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ABSTRACT. In this study, the effects of grouping method (homogeneous/ heterogeneous) considering stu-

dents' teamwork skills on their conceptual understanding, perceptions of science learning environments, com-

munication anxiety, communication ability, and perceptions toward small group discussions were compared.

Students were taught concerning changes of states, density, and dissolution for 9 class periods. The ANCOVA

results indicated that there was no significant difference in the conceptions test scores. In the subcategory of

‘students’ negotiation’ of the perceptions of science learning environments test, high teamwork skill students

perceived more positively in the heterogeneous group, but low teamwork skill students in the homogeneous

group. No significant differences were found in the communication anxiety. More students in the heter-

ogeneous group perceived unequal participation as a disadvantage of the small group discussions than those

in the homogeneous group.
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Fig. 1. Procedure of instruction.
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i � �` ái] Table 1, $� KDL MN O


� Table 2È Þ?. �# ��
 $# ��' ()
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9.23bc�, () $*+��� 1�� �  !"� R

� T'8� G$U de=f gh?. �×� � ��
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p<.01) � � �� �� Q�È () P� Q� �$
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 �M

�� �ta ��' ©� � [z� ³J 
�&
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�� ��  !� �" #$� �
� ��. 
�

�, -.� �� /0 P� Q�' ái � �` á

i
 $� KDL MN O
; ¨¨ Table 3
 Table

4� �H=>?. ‘�%Y' ZB’
 ‘(/a a� ’ �

[�� 1�� �  !"� R� G$� de=f g

h?. {, 
� �, -.� �� /0] 56��'

1�� �  !"� '* �� ¾Sff g� �bc

�º�?.

�À, �%Y' ZB �[� �� $� KDL MN

O
, 1�� �  !"
 � �� �� �Ñ �$�

T'8� BÂ ÃF :
U �º�?(p<.01). �Ü P

�bc �� KDL MN� ­H� O
, � �� �

� Bâ=\�� ê� 1�� �  !"� RS T'

8� G$U ²W?(Fig. 2). � �� �� B\ �%

' .å $# ��' ái$ �# ��� <* T'

8=� �hb�(SS=65.06, F=4.30, p<.05), =\ �

%' .å �# ��' ái$ $# ��� <* T

'8=� �h?(SS=153.94, F=11.80, p<.01).

Table 1. Means, standard deviations, and adjusted means of the conceptions test scores

Level
Homogeneous group (n=31) Heterogeneous group (n=32) Total

M SD Adj. M M SD Adj. M M SD Adj. M

High
Low
Total

10.93
17.53
19.07

4.53
4.99
5.01

10.44
17.80
18.96

13.31
14.94
19.13

3.84
2.95
5.43

10.13
18.33
19.23

12.20
16.27
19.10

4.28
4.27
5.19

10.41
18.06
19.10

Table 2. Two-way ANCOVA results on the conceptions test
scores

Source of variance SS df F p

Covariate 425.55 1 41.69 .000
Treatment 425.20 1 25.02 .888
Level 251.91 1 55.09 .028*

Treatment Level 252.15 1 25.21 .648
*p<.05.

Table 3. Means, standard deviations, and adjusted means of
the perceptions of science learning environmnet test scores

Level
Homogeneous group 

(n=31)
Heterogeneous group 

(n=32)

M SD Adj. M M SD Adj. M

Student negotiation
High
Low
Total

19.57
20.29
19.97

4.15
3.06
3.54

19.67
20.35
20.19

23.19
15.31
19.25

3.53
4.22
5.54

22.66
15.68
19.03

Personal relevance
High
Low
Total

20.79
17.06
18.74

4.71
5.17
5.23

20.46
17.47
18.86

22.50
16.69
19.59

2.92
3.86
4.48

21.54
17.55
19.47

Table 4. Two-way ANCOVA results on the perceptions of
science learning environment test scores

Source of variance SS df F p

Student negotiation
 Covariate  20.11 1  1.45 .234
 Treatment  10.82 1  .78 .381
 Level 136.95 1  9.85 .003**

 Treatment×Level 195.75 1 14.07 .000**

Personal relevance
 Covariate  55.24 1 3.17 .080
 Treatment  5.25 1  .30 .585
 Level 130.37 1 7.48 .008**

 Treatment×Level  3.65 1  .21 .649
** p<.01.
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c �B=>?. �×� � �� �� B\ �%&]
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��f � �&� 56� jkH�ç� 1�� 56

� :
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%�&' ()� �
� ��. 1�� �  !" �

� �� ��� R� '�12 34 P�' ái �

�` ái
 $� KDL MN O
; ¨¨ Table 5

È Table 6� �H=>?. �# ��
 $# ��'

�` ái] ¨¨ 62.85È 64.65c�, $# ��$ �

# ��^? '�12 34$ ?1 �] .w$ ²W

b� � G$� T'8=f gh?. � �� �� �

Ñ� RS�+ '�12 34 P� Q��� T'8�

G$U VW?. �À, �# ��' .å � �� ��

�Ñ� R� '�12 34$ T�
b�, $# ���

�� � �� �� �Ñ$ #] �%&' 34$ B

�abc ¯ .w$ ²W?. �×� $ G$� 2úa

bc T'8=f gh?.

&*+ ,-� �" #$� �
� ��. 1�� 5

6� �� �%&' /0 P� O
; Table 7� �

Fig. 2. Scores of students’ negotiation by the level of their
teamwork skills.

Table 5. Means, standard deviations, and adjusted means of the communicationn anxiety test scores

Level
Homogeneous group (n=31) Heterogeneous group (n=32) Total

M SD Adj. M M SD Adj. M M SD Adj. M

High
Low
Total

74.71
63.24
63.90

15.82
13.82
14.52

63.29
62.71
62.85

55.75
71.44
63.59

19.92
14.56
14.62

60.81
68.33
64.65

59.93
67.21
63.75

13.56
14.56
14.45

61.94
65.22
63.75

Table 6. Two-way ANCOVA results on the communication
anxiety test scores

Source of variance SS df F p

Covariate 4253.59 1 36.77 .000
Treatment 1138.19 1 .3.33 .568
Level 1179.31 1  1.55 .218
Treatment Level 1238.63 1  2.06 .156

Table 7. Students' perceptions toward small group discussions

Advantages
Homo-
geneous

(%)

Hetero-
geneous

(%)
Disadvantages

Homo-
geneous

(%)

Hetero-
geneous

(%)

Development of communication ability 15(35.7) 14(26.4) Unequal participation in discussion 13(30.2) 19(42.2)
Development of reasoning ability 10(23.8) 18(34.0) Difficulties in understanding contents  7(16.3)  6(13.3)

Bored with frequent discussion  6(14.0)  4(18.9)
Group cohesiveness  4(19.5)  6(11.3)

Conflict with other group members  5(11.6)  7(15.6)
Others 13(31.0) 13(24.5) Others  8(18.6)  6(13.3)
None  0(10.0)  2(13.8) None  4(19.3)  3(16.7)

Total 42(.100) 53(.100) Total 43(.100) 45(.100)
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