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Abstract1 

Background/Objective. The COVID-19 has accelerated the conduct of online classes around the world. To 

administer distant learning, schools are now relying on learning management systems.  With the problems of the 

abrupt shift to an online modality, there must be measures in place to cluster students’ characteristics in order to 

assist their learning requirements, struggles, and academic performances. Methods/Statistical Analysis. Based 

on Delone and McLean’s IS Success model, this study used quantitative approaches and exploratory techniques 

to explain the higher education learners’ clusters. From March to April 2021, 303 samples were randomly 

selected from students participating in online programs at a higher education school on Taft Avenue in Manila. 

Sex, school, frequency of use, time duration, and experience with the LMS were all factors in the study. Both  

Hierarchical Cluster Analysis and K-Means Cluster Analysis were used to classify the samples. Findings. The 

results revealed that there are four clusters formed which are labeled as: service-oriented, system quality-oriented, 

holistic-oriented, and LMS-averse. Based on the results, information quality has the greatest influence. Since the 

clustering analysis is non-inferential and it is used as an exploratory technique, the researchers do not guarantee a 

unique solution as this depends on the elements of the subjects and the variables used. Improvements/Applications. 

The academic stakeholders can use the cluster analysis to make the appropriate interventions to improve the 

online course content and enhance the students’ academic performance. Some of these appropriate interventions 

include creating course policies, planning the necessary training of teachers and students, and developing the 

online delivery of the lessons. 
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I. INTRODUCTION 

 

The governments worldwide were forced to close 

schools, colleges, and universities because of the 

impact of the COVID-19 pandemic [1]. Decision-

makers were caught off guard; students were 

unprepared, and the teachers were left untrained. As 

of October 26, 2021, there are more than 55,011,070 

affected students with 14 countrywide school 

closures including the Philippines [2]. There have 

been 2,666,562 confirmed cases of COVID-19, 

2,536,011 recoveries, 39,624 deaths, and 19,597,787 

vaccinations administered in the Philippines as of 

October 10, 2021 [3]. In response to the mandatory 

school closures, colleges and universities around the 

world shifted to distance learning [4]. 

In the Philippines, the Commission on Higher 

Education (CHED) allowed higher education 

institutions to implement alternative distance 

learning modes [4]. Distance learning can be 

facilitated in two ways: modular learning or as a full 

online modality. A substantial number of higher 

educational institutions in the Philippines have 

minimal experience in conducting flexible learning 

systems. Many HEIs affirm that they are capable in 

creating materials for flexible learning [5]. This 

challenge is aggravated by the existing challenges 

the Philippine education industry is facing prior to 

the pandemic [6]. For schools to remain operational, 

the teachers are compelled to adopt these new 

approaches [7]. 

The goal of this study is to develop a diagnostic tool 

that will identify student clusters based on the IS 

Success Model's three relevant variables [8] by 

employing hierarchical cluster analysis and k-means 

analysis. However, this study does not guarantee a 

unique result because it is dependent on the variables 

used and the characteristics of the subjects. 

Clustering is a statistical procedure that classifies 

various objects into clusters or groups that exhibit 

similarities within a group and differences from 

different groups [9]. The K-Means algorithm groups 

several items into user-defined clusters [10]. In terms 

of measuring the student characteristics based on 

LMS performance, there are scarcely any studies that 

were conducted using the clustering technique. 

Previous studies employed clustering to examine the 

students’ LMS activity patterns related to student 

outcomes [11] and identify if students display 

various learning behaviors [12]. The results of the 

clustering analysis can enable the school 

administrators and teachers to determine specific 

LMS features that will support the students’ goals 

[13] monitor the students, particularly those who 

struggle with their academic performance [12], 

define patterns of performing and non-performing 

students [14], and enable the teachers to determine 

students who are engaged and the factors that will 

increase student engagement [15]. 

 

Conceptual Framework 

Three IS success factors are considered as clustering 

variables in the conceptual framework, namely 

system quality, information quality, and service 

quality based on Delone and McLean’s [8] IS 

Success Model. A two-stage cluster analysis was 

conducted to determine the optimal number of 

clusters based on distance or proximity. The second 

stage was performed to determine the clusters based 

on the mean of the specified number of clusters in 

stage one. In addition, it will also determine the 

cluster membership for each student. The outcome 

will be the interpretation of the clusters in the context 

of the LMS performance and its implications. The 

conceptual framework of the study is illustrated 

below in Figure 1. 

 

 
Figure 1. Conceptual Framework 

Note. Conceptual framework was based on Delone 

and McLean’s [8] IS Success Model 

 

Research Question 

To classify the student characteristics in an online 

environment, the researchers pose this central 

research question and its corresponding sub-

question: 

a. What are the clusters of students based on 

the characteristics of LMS performance in terms of 

system quality, information quality, and service 

quality? 

b. What does the cluster analysis results reveal 

about the students’ service gaps or needs in using the 

LMS? 

 

 

II. METHODS 

A. Research Design 

The research employed quantitative method and 

exploratory techniques for the clustering analysis. 
The investigation was designed for data reduction 
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into cluster or specific groups. The conceptual 

support of the cluster modeling was based on three 

dimensions of Delone and McLean’s [8] IS Success 

Model, with some modifications. 

 

B. Participants  

Samples were drawn using simple random 

technique. There were 10,217 enrolled students in 

the College during the data collection. Using 

Slovin’s formula, the calculated sample size is 385. 

The authors randomly emailed 385 students enrolled 

in various courses using BigSky, the official LMS of 

the De La Salle-College of Saint Benilde (DLS-CSB). 

The researchers collected 303 responses, with a 

response rate of 78.7%. The 303 respondents were 

enrolled from various schools of DLS-CSB:  School 

of Design and Arts, School of Diplomacy and 

Governance, School of Hotel, Restaurant and 

Institution Management, School Management and 

Information Technology, and School of Professional 

and Continuing Education. 

Since cluster analysis does not relate to any 

statistical inference issues [16] the researchers relied 

on the submitted responses. The researchers do not 

aim to generalize from a population. The collected 

responses are perceived as the training data of the 

cluster analysis technique.  

 

C. Measures  

The instrument was made by the researchers in 

the form of a survey questionnaire. The instrument is 

divided into respondent profile and the actual survey 

questions. The demographic profile is composed of 

sex, school, frequency of use, time duration, and 

experience in using the LMS. The variables used to 

classify the cases came from the IS Success Model 

(Delone and McLean, 2003) particularly System 

Quality, Information Quality and Service Quality. 

System Quality (SQ) is composed of indicators SQ1, 

SQ2, SQ3, and SQ4. Information Quality (IQ) is 

represented by indicators IQ1, IQ2, IQ3, and IQ4. 

Lastly, the Service Quality (SV) construct is derived 

from indicators SV1, SV2, SV3, and SV4. All 

indicators used a 4-Point Likert Scale (1-Strongly 

Disagree, 2-Disagree, 3-Agree, 4-Strongly 

Disagree).  

 
D. Reliability 

The instrument was subjected to an internal 

consistency test using Cronbach Alpha. The results 

show that SQ has an excellent internal consistency 

(0.922); IQ also registered excellent reliability; the 

SV variable is also excellent (.954). All composite 

variables have four indicators each or a total of 12 

items. Overall, the 12 items had an internal 

consistency of 0.958 (Excellent).  

 

D. Validity 

A factor analysis, particularly the Principal 

Component Method, was applied to determine the 

number of factors. In measuring the validity of SQ 

comprising of four indicators, the result showed only 

one component with an Eigenvalue of 3.24 and 

explained 81% of the variance of the component. IQ 

yielded a single factor with a variance explanation of 

82% (Eigen=3.29). Lastly, the results for SV also 

showed that there is only one component that 

explains its variance by 88% (Eigen=3.52). All 

variables registered only one component or factor. 

This confirms the three constructs’ validity. 

Kaiser-Meyer-Olkin Measure of Sampling 

Adequacy results indicated that SQ, IQ, and SV 

exceeded the minimum threshold of 0.50, which 

means that the factor analysis is useful for the data 

(SV=0.843, IQ=0.847, SV=0.873). Moreover, 

Barlett’s Test of Sphericity also reinforced the KMO 

findings with all factor values below the threshold of 

0.05. Hair et al. [17] proposed that values greater 

than 0.5 are acceptable and the values between 0.7 

and 0.8 are considered good.  

 

Statistics Attitude Scale 

The instrument employed nominal scale for 

demographic profile particularly for gender and 

school. The constructs were measured using an 

interval scale, applying a four-point Likert scale 

ranging from Strongly Agree to Strongly Disagree.  

E. Procedures  

Gathering of data for analysis was conducted from 

March until April 2021 using an online 

questionnaire-based survey via Google Forms. 

Samples were randomly selected from the email 

address of students currently enrolled in various 

courses. An email was sent to the target respondents 

along with the link to the online questionnaire. The 

responses were collected through the real-time 

automatic summaries of Google Forms. 

The College currently does not have an existing 

research ethics review committee. However, the 

researchers ensured that the ethical protocols were 

followed, particularly on voluntary participation of 

the subjects, the freedom of the potential subject to 

refuse, the anonymity of the subjects, and 

confidentiality of information supplied. Participants 

were not given any reward or any form of 

remuneration. Moreover, the respondents were not 

subjected to any form of inducement, coercion, 

intimidation, or undue influence. Precautions were 

also taken so that the subjects well-being will not be 

affected by any negative results of the study. The 

clustering results is not used to discriminate the 

students because of their classification. 
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F. Data Analysis 

Descriptive statistics were employed to summarize the 

data from the profile and the indicators. Visualization 

was used to analyze central location and dispersions. 

The research used both hierarchical and k-means 

clustering techniques. The hierarchical clustering 

method was used to establish a strong and viable 

number of clusters based on Ward’s method and 

Squared Euclidean Distance measure. The optimal 

cluster solution was based on the largest increase in the 

coefficient or dissimilarity between two adjacent stages 

indicating merging dissimilar cluster [8,22]. Once the 

hierarchical results are completed, the K-means was 

utilized to determine each case’s membership to each 

cluster. The distances of each case in their respective 

cluster were analyzed, and the distances among the 

various clusters were calculated. The characteristics of 

the clusters were analyzed based on system quality, 

information quality, and service quality orientations. 

Each cluster was given a particular classification label 

to contextualize it to LMS 

 

III. RESULTS 

A. Demographic Profile 

The study subjects are demographically 

characterized by sex, school, frequency of use, time 

duration, and experience using the LMS. The number 

of males (N=183) accounted for 61 percent 

compared to females with 39 percent (N=118). The 

School of Management and Information Technology 

represents 76 percent (N=229) of the samples, 

followed by Design and Arts with 16 percent (N=49). 

The other schools accounted for only 4 percent 

(N=25) of the total observations. 

The data shows that 78 percent of the subjects 

use the LMS ‘daily’ (N=235) while 20 percent 

(N=61) use it ‘weekly.’ In terms of the duration of 

use, 29 percent (N=86) utilize the system on an 

average of 2 hours. On-hour usage accounted for 17 

percent (N=52). Almost equal percentage (14%) of 

usage were found between 3-4 hours. Usage above 

two hours represents 54 percent (N=165).  

The profile of the subjects in terms of LMS 

experience, by the number of the trimester, shows 

that 55 respondents used it for only one trimester 

(17%), while 86 have used it for two trimesters 

(13%). Three trimesters (or one year) experience 

accounted for 15 percent (N=46). Seven trimesters 

(approx. two years) of experience represented 10 

percent (N=33). The remaining user’s experience 

over and above seven trimesters is 19 percent (N=58). 

 

B. Descriptive Statistics 

The summary statistics of the various factors 

such as software, information, and service 

dimensions with their corresponding indicators or 

items are described in Table 3 below. SQ factor has 

an overall average of 3.30 (SD=.797), which is 

interpreted as ‘Satisfactory.’ SQ was the only item 

with a ‘Very Satisfactory’ rating among the 

indicators for this factor. Information Quality (IQ) 

registered a mean of 3.30 (SD=.776) interpreted as 

‘Satisfactory.’ Item SQ3 has the highest average of 

3.40 (SD=.765), which is considered ‘Satisfactory.’ 

SV averaged 3.30 (SD=.768), which is interpreted to 

be ‘Satisfactory.’ The individual item average of the 

SV factor is the same (M=3.00) except for SV2. All 

the items of this factor were interpreted as 

‘Satisfactory.’    
 

C. Hierarchical Cluster Analysis 

  Hierarchical Cluster Analysis (HCA) was used to 

determine the similarity of students based on three 

variables: System Quality, Information Quality, and 

Service Quality. An HCA was performed using 

Ward’s Method and Squared Euclidian Distance. The 

Dendrogram, as presented in Figure 4 below, shows 

four (4) heterogeneous clusters similar to their 

respective centroid distance. When clusters 1 and 2 

were combined with cluster 3, their cluster distance 

increased (approx. 5 to 15), or relatively dissimilar 

groups were combined 

 

Figure 4. Hierarchical Cluster Analysis based on 

indices System Quality, Information Quality and 

Service Quality 

 

The agglomeration schedule is presented below in 

Figure 5. It shows a significant increase from Stage 

299 to Stage 230, representing the coefficients 87 

and 130, respectively. This also indicates a huge 

dissimilarity when two clusters were joined in these 

stages (299 to 230).   

 

 

 
Figure 5. Agglomeration Schedule 
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IV. DISCUSSIONS 

Based on the HCA result of four (4) clusters, K-

Means was performed to identify the cluster 

characteristics based on their cluster centers and their 

distances with other clusters. The cluster 

membership of each case was recorded together with 

their distance from their respective cluster center. To 

answer the first research question, there are four 

clusters of students based on the characteristics of 

LMS performance in terms of system quality, 

information quality, and service quality. 

Cluster 1 comprises students who have a low 

appreciation of the influence of SQ and IQ but 

expressed relative satisfaction in terms of SV (1.50, 

1.50,2.94, respectively). The highest dispersion is 

found in SV (0.66), and they also have the highest 

dispersion compared to the other clusters. This group 

has an average of 1.98 (‘Dissatisfied’). The group 

accounted for the lowest membership (N=4). 

Cluster 2 exhibited high centroid values 

compared to Clusters 1 and 4. Compared to the other 

variables in this group, SQ registered the highest 

value (3.03). The two other variables are 

approximately similar (IQ=2.96; SV=2.92). The 

highest dispersion for this cluster is found in variable 

SQ (0.40). This cluster has the second-highest 

members (N=133). Overall, Cluster 2 has an average 

center of 2.97, interpreted as ‘Satisfied.’  

Cluster 3 ranked as the number one among the 

clusters. The variables SQ and IQ showed an equal 

3.79 centroid values while SV is 3.75. The group 

also represents the highest number of membership 

(N=153). This cluster has an average of 3.78 (the 

highest among the clusters.). This cluster is relatively 

dissimilar from Cluster 4, and it is closer to Cluster 2 

than the other clusters. This cluster is classified as 

‘Very Satisfied’). 

Cluster 4 registered the lowest centroid values 

ranging from 1.04 to 1.12. This group is closer or 

similar to Cluster 1. SQ represents the highest value 

compared to the other variables. This group has the 

second-lowest membership (N=13) and has the 

lowest average of 1.08 (‘Very Dissatisfied’). The 

cluster labels are based on the respondents’ 

inclinations on the selected I.S. Success Model [8] 

variables.  

There are four clusters generated from this study. 

The selected I.S. Success Model variables are system 

quality, information quality, and service quality. 

Service quality refers to the degree of service 

provided by the organization that administers the 

LMS [13]. System quality refers to the properties of 

the LMS [13]. Information quality refers to the 

integrity of the content materials in the LMS [13]. 

 

 

 

Table 5.  Summary Descriptions of the Clusters  

Cluster 1 
Service-Oriented  

Cluster 2 
System Quality-

Oriented 

Cluster 3  
Holistic-Oriented 

Cluster 4 
LMS-Averse 

- Dissatisfied with 

SQ and IQ areas. 

 
-Satisfied with SV 

 

 

-Average 1.98 
(Dissatisfied) 

 

Members = 4 

-Slightly needs 

support IQ and 

SV 

 
-Highly satisfied 

with SQ 

 

-Average 2.97 

(Satisfied) 

 

Members = 133 

-Very satisfied with 

the LMS (in all three 

areas) 

 

 

 

 

-Average 3.78  
(Very satisfied) 

 

Members = 153 

- Very dissatisfied and needs 

strong support in all areas of 

LMS (SQ, IQ, and SV) 

 

 

-Average 1.08 
(Very dissatisfied) 

 

Members = 13 

  

Cluster 1 is labeled service-oriented since the 

students who belong in this cluster are satisfied with 

the service quality that the College provides for its 

LMS usage but are dissatisfied with its system 

quality and information quality. Cluster 2 is labeled 

system quality-oriented since the students who 

belong in this cluster are highly satisfied with the 

system quality of the LMS, but they slightly need 

support in terms of information quality and service 

quality. Cluster 3 is labeled holistic-oriented since 

the students who belong in this cluster are very 

satisfied with the LMS in terms of service quality, 

system quality, and information quality. Cluster 4 is 

labeled LMS-averse since the students who belong in 

this cluster are very dissatisfied and need strong 

support in the service quality, system quality, and 

information quality factors of the LMS 

 

 

Figure 6. LMS Clustering 

 
The cluster analysis results reveal that the 

students have different service gaps or needs in using 

the LMS. As presented in Table 5 above, there are 

students who are dissatisfied with SQ and IQ, may 

slightly need support with IQ and SV (Cluster 2), 

and who may need strong support in all areas of the 

LMS (Cluster 4). The College may focus on the 

specific LMS needs of the students belonging to a 

particular cluster. 

The mean and standard deviation by variable and 

cluster, the summary of cluster analysis, and the 

clustering analysis of students based on SV, IQ, and 

SV are illustrated below in Figure 7, Figure 8, and 

Figure 9. 
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Figure 7. Mean and Standard Deviation by 

Variable and Cluster 

 

 

Figure 8. Summary of Cluster Analysis 
 

 

Figure 9. Clustering Analysis of Students 

based on SV, IQ, and SV 

Table 6 below shows the dispersion analysis 

using ANOVA. The F-ratios indicate the roles of the 

three variables in the formation of the clusters.  

 

Table 6.  Analysis of Variance for the Variables 

Systems Quality, Information Quality, and Service 

Quality
ANOVA 

 
Cluster Error F Sig. 

Mean Square df Mean Square df 

SQ 40.312 3 .116 299 347.249 .000 

IQ 43.070 3 .068 299 630.809 .000 

SV 38.863 3 .134 299 289.966 .000 

Note. The F tests should be used only for descriptive purposes because the clusters have been chosen to 

maximize the differences among cases in different clusters. The observed significance levels are not corrected 

for this and thus cannot be interpreted as tests of the hypothesis that the cluster means are equal. 

  
It is evident from the result that IQ has the 

greatest influence in forming the clusters (F=630.81) 

with SQ as the second (F=347). On the other hand, 

SV has the least influence (F=289.966) among the 

three.   

The result of the IQ bearing the strongest 

influence confirms the studies of Lee and Jeon [13], 

[18], Gay [19], and Yakubu and Dasuki [20]. The 

College should ensure that the quality of information 

in the online courses of the LMS are reliable, 

organized, and constantly up to date. It is also 

recommended that the teachers are trained in creating 

and uploading relevant and accessible information 

and or resources in their online courses [21].  

 

 

V. CONCLUSION 

To determine the different student characteristics in 

an online environment, this research employed 

Delone and McLean’s [8] updated IS success model. 

The conceptual framework included system quality, 

information quality, and service quality. Hierarchical 

cluster analysis was used to find the optimal number 

of clusters based on the system quality, information 

quality, and service quality. The K-means cluster 

analysis was performed to determine the 

characteristics of each group and student’s 

membership to the specific cluster. The researchers 

used the system quality, information quality, and 

service quality constructs to characterize the clusters. 

The results revealed that there are four clusters 

formed which are labeled as: service-oriented, 

system quality-oriented, holistic-oriented, and LMS-

averse. The analysis of variance was conducted to 

determine which of the three dimensions has the 

greatest influence in forming the clusters. Based on 

the results, information quality has the greatest 

influence. Since the clustering analysis is non-

inferential and it is used as an exploratory technique, 

the researchers do not guarantee a unique solution as 

this depends on the elements of the subjects and the 

variables used.  

Determining the student clusters is beneficial to 

the academic stakeholders. The academic 

stakeholders can use the cluster analysis to make the 

appropriate interventions to improve the online 

course content and enhance the students’ academic 

performance. Some of these appropriate 

interventions include creating course policies, 

planning the necessary training of teachers and 

students, and developing the online delivery of the 

lessons. 
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