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ECOLOGICAL APPROACH TO VOCABULARY 

DENSITY ESTIMATION

&T� ,WCP %CTNQU 1NOQU #NEQ[�

Abstract

 6JKU UVWF[ UETWVKPK\GU VQ YJCV FGITGG CP GZVGPUKQP QH VJG 

%CRVWTG�4GECRVWTG 
%4� CRRTQCEJ� GZVTCRQNCVGF HTQO GEQNQI[� IKXGU 

WU HWTVJGT KPUKIJV KPVQ UGEQPF NCPIWCIG 
.�� RTQFWEVKXG NGZKECN FGUKV[� 

2TGXKQWU %4 UVWFKGU VJCV JCXG CFQRVGF VJKU OGVJQF VQ GUVKOCVG  

.�RTQFWEVKXG XQECDWNCT[ UK\G JCXG V[RKECNN[ VCMGP QPN[ VYQ YTKVVGP  

UCORNGU� RTQFWEGF YKVJKP C HGY FC[U QH GCEJ QVJGT� HTQO VJG  

RCTVKEKRCPVU� 4GUWNVU JCXG KPXCTKCDN[ UJQYP VJCV VJKU CRRTQCEJ FQGU 

PQV OGCUWTG CDUQNWVG XQECDWNCT[ UK\G� #PQVJGT KUUWG VJCV EQORTQOKUGU 

VJG %4 UEQTGU KU VJG MKPF QH VCUM WUGF VQ GNKEKV UCORNGU QH RTQFWEVKXG 

XQECDWNCT[� +P GEQNQI[ VJGTG KU CP CUUWORVKQP VJCV CNN CPKOCNU QH 

VJG VCTIGV RQRWNCVKQP JCXG CP GSWCN EJCPEG QH DGKPI ECRVWTGF� +P C 

NGZKECN EQPVGZV VJKU CUUWORVKQP YQWNF VTCPUNCVG CU VJCV CNN XQECDWNCT[ 

KVGOU JCXG CP GSWCN EJCPEG QH DGKPI RTQFWEGF� 6JKU CUUWORVKQP 

RTGUGPVU C UGTKQWU RTQDNGO VQ QXGTEQOG DGECWUG FKHHGTGPV NGZKECN 

KVGOU JCXG FKHHGTGPV RTQDCDKNKVKGU QH DGKPI GNKEKVGF�   

� /CJKFQN 7PKXGTUKV[ +PVGTPCVKQPCN %QNNGIG 
/7+%�
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6JKU RCRGT CFFTGUUGU DQVJ KUUWGU� 1P VJG QPG JCPF� VJTGG UCORNGU 

HTQO �� 6JCK UVWFGPVU QH 5RCPKUJ CU .� JCXG DGGP VCMGP YKVJKP C 

RGTKQF QH VYQ YGGMU 
TGHGTTGF VQ CU “CP GZVGPUKQP QH VJG %4 OGVJQF”�� 

1P VJG QVJGT JCPF� C EQPVGZV�HTGG VCUM DCUGF QP VJG 4QOCP CNRJCDGV 

YCU WUGF VQ GNKEKV RTQFWEVKXG XQECDWNCT[� 6JG TGUWNVU QH VJKU CRRTQCEJ 

YGTG EQORCTGF VQ VJQUG QH VJG %4 OGVJQF 
WUKPI QPN[ VJG ÌTUV VYQ 

UCORNGU�� 6JG QXGTCNN GUVKOCVGU CTG JKIJGT YJGP WUKPI VJTGG UCORNGU� 

*QYGXGT� QPEG CICKP� VJG UEQTGU FQ PQV IKXG CDUQNWVG XQECDWNCT[ 

UK\G� # FKUEWUUKQP QH VJG OGVJQF¿U CUUWORVKQPU KU RTQXKFGF VQIGVJGT 

YKVJ CP KPVGTRTGVCVKQP QH VJG TGUWNVU�  
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ECOLOGICAL APPROACH TO VOCABULARY 

DENSITY ESTIMATION

&T� ,WCP %CTNQU 1NOQU #NEQ[�

Background

 6JKU RCRGT KPVGPFU VQ GNCDQTCVG QP VJG %CRVWTG�4GECRVWTG 


%4� CRRTQCEJ YJKEJ JCU DGGP TGEGPVN[ WUGF VQ GUVKOCVG RTQFWEVKXG 

XQECDWNCT[ UK\G 
/GCTC CPF 1NOQU #NEQ[� ��1�� 9KNNKCOU GV CN� ��1��� 

6JG %4 CRRTQCEJ KU C OQFGN QTKIKPCNN[ FGXGNQRGF KP GEQNQI[ KP QTFGT 

VQ TGNKCDN[ GUVKOCVG CPKOCN CDWPFCPEG 
0� KP RCTVKEWNCT JCDKVCVU QH 

KPVGTGUV� 6JKU KU JQY VJG %4 DCUKE OGVJQFQNQI[ YQTMU� QP &C[ 1 C 

UCORNG QH VJG VCTIGV RQRWNCVKQP KU ECRVWTGF� VCIIGF QT OCTMGF KP 

UQOG YC[ HQT NCVGT KFGPVKÌECVKQP� VJG PWODGT QH KPFKXKFWCN KU PQVGF 


61� CPF ÌPCNN[ TGNGCUGF KPVQ VJG JCDKVCV YJGTG VJG[ ECOG HTQO� #HVGT 

C HGY FC[U� YJGP VJG ECRVWTGF KPFKXKFWCNU JCXG JCF VKOG VQ PCVWTCNN[ 

FKUVTKDWVG VJGOUGNXGU KP VJGKT JCDKVCV� C UGEQPF UCORNG KU VCMGP� 6JKU 

VKOG YG QDVCKP VYQ ÌIWTGU� VJG VQVCN PWODGT QH KPFKXKFWCNU 
6�� CPF 

VJG PWODGT QH KPFKXKFWCNU ECRVWTGF QP DQVJ UCORNKPI QEECUKQPU 
4�� 

(TQO VJKU FCVC C HQTOWNC MPQYP CU VJG 2GVGTUQP 'UVKOCVG 
2GVGTUQP� 

� /CJKFQN 7PKXGTUKV[ +PVGTPCVKQPCN %QNNGIG 
/7+%�
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18��� 5GDGT� 1���� KU FGTKXGF� 0�61 � 6��4� 9G QDVCKP VJG 0 XCNWG 
D[ CNVGTKPI VJG HQTOWNC CU HQNNQYU 0� 61 Z 6� � 4� 1H EQWTUG� VJKU 
HQTOWNC CUUWOGU VJCV VJG TCVKQ QH 4 YKVJ TGICTF VQ 6� KU VJG UCOG CU 
VJCV QH 61 YKVJ TGICTF VQ 0� +P QVJGT YQTFU� KH VJG XCNWG QH 4 KU� UC[� 
��� QH 6�� VJGP VJG XCNWG QH 61 UJQWNF DG ��� QH 0 VQQ� *QYGXGT� 
KP GEQNQI[� VJKU JQNFU VTWG QPN[ KH VJTGG CUUWORVKQPU CTG OGV� 1� VJG 
UK\G QH VJG VCTIGV RQRWNCVKQP DGVYGGP 61 CPF 6� TGOCKPU EQPUVCPV� �� 
VJG UCORNG KU TCPFQO� CPF �� CNN KPFKXKFWCNU JCXG VJG UCOG EJCPEG 
QH DGKPI ECRVWTGF� +H YG GZVTCRQNCVG VJGUG VJTGG CUUWORVKQPU KPVQ C 
NGZKECN EQPVGZV� VJKU KU YJCV YG QDVCKP� 1� VJG COQWPV QH XQECDWNCT[ 
UVWFGPVU MPQY DGVYGGP VJG EQORNGVKQP QH 6CUMU 1 CPF � TGOCKPU 
EQPUVCPV� �� NGZKECN KVGOU CTG TCPFQON[ RTQFWEGF� CPF �� CNN NGZK�
ECN KVGOU CTG GSWCNN[ GNKIKDNG HQT GNKEKVCVKQP� 6JG EJCNNGPIG KU� VJGP�  
FGXKUKPI C VCUM VJCV GNKEKVU RTQFWEVKXG XQECDWNCT[ CPF OGGVU VJG 
VJTGG CUUWORVKQPU CHQTG�OGPVKQPGF�

Measuring productive vocabulary

 2CUV CVVGORVU CV OGCUWTKPI RTQFWEVKXG NGZKECN FGPUKV[ CU .� 
JCXG EQPXGPVKQPCNN[ WUGF QPG QH VJG HQNNQYKPI VCUMU KP QTFGT VQ GNKEKV 
XQECDWNCT[ UCORNGU HTQO VJG NGCTPGTU� C� PCTTCVKXG VGZVU� D� YQTF 
CUUQEKCVKQP NKUVU� QT E� VCUMU VJCV GNKEKV EQPVTKXGF TGURQPUGU HTQO VJG 
RCTVKEKRCPVU�
 9G YKNN PQY FKUEWUU VQ YJCV GZVGPV VJG VJTGG CUUWORVKQPU 
OGPVKQPGF KP VJG RTGXKQWU UGEVKQP JQNF VTWG KP GCEJ QPG QH VJG RTQFWEVKXG 
XQECDWNCT[ GNKEKVCVKQP VCUMU EQOOQPN[ FGRNQ[GF VQ GZVTCEV .� NGZKECN 
RTQFWEVKQPU�   
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 a) Assumption 1: the amount of vocabulary remains constant 
between T1 and T2� 6JKU CUUWORVKQP KU XGT[ NKMGN[ VQ JQNF VTWG 
DGECWUG VJG VKOG URCP DGVYGGP VJG EQORNGVKQP QH DQVJ VCUMU KU 
RTCEVKECNN[ KPUKIPKÌECPV� 'XGP KP VJG ECUG VJCV VJG RCTVKEKRCPVU CTG 
GZRQUGF VQ C NQV QH PGY NGZKECN KVGOU LWUV RTKQT VQ 6�� KV KU WPNKMGN[ VJCV 
VJKU XQECDWNCT[ KU TGCF[ HQT RTQFWEVKXG WUG� 9JGP .� NGCTPGTU EQOG 
CETQUU PGY YQTFU� VJG[ PQTOCNN[ CESWKTG UQOG TGEGRVKXG MPQYNGFIG 
ÌTUV� VJCV KU� VJG UVWFGPVU OKIJV DG CDNG VQ TGEQIPK\G VJGUG PGY YQTFU 
KH VJG[ TGCF QT NKUVGP VQ VJGO CICKP� *QYGXGT� QP CXGTCIG .� NGCTPGTU 
JCXG VQ GPEQWPVGT TGEGRVKXGN[ VJGUG YQTFU WR VQ � VKOGU 
0CVKQP� 
���1� DGHQTG VJG[ ECP DG WUGF EQPÌFGPVN[ KP URGCMKPI QT YTKVKPI� VJCV 
KU� KP C RTQFWEVKXG EQPVGZV� *GPEG� KV KU XGT[ WPNKMGN[ VJCV DGVYGGP VJG 
EQORNGVKQP QH 61 CPF 6� ¼V[RKECNN[ 1 QT � YGGMU CRCTV� CP[ UKIPKÌECPV 
CESWKUKVKQP QH RTQFWEVKXG NGZKECN MPQYNGFIG JCU VCMGP RNCEG�    

 b) Assumption 2: lexical items are randomly produced. 0CT�
TCVKXG VCUMU KPXCTKCDN[ TGSWKTG GKVJGT C YTKVVGP QT CP QTCN RTQFWEVKQP 
HTQO VJG RCTVKEKRCPVU� +P QTFGT VQ FQ UQ� VJG[ JCXG VQ DG IKXGP UQOG 
VQRKE ¼ QHVGP CP GUUC[ SWGUVKQP� C FGUETKRVKXG VCUM QT C RKEVWTG KU 
WUGF CU UVKOWNWU VQ VTKIIGT C UVQT[� %QPUGSWGPVN[� PCTTCVKXG VCUMU 
ETGCVG C NGZKECN DKCU KORQUGF D[ VJG VQRKE KVUGNH� 9TKVKPI CDQWV CP[ 
URGEKÌE VQRKE KPGXKVCDN[ HCEKNKVCVGU VJG RTQFWEVKQP QH EGTVCKP YQTFU 
CPF� CV VJG UCOG VKOG� KPJKDKVU VJG RTQFWEVKQP QH OCP[ QVJGTU� 'XGP 

PQV XGT[ CFXCPEGF RCTVKEKRCPVU YKNN DG RTQFWEVKXGN[ HCOKNKCT YKVJ 

NGZKECN ÌGNFU UWEJ WU HQQF CPF FTKPMU� GXGT[FC[ JCDKVU� JQDDKGU� 

URQTVU� LQDU� GVE� DWV YKNN DG WPCDNG VQ WUG OCP[ QH VJGO DGECWUG 
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VJG[ CTG KTTGNGXCPV� 6JKU OGCPU VJCV VJG EJQKEG QH VQRKE “RQVGPVKCNN[ 

JC
U� C XGT[ OGCPKPIHWN KORCEV QP VJG NGZKECN TKEJPGUU QH VJG VGZV” 


(KV\RCVTKEM� ����� R� ����

 9QTF CUUQEKCVKQP VCUMU CTG� VQ UQOG GZVGPV� DGVVGT UWKVGF 

VQ GNKEKV NGZKECN KVGOU TCPFQON[ VJCP PCTTCVKXG VCUMU� 6Q DGIKP YKVJ� 

CU /GCTC CPF (KV\RCVTKEM 
1���� SWKVG TKIJVN[ UVCVG “C NCTIG PWODGT  

QH XQECDWNCT[ CTGCU CTG QRGPGF WR XGT[ GEQPQOKECNN[” 
R� ���� UGEQPFN[� 

FWG VQ VJG KTTGNGXCPEG QH ITCOOCT� HWPEVKQP YQTFU NKMG CTVKENGU QT 

RTGRQUKVKQPU ¼ YJKEJ VGPF VQ DG XGT[ HTGSWGPV CPF JCXG PQ NGZKECN 

OGCPKPI� CTG PQV PGEGUUCT[� 6JKU GNKOKPCVGU VJG UVTQPI GNGOGPV QH 

TGRGVKVKQP KPJGTGPV KP CP[ PCTTCVKXG VGZV� 6GUV VCMGTU� JGPEG� PGGF VQ 

HQEWU GZENWUKXGN[ QP NGZKECN RTQFWEVKQP YKVJQWV JCXKPI VQ YQTT[ CDQWV 

ITCOOCVKECN CEEWTCE[� #U C TGUWNV� OQUV KVGOU ¼KH PQV CNN� GNKEKVGF D[ 

YQTF CUUQEKCVKQP NKUVU CTG NKMGN[ VQ DG FKHHGTGPV� 6JKU KU ENGXGT DGECWUG 

KV QRVKOK\GU VJG RCTVKEKRCPVU¿ EJCPEGU VQ RTQFWEG C TKEJ CPF XCTKGF 

XQECDWNCT[ YKVJKP VJG UGV VKOG NKOKV� 

 6JGTG CTG� JQYGXGT� C HGY NKOKVCVKQPU YKVJ YQTF CUUQEKCVKQP 

VCUMU� 6Q DGIKP YKVJ� VJGKT KPJGTGPVN[ CUUQEKCVKXG PCVWTG RTGXGPVU 

VJG RCTVKEKRCPVU HTQO RTQFWEKPI NGZKECN KVGOU TCPFQON[� 6JCV KU� 

YJGP .� NGCTPGTU EQORNGVG VJG UCOG VCUM HQT VJG UGEQPF VKOG 
6��� 

KV KU NKMGN[ VJG[ WUG OCP[ QH VJG KVGOU VJG[ WUGF RTGXKQWUN[ KP 61� 

6JG CUUWORVKQP� VJGP� VJCV CNN YQTFU CTG TCPFQON[ RTQFWEGF KU 

UGTKQWUN[ EQORTQOKUGF� #NUQ� VJGTG KU CP GZRNKEKV GZRGEVCVKQP VJCV 


PGCTN[ CNN� RCTVKEKRCPVU CTG CDNG VQ TGEQIPK\G CNN ¼QT OQUV QH� VJG 
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UVKOWNK KVGOU� *GPEG �DGECWUG QH VJKU TGEQIPKVKQP� VJG[ YKNN DG CDNG 

VQ OCMG CUUQEKCVKQPU� +P HCEV� TGEQIPK\KPI CP[ QH VJG UVKOWNK KVGOU 

KU PQV C PGEGUUCT[ TGSWKTGOGPV VQ OCMG CUUQEKCVKQPU� .GV WU NQQM CV 

VJG HQNNQYKPI VJGQTGVKECN �DWV EGTVCKPN[ PQV KORNCWUKDNG� GZCORNGU QH 

YQTF CUUQEKCVKQPU�

  &KIÇÇÇÇÇ� RKI� RKUU� RKNN

  *CDKVÇÇÇÇ�� TCDDKV� DCPFKV� OCTMGV

  4KEGÇÇÇÇÇ OKEG� OKNG� OKPG

  $GCVÇÇÇÇÇ OGGV� OGCV� GCV

 #NN VJGUG CUUQEKCVKQPU CTG OQTRJQNQIKECNN[ DCUGF�  +V KU PQV 

ENGCT YJGVJGT VJG UVKOWNK YQTFU CTG TGEQIPK\GF QT PQV� (WTVJGTOQTG� 

YG ECPPQV GKVJGT DG UWTG VJG RCTVKEKRCPVU MPQY VJG OGCPKPI QH VJG 

CUUQEKCVKQPU VJG[ YTKVG� 2CTVKEKRCPVU OKIJV JCXG GPEQWPVGTGF UQOG 

QH VJGO RTGXKQWUN[ KP ENCUU QT KP C DQQM� DWV QPN[ DGECWUG QH VJG 

UKOKNCT URGNNKPI� VJG[ CTG CDNG VQ TGIWTIKVCVG VJGUG CUUQEKCVKQPU�

 .CUVN[� JKIJN[ EQPVTKXGF TGURQPUGU 
.CWHGT� $� CPF 0CVKQP� 2� 

1���� HQTEG RCTVKEKRCPVU KPVQ GNKEKVKPI URGEKÌE NGZKECN KVGOU� 6Q CXQKF 

CEEGRVCDNG DWV WPYCPVGF CPUYGTU� UQOGVKOGU VJG ÌTUV HGY NGVVGTU QH 

GCEJ VCTIGV YQTFU CTG RTQXKFGF� 6JG HQNNQYKPI KU CP GZCORNG�

The book covers a series of isolated epis____ from history.

 6JKU V[RG QH RTQFWEVKXG VGUV KU JGCXKN[ EQPVGZVWCNK\GF� 6JKU 

EQPVGZVWCNK\CVKQP EQWRNGF YKVJ VJG HCEV VJCV VJG ÌTUV HGY NGVVGTU QH GCEJ 
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KVGO CTG RTQXKFGF� EGTVCKPN[ IWCTCPVGGU VJCV PQ TCPFQO CPUYGTU CTG 

RTQFWEGF�  +V KU KORQUUKDNG� VJGP� VQ OGGV VJKU UGEQPF CUUWORVKQP 

YKVJ VJKU V[RG QH VCUM�

 c) Assumption 3: all lexical items are equally eligible for 

elicitation. 6JKU CUUWORVKQP KU CNUQ UGXGTGN[ XKQNCVGF DGECWUG YQTFU 

CTG FKXKFGF KPVQ HTGSWGPE[ DCPFU� +PGXKVCDN[� UQOG YQTFU CTG OWEJ 

OQTG EQOOQPN[ WUGF VJCP QVJGTU� +P PCTTCVKXG VCUMU YG YKNN ÌPF  

VJG UCOG HWPEVKQP YQTFU CRRGCT XGT[ HTGSWGPVN[ DGECWUG VJG[ CTG 

PGEGUUCT[ VQ OCMG VJG VGZV ITCOOCVKECNN[ EQTTGEV� 9QTF CUUQEKCVKQP 

NKUVU FQ CYC[ YKVJ VJKU ITCOOCVKECN FKOGPUKQP� 6JG[ OQUVN[ GNKEKV 

PQWPU CPF CFLGEVKXGU ¼CPF� VQ C NGUUGT GZVGPV� CFXGTDU 
/GCTC� 2� 

CPF (KV\RCVTKEM� 6� 1����� YJKEJ CTG UVTCVKÌGF D[ HTGSWGPE[ DCPFU� 

6JKU OGCPU VJCV OCP[ YQTFU YKNN CRRGCT OWEJ OQTG QHVGP VJCP QVJGTU� 

DGVTC[KPI VJG CUUWORVKQP VJCV CNN NGZKECN KVGOU CTG GSWCNN[ GNKIKDNG HQT 

GNKEKVCVKQP� .CUVN[� KP VJG VCUMU FGXKUGF VQ GNKEKV EQPVTKXGF TGURQPUGU� KV 

IQGU YKVJQWV UC[KPI VJCV CUMKPI VJG RCTVKEKRCPVU VQ YTKVG RTG�UGNGEVGF 

VCTIGV KVGOU OCMGU KV KORQUUKDNG HQT VJKU VJKTF CUUWORVKQP VQ DG OGV�

Summary

 9G JCXG LWUV UGGP YJ[� UQ HCT� CNN VCUMU FGUKIPGF VQ GNKEKV 

RTQFWEVKXG XQECDWNCT[ HTQO .� NGCTPGTU HCKN VQ OGGV QPG QT OQTG QH 

VJG VJTGG CUUWORVKQPU CHQTG�OGPVKQPGF� +V KU PGEGUUCT[ HQT CNN VJGUG 

CUUWORVKQPU VQ JQNF VTWG KP QTFGT VQ CEJKGXG TGNKCDNG EQPENWUKQPU� +P 

VJG PGZV UGEVKQP YG YKNN NQQM KPVQ C FKHHGTGPV V[RG QH VCUM FGUKIPGF VQ 

KORTQXG QP UQOG QH VJG NKOKVCVKQPU VJCV JCXG RGUVGTGF VJG OGCUWTG�
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OGPV QH RTQFWEVKXG XQECDWNCT[ FGPUKV[� 6JG VGUV�VCMGTU YKNN CNUQ DG 

TGSWKTGF VQ VCMG VJKU VCUM � VKOGU 
61� 6� CPF 6�� QXGT C XGT[ UJQTV 

RGTKQF QH VKOG�

Methodology

 Participants

 # VQVCN QH �� UVWFGPVU HTQO VYQ FKHHGTGPV RTQÌEKGPE[ NGXGNU 

RCTVKEKRCVGF KP VJKU UVWF[� 1� UVWFGPVU JCXG UVWFKGF 5RCPKUJ CU .� 

HQT VYQ CECFGOKE [GCTU CPF YGTG EQPUKFGTGF VQ JCXG CP KPVGTOGFKCVG 

NGXGN QH RTQÌEKGPE[� 6JG QVJGT 1� UVWFGPVU JCXG UVWFKGF 5RCPKUJ 

HQT C RGTKQF QH QXGT � [GCTU CPF YGTG EQPUKFGTGF VQ JCXG C 
PGCT� 

CFXCPEGF NGXGN QH RTQÌEKGPE[�    

 Data collection

 6JG CNRJCDGV KU RTGUGPVGF KP C EQNWOP� 6JKU CNRJCDGVKECN 

NKUV KU HQNNQYGF D[ � QVJGT EQNWOPU� #V VJG VQR QH VJG RCIG� UVWFGPVU 

ECP TGCF VJG HQNNQYKPI KPUVTWEVKQPU� You have the Spanish alphabet 

below followed by 5 columns. You are required to write down Spanish 

words beginning with the letter on the left: start with Columna 1 all 

the way down (i.e: Amigo, Bueno…). Once you have completed the 

first column, move on to the second. Continue in this fashion till you 

have completed all 5 columns. If at some point you cannot think of 

a word with a particular letter, don’t stop; just move on to the next 

letter. You have a maximum of 30 minutes to complete the 5 columns.

 0QTOCNN[ VJGTG KU QPG NGVVGT QH VJG CNRJCDGV RGT TQY� +P UQOG 

ECUGU� VYQ QT OQTG NGVVGTU CTG ITQWRGF� EQORCTCVKXGN[ URGCMKPI� KP 
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5RCPKUJ VJGTG CTG PQV CU OCP[ YQTFU DGIKPPKPI YKVJ ,� -� 0� 9� :� ; 

QT <� (QT VJKU TGCUQP KP QPG TQY VJG[ ECP YTKVG YQTFU DGIKPPKPI YKVJ 

, QT -� KP CPQVJGT TQY VJG[ ECP YTKVG YQTFU DGIKPPKPI YKVJ 0 QT �� KP 

CPQVJGT TQY YG JCXG 8 QT 9� CPF KP VJG NCUV TQY� VJG[ CTG CUMGF VQ 

YTKVG YQTFU DGIKPPKPI YKVJ :� ; QT <� 6JKU KU JQRGF VQ KPETGCUG VJG 

UVWFGPVU¿ EJCPEGU QH RTQFWEVKQP� #NUQ� KV ECP RQVGPVKCNN[ FKOKPKUJ NGXGNU 

QH HTWUVTCVKQP CV PQV DGKPI CDNG VQ RTQFWEG� UC[� ÌXG YQTFU DGIKPPKPI 

YKVJ ��

   5KPEG VJKU VCUM KU EQORNGVGN[ FGEQPVGZVWCNK\GF� KV KU CNUQ  

GZRGEVGF VQ GNKEKV XQECDWNCT[ KVGOU HTQO C YKFG XCTKGV[ QH NGZKECN 

ÌGNFU� 6JG VCUM KU EQORNGVGF � VKOGU 
61� 6� CPF 6�� QXGT C RGTKQF 

QH VYQ YGGMU� +V KU URGEKÌGF VJCV�

 Æ VJG[ UJQWNF YTKVG VJG ÌTUV YQTF VJCV EQOGU VQ OKPF YJGP 

VJG[ TGCF GCEJ NGVVGT� CPF

 Æ VJGTG CTG PQ TKIJV QT YTQPI CPUYGTU�

 9JGP VJG VCUM KU TGRGCVGF� UVWFGPVU CTG TGOKPFGF VJCV VJKU 

KU PQV C OGOQT[ GZGTEKUG CPF� VJGTGHQTG� UJQWNF PQV CVVGORV VQ TGECNN 

RCUV TGURQPUGU� 

Counting words

 6JG HQNNQYKPI ETKVGTKC CTG CRRNKGF YJGP EQWPVKPI YQTFU�

 Æ +PUVCPEGU QH PQWPU CPF CFLGEVKXGU WUGF OQTG VJCP QPEG 

DWV YKVJ FKHHGTGPV IGPFGT QT PWODGT OCTMGTU 
K�G� DCLQ� DCLC� DCLQU� 

DCLCU� CTG CNN EQWPVGF CU 1 YJGP UEQTKPI VCMGU RNCEG� +P NKPIWKUVKEU 

VJKU KU ECNNGF C NGOOC�
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 Æ &KHHGTGPV KPUVCPEGU QH VJG UCOG TGIWNCT XGTD 
K�G� JCDNQ� 

JCDNCDC� JCDN�� CTG CNUQ EQWPVGF CU QPG GPVT[ YJGP UEQTKPI KU FQPG�

 Æ &KHHGTGPV KPUVCPEGU QH VJG UCOG KTTGIWNCT XGTDU 
K�G� XQ[� 

HWKOQU� XC[C� CTG� JQYGXGT� EQWPVGF CU FKHHGTGPV GPVTKGU� +V YCU FGEKFGF 

VQ VTGCV KTTGIWNCT HQTOU FKHHGTGPVN[ HTQO TGIWNCT HQTOU DGECWUG VJGTG KU 

GXKFGPEG VQ UWIIGUV VJCV VJG DTCKP FGCNU YKVJ DQVJ V[RGU KP FKHHGTGPV 

YC[U1 �

 Æ 2TQRGT PQWPU� PWODGTU� CDDTGXKCVKQPU CPF HWPEVKQP YQTFU 

CTG KIPQTGF YJGP EQWPVKPI KU FQPG�

 Æ /KPQT URGNNKPI OKUVCMGU CTG EQTTGEVGF CPF VCMGP KPVQ 

CEEQWPV YJGP EQWPVKPI KU RGTHQTOGF�

 Æ +VGOU YJKEJ CTG PQV TGEQIPK\GF CU CP GZKUVKPI 5RCPKUJ 

YQTF 
K�G� DGECWUG VJG[ CTG UGXGTGN[ OKUURGNNGF� CTG KIPQTGF� 

1 An important PET 
Positron Emission Tomography� UVWF[ UETWVKPK\GF YJCV CTGCU QH 

VJG DTCKP YGTG CEVKXCVGF D[ TGIWNCT XGTD RCUV VGPUGU XGTUWU KTTGIWNCT QPGU KP 'PINKUJ 


,CGIGT GV CN�� 1����� +V YCU HQWPF VJCV “VJG KTTGIWNCT RCUV VCUM GNKEKVGF UKIPKÌECPVN[ NCTIGT 

CTGCU QH DTCKP CEVKXKV[ CV JKIJGT FGITGGU QH UKIPKÌECPEG VJCP FKF VJG TGIWNCT RCUV VCUMÇ 

6JGUG ÌPFKPIU UVTQPIN[ UWRRQTV VJG Ç J[RQVJGUKU VJCV TGIWNCT CPF KTTGIWNCT RCUV VGPUGU 

KP 'PINKUJ CTG EQORWVGF D[ FKHHGTGPV OGEJCPKUOU” 
R� �88�� 5KOKNCT TGUWNVU JCXG DGGP 

HQWPF KP QVJGT NCPIWCIGU NKMG )GTOCP 
$GTGVVC GV CN�� ����� CPF 5RCPKUJ 
4QFT£IWG\�

(QTPGNNU GV CN�� ������ 
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Results

 #HVGT VJG UVWFGPVU EQORNGVG VJG VCUM HQT VJG VJKTF VKOG� YQTFU 

CTG EQWPVGF CPF VJG GZVGPUKQP QH VJG %4 OGVJQF KU CRRNKGF� 6JG 

5255 UVCVKUVKECN RTQITCO 
5VCVKUVKECN 2CEMCIG HQT 5QEKCN 5EKGPEGU X� 

1���� YCU WUGF VQ CPCN[\G VJG FCVC QDVCKPGF HTQO VJG UVWFGPVU� #P 

CNRJC NGXGN QH ��� YCU EJQUGP CU VJG UKIPKÌECPV NGXGN� 6CDNG 1 UJQYU 

VJG QXGTCNN PWODGT QH YQTFU CPF VJG GUVKOCVGU QH GCEJ ITQWR�

Overall number of words used per 

group

Estimate

(N estimate)

Int. Mean 1���1� ���

sd 23.15 61.86

Adv. Mean ��1 �1����

sd 12.5 32.69

Table 1� /GCP TGUWNVU HQT VJG +PVGTOGFKCVG CPF #FXCPEG ITQWRU

 # WPKXCTKCVG CPCN[UKU QH XCTKCPEG KU ECTTKGF QWV DGVYGGP  

DQVJ ITQWRU� +V UJQYU C UKIPKÌECPV FKHHGTGPEG DGVYGGP DQVJ ITQWRU  


(
1� ���� �8��1� R � ���1�� 6JKU EQPÌTOU VJCV VJG #FXCPEG ITQWR 

MPQYU UKIPKÌECPVN[ OQTG RTQFWEVKXG YQTFU VJCP VJG +PVGTOGFKCVG 

ITQWR� #P KPFGRGPFGPV UCORNGU V�VGUV CNUQ EQPÌTOU VJCV VJGTG KU C 

UKIPKÌECPV FKHHGTGPEG DGVYGGP DQVJ ITQWRU� V
������ � ������ R ���1��
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6CDNG � UJQYU VJG OGCP PWODGT QH PGY YQTFU VJCV VJG VYQ ITQWRU 

IGPGTCVGF HQT GCEJ QH VJG VJTGG EQNNGEVKQP VKOGU CPF VJG PWODGT QH 

TGRGCVGF YQTFU KP 6CUMU � CPF ��

Number of new words in all 

tasks

Number of repetitions 

in Tasks 2 and 3

Task 1 Task 2 Task 3 Task 2 Task 3

Int. 

group

Mean ���8� �8��1 ����1 ����1 ���1�

sd 9.08 10.96 8.32 8.34 8.08

Adv. 

group

Mean 1�1�1� ����� ����8 ���1� �����

sd 7.88 6.00 7.29 7.22 6.84

Table �� /GCP TGUWNVU QH VJG +PVGTOGFKCVG CPF #FXCPEGF ITQWRU

 6JGUG FCVC KU PQV FKHÌEWNV VQ KPVGTRTGV� 4GICTFKPI VJG PWODGT 

QH PGY YQTFU RTQFWEGF D[ DQVJ ITQWRU KP GCEJ VCUM� VJG FKHHGTGPEG 

KU YJCV YG YQWNF JCXG GZRGEVGF� VJG #FXCPEGF ITQWR� YJQ JCU OQTG 

NGZKECN MPQYNGFIG CV VJGKT FKURQUCN VJCP VJG +PVGTOGFKCVG ITQWR� RTQFWEGU 

OQTG PGY YQTFU KP 6CUMU � CPF �� +PFGRGPFGPV UCORNGU V�VGUVU EQPÌTO 

VJCV VJG FKHHGTGPEG KU UKIPKÌECPV KP 6CUM 1 V
������ � � ����� R � ����� 

KP 6CUM � V
������ � ������ R � ���� CPF CNUQ KP 6CUM � V
����8� � ������ 

R � ��1��
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 4CVJGT UWTRTKUKPIN[ VJQWIJ� DQVJ ITQWRU TGRGCV PGCTN[ GZCEVN[ 

VJG UCOG COQWPV QH YQTFU KP 6CUMU � CPF �� #P KPFGRGPFGPV UCORNGU 

V¼VGUV UJQYU VJGTG KU PQ UKIPKÌECPV FKHHGTGPEG DGVYGGP VJGUG ITQWRU� 

Discussion

 6JG TGUWNVU TGRQTVGF CDQXG TCKUG C PWODGT QH KORQTVCPV KUUWGU 

VJCV PGGF VQ DG CFFTGUUGF� 6JG KUUWGU CTG C� VJG GZVGPV VQ YJKEJ VJG 

GZVGPUKQP QH VJG %4 OGVJQF KU C DGVVGT GUVKOCVQT VJCP VJG 2GVGTUQP 

GUVKOCVG� D� KORNKECVKQPU QH VJG FKHHGTGPV RCVVGTPU QH TGURQPUGU� CPF 

E� VJG UWKVCDKNKV[ QH VJG CNRJCDGVKECN NKUV CU CP GNKEKVKPI VCUM�

 a) the extent to which the extension of the CR method is a 

better estimator than the Peterson estimate.

 6JG TGUWNVU TGRQTVGF CDQXG KORN[ VJCV VJKU CRRTQCEJ KU 

QPEG CICKP RCTVKCNN[ UWEEGUUHWN� (WTVJGTOQTG� OQUV 0 GUVKOCVGU CTG  


TGOCTMCDN[� JKIJGT VJCP VJQUG QH VJG RTGXKQWU GZRGTKOGPV 
/GCTC 

CPF 1NOQU #NEQ[� ��1��� 6JKU UWIIGUVU YG OC[ DG CPQVJGT UVGR 

ENQUGT VQ CEJKGXKPI OQTG TGCNKUVKE ÌIWTGU� 6JG OGCP 0 GUVKOCVG HQT 

VJG +PVGTOGFKCVG ITQWR KU CDQWV ��� YQTFU� CPF HQT VJG #FXCPEGF 

ITQWR KU CDQWV �1� YQTFU� 6JG JKIJGUV UEQTG� JQYGXGT� YCU TGCEJGF 

D[ C UVWFGPV HTQO VJG +PVGTOGFKCVG ITQWR� ��� YQTFU� 6JKU KU C 

EQPUKFGTCDNG KORTQXGOGPV YJGP EQORCTGF VQ OQUV QH VJG RTGXKQWU 

GUVKOCVKQPU� +H YG PQY CRRN[ VJG 2GVGTUQP GUVKOCVG 
WUKPI 6CUMU 1 

CPF �� VQ VJG FCVC� YG ECP UGG JQY VJGUG VYQ GUVKOCVGU EQORCTG�
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6CDNG � CPF 6CDNG � DGNQY RTQXKFG C UWOOCT[ QH VJG TGUWNVU�

Peterson estimate Extension of CR

Mean ����� ���

sd 87.88 61.86

Table 3� 5WOOCT[ QH TGUWNVU HQT VJG +PVGTOGFKCVG ITQWR

 

Peterson estimate Extension of CR

Mean ����1 �1����

sd 47.82 32.69

Table 4� 5WOOCT[ QH TGUWNVU HQT VJG #FXCPEGF ITQWR

 9G YKNN PQY CUUGUU VQ YJCV GZVGPV VJG VJTGG CUUWORVKQPU 

OGPVKQPGF DGHQTG CTG OGV�

 Assumption 1� VJG PWODGT QH YQTFU UVWFGPVU MPQY DGVYGGP 

VJG EQORNGVKQP QH 6CUMU 1� � CPF � TGOCKPU EQPUVCPV� 6JKU CUUWORVKQP 

KU XGT[ NKMGN[ VQ JQNF HQT DQVJ ITQWRU DGECWUG CNN VJTGG VCUMU YGTG 

EQORNGVGF KP C XGT[ UJQTV RGTKQF QH VKOG 
� YGGMU�� +V KU CUUWOGF 

VJCV KP VJKU RGTKQF QH VKOG PQ UKIPKÌECPV NGXGN QH NGZKECN NGCTPKPI QT 

CVVTKVKQP VQQM RNCEG�

 Assumption 2� YQTFU CTG TCPFQON[ RTQFWEGF� 6JG COQWPV 

QH TGRGVKVKQPU RTQFWEGF D[ GCEJ ITQWR IKXGU WU UQOG KPFKECVKQP QH 

JQY TCPFQO TGURQPUGU CTG� +V KU VJGQTK\GF VJCV VJG OQTG PGY YQTFU 

QEEWT� VJG OQTG NKMGN[ TGURQPUGU CTG TCPFQON[ GNKEKVGF� %NGCTN[� 
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VJG CFXCPEGF ITQWR GNKEKVU OQTG PGY KVGOU VJCP VJG +PVGTOGFKCVG 

ITQWR� 6JKU ECP DG CRRTGEKCVGF KP 6CDNG �� +V EQPÌTOU VJCV VJG  

#FXCPEGF UVWFGPVU JCXG UKIPKÌECPVN[ ITGCVGT NGZKECN MPQYNGFIG  

CV VJGKT FKURQUCN� JQYGXGT� YG UJQWNF PQV UVQR JGTG� 6JG VCUM YCU  

FGUKIPGF VQ OCZKOK\G TCPFQO TGURQPUGU� 5QOG GXKFGPEG QH VJKU YCU 

HQWPF CHVGT VCUM EQORNGVKQP� 5VWFGPVU YGTG KPVGTXKGYGF CDQWV VJGKT 

TGURQPUGU� KV YCU TGRQTVGF VJCV OQUV YQTFU YGTG UKOWNVCPGQWUN[ 

RTQFWEGF QP VJG URWT QH VJG OQOGPV HQT PQ CRRCTGPV TGCUQP� 5QOG 

UVWFGPVU CNUQ RQKPVGF QWV VJCV VJG[ JCF TCTGN[� QT PGXGT� RTQFWEGF 

UQOG QH VJG YQTFU DGHQTG 
K�G� DTGDCLG� WODTCN� TGN�ORCIQ� WDKEWKFCF�� 

6JKU HGGFDCEM UWIIGUVU VJCV VQ UQOG GZVGPV TCPFQO GNKEKVCVKQP YCU 

CEJKGXGF� +PVGTGUVKPIN[� VJKU V[RG QH HGGFDCEM CNUQ EQPVTCUVU VQ C 

FGITGG YKVJ .CWHGT¿U FGÌPKVKQP QH WUG 
������ UJG URGEKÌGU VJCV KH 

UVWFGPVU WUG C YQTF EQTTGEVN[ KP EQPVGZV KP VJGKT YTKVVGP QT URQMGP 

RTQFWEVKQPU� VJGP YG ECP UC[ VJG[ JCXG WUG QH VJG YQTF� +TQPKECNN[� 

KP VJKU UVWF[ VJG NCEM QH EQPVGZV KU YJCV JCU RTQRKVKCVGF VJG WUG QH 

RCTVKEWNCT YQTFU� +V KU PQV KOOGFKCVGN[ ENGCT YJ[ VJKU KU VJG ECUG� 

5VTKEVN[ URGCMKPI� YG ECPPQV UC[ VJCV VJGUG YQTFU UJQY GXKFGPEG 

QH WUG DGECWUG YG FQ PQV MPQY YJGVJGT VJG UVWFGPVU ECP RTQFWEG 

VJGO CFGSWCVGN[ KP EQPVGZV QT PQV� #NN YG ECP UC[ KU VJCV� QP UQOG 

NGXGN� VJGUG YQTFU CTG RCTV QH VJG UVWFGPVU¿ RTQFWEVKXG XQECDWNCT[�

 Assumption 3� CNN YQTFU CTG GSWCNN[ GNKIKDNG HQT GNKEKVCVKQP� 

9G MPQY� JQYGXGT� VJKU KU PQV VJG ECUG� OQUV YQTFU JCXG C FKHHGTGPV 

NKMGNKJQQF QH DGKPI RTQFWEGF DGECWUG VJG[ CTG CHHGEVGF D[ VJGKT 

HTGSWGPE[� 
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 b) Different pattern of responses.

 +P 6CDNG � YG ECP UGG VJG OGCPU IKXGP D[ DQVJ ITQWRU KP C� 

VJG PWODGT QH PGY YQTFU KP CNN VCUMU CPF D� VJG TGRGVKVKQPU KP 6CUMU 

� CPF �� 6JG[ CTG IQKPI VQ DG FKUEWUUGF KP VWTP PQY�

 +P 6CDNG � YG ECP� QP VJG QPG JCPF� CRRTGEKCVG VJG PWODGT 

QH PGY YQTFU WUGF CU UVWFGPVU TGRGCV VJG VCUM� +V KU PQV UWTRTKUKPI 

VJCV VJG #FXCPEGF ITQWR CNYC[U RTQFWEGU OQTG PGY YQTFU VJCP 

VJGKT +PVGTOGFKCVG EQWPVGTRCTVU� +P 6CUMU � CPF � VJG PWODGT QH PGY 

YQTFU FGETGCUGU PQVKEGCDN[� 6JKU FGENKPG KU UNKIJVN[ UJCTRGT KP VJG 

+PVGTOGFKCVG ITQWR� 6JKU UWIIGUVU VJCV VJG #FXCPEGF UVWFGPVU JCXG 

OQTG YQTFU CV VJGKT FKURQUCN� +PVTKIWKPIN[� DQVJ ITQWRU FKURNC[ XKTVWCNN[ 

VJG UCOG SWCPVKV[ QH TGRGVKVKQPU KP 6CUMU � CPF �� +V YCU JQRGF VJCV 

VJG OQTG RTQÌEKGPV UVWFGPVU YQWNF RTQFWEG HGYGT TGRGCVU VJCP VJGKT 

NGUU RTQÌEKGPV EQWPVGTRCTVU DWV VJKU YCU PQV VJG ECUG� +V KU PQV ENGCT 

YJ[ VJKU KU VJG ECUG CPF HWTVJGT GZRGTKOGPVCVKQP UJQWNF DG ECTTKGF 

QWV VQ UGG KH VJG UCOG RCVVGTP GOGTIGU YKVJ QVJGT ITQWRU�

 6JG UVKOWNK KVGOU ¼VJG CNRJCDGV� KPÍWGPEGU DQVJ VJGUG RCVVGTPU 

VJQWIJ� 5QOG NGVVGTU� NKMG %� / QT 5� UGGO VQ GPEQWTCIG FKXGTUKV[ QH 

TGURQPUGU� VJGTG CTG OCP[ YQTFU KP 5RCPKUJ DGIKPPKPI YKVJ VJGUG 

RCTVKEWNCT NGVVGTU� %QPXGTUGN[� NGVVGTU NKMG ,� - QT .. QHVGP GNKEKV VJG UCOG 

NGZKECN KVGOU 
K�G� LCOQP� LCTF£P� MKNQ� NNCOCT� NNWXKC�� 4GRGVKVKQPU GNKEKVGF 

D[ VJGUG NGVVGTU ECP DG CRRTGEKCVGF PQV QPN[ KP VJG TGURQPUGU IKXGP 

D[ VJG UCOG UVWFGPV KP CNN VCUMU� FKHHGTGPV UVWFGPVU QHVGP TGRGCV VJG 

UCOG KVGOU CU YGNN� 6JKU UWIIGUVU VJCV TCPFQOPGUU KU EQORTQOKUGF 

VQ C FGITGG� VJGUG NGVVGTU VJTGCVGP URQPVCPGQWU NGZKECN RTQFWEVKQP� 
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+PUVGCF� VJG[ VGPF VQ EQORGN UVWFGPVU VQ YTKVG EGTVCKP KVGOU� +P HWVWTG 

GZRGTKOGPVU QH VJKU MKPF� KV OC[ DG YQTVJ EQPUKFGTKPI VJG GZENWUKQP 

QH VJGUG NGVVGTU KP QTFGT VQ QRVKOK\G TCPFQO GNKEKVCVKQP QH XQECDWNCT[�

 &WG VQ VJG EQPUVTCKPVU QH VJG VCUM� VJG OCZKOWO PWODGT QH 

TGURQPUGU QP CP[ RCTVKEWNCT QEECUKQP 61� 6� QT 6� KU 11�� VJKU KU 

VJG OCZKOWO PWODGT QH KVGOU VJCV EQWNF RQUUKDN[ DG GNKEKVGF� 6JKU 

KORNKGU VJCV UQOG UVWFGPVU YQWNF JCXG DGGP CDNG VQ YTKVG 
OCP[� 

OQTG TGURQPUGU JCF VJG VCUM TGSWKTGF DKIIGT RTQFWEVKQPU� +P  

RTCEVKEG� VJG +PVGTOGFKCVG ITQWR RTQFWEGF CDQWV �� YQTFU QP  

CXGTCIG CPF VJG #FXCPEGF ITQWR RTQFWEGF 1�1 YQTFU� +P DQVJ 

ITQWRU XGT[ HGY TGURQPUGU YGTG GKVJGT KIPQTGF YJGP EQWPVKPI 

YCU FQPG CPF�QT UQOG TGURQPUGU YGTG EQWPVGF CU QPG� (GY KVGOU 

YGTG UGXGTGN[ OKUURGNNGF 
K�G� TCORQ� NQTTCT� NCORQU� OC[DG TQORQ� 

NNQTCT CPF ECORQU CTG OGCPV DWV YG ECPPQV DG UWTG�� PQV 5RCPKUJ 


K�G� HTGPEJ� PQPUGPUKEQ� QT 
UGGOKPIN[� OCFG WR 
K�G� \K\CIG!!�� 

1P QEECUKQP UGXGTCN KPUVCPEGU QH VJG UCOG XGTD CRRGCT 
K�G� NGGT� 

NG[GPFQ� HWK� HWG� HWKUVG� DWV� CICKP� VJKU YCU WPEQOOQP� 5VWFGPVU 

RTQFWEGF OQUVN[ PQWPU CPF XGTDU DGNQPIKPI VQ C NCTIG URGEVTWO 

QH NGZKECN ÌGNFU� 5QOG QH VJGUG KPENWFG� RCTVU QH VJG DQF[� HQQF CPF 

FTKPM� FKTGEVKQPU� OGODGTU QH VJG HCOKN[� HWTPKVWTG CPF MKVEJGP WVGP�

UKNU� JQNKFC[U� CPKOCNU� EQNQTU� URQTVU CPF ICOGU� RCTVU QH VJG JQWUG� 

HGGNKPIU� LQDU� UVWFKGU� IGQITCRJ[� OGCPU QH VTCPURQTV� YGCVJGT� 

ENQVJGU� DWKNFKPIU� GVE� #FLGEVKXGU CNUQ CRRGCT QHVGP DWV OWEJ NGUU 

HTGSWGPVN[ VJCP PQWPU CPF XGTDU� 8GT[ HGY CFXGTDU CPF HWPEVKQP 

YQTFU CTG GNKEKVGF�
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 5KPEG VJG UVWFGPVU JCXG EQORNGVG HTGGFQO VQ YTKVG CP[ KVGOU 

VJG[ NKMG� KV KU PQV UWTRTKUKPI VJCV DQVJ ITQWRU TGCEJ XGT[ UKOKNCT NGXGNU 

QH RTQFWEVKQP� 6CDNG � UJQYU VJG OGCP PWODGT QH YQTFU GCEJ ITQWR 

RTQFWEGU KP GCEJ VCUM�

 

Task 1 Task 2 Task 3

Int group Mean ���8� ����� �8

sd 9.08 7.92 9.27

Adv group Mean 1�1�1� 1����� 1���8�

sd 7.88 6.56 5.62

Table 5� /GCP PWODGT QH YQTFU RTQFWEGF KP GCEJ VCUM

 9G UJQWNF DG XGT[ ECWVKQWU YKVJ CP[ KPVGTRTGVCVKQP QH VJG FCVC 

KP 6CDNG � DGECWUG YG QPN[ JCXG � OGCP XCNWGU RGT ITQWR� UVKNN� YG 

ECP VGPVCVKXGN[ FKUEGTP VYQ UNKIJVN[ FKHHGTGPV RCVVGTPU QH TGURQPUGU� 

6JG NGXGN QH RCTVKEKRCVKQP QH VJG CFXCPEGF ITQWR KPETGCUGU HTQO 6CUM 

1 VQ 6CUM � CPF VJGP TGOCKPU XKTVWCNN[ WPEJCPIGF KP 6CUM �� 6JG 

+PVGTOGFKCVG UVWFGPVU UJQY C UOCNN DWV UVGCF[ KPETGCUG GXGT[ VKOG 

VJG[ EQORNGVG VJG VCUM� 6JKU RCVVGTP OC[ DG FWG VQ C EQODKPCVKQP 

QH VYQ HCEVQTU� 

 Æ 6JG[ YGTG CNTGCF[ HCOKNKCT YKVJ VJG VCUM CPF HQWPF KV  

  UNKIJVN[ GCUKGT VQ GNKEKV C HGY OQTG KVGOU GXGT[ VKOG VJG[  

  EQORNGVGF VJG VCUM CPF�QT
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 Æ (GYGT KVGOU YGTG FGNGVGF QT ITQWRGF VQIGVJGT CU QPG  

  NGOOC 
K�G� COKIQ� COKIC� COKIQU� COKICU � 1 YQTF�  

  DGHQTG EQWPVKPI VQQM RNCEG�

 6JG HCEV VJCV DQVJ ITQWRU TGCEJGF C JKIJ NGXGN QH RTQFWEVKQP KP CNN 

VCUMU UWIIGUVU VJCV VJG[ EQWNF JCXG YTKVVGP 
OCP[� OQTG TGURQPUGU� 

JCF VJG[ DGGP TGSWGUVGF VQ ÌNN KP OQTG EQNWOPU� 6JKU JCU C FCPIGT 

VJQWIJ� VJG NQPIGT VJG RTQFWEVKQPU� VJG OQTG NKMGN[ TGRGVKVKQPU YKNN 

KPETGCUG 
#TPCWF� 1�8�� .CWHGT CPF 0CVKQP� 1���� /CNXGTP CPF 

4KEJCTFU� 1����� 6JKU KU UQOGVJKPI YG KFGCNN[ YCPV VQ CXQKF DGECWUG 

TGRGVKVKQPU ¼VJG FGPQOKPCVQT QH VJG HQTOWNC KP DQVJ VJG 2GVGTUQP  

GUVKOCVG CPF VJG GZVGPUKQP QH VJG %4 OGVJQF� JCXG C 
XGT[� FGVTKOGPVCN 

GHHGEV QP VJG 0 GUVKOCVG�

 c) Suitability of the alphabetical list as an eliciting task.

 +V YCU VJGQTK\GF VJCV VJG WUG QH VJG CNRJCDGV CU C RTQORV  

VQ UVKOWNCVG NGZKECN RTQFWEVKQP YQWNF KPETGCUG TCPFQOPGUU CPF  

FGETGCUG TGRGVKVKQP� 6JG TGUWNVU UWIIGUV VJCV YG JCXG CEJKGXGF DQVJ 

IQCNU VQ C FGITGG�

 .GV WU TGOGODGT VJCV GPUWTKPI TCPFQOPGUU KU XKVCN KP CNN 

GEQNQIKECN OQFGNU KP QTFGT VQ CXQKF DKCUGF TGUWNVU 
-TGDU� 1����� 

7UKPI VJG CNRJCDGV VQ UVKOWNCVG NGZKECN RTQFWEVKQP UGGOU VQ RTQOQVG 

TCPFQOPGUU DGVVGT VJCP RKEVWTGU 
/GCTC � 1NOQU #NEQ[� ��1��� 6JGUG 

CTG VYQ HCEVQTU VJCV UWIIGUV VJKU�
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 Æ (GGFDCEM IKXGP D[ VJG UVWFGPVU KPFKECVGU VJCV OCP[ QH  

  VJGKT CPUYGTU VGPF VQ DG URQPVCPGQWU� CPF

 Æ 6JG TGURQPUGU RTQFWEGF KP GCEJ VCUM EQOG HTQO C YKFG  

  TCPIG QH NGZKECN ÌGNFU�

 6JG NQYGUV PWODGT QH TGRGVKVKQPU KU �1� +H YG VCMG VJKU XCNWG 

CU TGRTGUGPVCVKXG CPF CRRN[ KV VQ DQVJ ITQWRU� YG QDVCKP VJG HQNNQYKPI 

ÌIWTGU�

Extension of CR method

(N estimate)

Int group Mean 11����1

sd 201.77

Advanced group Mean 1��8��

sd 145.78

Table 6� /GCP TGUWNVU QH VJG +PVGTOGFKCVG CPF #FXCPEGF ITQWRU 

 
YKVJ �1 TGRGVKVKQPU�

 6JGUG TGUWNVU CTG OWEJ ENQUGT VQ VJG GUVKOCVGU YG KFGCNN[ 

YCPV VQ TGCEJ� 0QV UWTRTKUKPIN[� CP KPFGRGPFGPV UCORNGU V�VGUV CNUQ 

EQPÌTOU DQVJ ITQWRU CTG UKIPKÌECPVN[ FKHHGTGPV V
������ � ����8� R � 

����� .CUVN[� CNVJQWIJ VJG 0 GUVKOCVGU CTG UVKNN NQY KP VGTOU QH QXGTCNN 

NGZKECN FGPUKV[� YG ECP CRRTGEKCVG C OCTMGF KORTQXGOGPV YJGP 

EQORCTGF VQ RTGXKQWU GUVKOCVGU� 
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Conclusion

 +P VJKU RCRGT YG JCXG UGGP JQY CP GZVGPUKQP QH VJG %4 

OGVJQF ECP DG WUGF VQ GUVKOCVG RTQFWEVKXG XQECDWNCT[ UK\G� 9G 

JCXG CNUQ WUGF VJG CNRJCDGV CU UVKOWNWU VQ QRVKOK\G TCPFQO NGZKECN 

GNKEKVCVKQP CU YGNN CU OKPKOK\G TGRGVKVKQPU� 4GUWNVU CTG GPEQWTCIKPI VQ 

C FGITGG DGECWUG VJG 0 GUVKOCVGU CTG JKIJGT VJCP VJQUG QH RTGXKQWU 

GZRGTKOGPVU� 6JKU UWIIGUVU VJCV YG CTG QP VJG TKIJV VTCEM DGECWUG 

YG CTG IGVVKPI ENQUGT VQ ÌPFKPI CP CRRTQCEJ VJCV ECP IKXG WU TGCNKUVKE 

GUVKOCVGU� (WVWTG GZRGTKOGPVU UJQWNF GZRNQTG QVJGT CRRTQCEJGU CPF 

OGVJQFQNQIKGU KP QTFGT VQ HWTVJGT GPJCPEG QWT 0 GUVKOCVGU�   
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