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Abstract: Online discussion boards were organised to develop the critical thinking disposition of students and their attitude 
toward disaster mitigation during a fully online course. In order to promote participation in the discussions, an incentive was 
provided to all discussants. Assessment of the effectiveness of the lecturer’s invitation to join the discussion was conducted 
to extract which participants posted once, and the learning activity and characteristics of these students was evaluated. In 
the results, the levels of participation in online discussions affected some factor scores for personality and learning 
performance.  Also, the causal relationships of the development of literacy of critical thinking disposition were analysed, and 
the factor of participation level in online discussions was examined. 
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1. Introduction 
Critical thinking disposition (CTD) and the ability to think critically may contribute to appropriate decision making 
during emergencies such as natural disasters or social unrest. Training procedures and levels of competence 
have been discussed (Rychen and Salganik, 2003; Kikuchi 2018). Learning progress in the development of CTD 
ability using online discussion forums during courses has been studied in previous research (Ekahitanond, 2013; 
Trehan et al., 2017) The authors also have been analysing the contribution of online discussion activity to 
measuring CTD ability levels (Nakayama et al. 2021, 2022a, 2022b). In regards to the effectiveness of online 
discussions (Kusumi and Tanaka, 2008; Leh et al., 2012), registered students were encouraged to join the 
sessions.  As the characteristics of online discussion participants and non-participants were significantly 
different, simple invitations to join may not contribute to successful development of participant's abilities. 
However, the effectiveness that is expected from students who join has not yet been confirmed. As this 
effectiveness may differ according to the characteristics of participants, a detailed analysis will be required. 

In this paper, characteristics of students according to degree of participation in online discussions boards are 
analysed. The following topics will be addressed: 

(1) The contribution of student's characteristics to frequency of participation in online discussion boards was 
examined by comparing individual factor scores of the metrics surveyed. 

(2) Effectiveness of student’s characteristics and the contribution of frequency of participation in online 
discussion boards toward individual learning performance were evaluated. Also, causal regression of student’s 
characteristics related to learning performance was analysed. 

In order to analyse the relationships, the latest survey data from a Japanese university class was introduced. 

2. Method 
The development of critical thinking disposition was observed during a regularly scheduled on-demand style 
fully online course at a university in Japan (Nakayama et al., 2021). 

2.1 Learning settings 

The course was entitled The Psychology of Natural Disaster Mitigation and Prevention, and consisted of 15 
sessions. Learning performance of participants was evaluated using several activities, such as weekly 
confirmation tests and report assignments.   

The course has been fully online since 2020. The lecturer recorded videos of his lectures in advance, and the 
video clips for each session were delivered using an LMS. The main learning assessments during the course were 
online tests, and report and comment essay writing. The report essay was the main task and was used to 
evaluate their understanding of critical thinking ability for their final grade. 
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The participant’s essay reports were evaluated by the course lecturer using a rubric which was presented to 
participants in advance, in order to assess students fairly. The targeted essay assignment was an overall 
assessment task. 

The number of registered students was above 450. The valid number of report essay submissions was 440. 

In order to encourage better understanding of the subject matter, all participants were invited to participate in 
online discussions. Online discussion boards were available throughout the course, and participants could obtain 
additional marks which contributed to their final mark.  

This opportunity represented a significant incentive for students. 

2.2 Survey metrics 

In order to extract the characteristics of participants in the class, the following inventories were surveyed during 
the course. Most metrics were measured continuously (Nakayama et al. 2021, 2022b), and some were 
introduced for the current research purpose. 

2.2.1 Personality (Big5) 

Scores of participant's personalities were measured using a shortened version of the Big5 inventories, which 
consists of 10 question items (Kawamoto et al. 2015). The factors which were extracted were Extroversion (P1), 
Conscientiousness (P2), Neuroticism (P3), Openness (P4), and Agreeableness (P5). The factor scores of the Big5 
use 7-point scales (1-7). 

2.2.2 Literacy of science and technology (LST) 

Kawamoto et al (2013) developed an inventory of science and technology literacy which is based on a survey of 
scientific literacy. It consists of 10 questions, from which four factors were extracted from the answers: Life-
centered (LST-1), Sciencephile (people who are interested in science and technology) (LST-2), Logic-oriented 
(LST-3), and Authoritarian (LST-4). The LSTs were scored using a 4-point scale (1-4). Four clusters of LSTs were 
also defined in order to compare behavioural attitudes toward Social science issues using the four dimensional 
factor scores (Kawamoto et al. 2013).  

2.2.3 Critical thinking disposition (CTD) 

Hirayama and Kusumi (2004) developed a Japanese inventory of behaviour exhibited during development of 
critical thinking. Four factors from the inventory were extracted: Awareness of logical thinking (CTD-1), Inquiry-
mindedness (Inquisitiveness) (CTD-2), Objectiveness (Objectivity) (CTD-3), and Evidence-based judgment (CTD-
4). These CTDs were scored using a 5-point scale (1-5). These metrics were surveyed twice across the course 
during the first and the second halves. The differential scores between the two surveys are also used in the 
following analysis, and the sum of the four factor scores is referred as the meta metric of CTD. 

2.2.4 Disaster-prevention consciousness (DPC) 

These inventories were developed to measure attitude toward disaster-prevention consciousness, and consisted 
of 20 question items using a 6-point Likert scale (1-6) (Ozeki et al. 2017). The total score is defined as the 
summation of scores for the 5 aspects (imagination for disaster situations, a sense of crisis about disasters, 
directivity to others, interest in disaster, anxiety), with the minimum score being 20 and the maximum score 
being 120. This metric was also surveyed twice during the course, and the two scores were compared. 

2.2.5 Weekly test scores (WTS) 

The lecturer recorded videos of his lectures in advance, and the video clips for each session were delivered using 
the university LMS (a Moodle learning management system). All communications such as assignment 
submissions, online tests, essay report reviews and follow-up surveys were conducted using the LMS. Learning 
performance was evaluated using online tests such as short written tests which asked about course session 
topics (WTS).  
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2.2.6 Essay Report and Comments 

All participants were asked to present two types of essays, such as a report essay or a comment essay about a 
talk given by an invited lecturer (Nakayama et al. 2022a). An essay report task was assigned in order to evaluate 
student's in class performance, and was to be marked as part of their overall final grade assessment. Another 
comment task was to summarise their comprehension of the guest lecturer’s oral presentation, which consisted 
of providing information about current communication resources used in natural disaster mitigation. These 
essays were submitted via the LMS platform, and the lecturer’s assessment scores were feedback returned to 
individual contributors via the LMS system. 

Though the length of the essays and styles of presentation differed between individuals, these features were 
compared and the differences between extracted texts compared as a group. 

3. Results 

3.1 Levels of participation in online discussions 

Unfortunately, the number of online discussants was limited despite of the efforts of the lecturer. In a sense, 
participation is an indication of individual learning motivation and activity throughout the course. The results 
show that 127 out of 440 students participated in the discussions. This means that 29 percent of the registered 
participants joined the online discussions.  

 

Figure 1. Mean essay volume submitted by students (Report essay and Comment essay) in three levels of 
online discussion participation 

Of those, 64 students posted only once. The remaining 63 students posted an average 3.8 times. Therefore, their 
motivation for joining may be different from the two other groups. The former group (who posted once) might 
have joined in order to receive additional marks. The messages sent during the online discussions were analysed, 
and the lengths of the messages posted by the two groups were comparable. Therefore, it does not seem easy 
to classify discussant behaviour using only submitted texts. Since the posting frequency was so varied, 
participants were classified into levels 0, 1 or 2, representing no postings, 1 posting, or frequent postings, 
respectively. 

As an index of learning activity, essay writing may represent in this course. In regards to this hypothesis, the 
length of report and comment essay texts of participants in the three levels are compared. The results are 
summarised in Figure 1. There are significant differences in the lengths of report essays submitted by students 
in levels 0 and 2 (p < 0.01), but no significant differences for levels 0 and 1. Regarding comment essays, there 
are no significant differences between the three levels.  

This result suggests that student's attitude toward participation in online discussions may influence their 
learning activity. 
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3.2 Characteristics of online discussants 

The above result suggests that student's characteristics may influence their participation in online activity such 
as discussion boards.  

Means of factor scores of the surveyed metrics for the three levels of participation are compared. The results 
are summarised in Table 1. Some of factor scores increase as the level of participation in online discussion 
increases, such as from level:0 to level:2. One-way ANOVA tests are applied to the scores of survey items. F-
values in bold represent significant differences in the three levels, such as Conscientiousness, Openness, and 
DPC1. Also, knowledge learning performance, known as WTS, and the scores of reports and comment type essay 
assignments deviated significantly with the level of participation in online discussions. The results confirm that 
paying attention to online discussion board activity affects a participant's proactive learning. 

Table 1. Comparison of factor scores by degree of online discussion participation  

 

Table 2. Correlation coefficients between factor scores and DPC1(Disaster-prevention Consciousness) 

 

3.3 Contribution of student's characteristics toward attitude 

Since some scores for student's characteristics may affect their participation in online discussions, the 
contribution of attitude toward disaster-prevention consciousness (DPC) is evaluated. Simple correlation 
coefficients of personality (PS1-PS5) and literacy of S&T (LST1-LST4) with DPC1 are summarised and compared 
with participation levels in online discussions in Table 2. Here, only significant coefficients are displayed. In PS1: 
Extroversion, the coefficients increase with the level of participation, while the coefficients of LST1 (Life-
centered) stay at the same level of correlation across the three levels of participation, however. Their 
relationships are summarised in Figures 2 and 3. In Figure 2, the slopes of DPC1 for PS1 increase with the level 
of participation in online discussions, but the slopes of DPC1 for LST1 shift upward with the level of participation.  

 

Figure 2. Scattergram of Factor scores of Extroversion and Disaster-prevention Consciousness 
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Figure 3. Scattergram of Factor scores of Life-centered and Disaster-prevention Consciousness 

These results show the selective contribution of student's characteristics toward targeted learning performance. 

3.4 Causal relationship 

The relationships between student's characteristics and performance may differ with the type of learning activity 
during the course. The changes in contributions to the relationships can be extracted using path analysis 
between the scores of survey items. Similar analysis of online participants and non-online participants was 
conducted (Nakayama et al. 2022). The degree of participation is introduced into three levels using the same 
procedure as with the previous model. Therefore, a structural equation modelling technique was applied and 
the results evaluated using a causal relationship between them (Nakayama et al. 2021, 2022).  

The causal relationships were evaluated using indices of the fitness of the model (the GFI: Goodness of Fit index, 
AGFI: Adjusted GFI and RMSEA: Root Mean Square Error of Approximation) (Toyoda, 2007). The contributions 
of some factor scores were checked to optimise the model. 

As a result, a possible causal path was extracted, as shown in Figure 4. The model was significant in regards to 
the evaluation indices (GFI=0.82, AGFI=0.75, RMSEA=0.044). The same model was approved by these indices. In 
this survey, as a DPC metric has been introduced recently, it cannot be implemented in the model. Though there 
are significant correlation relationships between DPC and CTD scores, their contribution value may be different. 
Since three participation level groups were introduced, path coefficients between the levels were not tested. 
Also, the path coefficients of participation level:1 (who posted once on the discussion board) should be 
examined to determine whether these participant's attitudes are similar to or independent of those of other 
participation levels. Most coefficients for participants are similar to those for non-participants (level:0) or 
multiple-time participants (level:2), though some coefficients are independent of these relationships. For 
example, the coefficient of level:1 for path to "report essay assessment" drops in comparison with other groups.  

Further analysis will be a subject of our further study.  

 

Figure 4. Causal relationship between student characteristics (Personality and Literacy of Science and 
Technology) and development of critical thinking disposition with levels of participation for discussions. 
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4. Summary and discussion 
This paper presents the contribution of student's characteristics toward degree of participation in online 
discussion boards and evaluates learning performance during a fully online course using surveyed metrics. 
Student's characteristics and learning performance were measured during a course which aimed to develop a 
better attitude toward effective natural disaster prevention and mitigation. An online discussion board was 
organised by the lecturer, and student's degree of participation was sorted into three levels. The effectiveness 
of the level of participation in online discussions was evaluated using factor scores of the student's 
characteristics. 

First, some characteristics of students, such as personality traits related to consciousness and openness 
contributed to their degree of participation in online discussions. Also, scores of disaster-prevention 
consciousness (DPC) also increased with the level of participation. Learning performance also advanced with the 
level. Targeted abilities such as DPC also correlated with the scores for characteristics of some students.  

Second, the ability and attitude of the participants who were invited to join online discussions (level:1) were 
examined using a causal relationship analysis. In regards to specific causal path coefficients, only a few irregular 
values were observed. It may be necessary to continuously invite participants to join the online discussions 
throughout the course as a means of ensuring sufficient levels of participation. 

A detailed analysis of this will be the subject of our further study.  

Acknowledgement 
This research was partially supported by the Japan Society for the Promotion of Science (JSPS), Grant-in-Aid for 
Scientific Research (KAKEN, 21K18494: 2021-2023). 

References 
KIKUCHI, S. (2018) “HOW TO RECOGNIZE COGNITIVE BIASES IN RISK PERCEPTION IN CASE OF DISASTERS -APPLYING COGNITIVE 

PSYCHOLOGY TO REDUCE DAMAGES IN DISASTERS”, JOURNAL OF THE JAPAN LANDSLIDE SOCIETY, 55(6), PP. 286-292. 
EKAHITANOND, V. (2013) “PROMOTING UNIVERSITY STUDENTS’ CRITICAL THINKING SKILLS THROUGH PEER FEEDBACK ACTIVITY IN 

AN ONLINE DISCUSSION FORUM”, ALBERTA JOURNAL OF EDUCATIONAL RESEARCH, 59(2), PP. 247-265. 
HIRAYAMA, R. AND KUSUMI, T. (2004) “EFFECT OF CRITICAL THINKING DISPOSITION ON INTERPRETATION OF CONTROVERSIAL 

ISSUES: EVALUATING EVIDENCES AND DRAWING CONCLUSIONS”, JAPANESE JOURNAL OF EDUCATIONAL PSYCHOLOGY, 52, PP. 
186-198. 

KAWAMOTO, S., NAKAYAMA, M. AND SAIJO, M. (2013) “USING A SCIENTIFIC LITERACY CLUSTER TO DETERMINE PARTICIPANT 
ATTITUDES IN SCIENTIFIC EVENTS IN JAPAN, AND POTENTIAL APPLICATIONS TO IMPROVING SCIENCE COMMUNICATION”, 
JCOM, 12(1), PP. 1-12. 

KAWAMOTO, T., OSHIO, A., ABE, S., TSUBOTA, U., HIRASHIMA, T., ITO, H., AND TANI, I. (2015) “AGE AND GENDER DIFFERENCES 
OF BIG FIVE PERSONALITY TRAITS IN A CROSS-SECTIONAL JAPANESE SAMPLE”, THE JAPANESE JOURNAL OF DEVELOPMENTAL 
PSYCHOLOGY, 26(2), PP. 107-122. 

KLINE, R.B. (2005) PRINCIPLES AND PRACTICE OF STRUCTURAL EQUATION MODELLING, SECOND EDITION, THE GUILFORD PRESS, 
NEW YORK. 

KUSUMI, T. AND TANAKA, Y. (2008) “A DEVELOPMENT OF CRITICAL THINKING ABILITY DURING A CLASS OF ENGLISH FOR SPECIFIC 
PURPOSE”, JAEP ANNUAL MEETING, PF2-35. 

LEH, ASC., KREMLING, J., NAKAYAMA, M (2012) “EFFECTS OF THE USE OF THE BLOG AND DISCUSSION BOARD ON ONLINE 
TEACHING AND LEARNING”, SOCIETY FOR INFORMATION TECHNOLOGY & TEACHER EDUCATION INTERNATIONAL CONFERENCE, 
574-579. 

NAKAYAMA, M., UTO, M., KIKUCHI, S., AND YAMAMOTO, H. (2022A) “EVALUATION OF ESSAYS AND COMMENTS FOR 
DEVELOPING THINKING ABILITY DURING A UNIVERSITY COURSE”, IN PROC. PSYCHOLOGY LEARNING TECHNOLOGY IN 
NOVEMBER, 2022, PP.1-16. 

NAKAYAMA, M., KIKUCHI, S., AND YAMAMOTO, H. (2022B) “DEVELOPMENT OF CRITICAL THINKING DISPOSITION USING AN 
ONLINE DISCUSSION BOARD DURING A FULLY ONLINE COURSE”, PROC. OF ECEL 2022, PP. 295-301. 

NAKAYAMA, M., KIKUCHI, S., AND YAMAMOTO, H. (2021) “THE DEVELOPMENT OF CRITICAL THINKING DISPOSITION DURING TWO 
ONLINE STYLES OF LEARNING”, PROC. OF ECEL 2021, PP. 314-320. 

OZEKI, M., SHIMAZAKI, K. AND YI, T. (2017) “EXPLORING ELEMENTS OF DISASTER PREVENTION CONSCIOUSNESS: BASED ON 
INTERVIEWS WITH ANTI-DISASTER PROFESSIONALS”, JOURNAL OF DISASTER RESEARCH, VOL.12, NO.3, PP. 631-638. 

217 
Proceedings of the 22nd European Conference on e-Learning, ECEL 2023



Minoru Nakayama, Satoru Kikuchi and Hiroh Yamamoto 
 

 

RYCHEN, D.S. AND SALGANIK, L.H. (2003) KEY COMPETENCIES FOR A SUCCESSFUL LIFE AND A WELL-FUNCTIONING SOCIETY, 
HOGREFE & HUBER PUBLISHERS, BOSTON, USA. 

TOYODA H. (2007) KYO BUNSAN KOUZOU BUNSEKI [AMOS HEN], TOKYO SYOSEKI, TOKYO, JAPAN. 
TREHAN, S., SANZGIRI, J., LI, C., WANG, R., AND JOSHI, R.M. (2017) “CRITICAL DISCUSSIONS ON THE MASSIVE OPEN ONLINE 

COURSE (MOOC) IN INDIA AND CHINA”, INTERNATIONAL JOURNAL OF EDUCATION AND DEVELOPMENT USING INFORMATION 
AND COMMUNICATION TECHNOLOGY (IJEDICT), 13(2), PP. 141-165. 

218 
Proceedings of the 22nd European Conference on e-Learning, ECEL 2023


	Nakayama-EEL-085
	1. Introduction
	2. Method
	2.1 Learning settings
	2.2 Survey metrics
	2.2.1 Personality (Big5)
	2.2.2 Literacy of science and technology (LST)
	2.2.3 Critical thinking disposition (CTD)
	2.2.4 Disaster-prevention consciousness (DPC)
	2.2.5 Weekly test scores (WTS)
	2.2.6 Essay Report and Comments


	3. Results
	3.1 Levels of participation in online discussions
	3.2 Characteristics of online discussants
	3.3 Contribution of student's characteristics toward attitude
	3.4 Causal relationship

	4. Summary and discussion
	Acknowledgement
	References




