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ȆİȡȓȜȘȥȘ 
Ǿ�ʌĮȡȠȪıĮ�ȑȡİȣȞĮ�ĮȞĮĳȑȡİĲĮȚ�ıĲȚȢ�ȞȠȘĲȚțȑȢ�ʌĮȡĮıĲȐıİȚȢ�ʌȠȣ�ȑȤȠȣȞ�ȠȚ�ȝĮșȘĲȑȢ�ĲȘȢ�Ǻ¶�ȁȣțİȓȠȣ�ȖȚĮ�
İȚıĮȖȦȖȚțȑȢ� ȑȞȞȠȚİȢ� ĲȘȢ� șİȡȝȠįȣȞĮȝȚțȒȢ� țĮȚ� İȚįȚțȐ� ȖȚĮ� ĲȠȞ ʌȡȫĲȠ� șİȡȝȠįȣȞĮȝȚțȩ� ȞȩȝȠ� �ȆĬȃ���
İʌȚțİȞĲȡȫȞȠȞĲĮȢ� ıĲȚȢ� İȟȘȖȒıİȚȢ� ʌȠȣ� ʌĮȡȑȤȠȣȞ� ȝİĲȐ� Įʌȩ� ĲȘȞ� ʌȡĮȖȝĮĲȚțȒ� ĮȞĮʌĮȡȐıĲĮıȘ� ȝȚĮȢ�
ĮįȚĮȕĮĲȚțȒȢ�ıȣȝʌȓİıȘȢ��ȉĮ�țȣȡȚȩĲİȡĮ�ĮʌȠĲİȜȑıȝĮĲĮ�ȒĲĮȞ�ʌȦȢ�Ș�ʌȜİȚȠȞȩĲȘĲĮ�ĮȟȚȠʌȠȚİȓ�İȞĮȜȜĮțĲȚțȐ�
İȞȞȠȚȠȜȠȖȚțȐ� ʌȜĮȓıȚĮ�� įȘȜĮįȒ� Ƞ� ȆĬȃ� ĮʌĮȟȚȫȞİĲĮȚ� ȚįȚĮȓĲİȡĮ� țĮȚ� İıĲȚȐȗȠȣȞ� ıĲȘ� ĳĮȚȞȠȝİȞȠȜȠȖȓĮ��
ǼʌȚʌȜȑȠȞ� ıĲȚȢ� ĮʌĮȞĲȒıİȚȢ� ĲȠȣȢ� ʌİȡȚȜĮȝȕȐȞȠȞĲĮȚ� ıȣȞȒșȦȢ� įȪȠ� Ȓ� ĲȡİȚȢ� țĮĲȘȖȠȡȓİȢ� İȟȘȖȒıİȦȞ�� ȠȚ�
ȠʌȠȓİȢ�ʌȚșĮȞȐ�ȠĳİȓȜȠȞĲĮȚ�ıĲĮ�ʌȠȚțȓȜĮ�İȞȞȠȚȠȜȠȖȚțȐ�ʌȜĮȓıȚĮ�ʌȠȣ�ȠȚ�ȝĮșȘĲȑȢ�įȚįȐıțȠȞĲĮȚ� 

Abstract 
The present study UHIHUV�WR�VHFRQG�\HDU�XSSHU�VHFRQGDU\�VFKRRO�VWXGHQWV¶�FRQFHSWLRQV�RQ�HOHPHQWDU\�
thermodynamics and especially the First Law of Thermodynamics (FLT), focusing on their 
explanations of a real situation representing an adiabatic compression. The main results were that the 
majority utilized alternative frameworks, namely FLT was highly disregarded and they focused on the 
phenomenology of the situation. Additionally, their replies most commonly fall into two or three 
justification categories, probably because of the various conceptual frameworks the students have been 
taught. 
 
 
���ǼȚıĮȖȦȖȒ 
 
Ǿ�șİȡ�ȠįȣȞĮ�ȚțȒ� ıȣȞȚıĲȐ��ȚĮ� ȖİȞȚțȒ� İȞİȡȖİȚĮțȒ� șİȦȡȓĮ�� ʌȠȣ� įȚįȐıțİȚ� ĲȘ� įȚĮĳȠȡȠʌȠȓȘıȘ 
ĲȦȞ��ȠȡĳȫȞ�İȞȑȡȖİȚĮȢ�țĮȚ�įȚİȣțȡȚȞȓȗİȚ�ĲȚȢ�ıȣȞșȒțİȢ�țĮȚ�ĲĮ�ȩȡȚĮ�ȖȚĮ�ĲȘ��İĲĮĲȡȠʌȒ�ĲȠȣȢ�țĮĲȐ 
ĲĮ�ĳȣıȚțȐ�ĳĮȚȞȩ�İȞĮ�țĮȚ� ĲȚȢ� ĲİȤȞȚțȑȢ�įȚİȡȖĮıȓİȢ� �%DHKU��������ȅ�ʌȡȫĲȠȢ șİȡ�ȠįȣȞĮ�ȚțȩȢ�
Ȟȩ�ȠȢ� �ȆĬȃ�� İȓȞĮȚ� șİ�ȑȜȚȠȢ� ȜȓșȠȢ� ȖȚĮ� ĲȘ� șİȦȡȓĮ� ĮȣĲȒ�� țĮșȫȢ� İțĳȡȐȗİȚ� ĲȘ įȚĮĲȒȡȘıȘ� ĲȘȢ�
İȞȑȡȖİȚĮȢ� țĮȚ� Ș� ĮįȚĮȕĮĲȚțȒ� ıȣ�ʌȓİıȘ� İȞȩȢ� ȚįĮȞȚțȠȪ� ĮİȡȓȠȣ� ıȣȞȚıĲȐ� �ȚĮ ʌİȡȓʌĲȦıȘ�
İĳĮȡ�ȠȖȒȢ�ĲȠȣ� 
ȉĮ� ʌĮȡĮʌȐȞȦ� ĮʌȠĲİȜȠȪȞ� �ȑȡȠȢ� ĲȦȞ� ȩıȦȞ� įȚįȐıțȠȞĲĮȚ� ıĲȘȞ� İȞȩĲȘĲĮ� ĲȘȢ� șİȡ�ȠįȣȞĮ�ȚțȒȢ 
ĲȩıȠ�ıĲȘ�įİȣĲİȡȠȕȐș�ȚĮ�İțʌĮȓįİȣıȘ�ȩıȠ�țĮȚ�ıĲĮ�ʌĮȞİʌȚıĲȒ�ȚĮ�ıĲĮ�İȚıĮȖȦȖȚțȐ��ĮșȒ�ĮĲĮ 
ĲȠȣ� ʌȡȫĲȠȣ� ȑĲȠȣȢ�� ǼȚįȚțȐ� ȖȚĮ� ĲȠȣȢ� ĳȠȚĲȘĲȑȢ�� ĮȡțİĲȑȢ� İȓȞĮȚ� ȠȚ� ȑȡİȣȞİȢ� ʌȠȣ� İȟİĲȐȗȠȣȞ� ʌȫȢ 
ĮȣĲȠȓ� ĮȞĲȚȜĮ�ȕȐȞȠȞĲĮȚ� ĲĮ� ĳȣıȚțȐ� ĳĮȚȞȩ�İȞĮ� ʌȠȣ� İ�ʌȓʌĲȠȣȞ� ıĲȠȞ� ȆĬȃ� țĮȚ� ʌȠȚĮ�
İȞĮȜȜĮțĲȚțȐ ʌȜĮȓıȚĮ� ʌȡȠĲİȓȞȠȣȞ� ȖȚĮ� ĲȘȞ� İȡ�ȘȞİȓĮ� ĲȠȣȢ� �.DXW]� HW� DO�� ����� Leinonen et al. 
2012, Leinonen, et al. 2009, Loverude et al. 2002, Rozier et al���������ǹʌȩ�ĲȘȞ�ȐȜȜȘ��İȡȚȐ� 
ĮȞȐȜȠȖİȢ� İȡȖĮıȓİȢ� ȖȚĮ� �ĮșȘĲȑȢ� İȓȞĮȚ� ıȤİįȩȞ� ĮȞȪʌĮȡțĲİȢ�� țĮșȫȢ� ıĲȠ� İʌȓʌİįȠ� ĮȣĲȩ� ȠȚ 
İȡİȣȞȘĲȑȢ� İıĲȚȐȗȠȣȞ� ıİ� ʌȚȠ� ȕĮıȚțȐ� ȗȘĲȒ�ĮĲĮ� ȩʌȦȢ� ʌȤ� ıĲȘ� įȚĮĳȠȡȐ� șİȡ�ȠțȡĮıȓĮȢ� țĮȚ 
șİȡ�ȩĲȘĲĮȢ��ȈțȠȣ�ȚȩȢ�	�ȋĮĲȗȘȞȚțȒĲĮ�������$UQROG�	�0LOODU�������(ULFNVRQ������ Kesidou 
	�'XLW��������ȈțȠʌȩȢ�ĲȘȢ�ʌĮȡȠȪıĮȢ�ȑȡİȣȞĮȢ�İȓȞĮȚ�ȞĮ�İʌİțĲİȓȞİȚ�ĲȠ�ʌİįȓȠ ʌȡȠȕȜȘ�ĮĲȚı�ȠȪ�
ȖȚĮ�ĲȘ�įİȣĲİȡȠȕȐș�ȚĮ�İțʌĮȓįİȣıȘ�țĮȚ�ȞĮ�İȟİĲȐıİȚ�ĲȚȢ�ȞȠȘĲȚțȑȢ�ʌĮȡĮıĲȐıİȚȢ ĲȦȞ��ĮșȘĲȫȞ�ĲȘȢ�



�

Ǻ¶�ȁȣțİȓȠȣ�ȖȚĮ�ĲȘȞ�ĮįȚĮȕĮĲȚțȒ�ıȣ�ʌȓİıȘ� 
ȊʌȩȥȘ�ȤȡİȚȐȗȠȞĲĮȚ�ȞĮ�ȜȘĳșȠȪȞ�ĲĮ�ĮʌȠĲİȜȑıȝĮĲĮ�ĲȦȞ�İȡİȣȞȫȞ�ȖȚĮ�ĲȚȢ�ȞȠȘĲȚțȑȢ�ʌĮȡĮıĲȐıİȚȢ�ĲȦȞ�
ĳȠȚĲȘĲȫȞ� įȚȩĲȚ�� ĮĳİȞȩȢ�� Ș� İȚıĮȖȦȖȚțȒ� șİȡȝȠįȣȞĮȝȚțȒ� ʌȠȣ� įȚįȐıțİĲĮȚ� ıĲĮ� ʌĮȞİʌȚıĲȒȝȚĮ� İȓȞĮȚ�
ʌĮȡȩȝȠȚĮ�ȝİ�ĲĮ�ȝĮșȒȝĮĲĮ�șİȡȝȠįȣȞĮȝȚțȒȢ�ĲȘȢ�ĬİĲȚțȠȪ�ȆȡȠıĮȞĮĲȠȜȚıȝȠȪ�ĲȘȢ�Ǻ¶�ȁȣțİȓȠȣ��țĮȚ��
ĮĳİĲȑȡȠȣ��ȠȚ�ıȣȜȜȠȖȚıȝȠȓ�ĳȠȚĲȘĲȫȞ�țĮȚ�ȝĮșȘĲȫȞ�ȁȣțİȓȠȣ�İȓȞĮȚ�ıȣȖȖİȞȚțȠȓ��ĲȠȣȜȐȤȚıĲȠȞ�ȖȚĮ�ĲȠ�
ıȣȖțİțȡȚȝȑȞȠ� ĮȞĲȚțİȓȝİȞȠ� ĲȘȢ� șİȡȝȠįȣȞĮȝȚțȒȢ�� ĮȜȜȐ� țĮȚ� ıİ� ȐȜȜĮ� ʌİįȓĮ� ĲȘȢ� ĳȣıȚțȒȢ� ȩʌȦȢ� Ƞ�
ȘȜİțĲȡȚıȝȩȢ�(Rozier & Viennot 199, Tiberghien 1994). 
ȅȚ Leinonen et al. (2012) țĮȚ ȠȚ Loverude et al. (2002) ıȘȝİȚȫȞȠȣȞ� ȩĲȚ� ȝȚțȡȩ� ʌȠıȠıĲȩ� ĲȦȞ�
ĳȠȚĲȘĲȫȞ�ĮʌĮȞĲȠȪȞ�ȝİ�ȝȚĮ�İʌȚșȣȝȘĲȒ�ʌȡȠıȑȖȖȚıȘ�ĲȠȣ�ȆĬȃ��İȞȦ�Ș�ʌȜİȚȠȞȩĲȘĲĮ�ȤȡȘıȚȝȠʌȠȚİȓ�ȝİ�
İȜȜȚʌȒ� Ȓ� ĮȞĮțȡȚȕȒ� ĲȡȩʌȠ� ȝȚțȡȠıțȠʌȚțȐ� ȝȠȞĲȑȜĮ� Ȓ� ĲȘȞ� țĮĲĮıĲĮĲȚțȒ� İȟȓıȦıȘ� ĲȦȞ� ȚįĮȞȚțȫȞ�
ĮİȡȓȦȞ��ȀǼǿǹ���Ȉİ�ȝȚĮ�ʌĮȡȩȝȠȚĮ�ȑȡİȣȞĮ�ĲȦȞ�Leinonen et al. �������ȠȚ�ĳȠȚĲȘĲȑȢ�ĳĮȓȞİĲĮȚ�ȞĮ�İȓȞĮȚ�
ʌȠȜȪ� ʌȚȠ� İȟȠȚțİȚȦȝȑȞȠȚ� ȝİ� ĲȘȞ ȀǼǿǹ� ʌĮȡȐ� ȝİ� ĲȠȞ� ȆĬȃ� țĮȚ� ıȣȤȞȐ� ĲȘ� ıȣȞįȣȐȗȠȣȞ� ȝİ� ĲĮ�
ȝȚțȡȠıțȠʌȚțȐ�ȝȠȞĲȑȜĮ�ıĲȚȢ�İȟȘȖȒıİȚȢ�ĲȠȣȢ��İȞȫ�İʌȚʌȜȑȠȞ�ĳĮȓȞİĲĮȚ�ȞĮ�ıȣȖȤȑȠȣȞ�ĲȘȞ�ĮįȚĮȕĮĲȚțȒ�
ȝİĲĮȕȠȜȒ�ȝİ�ĲȘȞ�ȚıȩșİȡȝȘ��ȅȚ�Kautz et al. �������įȚĮʌȚıĲȫȞȠȣȞ�įȣıțȠȜȓĮ�ȝİ�ĲȚȢ�șİȡȝȠįȣȞĮȝȚțȑȢ�
ȑȞȞȠȚİȢ�țĮȚ�ȤȡȒıȘ�ĮȞĮțȡȚȕȫȞ�ȝĮțȡȠıțȠʌȚțȫȞ�ȝȠȞĲȑȜȦȞ�ʌȠȣ�ʌȘȖȐȗȠȣȞ�ıİ�ĮĲİȜȒ�ȝȚțȡȠıțȠʌȚțȐ� 

2. ȂİșȠįȠȜȠȖȓĮ 

Ǿ�ȑȡİȣȞĮ�ʌȡĮȖȝĮĲȠʌȠȚȒșȘțİ�ıĲȠ�īİȞȚțȩ�ȁȪțİȚȠ�ȀĮıĲȡȚĲıȓȠȣ��ǹȤĮǸĮ���ıİ�ĲȡȓĮ�ĲȝȒȝĮĲĮ�ĬİĲȚțȠȪ�
ȆȡȠıĮȞĮĲȠȜȚıȝȠȪ�ĲȘȢ�Ǻ¶�ȁȣțİȓȠȣ�ȝİ�ıȣȞȠȜȚțȐ����ȝĮșȘĲȑȢ�țĮȚ�ȝĮșȒĲȡȚİȢ��ĮĳȩĲȠȣ�İȓȤĮȞ�įȚįĮȤșİȓ�
ĲȘȞ� ȀǼǿǹ�� ĲĮ� ȝȚțȡȠıțȠʌȚțȐ� ȝȠȞĲȑȜĮ� ĲȘȢ� țȚȞȘĲȚțȒȢ� șİȦȡȓĮȢ� ĮİȡȓȦȞ� țĮȚ� ĲȠȞ� ȆĬȃ��
ıȣȝʌİȡȚȜĮȝȕĮȞȠȝȑȞȘȢ�ĲȘȢ�İĳĮȡȝȠȖȒȢ�ĲȠȣ�ıĲȚȢ�ĮįȚĮȕĮĲȚțȑȢ�ȝİĲĮȕȠȜȑȢ� 
ǲȞĮȢ� Įʌȩ� ĲȠȣȢ� İȡİȣȞȘĲȑȢ� �İțʌĮȚįİȣĲȚțȩȢ� ĳȣıȚțȩȢ�� ʌȡĮȖȝĮĲȠʌȠȓȘıİ� ȝȚĮ� įȚįĮțĲȚțȒ� ʌĮȡȑȝȕĮıȘ��
ıĲȘ�įȚȐȡțİȚĮ�ĲȘȢ�ȠʌȠȓĮȢ ȣʌİȞșȪȝȚıİ�ıĲȠȣȢ�ȝĮșȘĲȑȢ�ĲȘ�șİȦȡȓĮ�țĮȚ�ıĲȘ�ıȣȞȑȤİȚĮ�ʌĮȡȠȣıȓĮıİ�ȝȚĮ�
țĮĲȐ�ʌȡȠıȑȖȖȚıȘ�ĮįȚĮȕĮĲȚțȒ�ıȣȝʌȓİıȘ�ȚįĮȞȚțȠȪ�ĮİȡȓȠȣ��Ǿ�İʌȓįİȚȟȘ�ĮȣĲȒ�ȑȖȚȞİ�ȝİ�ĲȘ�ȤȡȒıȘ�İȞȩȢ�
ȖȣȐȜȚȞȠȣ� ıȦȜȒȞĮ� țȜİȚıȝȑȞȠȣ� ȝİ� ȑȝȕȠȜȠ� ʌȠȣ� ʌİȡȚİȓȤİ� ȑȞĮ� ȝȚțȡȩ� țȠȝȝȐĲȚ� ȤĮȡĲȓ�� ĲȠ� ȠʌȠȓȠ�
ĮȞĮĳȜȑȤșȘțİ� ȩĲĮȞ� ĲȠ� ȑȝȕȠȜȠ� ıȣȝʌȚȑıĲȘțİ� ĮʌȩĲȠȝĮ� �ǼȚțȩȞĮ� ���� ȅȚ� ȝĮșȘĲȑȢ� țȜȒșȘțĮȞ� ȞĮ�
ĮʌĮȞĲȒıȠȣȞ�ȖȡĮʌĲȐ�ıĲȘȞ�İȡȫĲȘıȘ�©ȖȚĮĲȓ�ȣʌȒȡȟİ�ĮȞȐĳȜİȟȘ�ĲȠȣ�ȤĮȡĲȚȠȪ�ȝȑıĮ�ıĲȠ�įȠȤİȓȠ�ª��ȅȚ�
ĮʌĮȞĲȒıİȚȢ� ĲȠȣȢ� İȞĲȐȤșȘțĮȞ� ıİ� țĮĲȘȖȠȡȓİȢ� țĮĲȩʌȚȞ� ıȣȗȘĲȒıİȦȞ� ȝİĲĮȟȪ� ĲȦȞ� İȡİȣȞȘĲȫȞ�� Ǿ�
ĮȞȐȜȣıȘ�ĲȦȞ�ĮʌĮȞĲȒıİȦȞ�ȑȖȚȞİ�ȝİ�ȤȡȒıȘ�ʌİȡȚȖȡĮĳȚțȒȢ�ıĲĮĲȚıĲȚțȒȢ�ıĲȠ�SPSS Statistics �Ȟ������ 
 

 
���ǹʌȠĲİȜȑıȝĮĲĮ 
 
ȉĮ�įİįȠȝȑȞĮ�ʌȠȣ�ʌĮȡȠȣıȚȐȗȠȞĲĮȚ�ĮʌȠĲİȜȠȪȞ�ȑȞĮ�ȝȑȡȠȢ�Įʌȩ�ĮȣĲȐ�ʌȠȣ�ʌȡȠȑțȣȥĮȞ�ıȣȞȠȜȚțȐ�(Meli, et 
al. 2016). ǹʌȩ�ĲȚȢ�ĮʌĮȞĲȒıİȚȢ�ĲȦȞ�ȝĮșȘĲȫȞ�ıȤȘȝĮĲȓıĲȘțĮȞ�ȑȟȚ�țĮĲȘȖȠȡȓİȢ�İȟȘȖȒıİȦȞ-İȞĮȜȜĮțĲȚțȫȞ�
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Ȉİ�ȩ�ĲȚ�ĮĳȠȡȐ�ĲȘȞ� ĲĮȣĲȩȤȡȠȞȘ�ȤȡȒıȘ�țĮĲȘȖȠȡȚȫȞ��ȠȚ� įȪȠ�ʌȚȠ�ıȣȤȞȐ�ĮȜȜȘȜİʌȚțĮȜȣʌĲȩȝİȞİȢ� İȓȞĮȚ�Ƞ�
ȁĮȞșĮıȝȑȞȠȢ�� ǼȜȜȚʌȒȢ� ȆĬȃ� ȝİ� ĲȘȞ� ǼȜȜȚʌȒ� ȀǼǿǹ�� įȘȜĮįȒ� ȠȚ� ȝĮșȘĲȑȢ� ĮȞĮȝȚȖȞȪȠȣȞ� ȝİ� ĮȞĮțȡȚȕȒ�
ĲȡȩʌȠ� İȞİȡȖİȚĮțȑȢ� ȑȞȞȠȚİȢ� țĮȚ� țĮĲĮıĲĮĲȚțȐ�ȝİȖȑșȘ��ǲȞĮȢ�ȐȜȜȠȢ�ıȣȤȞȐ� İȝĳĮȞȚȗȩȝİȞȠȢ�ıȣȞįȣĮıȝȩȢ�
İȓȞĮȚ� Ș� ǼȜȜȚʌȒȢ� ȀǼǿǹ� ȝİ� ĲȘ� ĭĮȚȞȠȝİȞȠȜȠȖȓĮ�� ȈĲȘȞ� ʌİȡȓʌĲȦıȘ� ĮȣĲȒ� ȠȚ� ȝĮșȘĲȑȢ� ʌȡȠıʌĮșȠȪȞ� ȞĮ�
ıȣıȤİĲȓıȠȣȞ� ĲȚȢ� ʌĮȡĮĲȘȡȒıİȚȢ� ĲȠȣȢ� ȝİ� ıĲȠȚȤİȓĮ� ĲȘȢ� ȀǼǿǹ�� țĮșȫȢ� ĮȣĲȑȢ� ȠȚ� įȪȠ� țĮĲȘȖȠȡȓİȢ�
İȝʌİȡȚȑȤȠȣȞ� țȠȚȞȐ� ȤĮȡĮțĲȘȡȚıĲȚțȐ� ʌȠȣ� ĮȞȒțȠȣȞ� ıĲȠ� ȓįȚȠ� İȞȞȠȚȠȜȠȖȚțȩ� ʌȜĮȓıȚȠ�� Ȉİ� ıȤȑıȘ� ȝİ� ĲȘȞ�
ĮȟȚȠʌȠȓȘıȘ�ĲȡȚȫȞ�įȚĮĳȠȡİĲȚțȫȞ�țĮĲȘȖȠȡȚȫȞ��ıĲȠȞ�ȆȓȞĮțĮ���ĳĮȓȞİĲĮȚ�ʌȦȢ�ȠȚ���Įʌȩ�ĲȠȣȢ�ȝĮșȘĲȑȢ�įİȞ�
ĮȡțȑıĲȘțĮȞ�ıİ�įȚȝİȡȒȢ� İȟȘȖȒıİȚȢ��ĮȜȜȐ�ʌȡȩıșİıĮȞ�ıİ�ĮȣĲȑȢ�țȐʌȠȚİȢ�ȝȚțȡȠıțȠʌȚțȑȢ�Ȓ�țĮȚ� ȤȘȝȚțȑȢ�
ȑȞȞȠȚİȢ� 

4. ȈȣȝʌİȡȐıȝĮĲĮ 

ȈĲȘȞ� İȡȖĮıȓĮ� ĮȣĲȒ� ĳĮȓȞİĲĮȚ� ʌȦȢ� ȠȚ� ȝĮșȘĲȑȢ� ĲȘȢ� Ǻ¶� ȁȣțİȓȠȣ� ȝĮȢ� ʌĮȡȑȤȠȣȞ� ʌȚȠ� ʌȠȜȣʌȠȓțȚȜİȢ�
İȡȝȘȞİȓİȢ� ĲȘȢ ĮįȚĮȕĮĲȚțȒȢ� ıȣȝʌȓİıȘȢ� ıİ� ıȤȑıȘ� ȝİ� ĮȣĲȑȢ� ĲȦȞ�ĳȠȚĲȘĲȫȞ�� ȩʌȦȢ� ʌĮȡȠȣıȚȐȗȠȞĲĮȚ� ıĲȘ�
ıȤİĲȚțȒ�ȕȚȕȜȚȠȖȡĮĳȓĮ��ȀĮĲȐ� ĲȘȞ�ȐʌȠȥȒ�ȝĮȢ�� ĲȠ�ȝİȖĮȜȪĲİȡȠ�ʌȜȒșȠȢ� ĲȦȞ�țĮĲȘȖȠȡȚȫȞ�ȠĳİȓȜİĲĮȚ�ıĲȠ�
ȖİȖȠȞȩȢ�ȩĲȚ�ȠȚ�ȝĮșȘĲȑȢ�ȤȡȘıȚȝȠʌȠȚȠȪȞ�ʌİȡȚııȩĲİȡȠ�ĲȘ�ĳĮȞĲĮıȓĮ�ĲȠȣȢ��țĮșȫȢ�įİ�ıȣȞİȚįȘĲȠʌȠȚȠȪȞ�ĲĮ�
İȞȞȠȚȠȜȠȖȚțȐ�ʌȜĮȓıȚĮ�ȝȑıĮ�ıĲĮ�ȠʌȠȓĮ�ʌȡȑʌİȚ�ȞĮ�țȚȞȘșȠȪȞ�ȠȚ�ĮʌĮȞĲȒıİȚȢ�ĲȠȣȢ��ǼʌȚʌȜȑȠȞ�ȩȝȦȢ��ĮțȩȝĮ�
țȚ�ȩĲĮȞ�țȚȞȠȪȞĲĮȚ�ȝȑıĮ�ıİ�ıȤİĲȚțȐ�ȝİ�ĲȠ�ĳĮȚȞȩȝİȞȠ�İȞȞȠȚȠȜȠȖȚțȐ�ʌȜĮȓıȚĮ��įȣıțȠȜİȪȠȞĲĮȚ�ıȘȝĮȞĲȚțȐ�
ȞĮ�įȚĮțȡȓȞȠȣȞ�ıİ�ʌȠȚȠ�ʌȡȑʌİȚ�ȞĮ�İıĲȚȐıȠȣȞ��ʌȚșĮȞȐ�İʌİȚįȒ�Ș�įȚįĮıțĮȜȓĮ�ĲȘȢ�ĳȣıȚțȒȢ��ȩʌȦȢ�ıȣȞȒșȦȢ�
ĲȘ� ȖȞȦȡȓȗȠȣȞ� ıĲȘ� ȝĮșȘĲȚțȒ� ĲȠȣȢ� ȗȦȒ�� ʌİȡȚȑȤİȚ� ĲȘȞ� ĮȞȐȝİȚȟȘ� İȞȞȠȚȠȜȠȖȚțȫȞ� ʌȜĮȚıȓȦȞ� ȦȢ�
ĮȞĮʌȩıʌĮıĲȠ� ıĲȠȚȤİȓȠ� ĲȘȢ� ʌĮȡĮįȠıȚĮțȒȢ� ʌȡȠıȑȖȖȚıȘȢ� �ȀȠȜȚȩʌȠȣȜȠȢ� ������� Ȉİ� țȐșİ� ʌİȡȓʌĲȦıȘ�
ȩȝȦȢ�� ȣʌȐȡȤİȚ� ȝȚĮ� țȠȚȞȒ� ȣʌȠȕȩıțȠȣıĮ� șİȦȡȓĮ ʌȠȣ� įȚȑʌİȚ� ĲȚȢ� ĮȚĲȚȠȜȠȖȒıİȚȢ� ĲȠȣȢ�� ȩĲȚ� ĲȠ� ȤĮȡĲȓ� ıĲȠ�
įȠȤİȓȠ� ĮȞĮĳȜȑȤșȘțİ� ȜȩȖȦ� ĮȪȟȘıȘȢ� ĲȘȢ� șİȡȝȠțȡĮıȓĮȢ�� ȈȣȞİʌȫȢ�� ȠȚ� ȝĮșȘĲȑȢ� įİȞ� ʌȡȠıʌȐșȘıĮȞ� ȞĮ�
İȟȘȖȒıȠȣȞ�ȐȝİıĮ�ĲȘȞ�ȪʌĮȡȟȘ�ĲȘȢ�ĳȜȩȖĮȢ��ĮȜȜȐ�ĲȘȞ�ĮȪȟȘıȘ�ĲȘȢ�șİȡȝȠțȡĮıȓĮȢ� 
Ǿ�įȚĮʌȓıĲȦıȘ� ȩĲȚ� Ș� ʌȜİȚȠȞȩĲȘĲĮ� ĲȦȞ� İȡȝȘȞİȚȫȞ� ĲȠȣ�ĳĮȚȞȠȝȑȞȠȣ� įİȞ� İȝʌȓʌĲİȚ� ıĲȘȞ� țĮĲȘȖȠȡȓĮ� ĲȘȢ�
ıȦıĲȒȢ� ȤȡȒıȘȢ� ĲȠȣ� ȆĬȃ� ıȣȞȐįİȚ� ȝİ� ĮȣĲȒȞ� ĲȘȢ� ȕȚȕȜȚȠȖȡĮĳȓĮȢ� ȖȚĮ� ĲȠȣȢ� ĳȠȚĲȘĲȑȢ� ʌĮȞİʌȚıĲȘȝȓȠȣ�
(Leinonen et al. 2012, 2009, Loverude et al. 2002). ȆĮȡȩĲȚ� ȠȚ� ĮįȚĮȕĮĲȚțȑȢ� ȝİĲĮȕȠȜȑȢ� įȚįȐıțȠȞĲĮȚ�
ĮʌȠțȜİȚıĲȚțȐ�ȦȢ�İĳĮȡȝȠȖȑȢ�ĲȠȣ�ȆĬȃ��ȩʌȦȢ�țĮȚ�İʌȚıȘȝȐȞșȘțİ�ıĲȘȞ�ĮȡȤȒ�ĲȘȢ�įȚįĮțĲȚțȒȢ�ʌĮȡȑȝȕĮıȘȢ�
ıĲȠȣȢ� ȝĮșȘĲȑȢ�� ȠȚ� ȓįȚȠȚ� įİȞ� ȑȜțȠȞĲĮȚ� Įʌȩ� ĲȠ� İȟȘȖȘĲȚțȩ� ĮȣĲȩ� ʌȜĮȓıȚȠ�� Ǿ� ʌȜİȚȠȞȩĲȘĲĮ� ĮȣĲȫȞ� ʌȠȣ�
İʌȚȤİȓȡȘıĮȞ�ĲȘ�ȤȡȒıȘ�İȞİȡȖİȚĮțȫȞ�İȞȞȠȚȫȞ�įİȞ�ĮȟȚȠʌȠȓȘıĮȞ�ĲȘȞ�İıȦĲİȡȚțȒ�İȞȑȡȖİȚĮ��țĮșȫȢ�ĮȣĲȒ įİ�
ĳĮȓȞİĲĮȚ� ȞĮ� ıȤİĲȓȗİĲĮȚ� ȐȝİıĮ� ȝİ� ĲȘȞ� ĮȪȟȘıȘ� ĲȘȢ� șİȡȝȠțȡĮıȓĮȢ�� ȈĲȠ� ʌȜĮȓıȚȠ� ĮȣĲȩ� ĮʌȠțĮȜȪʌĲİĲĮȚ�
ȐȜȜȘ� ȝȓĮ� ȣʌȠȕȩıțȠȣıĮ� șİȦȡȓĮ�� Ș� ĮȪȟȘıȘ� ĲȘȢ� șİȡȝȠțȡĮıȓĮȢ� İʌȚĲȣȖȤȐȞİĲĮȚ� ȝȩȞȠ� ȝİ� ȝİĲĮĳȠȡȐ�
șİȡȝȩĲȘĲĮȢ�ıĲȠ�ıȪıĲȘȝĮ�ĲȠȣ�ĮİȡȓȠȣ� 
ǵʌȦȢ� ĮȞĮȝİȞȩĲĮȞ� ȝİ� ȕȐıȘ� ĲĮ� ĮʌȠĲİȜȑıȝĮĲĮ ĲȘȢ� ıȤİĲȚțȒȢ� ȕȚȕȜȚȠȖȡĮĳȓĮȢ� ȖȚĮ� ĲȠȣȢ� ĳȠȚĲȘĲȑȢ�� Ș�
İȟȒȖȘıȘ�ȝİ�ȕȐıȘ�ĲȘȞ�ȀǼǿǹ�ȒĲĮȞ�Ș�ʌİȡȚııȩĲİȡȠ�ʌȡȠĲȚȝȘĲȑĮ�(Kautz et al. 2005, Leinonen et al. 2012, 
2009, Loverude et al. 2002). ȀĮĲĮıĲĮĲȚțȐ�ȝİȖȑșȘ�ȩʌȦȢ�Ș�șİȡȝȠțȡĮıȓĮ��Ƞ�ȩȖțȠȢ�țĮȚ�Ș�ʌȓİıȘ�İȓȞĮȚ�ʌȚȠ�

ȆȓȞĮțĮȢ��� ȈȣȤȞȩĲȘĲİȢ�ȖȚĮ�ĲȘȞ�ĲĮȣĲȩȤȡȠȞȘ�ȤȡȒıȘ�ĲȡȚȫȞ�țĮĲȘȖȠȡȚȫȞ��Ș ��� 
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İȪțȠȜĮ� įȚĮȤİȚȡȓıȚȝĮ�� įȚȩĲȚ� ȠȚ� ȝĮșȘĲȑȢ� ȝʌȠȡȠȪȞ� ȞĮ� ©įȠȣȞª� ĲȚȢ� ȝİĲĮȕȠȜȑȢ� ĲȠȣȢ�� ıİ� ĮȞĲȓșİıȘ� ȝİ� ĲĮ�
İȞİȡȖİȚĮțȐ� ȝİȖȑșȘ� țĮȚ� ĲȠ� ȝȚțȡȩțȠıȝȠ�� ȆĮȡȩȜĮ� ĮȣĲȐ�� ȠȚ� ȝĮșȘĲȑȢ� İʌȚıĲȡĮĲİȪȠȣȞ� ȝȚțȡȠıțȠʌȚțȑȢ� Ȓ�
ȤȘȝȚțȑȢ� İȡȝȘȞİȓİȢ�ȦȢ� ĲȘȞ� ©ĮʌȩȜȣĲȘª� İȡȝȘȞİȓĮ� ĲȦȞ�ĳĮȚȞȠȝȑȞȦȞ� ʌȠȣ� ʌĮȡĮĲȘȡȠȪȞ�ıĲȠ� ȝĮțȡȩțȠıȝȠ�
(Kautz et al. 2005, Meltzer 2004). ȀĮșȫȢ�įȚįȐıțȠȞĲĮȚ�ȖȚĮ�ĲĮ�ıĲȠȚȤİȓĮ�ĲȠȣ�ȝȚțȡȩțȠıȝȠȣ�țȐșİ�ȤȡȩȞȠ�
ȟİțȚȞȫȞĲĮȢ� Įʌȩ� ĲȠ� įȘȝȠĲȚțȩ� ıȤȠȜİȓȠ�� İȓȞĮȚ� ʌȚșĮȞȩ� ȞĮ� ȞȚȫșȠȣȞ� ȝİȖĮȜȪĲİȡȘ� ĮȣĲȠʌİʌȠȓșȘıȘ� ıİ�
ıȣȗȒĲȘıȘ� ȖȚĮ� ĲȘ� ıȣȝʌİȡȚĳȠȡȐ� ĲȦȞ� ıȦȝĮĲȚįȓȦȞ� ʌĮȡȐ� ȖȚĮ� ȝĮțȡȠıțȠʌȚțȐ� İȞİȡȖİȚĮțȐ� ȝİȖȑșȘ� ʌȠȣ�
ıȤİĲȓȗȠȞĲĮȚ�ȝİ�ĲȘ�șİȡȝȠįȣȞĮȝȚțȐ�ĳĮȚȞȩȝİȞĮ� 
ǿįȚĮȓĲİȡȘ� ʌȡȠıȠȤȒ� ʌȡȑʌİȚ� ȞĮ� įȠșİȓ� ıĲȘ� įİȪĲİȡȘ� ʌȡȠĲȚȝȩĲİȡȘ� țĮĲȘȖȠȡȓĮ�� Ș� ȠʌȠȓĮ� İȓȞĮȚ� Ș�
ĭĮȚȞȠȝİȞȠȜȠȖȓĮ�� Ǿ� İʌȓįİȚȟȘ� ĲȘȢ� ĮįȚĮȕĮĲȚțȒȢ� ıȣȝʌȓİıȘȢ� ĳĮȞİȡȫȞİȚ� ĲȘ� įȣıțȠȜȓĮ� ĲȦȞ� ȝĮșȘĲȫȞ� ȞĮ�
ıȣıȤİĲȓıȠȣȞ�ĲȚȢ�șİȦȡȘĲȚțȑȢ�ĲȠȣȢ�ȖȞȫıİȚȢ�ȝİ�ȝȚĮ�ʌȡĮȖȝĮĲȚțȒ�țĮĲȐıĲĮıȘ��ĮȜȜȐ�Įʌȩ�ĲȘȞ�ȐȜȜȘ�ȝİȡȚȐ�
ȝʌȠȡİȓ�țĮșİĮȣĲȒ�ȞĮ�ĮʌȠĲȑȜİıİ�İȝʌȩįȚȠ�țĮȚ�ȞĮ�ȠįȒȖȘıİ�ıİ�ʌȚȠ�ĮʌȠʌȡȠıĮȞĮĲȠȜȚıȝȑȞİȢ�ĮʌĮȞĲȒıİȚȢ��ıİ�
ĮȞĲȓșİıȘ� ȝİ� ĮȣĲȑȢ� ĲȦȞ� ĳȠȚĲȘĲȫȞ� ʌȠȣ� ıİ� ȩȜİȢ� ĲȚȢ� ʌİȡȚʌĲȫıİȚȢ� ĮʌȠțȡȓȞȠȞĲĮȞ� ıİ� ȝȩȞȠ� ȖȡĮʌĲȐ�
įȚĮĲȣʌȦȝȑȞȠ�ʌȡȩȕȜȘȝĮ��ȂʌĮȓȞİȚ�ȜȠȚʌȩȞ�ĲȠ�İȡȫĲȘȝĮ�ȖȚĮ�ĲȘȞ�țĮĲĮȜȜȘȜȩĲȘĲĮ�ĲȦȞ�įȚȐĳȠȡȦȞ�ȝȠȡĳȫȞ�
ĮȞĮʌĮȡȐıĲĮıȘȢ�ʌȠȣ�ʌȡȠĲİȓȞȠȞĲĮȚ�ıĲȠȣȢ�ȝĮșȘĲȑȢ��ȀȠȜȚȩʌȠȣȜȠȢ�������ȂȑȜȘ������� 

 

5. ǺȚȕȜȚȠȖȡĮĳȓĮ 

ȀȠȜȚȩʌȠȣȜȠȢ��ǻ����������ĬȑȝĮĲĮ�įȚįĮțĲȚțȒȢ�ĳȣıȚțȫȞ�İʌȚıĲȘȝȫȞ� ǹșȒȞĮ��ȂİĲĮȓȤȝȚȠ� 

ȀȠȜȚȩʌȠȣȜȠȢ��ǻ����������Ǿ�ǼȞȑȡȖİȚĮ�ıĲȘȞ�ǼțʌĮȓįİȣıȘ� ǹșȒȞĮ��ǼțįȠĲȚțȩȢ�ǵȝȚȜȠȢ�ǴȦȞ� 

ȂȑȜȘ��Ȁ����������ȀĮĲĮıțİȣȐȗȠȞĲĮȢ�ȝȚĮ�ȣʌȠȜȠȖȚıĲȚțȒ�ʌȡȠıȠȝȠȓȦıȘ�ȖȚĮ�ĲȚȢ�șİȡȝȠįȣȞĮȝȚțȑȢ�ȝİĲĮȕȠȜȑȢ 
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