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!&�&�!$�� �"�  �&� H'&� ��"� !&,�!*�",� ��5� �"*�  ��5�� �*&,!&&� �� >��" � #�$'���#� �  &" ��"��"�

!&��'!$&�'�&�����$ '�%%.�&� �(%���&*��"�$�%%�(�!� �2&�%&�!"�",�,!�'��0���&����$�&%%&�C6==GD�

� '*.� �"*�$� &��  �� � �� $�%%�(�!� �2&� � .%&� �#�5�� �  �� �"$%'*&� �"�  �&� I>��" ��!�(%&)����$&I�

*&2&%�����2&!� �)&0���!!�"�C8777D����5&*� �� ���)�>�!����&$ ������5� �&�'�&��#�!&��'!$&��

���$��!*�"� &*�5� ��"���,!�'��C&0,03���!!�"3�8777D0���&�&1�%�$� �$��!*�"� ��"��#� �&�%&�!"�",�

��! "&!���"���5� ���!�$&&*�5� �� �&� ��E3����5&%%����5�&"� ���"$%'*&���&$�#�$�!&��'!$&�����

�# &"� �&&"� ��� �� $!'$��%� #�$ �!� #�!� �!�)� �",� %&�!"�",� �"*� $�,"� �2&� *&2&%��)&" � C&0,03�

��,�##3�6==6D0�

�C8D�Outcome convergence:�Types of shared knowledge.� #�,!�'��)&)(&!��%&�!"� �,& �&!3�

 �&.� $�"� $�"� !'$ � ���!&*� $�,"� �2&� !&�!&�&" � ��"�0�  � )�.� (&� �#� �" &!&� �  �� &1�)�"&�  ��

5�� �&1 &" � �&�%&�!"�",���! "&!��$�"� !'$ ���)�%�!�E"�5%&*,&�!&�!&�&" � ��"�0���"')(&!��#�

� '*�&�� ���5�  �� �  &�)� )&)(&!�� $�"2&!,&� �"� ��)�%�!� E"�5%&*,&� !&�!&�&" � ��"�� *'!�",�

$�%%�(�!� ��"� C�&&��%�)��E��/�����))&*3�6==?D0��'$����*."�)�$�%%.�*&2&%��&*����!&*�

E"�5%&*,&� (��&� $�"� �"$!&��&�  &�)� &##�$�&"$.� �"� 5�!E� �&  �",�� C&0,03� 
�""�"���5&!�� /�

��%��3�6==<K��!!3�6==7D0�� �%&�� ���)&�*&,!&&��#����!&*�E"�5%&*,&��&&)�� ��(&�"&$&���!.�

#�!�  &�)��  �� 5�!E� &##&$ �2&%.0� �% ��',�� *�##&!&" �  .�&�� �#�  &�)�� )�,� � !&H'�!&� *�##&!&" �

*&,!&&�� �#� ���!&*� E"�5%&*,&�  �� #'"$ ��"� ���!��!�� &%.3�  �&� &1 !&)&�� C�%%� E"�5%&*,&� �"�

$�))�"� 2�0� "�� ���!&*� E"�5%&*,&� � � �%%D� $�"� (&� *& !�)&" �%�  ��  &�)� &##�$�&"$.� C�&&�

�%�)��E��/�����))&*3�6==?D0��&$&" %.3� �&�!& �$�%����!��$�&���"�%&�!"�",�$�))'"� �&��

C&0,03� ��&%�$F.E� /� 
�%%�"�3� 6===K� �$�!*�)�%��� /� �&!&� &!3� 6==GD� ��2&� &1�%�$� %.�
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&)�����F&*�  �&� �)��! �"$&� �#� ���!&*� E"�5%&*,&0� �&)(&!�� �#� $�%%�(�!� �2&� %&�!"�",�

$�))'"� �&�� �&�!$�3� $�%%&$ 3� �"*� ���!&� !&��'!$&��5��$�� $�'%*� (&� !&%&2�" �  �� �� ��! �$'%�!�

 ���$��#��" &!&� 0���)&�*&,!&&��#����!&*�E"�5%&*,&�$�"��)�!�2&�$�%%�(�!� �2&�%&�!"�",��"�

�)�%%�,!�'������5&%%�����"�� �&!�E�"*���#�$�%%�(�!� ��"��C&0,03���$�%���'%�'�/�
�%&3�6==;D0�

��5&2&!3� �&����"&&!�",�� '*.��#�+&�",��"*�
���C6===D����5&*� �� ��"%.���!&%� �2&%.��)�%%�

��! ��"� �#�  �&� E"�5%&*,&3� 5��$�� �� *.�*� $�"� !'$ �� *'!�",� $�%%�(�!� ��"3� ��� �$ '�%%.�

!&�!&�&" &*� (.� (� �� �#�  �&� %&�!"&!�0� ��!&�2&!3� � � ��� "� � ,'�!�" &&*�  �� � ���!&*�

!&�!&�&" � ��"�5�%%� %&�*�  �� �� ��)�%�!� ���%�$� ��"��#�E"�5%&*,&� C�&"E%3���"*%3�/�	!'(&!3�

6==GD0� ��&!&#�!&3� 5&� �%��� $�"��*&!� shared application"oriented knowledge�  �� (&� �"�

�)��! �" � �' $�)&0� �"&� )��"� H'&� ��"� ��3�  �� 5�� � &1 &" � #�!)&!� %&�!"�",� ��! "&!�� �!&�

��)�%�!��"� �&�!��(�%� .� �����%.� �&�E"�5%&*,&� ��"&5�$�" &1 �0��

�

The relationship between process convergence/divergence and outcome0���

���!��$�&��&)�%�.&*��"� �&�%&�!"�",��$�&"$&���"*��"�&*'$� ��"�%���.$��%�,.��# &"��&&)� ��

�)�%.� �� �$�"2&!,&"$&�!&%� &*��!�$&��&���"*��' $�)&���!&�*&��!�(%&�����'$�3�&��&$��%%.��"�

$��&��5�&!&�%&�!"&!��$�"2&!,&��"�����,��%&2&%0���5&2&!3�� '*�&���"�,!�'��*&$����"�)�E�",�

���5�  �� � $�"2&!,�",�$�,"� �2&��!�$&��&��*'!�",� $�%%�(�!� ��"�*��"� �"&$&���!�%.� %&�*�  ��

(&  &!� �"*�2�*'�%��' $�)&���!� !&�'% � �"�)�!&� ��)�%�!��' $�)&�� C�&&��!�*(&$E3�6===D0���!�

�"� �"$&3� �"� �"*�2�*'�%� 5��� �*�� �� ���4�&!�  ��"E�",�  �� #�%%� �"� %�"&� 5� �� �"� �&!� ,!�'��

)&)(&!�)�,� ��(�"*�"������!��&!��5"�)�!&�&##&$ �2&�� !� &,�&���"� �$E%�",����!�(%&)0�"�

$��&�� 5�&!&� �� ,!�'�� ����  �� ' �%�F&� ��� )�".� �#�  �&� �2��%�(%&� E"�5%&*,&� !&��'!$&�� ���

�����(%&3� � � )�,� � &2&"� (&� (&"&#�$��%� #�!�  �&� ,!�'�� �' $�)&� �#�  �&� �"*�2�*'�%�� *�2&!,&�

*'!�",�  �&� $�%%�(�!� �2&� �!�$&��� C�$�'% F���!* 3� +�$��)�� /� �!&.3� 8778D0� ��� #�!3�  �&!&� ���

%�)� &*�&)��!�$�%�&2�*&"$&��"� �&�&�!&%� ��"�������"� �&�$�" &1 ��#�$�%%�(�!� �2&�%&�!"�",0�"�
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�**� ��"3�  �&!&� ��� �"%.� %�)� &*� &)��!�$�%� &2�*&"$&�  �� � ���!�",� E"�5%&*,&� ��� �$ '�%%.�

(&"&#�$��%�#�!��"*�2�*'�%�%&�!"�",��' $�)&��C+&�",�/�
��3�6===D0��

Computer"supported collaborative learning 


�)�' &!�)&*�� &*� $�))'"�$� ��"�  �!�',�� 2�*&�$�"#&!&"$�",0� ��'�� #�!3� $�%%�(�!� ��"�

$�"*� ��"��'��",��" &!"& �(��&*�$�))'"�$� ��"� &$�"�%�,�&����2&���!*%.�(&&"��"2&� �,� &*�

�.� &)� �$�%%.� 5� �� !&��&$ �  �� E"�5%&*,&� $�"2&!,&"$&0� ����&"(&!,3� ����3� ���(�� �"*�

���!�",�C6==<D����5&*� �&���&"�)&"�"��#�(���&*��"#�!)� ��"���)�%�",�C �&� &"*&"$.� ��

"&,%&$ � '"���!&*� E"�5%&*,&� !&��'!$&�� �"� ,!�'�� *&$����"� )�E�",3� �&&� �(�2&D� #�!�

�."$�!�"�'�� &1 �(��&*�$�%%�(�!� ��"0���5&2&!3��"� �� �� '*.3� �&�&##&$ �5����#�$�)��!�(%&�

��F&��"� �&�$�)�' &!�)&*�� &*��$&"�!����"*��"���#�$&� ��#�$&��&  �",0� � ���'"$%&�!�  ��5�� �

&1 &" � �&�$�"*� ��"���#�2�*&�$�"#&!&"$�",��)��$ � �&�'�&��#�E"�5%&*,&�!&��'!$&���"*� �&�

$�"� !'$ ��"��#����!&*��"*�'"���!&*�E"�5%&*,&0��" �%�"�53� �&!&���2&�(&&"�#&5��.� &)� �$�

� '*�&�� �"�  ����  ���$0� ��&� %&�!"�",� ��! "&!�� )�.� )' '�%%.� �"#%'&"$&� 5��$�� E"�5%&*,&�

!&��'!$&���!&�'�&*��"���>��" ��!�(%&)����$&� �!�',��"�"�2&!(�%��"*���!�%�",'�� �$���,"�%�0�

�% ��',��"�"��2&!(�%��"*���!�%�",'�� �$���,"�%��$�"���! ��%%.�(&� !�"���! &*� �!�',���'*���

�"*� 2�*&�� $�""&$ ��"�3� *�##&!&"$&�� *�� &1�� � (& 5&&"� #�$&� ��#�$&� $�))'"�$� ��"� �"*�

2�*&�$�"#&!&"$�",� C�'��&%� /� �&"�)�##3� 6==:K� �L
�""��%%� /� ���  �E&!3� 6==9D0� ��!�

&1�)�%&3� �&�%�$E��#�&.&�$�" �$ ��"*�,�F&��5�!&"&������5&%%���� �&�%�)� &*��(�%� .� ��)�E&�

*&�$ �$� ,&� '!&�� �"� �� 2�*&�$�"#&!&"$&� )�,� � �"$!&��&�  �&� *�##�$'% .� �#� )��" ��"�",� >��" �

#�$'��*'!�",�$�%%�(�!� ��"0��2&!%����",� '!"���"*�'"5�" &*��" &!!'� ��"��$�"��# &"��$$'!�

'"*&!� �&�&�$�"*� ��"�0�
�%%�(�!� �!��#!&H'&" %.�!&�$ � �� �&�&��!�(%&)��5� ��%�",&!� '!"��

�"*� �� ��,�&!� "')(&!� �#� 2&!(�%%.� &1�%�$� � �  &)� ��  �� $��!*�"� &�  �&�!� �$ �2� �&�� C�&%%&"3�

6==8D0� �&�&"*�",� �"�  &$�"�$�%� ���&$ �� �#�  �&� &"2�!�")&" � C&0,03� *&%�.3� H'�%� .� �#� �'*���

 !�"�)�����"D3�� �)�,� �(&�)�!&��!�%&���&��.� ��E&&����>��" �#�$'���#��  &" ��"0���&!&#�!&3��"�
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�"$!&��&*� �!�$&��� *�2&!,&"$&� $�"� (&� &1�&$ &*� �"� 2�*&�$�"#&!&"$�",� &"2�!�")&" �3� ���

$�%%�(�!� �!����2&�)�!&�*�##�$'% �&��!&#&!!�",� �� �&���)&�$�"$&� ���!��(>&$ �0��

� �� �� !&��&$ �  �� �' $�)&�3� �"�  �&� � �&!� ��"*3� )�� � &)��!�$�%� � '*�&�� �"� �!�(%&)��

��%2�",��"*�*&$����"�)�E�",�#�'"*�#&5��'(� �" ��%�*�##&!&"$&��(& 5&&"�2�*&�$�"#&!&"$�",�

�"*� #�$&� ��#�$&� $�"*� ��"�0� "� ��� &� �#� *�##&!&" � �!�$&��� $��!�$ &!�� �$�3� �"*�2�*'�%�� �"� ��

,!�'��  .��$�%%.� !&�$�� H'�%� � �2&%.� ��)�%�!� ��%' ��"�� �"� 2�*&�$�"#&!&"$�",� �"*� �"� #�$&� ��

#�$&��&  �",��C�&&���""3��&%%&"�/���%('!3�6==9D0��

Knowledge convergence and shared external representation.  

�&�&�!$�&!�� �"�  �&� #�&%*� �#� $���&!� �2&� %&�!"�",� �# &"� &)�����F&�  �&� �)��! �"$&� �#�

�"� !'$ ��"�%��'���! . ��"')(&!��#�*�##&!&" ����!��$�&����2&�(&&"�*&2&%��&*��"*� &� &*��"�

&)��!�$�%� � '*�&�� C�&&� 
��&"3� 6==?K� �%�2�"3� 6==GD. �� �� !&,�!*��  �� $�)�' &!��'���! &*�

$�%%�(�!� ��"3� 2��'�%�F� ��"� (.� ���!&*� ,!����$�%� !&�!&�&" � ��"�  ��%�� �%�.� �"� �"$!&���",%.�

�)��! �" � !�%&� C&0,03� ���$�&%%&� /� �&�3� 6===D. �"&� )�>�!� *�)&"���"� �#� ���!&*� ,!����$�%�

!&�!&�&" � ��"����� �&�*&,!&&��#�$�" &" ���&$�#�$� .. �!� � .��$�%�&1�)�%&���# representation 

tools� �!&�  �&� ��,�%.� ���'%�!� ���!&*�5�� &(��!*�� C)�� %.� ��)�%&� ,!����$� &*� �!� ��# 5�!&D. 

��&.��!&� �" &"*&*�  ���'���! � �" &!�$ ��"�(& 5&&"�*�� �" �$�%%�(�!� �!��(.��!�2�*�",�  �&)�

5� �� �&�����! '"� .� ��$�%%�(�!� �2&%.�2��'�%�F&�,!����$�%�&%&)&" �����5&%%����5!�  &"�"� &��

C��%%&"(�'!,�/��!�')3�6==9D. ��5&2&!3� �&��'(>&$ ��!&��C&0,03�)&*�$�%�*��,"����3�(� �"�$�%�

$%����#�$� ��"D3����5&%%���� �&� ��E� .�&�C&0,03�*��$'����"3�*&$����"�)�E�",3�%&�!"�",D�*��"� �

�"#%'&"$&�  �&� *&��,"� �#�  �&�&�  ��%�. �% &!"� &%.3� �"� content"specific graphical 

representations3�  �&�*&,!&&���#� #!&&*�)��#�  �&� &1 &!"�%� !&�!&�&" � ��"� �!&�$�"� !��"&*�(.�

$�" &" ��"*� ��E�!&%&2�" �� !'$ '!&�. ��!�&1�)�%&3����$�%%&*�2��'�%�%�",'�,&���!&�*&��,"&*�

 �� �'���! � *��$�'!�&� (.� �!�2�*�",� $�%%�(�!� �!�� 5� �� �� �& � �#� �.)(�%�� #�!�  ��E���&$�#�$�

$� &,�!�&�� C��E�"3� 6==7K� �' �&!�3� 8776D. ��&� 
�!*���!*� �.� &)3� #�!� �"� �"$&3� ��� �� $�!&�

$�)��"&" � �#� �� 5&(�(��&*� %&�!"�",� &"2�!�")&" �  �� � �!�2�*&�� %&�!"&!�� 5� �� �� 2��'�%�
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%�",'�,&�#�!����$�&" �#�$�*��$'����"�C	���"&!�/�����&3�8777D. �&�!"&!��$�"�2��'�%�F&� �&�!�

$�" !�(' ��"�� '��",� $� &,�!�&�� �'$�� ��� $%�!�#.�",� H'&� ��"�3� �"#&!&"$&3� !&>&$ ��"3� �!�� �"*�

$�" !�� �!,')&" �3� �!� ����$�� ��". ��'�� #�!3�  �&!&� ��2&� (&&"� "�� &)��!�$�%� �"2&� �,� ��"��

$�)��!�",�  �&� &##&$ �� �#� $�" &" ���&$�#�$� ���!&*� !&�!&�&" � ��"� 2�0� $�" &" ��"*&�&"*&" �

���!&*�!&�!&�&" � ��"�5� ��!&��&$ � ���!�$&����"*��' $�)&�$�"2&!,&"$&��"�#�$&� ��#�$&��"*�

$�)�' &!�)&*�� &*� $�%%�(�!� �2&� %&�!"�",� �$&"�!���. �"�%�,�'��  ��  �&� representational 

guidance�$�"$&� �C�' �&!�3�8776K��' �&!��/��'"*��'�&"3�8776D�����)�%&�representational 

convergence assumption $�'%*� (&� #�!)'%� &*�  �� � � &�  �� �  �&� �!�2����"� �#� �� ���!&*�

!&�!&�&" � ��"� ��%�5�'%*�#�$�%� � &��!�$&���$�"2&!,&"$&�5� ��!&��&$ � ����)�!&���)�%�!�'�&�

�#� E"�5%&*,&� !&��'!$&�. �� �� !&��&$ �  �� �' $�)&�3� &1 &!"�%� !&�!&�&" � ��"�  ��%�� ���'%*�

#�� &!� �&�$�"� !'$ ��"��#����!&*�E"�5%&*,&. �� ��&##&$ ��$�'%*�(&��&&"�����"*&�&"*&" ��#�

 �&�$�" &" ���&$�#�$� .��#� �&�!&�!&�&" � ��"� ��%. ��5&2&!3�*'&� �� �&�$�"$&� '�%�� !'$ '!&�

�#�  �&� content"specific� &1 &!"�%� !&�!&�&" � ��"3� $�" &" � ��&$�#�$� .� 5�'%*� �"$!&��&�  �&�

$�"2&!,&"$&� ���"� !'$ ��"�%%.�*&��!�(%&����" ���"� �&�$�"$&� '�%����$&0�

�

Research questions and hypotheses of the study 

���&*� �"�  �&� �"#�!)� ��"� �!&�&" &*� �(�2&3�  �&� � '*.� &1�)�"&�� E"�5%&*,&� $�"2&!,&"$&�

5� �� !&��&$ �  �� �!�$&��&�� �"*� �' $�)&�� '"*&!� *�##&!&" � $�%%�(�!� �2&� $�"*� ��"�0� ��&�

#�%%�5�",�#�'!�!&�&�!$��H'&� ��"���"*�!&�'% �",�&1�&$ � ��"����2&�(&&"�#�!)'%� &*��

�

C6D�To what extent is there a tendency for collaborative learners to converge with respect 

to processes and outcomesM��'!�&1�&$ � ��"��5&!&����#�%%�5���"*&�&"*&" ��# �&�$�" &" �

��&$�#�$� .� �#�  �&� !&�!&�&" � ��"�  ��%� �"*� �#�  �&� $�%%�(�!� ��"� $�"*� ��"3�  �&� *.�*�$�

�" &!�$ ��"� ���'%*� �"$!&��&� E"�5%&*,&� $�"2&!,&"$&�  �� �� �'(� �" ��%� *&,!&&0� ��!&�

��&$�#�$�%%.3� 5&� ���')&� C�D� �� ,&"&!�%�  &"*&"$.�  �5�!*�� �!�$&��� $�"2&!,&"$&0� ��&!&#�!&�
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$�%%�(�!� ��"��"���,!�'���#�%&�!"&!�����'%*��"$!&��&� �&�%&2&%��#���)�%�!� .��"�!&��'!$&�'�&0�

C(D� 
�%%�(�!� ��"� �"� �� ,!�'�� �#� %&�!"&!�� ���'%*� �"$!&��&�  �&� %&2&%� �#� ���!&*� #�$ '�%�

E"�5%&*,&0� C$D� 
�%%�(�!� ��"� �"� �� ,!�'�� �#� %&�!"&!�� ���'%*� �"$!&��&�  �&� %&2&%� �#� ���!&*�

���%�$� ��"��!�&" &*�E"�5%&*,&0�

�

C8D�What are the�effects of the content specificity of the shared representation tool and of 

the collaboration condition on process convergenceM��'!�&1�&$ � ��"��5�&!&����#�%%�5���

C�D�
�" &" ���&$�#�$� .��#� �&����!&*�!&�!&�&" � ��"�#�$�%� � &�� �&�$�"2&!,&"$&��#�!&��'!$&�

'�&3��"*����'%*�#�� &!�$�"2&!,&"$&� �5�!*�� �&�$�"$&� '�%�!&��'!$&��� �!&�!&�&" �0�C(D�"���

2�*&�$�"#&!&"$�",�$�"*� ��"3�$�"2&!,&"$&��"�!&��'!$&�'�&����'%*�(&�%&��� ��"��"���#�$&� ��

#�$&�$�"*� ��"3��"*&�&"*&" ��#� �&�$�" &" ���&$�#�$� .��#� �&����!&*�!&�!&�&" � ��"0�C$D���&�

&##&$ �� �#� $�" &" � ��&$�#�$� ���!&*� !&�!&�&" � ��"�  ��%� �"� �!�$&��� $�"2&!,&"$&� ���'%*� (&�

)�*&!� &*�(.� �&�$�%%�(�!� ��"�$�"*� ��"0�

�

C;D���� ��!&� �&�effects of content specificity of the shared representation tool and of the 

collaboration condition on outcome convergence? ��&��$$�!*�",�&1�&$ � ��"��5�&!&��

C�D� 
�" &" � ��&$�#�$� .� �#�  �&� ���!&*� !&�!&�&" � ��"�  ��%� ���'%*� #�$�%� � &� (� ��  �&�

$�"2&!,&"$&��#�#�$ '�%�E"�5%&*,&��"*� �&�$�"2&!,&"$&��#����%�$� ��"��!�&" &*�E"�5%&*,&0�

C(D���&�2�*&�$�"#&!&"$�",�$�"*� ��"����'%*�"� �*�##&!� #!�)���#�$&� ��#�$&�$�"*� ��"�5� ��

!&��&$ � ��&� �&!� �&�$�"2&!,&"$&��#�#�$ '�%�E"�5%&*,&��!� �&�$�"2&!,&"$&��#����%�$� ��"�

�!�&" &*�E"�5%&*,&0�C$D���&�&##&$ ���#� �&�$�" &" ���&$�#�$� .��#� �&����!&*�!&�!&�&" � ��"�

�"��' $�)&�$�"2&!,&"$&����'%*�(&��"*&�&"*&" ��#� �&�$�%%�(�!� ��"�$�"*� ��"0�

�

C?D�How are the aspects of knowledge convergence interrelated? �&����')&*� ��  C�D�)�!&�

�'$$&��#'%� %&�!"&!�� ���!&�)�!&� E"�5%&*,&�  ��"� %&��� �'$$&��#'%� %&�!"&!�0� C(D��'! �&!)�!&3�
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5&� ���')&*�  �� �  �&!&� �!&� *��$�'!�&� ��  &!"�3�5��$�� #�$�%� � &�  �&� $�"� !'$ ��"� �#� ���!&*�

E"�5%&*,&0����5&�*�*�"� �#�"*� �&�!& �$�%�)�*&%���!�&)��!�$�%�� '*�&�� ��5�!!�" ���&$�#�$�

���')� ��"�3�5&�#�!)'%� &*� �&�#�%%�5�",�&1�%�!� �!.�!&�&�!$��H'&� ��"� ���$��*��$�'!�&�

��  &!"��#�$�%� � &��' $�)&�$�"2&!,&"$&M��

�

�& ��*�

Overall analytical approach. ��� �"2&� �,� &� �'!� !&�&�!$�� H'&� ��"�3�5&� �"�%.F&*�  �&�

�" &!�$ ��"�� �"*� %&�!"�",� �#� ���!�� �#� '"�2&!�� .� � '*&" �� �#� &*'$� ��"�%� �$�&"$&
�
� ���  �&.�

&2�%'� &*����& ��#�$��&���(�' � &�$�&!��)�"�,�",���$�%%�(�!� �2&�%&�!"�",��� '� ��"0���&�&�

���!�� $�%%�(�!� &*� '"*&!� ?� *�##&!&" � $�%%�(�!� �2&� %&�!"�",� $�"*� ��"�� N� '��",� 2�*&��

$�"#&!&"$�",��!�5�!E�",�#�$&� ��#�$&�5��%&�'��",�$�" &" ���&$�#�$��!�$�" &" ��"*&�&"*&" �

!&�!&�&" � ��"�0� � '*&" �� #�!� � 5�!E&*� �"*�2�*'�%%.� �"*� !&�*� ��  �&�!.�  &1 � �(�' �

$�%%�(�!� �2&� %&�!"�",3� �"*�  �&"� &2�%'� &*� �"*� )�*&� !&$�))&"*� ��"�� �(�' � �� ��&$�#�$�

$�%%�(�!� �2&�%&�!"�",��� '� ��"�*&�$!�(&*��"� �&�$��&0��&�$�%%&$ &*��"#�!)� ��"��(�' � �&�!�

�!��!�#�$ '�%��"*����%�$� ��"��!�&" &*�E"�5%&*,&��#�$�%%�(�!� �2&�%&�!"�",3�!&$�!*&*��'*���

�#�  �&�!� *��$�'!�&� �"*� #�"�%� &2�%'� ��"�3� �"*�  &� &*�  �&�!� #�$ '�%� �"*� ���%�$� ��"��!�&" &*�

E"�5%&*,&� �# &!�  �&�!� $�%%�(�!� ��"�0� ��&�&� *� �� 5&!&� �,,!&,� &*� �"*� '�&*�  �� *& &!)�"&�

�!�$&��� ��� 5&%%� ��� �' $�)&� $�"2&!,&"$&0� �&� '�&*� "�)�"�%� *.�*� �"�%.�&��  �� #'! �&!�

*& &!)�"&�  �&��&!$&" �,&��#�E"�5%&*,&� $�"2&!,&"$&3�5��$�� $�'%*�(&� �  !�(' &*�  ���$ '�%�

*.�*�$��" &!�$ ��"0�"��**� ��"� �� �&�H'�" � � �2&��"�%.�&���#� �&�&##&$ ���#� �&�$�%%�(�!� ��"�

$�"*� ��"�3�5&�'�&*�H'�%� � �2&���",%&�$��&��"�%.�&�� ��,��"�)�!&��"��,� ��" �� �&�$�)�%&1�

�" &!�$ ��"���  &!"���� &" ��%%.�!&%� &*� ��E"�5%&*,&����!�",0�

�

Sample and design.���1 .�#�'!�� '*&" ���#�&*'$� ��"�%��$�&"$&6�#!�)� �&��"�2&!�� .��#�

�'"�$�� 2�%'" &&!&*� #�!�  ���� � '*.0� ��&� ��! �$���" �� 5&!&� �&��!� &*� �" �� *.�*�� �"*� &�$��
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*.�*�5���!�"*�)%.�����,"&*� ���"&��#� �&�#�'!�&1�&!�)&" �%�$�"*� ��"���"���818�#�$ �!��%�

*&��,"0���! �$���" ��*�*�"� �E"�5�&�$��� �&!�(&.�"*� �&�!�'�'�%�$�" �$ ��"� �&�$�'!�&��C�0&03�

5&� )�*&� �'!&�  �� � #!�&"*�� 5&!&� "� � ����,"&*�  ��  �&� ��)&� *.�*D0� �&� *�*� "� �  !.�  ��

��)�,&"�F&�  �&� *.�*� $�)���� ��"� 5� �� !&��&$ �  �� ,&"*&!3� �,&� �!� �!��!� E"�5%&*,&0�

��5&2&!3� ��� )�!&�  ��"� 97O� �#�  �&� ��! �$���" �� 5&!&� #&)�%&3�  �&!&� 5&!&� )�!&� #&)�%&�

� '*&" �*.�*�� ��"�)�%&�� '*&" �*.�*�0��&�2�!�&*� �&�$�" &" ���&$�#�$� .��#�  �&�,!����$�%�

!&�!&�&" � ��"�  ��%� � C$�" &" ��"*&�&"*&" � 2�0� $�" &" ���&$�#�$D� �"*�  �&� $�%%�(�!� ��"�

$�"*� ��"�C#�$&� ��#�$&�2�0�2�*&�$�"#&!&"$�",D0���)&��"� ��E�5����&%*�$�"� �" ��"��%%�#�'!�

$�"*� ��"��C �!&&���'!�D0�

Learning environment0�� '*&" ���"��%%�$�"*� ��"����*� ��5�!E��"�$�)�%&1�$��&���"� �&�

*�)��"� �#� &*'$� ��"0� �'!�",�  �&� $�%%�(�!� ��"� ����&3� � '*&" �� 5&!&� ��E&*�  �� ���%.�

 �&�!& �$�%� $�"$&� �� #!�)� ��  �&�!.�  &1 � �"$%'*&*� �"�  �&� %&�!"�",� &"2�!�")&" � �"� �!*&!�  ��

�"�%.F&� �&�$��&�0�C6D���&�!.� &1 0�� '*&" ��5&!&��!�2�*&*�5� ���� �!&&���,&�*&�$!�� ��"��#�

�"� �" &,!� &*�  �&�!& �$�%� #!�)&5�!E� #�!�  �&�$�"*� ��"���#��'$$&��#'%��)�%%�,!�'�� %&�!"�",�

�$$�!*�",� ���%�2�"�C6==;D��"*�
��&"�C6==?D0���!� 3� �&� &1 ��!,'&�� �� �� �����)��! �" � ��

*�� �",'���� I$�%%�(�!� ��"��'���! �",� �!�$ �$&�  ��E�I� #!�)� I"� '!�%� ,!�'��  ��E�I� '��",� ��

��&$�#�$��& ��#�$!� &!��0�
�%%�(�!� ��"��'���! �",��!�$ �$&� ��E���!&� ��E�� �� �$�"��� &" ��%%.�

(&���%2&*�(.��"*�2�*'�%�%&�!"&!�����5&%%����(.���,!�'���#�%&�!"&!�0���&!&#�!&3� �&�)� �2� ��"�

 �� 5�!E�  �,& �&!� �"*� �&%�� &�$�� � �&!� ����  �� (&� #�� &!&*� (.� �&  �",� '�� �� ��&$�#�$� !&5�!*�

� !'$ '!&0��)�",� �&�$&" !�%�$�"$&� ���" !�*'$&*��!&�I,!�'��!&5�!*�I3�I$!� &!����!�&" &*�2�0�

��$��%� "�!)� ��!�&" &*I3� �"*� I�*&" �#�$� ��"� �#� �"*�2�*'�%� $�" !�(' ��"I0� I�� '!�%� ,!�'��

 ��E�I� �!&� �" !�*'$&*� ���  .��$�%%.� !&2�%2�",� �!�'"*� I�%%�*&#�"&*� �!�(%&)�I�  �� � �!&�

$��!�$ &!�F&*�(.�I"����",%&��!�� �"*�!*���%' ��"��!�$&*'!&I��"*��� &" ��%%.�)�!&� ��"��"&�

!�,� � ��%' ��"3� �"*�  �� � �"$%'*&�� �� ��,�� *&,!&&� �#� I!&��'!$&� �" &!*&�&"*&"$&I� �#�  �&�

%&�!"&!�0� C8D�
��&�0� "�  �&�&� $��&�3� #�$ � ��'��  &�$�&!��*&�$!�(&� ���%�"� #�!� �"� �"� !'$ ��"�%�
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�&����"� �"*� ��E�  �&� ��! �$���" �� C�"�  �&�!� !�%&� ��� '"�2&!�� .� � '*&" �� �#� &*'$� ��"D� #�!� �"�

&2�%'� ��"��#�  �&��%�"� #!�)���  �&�!& �$�%��&!��&$ �2&0� "��"&��#�  �&�$��&�3� #�!�&1�)�%&3���

.�'",�  &�$�&!� #!�)� �� 2�$� ��"�%�  !��"�",� �$���%� !&��! �� �� *& ��%&*� �%�"� #�!� �� %&���"�

�"$%'*�",� �)�%%� ,!�'�� %&�!"�",� C�&&� ���&"*�1D0� � 
��&� �"#�!)� ��"� �!�2�*&*� ���" ��  �� ��

"� '!�%�,!�'�� ��E0���5&2&!3���!&5�!*�� !'$ '!&�����"��%�$&3�5��$�����)�!&����!��!�� &�#�!���

$�%%�(�!� ��"��'���! �",��!�$ �$&� ��E3��� &" ��%%.�'"*&!)�"�",��" !�"��$�)� �2� ��"��#�  �&�

� '*&" �0��%%� �&�$��&���"$%'*&�� !&", ����"*�5&�E"&��&��C�0&0����!��!�� &��"*��"���!��!�� &�

 ��E� #&� '!&�� 5�&"� �"�%.F&*� 5� �� !&��&$ �  ��  �&� �" &,!� &*�  �&�!& �$�%� #!�)&5�!E� #�!�  �&�

$�"*� ��"���#��'$$&��#'%��)�%%�,!�'��%&�!"�",D0�

�1�&!�)&" �%����E0����%&�5�!E�",�$�%%�(�!� �2&%.��"���$��&3�� '*&" ��5&!&��!�2�*&*�

5� ����$�%%�(�!� �2&3��."$�!�"�'��2��'�%�F� ��"� ��%� ��!&�!&�&" � �&�!���%' ��"�,!����$�%%.0�

��&� � '*&" �L�  ��E� 5���  �� �!&��!&� �"� C���E&"D� &2�%'� ��"� �#� &�$�� �#�  �&� $��&��  �,& �&!�

'��",�  �&� ,!����$�%�  ��%�  �� !&�!&�&" �  �&� )�� � �)��! �" � $��&� �"#�!)� ��"� �"*�  �&� )�� �

!&%&2�" � �&�!& �$�%�$�"$&� �0�� '*&" ��5&!&� �%*��!��!� �� �&��"�%.���� �� � �&.�5�'%*���2&�

 �� �!�2�*&�  �&� ���E&"� &2�%'� ��"� �# &!� 8:�)�"' &�� �#� $�%%�(�!� ��"��"� &�$���#�  �&� $��&�0�

��&�!&�!&�&" � ��"�  ��%�5�'%*��'���! �  �&�&2�%'� ��"��"*�  �&.�5�'%*�(&��(%&� ��E&&�� �&�

2��'�%�!&�!&�&" � ��"� �� � �&.�$�"� !'$ &*�*'!�",� �������E&"�&2�%'� ��"0�


�%%�(�!� ��"� $�"*� ��"�0� �%%� *.�*�� $�%%�(�!� &*� �"� �."$�!�"�'�� $�)�' &!��'���! &*�

%&�!"�",�&"2�!�")&" ��5� ���."$�!�"�'�����!&*�&1 &!"�%�!&�!&�&" � ��"� ��%��*���%�.&*��"�

��87JJ�)�"� �!0��

� "� �&�2�*&�$�"#&!&"$�",�$�"*� ��"�5&�'�&*���*&�E ���2�*&�$�"#&!&"$�",��.� &)��"*�

���%�$� ��"� ���!�",�  &$�"�%�,�&��  �� �'���! �  �&� $�%%�(�!� �2&� �"*� �."$�!�"�'�� '�&��#�  �&�

!&�!&�&" � ��"� ��%�0��&�%�F� ��"��#��'*����"*�2�*&�� !�"�)�����"��
�))&!$��%%.��2��%�(%&�

*&�E ���2�*&�$�"#&!&"$�",�&"2�!�")&" ��� �%%���*�%�!,&���$ '!&���'"*�*&%�.��C#!�)�70;� ��6�

�&$D� � �  �&�  �)&�  ���� �"2&� �,� ��"�  ��E� �%�$&0� ��!&�2&!3�  �&� �'*���  !�"�)�����"� �"�  �&�&�
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�.� &)�� �# &"� 5��� �#� �"� �"$�"��� &" � H'�%� .0� ��� � � 5��� "� �  �&� ,��%�  �� �"2&� �,� &�

�" &!�$ ��"��!�(%&)��*'&� �� &$�"�$�%�*&#�$� �� �� ����'%*�2�"�����"���#&5�.&�!�3�5&�*&$�*&*�

 �� �& � '�� �"� �'*��2��'�%� $�))'"�$� ��"� 5� ��' � "� �$&�(%&� *&%�.� (& 5&&"� ��'"*� �"*�

��$ '!&0���!&��)��! �" %.3�5&�&"�'!&*� �&�'�&��#����&!#&$ %.�$%&�!��'*���$�)��"&" �5� ��' �

�".� *&,!�*� ��"� �"� H'�%� .� �2&!�  �)&0� "� �'!� &1�&!�)&" �%� �&  �",3� 5&� *�!&$ %.� 5�!&*� ��

$�)&!�� �"*���)�$!����"&����� ��"&*��"�  �&�)�"� �!� �"��"&� !��)�  ��  �&�$�)�' &!� �"�  �&�

� �&!�!��)���� �� �!&��'!$&�$�"�')�",�$�)�!&����"��"*�*&$�)�!&����"�$�'%*�(&�!&*'$&*�

 �� �� $&! ��"� *&,!&&0� ��� 5&� '�&*� "&�,�(�!�",� %�(� !��)�3�  �&� 5�!&�� $�'%*� $�""&$ �  �&�

��!*5�!&� $�)��"&" �� *�!&$ %.�  �!�',��  �&� �&��!� �",� 5�%%0� �&� '�&*� �� � �"*�!*� �$ �2&�

%�'*��&�E&!��.� &)�#�!�  �&��'*���*���%�.0���&��'*���$�)��"&" ��%%�5&*�#�!��."$�!�"�'��

�&"*�",��"*�!&$&�2�",�&"�(%�",�%&�!"�",���! "&!��  ����&�E�� � �&���)&� �)&0��&�'�&*� 5��

�*&" �$�%�
�""&$ �1�P'�$E
�)�����2�*&��$�)&!��0���&�2�*&����,"�%�5���#'! �&!��!�$&��&*�

(.����%&�P'�$E��)&�
�"#&!&"$�",���# 5�!&0���&�2�*&����$ '!&�5���%�$� &*�"&�!� �&�'��&!�

!�,� � $�!"&!� �#�  �&� �$!&&"� *�!&$ %.� '"*&!�  �&� $�)&!��  �� &"�'!&� �� $&! ��"� *&,!&&� �#� &.&�

$�" �$ 0� ��$ '!&� ��F&� 5��� %&���  ��"� �"&� ��1 �� �#�  �&� #'%%� �$!&&"� ��F&0���&� ���!&*� &1 &!"�%�

!&�!&�&" � ��"� ��%��5&!&�!&�%�F&*�(.���*� ��$�"#&!&"$�",�$�)��"&" �C��)('E '��!�D� �� �

�%%�5&*� �$!&&"� ���!�",� �"� !&�%� �)&�2����
�4�0������ &"�'!&*�(� �� %&�!"&!��  ��(&� �(%&�  ��

�$$&��� �&����!&*�&1 &!"�%�!&�!&�&" � ��"� ��%���)'% �"&�'�%.0���&��.� &)�5�!E&*�!&%��(%.�

 �!�',��' � �&�� '*.0�

� "�  �&� #�$&� ��#�$&� $�"*� ��"3� %&�!"&!�� $�%%�(�!� &*� �"� ��.��$�%� $���!&�&"$&� C�0&03�

��  �",���*&�(.���*&��"��"&�!��)D�5� ��!&#&!&"$&� ���"&�87JJ�$�)�' &!��$!&&"0���$��%&�!"&!�

��*���E&.(��!*��"*���)�'�&��#������!��&!��5"0�
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�	����6���&�$�" &" ��"*&�&"*&" � ���!&*� !&�!&�&" � ��"�  ��%0���&�  ��%(�!��!�2�*&��

�$$&���  �� *�##&!&" � #'"$ ��"�%� �&�� �#� �� ��)�%&� ,!����$�� �"*�  &1 � &*� �!0� ��� ��&$�#�$� �!��!�

� !'$ '!&�$�"$&!"�",� �&�$�" &" ��"* �&� ��E����!&�!&�&" &*��"� �&� ��%0�


ontent specificity of the shared external representation.  

�.�*�� �"�  �&� content"specific representation tool condition� 5&!&� �!�2�*&*� 5� ��  �&�


�� !'$ '!&����%3� �� $�)�' &!�(��&*�,!����$�%�)����",�  ��%�  �� � �"$%'*&��(�1&�� #�!� $��&�

�"#�!)� ��"��"*�(�1&��#�!� �&�!& �$�%�$�"$&� �3��" ��5��$�� &1 �$�"�(&� .�&*�*�!&$ %.�C��,0�

6D0� ��##&!&" �  .�&�� �#� %�"&�� !&�!&�&" �",� ���� �2&� �"*� "&,� �2&� !&%� ��"�� $�"� (&� '�&*�  ��

$�""&$ �  �&� (�1&�0� ��!&�2&!3�  �&� �$!&&"� �#�  �&� 
�� !'$ '!&����%� ��� *�2�*&*� �" �� �"�

&)��!�$�%��"*��� �&�!& �$�%�%&2&%0��� ��%&�!"&!���"�&�$��*.�*�5&!&��!�2�*&*�5� ����E&.(��!*�

�"*���)�'�&��"*�$�'%*��$$&��� �&�*�##&!&" ��(>&$ ���"� �&��$!&&"���)'% �"&�'�%.0��&�!"&!��

�"�  �&� content"independent shared representation condition� 5�!E&*� �"� �� $�)�' &!�  ��%3�

5��$���"$%'*&*� �&�#'"$ ��"�%� .��#�����)�%&�,!����$�&*� �!�C��,0�8D0���&�%&�!"&!��$�'%*� .�&�

�"*�&*� � &1 3�*!�5�%�"&�3�$�!$%&���"*�!&$ �",%&�3�$��",&� �&�$�%�!���#� �&�&�� &)�3��"*�*!�,�
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 �&�� &)���$!���� �&��$!&&"0��%%� �&�&�#'"$ ��"��5&!&��$$&���(%&�2����� ��%�(�!0�"�$�" !�� � ��

 �&�$�" &" ���&$�#�$�!&�!&�&" � ��"� ��%3� ����� !'$ '!&�*�*�"� ��"2�%2&�*�##&!&" �$�"$&� '�%�

%&2&%�3� $�"$&� � $�!*�� 5� ��  �&�!� �&)�" �$� %�(&%�3� �!� *�##&!&" �  .�&�� �#� $�""&$ ��"� %�"&�0�

��'�3� 5�&"� $�)��!&*�  ��  �&� $�" &" ���&$�#�$� !&�!&�&" � ��"3�  �&� $�" &" ��"*&�&"*&" �

!&�!&�&" � ��"��!�2�*&*�� '*&" ��5� ��,!&� &!�*&,!&&���#�#!&&*�)� ��&1�!&��� �&�!� ��',� �0�

�&� '�&*�  ���� $�"*� ��"� ��� �� $�" !�%� #�!� �����(%&� �% &!"� �2&� #'"$ ��"�� �#�  �&� &1 &!"�%�

!&�!&�&" � ��"3�&0,03�����"�&1 &!"�%�&1 &"���"��#� �&�%�)� &*�5�!E�",�)&)�!.0�

�

�	����8���&� $�" &" ���&$�#�$� ���!&*� !&�!&�&" � ��"�  ��%�5� ��  5��*�##&!&" � $�"$&� '�%�

%&2&%��C �&�!& �$�%��"*�&)��!�$�%D3�$�"$&� �$�!*��#�!� �&�!&�!&�&" � ��"��#�$�"$&� ���"*�$��&�

�"#�!)� ��"��"� �&�&�%&2&%�3��"*� 5��*�##&!&" �!&%� ��"� .�&��C�.)(�%�F&*�(.� �&�%�"&�D0�

��!�$&*'!&0� � '*&" �� 5&!&� ,�2&"� �� H'&� ��""��!&� �"� *&)�,!����$� ���&$ �� �"*� �!��!�

&1�&!�&"$&� 5� ��  �&�  &$�"�%�,�&�� &)�%�.&*� �"�  �&� � '*�&�� C:� )�"D3� ��� 5&%%� ��� �� �!&� &� �

�"$%'*�",� �� $�" &" ���&$�#�$� #�$ '�%� E"�5%&*,&�  &� � C67)�"D3� �"*� �� $��&�  ��E�  �� )&��'!&�

���%�$� ��"��!�&" &*� E"�5%&*,&� C6:� )�"D0� � '*&" �� 5&!&�  �&"� )�*&� #�)�%��!� 5� ��  �&�
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%&�!"�",�&"2�!�")&" 3�&��&$��%%.�5� �� �&�'�&��#�  �&����!&*�!&�!&�&" � ��"� ��%��C8:�)�"D0�

�&1 3� %&�!"&!�� !&�*�  �&�  �&�!.�  &1 � �"*� 5�!E&*�  �,& �&!� �"�  �!&&� $��&�� C=:� )�"D0� ��&�

$�%%�(�!� ��"� 5��� #�%%�5&*� (.� �"� �"*�2�*'�%� ��� � &� � �#� #�$ '�%� �"*� ���%�$� ��"��!�&" &*�

E"�5%&*,&� C �� � ��!�%%&%&*�  �&� �"*�2�*'�%� �!&��  &� �D0� ��"�%%.3� %&�!"&!�� $�)�%& &*� ��

H'&� ��""��!&��"�$�" !�%%&*�2�!��(%&��C&0,0�)� �2� ��"D0�

�

"� !')&" �3�2�!��(%&���"*�*� �� .�&��

�C6D� �!�$&��� $�"2&!,&"$&0� ���� *� �� ��'!$&��  �� ���&����!�$&��� $�"2&!,&"$&�5� ��"�  �&�

*.�*�3�5&�'�&*� ��&�!&$�!*�",���#�*��$�'!�&���"*��#�C�!�%D�#�"�%�&2�%'� ��"�0����!&*'$&� �&�

2�%')&��#�*� �3�5&�*&$�*&*� ���"�%.F&� �&�*��$�'!�&��#��"%.��"&��#� �&� �!&&�$��&�3�5��$��

 �&�%&�!"&!��5�!E&*��"�$�%%�(�!� �2&%.�C�&&����&"*�1�#�!� �&��&%&$ &*�$��&D0��&��&��!� &*�

 �&� !�"�$!�� ���#��'*��� ��&*�*��$�'!�&��!� �$�%���" ��<78G���&&$���$ ��&,)&" �0��&�'�&*�

��$�*�",��$�&)&�#�!� �&��"�%.�����#�$�%%�(�!� �2&�E"�5%&*,&�$�"� !'$ ��"�*&2&%��&*�&�!%�&!�

C�!'�"3�	!Q�&%3����$�&!�/���"*%3�6==<D0��!�)� ����)�!&�$�)�!&�&"��2&�$�*�",��$�&)&�5&�

�"%.�'�&*� �&�I$�" &" I�*�)&"���"��� ��*& &!)�"&� �&�E�"*��#�!&��'!$&�� �&�%&�!"&!��'�&*��"�

*��$�'!�&0� ��&!&� 5&!&� G� $� &,�!�&�� �#� !&��'!$&� '�&� �"*� &1�%�$� � $��!*�"� ��"� '�&*0� ���

�"*�$� �!��#�C�D�"&5�$�"$&� '�%�!&��'!$&�3�5&�*& &!)�"&*� �&�"')(&!��#��&,)&" �� �� �!&#&!�

 ��$�"$&� ���"� �&� �&�!.� &1 0��1�)�%&��I� ��',� � �� ��"�"� '!�%�,!�'�� ��E�� �&!&����'%*�

(&�"���**� ��"�%�,!�'��!&5�!*�I0�C(D�������&��� �&�'�&��#�$�" &1 '�%�!&��'!$&�3�5&�$�'" &*�

 �&� "')(&!� �#� �&,)&" ��  �� � &1�%�$� %.� !&#&!�  �� $��&� �"#�!)� ��"� �"�  �&� ,�2&"� $��&�

*&�$!�� ��"�  &1 �0� �1�)�%&�� I��*� .�'� '"*&!� �"*� 5�� �  �&�  &�$�&!� 5�" ��  �� *�� 5� ��  ����

2�*&��  ��",MI� � C$D� ��!� !&%� ��"�� (& 5&&"� "&5� $�"$&� '�%� �"*� $�" &1 '�%� �"#�!)� ��"� 5&�

$�'" &*��&,)&" �� �� �&1�%�$� %.�%�"E&*��� �&�!& �$�%�$�"$&� �5� ��"� �&� �&�!.� &1 � ��$��&�

�"#�!)� ��"0� �1�)�%&�� I����� 2�*&��  ��&� ��� �� E�"*� �#� ,!�'�� !&5�!*3� ��"J � � MI� C*D� ���

�"*�$� �!�� �#� �!��!� E"�5%&*,&� !&��'!$&�� 5&� $�'" &*� �&,)&" ��  �� � �"$%'*&*� &1�%�$� �
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!&#&!&"$&�  �� ��  �&�!& �$�%� $�"$&� � ���� �"$%'*&*� �"�  �&�  �&�!.�  &1 0� �1�)�%&�� I"�  �&�

	!�&�&%��&)�"�!��"��'&�*�.���)&�"&��" !�*'$&*� �����&%#��& &!)�"� ��"���&�!.0I�C&D��&�

���&��&*�  �&� !&%� ��"�� (& 5&&"� �!��!� E"�5%&*,&� !&��'!$&�� �"*� $�"$&� '�%� !&��'!$&�� (.�

*& &!)�"�",� �&�"')(&!��#��&,)&" ��&1�%�$� %.�%�"E�",� �&�!& �$�%�$�"$&� ��5��$��5&!&�"� �

�"� �&� �&�!.� &1 � ��$��&��"#�!)� ��"�,�2&"��"� �&�$��&�*&�$!�� ��"� &1 �0��1�)�%&��I��&�&�

)&*��� ����,")&" �� !'"� $�'" &!�  �� �&%#�*�!&$ &*� %&�!"�",� �"� ).� 2�&50I� C#D� ��!&�2&!3� 5&�

)&��'!&*�  �&�&1�%�$� � $��!*�"� ��"��#� !&��'!$&�'�&����  �&�"')(&!��#� �&,)&" �3� �"$%'*�",�

2&!(�%%.� &1�%�$� � �  &)� ��  �� !&,'%� &� �!� �&H'&"$&�  �&� '�&� �#�  �&� ��1� !&��'!$&�  .�&��

*&�$!�(&*��(�2&0�

�

��&��"�%.�&��5� �� ����$�*�",��$�&)&��!&� �&�(�����#�!� �&�)&��'!&���#�$�"2&!,&"$&��"�

!&��'!$&� '�&� C�&&� ��!�,!����� (&%�5D� �"*� #�!�  �&� ��",%&� $��&� � '*�&�� �"� $�""&$ ��"� 5� ��

!&�&�!$��H'&� ��"�?�C�&&����" �C;D��#� �����&$ ��"D0�

�

�&��'!&���#�$�"2&!,&"$&��"�!&��'!$&�'�&����%�&*��"� �&�� '*.0�������&���$�"2&!,&"$&�

�"�!&��'!$&�'�&�5&�*& &!)�"&*�C�D��!�#�%&���#�!&��'!$&��"� �&�(������#� �&���1�!&��'!$&�'�&�

$� &,�!�&��*&�$!�(&*��(�2&� C&0,03�$�" &1 '�%� !&��'!$&�3�"&5�$�"$&� '�%� !&��'!$&�D��"*�C(D�

�"� �2&!�%%� $�&##�$�&" � �#� $�"2&!,&"$&� �"� !&��'!$&� '�&0� ��&� ��1� 2�!��(%&�� 5&!&� F�

� �"*�!*�F&*0�C$D���!&�2&!3�5&�)&��'!&*�!&�!&�&" � ��"�%�$�"2&!,&"$&0C�D�"�����",%&�$��&�

���!��$�3�  �&� �"*�2�*'�%� #!&H'&"$�&�� 5&!&� '�&*�  �� 2��'�%%.� !&�!&�&" �  �&�

��)�%�!� .4*����)�%�!� .�(& 5&&"�  �&��!�#�%&���#� !&��'!$&�'�&��#� %&�!"&!����"*�%&�!"&!����"�

*.�*�$� *��,!�)�0� ��&�&� 5&!&� '�&*�  �� �%%'� !� &�  �&� !&�'% �� !&,�!*�",� !&�&�!$�� H'&� ��"� 60�

��!!�5� %�"&�� #�!� %&�!"&!����"*� %&�!"&!��� �"*�$� &���(���$� ��)�%�!� .� �"� !&��'!$&�'�&0���&�

�!�#�%&�� �#� !&��'!$&� '�&� �!&� ��)�%�!� �#� (� �� %&�!"&!�� !&#&!� 5� �� ��)�%�!� #!&H'&"$.�  ��  �&�

!&��'!$&� '�&� $� &,�!�&�� C&0,0�  �� "&5� $�" &1 '�%� !&��'!$&�D0� C(D� "� �� �&$�"*� � &�3� 5&�
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$�%$'%� &*��"��2&!�%%�$�&##�$�&" ��#�$�"2&!,&"$&4*�2&!,&"$&��"�!&��'!$&�'�&0���&��$�!&������

*����)�%�!� .� )&��'!&� (��&*� �"� �'$%�*&�"� *�� �"$&�0� ��&� 2�!��(%&�� �"$%'*&*� �"�  �&�

$�%$'%� ��"� 5&!&�  �&� CF�� �"*�!*�F&*D� �"*�2�*'�%� #!&H'&"$�&�� �"�  �&� ��1� $� &,�!�&�� �#�

!&��'!$&� '�&� C�&&� 
��E3� ��%��3� 
�""�"���5&!�� �"*� � �' 3� 8777� #�!� �� $�)�!&�&"��2&�

*��$'����"� �#� *�##&!&" � *����)�%�!� .� )&��'!&�D0� ����� �$�!&� ��� &���%.� $�)�' &*� 5� ��  �&�

*�� �"$&��!�$&*'!&���"�� � �� �$����# 5�!&���$E�,&�0��&�'�&*� �&���1�2�!��(%&���#�!&��'!$&�

'�&�C�"�!�5�D3� �&� 5��%&�!"&!���#� �&�*.�*��C�"�$�%')"�D3��"*��H'�!&*��'$%�*&�"�*�� �"$&��

��� �&�)&��'!&0���%�5��$�!&��"*�$� &��$�"2&!,&"$&��"�!&��'!$&�'�&�(& 5&&"�*.�*�)&)(&!�3�

5�&!&�������,�&!��$�!&�$�"�(&��&&"�����"��"*�$� �!��#�*�2&!,&"$&0���

� C$D� �&��'!&)&" � �#� !&�!&�&" � ��"�%� $�"2&!,&"$&�  �5�!*��  �&� $�"$&� '�%� � !'$ '!&�

!&�!&�&" &*� (.�  �&� &1 &!"�%� !&�!&�&" � ��"�  ��%0� ��&� #!&H'&"$.� �#� '�&� �#� "&5� $�"$&� '�%�

!&��'!$&�� �"� *��$�'!�&� 5��� '�&*� ��� �"� �"*�$� �!�  �� ���&���  �&� &1 &" �  �� 5��$�� %&�!"�",�

��! "&!�� $�"2&!,&*� 5� �� !&��&$ �  �� !&��'!$&�� !&�!&�&" &*� (.�  �&�  ��%0� �&5� $�"$&� '�%�

!&��'!$&�� �"*�  �&�!� $� &,�!�F� ��"� �!&�  �&� �!&*�)�"�" � $�)��"&" �� �#� $�" &" ���&$�#�$�

!&�!&�&" � ��"0���&!&#�!&3�)�!&�#!&H'&" �'�&��#�"&5�$�"$&� '�%�!&��'!$&��$�"�(&�!&,�!*&*�

��� &2�*&"$&� �#� !&�!&�&" � ��"�%� $�"2&!,&"$&�  �5�!*��  �&� $�"$&� '�%� � !'$ '!&� �#�  �&�

!&�!&�&" � ��"� ��%0�

� �

C8D� Measurement of outcome convergence0� �5�� *�##&!&" � E�"*�� �#� E"�5%&*,&�  &� ��5&!&�

'�&*�  �� )&��'!&� #�$ '�%� E"�5%&*,&� �"*� ���%�$� ��"��!�&" &*� E"�5%&*,&0� ��&� #�$ '�%�

E"�5%&*,&� &� �$�"��� &*��#� 5����&"�H'&� ��"��#�$'��",��"� �&�$�"$&� ���#� �&� �&�!.� &1 0�

��&���&"�H'&� ��"��5&!&�I��&"�����)�%%�,!�'��%&�!"�",��'$$&��#'%MI��"*�I��&"�����)�%%�

,!�'�� %&�!"�",� ���� �'$$&��#'%MI� ��� #'! �&!� �!�)� �",� 5��� '�&*0� ��&� �"�5&!�� 5&!&�

*�2�*&*��" ���!����� ��"�%�E&��&,)&" ���"*�$�*&*�5� ��!&��&$ � ����$�)�!&�&"��2&�$�" &" �

�"�%.���� �$�&)&� $�"��� �",��#� $&" !�%� $�"$&� ���#�  �&�  �&�!.�  &1 0��&�*&#�"&*� C�D�shared 
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factual knowledge� ���  �&� "')(&!� �#� $�"$&� �� �"*�  �&� !&%� ��"�� (& 5&&"�  �&�&� $�"$&� �3�

5��$�� (� �� #�!)&!� *.�*� )&)(&!�� ���!��!�� &%.� *&�$!�(&*� �"�  �&�!� C�"*�2�*'�%D� #�$ '�%�

E"�5%&*,&�  &� 0� C(D� Unshared factual knowledge3� �"� $�" !�� 3� 5��� *& &!)�"&*� (.�  �&�

"')(&!��#� $�"$&� �� �"*�  �&� !&%� ��"��(& 5&&"�  �&�&�$�"$&� ��5��$���"%.��"&��#�  �&�  5��

#�!)&!�*.�*�)&)(&!��*&�$!�(&*����!��!�� &%.��"� �&� &� 0���)�%�!���&!� ��"�%�*&#�"� ��"���#�

���!&*�#�$ '�%�E"�5%&*,&�5&!&��!&2��'�%.�'�&*�(.�+&�",��"*�
���C6===D0��

� �&.�"*�#�$ '�%�E"�5%&*,&�  &� �3�5&�'�&*���case task to assess application"oriented 

knowledge0���!� �&��!��!�E"�5%&*,&� &� ��"*���� � &� 3�*�##&!&" �$��&��5&!&�'�&*0���&�$��&��

5&!&���)�%�!� �� �&�$�%%�(�!� �2&�$��&��C�&&����&"*�1�#�!��"�&1�)�%&D��"� �� � �&.�!&��! &*�

�"��"� !'$ ��"�%��!�(%&)��#��� &�$�&!�5�������%�""�",���,!�'��%&�!"�",��� '� ��"0���&.��%���

�"$%'*&*�  �&� �*&��  �� �  ���� �%�"� ���'%*� (&� &2�%'� &*� #!�)� ��  �&�!& �$�%� �&!��&$ �2&0� ��&�

$��&��5&!&��%�����)�%�!� �� ���&�'�&*�*'!�",�$�%%�(�!� ��"�5� ��!&��&$ � ��5!� �",�� .%&��"*�

*&,!&&� �#� *�##�$'% .0� ��&� �"*�2�*'�%� �!�%� &2�%'� ��"�� 5&!&�  !�"�$!�(&*3� �&,)&" &*� �" ��

�!����� ��"�%�E&� ��! �� �"*� $�*&*� 5� �� !&��&$ �  ��  �&� "')(&!� �#� ���!��!�� &%.� ���%�&*�

$�"$&� ���#� �&� �&�!.� &1 0���)�%�!� �� �&����!��$��'�&*�#�!�#�$ '�%�E"�5%&*,&3�5&�*&#�"&*�

C�D�shared application"oriented  knowledge���� �&�"')(&!��#�"&5�$�"$&� '�%�!&��'!$&���"*�

 �&� !&%� ��"�� (& 5&&"� "&5� $�"$&� '�%� !&��'!$&�� �"*� $�" &1 '�%� !&��'!$&�3� 5��$�� (� ��

#�!)&!�*.�*�)&)(&!�����!��!�� &%.�'�&*��"� �&�!�C�"*�2�*'�%D�$��&��"�%.���0�C(D�Unshared 

application"oriented  knowledge3� �"�$�" !�� 3� ���*&#�"&*����  �&�"')(&!��#�"&5�$�"$&� '�%�

!&��'!$&�� �"*�  �&� !&%� ��"�� (& 5&&"� "&5� $�"$&� '�%� !&��'!$&�� �"*� $�" &1 '�%� !&��'!$&�3�

5��$�� �"%.� �"&� #�!)&!� *.�*� )&)(&!� ���!��!�� &%.� '�&*� �"� ���� �!� �&!� C�"*�2�*'�%D� $��&�

�"�%.���0�

� ��&� !&%��(�%� .� $�&##�$�&" �� #�!�  �&� 2�!��(%&�� !�",&*� #!�)� 
!�"(�$�J�� �%���� R� 09<�

C���!&*� ���%�$� ��"��!�&" &*� E"�5%&*,&D�  �� 
!�"(�$�J�� �%���� R� 0<9� C#�!� ���!&*� #�$ '�%�

E"�5%&*,&D0��
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C;D� �"�%.���� �#� discourse patterns� C!&�&�!$�� H'&� ��"� ?D0� ��� �"�%.F&�  �&� !&%� ��"�����

(& 5&&"�  �&� �!�#�%&�� �#� !&��'!$&� '�&� �"*� �' $�)&� $�"2&!,&"$&3�  �!&&� *.�*�� 5� ��  �&�

��,�&� � *&,!&&� �#� �' $�)&� $�"2&!,&"$&� C�0&03� ��,�� ���!&*� #�$ '�%� and� ��,�� ���!&*�

���%�$� ��"��!�&" &*� E"�5%&*,&� �"�  �&� ��� � &� D� �"*�  �!&&� *.�*�� 5� �� �� %�5� *&,!&&� �#�

�' $�)&� $�"2&!,&"$&� C�0&03� %�5� ���!&*� #�$ '�%� and� %�5� ���!&*� ���%�$� ��"��!�&" &*�

E"�5%&*,&� �"�  �&� ��� � &� D� 5&!&� �&%&$ &*� ��� ���$� �"*� $�)��!&*� 5� �� !&��&$ �  ��  �&�!�

!&��'!$&�'�&0��

� "��**� ��"3�5&�$�"*'$ &*�H'�%� � �2&���",%&�$��&�� '*�&���"�)�!&�$�)�%&1�*��$�'!�&�

��  &!"�0� ��&� �!�$&*'!&� $�"��� &*� �#� C�D� #�!)'%� �",� �"&� �!� )�!&� �" &!�$ ��"�!&%� &*�

�.�� �&�&��  �� �5&!&� �(%&�  ��&1�%��"�  �&�*��$�'!�&���  &!"���#��"&���&$�#�$�*.�*�  �� ��)&�

*&,!&&3� C(D�  &� � �"*������(%.� !&#' &�  �&��.�� �&�&�� �"���$�"�&"�'���!�&" &*� �"H'�!.� �"�  �&�

 !�"�$!�� �5� �����&$�"*��"2&� �,� �!��"*�C$D� &� 3�!&#�"&3��"*������(%.�!&#' &� �&��.�� �&�&��

�"�� �&!�*.�*�0��% ��',��  ����)& ��*� ����#�����,�%.� �" &!�!& �2&�"� '!&3� � ��&&)�� ��(&��"�

���!��!�� &����!��$�� �� �&��"�%.�����#�%�",&!��"*�)�!&�$�)�%&1�*��$�'!�&��&H'&"$&�3�#�!�

5��$��  !�*� ��"�%�H'�" � � �2&��"�%.�&���!&��#� %�  %&��&%�0� �$�"�(&�!&,�!*&*������)&�"�� ��

,&"&!� &��.�� �&�&��#�!�#'! �&!�!&�&�!$�0�

� .ominal dyad analyses0���)�"�%�*.�*���!&�'�&*������(��&%�"&�#�!���"')(&!��#�*.�*�$�

2�!��(%&�� C+&�",� �"*� 
��3� 6===D0� �5�� %&�!"&!�� �#�  �&� ��)&� &1�&!�)&" �%� $�"*� ��"� 5���

��2&� "� � 5�!E&*�  �,& �&!� 5&!&� !�"*�)%.� ����,"&*�  �� "�)�"�%� *.�*�� ��� ���$0� ��)�"�%�

*.�*� �"�%.�&�� ��)� � � �*&" �#.�",� ��! �� �#�  �&� 2�!��"$&� (&.�"*�  ���&� &1�%��"&*� (.�  �&�

&1�&!�)&" �%%.�2�!�&*�$�"*� ��"�3�5��$��$�"�(&��  !�(' &*� �� �&���&$�#�$��" &!�$ ��"�5� ��"�

*.�*�0� ��&!&#�!&3� "�)�"�%� *.�*� �"�%.�&�� �.� &)� �$�%%.� $�)��!&� "�)�"�%� *.�*��  �� !&�%�

*.�*��C�0&03� 5��%&�!"&!��5����$ '�%%.�5�!E&*� �,& �&!�*'!�",� �&�$�%%�(�!� ��"�����&D0����
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�%%� � �&!� $�"*� ��"�� !&)��"&*�  �&� ��)&3� �$ '�%� �" &!�$ ��"� *'!�",�  �&� $�%%�(�!� ��"�����&�

5��� �&��"%.�*�##&!&"$&�(& 5&&"�!&�%��"*�"�)�"�%�*.�*�0��

�� &�  �� �  ���� *&#�"� ��"� �#� "�)�"�%� ,!�'��� *�##&!�� #!�)�  ���&�  .��$�%%.� '�&*� �"� ��$��%�

��.$��%�,.�C�&&��!�*(&$E3�6===D0�"���$��%���.$��%�,.3�"�)�"�%�,!�'����!&�$�)���&*��#�

�"*�2�*'�%�� 5��� �$ '�%%.� 5�!E&*� �"*�2�*'�%%.� �"� �"� &1�&!�)&" �%�  ��E0� "� �'!� $��&3� �%%�

�"*�2�*'�%��5�!E&*��"�*.�*��*'!�",� �&�&1�&!�)&" �(' �5&!&�����,"&*� ���"� �&!�*.�*���� �

��$0�

� Learning prerequisites and controlled variables0��)�",� �&�)�� ��)��! �" �%&�!"�",�

�!&!&H'��� &�3�5&�)&��'!&*��!��!�E"�5%&*,&�5� �� �&� 5��E"�5%&*,&� &� ��*&�$!�(&*��(�2&�

C#�$ '�%��"*����%�$� ��"��!�&" &*�E"�5%&*,&D0��&��%���&1�)�"&*�  �&� %&�!"&!L��&1�&!�&"$&�

5� ��2��'�%�%&�!"�",�� !� &,�&��C 5��� &)���"� �&�H'&� ��""��!&�� � �&�&"*��#� �&�&1�&!�)&" D�

�"*�  �&�!� &1�&!�&"$&� 5� �� $�)�' &!� �"*� "& 5�!E�  &$�"�%�,.� C 5�� � &)�� �"�  �&�

H'&� ��""��!&�� � �&�(&,�""�",D0��# &!� �&�&1�&!�)&" 3�5&��*)�"�� &!&*���=�� &)�)� �2� ��"�

�$�%&0�

"� �&�*�##&!&" ��"�%.�&�3�5&�'�&*� �&�*.�*��!�  �&��"*�2�*'�%����  �&�'"� ��#��"�%.���0�

�&�'�&*�'"�2�!�� &3��������5� ��  5��(& 5&&"��'(>&$ � #�$ �!��  ���"�%.F&�  �&�&##&$ ���#�

 �&�$�"*� ��"�����5&%%���� �&�!��" &!�$ ��"��"� �&�*&�&"*&" �2�!��(%&�K� � &� ��5&!&�'�&*�#�!�

 �&� $�)��!���"� �#� !&�%� *.�*��  �� "�)�"�%� *.�*�� �"*�  �&� ��� ���$� $�)��!���"� (& 5&&"�

�'$$&��#'%� �"*� %&��� �'$$&��#'%� %&�!"&!�0��"� �%���� %&2&%� �#� 07:�5��� '�&*� #�!� �%%� � � �� �$�%�

 &� �0��



�"�5%&*,&�
�"2&!,&"$&������������

�

�

8?�

�



�"�5%&*,&�
�"2&!,&"$&������������

�

�

8:�

�	����;��!�#�%&���#�!&��'!$&�'�&�#�!�!&�%�*.�*�0���&�%�"&�!&�!&�&" �� �&��"*�2�*'�%�2�%'&��

�"� �&�F�� �"*�!*�F&*�2�!��(%&���#�!&��'!$&�'�&0���&�$%��&"&����#�(� ��%�"&���"*�$� &����,��

��)�%�!� .��"� �&��!�#�%&���#�!&��'!$&�'�&��"�����&$�#�$�*.�*0�

�&�'% ��

�&�!"�",��!&!&H'��� &���"*�$�" !�%%&*�2�!��(%&��


�"$&!"�",� %&�!"�",� �!&!&H'��� &�� 5&� #�'"*�  �� �  �&� &1�&!�)&" �%� ,!�'��� *�*� "� � *�##&!�

�.� &)� �$�%%.�5� ��!&��&$ � ���!��!�E"�5%&*,&�C5��$��5���!&%� �2&%.�%�5��"��%%��#� �&�#�'!�

,!�'��D0���)�%�!%.3� !�"*�)�F� ��"�5����'$$&��#'%�5� ��!&��&$ �  ��  �&�$�" !�%%&*�2�!��(%&�0�

�&� #�'"*� "�� �'(� �" ��%� *�##&!&"$&�� $�"$&!"�",�  �&� &1�&!�&"$&� 5� �� 2��'�%� %&�!"�",�

� !� &,�&�3��!�5� ��$�)�' &!��"*�"& 5�!E�  &$�"�%�,�&�0� "�  �&�H'&� ��""��!&�� �  �&�&"*��#�

 �&�&1�&!�)&" 3�5&�#�'"*�"��*�##&!&"$&��5� ��!&��&$ � ��%&�!"�",�)� �2� ��"0��

�&�&�!$��H'&� ��"�6��
�"2&!,&"$&� &"*&"$.�

C6D�To what extent is there a tendency of collaborative learners to converge with respect to 

processes and outcomesM�"*&�&"*&" ��#�$�" &" ���&$�#�$� .��#� �&�!&�!&�&" � ��"� ��%��"*�

�#�  �&� $�%%�(�!� ��"� $�"*� ��"3�  �&� *.�*�$� �" &!�$ ��"� ���'%*� �"$!&��&� E"�5%&*,&�

$�"2&!,&"$&� �����'(� �" ��%�*&,!&&0�C�D���!� 3�5&��.�� �&��F&*���,&"&!�%� &"*&"$.� �5�!*��

process convergence0� ����� ���'%*� (&� �"*�$� &*� (.� �"$!&��&*� similarity in resource use�

within���,!�'���#�%&�!"&!�0���$�)��!���"��#�!&�%�*.�*��5� ��"�)�"�%�*.�*��5� ��!&��&$ � ��

 �&�*�2&!,&"$&�)&��'!&����'%*��&%���"��"�5&!�",� ����H'&� ��"0���,'!&�;����5�� 5�� .��$�%�

�!�#�%&���#�!&��'!$&�'�&��#�!&�%�*.�*�3�5�&!&���#�,'!&�?�!&�!&�&" ���!�#�%&���#�!&��'!$&�'�&�

�#� "�)�"�%� *.�*�0� ��� � !&�%� *.�*�� ���5&*� �'$�� ��)�%�!� �&�� �"�  �&�!� �!�#�%&�0� �����

�)�!&����"� $�'%*� (&� H'�" � � �2&%.� 2�%�*� &*0� "� :=� �#�  �&� G?� $��&��  �&� *�2&!,&"$&� �"�

!&��'!$&�'�&�5����)�%%&!�#�!� �&�!&�%�*.�*�� ��"�#�!� �&�!�"�)�"�%�$�" !�%�0���! "&!��#!�)�

!&�%�*.�*��'�&*�!&��'!$&���"����'(� �" ��%%.�)�!&���)�%�!�5�.� ��"�%&�!"&!��!�"*�)%.����!&*�

�"�"�)�"�%�*.�*��5� ��"��"&�&1�&!�)&" �%�$�"*� ��"3�tCG;D�R�670883�p�S�076�C�"&� ��%&*D0�C(D�
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�&$�"*3�5&����')&*� �� �$�%%�(�!� ��"��"���,!�'���#�%&�!"&!��5�'%*��"$!&��&����!&*�#�$ '�%�

E"�5%&*,&� C)&��'!&*� (.�  �&� �"*�2�*'�%� #�$ '�%� E"�5%&*,&�  &� � �# &!�  �&� $�%%�(�!� �2&�
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 (3)�Effects of content specificity of the shared representation tool and the collaboration 

condition on outcome convergence.�
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