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Abstract.  
 
Artificial intelligence has come a long way in recent years, and it currently represents an 

emerging technology that will change the way people live. Despite the fact that many 

instructors are unaware of its scope and, more significantly, what it implies, the use of AI 

in education is growing rapidly, with the aim of improving the quality of teaching and 

learning. There are many different approaches to this, but they all involve the use of data 

analytics and machine learning to make improvements in education. The purpose of this 

research was to look at the scientific output on artificial intelligence in MOOCs that were 

indexed in Scopus databases between 2012 and 2021. For this a customised approach for 

bibliometric investigations was applied on the SCOPUS databases. A total of 476 articles 

were included in the sample. The findings revealed that the issue has a lot of interest, but 

that the literature on it is still in its early stages. 
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1. INTRODUCTION 

From time immemorial human beings have been learning and adapting to the new 

environment. This movement has continued for millions of years in all dimensions of 

human life but picked up incredible momentum in the modern era. The advent of 

information technology amplified this learning and adapting process by leaps and bounds 

[1], [2], [3], [4]. The world in which we are living is changing at such a fast and 

unpredictable rate and it is difficult to visualize how different things were just a few years 

back. Artificial Intelligence (AI) has gone a great way in recent years, and it is now 

regarded as a disruptive technology that will affect people's lives in the not-too-distant 

future. Various studies have already examined the primary applications of artificial 

intelligence in education, as well as the fundamental design difficulties and methodologies 

used in the system's adaptation to the user [5]. Traditionally, intelligent educational 

systems (IESs) were considered in the context of their functional components. Domain 

knowledge, a representation of the learner's current state, and instructional knowledge are 

the three mandatory subsystems [6]. There are many different ways in which AI can be 

used in education. One way is through the use of data analytics to improve teaching and 

learning practices. Here systems can involve machine learning, where algorithms can be 

trained on large sets of data to learn from them and then make predictions or 

recommendations. 

Massive open online courses (MOOCs), which have been popular for a few years, are one 

of the fields of education where a large number of learners are enrolled. These courses can 

be taken at any time, on any device and are a cheaper and more flexible way to learn. The 

best thing about MOOCs is that people can choose from a wide range of courses and study 

at their own pace, allowing them to complete the course faster or take it slower. As 

artificial intelligence is also growing rapidly in education where its primary goal is to 

improve the quality of teaching and learning by making it more accessible, personalized, 

adaptive, and interactive. Because of enormous MOOCs enrolments, AI is likely to play a 

significant role in analysing the large data set of MOOCs. Data analytics may be used by 

AI to improve teaching and learning techniques. The machine learning algorithms can be 

trained on large datasets of MOOCs to learn from them and then make predictions or 

recommendations about how to teach better or learn something new. 

A search of the scientific literature on artificial intelligence in MOOCs can be useful in 

this scenario to see how many research papers are available. As a result, this bibliometric 

analysis looks at the scholarly output on artificial intelligence in MOOCs that was indexed 

in Scopus between 2012 and 2021, and would address the following research questions: 

RQ1: What is the status of paper publication in the last ten years (2012 – 2021)? 

RQ2: What are the major organisations and countries that produce the most artificial 

intelligence research within MOOCs? 

RQ3: What are the most-cited publications and popular keywords for research in artificial 

intelligence output in MOOCs? 
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2. METHODOLOGY 

In this research paper, we employed a bibliometric study approach that adhered to the 

PRISMA pronouncement's requirements. The metadata of scientific work on the Scopus 

database in the last ten years (2012–2021) was analysed for this. For this purpose, the 

search was broadened to include the popular subsets of artificial intelligence viz., 

"machine learning" and "intelligent systems". The Scopus database was searched using the 

keywords ("Artificial Intelligence" OR "Machine Learning" OR "Intelligent System") 

AND "MOOC". The results were limited to publication years (2012–2021). The data 

analysis was carried out on 476 research papers that were indexed in Scopus. Software, 

such as Microsoft Excel, VOSviewer version 1.6.18 were used for investigations. 

3. RESULTS AND DISCUSSIONS 

3.1. Status of paper publication in the last ten years 

Taking into account the "year of production" variable, the findings revealed that the largest 

production peaks in the Scopus database in the year 2020 with 91 publications, while the 

years 2021 and 2019 each had 89 and 85 publications, respectively. Figure 3.1 depicts the 

year-by-year release of materials in MOOCs on the theme of artificial intelligence from 

2012 to 2021. The findings indicate that there is a growing interest in the subject, since the 

number of publications has increased in the last ten years. 

 

Figure 3.1. Year of production of published documents 

In terms of "document type" conference papers accounted for 71.7 percent of overall 

output in the Scopus database, followed by journal articles, which accounted for 20.3 

percent of total production. Table 1 depicts the document type of research publication in 

MOOCs on the theme of artificial intelligence from 2012 to 2021. 

Comparing the documents by source for the counts of at least 10, the series “Lecture Notes 

in Computer Science” has the highest number of publications in the last ten years with 72 
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documents, followed by “ACM International Conference Proceeding Series” with 31 

documents. The complete result is shown in Figure 3.2. 

Table1. Documents by type 

Document type  Documents Percentage 

Conference Paper 335 71.7 

Journal Article 95 20.3 

Conference Review 25 5.4 

Review 5 1.1 

Book Chapter 4  0.9 

Book 1  0.2 

Erratum 1  0.2 

Short Survey 1  0.2 

 

 

Figure 3.2. Published documents by source 

Analysing the documents by subject area, the research found that 44.3% of the documents 

were related to computer science, 14.2% were related to mathematics, and 13.7% were 

related to social sciences. The complete subject analysis is shown in Table 2. 

3.2. Major organisations and countries that produce the most research 

According to the Scopus database, the top institution with research publications on 

artificial intelligence in MOOCs, in the previous ten years, from 2012 to 2021, was 

Carnegie Mellon University (USA), followed by Universidad Autónoma de Madrid 

https://www-scopus-com-uttaranchaluniversity.knimbus.com/results/handle.uri?sort=plf-f&src=s&sot=a&sdt=a&sid=39bf1c65f544ab44279f947825b7a1a2&s=TITLE-ABS-KEY%28%28%22Artificial+Intelligence%22+OR+%22Machine+Learning%22+OR+%22Intelligent+System%22%29+AND+%22MOOC%22%29&sl=99&origin=resultsAnalyzer&cluster=scopubyr%2c%222021%22%2ct%2c%222020%22%2ct%2c%222019%22%2ct%2c%222018%22%2ct%2c%222017%22%2ct%2c%222016%22%2ct%2c%222015%22%2ct%2c%222014%22%2ct%2c%222013%22%2ct%2c%222012%22%2ct&txGid=8b675b92c961c2cedfba751218dc77a0&origin=resultsAnalyzer&zone=documentType&count=467&clickedLink=limit%20to&selectedDocTypeClusterCategories=ch
https://www-scopus-com-uttaranchaluniversity.knimbus.com/results/handle.uri?sort=plf-f&src=s&sot=a&sdt=a&sid=39bf1c65f544ab44279f947825b7a1a2&s=TITLE-ABS-KEY%28%28%22Artificial+Intelligence%22+OR+%22Machine+Learning%22+OR+%22Intelligent+System%22%29+AND+%22MOOC%22%29&sl=99&origin=resultsAnalyzer&cluster=scopubyr%2c%222021%22%2ct%2c%222020%22%2ct%2c%222019%22%2ct%2c%222018%22%2ct%2c%222017%22%2ct%2c%222016%22%2ct%2c%222015%22%2ct%2c%222014%22%2ct%2c%222013%22%2ct%2c%222012%22%2ct&txGid=8b675b92c961c2cedfba751218dc77a0&origin=resultsAnalyzer&zone=documentType&count=467&clickedLink=limit%20to&selectedDocTypeClusterCategories=bk
https://www-scopus-com-uttaranchaluniversity.knimbus.com/results/handle.uri?sort=plf-f&src=s&sot=a&sdt=a&sid=39bf1c65f544ab44279f947825b7a1a2&s=TITLE-ABS-KEY%28%28%22Artificial+Intelligence%22+OR+%22Machine+Learning%22+OR+%22Intelligent+System%22%29+AND+%22MOOC%22%29&sl=99&origin=resultsAnalyzer&cluster=scopubyr%2c%222021%22%2ct%2c%222020%22%2ct%2c%222019%22%2ct%2c%222018%22%2ct%2c%222017%22%2ct%2c%222016%22%2ct%2c%222015%22%2ct%2c%222014%22%2ct%2c%222013%22%2ct%2c%222012%22%2ct&txGid=8b675b92c961c2cedfba751218dc77a0&origin=resultsAnalyzer&zone=documentType&count=467&clickedLink=limit%20to&selectedDocTypeClusterCategories=er
https://www-scopus-com-uttaranchaluniversity.knimbus.com/results/handle.uri?sort=plf-f&src=s&sot=a&sdt=a&sid=39bf1c65f544ab44279f947825b7a1a2&s=TITLE-ABS-KEY%28%28%22Artificial+Intelligence%22+OR+%22Machine+Learning%22+OR+%22Intelligent+System%22%29+AND+%22MOOC%22%29&sl=99&origin=resultsAnalyzer&cluster=scopubyr%2c%222021%22%2ct%2c%222020%22%2ct%2c%222019%22%2ct%2c%222018%22%2ct%2c%222017%22%2ct%2c%222016%22%2ct%2c%222015%22%2ct%2c%222014%22%2ct%2c%222013%22%2ct%2c%222012%22%2ct&txGid=8b675b92c961c2cedfba751218dc77a0&origin=resultsAnalyzer&zone=documentType&count=467&clickedLink=limit%20to&selectedDocTypeClusterCategories=sh
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(Spain), and Norges Teknisk-Naturvitenskapelige Universitet (Norway). Table 3 

summarises the top 10 results for this world-wide search. 

Table 2. Documents by Subject Area 

Subject area  Documents Percentage 

Computer Science 391 44.3 

Mathematics 125 14.2 

Social Sciences 121 13.7 

Engineering 115 13.0 

Decision Sciences 37 4.2 

Physics and Astronomy 21 2.4 

Business, Management and Accounting 15 1.7 

Materials Science 9  1.0 

Psychology 9  1.0 

Medicine 8  0.9 

Others 32 3.6 

 

Table 3. Documents by Affiliation 

Organizations n % 

Carnegie Mellon University (USA) 11 2.31 

Universidad Autónoma de Madrid (Spain) 8 1.68 

Norges Teknisk-Naturvitenskapelige Universitet (Norway) 7 1.52 

Universidad de Valladolid (Spain) 7 1.52 

Universidad Carlos III de Madrid (Spain) 6 1.26 

Huazhong Normal University (China) 6 1.26 

Ecole Mohammadia d'Ingenieurs, Mohammed V University 

(Morocco) 

6 1.26 

Stanford University (USA) 6 1.26 

Durham University (England) 6 1.26 

Massachusetts Institute of Technology (USA) 6 1.26 

In terms of "countries", according to the Scopus database, China has most publications on 

artificial intelligence research on MOOCs, with 110, followed by the United States with 

83, India with 37, and Spain with 34 research articles. Figure 3.3 depicts the top ten 

countries of the entire search outcome. 

https://www-scopus-com-uttaranchaluniversity.knimbus.com/results/handle.uri?sort=plf-f&src=s&sot=a&sdt=a&sid=39bf1c65f544ab44279f947825b7a1a2&s=TITLE-ABS-KEY%28%28%22Artificial+Intelligence%22+OR+%22Machine+Learning%22+OR+%22Intelligent+System%22%29+AND+%22MOOC%22%29&sl=99&origin=resultsAnalyzer&cluster=scopubyr%2c%222021%22%2ct%2c%222020%22%2ct%2c%222019%22%2ct%2c%222018%22%2ct%2c%222017%22%2ct%2c%222016%22%2ct%2c%222015%22%2ct%2c%222014%22%2ct%2c%222013%22%2ct%2c%222012%22%2ct&txGid=8b675b92c961c2cedfba751218dc77a0&origin=resultsAnalyzer&zone=subjectArea&count=467&clickedLink=limit%20to&selectedSubjectClusterCategories=COMP
https://www-scopus-com-uttaranchaluniversity.knimbus.com/results/handle.uri?sort=plf-f&src=s&sot=a&sdt=a&sid=39bf1c65f544ab44279f947825b7a1a2&s=TITLE-ABS-KEY%28%28%22Artificial+Intelligence%22+OR+%22Machine+Learning%22+OR+%22Intelligent+System%22%29+AND+%22MOOC%22%29&sl=99&origin=resultsAnalyzer&cluster=scopubyr%2c%222021%22%2ct%2c%222020%22%2ct%2c%222019%22%2ct%2c%222018%22%2ct%2c%222017%22%2ct%2c%222016%22%2ct%2c%222015%22%2ct%2c%222014%22%2ct%2c%222013%22%2ct%2c%222012%22%2ct&txGid=8b675b92c961c2cedfba751218dc77a0&origin=resultsAnalyzer&zone=subjectArea&count=467&clickedLink=limit%20to&selectedSubjectClusterCategories=MATH
https://www-scopus-com-uttaranchaluniversity.knimbus.com/results/handle.uri?sort=plf-f&src=s&sot=a&sdt=a&sid=39bf1c65f544ab44279f947825b7a1a2&s=TITLE-ABS-KEY%28%28%22Artificial+Intelligence%22+OR+%22Machine+Learning%22+OR+%22Intelligent+System%22%29+AND+%22MOOC%22%29&sl=99&origin=resultsAnalyzer&cluster=scopubyr%2c%222021%22%2ct%2c%222020%22%2ct%2c%222019%22%2ct%2c%222018%22%2ct%2c%222017%22%2ct%2c%222016%22%2ct%2c%222015%22%2ct%2c%222014%22%2ct%2c%222013%22%2ct%2c%222012%22%2ct&txGid=8b675b92c961c2cedfba751218dc77a0&origin=resultsAnalyzer&zone=subjectArea&count=467&clickedLink=limit%20to&selectedSubjectClusterCategories=SOCI
https://www-scopus-com-uttaranchaluniversity.knimbus.com/results/handle.uri?sort=plf-f&src=s&sot=a&sdt=a&sid=39bf1c65f544ab44279f947825b7a1a2&s=TITLE-ABS-KEY%28%28%22Artificial+Intelligence%22+OR+%22Machine+Learning%22+OR+%22Intelligent+System%22%29+AND+%22MOOC%22%29&sl=99&origin=resultsAnalyzer&cluster=scopubyr%2c%222021%22%2ct%2c%222020%22%2ct%2c%222019%22%2ct%2c%222018%22%2ct%2c%222017%22%2ct%2c%222016%22%2ct%2c%222015%22%2ct%2c%222014%22%2ct%2c%222013%22%2ct%2c%222012%22%2ct&txGid=8b675b92c961c2cedfba751218dc77a0&origin=resultsAnalyzer&zone=subjectArea&count=467&clickedLink=limit%20to&selectedSubjectClusterCategories=ENGI
https://www-scopus-com-uttaranchaluniversity.knimbus.com/results/handle.uri?sort=plf-f&src=s&sot=a&sdt=a&sid=39bf1c65f544ab44279f947825b7a1a2&s=TITLE-ABS-KEY%28%28%22Artificial+Intelligence%22+OR+%22Machine+Learning%22+OR+%22Intelligent+System%22%29+AND+%22MOOC%22%29&sl=99&origin=resultsAnalyzer&cluster=scopubyr%2c%222021%22%2ct%2c%222020%22%2ct%2c%222019%22%2ct%2c%222018%22%2ct%2c%222017%22%2ct%2c%222016%22%2ct%2c%222015%22%2ct%2c%222014%22%2ct%2c%222013%22%2ct%2c%222012%22%2ct&txGid=8b675b92c961c2cedfba751218dc77a0&origin=resultsAnalyzer&zone=subjectArea&count=467&clickedLink=limit%20to&selectedSubjectClusterCategories=DECI
https://www-scopus-com-uttaranchaluniversity.knimbus.com/results/handle.uri?sort=plf-f&src=s&sot=a&sdt=a&sid=39bf1c65f544ab44279f947825b7a1a2&s=TITLE-ABS-KEY%28%28%22Artificial+Intelligence%22+OR+%22Machine+Learning%22+OR+%22Intelligent+System%22%29+AND+%22MOOC%22%29&sl=99&origin=resultsAnalyzer&cluster=scopubyr%2c%222021%22%2ct%2c%222020%22%2ct%2c%222019%22%2ct%2c%222018%22%2ct%2c%222017%22%2ct%2c%222016%22%2ct%2c%222015%22%2ct%2c%222014%22%2ct%2c%222013%22%2ct%2c%222012%22%2ct&txGid=8b675b92c961c2cedfba751218dc77a0&origin=resultsAnalyzer&zone=subjectArea&count=467&clickedLink=limit%20to&selectedSubjectClusterCategories=PHYS
https://www-scopus-com-uttaranchaluniversity.knimbus.com/results/handle.uri?sort=plf-f&src=s&sot=a&sdt=a&sid=39bf1c65f544ab44279f947825b7a1a2&s=TITLE-ABS-KEY%28%28%22Artificial+Intelligence%22+OR+%22Machine+Learning%22+OR+%22Intelligent+System%22%29+AND+%22MOOC%22%29&sl=99&origin=resultsAnalyzer&cluster=scopubyr%2c%222021%22%2ct%2c%222020%22%2ct%2c%222019%22%2ct%2c%222018%22%2ct%2c%222017%22%2ct%2c%222016%22%2ct%2c%222015%22%2ct%2c%222014%22%2ct%2c%222013%22%2ct%2c%222012%22%2ct&txGid=8b675b92c961c2cedfba751218dc77a0&origin=resultsAnalyzer&zone=subjectArea&count=467&clickedLink=limit%20to&selectedSubjectClusterCategories=BUSI
https://www-scopus-com-uttaranchaluniversity.knimbus.com/results/handle.uri?sort=plf-f&src=s&sot=a&sdt=a&sid=39bf1c65f544ab44279f947825b7a1a2&s=TITLE-ABS-KEY%28%28%22Artificial+Intelligence%22+OR+%22Machine+Learning%22+OR+%22Intelligent+System%22%29+AND+%22MOOC%22%29&sl=99&origin=resultsAnalyzer&cluster=scopubyr%2c%222021%22%2ct%2c%222020%22%2ct%2c%222019%22%2ct%2c%222018%22%2ct%2c%222017%22%2ct%2c%222016%22%2ct%2c%222015%22%2ct%2c%222014%22%2ct%2c%222013%22%2ct%2c%222012%22%2ct&txGid=8b675b92c961c2cedfba751218dc77a0&origin=resultsAnalyzer&zone=subjectArea&count=467&clickedLink=limit%20to&selectedSubjectClusterCategories=MATE
https://www-scopus-com-uttaranchaluniversity.knimbus.com/results/handle.uri?sort=plf-f&src=s&sot=a&sdt=a&sid=39bf1c65f544ab44279f947825b7a1a2&s=TITLE-ABS-KEY%28%28%22Artificial+Intelligence%22+OR+%22Machine+Learning%22+OR+%22Intelligent+System%22%29+AND+%22MOOC%22%29&sl=99&origin=resultsAnalyzer&cluster=scopubyr%2c%222021%22%2ct%2c%222020%22%2ct%2c%222019%22%2ct%2c%222018%22%2ct%2c%222017%22%2ct%2c%222016%22%2ct%2c%222015%22%2ct%2c%222014%22%2ct%2c%222013%22%2ct%2c%222012%22%2ct&txGid=8b675b92c961c2cedfba751218dc77a0&origin=resultsAnalyzer&zone=subjectArea&count=467&clickedLink=limit%20to&selectedSubjectClusterCategories=PSYC
https://www-scopus-com-uttaranchaluniversity.knimbus.com/results/handle.uri?sort=plf-f&src=s&sot=a&sdt=a&sid=39bf1c65f544ab44279f947825b7a1a2&s=TITLE-ABS-KEY%28%28%22Artificial+Intelligence%22+OR+%22Machine+Learning%22+OR+%22Intelligent+System%22%29+AND+%22MOOC%22%29&sl=99&origin=resultsAnalyzer&cluster=scopubyr%2c%222021%22%2ct%2c%222020%22%2ct%2c%222019%22%2ct%2c%222018%22%2ct%2c%222017%22%2ct%2c%222016%22%2ct%2c%222015%22%2ct%2c%222014%22%2ct%2c%222013%22%2ct%2c%222012%22%2ct&txGid=8b675b92c961c2cedfba751218dc77a0&origin=resultsAnalyzer&zone=subjectArea&count=467&clickedLink=limit%20to&selectedSubjectClusterCategories=MEDI
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Figure 3.3. Published documents by country 

3.3. Most-cited publications and popular keywords for research in artificial 

intelligence output in MOOCs 

Finally, data on the variable "the most-cited publications" was gathered. This was picked 

as a criterion for highlighting the most significant research. Table 4 summarises the top 

five most referenced publications in Scopus database. 

Table 4. The most cited articles in Scopus on “artificial intelligence in MOOCs” 

Title  Authors Journal Year Citations 

Rebooting MOOCresearch[7] Reich, J. Science 2015 187 

MOOCs: So many learners, so 

much potential [8] 

Kay, J., 

Reimann, P., 

Diebold, E., 

Kummerfeld, B. 

IEEE Intelligent 

Systems,  

2013 157 

Temporal Models for Predicting 

Student Dropout in Massive 

Open Online Courses [9] 

Fei, M., 

Yeung, D.-Y. 

Proceedings - 15th 

IEEE International 

Conference on Data 

Mining Workshop, 

ICDMW 

2015 135 

Characteristics of massive open 

online courses (MOOCS): A 

research review, 2009-2012 [10] 

Kennedy, J. Journal of 

Interactive Online 

Learning,  

2014 112 

Combination of machine 

learning algorithms for 

recommendation of courses in 

E-Learning System based on 

historical data [11] 

Aher, S.B., Lobo, 

L.M.R.J. 

Knowledge-Based 

Systems,  

2013 107 
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The Scopus database was analysed for keywords using VOSviewer version 1.6.18. The 

minimum threshold of 25 appearances was required for a word to be included in the 

research. Only 24 keywords out of 2792 terms satisfied this criterion. Figure 3.4 depicts a 

co-occurrence network map, generated by VOSviewer using 24 keywords relying on a 

relevance score with three final clusters depicted in different colours (red, green, and blue). 

With phrases like "forecasting", “machine learning”, “learning systems”, “learning 

algorithms”, “decision trees”, “learning analytics” and “data mining” the red cluster 

appears to focus on the predictive aspects of MOOC. The green cluster appears to be 

focused on many elements that may influence MOOC acceptance, with phrases like 

“online education”, “distance education”, “online learning”, “big data", “intelligent 

systems”, “students”, “education computing” and “curricula” included. Finally, with the 

keywords like "education", “computer aided instruction”, "engineering education", 

"education", “artificial intelligence” and "teaching" the blue cluster appears to be focused 

on the implementation of the MOOCs. 

 

Figure 3.4. Keyword co-occurrence network map in the published documents 

4. DISCUSSION AND CONCLUSIONS 

Scopus database reveals that the number of documents published on use of artificial 

intelligence in MOOCs has increased in recent years. The majority of the publications 

were proceedings papers, signifying a high level of interest in the subject. Although, there 

exists a significant gap between conference papers (71.7%) and journal articles (20.3%). 

The literature suggests that MOOCs integrated with artificial intelligence are now a 

possibility. The study looked at a wide range of published works on artificial intelligence 

in MOOCs, demonstrating the researchers' heterogeneity on the subject. Several authors 

have discussed the MOOC dropout prediction studies [9], [12], [13][14]. While significant 
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scholars laid emphasis on numerous other topics some of these were viz., clickstream 

analysis of learners’ [15], [16], satisfaction of the learners [17], [18], Time-based metrics 

related to assessments and student interactions [19], use of K-means algorithm MOOC 

dataset [20], machine learning algorithms to filter and classify the MOOC learners [21], 

emotional tendencies of learners [22], learning behaviours in MOOC [23], intelligent 

analysis [24], Virtual and Augmented Reality [25] etc.  

MOOCs (Massive Open Online Courses) are slowly conquering the education business. 

2017 Higher Education Edition of the Horizon Report predicted that by 2022, Artificial 

intelligence will be applied in higher education [26]. Moreover, the technologies like IOT, 

blockchain and AR / VR can be incorporated in the future. Although pandemic has 

disrupted the last two years, AI is set to become a widespread feature in MOOCs within 

few years. While artificial intelligence and MOOCs are both real, we acknowledge that 

artificial intelligence research in MOOCs is still in its early phases. 
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