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	Supplementary Table 1. Qualitative study codebook 

	Code
	Description
	Example Quote

	1 Fear of responsibility and discomfort with leadership
	Use this code when participants describe avoiding leadership roles or feeling overwhelmed by responsibility, particularly due to discomfort with being in the spotlight or managing group tasks.
	I usually don't often volunteer to be a group leader because there are already people in my group who want to be in that position. It's like I don't want to compete with them.

	2 Shyness to express opinions. 
	Apply this code when students mention fear of judgment, anxiety about speaking up, or hesitance to share opinions in group settings, even when they have ideas to contribute.
	By nature, I am the type of person who doesn't like to stand out and prefers to follow others. I am not particularly fond of being a leader and sometimes struggle to form close friendships. I feel uncomfortable with the idea of taking on a leadership role myself and tend to feel awkward about it.

	3 Lower communication due to low intimacy
	Use when students express difficulty participating or communicating in groups where they lack familiarity or emotional closeness with other members.
	He [an introvert] doesn't feel the need to depend on anyone. He might want to have friends and select those limited three friends, and that's enough for him. He thinks it's not necessary to talk to other strangers. There are so many people already. It's overwhelmed and uncomfortable.

	4 Low self-esteem obstructs opinion expression
	Apply when participants indicate low confidence or perceived inferiority in collaborative environments, especially when linked to classroom dynamics rather than personality traits.
	It may be a result of my own lack of confidence. Sometimes, I think that my thoughts or ideas may not be the best because my friends might have better ones. So, I tend to hesitate to express myself and become reserved. It's probably because I feel embarrassed and not very courageous.

	5 The need for stimuli before expressing an opinion.
	Use when students report needing external cues, validation, or more time to prepare before they feel comfortable speaking in group discussions.
	In group discussions where others are actively engaged, an introvert in my group is left out despite actually having a very great idea. I have to pause the discussion and ask her what she think, but the chances are small as discussions often conclude before her ideas can be fully shared.

	6 Others' dominant roles diminishing the introverts' roles.
	Apply when introverts describe stepping back or withholding input in response to more vocal group members, often to avoid conflict or maintain group harmony.
	When many people have already raised their opinions, I will not share my idea to the group unless they are really terrible.

	7 High energy needed in participation.
	Use this code when students describe group work as tiring, draining, or requiring significant mental or emotional energy, especially in comparison to solo tasks.
	It can be quite challenging [for introverts]. It would require much of their energy, as they may have to invest time in understanding alone. It could be their personal time, and if they are forced to study this way, it might overwhelm them. Some people may not have good social skills, and it would be even more exhausting than before. Moreover, it could potentially create an unfavorable atmosphere within the team.




	
Supplementary Table 2. Comparison of introvert and extrovert Likert scores of obstacles faced by introverts in collaborative learning (CL)

	Questions
	*Introvert
	5
	4
	3
	2
	1
	λ

	
	*Extrovert
	n (%)
	n (%)
	n (%)
	n (%)
	n (%)
	

	Domain 1. Insecurities reduce CL performance

	Q9 I frequently perceive myself as less capable or unconfident.
	Introvert
	8 (9.9)
	25 (30.9)
	28 (34.6)
	10 (12.4)
	10 (12.4)
	0.77

	
	Extrovert
	7 (8.6)
	23 (28.4)
	24 (29.6)
	19 (23.5)
	8 (9.9)
	

	Q10 I often fear being judged by colleagues in the group.
	Introvert
	12 (14.8)
	29 (35.8)
	29 (35.8)
	5 (6.2)
	6 (7.4)
	0.83

	
	Extrovert
	13 (16.1)
	24 (29.6)
	21 (25.9)
	16 (19.8)
	7 (8.6)
	

	Q11 Compared to group colleagues, others learn better than me.
	Introvert
	17 (21.0)
	24 (29.6)
	25 (30.9)
	6 (7.4)
	9 (11.1)
	0.81

	
	Extrovert
	17 (21.0)
	22 (27.2)
	23 (28.4)
	15 (18.5)
	4 (4.9)
	

	Overall domain 1 likert score (Mean±SD) 
	Introvert
	3.3±1.0
	t
	p-value

	
	Extrovert
	3.2±1.0
	0.680
	0.249

	Domain 2. Aloofness hinders collaboration

	Q5 Lack of intimacy between non-introverts due to a limited group of friends.
	Introvert
	8 (9.9)
	28 (34.6)
	29 (35.8)
	9 (11.1)
	7 (8.6)
	0.48

	
	Extrovert
	10 (12.4)
	25 (30.9)
	22 (27.2)
	18 (22.2)
	6 (7.4)
	

	Q6 Opinions expressed in a group depend upon the degree of intimacy.
	Introvert
	27 (33.3)
	37 (45.7)
	10 (12.4)
	5 (6.2)
	2 (2.5)
	0.78

	
	Extrovert
	27 (33.3)
	32 (39.5)
	14 (17.3)
	6 (7.4)
	2 (2.5)
	

	Q7 Workload allocation within a group relies on the degree of intimacy among its members.
	Introvert
	10 (12.4)
	16 (19.8)
	16 (19.8)
	23 (28.4)
	16 (19.8)
	0.63

	
	Extrovert
	14 (17.3)
	22 (27.2)
	21 (25.9)
	11 (13.6)
	13 (16.1)
	

	Q12 I express opinions only when stimulated or prompted.
	Introvert
	18 (22.2)
	33 (40.7)
	21 (25.9)
	3 (3.7)
	6 (7.4)
	0.60

	
	Extrovert
	17 (21.0)
	30 (37.0)
	19 (23.5)
	12 (14.8)
	3 (3.7)
	

	Q13 I am only confident enough to voice ideas when others have already accepted them.
	Introvert
	21 (25.9)
	35 (43.2)
	18 (22.2)
	2 (2.5)
	5 (6.2)
	0.57

	
	Extrovert
	21 (25.9)
	34 (42.0)
	16 (19.8)
	9 (11.1)
	1 (1.2)
	

	Q14 I am prone to take on a lesser role when many group members express their opinions.
	Introvert
	39 (48.2)
	29 (35.8)
	12 (14.8)
	0 (0)
	1 (1.2)
	0.54

	
	Extrovert
	26 (32.1)
	30 (37.0)
	20 (24.7)
	4 (4.9)
	1 (1.2)
	

	Q15 I prefer to follow instructions from colleagues or assignments given by the group rather than my own ideas.
	Introvert
	15 (18.5)
	31 (38.3)
	27 (33.3)
	4 (4.9)
	4 (4.9)
	0.61

	
	Extrovert
	14 (17.3)
	25 (30.9)
	27 (33.3)
	12 (14.8)
	3 (3.7)
	

	Overall domain 2 likert score (Mean±SD) 
	Introvert
	3.6±0.7
	t
	p-value

	
	Extrovert
	3.6±0.8
	0.480
	0.316

	Domain 3. Attention anxiousness hampers leadership

	*Q1 I am pleased and comfortable assuming the role of a group leader.
	Introvert
	15 (18.5)
	36 (44.4)
	25 (30.9)
	4 (4.9)
	1 (1.2)
	0.70

	
	Extrovert
	8 (9.9)
	20 (24.7)
	35 (43.2)
	14 (17.3)
	4 (4.9)
	

	Q2 I fear being the constantly-accentuated focal point in a group.
	Introvert
	17 (21.0)
	29 (35.6)
	24 (29.6)
	9 (11.1)
	2 (2.5)
	0.62

	
	Extrovert
	13 (16.1)
	24 (29.6)
	26 (32.1)
	12 (14.8)
	6 (7.4)
	

	Q3 I am often embarrassed and uncomfortable being the center of attention.
	Introvert
	17 (21.0)
	36 (44.4)
	19 (23.5)
	6 (7.4)
	3 (3.7)
	0.74

	
	Extrovert
	15 (18.5)
	30 (37.0)
	16 (19.8)
	15 (18.5)
	5 (6.2)
	

	Q4 It takes considerable courage to express opinions in a group.
	Introvert
	16 (19.8)
	40 (49.4)
	16 (19.8)
	5 (6.2)
	4 (4.9)
	0.56

	
	Extrovert
	18 (22.2)
	30 (37.0)
	19 (23.5)
	12 (14.8)
	2 (2.5)
	

	*Q8 I enjoy interacting with members of the group.
	Introvert
	7 (8.6)
	26 (32.1)
	29 (35.8)
	14 (17.3)
	5 (6.2)
	0.76

	
	Extrovert
	2 (2.5)
	17 (21.0)
	28 (34.6)
	18 (22.2)
	16 (19.8)
	

	Overall domain 3 likert score (Mean±SD) 
	Introvert
	3.6±0.7
	t
	p-value

	
	Extrovert
	3.2±0.8
	3.063
	0.001

	Domain 4. Pacing challeges, requiring additional assistance

	Q16 I rely on professors or colleagues in the group to answer questions on my behalf.
	Introvert
	11 (13.6)
	26 (32.1)
	22 (27.2)
	15 (18.5)
	7 (8.6)
	0.60

	
	Extrovert
	13 (16.1)
	25 (30.9)
	22 (27.2)
	18 (22.2)
	3 (3.7)
	

	Q17 For me, collaborative learning requires a significant amount of energy
	Introvert
	28 (34.6)
	28 (34.6)
	19 (23.5)
	5 (6.2)
	1 (1.2)
	0.81

	
	Extrovert
	25 (30.9)
	26 (32.1)
	20 (24.7)
	9 (11.1)
	1 (1.2)
	

	Q18 I need more time to prepare for collaborative learning compared to my peers.
	Introvert
	24 (29.6)
	19 (23.5)
	27 (33.3)
	7 (8.6)
	4 (4.9)
	0.66

	
	Extrovert
	20 (24.7)
	15 (18.5)
	28 (34.6)
	14 (17.3)
	4 (4.9)
	

	Overall domain 4 likert score (Mean±SD) 
	Introvert
	3.6±0.9
	t
	p-value

	
	Extrovert
	3.5±0.9
	0.700
	0.243

	5= Strongly Agree, 4= Agree, 3= Mediocre, 2= Disagree, 1= Strongly disagree; *= Negative question, λ= Loading factor
*Introversion and extroversion were classified using the Maudsley Personality Inventory, with scores of 24 or higher indicating extroversion.
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