibility for the final semester examination in most educational 

institutes. This criterion of minimum attendance threshold value has no direct 

influence on the final grade of the students. Still, many institutes made it 

mandatory for students to keep a minimum attendance percentage. However, the 

introduction of a continuous internal evaluation process in the education system 

has increased the importance of class attendance as it directly influences class 

participation, which is one of the components of continuous internal evaluation. 

In this article, the impact of attendance has been assessed by applying a set of 

different techniques, namely, correlation analysis, regression analysis, clustering 

analysis, and decision tree for business school students on their continuous 

internal evaluation marks. Here three attendance-related variables, namely, the 

attendance percentage for the first half of the semester (FHA), attendance 

percentage for the second half of the semester (SHA), and total percentage 

attendance (TA) have been considered as independent variables. Tools like 

correlation analysis and linear regression analysis have been deployed to find the 

statistical association and type of statistical association between attendance-

related variables and continuous evaluation marks. Further, k-means clustering 

has been applied and the two distinct groups are identified. These two groups or 

clusters are further analyzed using a decision tree to provide useful insight into 

the relation between marks and class attendance. The result indicates that the 

students who maintain good attendance at the initial half of the semester are more 

prone to get good continuous internal marks or grades and the students who have 

higher overall attendance are more consistent in academic performance.  

Keywords: Business school student, class attendance, continuous internal 

evaluation, regression analysis, correlation analysis, clustering analysis  

  

A. Introduction  

Attending a physical class in different educational institutions has been considered 

as important as it provides an opportunity for the teacher or faculty members to 
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directknowledge transfer to the students (Elmore &Gieskes, 2013). Keeping this 

point in mind, a major number of different academic institutions around the world 

make it compulsory to attend classes with a minimum attendance threshold (Cohn 

& Johnson, 2006). However, the research, conducted till now, provides evidence 

that there is no direct relationship between success in life and class attendance 

(Devadoss & Foltz, 1996; Berić-Stojšić et al., 2020). However the impact of class 

attendance on academic success is observed in different literature (Aldosary, 1995; 

Al Hazaa et al.,2021). However, in the case of school students, the impact of 

attendance the academic performance is very less (Büchele, 2021). These studies 

mostly dealt with the traditional evaluation process of the written exam process. 

In modern times, the evaluation methods have been changed drastically and 

components like multiple class tests, assignments, and class participation are used 

as measures of academic performance. These components are often called the 

continuous internal evaluation components, to evaluate the students by the day-to-

day activities inside the class classroom. The main advantage of such a valuation 

process is that academic performance is not dependent on the examination day’s 

performance. In such circumstances, attendance becomes more important as the 

absent students may miss some of the evaluation components. But, while talking 

about the high school study the findings show that class participation has a positive 

impact on academic performance, which contradicts the previous research as here 

more continuous evaluation components are used for academic performance 

evaluation (Durden, & Ellis,1995; Cohn, & Johnson, 2006; Silva et al., 2010). The 

research by Durden & Ellis, (1995) found that in the case of courses like 

economics, where the students need to understand and critically think about the 

core concepts of the subjects, higher attendance plays a crucial role in improving 

the average score in the exam as the students with higher attendance provide 

continuous exposer to the interlinked economic concepts. This type of similar 

impact of attendance could be found in the studies on college students, where a lot 

more understanding of core knowledge of the subjects and application of bookish 

knowledge is required. The study by Khan et al., (2003) reveals students with 

better lecture attendance have better final grades than the students, who have lower 

attendance. A quantitative measure of this effect of attendance on final exam scores 

can be found in the research by Dobkin et al., (2010). The authors estimate the 

10% increment in the overall attendance increases by 0.17 standard deviation of 

the final exam score. A positive correlation between attendance and grade 

performance was observed in the research by Haque, (2012). The research by 

Bamuhair et al., (2016) indicates that the students who attend the lectures have 

higher grades in the college education system. Similar results are found in the 

studies by other researchers like Kwenda, (2011), Kwak et al., (2019), Kim et al., 

(2020), and Khan, (2022).  
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In literature, the different type of factors related to attendance is considered and 

these different factors have different types of importance on the student learning 

and development. These different types of factors are studied by the researchers to 

find their exact impact on the final grade or academic performance of the students. 

The positive impact of the lecture classes was described in the research by 

Paisey&Paisey,(2004) and the results of the study indicate that the students, who 

are regular in the lecture classes are more successful in academic activities and the 

indication of this academic excellence can be found in the literature (Marburger, 

2001), which shows that the students with higher attendance are more responsive 

inside the classroom. Similar kind of findings are also found for blended learning-

based pedagogy in the article by López-Pérez, et al. (2011). Another interesting 

finding can be observed in the research article by Lowder, et al., (2015), which 

concludes that attendance matters in the case of the courses, where the basic 

knowledge or the fundamentals of a subject is taught. According to Lowder et al., 

(2015), the impact of attendance is very less on the grade points as the grade points 

are awarded for a particular range of marks. The research conducted by Kaushik, 

et al., (2023), on the Batchelor of Technology (BTech) students, indicates that there 

should not be a long gap between the classes, which impacts the attendance of the 

students and further deteriorates the students’ academic performance. Mainly in 

literature the attendance of lecture classes, tutorial classes, attendance in advanced 

courses, attendance in introductory courses, and the difference between two 

consecutive classes are considered along with other demographic factors. As this 

research only focuses on class attendance, attendance-related literature is more 

explored for the literature review. This article focuses on attendance-related factors 

and uses new factors like First Half Attendance (FHA) for the semester, which is 

nothing but the attendance till the mid-semester examination and another isSecond 

Half Attendance (SHA) which is the post mid-semester examination. These 

variables are rarely used in the available past literature and this produces an 

opportunity for exploring their impact on the continuous internal evaluation marks. 

Also, the Total percentage Attendance (TA) of the semester has been used for the 

study along with the previously mentioned two new variables or factors. The 

response variable considered here is the Percentage of Total Internal Continuous 

(CT) evaluation marks for business school students. All the factors are considered 

in percentage value for uniformity and as per the convenience of the analysis. The 

article mainly focuses on the business school academic activity as the courses 

offered to the students are highly practical and required proper knowledge transfer 

through proper class activity.  

The organization of the article is started with an introduction to the research topic 

then methodology describes the collected data used for conducting the study and 

the tools used for data analysis in brief. The next section discusses the results and 

the final section concludes the article.  
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B. Methodology  

The article deployed correlation analysis, regression analysis, cluster analysis, and 

decision trees for analysing the data. The correlation analysis is used to understand 

the association between the three attendance-related factors FHA, SHA, and TA, 

which may influence the response variable CT. This association information is then 

used to describe the insights obtained about the type of possible statistical 

relationship between the FHA, SHA, and TA and the response variable CT. Finally, 

a clustering analysis hasbeen performed to find multiple groups or clusters to know 

the hidden insights, which is useful to concretize the specific relationship between 

them. Here the decision tree method is used to find out the insight with the clusters. 

A schematic of the methodology of the article has been provided in Figure 1. The 

details of the used techniques in this methodology have been described in the 

consecutive subsections for a better understanding of the proposed methodology.  

 

  

Figure 1. Methodological flow  

  

Data Description  

This research uses 448 data points from a business school for the study. The data 

contains information about attendance percentage for the first half (FHA), 

attendance percentage for the second half of the semester (SHA), Total attendance 

percentage (TA), and percentage of marks in continuous internal evaluation (CT). 

CT has several components like one class test, two quizzes, Assignments, and 

Class participation. The weightage of the class participation was 14.29% which is 

quite significant and this component is indirectly influenced by the attendance of 
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the student. Convenient sampling has been deployed to collect the data and the 

data has been collected from a business school for both undergraduate and 

postgraduate students. Here the demographic, gender, and age information are not 

collected due to privacy concerns and the author tries to avoid the comparative 

study based on gender and age. The descriptive statistics for the data have been 

provided in Table 1. The marks concerning total attendance have been plotted in 

Figure 2. Similarly, the CT values for FHA and SHA are plotted in Figure 3 and 

Figure 4 respectively.  

  

Statistic  FHA (%)  SHA  
(%)  

TA  
(%)  

CT  
(%)  

No. of observations  448  448  448  448  

Minimum  0.000  0.000  0.000  0.000  

Maximum  100.000  100.000  97.730  99.290  

Median  71.595  73.680  72.900  79.290  

Mean  66.998  63.297  68.195  74.099  

Standard deviation (n-1)  21.927  29.172  19.073  15.381  

Table 1. Descriptive statistics for the collected data  

  

Table 1 shows the mean of all three types of attendance is more than 60% and 

the median is more than 70%. Another fact regarding the continuous internal 

evaluation is the higher mean and median value, which is more than 70%. The 

standard deviation indicates 19.073% total attendance change, and the CT 

change is 15.38%. The three scatter plots show that in Figure 2 and Figure 3, 

the students with attendance of around 80% have very good scores. But in the 

case of Figure 4 the students with good scores are distributed over the different 

range of attendance percentage values.  

  

Figure 2. Scatterplot for TA (%) and CT (%)  
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Figure 3. Scatterplot FHA (%) and CT (%)  

  

 

Figure 4. Scatterplot SHA (%) and CT (%)  

  

The regression analysis is a method where a relationship between the independent 

variables and dependent variables are established as per the collected data to 

describe a phenomenon, which not necessary a causality. In this regression 

analysis, the data has been randomly divided into two parts one is training and 

another is testing part. This approach for using two different datasets for building 

the model and testing the model is required for testing the effectivity of the model 

in case of unknown set of information. The Training data statistical description has 

been provided in Table 2. The sample size for the training data is 326, where no 

missing data is observed. Here all the factors and response variable are 

summarized with the information like minimum value, maximum value, mean and 

standard deviation value. On the other side, similar information about the test data 

set has been provided in Table 3, which have the sample size of 122.  
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Variable  Observation 

s  
Minimu 

m  
Maximu 

m  
Mean  Std. 

deviation  

CT (%)  326  0.000  99.290  73.589  15.390  

FHA (%)  326  0.000  100.000  66.609  22.193  

SHA (%)  326  0.000  100.000  63.633  28.835  

TA (%)  326  0.000  97.730  68.148  18.964  

 Table 2.  The summary 

  

 of training d ata   

Variable  Observations  Minimum  Maximum  Mean  Std. deviation  

CT (%)  122  0.000  97.500  75.461  15.338  

FHA (%)  122  0.000  100.000  68.037  21.255  

SHA (%)  122  0.000  100.000  62.398  30.155  

TA (%)  122  9.680  95.700  68.320  19.439  

Table 3. The summary of testing data  

  

Correlation Analysis  

Correlation analysis is a method to know the type of association between two 

variables. Here in this article, Pearson correlation analysis has been deployed to 

find the correlation coefficient value between the factors and response variable 

(Pearson, 1896). The Pearson correlation coefficient (𝑟𝑝) calculation expression 

has been provided in equation 1, where 𝑥𝑖, 𝑦𝑖 are two variables. The insight about 

the data needs to be known to use for better understanding of association between 

the independent variable and dependent variable. This has been provided in Table 

4.  

  

  

 
   FHA  SHA  TA (%)  

 (%)  (%)  

      CT (%) 0.218*  0.138  0.194   

*Indicates significance in 95% confidence level   

Table 4. Correlation analysis summary  

Regression Analysis  
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Regression analysis is a process for establishing the statistical relationship between 

dependent variable and independent variables (Pearson, 1896). Here the most 

common type of regression analysis, which is linear multivariate type, has been 

utilised for the understanding how the continuous internal evaluation mark is 

influenced by the attendance. The use of regression analysis for estimating or 

predicting the grade can be found in the research by Khan, & Al Zubaidy, (2017), 

Ayyappan, (2019), Alsariera et al., (2022) and Virtanen, &Tynjälä, (2022). The 

linear multivariate regression model is expressed in a form of mathematical 

expression provided in equation 1, where      is estimated value of dependent 

variable, 0is intersection and indicates regression coefficient and  

indicates the independent factors.  

                   (2)       

  

The main assumption is that the independent and dependent variables are 

following normal distribution. The summary of the regression model has been 

provided in Table 5, where the information about the regression coefficients, 

intercept and p-values are tabulated. The regression model has been first derived 

based on the training data, which is summarized in Table 2. Further the described 

regression model in Table 5 has been tested in using the testing data mentioned in 

Table 3. The performance measurement of the derived regression model has been 

provided in the form of summary for goodness of fit in Table 6. The detailed 

insights form the Tables are described in the discussion section.  

  

  

Source  Value  Standard error  t  Pr> |t|  

Intercept  62.348  3.119  19.989  <0.0001  

FHA(%)  0.157  0.068  2.315  0.021*  

SHA(%)  0.055  0.040  1.355  0.176  

TA(%)  -0.040  0.097  -0.412  0.681  

 *Indicates significance in 95% confidence level   

Table 5. Regression model summary  

  

Statistic  Training set  Validation set  

Observations  326  122  

DF  322  118  

  R²  0.054  0.71   
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Table 6. Goodness of fit statistics (*CT (%))  

  

Cluster Analysis  

Cluster analysis is a process of grouping the data based on the similarity of each 

sample. The cluster analysis is an unsupervised type of learning and it helps the 

authors to find the similarities among the data, which reveals the hidden pattern 

inside the data (Sinaga & Yang, 2020). These hidden patterns are further analyzed 

and used to describe the possible conditional relationship among the response 

variable and the factors (Aggarwal, & Sharma, 2019). The K- means algorithm 

has been utilized for conducting the clustering analysis. K means algorithm is a 

simple clustering method based on the Euclidian distance, which helps to identify 

the nearest data points of the centroid values (Chang et al., 2020). The Euclidian 

distance measurement expression has been provided in Equation 3. The 

clustering of K means the algorithm is simple but for that the K or number of 

clusters should be predefined. Here two methods are used for identifying the 

optimal number of clusters one is within cluster inertia and another is the 

Silhouette scores calculation. The within-cluster inertia values are plotted with 

respect to the number of clusters in Figure 1. The Silhouette scores for a specific 

number of clusters are provided in Table 7. It can be observed that for two cluster 

values the within-cluster inertia and Silhouette scores are highest. As a result of 

this, the optimal cluster number is selected as two. The initial centroids and final 

centroids are provided in Table 8. The summary of the two clusters is provided 

in Table 9.  
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Figure 5. Within cluster inertia  

  

Cluster  2  3  4  5  

   Silhouette scores  0.428  0.421  0.344  0.29 
3    

Table 7. Silhouette scores with respect to the number of clusters  

  

In Table 8, The initial and final centroid information are provided for the 

understanding of the centroid change during the process of K means clustering. 

After clustering the standard deviation and coefficient of variance are calculated 

for both clusters for understanding the uncertainty and consistency within the 

clusters. The calculation formula for the standard deviation (  ) has been 

provided in Equation 3 and the coefficient of variance ( ) has been calculated 

based on Equation 4. Here higher standard deviation indicates higher 

uncertainty and a lower coefficient of variance indicates better consistency 

within the data.  

  

Where x is the data point and N is number of observations.  

                            (4)  

Where indicates the mean and is standard deviation.  

  

 
Cluster  Centroid  FHA%  SHA (%)  TA (%)  CT (%)  Sum of  Within- 
 Weights  clustervariance  

 

 Final  55.845  32.841  51.722  72.030  180.000  1758.394  

 𝜎  25.302  21.785  17.836  18.827      

 𝖯  0.458  0.644  0.345  0.263      

2  Initial  67.327  61.937  68.060  74.505      

 Final  74.329  83.800  79.258  75.488  268.000  616.477  

 𝜎  15.114  10.943  8.689  12.191      

 
𝖯  

0.201  0.130  0.109  0.161      

 
𝜎: Standard deviation; 𝖯: Coefficient of variance   

1   Initial   66.507   64.618   68.320   73.720       
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Table 8. Initial and final centroid of the clusters  

Table 9 indicates the number of members within cluster 1 is 180 and in cluster 2, 

it is268. The within cluster variance indicates the span of the cluster and calculated 

average distance to centroid indicated how far the members are situated inside the 

cluster. Less value for both clusters is desirable for good cluster performance. 

Hence, cluster two performs better in comparison to the cluster 1.  

Cluster  1  2  

Number of objects by cluster  180  268  

Sum of weights  180  268  

Within-cluster variance  1758.394  616.477  

Minimum distance to centroid  6.914  4.055  

Average distance to centroid  38.553  22.176  

Maximum distance to centroid  97.008  82.198  

Table 9. Cluster details  

The two clusters are further analysed using the decision tree. The grades for the 

continuous evaluation are considered as the target variable and the levels are 

defined based on the range of percentage and are provided in Table 10. According 

to these levels the decision trees are created and presented in Figure 6 and Figure 

7. Here the focus is on the grades O, A+ and A. So, for these grades the rules are 

analysed separately and the attendance values are observed for useful insights.  

  

  

  

 
 Sl.No Grad CT % range  

 .  e  

 

2  A+  85% ≤ 𝐶𝑇< 90% 3  A  80% ≤ 𝐶𝑇< 85% 4  B  70% ≤ 

𝐶𝑇< 80% 5  C  60% ≤ 𝐶𝑇< 70% 6  D  50% ≤ 𝐶𝑇< 60% 7  P 

 40% ≤ 𝐶𝑇< 50% 8  F  𝐶𝑇< 40%  

 
Table 10. Grade definition with percentage marks  

  

1   O   % ≤  90 𝐶 𝑇   
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Figure 6. Rule visualisation for Cluster 1  

Cluster 1 indicates that the student with total attendance from 60% to less than 

63% achieved the score A+. The added condition is that they must maintain 49% 

attendance before mid-semester examination (refer Figure 6). On the other hand, 

if the total attendance is more than 53% and the attendance before mid-semester 

examination is more than equal to 55% then the chance of getting grade score A is 

higher. Total attendance of less than 48%, 55% attendance before midsemester 

examination and after mid-exam, the attendance of less than 37%, produce a higher 

chance of getting O.  

  

In the Case of cluster 2, if the attendance percentage before mid-semester 

examination is less than 77% and after midsemester exam, the attendance is less 

than 71%, produce higher chance of getting a grade score of A+ (refer Figure 7). 

Similarly, if the attendance of the student before mid-semester exam is less than 

89% and the attendance post mid semester exam is greater or equal to 87% then 

there is a high chance of achieving a grade score of A. In this cluster for getting O 

grade the total attendance should be less than 76% but the attendance before 

midsemester exam should be greater than or equal to 78% and the attendance in 

the post mid semester exam should be less than 87%.  
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Figure 7. Rule visualization for cluster 2  

In this article for the two clusters very few rules are generated for grades C and D. 

For example, only cluster 2 is the rule, which indicates the attendance in the first 

half of the semester should be more or equal to 77% and less than 78% can produce 

a score of D grade with additional condition is that the attendance in the second 

half of the semester should be less than 87%. For, C grade cluster 1 indicates the 

total attendance should be greater or equal to 33% and the attendance in the first 

half of the semester should be less than 32%. In cluster 2, similar grade two rules 

are there, here only the rule with a higher percentage of probability has been 

provided. The rule indicates that a student has a higher chance of getting a grade 

score of C if the total attendance is greater or equal to 76% and attendance in the 

first half of the semester is between 78% and less than 87%. The rule also indicates 

that attendance in the second half of the semester should be less than 78%. In the 

case of grade B also the rules having higher chances have been mentioned here. In 

cluster 1, the total attendance should be less or equal to 33%. On the other side, 

cluster 2 indicates if the total attendance is greater or equal to 76% and the 

attendance in the first half of the semester is within 87% to 91% along with less 

than 87% attendance in the second half of the semester provide a higher chance of 

getting a grade score of B.  
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C. Discussion  

In the data analysis, it can be found that the attendance components have very little 

correlation between the attendance indicative factors, namely, FHA, SHA, TA, and 

the response variable CT. Here one important finding is the correlation between 

FHA and CT is significant (refer to Table 4). This indicates that attending the 

classes before the mid-semester examination has some statistical association with 

the result but the association strength is very low. Further for more insight can be 

gained from the regression analysis. Table 5 clearly indicates that there is a positive 

impact of attendance on the marks obtained in the continuous evaluation process. 

This positive impact is significant. The main reason for such observation is the 

students, who are attending the classes are more familiar with the topics that are 

taught in the class and because of that, they have a higher chance of scoring good 

marks in the mid-semester exam, which have a significant proportion in the 

continuous internal evaluation. Also, most of the assignments and class activities 

tend to happen in the first half of the semester. Also, the regression analysis 

indicates that in the case of training data and testing data the three attendance-

indicating factors able to explain the variance in the CT only of 5.4% and 7.1% 

respectively (Refer Table 6). This also indicates other factors may be responsible 

for the larger amount of variance which is not explained by the three factors, 

namely FHA, SHA, and TA. So, this analysis failed to give any generic model for 

estimating the grade through attendance based on the data. As a result of that the 

decision tree is deployed to extract the attendance-based rules for getting good 

grades during the examination.   

 Based on the correlation and regression analysis it is very hard to estimate the 

grade of the students using the attendance information as there may be some cases 

where the individual students’ merit plays a major role in getting a good grade. So, 

in this sample may be different types of groups, of different natures, are there and 

identification of them is necessary to conclude. The K means algorithm has been 

deployed in this article and two distinct groups are identified in this process. These 

two groups are very different in nature and that can be observed in the group 

information provided in Table 8 and Table 9. The cluster 1 is have average 

attendance significantly less than the cluster 2 or group 2. But the marks-wise the 

cluster 1 have an average of 72.03% and cluster 2 has average of 75.488%. If the 

standard deviation and consistency are checked then cluster 2 or group 2 is better 

than cluster 1. This concludes that the students with good attendance are more 

consistent than the students, who have less class attendance. This indicates that the 

students who have good class attendance have a higher chance of getting good 

grades in the continuous evaluation process. Finally, the decision tree indicates 

some remarkable rules for obtaining good grades (O, A+, A). The first cluster 

indicates (refer Figure 6) though the students have less than 48% total attendance 

still it can give an O grade if the attendance before the mid- semester examination 

is more or equal to 55%. So, just coming to the class in the first half of the semester 
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can give a student a good grade. Similar types of rules can be observed for the A+ 

grade. The students should maintain total attendance with 60% to 63% and must 

maintain an attendance of a minimum 49% in the first half of the semester. 

Achieving an A grade is easier if the total attendance is maintained at 53% and the 

attendance should be 55% till the mid-semester examination. The second cluster 

(refer Figure 7), however, indicates that good grade can be achieved through 

maintaining good attendance. O grade can be achieved with total attendance 

should less than 76% but attendance before the midsemester exam greater than or 

equal to 78% and attendance in the post mid semester exam should be less than 

87%. If the attendance percentage before the mid-semester examination is less than 

77% and after the midsemester exam the attendance is less than 71%, it gives a 

higher chance of getting an A+ grade. Similarly, if the attendance of the student 

before mid-semester exam is less than 89% and the attendance post mid-semester 

exam is greater or equal to 87% then there is a high chance of getting an A grade.  

  

D. Conclusion  

The study concludes that the attendance components are very less statistically 

associated with marks. The regression analysis indicates that the attendance before 

the mid-semester examination has significant impact on the internal continuous 

evaluation. The cluster analysis indicates that the students with less attendance are 

less consistent in case of obtained marks in case of an internal continuous 

evaluation process in comparison to the students, who have higher attendance in 

the class. This makes the students with higher attendance more predicTable about 

good academic performance. Finally, the cluster analysis indicates it is very hard 

to predict the grades of the students as the obtained rules show some remarkable 

pattern which indicates a student can achieve good grades if the student maintains 

attendance of around 50%. The two clusters indicate the students who participate 

more in the classes before the mid-semester exam have higher chances of getting 

a good grade.  
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