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Abstract 
It is essential to improve and promote students’ argumentation ability to reflect, criticize, and explain the 
scientific process in scientific learning contexts. Nowadays, computers technology can be used to 
support scientific argumentation, including the use of a claim, evidence, warrant, and rebuttal; However, 
few studies have provided a systematic understanding and detailed review of Computer-Supported 
Collaborative Argumentation (CSCA). This study aims to carry out a critical, systematic review of the 
available literature in terms of CSCA. The bibliometric method will be conducted with CiteSpace, a visual 
knowledge analysis tool, which was adopted for revealing the hotspots and research trends regarding 
CSCA. A total of 393 journals and proceeding papers about CSCA, published from 2000 to 2018, were 
obtained from Web of Science. According to the investigation of the co-occurrence keywords, research 
clusters, and landmark articles for references, the results showed that research issues mainly focus on 
improving students’ argumentation skill, supporting student discourse and collaborative learning, and 
developing tools for online argumentation, which highlights directions for further research on CSCA and 
offers a related discussion to provide meaningful references for further study. 
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1 INTRODUCTION 
Argumentation ability is considered to be one of the key capabilities in the 21st century around the world 
[1, 2], especially in science education. Argumentation is a dynamic and interactive process that involve 
individuals engaged in constructing, critiquing and elaborating evidence-based arguments [3]. 
Encouraging students to conduct arguments that can help to improve learning achievements, including 
deeper conceptual learning [4], social awareness development and collaborative ability [5]. Furthermore, 
a variety of scaffolding approaches (e.g., collaboration scripts, argument map, dialogue game, 
collaborative writing) have been developed to support students to engage in argumentative activities.  
Nowadays, with the rise of computer-supported collaborative learning (CSCL), Computer-Supported 
Collaborative Argumentation (CSCA) has also received some research attention. Several web-based 
systems or assisting tools were developed by using human-to-human or human-computer interaction 
technologies that can enhance students to engage in processes of deep argumentation, such as 
Belvedere [6], Academic Talk [7], and ARGUNAUT [8]. Many studies have confirmed that CSCA is better 
able to scaffold and structure argumentative learning [9], to foster in-depth discussions [10], to achieve 
productive arguments [11] and to facilitate the acquisition of knowledge [4]. Although research about 
CSCA has received growing attention over the last few years, however, relatively few studies have been 
carried out a systematic review of all relevant studies based on a quantitative method. To that end, a 
bibliometric analysis approach, CiteSpace, was used in this study to provide a comprehensive 
understanding of the research hotspots and development trends for CSCA research. More specifically, 
the following specific research aims were formulated: 

1 What were the major countries/regions in the domain of CSCA? 
2 Who was the most cited scholar in this field? 
3 What were the landmark articles in this field? 
4 What are the focuses and hotspots in this field? 
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2 METHODOLOGY 

2.1 CiteSpace 
CiteSpace is visual bibliometric analysis software designed by Chaomei Chen. It can be used for 
analyzing research evolution trends and patterns in a particular research field [12]. More specifically, it 
provides some useful literature analysis functions including identify influential authors, fast-growth areas, 
key literature, emerging trends and hotspots in a specific domain, and can visualize this information as 
a map. For example, users can specify the range of time, select the type of nodes, and set up the 
thresholds in CiteSpace. This information can be presented in the form of nodes on the map, including 
authors, institutions, countries, keywords, terms, categories, cited authors, cited references, cited 
journals, grants and papers. These nodes are clustered based on the citation frequency, betweenness 
centrality (BC), cited authors, the time of publication and the source of publication [13]. It is noted that 
citation frequency can directly present the influence of a reference. Furthermore, BC can reveal the 
structure of an area by pinpointing nodes that linked different clusters of paper [14]. In the visual analysis, 
the relationships of the network can be represented by the links. The color of the link shows the 
relationship established between two nodes; the thickness of a link represents the strength of the 
connection between two nodes (e.g., in terms of authors co-citation network, the thicker the connection 
between two nodes, the higher the author's co-citation count). 

2.2 Data collection 
There are two steps in data collection using CiteSpace. The first step is to use appropriate key words to 
retrieve related articles from the journal database. In this study, we looked for papers from the database 
Web of Science Core Collection (WOS) from 2000 to 2018. The category was set as “Education & 
Educational Research” for the reason that this research mainly towards computer-supported 
collaborative argumentation in education. The research term in WoS was set as follow: 

TS= (‘argumentation’ AND (‘computer-supported collaborative learning’ OR ‘online’ OR ‘web-
based’ OR ‘computer’ OR ‘system’ OR ‘network’ OR ‘script’)) 

The second step is to select journals or conference papers that relevant to the theme of CSCA. After 
filtering out some studies which were not relevant to this field, a total of 393 papers were retained for 
the follow-up analysis. 

2.3 Data analysis 
In this study, we revealed the hotspots and research trends regarding CSCA from four dimensions, 
including contributing countries/regions, cited authors, cited references and co-occurrence keywords. 
Co-citation is regarded as the frequency with which two items of the earlier period are cited together by 
the later one [15]. The visual analysis of cited authors cited references can help to identify the influential 
authors and important literature in this field, which can provide a better understanding of the evolution 
of CSCA. Moreover, hot topics in CSCA were identified based on the frequency of popular keywords to 
explore developing trends and track hotspots over the past time. Hence, co-cited authors, co-cited 
references and keyword co-occurrence were analyzed in this study. 

3 RESULTS & DISCUSSIONS 
Three hundred ninety-three collected papers involving CSCA research from 2000 to 2018 were collected, 
and the results of the bibliometric analysis are presented in this section, including the analysis of prolific 
countries/regions, influential authors, landmark articles, and emerging trends and hotspots. Additionally, 
some discussions are shown. 

3.1 Analysis of prolific countries/regions  
The result of the frequency and betweenness centrality of contributed countries/regions are presented 
in Table 1. The most prolific country is the USA (121 articles), followed by Germany (44), Taiwan (31), 
England (22), and the Netherlands (20). For betweenness centrality, the highest centrality of the country 
was the USA (centrality was 0.85), followed by Germany (0.23), Taiwan (0.22), England (0.18).  
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Table 1. The frequency and centrality of cooperate author’s countries/regions. 

Rank Country Frequency Betweenness Centrality 

1 USA 121 0.48 

2 Germany 44 0.09 

3 Taiwan 31 0.04 

4 England 19 0.11 

5 Netherlands 18 0.06 

6 Spain 18 0.00 

Figure 1 showed a visualized map for the analysis of prolific countries/regions by using CiteSpace. The 
main research in CSCA is focused on the USA, Germany, and Taiwan. More frequent partnerships for 
CSCA research were between Germany and the Netherlands, the USA and England, and Spain and 
Germany. 

 
Figure 1. The knowledge network map of countries and regions. 

3.2 Analysis of the cited authors 
Results of the most frequently cited authors in CSCA research are presented in Table 2. The first five 
most cited authors are Toulmin S (114 counts), Kuhn D (104 counts), Driver R (78 counts), Osborne J 
(73 counts) and Nussbaum EM (69 counts). 

Table 2. Top 10 most cited authors with co-citation frequency. 

Rank Author Country Cited counts Centrality 
1 Toulmin S UK 114 0.96 

2 Kuhn D USA 104 0.39 

3 Driver R UK 78 0.64 

4 Osborne J UK 73 0 

5 Nussbaum EM USA 69 0.07 

6 Weinberger A Germany 62 0 

7 Andriessen J Netherlands 61 0.11 

8 Baker M France 59 0.11 

9 Dillenbourg P Switzerland 53 0.66 

10 Jonassen DH USA 52 0.04 

The merged author co-citation network that contributed to CSCA is shown in Figure 2, which contains 
261 nodes and 663 links. According to statistical data, Toulmin, S is the most famous scholar, who has 
devoted to the practical argument development in the educational situation. He proposed a theoretical 
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architecture model, known as the Toulmin’s Argumentation Pattern (TAP), which contains six 
components such as (1) Claim; (2) Data; (3) Warrant; (4) Backing; (5) Rebuttal; and (6) Qualifier [16]. 
Another famous scholar is Deanna Kuhn. Her research focused on the development of scientific 
reasoning skills, critical thinking, metacognition, and argumentation. Moreover, Kuhn indicated that 
argumentation skills are critical as the main means of improving critical ability. And she has written 
several books on aspects of argumentation, such as the skill of argument [17], Argue with me: Argument 
as a Path to Developing Students’ Thinking and Writing [18], and The development of Scientific Skills 
[19], which have a profound influence on argumentation research. 

 
Figure 2. A visualization of author co-cited network. 

3.3 Analysis of key literature 
A paper is quoted by many articles that can be considered as the landmarks. There are nine important 
documents cited most frequently as shown in Table 3. The most cited literature (28 citations) is 
“Computer-supported argumentation: A review of the state of the art” by Oliver Scheuer [20]. This paper 
provided a systematic review of some specific argumentation systems about various types of argument 
representation, interaction design, and system architecture issues. Additionally, this paper also provided 
some useful and helpful suggestions to design an effective argumentation system.  

The second place in the number of citations (25 citations) is “Facilitating argumentative knowledge 
construction with computer-supported collaboration scripts” published by Karsten Stegmann. He 
designed the computer-supported collaborative scripts that can facilitate to propose optimal evidence-
based claims. His investigation indicated that scripts not only facilitate the acquisition of knowledge on 
argumentation but also improve student’s argument quality [4].  

The third place in the number of citations (20 citations) is “A framework to analyze argumentative 
knowledge construction in computer-supported collaborative learning” by Armin Weinberger. In this 
paper, a multi-dimensional framework was proposed to analyze argumentative knowledge construction 
in online collaborative learning. This framework included four dimensions: (1) participation; (2) epistemic 
process; (3) argument; (4) social modes of co-construction [21]. In summary, three of the most influential 
articles covers different types of research, which are the system review of CSCA, case studies, and the 
basic theory in this field. 
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Table 3. Influential references in CSCA 

Rank Citation 
counts Title Author Year 

1 28 Computer-supported argumentation: A review of the state of the art Scheuer O 2010 

2 25 Facilitating argumentative knowledge construction with computer-
supported collaboration scripts Stegmann K 2007 

3 20 A framework to analyze argumentative knowledge construction in 
computer-supported collaborative learning Weinberger A 2006 

4 17 Epistemic and social scripts in computer-supported collaborative 
learning Weinberger A 2005 

5 16 Arguing to learn and learning to argue: design justifications and 
guidelines Jonassen DH 2010 

6 15 Enhancing the quality of argumentation in school science Osborne J 2004 

7 14 Arguing to Learn in Science: The Role of Collaborative, Critical 
Discourse Osborne J 2010 

8 14 Arguing to learn Andriessen J 2006 

9 14 Teaching and Learning Science as Argument Kuhn D 2010 

3.4 Analysis of keywords 
The 20 most frequently occurring keywords were shown in Table 4. The highest frequency of keywords 
in order, is argumentation (177), students (65), knowledge (61), science (55), science education (36), 
CSCL (34), education (33), learning environment (30), discourse (29). Moreover, high centrality is a 
measure associated with the transformative potential of contribution [22]. It was also presented in Table 
4, the highest centrality of keyword was “collaborative learning,” followed by “design,” “classroom” and 
“student”.  

Table 4. List of top 20 high-frequency keywords of research on CSCA 

Rank Keyword Freq BC Rank Keyword Freq BC 
1 argumentation 177 0.1 11 critical thinking 29 0.05 

2 student 65 0.15 12 classroom 28 0.1 

3 knowledge 61 0.06 13 inquiry 26 0.04 

4 science 55 0.05 14 environment 26 0.06 

5 science education 36 0.07 15 design 25 0.18 

6 computer-supported 
collaborative learning 34 0.18 16 argumentation skill 25 0.01 

7 collaborative learning 34 0.06 17 knowledge 
construction 23 0.05 

8 education 33 0.17 18 online discussion 23 0.03 

9 learning environment 30 0.08 19 technology 22 0.04 

10 discourse 29 0.01 20 skill 22 0.02 
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Figure 3. A visualization of keywords. 

To explore research hotspots, a cluster visualization of keywords is illustrated in Figure 3. According to 
the analysis of co-occurrence keywords, some discussions are summarized as follows 

(1) Improving scientific argumentation skills. The keywords of ‘classroom,’ ‘science education,’ 
‘inquiry’ showed that the argumentative activities were concerned with science education in classroom 
settings. Besides, keywords such as ‘critical thinking’ and ‘argumentation skill’ indicated that researchers 
not only focused on general academic achievement but also paid more attention to some critical skills, 
such as critical thinking, reasoning, and 21st skills et al. Scientific argumentation skill is considered an 
indispensable skill in the scientific inquiry process. For example, Kuhn proposed a comprehensive 
conception of argumentation skills, which contains the skills to use theories to support claims, offering 
evidence to support theories, generating alternative theories, evaluating conditions that would confront 
the theories they hold, and propose rebuttals [17]. Namely, scientific argumentation can improve 
students’ critical thinking and improve their reasoning skill. Therefore, it has received great attention in 
recent years.  

(2) Supporting student discourse and collaborative learning. The keywords of ‘discourse,’ 
‘collaborative learning,’ ‘online discussion,’ and ‘knowledge construction’ indicated that researchers 
focused on exploring social or dialogic aspects of argumentation and collaborative learning in an online 
environment. It reported that online discussion and collaboration have the potential for supporting 
students to develop high-level argumentation in the process of knowledge construction. Dialogic 
scientific argumentation is a dynamic process in which learners need to not only defend their claims but 
also engage in the interactive and thinking contexts with peers [23]. It is indicated that researchers pay 
attention to explore some of the dialogue scaffolding is designed to assist students with productive 
discourse in CSCA. 

 (3) Developing tools for online argumentation. The keywords of ‘design,’ ‘technology,’ ‘learning 
environment’ implicated that the design of the argumentation system and tools for supporting online 
argumentation has been highly considered. As we know, it is difficult for students to construct 
argumentation in isolation without scaffolding or instruction. Also, some research indicated that the 
groups without scaffolding support could not achieve a high-quality argumentation in online 
argumentation [24]. Consequently, the online environment or tools must consider effective scaffolding 
design to help students demonstrate paraphrase, criticize, and propose argument syntheses [10]. 

There are various kinds of tools were developed to support argumentation, such as Belvedere [6], 
Academic Talk [7], and ARGUNAUT [8]. Among these, Belvedere is a graphical argument tool, which is 
designed according to Toulmin’s model. This tool can carry out some argument functions, such as 
claims, data, warrants, rebuttals [16] to assist learners for collaborative scientific inquiry or 
argumentation. Furthermore, the use of Learning Analytics techniques can help teachers to moderate 
the online discussion. For instance, “X has not been active for 5 min,” “X and X seem not to challenge 
each other,” or “The discussion is off topic” will be triggered in the system. The advantage of these 
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techniques for online argumentation is that they require less cognitive effort from students themselves, 
for significant scripts are embedded in the online discussion environment [25].  

In summary, researchers are mainly focused on the online learning environment design via scaffold and 
structure support to enhance argument quality, supporting students argumentative discourse and 
collaborative learning, and improving the skill of argumentation. However, several key challenges need 
to be addressed. The system of CSCA is often design-driven rather than learner-driven. Besides, most 
studies are almost all short-term surveys in school; it might be difficult for students to improve their 
argumentation skill in a short time truly. Lastly, how to effectively combine CSCL-based argumentation 
with face-to-face classroom context to support students engage in argumentative activities is remain a 
challenge. 

4 CONCLUSIONS 
This study presents a comprehensive overview of CSCA research in the period of 2000 to 2018 by using 
bibliometric analysis. Several conclusions are drawn from these results. The country/region with the 
most published CSCA topics is the USA, Germany, Taiwan, England, and the Netherlands. Three 
influential scholars in terms of CSCA were Toulmin S, Driver R, Osborne J, separately. Three research 
trends are discussed further. First, one is focused on improving students’ argumentative skills, including 
reasoning skill and critical thinking, and another is focused on how to support students in argument-
based discourse and collaborative learning. The last one is focused on developing tools for online 
argumentation. This study empirically analyzed the development trend of CSCA and might have 
provided researchers and practitioners a deeper understanding of CSCA. However, there were some 
limitations to this study. The source of data was only retrieved from Web of Science; other databases 
could be taken into the future analysis. Moreover, some statistical methods for Meta-Analysis or the 
bibliometric analysis focused on different categories, the co-operative relationship may be considered 
in future research. 
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