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Abstract

Korean has a very complex phonology, with many interacting alternations.  In a 

coronal-/i/ sequence, depending on the type of phonological boundary present, 

alternations such as palatalization, nasal insertion, nasal assimilation, coda 

neutralization, and intervocalic voicing can apply.  This paper investigates how 

the phonological patterns of Korean affect processing of morphemes and words.  

Past research on languages such as English, German, Dutch, and Finnish has 

shown that listeners exploit syllable structure constraints in processing speech 

and segmenting it into words.  The current study shows that in parsing speech, 

listeners also use much more complex patterns that relate the surface 

phonological string to various boundaries.  
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1.  INTRODUCTION

How does the wide variety of phonological patterns found in the world’s 

languages affect native listeners’ processing of speech and recognition of words 

and morphemes?  Research in formal phonology has elucidated many types of 

changes that can happen to sounds between the underlying representation and 

the surface form.  Research in psycholinguistics has shown that listeners can 

use phonotactic constraints to help them locate syllable and word boundaries.  

But how do these two types of research come together?  

Most past studies of listeners’ use of phonological patterns for speech 

segmentation have examined relatively simple phonological patterns, such as 

constraints on which consonants can form a syllable onset cluster in a particular 

language.  In many languages, the distribution of segments at the surface level 

is determined not only by syllable structure constraints, but also by a wide 

variety of interacting phonological phenomena.  In Korean, the subject of this 

paper, many phonological patterns play a role in the mapping between 

underlying and surface forms.  This paper investigates whether, and if so how, 

such complex phonology is also used in speech segmentation.  

1.1  Previous work on phonotactics and segmentation

A common means of investigating speech segmentation is the 'word-spotting' 

task, in which a real word is embedded within a larger nonsense word.  

Listeners are asked to press a button as quickly as possible whenever they 

detect a real word within a stimulus, and to then say the word they detected.  

For example, a listener might hear the stimulus /X¡H3R�N/, press the response 

button, and say the word 'apple.'  The environment in which the real word is 

embedded is manipulated to determine what features of the environment make 

it more or less difficult to segment a word out of surrounding speech.  Reaction 

times and error rates (failure to detect target words) are measured, and faster 
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reaction times and lower error rates are taken to indicate easier recognition of 

words (McQueen 1996).  

McQueen (1998) investigated the influence of phonotactic constraints 

on speech segmentation in Dutch.  He found that listeners can recognize a word 

more easily if phonotactic constraints indicate that syllable boundaries coincide 

with the boundaries of the word.  For example, Dutch listeners were faster and 

more accurate in recognizing the word rok ‘skirt’ when it was embedded in a 

nonsense sequence /fim.TnM/ than when it was embedded in a sequence such as 

/fi.dTnM/.  In Dutch, /mr/ cannot form a syllable onset, so the syllable boundary 

in /fim.TnM/ must be aligned with the beginning of the real word.  However, 

because Dutch has syllable-final devoicing, a syllable cannot end in /d/, so the 

syllable boundary in /fi.dTnM/ cannot be at the beginning of the embedded word.  

(/dr/ is a possible onset cluster in Dutch.)  This effect also held for words 

embedded before, rather than after, nonsense material.  This indicates that 

listeners are sensitive to phonotactic constraints:  phonotactic constraints 

provide information about syllable boundaries, and listeners use syllable 

boundaries in the task of locating word boundaries.2 Dumay, Frauenfelder, & 

Content (2002) investigated phonotactic cues to syllable boundaries in French. 

They found the same effect for real words embedded at the onset of items, and 

a similar but weaker effect for words embedded at the ends of items.

Weber (2001) replicated the phonotactic effect for American English.  

She found that English listeners are faster and more accurate at spotting real 

words such as 'length' in sequences where the word onset is aligned with the 

syllable boundary, such as /\CT5�N'06� and /HWP�N'06/, than in sequences where 

the word onset may not be at a syllable boundary, such as /HWMN'06/ and 

/LQ7UN'06/.  Syllable boundary information comes from the fact that sequences 
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such as /5N/ and /nl/ cannot be syllable onsets in English, whereas /kl/ and /sl/ 

can.  (Unlike McQueen’s (1998) Dutch experiment, these sequences are simply 

ambiguous as to syllable boundary, rather than overtly misaligned with the 

word onset.)

Weber (2001) also investigated second language learners’ use of 

phonotactic constraints for segmentation by testing native German speakers’ 

ability to spot the same English words in the same materials.  (The German 

speakers were all proficient in English as a second language.)  Weber used the 

fact that German and English phonotactic constraints differ to construct an 

interesting set of comparisons.  In one condition, the real word was aligned with 

the syllable boundary in both languages (e.g. �HWP�N'06/ since /nl/ cannot be an 

onset in either language).  In another, the word is aligned with the syllable 

boundary in English but is ambiguous in German (e.g. /\CT5�N'06/, since /5N/ can 

be an onset in German but not in English).  In a third, the word onset is aligned 

in German but is ambiguous in English (e.g. /LQ7UN'06/, since /sl/ can be an 

onset in English but not in German).  In the final condition, the syllable 

boundary is ambiguous in both languages (e.g. /HWMN'06/, since /kl/ is a possible 

onset for both).  Weber found that the native German (but proficient in English) 

listeners were influenced by phonotactic constraints of both languages.  They 

spotted words most quickly and accurately when the phonotactic constraints of 

both languages indicated that the syllable boundary was at the onset of the 

word, least quickly and accurately when neither language provided phonotactic 

cues, and intermediately when just one language provided phonotactic cues to 

the syllable boundary.

A study by Suomi, McQueen, & Cutler (1997) tested listeners’ use of 

another type of phonological regularity in segmentation:  vowel harmony in 

Finnish.  They found that Finnish listeners could recognize a real word more 
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easily if it followed a nonsense syllable with a vowel from a different harmony 

class than if it followed a nonsense syllable with a vowel from the same 

harmony class as the vowels of the word itself.  For example, listeners 

recognized a word such as hymy ‘smile’ faster and more accurately in a 

disharmonious sequence puhymy (/u/ and /y/ cannot occur within the same word 

in native Finnish words) than in a harmonious sequence such as pyhymy. That 

is, violations of vowel harmony give the listener information about the presence 

of a word boundary.  In parsing speech, listeners make use of the patterns in the 

surface string created by the phonology.

However, listeners do not make use of all language-specific 

phonological patterns in speech segmentation.  Norris, McQueen, Cutler, 

Butterfield, & Kearns (2001) and Cutler, Demuth, & McQueen (2002) have 

shown that the 'Possible Word Constraint' (PWC) depends on a universal, rather 

than language-specific, definition of what constitutes a possible word.  

Listeners find it more difficult to recognize a real word if they are presented 

with an item that has just a consonant (not an entire syllable) next to the real 

word, and this effect has been termed the 'possible word constraint' (Norris, 

McQueen, Cutler, & Butterfield 1997).  For example, for English listeners it is 

harder to find the word apple in the string /H3R�N/, where recognizing it would 

require leaving the lone consonant /f/ unparsed, than in a string /X¡H3R�N/, 
where an entire syllable (which could possibly be a word) is left over.  

The criterion that at least a syllable must be left over in order to avoid 

hindering recognition appears to be quite general, even though particular 

languages may have additional constraints on what can actually form a word.  

For example, even though English words cannot end in a lax vowel, English 

listeners recognize a word embedded after a single CV syllable with a lax 

vowel just as easily as a word embedded after a CV tense vowel syllable.  For 
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example, recognition of words like 'perturb' was not significantly different with 

preceding /F'-/ vs. preceding /da-/, although both were faster than recognition 

after a single consonant such as /s-/ (Norris et al. 2001).  If listeners were 

making use of the language-specific information that an English word cannot 

end in a lax vowel, then they should infer that a word boundary does not follow 

the syllable /F'-/, and it should be more difficult to recognize a word embedded 

after such a syllable.  

Furthermore, Cutler et al. (2002) showed that in Sesotho, which has a 

bisyllabic prosodic minimality requirement, recognition of words embedded 

after a single syllable vs. after two syllables was equally easy, whereas 

recognition of words embedded after a single consonant was hard.  For 

example, alafa ‘to prescribe’ was embedded in the contexts halafa, roalafa, 

pafoalafa, and only the single consonant condition differed from the other two 

(with the single consonant condition being harder).  This again indicates that 

listeners make use of a universal criterion that there must be at least a syllable 

left over when recognizing words, but they do not make use of language-

specific phonological information about what constitutes a minimal word 

beyond that.

Thus, there is reason to think that listeners exploit information from a 

variety of language-specific phonological patterns, but not all such patterns, in 

the task of segmenting speech into words.  This fact has been incorporated into 

the Shortlist model of spoken word recognition (Norris et al. 1997), which 

models listeners' use of multiple boundary cues, including language-specific 

ones.  The current experiments investigate whether listeners use a new type of 

phonological information:  surface regularities created by the interaction of 

several phonological processes within one language (Korean).  They also 
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investigate how listeners use phonological information in recognizing 

morphemes as well as words.

1.2  Aspects of Korean phonology relevant to the current experiments

Overall, Korean has a great many phonological alternations to consider, as a 

result of which surface forms can look very different from underlying forms.  

(See Cho & Sells (1995) and Cho (1998) for summaries of many features of 

Korean phonology.)  For the purposes of the current experiments, we will focus 

on aspects of the phonology which affect coronal-/i/ sequences.  Most of the 

information and examples below are derived from Rogers, You, & Richards 

(1992), Cho & Sells (1995), and Cho (1998).3 Phonological phenomena will be 

described here in derivational terms, but this is a descriptive convenience, not a 

theoretical claim about rule-based vs. constraint-based phonology.  

A.  Intervocalic voicing. Voiceless obstruents become voiced intervocalically 

(exemplified below in (1-4) and (6-7)).

B.  Palatalization. /t, V*/ become palatalized /c, E*/ before /i/ or /y/ if and 

only if the /i/ or /y/ is in a suffix or the copula (1).  That is, the boundary 

between the consonant and the palatalizing sound must be a suffix boundary or 

the boundary between content word and copula in order for the palatalization to 

take place.  Palatalization does not apply within a morpheme (2) (that is, it 

shows non-derived environment blocking), nor does it apply across a word 

boundary (3). 
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(1) �PDW�L��>PDML@ µILUVWERUQ�68%-¶�PLW+�LWD��>PLF+LGD@ µEHORZ�&23¶�NDW+�L��>NDF+L@ µVDPH�$'9¶��µWRJHWKHU¶��WDW�K\¥V¥��>WDF+\¥V¥@� µFORVH�3$66�EHFDXVH¶��� �¥WL��>¥GL@ µZKHUH¶�FDQWL��>FDQGL@ µODZQ¶�W+L��>W+L@ µGXVW�SDUWLFOH¶��� �NRW�L¥V¥��>NRGL¥V¥@ µVRRQ�WR�IROORZ¶
&���1DVDO�LQVHUWLRQ�DQG�QDVDO�DVVLPLODWLRQ� $�QDVDO��Q��LV�RSWLRQDOO\�LQVHUWHG�EHIRUH�FRPSRXQG� RU�ZRUG�LQLWLDO��L����)XUWKHUPRUH��ILQDO��W��EHFRPHV��Q��E\�DVVLPLODWLRQ�WR�D�IROORZLQJ�QDVDO�����
��� �SDW++LOD1��>SDQQL5D1��SDGL5D1@ µILHOG�ULGJH¶
�6HH�SRLQW�'�EHORZ�IRU�WKH�LVVXH�RI��W+��YV���W�����7KXV��ZKHQ��W�L��DSSHDUV�DFURVV�D�FRPSRXQG�ERXQGDU\��QDVDO�LQVHUWLRQ�DQG�QDVDO�DVVLPLODWLRQ�PD\�DSSO\��\LHOGLQJ�D�JHPLQDWH�QDVDO��EXW�LI�QDVDO�LQVHUWLRQ�GRHV�QRW�DSSO\��SDODWDOL]DWLRQ�GRHV�QRW�HLWKHU�EHFDXVH�LW�GRHV�QRW DSSO\�DFURVV�FRPSRXQG�ERXQGDULHV����7KH�FRQGLWLRQV�RQ�QDVDO�LQVHUWLRQ�DUH�TXLWH�FRPSOLFDWHG��DQG�DUH�H[SODLQHG�LQ�GHWDLO�E\�&KR���������
'���&RGD�QHXWUDOL]DWLRQ� &RURQDO�REVWUXHQWV�DUH�DOO�QHXWUDOL]HG�WR��W��LQ�FRGD�SRVLWLRQ��������/LNH�DOO�FRGD�VWRSV�LQ�.RUHDQ��ILQDO��W��LV�XQUHOHDVHG���7KLV�ZLOO�QRW�EH�PDUNHG�HOVHZKHUH�LQ�WKH�SDSHU��
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��� �S\¥W+��>S\¥W_@ µVXQOLJKW¶�QDF��>QDW_@ µGD\WLPH¶�SLF+��>SLW_@ µOLJKW¶�SLV��>SLW_@ µFRPE¶�LVV�WD��>LWW
D@� µH[LVW¶
5HV\OODELILFDWLRQ�DSSOLHV�DFURVV�VXIIL[�ERXQGDULHV��VR�LI�VXFK�FRQVRQDQWV�DUH�ZRUG�ILQDO�DQG�D�YRZHO�LQLWLDO�VXIIL[�IROORZV��WKH\�DUH�UHV\OODELILHG��DQG�FRGD�QHXWUDOL]DWLRQ�GRHV�QRW�DSSO\�������+RZHYHU��UHV\OODELILFDWLRQ�GRHV�QRW�DSSO\�DFURVV�ZRUG�RU�FRPSRXQG�ERXQGDULHV��VR�FRGD�QHXWUDOL]DWLRQ�GRHV�DSSO\�LI�WKH�IROORZLQJ�PRUSKHPH�LV�D�VHSDUDWH�ZRUG�RU�WKH�VHFRQG�SDUW�RI�D�FRPSRXQG�UDWKHU�WKDQ�D�VXIIL[�����
��� �QDF�H��>QDMH@ µGD\WLPH�/2&¶�SLF+�L��>SLF+L@ µOLJKW�68%-¶��� �N¶RF+�LOØP� >N¶RGLOØP��N¶RQQL5ØP@� µIORZHU�QDPH¶�SDW+ LONX�NR��>SDGLOJXJR@ µWLOO�WKH�ILHOG�DQG¶
7KH�H[DPSOHV�LQ�����GHPRQVWUDWH�WKDW�EHFDXVH�RI�FRGD�QHXWUDOL]DWLRQ��WKH�VXUIDFH�VHTXHQFHV�>GL��QQL@�FDQ�DOVR�EH�GHULYHG�IURP�VHTXHQFHV�RWKHU�WKDQ��WL���VXFK�DV��W+L, F+L���HWF�
(���5DULW\�RI�WKH�VHTXHQFH��QQL��PRUSKHPH�LQWHUQDOO\� $�ILQDO�SRLQW�DERXW�WKH�SKRQRORJ\�RI�.RUHDQ�ZKLFK�LV�UHOHYDQW�WR�WKH�FXUUHQW�ZRUN�LV�WKDW�WKH�VHTXHQFH��QQL��LV�UDUH�ZLWKLQ�D�PRUSKHPH������ VKRZV�RQH�KLJK�IUHTXHQF\�ZRUG�ZLWK�PRUSKHPH�LQWHUQDO��QQL���EXW�WKHUH�GR�QRW�VHHP�WR�EH�PDQ\�VXFK�ZRUGV�� 7KHUH�
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LV�D�TXHVWLRQ�VXIIL[���QL���DQG�����VKRZV�WKDW�D��QQL��VHTXHQFH�FDQ�RFFXU�EHFDXVH�RI�QDVDO�DVVLPLODWLRQ�EHIRUH�WKLV�VXIIL[��EXW�WKLV�LV�WKH�RQO\�LQIOHFWLRQDO�VXIIL[�EHJLQQLQJ�ZLWK���QL��OLVWHG�E\�&KR�	�6HOOV���������VR��QQL��FOXVWHUV�DFURVV�D�VXIIL[�ERXQGDU\�DUH�XQOLNHO\�H[FHSW�ZKHQ�WKLV�LV�WKH�VXIIL[���
��� �¥QQL��>¥QQL@ µROGHU�VLVWHU¶��� �WDW�QL��>WDQQL@ µFORVH�48(67¶�µDUH�\RX�FORVLQJ"¶
7KXV��WKH��QQL��VHTXHQFH�LV�UDUH�H[FHSW�DFURVV�FRPSRXQG�RU�ZRUG�ERXQGDULHV��EXW�LW��GRHV�RFFXU�HDVLO\�DW�FRPSRXQG�ERXQGDULHV��VLQFH�WKH�LQLWLDO�FRQVRQDQW�RI�WKH�VHFRQG�SDUW�RI�D�FRPSRXQG�FDQ�EH�JHPLQDWHG�������
���� �DOH�QL��>D5HQQL@ µORZHU�WHHWK¶�N¶H�QLS+��>N¶HQQLS@ µVHVDPH�OHDI¶
7KH�VHTXHQFH��QQL��LV�XQOLNHO\�WR�RFFXU�DFURVV�ZRUG�ERXQGDULHV��KRZHYHU��EHFDXVH�LQLWLDO��Q��EHIRUH��L��KDV�EHHQ�GHOHWHG�LQ�D�KLVWRULFDO�VRXQG�FKDQJH��VR�D�VHTXHQFH�RI�D�ZRUG�HQGLQJ�LQ��Q���RU�D�FRQVRQDQW�WKDW�QHXWUDOL]HV�WR��Q���IROORZHG�E\�D�ZRUG�EHJLQQLQJ�ZLWK��QL��LV�XQOLNHO\��ZLWK�WKH�H[FHSWLRQ�RI�D�IHZ�UHFHQW�ORDQZRUGV���6LQFH�.RUHDQ�KDV�PD[LPDOO\�&9&�V\OODEOHV���QQ��FDQQRW�EH�HLWKHU�D�FRGD�RU�DQ�RQVHW�HLWKHU���7KDW�LV��WKH��QQ��VHTXHQFH�PXVW�EH�VSOLW�DFURVV�D�V\OODEOH�ERXQGDU\�
�����2XWOLQH�RI�WKH�SDSHU,Q�WKLV�SDSHU��ZH�ZLOO�SUHVHQW�WZR�H[SHULPHQWV�GHVLJQHG�WR�LQYHVWLJDWH�WKH�LQIOXHQFH�RI�.RUHDQ�SKRQRORJLFDO�SDWWHUQV�RQ�OLVWHQHUV¶�SURFHVVLQJ�RI�VSHHFK���([SHULPHQW����D�ZRUG�VSRWWLQJ�H[SHULPHQW��SURYLGHV�GDWD�RQ�ZKHWKHU�.RUHDQ�
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OLVWHQHUV�XVH�SKRQRWDFWLF�FRQVWUDLQWV�LQ�VHJPHQWLQJ�ZRUGV�RXW�RI�FRQQHFWHG�VSHHFK���([SHULPHQW���H[DPLQHV�OLVWHQHUV¶�XVH�RI�DIIULFDWH�YV��VWRS�IRUPV�ZKLFK�UHVXOW�IURP�WKH�SDODWDOL]DWLRQ�UXOH��%�DERYH��PRUH�GLUHFWO\�WKURXJK�D�PRUSKHPH�PRQLWRULQJ�WDVN���,Q�WKDW�H[SHULPHQW��OLVWHQHUV�DUH�DVNHG�WR�GHFLGH�ZKHWKHU�WKH\�KDYH�KHDUG�WKH�VXEMHFW�SDUWLFOH�PRUSKHPH��ZKLFK�WULJJHUV�SDODWDOL]DWLRQ�LQ�D�SUHFHGLQJ��W���VHH�����DERYH����
����(;3(5,0(17��� 63277,1*��L��,1,7,$/�:25'6�����5DWLRQDOH7KH�SKRQRORJLFDO�SURFHVVHV�ZKLFK�FUHDWH�WKH�VXUIDFH�GLVWULEXWLRQV�RI�FRURQDO��L��VHTXHQFHV�LQ�.RUHDQ��VHFWLRQ�����DERYH��DUH�IDU�PRUH�FRPSOH[�WKDQ�WKRVH�ZKLFK�SURGXFH�WKH�SKRQRWDFWLF�FRQVWUDLQWV�ZKRVH�HIIHFW�RQ�ZRUG�VSRWWLQJ�KDV�EHHQ�WHVWHG�LQ�'XWFK��0F4XHHQ��������(QJOLVK��:HEHU��������DQG�)UHQFK��'XPD\�HW�DO����������)RU�'XWFK��WKH�6RQRULW\�6HTXHQFLQJ�3ULQFLSOH�LV�LQYROYHG�LQ�WKH�IDFW�WKDW�FOXVWHUV�VXFK�DV��PU��FDQQRW�IRUP�RQVHWV��DQG V\OODEOH�ILQDO�GHYRLFLQJ�OHDGV�WR�WKH�IDFW�WKDW��GU��PXVW�EH�DQ�RQVHW�UDWKHU�WKDQ�EHLQJ�VSOLW�DFURVV�D�V\OODEOH�ERXQGDU\���)RU�(QJOLVK��WKH�6RQRULW\�6HTXHQFLQJ�3ULQFLSOH�DQG�PRUH�VSHFLILF�V\OODEOH�VWUXFWXUH�FRQVWUDLQWV�DUH�LQYROYHG�LQ�GHWHUPLQLQJ�WKDW�QHLWKHU��QO��QRU��6O��FDQ�EH�V\OODEOH�RQVHW�FOXVWHUV��ZKLOH��VO��DQG��NO��FDQ���7KH�VLWXDWLRQ�LV�VLPLODU�IRU�)UHQFK���%\�FRQWUDVW��WKH�.RUHDQ�SDWWHUQV�LQ�FRURQDO��L��VHTXHQFHV�GHULYH�IURP�WKH�LQWHUDFWLRQ�RI�SDODWDOL]DWLRQ��QDVDO�LQVHUWLRQ��QDVDO�DVVLPLODWLRQ��FRGD�QHXWUDOL]DWLRQ��DQG�D�FRQVWUDLQW�RQ�WKH�RFFXUUHQFH�RI�LGHQWLFDO�FRQVRQDQW�VHTXHQFHV��DV�ZHOO�DV�WKH�JHQHUDO�PD[LPDO�&9&�V\OODEOH�VWUXFWXUH�RI�.RUHDQ���)XUWKHUPRUH��WKH�VDPH�FRURQDO��L��VHTXHQFHV�WKDW�DUH�FUHDWHG�E\�WKHVH�YDULRXV�SKRQRORJLFDO�SURFHVVHV�FDQ�DOVR�VLPSO\�RFFXU�XQGHUO\LQJO\��ZLWK�QRQH�RI�WKH�DERYH�SURFHVVHV�H[FHSW�LQWHUYRFDOLF�YRLFLQJ�DIIHFWLQJ�WKHP���
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7KXV��WKH�UHOHYDQW�VXUIDFH�SKRQRWDFWLF�SDWWHUQV�LQ�.RUHDQ�GLIIHU�FRQVLGHUDEO\��IURP�WKRVH�ZKLFK�KDYH�EHHQ�WHVWHG�LQ�RWKHU�ODQJXDJHV���,Q�.RUHDQ��WKHUH�DUH�PXOWLSOH�LQWHUDFWLQJ�VHJPHQWDO�DOWHUQDWLRQV�LQYROYHG�LQ�FUHDWLQJ�WKH�VXUIDFH�SDWWHUQV���7KHUH�FDQ�EH�D JUHDW�PDQ\�GLIIHUHQFHV�EHWZHHQ�XQGHUO\LQJ�DQG�VXUIDFH�IRUPV�LQ�FRURQDO�L�VHTXHQFHV���,Q�WKH�SUHYLRXV�ZRUN�RQ�SKRQRWDFWLF�SDWWHUQV��WKH�'XWFK�ILQDO�GHYRLFLQJ�ZKLFK�IRUFHV�WKH�V\OODELILFDWLRQ�RI��ILG�UoN��LV�VXFK�D�FDVH��EXW�PRVW�RI�WKH�RWKHU�IDFWRUV�H[DPLQHG�DUH�V\OODEOH�VWUXFWXUH�FRQVWUDLQWV�UDWKHU�WKDQ�DOWHUQDWLRQV�WKDW�FKDQJH�WKH�IRUP���)XUWKHUPRUH��PRVW�RI�WKH�SKRQRWDFWLF�FRQVWUDLQWV�WKDW�KDYH�EHHQ�WHVWHG�SUHYLRXVO\�IRU�WKHLU�LQIOXHQFH�RQ�VSHHFK�VHJPHQWDWLRQ�ZHUH�FRQVWUDLQWV�RQ�V\OODEOH�VWUXFWXUH���0F4XHHQ��������DUJXHV�WKDW�VXFK�FRQVWUDLQWV�JLYH�WKH�OLVWHQHU�LQIRUPDWLRQ�DERXW�WKH�ORFDWLRQ�RI�V\OODEOH�ERXQGDULHV��DQG�WKDW�OLVWHQHUV�XVH�V\OODEOH�ERXQGDULHV�WR�ORFDWH�ZRUG�ERXQGDULHV���6SHFLILFDOO\��OLVWHQHUV�DUH�VDLG�WR�K\SRWKHVL]H�WKDW�D�QHZ�ZRUG�EHJLQV�DW�D�V\OODEOH�ERXQGDU\���0RVW�RI�WKH�SKRQRORJLFDO�SDWWHUQV�GLVFXVVHG�KHUH�IRU�.RUHDQ�GR�QRW�LQYROYH�V\OODEOH�ERXQGDULHV���7KH\�PDNH�UHIHUHQFH�WR�PRUSKHPH�ERXQGDULHV��ZRUG�ERXQGDULHV��WKH�ERXQGDU\�EHWZHHQ�SDUWV�RI�D�FRPSRXQG��RU�WKH�ODFN�RI�DQ\�ERXQGDU\�DW�DOO��EXW�RQO\�FRGD�QHXWUDOL]DWLRQ�DQG�WKH�LPSRVVLELOLW\�RI��QQ��ZLWKLQ�D�V\OODEOH�PDNH�REYLRXV�UHIHUHQFH�WR�V\OODEOH�VWUXFWXUH���7KHUHIRUH��LI�WKH�.RUHDQ�SKRQRWDFWLF�SDWWHUQV�SURYLGH�LQIRUPDWLRQ�DERXW�ZRUG�ERXQGDULHV�WR�WKH�OLVWHQHU��LW�FDQQRW�EH�HQWLUHO\�E\�PHDQV�RI�SURYLGLQJ�LQIRUPDWLRQ�DERXW�V\OODEOH�ERXQGDULHV���7KLV�KDV�WKH�IXUWKHU�LPSOLFDWLRQ�WKDW�LI�VSHHFK�VHJPHQWDWLRQ�WDNHV�SODFH�SULPDULO\�E\�ORFDWLQJ�V\OODEOH�ERXQGDULHV��.RUHDQ�OLVWHQHUV�VKRXOG�QRW�EH�PXFK�KHOSHG�E\�WKH�SKRQRWDFWLF�LQIRUPDWLRQ�DYDLODEOH�LQ�WKHLU�ODQJXDJH���+RZHYHU��LI�WKH\�FDQ�PDNH�XVH�RI�LQIRUPDWLRQ�DERXW�D�YDULHW\�RI�ERXQGDU\�W\SHV��WKDW�LQIRUPDWLRQ�VKRXOG�LQGHHG�EH�XVHIXO�
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%HFDXVH�VR�PDQ\�SKRQRORJLFDO�SURFHVVHV�LQIOXHQFH�FRURQDO��L��VHTXHQFHV�LQ�.RUHDQ��WKH�VXUIDFH�GLVWULEXWLRQ�RI�VXFK�VHTXHQFHV�LV�QRW�LPPHGLDWHO\�FOHDU�IURP�D�OLVWLQJ�RI�WKH�SURFHVVHV�LQYROYHG���)XUWKHUPRUH��WKH�IDFW�WKDW�PDQ\�RI�WKH�SURFHVVHV�DSSO\�RU�IDLO�WR�DSSO\�DW�VSHFLILF�W\SHV�RI�ERXQGDULHV�PDNHV�D�VXPPDU\�RI�WKH�UHOHYDQW�SDWWHUQV�QHFHVVDU\��������VKRZV�ZKDW�W\SH�RI�ERXQGDU\��LI�DQ\��WKH�VXUIDFH�VHTXHQFHV�>ML��GL��QQL@�PXVW�RFFXU�DW��FODVVLILHG�E\�WKH�XQGHUO\LQJ�IRUP�IURP�ZKLFK�WKH�VHTXHQFH�GHULYHV���7KH�SKRQRORJLFDO�SDWWHUQV�DERYH��$�(��WKDW�DUH�LQYROYHG�LQ�HDFK�FDVH�DUH�OLVWHG�DV�VXSHUVFULSWV�IRU�UHIHUHQFH�
���� 6XUIDFH 8QGHUO\LQJ %RXQGDU\�HQYLURQPHQW>ML@ �WL� VXIIL[�ERXQGDU\�RU�FRSXOD$%�FL� VXIIL[�RU�QR�ERXQGDU\$>GL@ �WL� ZRUG�FRPSRXQG�RU�QR�ERXQGDU\$�FL��F+L��W+L�« ZRUG�FRPSRXQG�ERXQGDU\$'>QQL@ �WL��FL��F+L��W+L�« FRPSRXQG�ERXQGDU\&'�WQL��FQL��F+QL��W+QL�« VXIIL[�ERXQGDU\�ZLWK��QL�VXIIL[&'(�QQL��QL� FRPSRXQG�ERXQGDU\(�QQL� QR�ERXQGDU\��UDUH�(

7R�VXPPDUL]H�WKH�GLVWULEXWLRQV�UHODWLYH�WR�W\SHV�RI�ERXQGDULHV��UHJDUGOHVV�RI�XQGHUO\LQJ�VRXUFH��x 6XUIDFH�>ML@�FDQ�RQO\�RFFXU�HLWKHU�FURVVLQJ�D�VXIIL[�ERXQGDU\��RU�PRUSKHPH�LQWHUQDOO\�LI�WKH�FRSXOD�LV�FRXQWHG�DV�HTXLYDOHQW�WR�D�VXIIL[����,W�FDQQRW�RFFXU�VSDQQLQJ�D�ZRUG�RU�FRPSRXQG�ERXQGDU\��EHFDXVH�FRGD�QHXWUDOL]DWLRQ�ZRXOG�WKHQ�DSSO\���x >GL@�FDQ�RFFXU�HLWKHU�DW�D�ZRUG�RU�FRPSRXQG�ERXQGDU\�RU�PRUSKHPH�
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LQWHUQDOO\���,W�FDQQRW�RFFXU�VSDQQLQJ�D�PRUSKHPH�ERXQGDU\��EHFDXVH�SDODWDOL]DWLRQ�ZRXOG�DSSO\���x >QQL@�XVXDOO\�RFFXUV�DW�D�FRPSRXQG�ERXQGDU\���$SDUW�IURP�FRPSRXQG�ERXQGDULHV��LW�FDQ�RFFXU�DW�D�VXIIL[�ERXQGDU\�RQO\�LI�WKH�VXIIL[�LV�WKH�>�QL@�TXHVWLRQ�VXIIL[��DQG�LW�FDQ�RFFXU�PRUSKHPH�LQWHUQDOO\�LQ�WKH�ZRUG��¥QQL��µHOGHU�VLVWHU¶�DQG�DQ\�RWKHU�VXFK�FDVHV��WKRXJKW�WR�EH�UDUH���x 7KH�GLVWULEXWLRQ�RI�VXUIDFH�>F+L@ SDUDOOHOV�WKDW�RI�>ML@��LI�WKH�XQGHUO\LQJ�IRUP�LQFOXGHV�DVSLUDWLRQ���DQG�>W+L@�ODUJHO\�SDUDOOHOV�>GL@����$OWKRXJK�WKH�RULJLQ�RI�WKHVH�SDWWHUQV�LV�FRPSOH[��WKH�VXUIDFH�GLVWULEXWLRQV�FDQ�EH�YLHZHG�DV�IROORZV���>ML@�GRHV�QRW�RFFXU�DW�D�ZRUG�FRPSRXQG�ERXQGDU\��>QQL@�RFFXUV�SUHGRPLQDQWO\�DW�D�FRPSRXQG�ERXQGDU\��DQG�>GL@�FDQ�RFFXU�HLWKHU�DW�D�FRPSRXQG�ERXQGDU\�RU�ZLWKLQ�WKH�PRUSKHPH�,Q�WKLV�H[SHULPHQW��ZH�LQYHVWLJDWH�ZKHWKHU�.RUHDQ�OLVWHQHUV�FDQ�H[SORLW�WKHVH�SKRQRWDFWLF�GLVWULEXWLRQV�WR�KHOS�WKHP�ORFDWH�ZRUG�ERXQGDULHV�LQ�VSHHFK���:H�XVH�D�ZRUG�VSRWWLQJ�WDVN��DV�UHYLHZHG�LQ�VHFWLRQ�����DERYH���LQ�ZKLFK�UHDO�ZRUGV�DUH�HPEHGGHG�ZLWKLQ�D�ODUJHU�QRQVHQVH�VWULQJ��DQG�OLVWHQHUV�DUH�DVNHG�WR�VD\�WKH�ZRUG�WKH\�KDYH�KHDUG�ZKHQHYHU�WKH\�KHDU�D�UHDO�ZRUG�ZLWKLQ�DQ�LWHP��,Q�WKLV�H[SHULPHQW��UHDO�ZRUGV�EHJLQQLQJ�ZLWK��L��ZHUH�HPEHGGHG�DIWHU�>M@�>F+@��>G@�>W+@��RU�>QQ@��([DPSOHV�RI�PDWHULDOV�DSSHDU�LQ��������
���� �LPLQ��µPLJUDWLRQ¶ LQ��[S+\RMLLPPLLQQ, S+\RGLLPPLLQQ, S+\RQQLLPPLLQQ]�LS\¥O��µVHSDUDWLRQ¶ LQ�>S¥VZHF+LLE\¥E\¥OO��S¥VZHW+LLEE\¥\¥OO, S¥VZHQQLLE\¥E\¥OO]

%DVHG�RQ�WKH�GLVWULEXWLRQV�RI�VHTXHQFHV�GLVFXVVHG�DERYH��RQH�ZRXOG�
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H[SHFW�WKDW�OLVWHQHUV�ZRXOG�KDYH�WKH�PRVW�GLIILFXOW\�GHWHFWLQJ�WKH�HPEHGGHG�ZRUGV�LQ�WKH�>ML@�>F+L@�VHTXHQFHV��EHFDXVH�WKHVH�VHTXHQFHV�FDQQRW�RFFXU�DW�D�ZRUG�RU�FRPSRXQG ERXQGDU\���'HWHFWLRQ�RI�HPEHGGHG�ZRUGV�VKRXOG�EH�HDVLHVW�IRU�>QQL@��EHFDXVH�WKLV�VHTXHQFH�XVXDOO\�RFFXUV�DW�FRPSRXQG�ERXQGDULHV��DQG�DOVR�VLJQDOV�D�V\OODEOH�ERXQGDU\��� 'HWHFWLRQ�RI�HPEHGGHG�ZRUGV�VKRXOG�EH�LQWHUPHGLDWHO\�GLIILFXOW�IRU�>GL@��EHFDXVH�WKLV�VHTXHQFH�FDQ��EXW�GRHV�QRW�DOZD\V��RFFXU�DW�D�ZRUG�RU�FRPSRXQG�ERXQGDU\���� ,Q�ZRUG�VSRWWLQJ��HDVLHU�GHWHFWLRQ�RI�ZRUGV�LV�UHIOHFWHG�E\�IDVWHU�UHDFWLRQ�WLPHV�DQG�ORZHU�HUURU�UDWHV��DQG�PRUH�GLIILFXOW�GHWHFWLRQ�E\�VORZHU�UHDFWLRQ�WLPHV�DQG�KLJKHU�HUURU�UDWHV �0F4XHHQ�������
�����0HWKRGV�������0DWHULDOV$�QDWLYH�VSHDNHU�RI�.RUHDQ�FUHDWHG�WKH�PDWHULDOV�E\�HPEHGGLQJ�����L��LQLWLDO�.RUHDQ�ZRUGV�RI�WZR�RU�WKUHH�V\OODEOHV�DIWHU�QRQVHQVH�PDWHULDO���7KH�QRQVHQVH�PDWHULDO�ZDV�SKRQRWDFWLFDOO\�SRVVLEOH�LQ�.RUHDQ��LQ WKDW�LW�FRQVLVWHG�RI�.RUHDQ�SKRQHPHV�DQG�KDG�PD[LPDOO\�FRQVRQDQW�JOLGH�YRZHO�FRQVRQDQW�V\OODEOH�VWUXFWXUH����7KH�QRQVHQVH�PDWHULDO�FRQVLVWHG�RI�HLWKHU�RQH�RU�WZR�V\OODEOHV���)RU�HDFK�QRQVHQVH�SOXV�ZRUG�FRPELQDWLRQ��WKH�ILQDO�FRQVRQDQW��FOXVWHU��RI�WKH�QRQVHQVH�ZDV�>M@�RU�>F+@�LQ�RQH�FRQGLWLRQ��>G@�RU�>W+@�LQ�DQRWKHU��DQG�>QQ@�LQ�WKH�WKLUG��DV�VKRZQ�LQ��������7KH�IXOO�VHW�RI�H[SHULPHQWDO�VWLPXOXV�PDWHULDOV�DSSHDUV�LQ�$SSHQGL[������+HUHDIWHU��ZH�ZLOO�UHIHU�WR�ERWK�>M@�DQG�>F+@�DV�WKH�>M@�FRQGLWLRQ��DQG�WR�ERWK�>G@�DQG�>W+@�DV�WKH�>G@�FRQGLWLRQ����7KH�DVSLUDWHG�FRQVRQDQWV�ZHUH�XVHG�DV�ZHOO�DV�WKH�YRLFHG�RQHV�LQ�RUGHU�WR�PDNH�WKH�PDWHULDOV�PRUH�YDULHG�DQG�PRUH�UHSUHVHQWDWLYH�RI�WKH�ODQJXDJH�
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7KH�PDWHULDOV�FRQWDLQHG�QR�HPEHGGHG�ZRUGV�ORQJHU�WKDQ�D�&9&�V\OODEOH�RWKHU�WKDQ�WKH�WDUJHWV���,W�LV�SUHIHUDEOH�LQ�ZRUG�VSRWWLQJ�WKDW�WKHUH�EH�QR�HPEHGGHG�ZRUGV�RWKHU�WKDQ�WKH�WDUJHW�LWHPV��VR�WKDW�OLVWHQHUV�GR�QRW�GHWHFW�ZRUGV�RWKHU�WKDQ�WKH�LQWHQGHG�WDUJHWV���+RZHYHU��LQ�.RUHDQ��LW�LV�LPSRVVLEOH�WR�DYRLG�RWKHU�HPEHGGLQJV�HQWLUHO\�ZLWKRXW�UHVRUWLQJ�WR�SKRQRWDFWLFDOO\�KLJKO\�LPSUREDEOH��LI�QRW�LPSRVVLEOH��QRQVHQVH�V\OODEOHV��VLQFH�PRVW�&9�DQG�&9&�V\OODEOHV�RI�.RUHDQ�FRQVWLWXWH�ZRUGV���,W�LV�WKHUHIRUH�SRVVLEOH�WKDW�OLVWHQHUV�ZRXOG�VRPHWLPHV�UHVSRQG�WR�D�ZRUG�RWKHU�WKDQ�WKH�WDUJHW���)RU�WKLV�UHDVRQ��LW�LV�VWDQGDUG�LQ�ZRUG�VSRWWLQJ�WKDW�OLVWHQHUV�PXVW�VD\�WKH�ZRUG�WKH\�KDYH�GHWHFWHG�RXW�ORXG��DQG�DQ\�UHVSRQVHV�WR�ZRUGV�RWKHU�WKDQ�WKH�LQWHQGHG�RQH�DUH�H[FOXGHG�DV�HUURUV���,W�LV�ZRUWK�QRWLQJ�WKDW�WKH�SUREOHP�RI�DYRLGLQJ�XQLQWHQGHG�HPEHGGLQJV�LV�DOVR�TXLWH�GLIILFXOW�IRU�-DSDQHVH��DQG�ZRUG�VSRWWLQJ�H[SHULPHQWV�KDYH�EHHQ�VXFFHVVIXOO\�FDUULHG�RXW�LQ�WKDW�ODQJXDJH��ZLWKRXW�H[FHVVLYHO\�KLJK�IDOVH�DODUP�UDWHV��0F4XHHQ��2WDNH��	�&XWOHU�������7KH�PDWHULDOV�LQFOXGHG�D�UHODWLYHO\�ODUJH�QXPEHU�RI�UHFHQW�IRUHLJQ�ERUURZLQJV��DV�ZHOO�DV�D�IHZ�IXQFWLRQ�ZRUGV���,QFOXVLRQ�RI�VXFK�ZRUGV�ZDV�QHFHVVDU\�LQ�RUGHU�WR�ILQG�DQ�DFFHSWDEOH�QXPEHU�RI�LWHPV�ZLWK�LQLWLDO��L��DQG�PLQLPDO�RWKHU�HPEHGGHG�ZRUGV���+RZHYHU��HDFK�LWHP�LV�HPEHGGHG�DIWHU�HDFK�RI�WKH�WKUHH�SKRQRORJLFDO�FRQWH[WV�RI�LQWHUHVW��>M��G��QQ@���DQG�LW�LV�WKH�FRPSDULVRQ�DFURVV�WKHVH�FRQGLWLRQV�WKDW�LV�LPSRUWDQW��UDWKHU�WKDQ�DFURVV�SDUWLFXODU�LWHPV���7KHUHIRUH��HIIHFWV�VSHFLILF�WR�SDUWLFXODU�LWHPV�VKRXOG�QRW�EH�SUREOHPDWLF�6HYHUDO�W\SHV�RI�ILOOHUV�ZHUH�DOVR�FUHDWHG��DV�VKRZQ�LQ�7DEOH�,���7KH�QRQ�ZRUG�ILOOHUV�GLG�QRW�FRQWDLQ�DQ\�HPEHGGHG�ZRUGV�ORQJHU�WKDQ�&9&���7KLV�LV�DQ�XQXVXDOO\�ODUJH�QXPEHU�RI�ILOOHUV��DQG�QXPEHU�RI�W\SHV�RI�ILOOHUV��EXW�WKLV�ZDV�QHFHVVDU\�EHFDXVH�DOO�RI�WKH�WDUJHWV�EHJDQ�ZLWK�WKH�VDPH�SKRQHPH���L����7KHUHIRUH��D�ZLGH�YDULHW\�RI�UHDO�ZRUG�DQG�QRQ�ZRUG�ILOOHUV�ZDV�XVHG�WR�SUHYHQW�OLVWHQHUV�IURP�GHYHORSLQJ�VWUDWHJLHV�VXFK�DV�OLVWHQLQJ�IRU�D�UHDO�ZRUG�HYHU\�WLPH�
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WKH\�KHDUG�WKH�SKRQHPH��L����$�IXUWKHU����VLPLODU�LWHPV��LQFOXGLQJ�ERWK�WHVW�LWHPV�DQG�UHSUHVHQWDWLYH�ILOOHUV��ZHUH�FRQVWUXFWHG�IRU�XVH�DV�SUDFWLFH�VWLPXOL�
,16(57�7$%/(�,�$%287�+(5(
$�IHPDOH�QDWLYH�VSHDNHU�RI�.RUHDQ�ZDV�UHFRUGHG�SURGXFLQJ�DOO�WKH�LWHPV�DQG�ILOOHUV���7KH�VSHHFK�ZDV�UHFRUGHG�WR�GLJLWDO�DXGLR�WDSH�LQ�D�VRXQG�WUHDWHG�ERRWK�XVLQJ�KLJK�TXDOLW\�HTXLSPHQW���,W�ZDV�WKHQ�VDPSOHG�DW��������+]�DQG�WUDQVIHUUHG�WR�FRPSXWHU�IRU�IXUWKHU�DQDO\VLV�XVLQJ�WKH�;:DYHV�VRIWZDUH���(DFK�VWLPXOXV�ZDV�VSOLFHG�RXW�RI�WKH�UHFRUGLQJ���7KH����WHVW�LWHPV�ZHUH�GLYLGHG�LQWR�WKUHH�JURXSV�IRU�FRXQWHUEDODQFLQJ��VXFK�WKDW�HDFK�JURXS�RI�OLVWHQHUV�KHDUG����WHVW�LWHPV�HPEHGGHG�DIWHU�>M@�����HPEHGGHG�DIWHU�>G@��DQG�WKH�UHPDLQLQJ����HPEHGGHG�DIWHU�>QQ@���7KH����WHVW�LWHPV�DQG�����ILOOHUV�ZHUH�DUUDQJHG�LQWR�WZR�GLIIHUHQW�SVHXGR�UDQGRP�RUGHUV��RQH�WKH�UHYHUVH�RI�WKH�RWKHU���VXFK�WKDW�LWHPV�FRQWDLQLQJ�UHDO�ZRUGV��HLWKHU�WHVW�LWHPV�RU�ILOOHUV��QHYHU�RFFXUUHG�LPPHGLDWHO\�DIWHU�HDFK�RWKHU��

�������6XEMHFWV)RUW\�HLJKW�QDWLYH�.RUHDQ�VSHDNHUV��SULPDULO\�VWXGHQWV�RI�WKH�3V\FKRORJ\�'HSDUWPHQW�DW�.RUHD�8QLYHUVLW\�LQ�6HRXO��SDUWLFLSDWHG�LQ�WKH�VWXG\���7KH\�ZHUH�SDLG�D�VPDOO�IHH�IRU�WKHLU�SDUWLFLSDWLRQ���$OO�KDG�.RUHDQ�DV�WKHLU�ILUVW�ODQJXDJH�DQG�KDG�DWWHQGHG�KLJK�VFKRRO�LQ�.RUHD���7KH�VXEMHFWV�ZHUH�GLYLGHG�LQWR�WKUHH�JURXSV�RI����IRU�FRXQWHUEDODQFLQJ�SXUSRVHV�
�������3URFHGXUHV6XEMHFWV�ZHUH�WHVWHG�DW�.RUHD�8QLYHUVLW\�LQ�6HRXO���7HVWLQJ�ZDV�GRQH�LQGLYLGXDOO\�LQ�D�VRXQG�WUHDWHG�URRP���$�QDWLYH�VSHDNHU�RI�.RUHDQ�FDUULHG�RXW�
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DOO�WHVWLQJ���6XEMHFWV�ZHUH�LQVWUXFWHG�LQ�.RUHDQ�WKDW�ZKHQHYHU�WKH\�KHDUG�D�UHDO�.RUHDQ�ZRUG�ZLWKLQ�DQ�LWHP��WKH\�VKRXOG�VD\�WKH�ZRUG�WKH\�KDG�KHDUG�RXW�ORXG���5HDFWLRQ�WLPHV�ZHUH�UHFRUGHG�E\�PHDQV�RI�D�YRLFH�NH\���WKH�UHDFWLRQ�WLPH�LV�WKH�RQVHW�RI�WKH�VXEMHFW¶V�VSHHFK��� :KHQ�D�VXEMHFW�VDLG�D�GHWHFWHG�ZRUG�RXW�ORXG��WKH�H[SHULPHQWHU�GHFLGHG�ZKHWKHU WKH�ZRUG�WKH�VXEMHFW�KDG�GHWHFWHG�ZDV�WKH�WDUJHW�ZRUG��DQG�SUHVVHG�D�EXWWRQ�WKDW�UHFRUGHG�WKLV�LQIRUPDWLRQ���,I�D�VXEMHFW�GLG�QRW�UHVSRQG�DW�DOO��WKHUH�ZDV�HLWKHU�D���VHFRQG�RU�D���VHFRQG�WLPH�RXW��DIWHU�ZKLFK�WKH�QH[W�VWLPXOXV�ZRXOG�EH�SOD\HG��� Stimulus presentation and response 

collection was controlled by computer (PIII, 800 Mhz) with the DMDX 

software program (Forster & Forster 2003).6XEMHFWV�ZHUH�UDQGRPO\�DVVLJQHG�WR�RQH�RI�VL[�YHUVLRQV��WKH�WKUHH�FRXQWHUEDODQFLQJ�FRQGLWLRQV�E\�WKH�WZR�VWLPXOXV�RUGHUV����$OO�VXEMHFWV�ZHUH�SUHVHQWHG�ILUVW�ZLWK�WKH�SUDFWLFH�WHVW��JLYHQ�D�FKDQFH�WR�DVN�TXHVWLRQV��JLYHQ�D�FKDQFH�WR�UHSHDW�WKH�SUDFWLFH�WHVW�LI�WKH\�ZLVKHG��DQG�WKHQ�SUHVHQWHG�ZLWK�WKH�H[SHULPHQWDO�VWLPXOL���7KH�HQWLUH�H[SHULPHQW�ODVWHG�DSSUR[LPDWHO\����PLQXWHV��DQG�VXEMHFWV�FRXOG�WDNH�D�EUHDN�LQ�WKH�PLGGOH�RI�WKH�H[SHULPHQW���5HDFWLRQ�WLPHV�IURP�LWHP�RQVHW��E\�PHDQV�RI�VSHHFK�RQVHW��DQG�HUURU�UDWHV�ZHUH�UHFRUGHG�
�����5HVXOWV5HDFWLRQ�WLPHV�ZHUH�FRQYHUWHG�WR�57V�IURP�RIIVHW�RI�WKH�LWHP���5HVSRQVHV�WR�ZKLFK OLVWHQHUV�UHVSRQGHG�WKDW�WKH\�KDG�GHWHFWHG�D�ZRUG�RWKHU�WKDQ�WKH�WDUJHW�������RI�DOO�WDUJHW�EHDULQJ�VWLPXOL��ZHUH�WUHDWHG�DV�HUURUV��DORQJ�ZLWK�WDUJHW�EHDULQJ�LWHPV�WR�ZKLFK�OLVWHQHUV�IDLOHG�WR�UHVSRQG���57V�IDVWHU�WKDQ�����PV�RU�VORZHU�WKDQ������PV�IURP�LWHP�RIIVHW�ZHUH�FRXQWHG�DV�HUURUV���5HVSRQVHV�IDVWHU�WKDQ�����PV�DUH�YHU\�OLNHO\�WR�EH�UHVSRQVHV�EHJXQ�EHIRUH�WKH�VXEMHFW�KHDUG�WKH�HQWLUH�LWHP��WKXV�EHIRUH�WKH�VXEMHFW�FRXOG�NQRZ�ZKDW�WKH�ZRUG�ZDV���EHFDXVH�LW�WDNHV�VRPH�WLPH�WR�SODQ�DQG�LQLWLDWH�D�UHVSRQVH���5HVSRQVHV�VORZHU�WKDQ�D�IHZ�
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VHFRQGV�DUH�OLNHO\�WR�UHIOHFW�D�GLIIHUHQW�SURFHVVLQJ�PHFKDQLVP��SHUKDSV�XVH�RI�D�FRQVFLRXV�VWUDWHJ\�UDWKHU�WKDQ�RQOLQH�VSRNHQ�ZRUG�UHFRJQLWLRQ���,QFOXVLRQ�RI�RXWOLHUV�DOVR�ORZHUV�WKH�SRZHU�RI�VWDWLVWLFDO�DQDO\VHV����5DWFOLII��������GLVFXVVHV�UHDVRQV�IRU�H[FOXVLRQ�RI�RXWOLHUV��GLVWLQFWLRQV�EHWZHHQ�W\SHV�RI�RXWOLHUV��DQG�YDULRXV�PHWKRGV�RI�H[FOXGLQJ�RXWOLHUV����7KH�H[DFW�FXWRII�RI������PV�ZDV�FKRVHQ�EDVHG�RQ�WKH���VHFRQG�WLPH�RXW�IURP�VWLPXOXV�RQVHW�DQG�WKH�GXUDWLRQ�RI�WKH�ORQJHVW�VWLPXOXV��VR�WKDW�WKH�VDPH�UHVSRQVH�ZLQGRZ�ZDV�DQDO\]HG�IRU�DOO�VWLPXOL����7KLV�LV�ZLWKLQ�WKH�UDQJH�RI�VORZ�UHVSRQVH�FXWRIIV�IRU�RWKHU�ZRUG�VSRWWLQJ�H[SHULPHQWV��H�J��6XRPL�HW�DO���������DQG�0F4XHHQ���������DQG�WKH�XVH�RI�VXFK�D�FXW�RII�LV�VWDQGDUG�IRU�WKLV�WDVN����7KHVH�IDVW�DQG�VORZ�UHVSRQVHV�UHSUHVHQWHG�DSSUR[LPDWHO\������RI�DOO�UHVSRQVHV���6HYHQ�VXEMHFWV�ZHUH�H[FOXGHG�IURP�WKH�E\�VXEMHFWV�DQDO\VLV�EHFDXVH�WKH\�HLWKHU�IDLOHG�WR�UHVSRQG�WR�DQ\�LWHP�LQ�RQH�SUHFHGLQJ�FRQVRQDQW�FRQGLWLRQ��RU�KDG�HUURU�UDWHV�RI�DW�OHDVW�����IRU�DOO�WKUHH�FRQGLWLRQV���6HYHQ�LWHPV�ZHUH�H[FOXGHG�IURP�WKH�E\�LWHPV�DQDO\VLV�EHFDXVH�WKH\�HLWKHU�UHFHLYHG�QR�UHVSRQVHV�DW�DOO�LQ�RQH�SUHFHGLQJ�FRQVRQDQW�FRQGLWLRQ�RU�KDG�HUURU�UDWHV�RI�DW�OHDVW�����LQ�DOO�WKUHH�FRQGLWLRQV����7KHVH�LWHPV�DUH�PDUNHG�LQ�WKH�LWHP�OLVW�LQ�$SSHQGL[������5HPDLQLQJ�57V�DQG�HUURU�UDWHV�ZHUH�DYHUDJHG�DFURVV�LWHPV�IRU�WKH�E\�VXEMHFWV�DQDO\VLV�DQG�DFURVV�VXEMHFWV�IRU�WKH�E\�LWHPV�DQDO\VLV�7KH�UHVXOWV�DSSHDU�LQ�)LJXUH�����)RU�HDFK�DQDO\VLV��D�VLQJOH�IDFWRU�$129$�ZDV�XVHG��ZLWK�SUHFHGLQJ�FRQVRQDQW��>M��G��QQ@��DV�WKH�ZLWKLQ�VXEMHFWV�IDFWRU���7KH�RYHUDOO�HIIHFW�RI�SUHFHGLQJ�FRQVRQDQW�ZDV�VLJQLILFDQW�ERWK�IRU�57V��)������� �������S�������)������� �������S�������DQG�IRU�WKH�HUURU�UDWH��)������� �������S�������)������� �������S���������&RPSDULQJ�WKH�>ML@�DQG�>GL@�FRQGLWLRQV��WKH�>ML@�FRQGLWLRQ�KDG�VORZHU�57V��DOWKRXJK�WKLV�HIIHFW�ZDV�QRW�TXLWH�VLJQLILFDQW�LQ�WKH�E\�VXEMHFWV�DQDO\VLV��)������� ������S ������)������� ������S��������7KH�>ML@�FRQGLWLRQ�KDG�VLJQLILFDQWO\�KLJKHU�HUURU�UDWHV��)������� �������
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S�������)������� �������S���������&RPSDULQJ�WKH�>GL@�DQG�>QQL@�FRQGLWLRQV��WKH�>GL@�FRQGLWLRQ�KDG�VLJQLILFDQWO\�VORZHU�57V��)������� �������S�������)������� ������S�������DQG�KLJKHU�HUURU�UDWHV��)������� ������S������)������� ������S��������
,16(57�),*85(6��D�$1'��E�$%287�+(5(

��� 'LVFXVVLRQ7KH�UHVXOWV�VKRZ�WKDW�.RUHDQ�OLVWHQHUV�GHWHFW�HPEHGGHG��L��LQLWLDO�ZRUGV�PRUH�TXLFNO\�DQG�DFFXUDWHO\�DIWHU�>G@�WKDQ�DIWHU�>M@��DQG�HYHQ�PRUH�TXLFNO\�DQG�HDVLO\�DIWHU�>QQ@�WKDQ�DIWHU�>G@���7KLV�LQGLFDWHV�WKDW�.RUHDQ�OLVWHQHUV�DUH�DEOH�WR�XVH�WKH�UHJXODULWLHV�LQ�WKH�GLVWULEXWLRQ�RI�WKH�VHTXHQFHV�>ML��GL��QQL@�UHODWLYH�WR�YDULRXV�ERXQGDULHV�WR�KHOS�WKHP�LQ�ORFDWLQJ�ZRUG�RQVHWV��DQG�WKXV�LQ�UHFRJQL]LQJ�ZRUGV���7KXV��HYHQ�ZKHQ�VXUIDFH�SKRQRWDFWLF�UHJXODULWLHV�DUH�FUHDWHG�E\�VHYHUDO�LQWHUDFWLQJ�SKRQRORJLFDO�DOWHUQDWLRQV��UDWKHU�WKDQ�E\�VLPSOHU�SKRQRWDFWLF�FRQVWUDLQWV��OLVWHQHUV�DUH�DEOH�WR�XVH�WKRVH�UHJXODULWLHV�WR�KHOS�WKHP�VHJPHQW�VSHHFK�LQWR�ZRUGV���$OWKRXJK�WKH�HUURU�UDWHV�DUH�KLJK�RYHUDOO��ZRUG�VSRWWLQJ�LV�D�UHODWLYHO\�GLIILFXOW�WDVN��DQG�WKHVH�HUURU�UDWHV�DUH�QRW�VXEVWDQWLDOO\�KLJKHU�WKDQ�WKRVH�LQ�VRPH�RWKHU�ZRUG�VSRWWLQJ�H[SHULPHQWV��&XWOHU�HW�DO����������3DUWLFXODUO\�IRU�WKH�>ML@�FRQGLWLRQ��ZKHUH�D�ZRUG�ERXQGDU\�VKRXOG�EH�LPSRVVLEOH� WKH�KLJK�HUURU�UDWH�LV�QRW�VXUSULVLQJ���6LQFH�HUURU�UDWHV�DQG�57V�VKRZ�WKH�VDPH�SDWWHUQ��WKH�UHVXOWV�DUH�UHOLDEOH�7KHVH�UHVXOWV�VKRZ�WKDW�.RUHDQ�OLVWHQHUV�DUH�VHQVLWLYH�WR�WKH�RYHUDOO�SDWWHUQV�RI�WKH�SKRQRORJ\���:H�ZRXOG�DOVR�OLNH�WR�H[DPLQH�OLVWHQHUV¶�VHQVLWLYLW\�WR�SDUWLFXODU�SKRQRORJLFDO�DOWHUQDWLRQV���)XUWKHUPRUH��VLQFH�WKH�SKRQRORJLFDO�SURFHVVHV�GLVFXVVHG�DERYH�PDNH�UHIHUHQFH�WR�ZLWKLQ�ZRUG�PRUSKHPH�
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ERXQGDULHV�DV�ZHOO�DV�ZRUG�ERXQGDULHV��ZH�ZRXOG�OLNH�WR�LQYHVWLJDWH�WKH�LQIOXHQFH�RI�SKRQRORJLFDO�DOWHUQDWLRQV�RQ�SURFHVVLQJ�RI�PRUSKHPHV�DV�ZHOO�DV�RQ�ZRUG�VHJPHQWDWLRQ���7KH�ZRUG�VSRWWLQJ�WDVN�LQYHVWLJDWHV�WKH�VHJPHQWDWLRQ�RI�ZRUGV�IURP��FRQQHFWHG�VSHHFK��EXW�LW�GRHV�QRW�DVVHVV�OLVWHQHUV¶�UHFRJQLWLRQ�RI�PRUSKHPHV�ZLWKLQ�ZRUGV���,Q�([SHULPHQW���ZH�WXUQ�WR WKH�LVVXH�RI�PRUSKHPH�UHFRJQLWLRQ�
����(;3(5,0(17��� 0253+(0(�021,725,1*��� 5DWLRQDOH,Q�WKLV�H[SHULPHQW��ZH�LQYHVWLJDWH�PRUH�GLUHFWO\�ZKHWKHU�D�SDUWLFXODU�SKRQRORJLFDO�DOWHUQDWLRQ��WKH�SDODWDOL]DWLRQ�GHVFULEHG�LQ�����%�DERYH��DIIHFWV�OLVWHQHUV¶�RQOLQH�SURFHVVLQJ�RI�VSHHFK���3DODWDOL]DWLRQ�LV�RI�SDUWLFXODU�LQWHUHVW��EHFDXVH�LW�LV�D�VR�FDOOHG�
QRQ�GHULYHG�HQYLURQPHQW�EORFNLQJ�HIIHFW
�²SDODWDOL]DWLRQ�DIIHFWV��W��EHIRUH�D�VXIIL[��EXW�QRW��W��ZLWKLQ�D�PRUSKHPH��VHH�������DERYH����$OWKRXJK�WKH�WHUP�
QRQ�GHULYHG�HQYLURQPHQW
�FRPHV�IURP�GHULYDWLRQDO�SKRQRORJ\��HYHQ�LQ�D�FRQVWUDLQW�EDVHG�WKHRU\�VXFK�DV�2SWLPDOLW\�7KHRU\��RQH�FOHDUO\�PXVW�PDNH�UHIHUHQFH�WR�SDUWLFXODU�W\SHV�RI�ERXQGDULHV�LQ�RUGHU�WR�PDS�WKH�UHODWLRQ�EHWZHHQ�XQGHUO\LQJ�DQG�VXUIDFH�IRUPV�ZKHUH�SDODWDOL]DWLRQ�LV�LQYROYHG���7KH�SDODWDOL]DWLRQ�DOWHUQDWLRQ�LV�VSHFLILHG�DV�DSSO\LQJ�DW�WKH�ERXQGDU\�EHWZHHQ�D�VWHP�DQG�D�VXIIL[�RU�WKH�FRSXOD��EXW�QRW�DW�VWURQJHU�ERXQGDULHV��FRPSRXQG�RU�ZRUG���DQG�DOVR�QRW�LQ�WKH�DEVHQFH�RI�DQ\�ERXQGDU\���7KLV�IDFW�FDQQRW�EH�H[SODLQHG�WKURXJK�V\OODEOH�VWUXFWXUH���1RQH�RI�WKH�RWKHU�SKRQRORJLFDO�DOWHUQDWLRQV�GLVFXVVHG�DERYH�PDNH�UHIHUHQFH�WR�PRUSKHPH�LQWHUQDO�YV��VXIIL[�ERXQGDU\�SRVLWLRQ���7KLV�FRQGLWLRQ�RQ�SDODWDOL]DWLRQ�PDNHV�LW�PRUH�DEVWUDFW�WKDQ�PDQ\�SKRQRORJLFDO�SDWWHUQV�(YHQ�WKRXJK�OLVWHQHUV�DUH�VHQVLWLYH�WR�WKH�GLVWULEXWLRQ�RI�SKRQHPHV�UHODWLYH�WR�HDFK�RWKHU��DV�VKRZQ�LQ�([SHULPHQW����LW�LV�SRVVLEOH�WKDW�WKH�DEVWUDFW�
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UHVWULFWLRQ�RQ�SDODWDOL]DWLRQ�DSSO\LQJ�RQO\�LQ�GHULYHG�HQYLURQPHQWV�LV�QRW�DFWLYH�LQ�RQOLQH�SURFHVVLQJ���7KH�SUHVHQFH�RI�D�SDWWHUQ�LQ�WKH�SKRQRORJ\�LV�QRW�D�JXDUDQWHH�WKDW�OLVWHQHUV�DWWHPSW�WR�PDNH�XVH�RI�WKDW�SDWWHUQ�IRU�V\QFKURQLF�OH[LFDO�SURFHVVLQJ���)XUWKHUPRUH��WKH�SUHVHQFH�RU�DEVHQFH�RI�SDODWDOL]DWLRQ�LQ�D��WL��VHTXHQFH�JLYHV�LQIRUPDWLRQ�VSHFLILFDOO\ DERXW�WKH�ERXQGDU\�EHWZHHQ�D�VWHP�DQG�D�VXIIL[�RU�WKH�FRSXOD���7KH�ZRUG�VSRWWLQJ�WDVN�XVHG�LQ�([SHULPHQW���LQYHVWLJDWHV�OLVWHQHU¶V�DELOLW\�WR�ORFDWH�ZRUG�ERXQGDULHV��EXW�QRW�WKHLU�SURFHVVLQJ�RI�VXE�ZRUG�XQLWV�VXFK�DV�VXIIL[HV���([SHULPHQW���DGGUHVVHV�GLUHFWO\�ZKHWKHU�OLVWHQHUV�FDQ�XVH�WKH�SUHVHQFH�RU�DEVHQFH�RI�SDODWDOL]DWLRQ�WR�UHFRJQL]H�D�VXIIL[�PRUSKHPH��WKH�VXEMHFW�SDUWLFOH���L����7KLV�SDUWLFOH�GRHV�SURYLGH�DQ�HQYLURQPHQW�IRU�SDODWDOL]DWLRQ��DV�VKRZQ�LQ�����DERYH�,Q�WKLV�H[SHULPHQW��ZH�DGGUHVV�SURFHVVLQJ�RI�PRUSKHPHV�GLUHFWO\�E\�DVNLQJ�VXEMHFWV�WR�OLVWHQ�IRU�D�SDUWLFXODU�PRUSKHPH��WKH�VXEMHFW�SDUWLFOH��UDWKHU�WKDQ�WR�OLVWHQ�IRU�UHDO�ZRUGV�LQ�JHQHUDO���6XEMHFWV�ZHUH�SUHVHQWHG�ZLWK�ZRUGV�DQG�QRQ�ZRUGV��VRPH�RI�ZKLFK�HQGHG�LQ��L���ZKLFK�FRQVWLWXWHV�RQH�DOORPRUSK�RI�WKH�VXEMHFW�SDUWLFOH����6XEMHFWV�ZHUH�DVNHG�WR�SUHVV�D�EXWWRQ�ZKHQHYHU�WKH�LWHP�HQGHG�ZLWK�WKH�VXEMHFW�SDUWLFOH���7KLV�FDQ�EH�WHUPHG�D�PRUSKHPH�PRQLWRULQJ�WDVN���$V�IDU�DV�ZH�NQRZ��PRUSKHPH�PRQLWRULQJ�LV�D�QRYHO�WDVN���+RZHYHU��LW�LV�FORVHO\�UHODWHG�WR�SKRQHPH�PRQLWRULQJ��LQ�ZKLFK�OLVWHQHUV�DUH�DVNHG�WR�SUHVV�D�EXWWRQ�ZKHQHYHU�WKH\�KHDU�D�SDUWLFXODU�VRXQG��&RQQLQH�	�7LWRQH���������)UDJPHQW�PRQLWRULQJ��LQ�ZKLFK�VXEMHFWV�DUH�DVNHG�WR�SUHVV�D�EXWWRQ�ZKHQHYHU�WKH\�KHDU�D�SDUWLFXODU�VWULQJ�RI�SKRQHPHV �H�J���EDO���FI��0HKOHU��'RPPHUJXHV��)UDXHQIHOGHU��	�6HJXL�������)UDXHQIHOGHU�	�.HDUQV��������LV�DQRWKHU�VLPLODU�WDVN���,Q�WKLV�H[SHULPHQW��ZH�SUHVHQW�OLVWHQHUV�ZLWK�LWHPV�HQGLQJ�LQ�>ML@�DQG�RWKHUV�HQGLQJ�LQ�>GL@�LQ�RUGHU�WR�GHWHUPLQH�ZKHWKHU�OLVWHQHUV�ZLOO�XVH�WKH�LQIRUPDWLRQ�DERXW�PRUSKHPH�ERXQGDULHV�SURYLGHG�E\�WKH�SDODWDOL]DWLRQ�DOWHUQDWLRQ�LQ�RUGHU�WR�GHFLGH�ZKHWKHU�D�JLYHQ�LWHP�FRQWDLQV�WKH�VXEMHFW�SDUWLFOH�
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��� 0HWKRGV�������0DWHULDOV7KH�PDWHULDOV�LQFOXGHG�ERWK�UHDO�ZRUGV�DQG�QRQ�ZRUGV�LQ�VHYHUDO�FRQGLWLRQV��DORQJ�ZLWK�VHYHUDO�W\SHV�RI�ILOOHUV���7KH�PDWHULDOV�ZHUH�UHFRUGHG�DQG�SURFHVVHG�LQ�WKH�VDPH�ZD\�DV�IRU�([SHULPHQW���DERYH���2QH�UHDO�ZRUG�FRQGLWLRQ�FRQVLVWHG�RI�UHDO�ZRUGV�LQ�ZKLFK�WKH�URRW�LWVHOI�HQGV�LQ�>ML@�RU�>F+L@���7KDW�LV��WKH�ILQDO��L��LV�QRW�WKH�VXEMHFW�SDUWLFOH����+HUHDIWHU�ZH�ZLOO�UHIHU�WR�WKLV�DV�WKH�UHDO�ZRUG�>ML@�FRQGLWLRQ��DEVWUDFWLQJ�DZD\�IURP�DVSLUDWLRQ����7KH�UHDO�ZRUG�>GL@�FRQGLWLRQ�FRQVLVWHG�RI�UHDO�ZRUGV�ZLWK�WKH�URRW�HQGLQJ�LQ�>GL@�RU�>W+L@��DOVR�QRW�FRQWDLQLQJ�WKH�VXEMHFW�SDUWLFOH��7KHUH�ZHUH�WZR�LPSRUWDQW�QRQ�ZRUG�FRQGLWLRQV��RQH�LQ�ZKLFK�WKH�QRQ�ZRUG�LWHPV�HQGHG�LQ�>ML�F+L@��
QRQ�ZRUG�>ML@
���DQG�DQRWKHU�LQ�ZKLFK�WKH�LWHPV�HQGHG�LQ�>GL�W+L@��
QRQ�ZRUG�>GL@
����6LQFH�WKHVH�LWHPV�DUH�QRQ�ZRUGV��RQH�FDQQRW�VWDWH�ZKHWKHU�WKH�>L@�LQ�WKH�>ML�F+L@�FRQGLWLRQ�VKRXOG�EH�LQWHUSUHWHG�DV�WKH�VXEMHFW�SDUWLFOH�RU�QRW���7KH�QRQ�ZRUG�>GL�W+L@�FRQGLWLRQ��KRZHYHU��VKRXOG�QRW�EH�LQWHUSUHWDEOH�DV�FRQWDLQLQJ�WKH�VXEMHFW�SDUWLFOH��EHFDXVH�LI�WKH�ILQDO�>L@�ZHUH�D�VXEMHFW�SDUWLFOH��LW�ZRXOG�WULJJHU�SDODWDOL]DWLRQ�7KH�H[SHULPHQWDO�LWHPV�FRQVLVWHG�RI����UHDO�ZRUG�>ML@�LWHPV�����UHDO�ZRUG�>GL@�LWHPV�����QRQ�ZRUG�>ML@�LWHPV��DQG����QRQ�ZRUG�>GL@�LWHPV����7KHUH�ZHUH�WZLFH�DV�PDQ\�QRQ�ZRUG�LWHPV�VR�WKDW�WKH\�FRXOG�EH�GLYLGHG�LQWR�WZR�JURXSV�IRU�FRXQWHUEDODQFLQJ���7DEOH�,,�OLVWV�DQG�H[HPSOLILHV�WKH�FDWHJRULHV�RI�H[SHULPHQWDO�LWHPV���$�IXOO�OLVW�RI�H[SHULPHQWDO�WHVW�LWHPV�DSSHDUV�LQ�$SSHQGL[����
,16(57�7$%/(�,,�$%287�+(5(
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7KH�H[SHULPHQW�DOVR�LQFOXGHG�D�YDULHW\�RI�ILOOHU�LWHPV��7DEOH�,,,���7KH�PRVW�LPSRUWDQW�JURXS�RI�ILOOHUV�ZHUH�UHDO�ZRUGV�ZLWK�WKH�URRW�HQGLQJ�LQ��W+����F���RU��F+��� IROORZHG�E\�WKH�VXEMHFW�SDUWLFOH��L����7KHVH�LWHPV�FRQWDLQHG�D�UHDO�ZRUG�DQG�HQGHG�LQ�>ML�F+L@��MXVW�DV�LQ�WKH�UHDO�ZRUG�>ML@�FRQGLWLRQ��EXW�LQ�WKLV�FRQGLWLRQ�WKH�ILQDO�>L@�ZDV�LQGHHG�WKH�VXEMHFW�SDUWLFOH���7KHVH�LWHPV�FDQ�VHUYH�DV�D�FKHFN�RQ�WKH�VXEMHFWV¶�DELOLW\�WR�SHUIRUP�WKH�WDVN��DV�ZHOO�DV�SURYLGLQJ�VXEMHFWV�ZLWK�VRPH�LWHPV�IRU�ZKLFK�WKH�FRUUHFW�UHVSRQVH�LV�FOHDU���$�IXUWKHU����LWHPV�VLPLODUWR�WKH�H[SHULPHQWDO�LWHPV�DQG�ILOOHUV�ZHUH�FUHDWHG�IRU�XVH�DV�D�SUDFWLFH�WHVW�
,16(57�7$%/(�,,,�$%287�+(5(
,I�OLVWHQHUV�DUH�DEOH�WR�PDNH�XVH�RI�WKH�IDFW�WKDW�WKH�SDODWDOL]DWLRQ�DOWHUQDWLRQ�IDLOV�WR�DSSO\�ZLWKLQ�WKH�PRUSKHPH�LQ�VSHHFK�SURFHVVLQJ��ZKHQ�DVNHG�WR�GHFLGH�ZKHWKHU�D�QRQVHQVH�ZRUG�FRQWDLQV�WKH�VXEMHFW�SDUWLFOH�RU�QRW��WKH\�VKRXOG�EH�OHVV�OLNHO\�WR�SDUVH�WKH�ILQDO��L��DV�WKH�VXEMHFW�SDUWLFOH�LI�LW�IROORZV�>G@�WKDQ�LI�LW�IROORZV�>M@���7KHUHIRUH��ZH�SUHGLFW�WKDW�OLVWHQHUV�ZLOO�UHVSRQG�WKDW�WKH\�KDYH�KHDUG�WKH�VXEMHFW�SDUWLFOH�OHVV�RIWHQ�LQ�WKH�QRQ�ZRUG�>GL@�FRQGLWLRQ�WKDQ�LQ�WKH�QRQ�ZRUG�>ML@�FRQGLWLRQ���:H�DOVR�H[SHFW�WKLV�WR�DIIHFW�UHDFWLRQ�WLPHV���ZKHQ�OLVWHQHUV�UHVSRQG�WKDW�WKH\�KDYH�KHDUG�WKH�VXEMHFW�SDUWLFOH��ZH�SUHGLFW�OLVWHQHUV�WR�EH�IDVWHU�IRU�WKH�QRQ�ZRUG�>ML@�FRQGLWLRQ�WKDQ�WKH�QRQ�ZRUG�>GL@�FRQGLWLRQ���:KHQ�OLVWHQHUV�UHVSRQG�WKDW�WKH\�KDYH�QRW�KHDUG�WKH�VXEMHFW�SDUWLFOH��ZH�SUHGLFW�WKH�RSSRVLWH�SDWWHUQ�IRU�UHDFWLRQ�WLPHV���)RU�UHDO�ZRUG�LWHPV��OLVWHQHUV�KDYH�OH[LFDO�LQIRUPDWLRQ�DV�ZHOO�DV SKRQRWDFWLF�LQIRUPDWLRQ�DYDLODEOH��VR�WKHLU�UHVSRQVHV�DUH�H[SHFWHG�WR�EH�TXLWH�DFFXUDWH���/LVWHQHUV�DUH�H[SHFWHG�WR�UHVSRQG�RYHUZKHOPLQJO\�WKDW�WKH�UHDO�ZRUG�>ML@�DQG�UHDO�ZRUG�>GL@�LWHPV�GR�QRW�FRQWDLQ�WKH�VXEMHFW�SDUWLFOH���7KH�DYDLODELOLW\�RI�OH[LFDO�LQIRUPDWLRQ�PLJKW�PDNH�
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WKH�SKRQRWDFWLF�LQIRUPDWLRQ�XQQHFHVVDU\��DQG�WKHUHIRUH�UHVSRQVHV�DQG�UHDFWLRQ�WLPHV�PLJKW�QRW�GLIIHU�DFURVV�WKH�UHDO�ZRUG�>ML@�DQG�UHDO�ZRUG�>GL@�FRQGLWLRQV���$OWHUQDWLYHO\��WKH�DGGLWLRQDO�SKRQRWDFWLF�LQIRUPDWLRQ�PLJKW�OHDG�OLVWHQHUV�WR�UHVSRQG�PRUH�TXLFNO\��RU�SHUKDSV�HYHQ�PRUH�DFFXUDWHO\��LQ�WKH�UHDO�ZRUG�>GL@�FRQGLWLRQ�WKDQ�WKH�UHDO�ZRUG�>ML@�FRQGLWLRQ��
�������6XEMHFWV���QDWLYH�.RUHDQ�VSHDNHUV�ZKR�KDG�QRW�SDUWLFLSDWHG�LQ�([SHULPHQW���SDUWLFLSDWHG�LQ�WKLV�H[SHULPHQW���7KH�VXEMHFWV ZHUH�QDWLYH�.RUHDQ�VSHDNHUV�ZKR�ZHUH�VWXGHQWV�DW�WKH�8QLYHUVLW\�RI�0HOERXUQH��$XVWUDOLD��VWXGHQWV�DW�(QJOLVK�DV�D�6HFRQG�/DQJXDJH�VFKRROV�LQ�0HOERXUQH��DQG�YLVLWRUV�WR�0HOERXUQH���7KH�VXEMHFWV�DOO�KDG�.RUHDQ�DV�WKHLU�ILUVW�ODQJXDJH��DQG�KDG�DWWHQGHG�KLJK�VFKRRO�LQ�.RUHD���7KH\�ZHUH�DOO�VSHDNHUV�RI�WKH�VWDQGDUG�6HRXO�GLDOHFW���6XEMHFWV�ZHUH�SDLG�D�VPDOO�IHH�IRU�WKHLU�SDUWLFLSDWLRQ���7KH�VXEMHFWV�ZHUH�UDQGRPO\�GLYLGHG�LQWR�WZR�JURXSV�IRU�FRXQWHUEDODQFLQJ�SXUSRVHV�
�������3URFHGXUHV7KH����H[SHULPHQWDO�LWHPV DQG�����ILOOHU�LWHPV�ZHUH�DUUDQJHG�LQ�D�SVHXGR�UDQGRP�RUGHU��VXFK�WKDW�WKHUH�ZHUH�DW�OHDVW�WZR�QRQ�ZRUG�LWHPV�EHIRUH�HDFK�UHDO�ZRUG�LWHP���7KH�WZR�FRXQWHUEDODQFHG�JURXSV�RI�VXEMHFWV�UHFHLYHG�WKH�PDWHULDOV�LQ�WKH�VDPH�RUGHU��ZLWK�WKH�RQO\�GLIIHUHQFH�EHLQJ�WKH�VXEVWLWXWLRQ�RI�WKH�LWHPV�LQ�WKH�FRXQWHUEDODQFHG�QRQ�ZRUG�>GL@�DQG�>ML@�FRQGLWLRQV���6XEMHFWV�ZHUH�ILUVW�SUHVHQWHG�ZLWK�WKH�SUDFWLFH�OLVW��DQG�VXEVHTXHQWO\�ZLWK�WKH�H[SHULPHQWDO�OLVW���6XEMHFWV�ZHUH�LQVWUXFWHG�WR�GHFLGH�ZKHWKHU�HDFK�VWLPXOXV�FRQWDLQHG WKH�VXEMHFW�SDUWLFOH���L���DQG�WR�SUHVV�D�EXWWRQ�PDUNHG�
\HV
�LI�LW�GLG�DQG�D�EXWWRQ�PDUNHG�
QR
�LI�LW�GLG�QRW���6XEMHFWV�ZHUH�WROG�WKDW�WKHUH�ZRXOG�EH�QRQ�ZRUGV�LQ�
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WKH�H[SHULPHQW��DQG�WKDW�IRU�QRQ�ZRUGV�HQGLQJ�LQ�WKH�VRXQG��L���WKH\�VKRXOG�FKRRVH�ZKHWKHU WKH\�WKRXJKW�WKDW��L��VHHPHG�WR�EH�WKH�VXEMHFW�SDUWLFOH�RU�QRW���([DPSOHV�RI�UHDO�ZRUGV�ZKHUH�WKH�ILQDO��L��ZDV�RU�ZDV�QRW�WKH�VXEMHFW�SDUWLFOH�ZHUH�JLYHQ���7KHVH�H[DPSOHV�GLG�QRW�KDYH�>G@�RU�>M@�EHIRUH�WKH�>L@�7HVWLQJ�SURFHGXUHV�ZHUH�WKH�VDPH�DV�IRU�([SHULPHQW����H[FHSW�WKDW�VXEMHFWV�ZHUH�DVNHG�WR�SUHVV�D�EXWWRQ��HLWKHU�
\HV
�RU�
QR�
�IRU�HDFK�VWLPXOXV��UDWKHU�WKDQ�UHVSRQGLQJ�RQO\�ZKHQ�WKH\�GHWHFWHG�WKH�WDUJHW���7KLV�WZR�UHVSRQVH�PHWKRG�ZDV�XVHG�VR�WKDW�UHDFWLRQ�WLPHV�IRU�ERWK�
\HV
�DQG�
QR
�GHFLVLRQV�FRXOG�EH�HYDOXDWHG���$V�LQ�([SHULPHQW����LI�D�VXEMHFW�IDLOHG�WR�UHVSRQG��HLWKHU�ZLWK�
\HV
�RU�
QR
��ZLWKLQ���VHFRQGV�IURP�WKH�EHJLQQLQJ�RI�WKH�VWLPXOXV��WKH�H[SHULPHQW�FRQWLQXHG�ZLWK�WKH�QH[W�VWLPXOXV���7HVWLQJ�ZDV�SHUIRUPHG�LQ�D�VRXQG�SURWHFWHG�ERRWK�DW�WKH 8QLYHUVLW\�RI�0HOERXUQH�3V\FKRORJ\�'HSDUWPHQW���7KH�H[SHULPHQW�ODVWHG�DSSUR[LPDWHO\����PLQXWHV��DQG�VXEMHFWV�ZHUH�JLYHQ�WKH�RSSRUWXQLW\�WR�WDNH�D�EUHDN���7KH�SURSRUWLRQ�RI�
\HV
�UHVSRQVHV�DQG�UHDFWLRQ�WLPHV��ERWK�IRU�
\HV
�DQG�
QR
�UHVSRQVHV��ZHUH�HYDOXDWHG�
��� 5HVXOWV5HVSRQVHV�ZLWK�UHDFWLRQ�WLPHV�IDVWHU�WKDQ�����PV�IURP�WKH�HQG�RI�WKH�LWHP�RU�VORZHU�WKDQ������PV�IURP�WKH�HQG�RI�WKH�LWHP�ZHUH�H[FOXGHG���6LQFH�WKH�QXPEHU�RI�V\OODEOHV�LQ�WKH�VWLPXOL�ZDV�YDULHG��DQG��L��FRXOG�DOVR�RFFXU�ZRUG�PHGLDOO\��VXEMHFWV�FRXOG�QRW�NQRZ�XQWLO�WKH\�KDG�KHDUG�WKH�HQWLUH�VWLPXOXV�ZKHWKHU�DQ��L��ZDV�WKH�VXEMHFW�SDUWLFOH�RU�QRW��VR�UHVSRQVHV�IDVWHU�WKDQ�����PV�DUH�OLNHO\�WR�EH�HUURUV���5HVSRQVHV�VORZHU�WKDQ������PV�DUH�OLNHO\�WR�UHSUHVHQW�D�GLIIHUHQW�SURFHVVLQJ�PHFKDQLVP��RU�SHUKDSV�D�FRQVFLRXV�VWUDWHJ\���7KHVH�FXWRIIV�UHVXOWHG�LQ������RI�DOO�UHVSRQVHV�WR�WKH�H[SHULPHQWDO�FRQGLWLRQV�EHLQJ�H[FOXGHG�DV�WRR�IDVW�DQG������EHLQJ�H[FOXGHG�DV�WRR�VORZ���7KH�GLIIHUHQFH�LQ�WKH�FXW�RIIV�XVHG�DV�FRPSDUHG�WR�([SHULPHQW���LV�D�UHVXOW�RI WKH�GLIIHUHQW�WLPH�RXWV�XVHG�IRU�WKH�
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GLIIHULQJ�H[SHULPHQWDO�VHWXSV��DQG�LV�QRW�ODUJH�HQRXJK�WR�DIIHFW�WKH�UHVXOWV�VXEVWDQWLDOO\���1R�VXEMHFWV�RU�LWHPV�ZHUH�H[FOXGHG�IRU�IDLOLQJ�WR�PHHW�D�FULWHULRQ��DV�ZDV�GRQH�IRU�([SHULPHQW�����,Q�WKH�FXUUHQW�H[SHULPHQW��
\HV
�UHVSRQVH�UDWHV�WR�WKH�QRQ�ZRUG�WHVW�LWHPV�ZHUH�ORZ�IRU�PRVW�VXEMHFWV�DQG�LWHPV��DQG�IRU�WKH�QRQ�ZRUG�>ML@�LWHPV��LW�FDQQRW�EH�VDLG�WKDW�WKHUH�LV�D�FRUUHFW�DQVZHU��VR�WKH�QRQ�ZRUG�LWHPV�FDQQRW�EH�XVHG�WR�VHW�D�FULWHULRQ���)XUWKHUPRUH��SHUIRUPDQFH�RQ WKH�UHDO�ZRUG�FRQGLWLRQV�LQGLFDWHV�WKDW�DOO�VXEMHFWV�SHUIRUPHG�DGHTXDWHO\���$OWKRXJK�WZR�VXEMHFWV�LQFRUUHFWO\�UHVSRQGHG�
\HV
�WR�PRUH�WKDQ�����RI�WKH�UHDO�ZRUG�>ML@�LWHPV������DQG�������QR�VXEMHFW�SHUIRUPHG�SRRUO\�RQ�ERWK�UHDO�ZRUG�FRQGLWLRQV�DQG�WKH�UHDO ZRUG�SOXV�SDUWLFOH�ILOOHUV���7KH�UHPDLQLQJ�GDWD�DIWHU�H[FOXVLRQ�RI�YHU\�IDVW�DQG�VORZ�UHVSRQVHV�ZDV�DYHUDJHG�DFURVV�LWHPV�IRU�WKH�E\�VXEMHFWV�DQDO\VLV�DQG�DFURVV�VXEMHFWV�IRU�WKH�E\�LWHPV�DQDO\VLV���7KH�SURSRUWLRQ�RI�
\HV
�UHVXOWV�IRU�DOO�H[SHULPHQWDO�FRQGLWLRQV�DSSHDUV�LQ�)LJXUH����7KH�GDWD�IRU�WKH�UHDO�ZRUG��QRW�SDUWLFOH��DQG�WKH�QRQ�ZRUG�FRQGLWLRQV�LV�DQDO\]HG�DV�D�WZR�IDFWRU�GHVLJQ��ZLWK�OH[LFDO�VWDWXV��UHDO�ZRUG�YV��QRQ�ZRUG��DQG�SDODWDOL]DWLRQ��>GL@�YV��>ML@��DV�WKH�IDFWRUV���)RU�WKH��E\�VXEMHFWV�DQDO\VLV��ERWK�IDFWRUV�DUH�UHSHDWHG�PHDVXUHV��EXW�IRU�WKH�E\�LWHPV�DQDO\VLV��QHLWKHU�IDFWRU�LV�UHSHDWHG�PHDVXUHV��EHFDXVH�WKH�LWHPV�FDQQRW�EH�PDWFKHG�DFURVV�WKH�ZRUG�DQG�QRQ�ZRUG�FRQGLWLRQV�DQG�WKH�UHDO�ZRUGV�FDQQRW�EH�PDWFKHG�DFURVV�WKH�SDODWDOL]DWLRQ�FRQGLWLRQ���
,16(57�),*85(���$%287�+(5(
/LVWHQHUV�UHVSRQGHG�WKDW�WKH\�KDG�KHDUG�WKH�VXEMHFW�SDUWLFOH��
\HV
�UHVSRQVHV��VLJQLILFDQWO\�PRUH�RIWHQ�WR�QRQ�ZRUGV�WKDQ�WR�UHDO�ZRUGV��)������� ������S������)�������� �������S���������7KHUH�ZHUH�PRUH�
\HV
�
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UHVSRQVHV�WR�SDODWDOL]HG��>ML@��LWHPV�WKDQ�WR�QRQ�SDODWDOL]HG��>GL@��LWHPV�DV�ZHOO��DOWKRXJK�WKLV�HIIHFW�ZDV�RQO\�IXOO\�VLJQLILFDQW�LQ�WKH�E\�VXEMHFWV�DQDO\VLV��)������� ������S������)�������� ������S ��������7KH�LQWHUDFWLRQ�RI�OH[LFDO�VWDWXV�DQG�SDODWDOL]DWLRQ�ZDV�QRW�VLJQLILFDQW��)��DQG�)��ERWK�������,Q�RUGHU�WR�FRQILUP�WKDW�OLVWHQHUV�ZHUH�DEOH�WR�GR�WKH�WDVN��RQH�FDQ�H[DPLQH�WKH�SURSRUWLRQ�RI�
\HV
�UHVSRQVHV�WR�WKH�UHDO�ZRUG�ILOOHUV�ZKLFK�DFWXDOO\�GLG�HQG�LQ�WKH�VXEMHFW�SDUWLFOH���/LVWHQHUV�FRUUHFWO\�UHVSRQGHG�WKDW WKH\�KDG�KHDUG�WKH�VXEMHFW�SDUWLFOH�WR�����RI�VXFK�VWLPXOL��LQGLFDWLQJ�WKDW�WKH\�ZHUH�DEOH�WR�SHUIRUP�WKH�WDVN�%HFDXVH�WKH�H[SHULPHQW�KDG�D�WLPH�RXW�DQG�ERWK�
\HV
�DQG�
QR
�UHVSRQVHV�ZHUH�UHFRUGHG��WKH�SURSRUWLRQ�RI�
\HV
�UHVSRQVHV�LV�QRW�H[DFWO\�WKH�LQYHUVH�RI�WKH�SURSRUWLRQ�RI�
QR
�UHVSRQVHV���+RZHYHU��GXULQJ�WKH�HQWLUH�H[SHULPHQW��LQ�RQO\����WRNHQV�ZLWKLQ�WKH�H[SHULPHQWDO�WHVW�FRQGLWLRQV�GLG�D�VXEMHFW�IDLO�WR�UHVSRQG�HLWKHU�
\HV
�RU�
QR
�WR�D�VWLPXOXV�ZLWKLQ�WKH���VHFRQGV�DOORZHG���7KLV�UHSUHVHQWV����� RI�DOO�VWLPXOXV�SUHVHQWDWLRQV�LQ�WKH�H[SHULPHQWDO�WHVW�FRQGLWLRQV���7KHUHIRUH��QR�VHSDUDWH�DQDO\VLV�RI�WKH�SURSRUWLRQ�RI�
QR
�UHVSRQVHV�ZDV�XQGHUWDNHQ�%HFDXVH�VXEMHFWV�UHVSRQGHG�
\HV
�WR�D�VPDOO�SURSRUWLRQ�RI�LWHPV�IRU�DOO�FRQGLWLRQV��ZH�FKRVH�WR�IRFXV�RQ�WKH�UHDFWLRQ�WLPHV�IRU�
QR
�UHVSRQVHV���)LJXUH���VKRZV�WKH�UHOHYDQW�PHDQV���
1R
�UHVSRQVHV�ZHUH�VORZHU�WR�QRQ�ZRUGV�WKDQ�WR�ZRUGV��DQG�ZHUH�VORZHU�WR�>ML@�FRQGLWLRQV�WKDQ�WR�>GL@�FRQGLWLRQV���7KH�HIIHFW�RI�OH[LFDO�VWDWXV�ZDV�VLJQLILFDQW��)������� �������S�������)�������� �������S��������DQG�WKH�HIIHFW�RI�SDODWDOL]DWLRQ�ZDV�VLJQLILFDQW�LQ�WKH�E\�VXEMHFWV�DQDO\VLV��)������� ������S������)�������� ������S ��������7KH�LQWHUDFWLRQ�RI�OH[LFDO�VWDWXV�DQG�SDODWDOL]DWLRQ�ZDV�QRW�VLJQLILFDQW��)������� ������S!����)�������
,16(57�),*85(���$%287�+(5(
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6LQFH�WKH�QRQ�ZRUG�FRQGLWLRQV�DUH�WKH�RQHV�RI�SDUWLFXODU�LQWHUHVW��ZH�DOVR�WHVWHG�WKH�HIIHFW�RI�SDODWDOL]DWLRQ�IRU�MXVW�WKH�QRQ�ZRUG�LWHPV���,Q�WKLV�VLQJOH�IDFWRU�DQDO\VLV��SDODWDOL]DWLRQ�LV�D�UHSHDWHG�PHDVXUHV�IDFWRU�IRU�ERWK�WKH�E\�VXEMHFWV�DQG�WKH�E\�LWHPV�DQDO\VLV���7KH�HIIHFW�RI�SDODWDOL]DWLRQ�LV�VLJQLILFDQW�ERWK�E\�VXEMHFWV�DQG�E\�LWHPV�LQ�WKLV�DQDO\VLV��)������� ������S������)������� ������S��������7KLV�SURYLGHV�IXUWKHU�VXSSRUW�IRU�WKH�UHOLDELOLW\�RI�WKH�HIIHFW�RI SDODWDOL]DWLRQ�RQ�57V�$OWKRXJK�WKHUH�ZHUH�QRW�PDQ\�
\HV
�UHVSRQVHV�WR�WKH�IRXU�FRQGLWLRQV�FRQVLGHUHG�DERYH��WKH�57V�IRU�
\HV
�UHVSRQVHV�PD\�VWLOO�EH�LQIRUPDWLYH���)LJXUH���VKRZV�WKHVH�UHVXOWV���+RZHYHU��VRPH�VXEMHFWV�GLG�QRW�UHVSRQG�
\HV
�WR�DQ\�LWHPV�DW DOO��DQG�VRPH�LWHPV�UHFHLYHG�QR�
\HV
�UHVSRQVHV�DW�DOO��VR�WKHUH�DUH�IHZHU�DQG�XQHTXDO�QXPEHUV�RI�VXEMHFWV�DQG�LWHPV��ORZHULQJ�WKH�SRZHU�RI�DQ\�VWDWLVWLFDO�WHVWV��1HLWKHU�PDLQ�HIIHFW�QRU�WKH�LQWHUDFWLRQ�ZDV�VLJQLILFDQW�IRU�WKLV�GDWD��OH[LFDO�VWDWXV���)�����)������� ������S!����SDODWDOL]DWLRQ���)������ ������S!����)������� ������S!����LQWHUDFWLRQ���)��DQG�)�����
,16(57�),*85(���$%287�+(5(

��� 'LVFXVVLRQ7KHVH�UHVXOWV�VKRZ�WKDW�.RUHDQ�OLVWHQHUV�FDQ�XVH�WKH�LQIRUPDWLRQ�SURYLGHG�E\�WKH�SDODWDOL]DWLRQ�DOWHUQDWLRQ�LQ�SDUVLQJ�D�VWULQJ�LQWR�PRUSKHPHV��DQG�VSHFLILFDOO\�LQ�GHFLGLQJ�ZKHWKHU�D�ILQDO�SKRQHPH��L��LV�WKH�VXEMHFW�SDUWLFOH�PRUSKHPH�RU�VLPSO\�SDUW�RI�D�VWHP���7KH�FUXFLDO�IDFW�DERXW�WKH�SDODWDOL]DWLRQ�DOWHUQDWLRQ�LV�WKDW�LW�DSSOLHV�WR��WL��VHTXHQFHV�ZLWK�D VXIIL[�ERXQGDU\�EHIRUH�WKH��L���EXW�QRW�WR��WL��VHTXHQFHV�ZLWKLQ�D�PRUSKHPH���7KHUHIRUH��WKH�XQSDODWDOL]HG�VXUIDFH�VHTXHQFH�>GL@�SURYLGHV�WKH�OLVWHQHU�ZLWK�WKH�LQIRUPDWLRQ�WKDW�WKHUH�LV�QR�
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VXIIL[�ERXQGDU\�EHIRUH�WKH�>L@��DQG�WKHUHIRUH�WKDW�WKH�>L@�LV�QRW�WKH�VXEMHFW�SDUWLFOH���'HVSLWH�WKH�DEVWUDFWQHVV�RI�WKLV�GLVWULEXWLRQ��OLVWHQHUV�DUH�DEOH�WR�DSSO\�LW�LQ�GHWHFWLQJ�WKH�VXEMHFW�SDUWLFOH�LQ�UHDO�ZRUGV�DQG�LQ�GHFLGLQJ�ZKHWKHU�DQ��L��DW�WKH�HQG�RI�D�QRQ�ZRUG�VKRXOG�EH�FRQVLGHUHG�DV�WKH�VXEMHFW�SDUWLFOH���7KXV��OLVWHQHUV�QRW�RQO\�XVH�SKRQRWDFWLF�LQIRUPDWLRQ�WR�KHOS�WKHP�SDUVH�WKH�VSHHFK�VLJQDO�LQWR�ZRUGV��WKH\�DOVR�XVH�SKRQRWDFWLF�LQIRUPDWLRQ��HYHQ�H[WHQGLQJ�WR�WKH�IDFW�WKDW�D�SDUWLFXODU�DOWHUQDWLRQ�GRHV�QRW�DSSO\�ZLWKLQ�PRUSKHPHV��WR�KHOS�WKHP�UHFRJQL]H�PRUSKHPHV�ZLWKLQ�ZRUGV���7KLV�ILQGLQJ�LV�QRYHO�LQ�WZR�ZD\V���ILUVW��LW�VKRZV�WKDW�SKRQRWDFWLF�LQIRUPDWLRQ�LV�XVHIXO�LQ�VHJPHQWDWLRQ�ZLWKLQ�ZRUGV��DV�ZHOO�DV�IRU�ILQGLQJ�ZRUG�ERXQGDULHV���6HFRQG��LW�VKRZV�DQ�HIIHFW�RI�WKH�SDWWHUQV�FUHDWHG�E\�D�YHU\�DEVWUDFW�SKRQRORJLFDO�FRQFHSW��QRQ�GHULYHG�HQYLURQPHQW�EORFNLQJ��RQ�OLVWHQHUV¶�VSHHFK�SURFHVVLQJ�EHKDYLRU�/LVWHQHUV�UHVSRQGHG�WKDW�ILQDO��L��ZDV�WKH�VXEMHFW�SDUWLFOH�VLJQLILFDQWO\�OHVV�RIWHQ�IRU�UHDO�ZRUGV��ZKHUH�LW�ZDV�LQGHHG�QRW�WKH�VXEMHFW�SDUWLFOH��WKDQ�IRU�QRQ�ZRUGV��ZKHUH�WKHUH�ZDV�QR�FRUUHFW�DQVZHU����7KH\�DOVR�UHVSRQGHG�PRUH�TXLFNO\�WR�UHDO�ZRUGV�WKDQ�QRQ�ZRUGV�IRU�ERWK�
\HV
�DQG�
QR
�UHVSRQVHV��DOWKRXJK�WKLV�LV�RQO\�VLJQLILFDQW�IRU�
QR
����$OO�RI�WKHVH�HIIHFWV�DUH�FRQVLVWHQW�ZLWK�WKH�LGHD�WKDW�ZKHQ�WKH�VWLPXOXV LV�D�UHDO�ZRUG��OLVWHQHUV�FDQ�XVH�ERWK�OH[LFDO�LQIRUPDWLRQ�DQG�SKRQRWDFWLF�LQIRUPDWLRQ�WR�SDUVH�WKH�PRUSKHPHV���7KH�IDFW�WKDW�OLVWHQHUV�GLG�QRW�UHVSRQG�
\HV
�YHU\�RIWHQ�WR�QRQ�ZRUGV��SDUWLFXODUO\�LQ�WKH�>ML@�FRQGLWLRQ��PLJKW�VHHP�VXUSULVLQJ���,W�DSSHDUV�WKDW�OLVWHQHUV�GHSHQGHG�RQ�OH[LFDO�LQIRUPDWLRQ�WR�VRPH�H[WHQW��DQG�ZHUH�ELDVHG�WRZDUG�VD\LQJ�WKDW��L��ZDV�QRW�WKH�VXEMHFW�SDUWLFOH�XQOHVV�WKH\�FRXOG�SDUVH�RXW�WKH�SUHFHGLQJ�URRW���+RZHYHU��GHVSLWH�WKLV�DSSDUHQW�XVH�RI�OH[LFDO�LQIRUPDWLRQ��WKH�SKRQRWDFWLF�FRQVWUDLQW�FOHDUO\�DOVR�LQIOXHQFHG�OLVWHQHUV
�EHKDYLRU�,W�PLJKW�EH�DUJXHG�WKDW�WKH�HIIHFW�RI�SDODWDOL]DWLRQ�RQ�SURFHVVLQJ�LQ�WKLV�H[SHULPHQW�LV�DFWXDOO\�DQ�HIIHFW�RI�WUDQVLWLRQDO�SUREDELOLWLHV�UDWKHU�WKDQ�DQ�HIIHFW�
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RI�D�SKRQRORJLFDO�SKHQRPHQRQ���>GL@�PLJKW�EH�D�ORZ�IUHTXHQF\�VRXQG�VHTXHQFH�LQ�.RUHDQ��DQG�LI�WKH�VHTXHQFH�>GL@�KDV�D�ORZ�WUDQVLWLRQDO�SUREDELOLW\��OLVWHQHUV�PLJKW�EH�IDVWHU�WR�SDUVH�>L@�RII�IURP�WKH�SUHFHGLQJ�PDWHULDO��OHDGLQJ�WR�IDVWHU�UHDFWLRQ�WLPHV���$OWHUQDWLYHO\��OLVWHQHUV�PLJKW�ILQG�LW�GLIILFXOW�WR�SURFHVV�ORZ�WUDQVLWLRQDO�SUREDELOLW\�VHTXHQFHV��ZKLFK�FRXOG�OHDG�WR�VORZHU�UHDFWLRQ�WLPHV�ZKHQHYHU�D�ORZ�SUREDELOLW\�VHTXHQFH�DSSHDUV����:H�PDNH�QR�SUHGLFWLRQ�UHJDUGLQJ�KRZ�WUDQVLWLRQDO�SUREDELOLWLHV�ZRXOG�DIIHFW�SHUFHQWDJH�RI�
\HV
�RU�
QR
�UHVSRQVHV��:H�DUH�QRW�DZDUH�RI�DQ\�GLUHFW�HYLGHQFH�RQ�WKH�TXHVWLRQ�RI�KRZ�WUDQVLWLRQDO�SUREDELOLWLHV�DFURVV�ERXQGDULHV�DIIHFW�VSHHG�RI�VHJPHQWDWLRQ��DOWKRXJK�VHH�YDQ�GHU�/XJW��������IRU�WKH�HIIHFW�RI�WUDQVLWLRQDO�SUREDELOLWLHV�ZLWKLQ�WKH�ZRUG�RQ�VHJPHQWDWLRQ��DQG�9LWHYLWFK�	�/XFH��������IRU�HIIHFWV�RI�WUDQVLWLRQDO�SUREDELOLWLHV�RQ�SURFHVVLQJ�RI�HQWLUH�LWHPV����+RZHYHU��ZKHWKHU�D�ORZ�WUDQVLWLRQDO�SUREDELOLW\�VHTXHQFH�IDFLOLWDWHV�RU�LQKLELWV�WKH�SURFHVV�RI�UHFRJQL]LQJ�WKH�VHFRQG�SKRQHPH��RQH�ZRXOG�H[SHFW�DQ\�HIIHFW�RI�WUDQVLWLRQDO�SUREDELOLWLHV�RQ�UHDFWLRQ�WLPHV�WR�EH�LQ�D�FRQVLVWHQW�GLUHFWLRQ���,Q�WKH�FXUUHQW�H[SHULPHQW��WKH�HIIHFW�RI�SDODWDOL]DWLRQ�RQ�UHDFWLRQ�WLPHV�LV�LQ�WKH�RSSRVLWH�GLUHFWLRQ�IRU�WKH�
QR
�UHVSRQVHV�DQG�WKH�
\HV
�UHVSRQVHV����,W�LV�QRW�VLJQLILFDQW�IRU�WKH�
\HV
�UHVSRQVHV��EXW�LW�LV�FOHDUO\�QRW�LQ�WKH�VDPH�GLUHFWLRQ�DV�IRU�WKH�
QR
�UHVSRQVHV����/LVWHQHUV�DUH�IDVWHU�WR�FRQFOXGH�WKDW�WKH�ILQDO��L��LV�QRW�WKH�VXEMHFW�SDUWLFOH�LQ�WKH�>GL@�VHTXHQFH�WKDQ�LQ�WKH�>ML@�VHTXHQFH��EXW�WKH\�DUH��QRQ�VLJQLILFDQWO\��IDVWHU�WR�FRQFOXGH�WKDW�LW�LV WKH�VXEMHFW�SDUWLFOH�LQ�WKH�>ML@�VHTXHQFH�WKDQ�WKH�>GL@�VHTXHQFH���7KLV�LV�FRQVLVWHQW�ZLWK�WKH�LQWHUSUHWDWLRQ�WKDW�WKH�XQSDODWDOL]HG�>GL@�VHTXHQFH�IDFLOLWDWHV�GHWHFWLRQ�RI�WKH�PRUSKHPH�ERXQGDU\��ZKLOH�WKH�SDODWDOL]HG�>ML@�VHTXHQFH�GRHV�QRW���,W�LV�QRW�FRQVLVWHQW�ZLWK�WKH�LQWHUSUHWDWLRQ�WKDW�SDUVLQJ�LV�VLPSO\�VORZHU�RU�IDVWHU�LQ�ORZ�WUDQVLWLRQDO�
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SUREDELOLW\�VHTXHQFHV���7KXV��WKH�HIIHFW�LV�RQH�RI�DQ�DEVWUDFW�SKRQRORJLFDO�SDWWHUQ�RQ�SDUVLQJ��QRW�DQ�HIIHFW�RI�WUDQVLWLRQDO�SUREDELOLWLHV�
����*(1(5$/�',6&866,21��� 3HUFHSWXDO�XVH�RI�FRPSOH[�SKRQRORJLFDO�SDWWHUQV7KHVH�WZR�H[SHULPHQWV�WRJHWKHU�VKRZ��ILUVW�RI�DOO��WKDW�HYHQ�LQ�D�ODQJXDJH�ZLWK�YHU\�FRPSOH[�SKRQRORJLFDO�SKHQRPHQD�DFWLQJ�WRJHWKHU�WR�FUHDWH�WKH�VXUIDFH�SDWWHUQV��OLVWHQHUV�FDQ�H[SORLW�VXUIDFH�SKRQRORJLFDO�UHJXODULWLHV�IRU�SDUVLQJ�VSHHFK���7KH�SKRQRWDFWLF�SDWWHUQV�ZKLFK�KDYH�SUHYLRXVO\�EHHQ�VKRZQ�WR�LQIOXHQFH�VSHHFK�VHJPHQWDWLRQ�LQFOXGH�SDUWLFXODU�FRQVWUDLQWV�RQ�ZKDW�FDQ�IRUP�D�V\OODEOH�RQVHW�RU�FRGD��VRPHWLPHV�UHODWHG�WR�VRQRULW\�VHTXHQFLQJ��VRPHWLPHV�WR�ODQJXDJH�VSHFLILF�SDWWHUQV�VXFK�DV�ILQDO�GHYRLFLQJ���SDWWHUQV�ZLWK�D�FKRLFH�EHWZHHQ�WZR�FDWHJRULHV��YRZHO�KDUPRQ\���DQG�D�JHQHUDO�FRQVWUDLQW�DJDLQVW�OHDYLQJ�FRQVRQDQWV�XQSDUVHG��WKH�3RVVLEOH�:RUG�&RQVWUDLQW���([SHULPHQW���RI�WKH�FXUUHQW�ZRUN�VKRZV�WKDW�PXFK�PRUH�FRPSOH[�SDWWHUQV��FDXVHG�E\�D�YDULHW\�RI�LQWHUDFWLQJ�SURFHVVHV��LQIOXHQFH�SDUVLQJ�MXVW�DV�D�VLQJOH�SKRQRWDFWLF�SDWWHUQ�GRHV���([SHULPHQW���VKRZV�WKDW�HYHQ�WKH�IDFW�WKDW�D�SDUWLFXODU�SKRQRORJLFDO�DOWHUQDWLRQ�PDNHV�UHIHUHQFH�WR�FHUWDLQ�W\SHV�RI�ERXQGDULHV�LV�XVHG�LQ�SDUVLQJ���,W�DOVR�VKRZV�WKDW�WKLV�SDUWLFXODU�DOWHUQDWLRQ��SDODWDOL]DWLRQ��DIIHFWV�SDUVLQJ�HYHQ�ZKHQ�LW�LV�LVRODWHG�IURP�WKH�RWKHU�DOWHUQDWLRQV�LQYHVWLJDWHG�LQ�WKH�([SHULPHQW�����.RUHDQ�GLIIHUV�IURP�WKH�ODQJXDJHV�LQ�ZKLFK�WKH�LQIOXHQFH�RI�SKRQRWDFWLFV�RQ�VHJPHQWDWLRQ�KDV�SUHYLRXVO\�EHHQ�LQYHVWLJDWHG���LQ�.RUHDQ��PDQ\�SKRQRORJLFDO�DOWHUQDWLRQV�DIIHFW�WKH�VXUIDFH�IRUP��DQG�WKHVH�DOWHUQDWLRQV�DUH�H[WUHPHO\�SURGXFWLYH�LQ�WKH�PRGHUQ�ODQJXDJH���$OWKRXJK�(QJOLVK��IRU�H[DPSOH��KDV�PDQ\�SKRQRORJLFDO�DOWHUQDWLRQV��PRVW�RI�WKHP�DUH�UHVWULFWHG�WR�D�SDUWLFXODU�OH[LFDO�VWUDWXP��DSSO\�RQO\�ZLWK�FHUWDLQ�DIIL[HV��RU�PD\�QRW�EH�HQWLUHO\�DFWLYH�LQ�VSHDNHUV¶�V\QFKURQLF�NQRZOHGJH�RI�WKH�ODQJXDJH���,Q�.RUHDQ��VLPSO\�
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DGGLQJ�D�KLJKO\�SURGXFWLYH�VXIIL[�VXFK�DV�WKH�VXEMHFW�SDUWLFOH��RU�FRPELQLQJ�WZR�OH[LFDO�LWHPV�LQWR�D�FRPSRXQG��WULJJHUV�PXOWLSOH�SKRQRORJLFDO�DOWHUQDWLRQV��VXFK�DV�SDODWDOL]DWLRQ��QDVDO�LQVHUWLRQ��DQG�QDVDO�DVVLPLODWLRQ���1RW�DGGLQJ�VXIIL[HV��RQ�WKH�RWKHU�KDQG��EULQJV�DERXW�FRGD�QHXWUDOL]DWLRQ���+HQFH��D�ZLGH�YDULHW\�RI�LQWHUDFWLQJ�SKRQRORJLFDO�DOWHUQDWLRQV�DUH�ERWK�SURGXFWLYH�DQG�IUHTXHQW���,Q�D�ODQJXDJH�ZLWK�VXFK�FRPSOLFDWHG�SURGXFWLYH�SKRQRORJ\��LW�FRXOG�EH�WKDW�OLVWHQHUV�VLPSO\�FRXOG�QRW�PDNH�DQ\�XVH�RI�WKH�VXUIDFH�SKRQRORJLFDO�SDWWHUQV�IRU�SDUVLQJ��EHFDXVH�WKH\�DUH�VR�YDULDEOH�DQG�WKH\�LQWHUDFW�ZLWK�HDFK�RWKHU���$V�VKRZQ�LQ������DERYH��WKHVH�LQWHUDFWLQJ�SKHQRPHQD�OHDG�WR�D�JUHDW�GHDO�RI�SRWHQWLDO�IRU�FRQIXVLRQ�LQ�WKH�SKRQRWDFWLFV���HDFK�SRVVLEOH�VXUIDFH�VHTXHQFH�FDQ�KDYH�PRUH�WKDQ�RQH�XQGHUO\LQJ�VHTXHQFH��EXW�ZKLFK�XQGHUO\LQJ�VHTXHQFHV�DUH�SRVVLEOH�GHSHQGV�RQ�WKH�W\SH�RI�LQWHUYHQLQJ�ERXQGDU\���,Q�VXFK�D�VLWXDWLRQ��WKH�PDSSLQJ�EHWZHHQ�VXUIDFH�DQG�XQGHUO\LQJ�SDWWHUQV�PLJKW�EH�WRR�FRPSOH[�IRU�OLVWHQHUV�WR�XVH�WKH�VXUIDFH�SDWWHUQV�LQ�SDUVLQJ�WKH�VSHHFK���7KH�IDFW�WKDW�D�SDWWHUQ�LV�HYLGHQW�LQ�WKH�IRUPDO�DQDO\VLV�RI�WKH�SKRQRORJ\�RI�D�ODQJXDJH�GRHV�QRW�QHFHVVDULO\�PHDQ�WKDW�OLVWHQHUV�FDQ�RU�GR�XVH�WKDW�SDWWHUQ�LQ�RQOLQH�SURFHVVLQJ����+RZHYHU��RXU�WZR�H[SHULPHQWV�VKRZ�WKDW�HYHQ�LQ�D�ODQJXDJH�ZLWK�FRPSOH[�SURGXFWLYH�SKRQRORJ\��OLVWHQHUV�PDNH�XVH�RI�ZKDWHYHU�LQIRUPDWLRQ�WKH�SKRQRORJ\�DIIRUGV�
��� 3HUFHSWXDO�XVH�RI�QRQ�GHULYHG�HQYLURQPHQW�EORFNLQJ$PRQJ�WKH�YDULRXV�SKRQRORJLFDO�DOWHUQDWLRQV�LQYROYHG�LQ�WKH�VHTXHQFHV�H[DPLQHG�KHUH��WKH�SDODWDOL]DWLRQ�DOWHUQDWLRQ�KDV�D�VSHFLDO�VWDWXV�DV�DQ�DOWHUQDWLRQ�ZKLFK�IDLOV�WR�DSSO\�ZLWKLQ�WKH�PRUSKHPH��QRQ�GHULYHG�HQYLURQPHQW�EORFNLQJ����6XFK�DQ�DOWHUQDWLRQ�KDV�D�JUHDWHU�OHYHO�RI�SKRQRORJLFDO�DEVWUDFWLRQ�WKDQ�RWKHU�DOWHUQDWLRQV��EHFDXVH�LW�UHTXLUHV�UHIHUHQFH�WR�WKH�SUHVHQFH�RU�DEVHQFH�RI�SDUWLFXODU�VWUHQJWKV�RI�ERXQGDULHV���$PRQJ�WKH�RWKHU�DOWHUQDWLRQV�UHOHYDQW�WR�
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WKLV�VWXG\��QDVDO�LQVHUWLRQ�UHTXLUHV�UHIHUHQFH�WR�ZRUG�ERXQGDULHV��VLQFH�LW�RFFXUV�RQO\�ZRUG�LQLWLDOO\�RU�LQLWLDO�WR�WKH�VHFRQG�SDUW�RI�D�FRPSRXQG���&RGD�QHXWUDOL]DWLRQ�UHTXLUHV�UHIHUHQFH�WR�V\OODEOH�ERXQGDULHV���%XW�QRQH�RI�WKH�RWKHU�DOWHUQDWLRQV�GLVWLQJXLVK�EHWZHHQ�SUHVHQFH�DQG�DEVHQFH�RI�D�VXIIL[�ERXQGDU\��DSSO\LQJ�DW�D�PRUSKHPH�ERXQGDU\�EXW�QRW�ZLWKLQ�D�PRUSKHPH���7KDW�LV��SDODWDOL]DWLRQ�LV�WKH�RQO\�RQH�ZKLFK�UHTXLUHV�UHIHUHQFH�WR�WKH�PRUSKRORJLFDO�HQYLURQPHQW���$EVWUDFW�SDWWHUQV�VXFK�DV�QRQ�GHULYHG�HQYLURQPHQW�EORFNLQJ�PLJKW�SHUKDSV�EH�UHOHJDWHG�WR�WKH�SKRQRORJLFDO�DQDO\VLV�OLQJXLVWV�SHUIRUP��ZLWKRXW�KDYLQJ�DQ\�HIIHFW�RQ OLVWHQHUV
�OH[LFDO�SURFHVVLQJ�EHKDYLRU��� +RZHYHU��WKH�WZR�H[SHULPHQWV�SUHVHQWHG�KHUH�VKRZ�WKDW�HYHQ�QRQ�GHULYHG�HQYLURQPHQW�EORFNLQJ�GRHV�LQGHHG�DIIHFW�OH[LFDO�SURFHVVLQJ��DORQJ�ZLWK�RWKHU�SDUWV�RI�WKH�SKRQRORJ\�LQ�([SHULPHQW����DQG�DORQH�LQ�([SHULPHQW���� /LVWHQHUV�XVH�WKLV�DVSHFW�RI�WKH�SKRQRORJ\�ERWK�LQ�ZRUG�VHJPHQWDWLRQ�DQG�LQ�UHFRJQLWLRQ�RI�PRUSKHPHV���7KH�EORFNLQJ�LQ�D�QRQ�GHULYHG�HQYLURQPHQW��UDWKHU�WKDQ�WKH�DSSOLFDWLRQ�RI�SDODWDOL]DWLRQ�DW�D�ERXQGDU\��LV�ZKDW�SURYLGHV�LQIRUPDWLRQ���ODFN�RI�SDODWDOL]DWLRQ�WHOOV�WKH�OLVWHQHU�WKDW�WKHUH�FDQQRW�EH�D�PRUSKHPH�ERXQGDU\��DQG�OLVWHQHUV�DUH�IDVWHU�WR�UXOH�RXW�D�VXEMHFW�SDUWLFOH�LQWHUSUHWDWLRQ�ZKHQ�SDODWDOL]DWLRQ�KDV�QRW�DSSOLHG�
��� +RZ�PXFK�SKRQRORJ\�GR�OLVWHQHUV�SHUIRUP�RQOLQH"7KHVH�ILQGLQJV�UDLVH�WKH�TXHVWLRQ�RI�KRZ�PXFK�SKRQRORJLFDO�DQDO\VLV�QDWLYH�VSHDNHUV�DQG�OLVWHQHUV�RI�D�ODQJXDJH�GR�LQ�RUGHU�WR�PDNH�XVH�RI�WKH�LQIRUPDWLRQ�SKRQRORJLFDO�SDWWHUQV�FDQ�SURYLGH�DERXW�ERXQGDULHV���,I�OLVWHQHUV¶�SDUVLQJ�RI�WKH�VSHHFK�VWUHDP�LV�DIIHFWHG�E\�VHYHUDO�LQWHUDFWLQJ�SKRQRORJLFDO�DOWHUQDWLRQV��WR�ZKDW�H[WHQW�GRHV�WKDW�PHDQ�WKH�OLVWHQHUV�DUH�SHUIRUPLQJ�WKH�SKRQRORJLFDO�DQDO\VLV�RQOLQH�DV�WKH\�VHJPHQW�VSHHFK"��*LYHQ�WKH�FRPSOH[�PDSSLQJ�EHWZHHQ�
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XQGHUO\LQJ�IRUPV�DQG�VXUIDFH�IRUPV�DW�YDULRXV�OHYHOV�RI�ERXQGDULHV��DV�VKRZQ�LQ�������GR�WKH�FXUUHQW�UHVXOWV�LPSO\�WKDW�OLVWHQHUV�DUH�DZDUH�RI�WKLV�PDSSLQJ�DQG�DUH�ZRUNLQJ�EDFNZDUG�WR�XQGHUO\LQJ�IRUPV�DV�WKH\�SDUVH�VSHHFK"��2XU�H[SHULPHQWV�GR�QRW�LQYHVWLJDWH�WKHVH�TXHVWLRQV�GLUHFWO\��EXW�ZH�ZRXOG�OLNH�WR�VXJJHVW�WKDW�WKH�UHVXOWV�GR�QRW�DUJXH�VWURQJO\�IRU�RQOLQH�SKRQRORJLFDO�DQDO\VLV�LQ�SDUVLQJ���$OWKRXJK������VKRZV�ZKLFK�VXUIDFH�IRUPV�FDQ�EH�GHULYHG�IURP�ZKLFK�XQGHUO\LQJ�IRUPV�DW�ZKLFK�W\SHV�RI�ERXQGDULHV��LW�LV�SUREDEO\�QRW�QHFHVVDU\�IRU�OLVWHQHUV�WR�FDOFXODWH�ZKLFK�XQGHUO\LQJ IRUPV�FRXOG�EH�PDSSHG�WR�WKH�VXUIDFH�VWULQJ�WKH\�DUH�KHDULQJ�LQ�RUGHU�WR�XVH�WKH�SKRQRORJLFDO�SDWWHUQV�WR�ILQG�ERXQGDULHV���,QVWHDG��WKH�OLVWHQHU�FRXOG�VLPSO\�EH�DZDUH�WKDW�>ML@�RFFXUV�RQO\�DW�D�VXIIL[�ERXQGDU\�RU�ZLWKLQ�D�PRUSKHPH��ZLWKRXW�NHHSLQJ�WUDFN�RI�WKH�IDFW�WKDW�LW�PXVW�KDYH�DQ�XQGHUO\LQJ�IRUP��FL��UDWKHU�WKDQ��WL��LI�LW�LV�ZLWKLQ�D�PRUSKHPH��ZKLOH�LW�FDQ�PDS�WR�HLWKHU�XQGHUO\LQJ��FL��RU�XQGHUO\LQJ��WL��LI�LW�LV�DW�D�VXIIL[�ERXQGDU\��7KH�OLVWHQHU�ZRXOG�QHHG�WR�NQRZ�WKDW�>GL@�RFFXUV�RQO\�DW�D�ZRUG�RU�FRPSRXQG�ERXQGDU\��RU�ZLWKLQ�D�PRUSKHPH��WKDW�LV��QRW�DW�D�VXIIL[�ERXQGDU\���EXW�ZRXOG�QRW�QHHG�WR�NQRZ�ZKLFK�XQGHUO\LQJ�IRUP�>GL@�FRXOG�EH�GHULYHG�IURP�LQ�ZKLFK�FDVH���7KDW�LV��LQ�RUGHU�WR�XVH�SKRQRWDFWLF�SDWWHUQV�DV�DQ�DLG�WR�ORFDWLQJ�ERXQGDULHV��WKH�OLVWHQHU�RQO\�QHHGV�WR�EH�DZDUH�RI�WKH�VXUIDFH�GLVWULEXWLRQ�RI�VRXQGV�UHODWLYH�WR�ERXQGDULHV��QRW�RI�ZKDW�LQ�WKH�XQGHUO\LQJ�UHSUHVHQWDWLRQV�RU�SKRQRORJLFDO�DOWHUQDWLRQV�FUHDWHG�WKRVH�VXUIDFH�GLVWULEXWLRQV���2I�FRXUVH��LQ�RUGHU�WR�SHUIRUP�VSRNHQ�ZRUG�UHFRJQLWLRQ��WKH�OLVWHQHU�PXVW�HYHQWXDOO\�UHFRYHU�WKH�OH[LFDO�UHSUHVHQWDWLRQ�RI�WKH�OH[LFDO�LWHP��ZKDWHYHU�LW�PLJKW�EH���,I�HDFK�OH[LFDO�LWHP�LV�VWRUHG�DV�D�VLQJOH�LQYDULDQW�OH[LFDO�UHSUHVHQWDWLRQ��UDWKHU�WKDQ�KDYLQJ�DOO�LWV�DOORPRUSKV�VWRUHG��WKHQ�WKH�OLVWHQHU ZLOO�HYHQWXDOO\�UHFRYHU�WKH�XQGHUO\LQJ�IRUP���+RZHYHU��WKDW�VWHS�LV�QRW�QHFHVVDU\�LQ�RUGHU�WR�XVH�SKRQRWDFWLF�LQIRUPDWLRQ�WR�ORFDWH�ERXQGDULHV���)XUWKHUPRUH��LI�DOO�
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DOORPRUSKV�DUH�VWRUHG��WKHQ�LW�LV�QRW�QHFHVVDU\�IRU�WKH�OLVWHQHU�WR�
XQGR
�WKH�SKRQRORJ\�DW�DOO���2XU�H[SHULPHQWV�GR�QRW�DGGUHVV�WKH�TXHVWLRQ�RI�ZKHWKHU�OH[LFDO�UHSUHVHQWDWLRQV�LQFOXGH�RQO\�D�VLQJOH�IRUP�RU�PXOWLSOH�IRUPV���)RU�SXUSRVHV�RI�VHJPHQWDWLRQ��ZH�WKLQN�LW�LV�TXLWH�SRVVLEOH�WKDW�OLVWHQHUV�DUH�DZDUH�RI�WKH�GLVWULEXWLRQ�RI�VXUIDFH�SDWWHUQV�ZLWKRXW�PDNLQJ�UHIHUHQFH�WR�XQGHUO\LQJ�SDWWHUQV�RU�WR�WKH�SKRQRORJ\�WKDW�FRQQHFWV�WKH�WZR�OHYHOV�
��� 8VHIXOQHVV�RI�ERXQGDULHV�RWKHU�WKDQ�V\OODEOHV�IRU�VHJPHQWDWLRQ3UHYLRXV�UHVHDUFK�RQ�SKRQRWDFWLF�LQIRUPDWLRQ�DQG�VSHHFK�VHJPHQWDWLRQ�KDV�ODUJHO\�LQYROYHG�LQIRUPDWLRQ�DERXW�HLWKHU�V\OODEOH�ERXQGDULHV�RU�XWWHUDQFH�ERXQGDULHV���7KH�UHVHDUFK�E\�0F4XHHQ��������RQ�'XWFK��:HEHU��������RQ�(QJOLVK��DQG�'XPD\�HW�DO���������RQ�)UHQFK�VKRZV�WKDW�OLVWHQHUV�FDQ�XVH�WKH�IDFW�WKDW�VHTXHQFHV�VXFK�DV��PU��FDQQRW�EH�V\OODEOH�RQVHWV��ZKLOH�VHTXHQFHV�OLNH��GU��HLWKHU�FDQ�EH�RQVHWV��LQ�(QJOLVK��RU�PXVW�EH�RQVHWV��LQ�'XWFK����0F4XHHQ�SURSRVHV�WKDW�OLVWHQHUV�XVH�ZKDWHYHU�LQIRUPDWLRQ�LV�DYDLODEOH�WR�KHOS�WKHP�ORFDWH�V\OODEOH�ERXQGDULHV��DQG�WKDW�WKH\�XVH�V\OODEOH�ERXQGDULHV�WR�KHOS�ORFDWH�ZRUG�ERXQGDULHV��VLQFH�ZRUGV�HYHQ�LQ�FRQQHFWHG�VSHHFK�YHU\�RIWHQ�EHJLQ�DW�V\OODEOH�ERXQGDULHV��7KH�ILQGLQJV�RQ�)LQQLVK�YRZHO�KDUPRQ\�DQG�SDUVLQJ��6XRPL�HW�DO��������VKRZ�WKDW�OLVWHQHUV�DOVR�PDNH�XVH�RI�LQIRUPDWLRQ�DERXW�ZRUGV�UDWKHU�WKDQ�V\OODEOHV��EXW�YRZHO�KDUPRQ\�LV�D�GLIIHUHQW�W\SH�RI�SKRQRORJLFDO�DOWHUQDWLRQ�IURP�WKRVH�LQYHVWLJDWHG�KHUH�7KH�FXUUHQW�H[SHULPHQWV�VKRZ�WKDW�OLVWHQHUV�PDNH�XVH�RI�LQIRUPDWLRQ�DERXW�WKH�GLVWULEXWLRQ�RI�VXUIDFH�VHJPHQWV�UHODWLYH�WR�PDQ\�W\SHV�RI�ERXQGDULHV���PRUSKHPH�LQWHUQDO�SRVLWLRQ��WKH�ERXQGDU\�EHWZHHQ�D�URRW�DQG�D�VXIIL[��DQG�WKH�ERXQGDU\�EHWZHHQ�SDUWV�RI�D�FRPSRXQG�RU�EHWZHHQ�ZRUGV���$V�QRWHG�DERYH��PRVW�RI�WKH�UHOHYDQW�SKRQRORJLFDO�SDWWHUQV�GR�QRW�LQYROYH�V\OODEOH�VWUXFWXUH���7KLV�VXJJHVWV�WKDW�OLVWHQHUV�FDQ�XVH�SKRQRWDFWLF�LQIRUPDWLRQ�WR�KHOS�WKHP�ZLWK�
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VHJPHQWDWLRQ�GLUHFWO\��QRW�RQO\�DV�D�PHDQV�WR�ORFDWH�V\OODEOH�ERXQGDULHV���,W�DSSHDUV�WKDW�.RUHDQ�OLVWHQHUV�DUH�VHQVLWLYH�WR�ZKLFK�VXUIDFH�VRXQG�VHTXHQFHV�RFFXU�DQG�GR�QRW�RFFXU�DW�ZKLFK�W\SHV�RI�ERXQGDULHV��DQG�FDQ�XVH�WKLV�LQIRUPDWLRQ�LQ�VHJPHQWDWLRQ�ZKHWKHU�WKH�SKRQRWDFWLF�SDWWHUQV�SURYLGH�DQ\�LQIRUPDWLRQ�DERXW V\OODEOH�ERXQGDULHV�RU�QRW���7KXV��WKH�FXUUHQW�ILQGLQJV�H[WHQG�WKH�SUHYLRXV�ZRUN�QRW�RQO\�E\�WHVWLQJ�D�PRUH�FRPSOLFDWHG�SKRQRORJLFDO�VLWXDWLRQ��EXW�DOVR�E\�WHVWLQJ�SKRQRWDFWLF�SDWWHUQV�ZKLFK�LQYROYH�ERXQGDULHV�DW�OHYHOV�RWKHU�WKDQ�WKH�V\OODEOH�
��� :RUG YV��FRPSRXQG�ERXQGDULHV,Q������DERYH��ZH�GLG�QRW�GLVWLQJXLVK�WKH�ERXQGDU\�EHWZHHQ�ZRUGV�RI�D�VHQWHQFH�IURP�WKH�ERXQGDU\�EHWZHHQ�WKH�WZR�SDUWV�RI�D�FRPSRXQG���)RU�H[DPSOH��ZH�UHIHU�WR�>GL@�DV�RFFXUULQJ�DW�ZRUG�RU�FRPSRXQG�ERXQGDULHV��ZLWK�QR�DWWHPSW�WR�GLVWLQJXLVK�WKHVH�WZR�W\SHV�RI�ERXQGDULHV���7KLV�GHFLVLRQ�LV�LQ�SDUW�GXH�WR�WKH�GLIILFXOW\�RI�GHWHUPLQLQJ�H[DFWO\�ZKDW�FRQVWLWXWHV�D�FRPSRXQG�YV��D�VWULQJ�RI�WZR�ZRUGV��DQG�ZKDW�WKH�H[DFW�HQYLURQPHQW�RI�QDVDO�LQVHUWLRQ�LV��6HFWLRQ�����SRLQW�&�DERYH��VHH�&KR��������RQ�WKH�FRPSOLFDWLRQV�RI�WKLV�DOWHUQDWLRQ����)XUWKHUPRUH��FRPSRXQGV�YDU\�LQ�WKH�VWUHQJWK�RI�WKH�DVVRFLDWLRQ�EHWZHHQ�WKH�WZR�SDUWV���.RUHDQ�KDV�PDQ\�FRPSRXQGV�LQ�ZKLFK�WKH�WZR�PRUSKHPHV�ZHUH�ERUURZHG�IURP�&KLQHVH��DQG�PDQ\�QDWLYH�VSHDNHUV�RI�.RUHDQ�PD\�QRW�EH�DZDUH�WKDW�VRPH�RI�WKHVH�DUH�LQ�IDFW�HW\PRORJLFDOO\�FRPSRXQGV���0DQ\�RWKHU�FRPSRXQGV�DUH�IRUPHG�TXLWH�SURGXFWLYHO\��WKRXJK���7KH�FKRLFH�WR�FROODSVH�ZRUG�DQG�FRPSRXQG�ERXQGDULHV�LV�DOVR�SDUWO\�EDVHG�RQ�WKH�WDVN�ZH�XVHG���ZRUG�VSRWWLQJ�UHTXLUHV�WKH OLVWHQHU�WR�UHFRJQL]H�D�UHDO�ZRUG�ZLWK�D�VPDOO�TXDQWLW\�RI�QRQ�ZRUG�PDWHULDO�QH[W�WR�LW���,Q�RXU�([SHULPHQW����WKH�QRQVHQVH�PDWHULDO�FRQVLVWHG�RI�HLWKHU�RQH�RU�WZR�V\OODEOHV�DQG�DQ�RQVHW�FRQVRQDQW��SODFHG�EHIRUH�WKH�UHDO�ZRUG��H�J���LPLQ��µLPPLJUDWLRQ¶�
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HPEHGGHG�LQ��S+\RMLLPPLLQQ/)���7R�OLVWHQHUV��VXFK�LWHPV�FRXOG�HDVLO\�VRXQG�OLNH�FRQVWUXFWHG�FRPSRXQGV��ZLWK�WKH�ILUVW�PHPEHU�RI�WKH�FRPSRXQG�D�QRQ�ZRUG�DQG�WKH�VHFRQG�D�UHDO�ZRUG���,Q�IDFW��VLQFH�WKHUH�DUH�QR�JUDPPDWLFDO�SDUWLFOHV�EHWZHHQ�WKH�QRQVHQVH�DQG�WKH�UHDO�ZRUG��WKH�VWLPXOL�PD\�VRXQG�PRUH�OLNH�D�FRPSRXQG�WKDQ�OLNH�WZR�LQGHSHQGHQW�ZRUGV�FRQFDWHQDWHG�DW�WKH�V\QWDFWLF�OHYHO����S+\RMLLPPLLQQ/ may sound more like a compound with /imin/ as the second part of 

it than like a phrase or sentence containing the independent word /imin/.7KHUHIRUH��LQ�([SHULPHQW����LW�LV�UHDVRQDEOH�WR�DVVXPH�WKDW�SKRQRWDFWLF�LQIRUPDWLRQ�DERXW�FRPSRXQG�ERXQGDULHV�ZRXOG�EH�MXVW�DV�KHOSIXO�WR�OLVWHQHUV�UHFRJQL]LQJ�WKH�HPEHGGHG�UHDO�ZRUG�DV�LQIRUPDWLRQ�VSHFLILFDOO\�DERXW�ZRUG�ERXQGDULHV�ZRXOG�EH���6LQFH WKH�WDVN�PD\�QRW�GLVWLQJXLVK�EHWZHHQ�GHWHFWLRQ�RI�SDUW�RI�D�SURGXFWLYHO\�IRUPHG�FRPSRXQG�DQG�GHWHFWLRQ�RI�DQ�LQGHSHQGHQW�ZRUG��ZH�GR�QRW�GLVWLQJXLVK�EHWZHHQ�SKRQRWDFWLF�LQIRUPDWLRQ�DERXW�WKHVH�WZR�W\SHV�RI�ERXQGDULHV���
����&21&/86,216:H�KDYH�VKRZQ�WKDW OLVWHQHUV�RI�D�ODQJXDJH�ZLWK�D�YHU\�FRPSOH[�DQG�\HW�YHU\�SURGXFWLYH�SKRQRORJ\�FDQ�PDNH�XVH�RI�SKRQRWDFWLF�LQIRUPDWLRQ�WR�KHOS�WKHP�VHJPHQW�WKH�VSHHFK�VWUHDP�LQWR�ZRUGV���2XU�UHVXOWV�DOVR�GHPRQVWUDWH�WKDW�DEVWUDFW�DVSHFWV�RI�WKH�SKRQRORJLFDO�V\VWHP�RI�D�ODQJXDJH��VXFK�DV�QRQ�GHULYHG�HQYLURQPHQW�EORFNLQJ��DIIHFW�VSHHFK�SDUVLQJ���/LVWHQHUV¶�XVH�RI�VXFK�LQIRUPDWLRQ�ILWV�LQ�ZLWK�D�PRGHO�RI�VSRNHQ�ZRUG�UHFRJQLWLRQ�VXFK�DV�6KRUWOLVW��1RUULV�HW�DO���������LQ�ZKLFK�OLVWHQHUV�XVH�D�JUHDW�PDQ\�W\SHV�RI�LQIRUPDWLRQ��ERWK�ODQJXDJH�VSHFLILF�DQG�PRUH�JHQHUDO��LQ�WKH�SURFHVV�RI�SDUVLQJ�FRQWLQXRXV�VSHHFK�LQWR�ZRUGV�
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5()(5(1&(6&KR��<�±0������������/DQJXDJH�FKDQJH�DV�UHUDQNLQJ�RI�FRQVWUDLQWV���,Q�+RJJ��5�0��DQG�YDQ�%HUJHQ��/���HGV����+LVWRULFDO�/LQJXLVWLFV��������6HOHFWHG�3DSHUV�IURP�WKH���WK ,QWHUQDWLRQDO�&RQIHUHQFH�RQ�+LVWRULFDO�/LQJXLVWLFV��0DQFKHVWHU��$XJXVW�������Y������-RKQ�%HQMDPLQV�����±���&KR��<�±0��	�6HOOV��3������������$�OH[LFDO�DFFRXQW�RI�LQIOHFWLRQDO�VXIIL[HV�LQ�.RUHDQ���-RXUQDO�RI�(DVW�$VLDQ�/LQJXLVWLFV ������±����&RQQLQH��&��	�7LWRQH��'������������3KRQHPH�PRQLWRULQJ���/DQJXDJH�DQG�&RJQLWLYH�3URFHVVHV �������±����&XWOHU��$���'HPXWK��&���	�0F4XHHQ��-������������8QLYHUVDOLW\�YHUVXV�ODQJXDJH�VSHFLILFLW\�LQ�OLVWHQLQJ�WR�UXQQLQJ�VSHHFK���3V\FKRORJLFDO�6FLHQFH �������±����'XPD\��1���)UDXHQIHOGHU��8���	�&RQWHQW��$������������7KH�UROH�RI�WKH�V\OODEOH�LQ�OH[LFDO�VHJPHQWDWLRQ�LQ�)UHQFK���:RUG�VSRWWLQJ�GDWD���%UDLQ�DQG�/DQJXDJH ��� ���±����)RUVWHU��.��	�)RUVWHU��-������������'0';��$�ZLQGRZV�GLVSOD\�SURJUDP�ZLWK�PLOOLVHFRQG�DFFXUDF\���%HKDYLRUDO�5HVHDUFK�0HWKRGV��,QVWUXPHQWV�	�&RPSXWHUV ��� ���±�����)UDXHQIHOGHU��8��	�.HDUQV��5������������6HTXHQFH�PRQLWRULQJ���/DQJXDJH�DQG�&RJQLWLYH�3URFHVVHV �������±����0F4XHHQ��-������������:RUG�VSRWWLQJ���/DQJXDJH�DQG�&RJQLWLYH�3URFHVVHV �������±����0F4XHHQ��-������������6HJPHQWDWLRQ�RI�FRQWLQXRXV�VSHHFK�XVLQJ�SKRQRWDFWLFV���-RXUQDO�RI�0HPRU\�DQG�/DQJXDJH ������±���0F4XHHQ��-���2WDNH��7���	�&XWOHU��$������������5K\WKPLF�FXHV�DQG�SRVVLEOH�ZRUG�FRQVWUDLQWV�LQ�-DSDQHVH�VSHHFK�VHJPHQWDWLRQ���-RXUQDO�RI�0HPRU\�DQG�/DQJXDJH �������±����
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0HKOHU��-���'RPPHUJXHV��-���)UDXHQIHOGHU��8���	�6HJXL��-������������7KH�V\OODEOH¶V�UROH�LQ�VSHHFK�VHJPHQWDWLRQ���-RXUQDO�RI�9HUEDO�/HDUQLQJ�DQG�9HUEDO�%HKDYLRU �������±����1RUULV��'���0F4XHHQ��-���&XWOHU��$���	�%XWWHUILHOG��6������������7KH�SRVVLEOH�ZRUG�FRQVWUDLQW�LQ�WKH�VHJPHQWDWLRQ�RI�FRQWLQXRXV�VSHHFK���&RJQLWLYH�3V\FKRORJ\ �������±����1RUULV��'���0F4XHHQ��-���&XWOHU��$���%XWWHUILHOG��6���	�.HDUQV��5������������/DQJXDJH�XQLYHUVDO�FRQVWUDLQWV�RQ�VSHHFK�VHJPHQWDWLRQ���/DQJXDJH�DQG�&RJQLWLYH�3URFHVVHV �������±����5DWFOLII��5������������0HWKRGV�IRU�GHDOLQJ�ZLWK�UHDFWLRQ�WLPH�RXWOLHUV���3V\FKRORJLFDO�%XOOHWLQ ���� ���±����5RJHUV��0���<RX��&���	�5LFKDUGV��.������������&ROOHJH�.RUHDQ� 8QLYHUVLW\�RI�&DOLIRUQLD�3UHVV�6XRPL��.���0F4XHHQ��-���	�&XWOHU��$������������9RZHO�KDUPRQ\�DQG�VSHHFK�VHJPHQWDWLRQ�LQ�)LQQLVK���-RXUQDO�RI�0HPRU\�DQG�/DQJXDJH �������±����YDQ�GHU�/XJW��$������������7KH�XVH�RI�VHTXHQWLDO�SUREDELOLWLHV�LQ�WKH�VHJPHQWDWLRQ�RI�VSHHFK���3HUFHSWLRQ�DQG�3V\FKRSK\VLFV ��� ���±����9LWHYLWFK��0��	�/XFH��3������������3UREDELOLVWLF�SKRQRWDFWLFV�DQG�QHLJKERUKRRG�DFWLYDWLRQ�LQ�VSRNHQ�ZRUG�UHFRJQLWLRQ���-RXUQDO�RI�0HPRU\�DQG�/DQJXDJH �������±����
Weber, A.  (2001).  Language-specific listening:  The case of phonetic 

sequences.  Ph.D. dissertation, University of Nijmegen (Max Planck 

Series in Psycholinguistics, 16), the Netherlands.
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FOOTNOTES

1 This work was supported by a SPINOZA award from the Nederlandse 

Organisatie voor Wetenschappelijk Onderzoek to the fourth author.  We would 

like to thank Taehong Cho, Adam Ussishkin, James McQueen, Mike 

Hammond, Rachel Hayes, and Gwanhi Yun for helpful discussion of this paper, 

as well as two anonymous reviewers for their helpful feedback.  We are also 

very grateful to Prof. Mahn Young Lee for enabling us to conduct Experiment 1 

at Korea University, and to Maarten Jansonius for research assistance.
2 These results could potentially stem from either the phonotactic constraints 

themselves, or from allophonic variation in the segments conditioned by 

syllable position.  McQueen (1998) finds that the largest part of the effect is not 

acoustic, and Weber (2001) similarly finds very little in the phonotactic 

segmentation results that can be traced to syllable-conditioned allophonic 

differences.
3 For transcribing Korean, [c, j] are used for voiceless and voiced palatal 

affricates, [y] is used for the palatal glide, and C’ denotes a tense consonant.  

Otherwise, transcriptions are in IPA.  The (former) phonemes /(/ and /4/ 

(recently neutralized or in the process of neutralization) are both transcribed as 

[(].  The boundary between a stem and a suffix or the copula is marked with a 

hyphen, the boundary within a compound with a plus sign, and the boundary 

between words with a space.
4 An additional alternation here merges the preceding consonant and /h/ into a 

single aspirated consonant.
5 An additional process of the phonology, obstruent tensing, is evident here, but 

is not relevant to the current study.
6 As in (4), the two alternatives reflect the optionality of nasal insertion.
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7 7KLV�PD\�EH�EHFDXVH�VHTXHQFHV�RI�WZR�LGHQWLFDO�FRQVRQDQWV�ZLWKLQ�WKH�PRUSKHPH�LQ�JHQHUDO�DUH�UDUH�LQ�.RUHDQ��DQG�VXFK�VHTXHQFHV�PD\�EH�YLHZHG�DV�WZR�LQVWDQFHV�RI�WKH�VDPH�FRQVRQDQW�RFFXUULQJ�WRJHWKHU�E\�FRLQFLGHQFH�UDWKHU�WKDQ�DV�D�GLVWLQFWLRQ�EHWZHHQ�VLQJOHWRQ�DQG�JHPLQDWH�FRQVRQDQWV���+RZHYHU��ZKDW�LV�LPSRUWDQW�IRU�WKH�FXUUHQW�H[SHULPHQW�LV�RQO\�WKDW��QQL��LV�UDUH�ZLWKLQ�WKH�PRUSKHPH��QRW�ZKHWKHU��QQ��LV�D�WUXH�JHPLQDWH�
8 Rather than gemination, this may be insertion of a genitive marker (spelled 

with the /s/ symbol), which then assimilates to the following nasal, as in (4).  
9 [W+L] cannot occur across a word or compound boundary because of coda 

neutralization.  It otherwise parallels [di].
10 There is one additional potential reason why the [nni] condition might be 

relatively easy to parse an /i/-initial word out of.  Because of the historical 

deletion of /n/ before /i/ in words that historically began with /ni/, there are 

alternations between /i/ and /ni/ and no words beginning with /ni/.  An 

embedded [ni] sequence may therefore be a cue to an /i/-initial word.  This is 

not in conflict with the explanation presented above.
11 Although [W+L] cannot occur at a word/compound boundary.
12 The use of a voice key response rather than a button-press response is not 

problematic in this experiment because all targets begin with the phoneme /i/, 

and therefore the time from initiation of the response to activation of the voice 

key mechanism should not differ systematically across conditions.
13 Approximately 3/4 of the subjects had the 5 second time-out, and 1/4 had the 

3 second time-out.  The change was a matter of procedural convenience, and 

the cutoff for slow responses chosen (see Results) makes the difference 

irrelevant for data analysis purposes.
14 Because [W+L] cannot occur at a word boundary, the results were also checked 

without the 7 sets of items with aspiration.  The pattern of results was similar to 
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the overall results, except that the [di] condition is not significantly different 

from the [nni] condition.  This is what one would expect if the [W+L] items are 

more difficult because this sequence cannot cross a word boundary.
15 Very few Korean words end in underlying /t/ without aspiration.  The 

majority of the items in this filler group had aspiration because of the lexical 

frequency of the relevant sequences.  

16 John Kingston (personal communication) points out that non-derived 

environment blocking may not be as abstract for listeners as other types of 

opacity, such as counterbleeding and counterfeeding.  The fact that non-derived 

environments apply at boundaries but not morpheme internally may make them 

particularly useful to listeners, as we have found.
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Number Characteristics Example
9 /i/-initial real words embedded after 

non-coronal
[LK(] 'comprehension' in 
[V(QZ¥PLK(]

44 Non-/i/-initial real words embedded 
after non-coronal

[NZDJ¥] 'the past' in 
[V¥JZDJ¥]

14 /i/-initial non-words embedded after 
[j]

[LN+DP] in [NZHMLN+DP]

14 /i/-initial non-words embedded after 
[d]

[ijop] in [F+XGLMRS]

14 /i/-initial non-words embedded after 
[nn]

[ibil] in [hinnibil]

127 Non-words of similar length to other 
stimuli, /i/ rare

[S(K\RE¥]

Table 1.
Types and numbers of fillers, with examples, for Experiment 1.
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Number Characteristics Example

19 5HDO�ZRUGV�HQGLQJ�LQ�>GL@ >¥GL@�µZKHUH¶
19 5HDO�ZRUGV�HQGLQJ�LQ�>ML@ >ØLML@�µLQWHQWLRQ¶
38 1RQ�ZRUGV�HQGLQJ�LQ�>GL@ >NZDGL@���
38 1RQ�ZRUGV�HQGLQJ�LQ�>ML@ >NZDML@����

7DEOH���7\SHV�RI�H[SHULPHQWDO�LWHPV�LQ�([SHULPHQW����ZLWK�H[DPSOHV�
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Number Characteristics Example

19 5HDO�ZRUGV���VXEM��SDUWLFOH >QDML@�µGD\�68%-¶
131 Real words with no /i/ [kagu] 'furniture'

10 Real words ending in a consonant other than [j, 

d, nn], then /i/

[NR1JL] 'air'

10 Real words with medial /i/ [kyosil] 'classroom'

86 Non-words with no /i/ [QRN+¥]

10 Non-words ending in a consonant other than [j, 

d, nn], then /i/

[\XS+L]
Table 3.  

Types and numbers of fillers, with examples, for Experiment 2.
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$SSHQGL[���)XOO�OLVW�RI�H[SHULPHQWDO�WHVW�LWHPV�IRU�([SHULPHQW������,WHPV�ZKLFK�ZHUH�H[FOXGHG�IURP�WKH�LWHPV�DQDO\VLV�EHFDXVH�RI�SRRU�UHFRJQLWLRQ�DUH�PDUNHG�ZLWK�DQ�DVWHULVN��
5HDO�ZRUG 7UDQVFULS�WLRQ *ORVV 6WLPXOL 7UDQVFULSWLRQ
U� >LM(@ QRZ 8Ý�8o�9ð�

>K\RMLM(@>K\RGLM(@>K\RQQLM(@U§ >LQ\¥P@ LGHRORJ\ ¬Ý§¬o§®ð§
>N+DMLQ\¥P@>N+DGLQ\¥P@>N+DQQLQ\¥P@U� >LVDN@ HDUV�RI�JUDLQ ÀÝ�Ào�Âð�
>N+¥MLVDN@>N+¥GLVDN@>N+¥QQLVDN@Uí >LRQ@ LRQ pÝípoírðí
>KLMLRQ@>KLGLRQ@>KLQQLRQ@UÞ >LMLN@ ORVV�RI�HPSOR\PHQW ídÝÞídoÞífðÞ
>N+\RGØMLMLN@>N+\RGØGLMLN@>N+\RGØQQLMLN@U¢ 
>LF+L@ �JRRG��UHDVRQ á¶Ý¢á¶o¢á·ð¢
>QØPZLMLF+L@>QØPZLGLF+L@>QØPZLQQLF+L@Uû >LK(1@ H[HFXWLRQ éÀÝûéÀoûéÂðû
>NLN+¥MLK(1@>NLN+¥GLK(1@>NLN+¥QQLK(1@Unr >LW+ØQQDO@ WKH�GD\�DIWHU <Ýnr<onr>ðnr
>OØMLW+ØQQDO@>OØGLW+ØQQDO@>OØQQLW+ØQQDO@UúÝ 
>LGDML@ WR�WKLV�H[WHQW ¾ÝúÝ¾oúÝ¿ðúÝ
>PØMLGDML@>PØGLGDML@>PØQQLGDML@
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U,Ô >LVØOODP@ ,VODP Ê�Ý,ÔÊ�o,ÔÊ�ð,Ô
>QXDMLVØOODP@>QXDGLVØOODP@>QXDQQLVØOODP@U>Ð 
>L5ØQED@ VR�FDOOHG ¨î¢>Ð¨îy>Ð¨ðð>Ð
>V(N+XF+L5ØQED@>V(N+XW+L5ØQED@>V(N+XQQL5ØQED@UQ >LPDQ@ WKLV�IDU ðÝQðoQòðQ
>QLMLPDQ@>QLGLPDQ@>QLQQLPDQ@U� 
>LF
RN@ WKLV�VLGH ÜÝ�Üo�Ýð�
>S+ØMLF
RN@>S+ØGLF
RN@>S+ØQQLF
RN@U� >LE\¥O@ VHSDUDWLRQ íù¢�íùy�íúð�
>S¥VZ¥F+LE\¥O@>S¥VZ¥W+LE\¥O@>S¥VZ¥QQLE\¥O@UT >LS
DO@ WRRWK��WHHWK� �ÝT�oT�ðT
>S¥MLS
DO@>S¥GLS
DO@>S¥QQLS
DO@U8 >L\X@ FDXVH �Ý8�o8�ð8
>F+ØML\X@>F+ØGL\X@>F+ØQQL\X@Uì >L5¥Q@ P\�JRRGQHVV� AÝìAoìCðì
>ØML5¥Q@>ØGL5¥Q@>ØQQL5¥Q@UP 
>LØL@ REMHFWLRQ �ÝP�oP�ðP
>S+\DMLØL@>S+\DGLØL@>S+\DQQLØL@UV 
>LLN@ SURILW �?ÝV�?oV�AðV
>P\¥EØMLLN@>P\¥EØGLLN@>P\¥EØQQLLN@U; 
>L\XO@ LQWHUHVW�UDWH QÅÝ;QÅo;QÇð;
>PDQS+XML\XO@>PDQS+XGL\XO@>PDQS+XQQL\XO@



51

V� >LNVDO@ ZLWWLFLVP �ð£��ðz��òñ�
>NRQLF+LNVDO@>NRQLW+LNVDO@>NRQLQQLNVDO@U$H >LW+(OOLN@ LWDOLF �Ý$H�o$H�ð$H
>P\¥MLW+(OOLN@>P\¥GLW+(OOLN@>P\¥QQLW+(OOLN@U?ø >LEØQL1@ HYHQLQJ hÝ?øho?øZð?ø
>P\DMLEØQL1@>P\DGLEØQL1@>P\DQQLEØQL1@UïÌ >LE¥Q(@ WKLV�WLPH 4Ü¢ïÌ4ÜyïÌ4ÝðïÌ
>WRS+ØF+LE¥Q(@>WRS+ØW+LE¥Q(@>WRS+ØQQLE¥Q(@UÆ >LMX1@ GXSOLFDWLRQ ¶ÝÆ¶oÆ·ðÆ
>PZLMLMX1@>PZLGLMX1@>PZLQQLMX1@Ue >LN
L@ PRVV ²Ýe²oe´ðe
>NZ(MLN
L@>NZ(GLN
L@>NZ(QQLN
L@U� >LW+DO@ VHFHVVLRQ ?Ý�?o�Að�
>SØMLW+DO@>SØGLW+DO@>SØQQLW+DO@U� >LKRQ@ GLYRUFH TêÝ�Têo�Tìð�
>W+X5¥MLKRQ@>W+X5¥GLKRQ@>W+X5¥QQLKRQ@U1 >LVØ1@ WKLV�ZRUOG ½Ý1½o1�ð1
>N+\DMLVØ1@>N+\DGLVØ1@>N+\DQQLVØ1@U5 >L5\XN@ ODQGLQJ ùÝ5ùo5úð5
>VZ(ML5\XN@>VZ(GL5\XN@>VZ(QQL5\XN@UÃ >LPL@ DOUHDG\ £ÝÃ£oÃ¥ðÃ
>NZDMLPL@>NZDGLPL@>NZDQQLPL@



52

UÅ >LPLQ@ LPPLJUDWLRQ !ÝÅ!oÅ"ðÅ
>S\RMLPLQ@>S\RGLPLQ@>S\RQQLPLQ@U� >LJ\¥Q@ GLIIHUHQW�YLHZ #�¢�#�y�#�ð�
>SXQ¥F+LJ\¥Q@>SXQ¥W+LJ\¥Q@>SXQ¥QQLJ\¥Q@U� >LXW@ QHLJKERU y<Ý�y<o�y>ð�
>W+L5ØMLXW@>W+L5ØGLXW@>W+L5ØQQLXW@U)k >LVØW+Ø@ \HDVW 0Ý)k0o)k2ð)k
>ZLMLVØW+Ø@>ZLGLVØW+Ø@>ZLQQLVØW+Ø@UB� >LØNNR@ DIWHU�D�ZKLOH ÓÝB�ÓoB�zðB�
>QZ¥MLØNNR@>QZ¥GLØNNR@>QZ¥QQLØNNR@Uó} >L5¥N+(@ LQ�WKLV�ZD\ �®Ýó}�®oó}�°ðó}
>S+¥QRML5¥N+(@>S+¥QRGL5¥N+(@>S+¥QRQQL5¥N+(@UÐ� >L5DN+Ø@ ,UDT O�¢Ð�O�yÐ�O�ðÐ�
>PDKRF+L5DN+Ø@>PDKRW+L5DN+Ø@>PDKRQQL5DN+Ø@Ue >LGØN@ JDLQV ÐÝeÐoeÒðe
>ODMLGØN@>ODGLGØN@>ODQQLGØN@U� >L\R1@ utilization 	Ý�	o��ð�
>ORML\R1@>ORGL\R1@>ORQQL\R1@U$ >LEXN@ North 

Korea
�Ý$�o$�ð$

>Q\DMLEXN@>Q\DGLEXN@>Q\DQQLEXN@U> >LGR1@ movement �d¢>�dy>�fð>
>M¥GØF+LGR1@>M¥GØW+LGR1@>M¥GØQQLGR1@
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$SSHQGL[���)XOO�OLVW�RI�H[SHULPHQWDO�LWHPV�IRU�([SHULPHQW���
5HDO�ZRUG�>GL@ 5HDO�ZRUG�>ML@»o >¥GL@ ZKHUH PÝ >ØLML@ LQWHQWLRQOo >PDGL@ MRLQW ÃÝ >PLML@ XQNQRZQ#o >SXGL@ ZLWKRXW�IDLO #Ý >SXML@�VLWHÔy >NZLW+L@ DQ�DLU�RI�QRELOLW\ O¢ >PDF+L@ DV�LI#y >SXW+L@ DQ�DLU�RI�ZHDOWK ß¢ >S(F+L@ DUUDQJHPHQW�o >SRQGL@ E\�QDWXUH CÝ >W+RML@ ODQG'y >SXOW+L@ VSDUNV ®úÝ >QRGDML@ ERQDQ]Däeo >NØPMDQGL@ JROGHQ�>DXWXPQDO@�WXUI pßÝ >M(E(ML@ FXOWLYDWLRQ�SODFH

âo >S+LGL@�3�'��SURGXFHU ÀÝ >S+\RML@�	ERRN��FRYHU�o >V
LGL@ &�'��FRPSDFW�GLVF �¢ >VDF+L@ OX[XU\Ðo >SDGL@ ERG\ ÐJÝ >SDJDML@ QDJJLQJ¶o >N+(QGL@ FDQG\ nÝ >N¥ML@ PHQGLFDQWLo >NDQGL@ *DQGKL VÝ >F+¥ML@ FRQGLWLRQ�y >S+(QW+L@ SDQWLHV 4ÐÝ >GR5DML@ EURDG�EHOOIORZHUVÛ^o >N+RP(GL@�FRPHG\ Ì�Ý >(Q¥ML@ HQHUJ\ôUo >O(LGL@�ODG\ w2Ý >P(VLML@ PHVVDJHGíy >OLE¥W+L@ OLEHUW\ )0¢ >VØZLF+L@�VZLWFK}ìy >N(5¥QW+L@ JXDUDQWHH )Ê¢ >VØN+(F+L@ VNHWFK	¯y >OR\DOW+L@ OR\DOW\ ]ÍÝ >V
RV(ML@ VDXVDJH
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1RQ�ZRUGV��HDFK�ERWK�ZLWK�>GL@�DQG�>ML@�£Ý�£o >NZDML�NZDGL@ ²Ý�²o >NZ(ML�NZ(GL@ðÝ�ðo >QLML�QLGL@ �Ý��o >Q\DML�Q\DGL@!Ý�!o >S\RML�S\RGL@ ÓÝ�Óo >QZ¥ML�QZ¥GL@hÝ�ho >P\DML�P\DGL@ ¾Ý�¾o >PØML�PØGL@?Ý�?o >SØML�SØGL@ ÌÝ�Ìo >NZ¥ML�NZ¥GL@¹Ý�¹o >P\XML�P\XGL@ 	Ý�	o >ORML�ORGL@<Ý�<o >OØML�OØGL@ 0Ý�0o >ZLML�ZLGL@ùÝ�ùo >VZ(ML�VZ(GL@ �Ý��o >F+ØML�F+ØGL@½Ý�½o >N+\DML�N+\DGL@ >Ý�>o >WK\¥ML�WK\¥GL@�Ý��o >S+\DML�S+\DGL@ �Ý��o >S+¥ML�S+¥GL@pÝ�po >KLML�KLGL@ 8Ý�8o >K\RML�K\RGL@�ð¢��ðy >NRQLF+L�NRQLW+L@ éÀÝ�éÀo >NLN+¥ML�NLN+¥GL@m\Ý�m\o >QDJ(ML�QDJ(GL@ Ê�Ý�Ê�o >QXDML�QXDGL@á¶Ý�á¶o >QØPZLML�QØPZLGL@ 4Ü¢�4Üy >WRSKXF+L�WRSKXW+L@QÅÝ�QÅo >PDQS+XML�PDQS+XGL@ O�¢�O�y >PDKRF+L��PDKRW+L@íù¢�íùy >S¥VZ(F+L�S¥VZ(W+L@ ¨î¢�¨îy >V(N+XF+L��V(N+XW+L@�d¢��dy >F¥WØF+L�F¥WØW+L@ ¬�Ý�¬�o >N+DF-ØML�N+DF+ØGL@ídÝ�ído >N+\RGØML�N+\RGØGL@ TêÝ�Têo >W+X5¥ML�W+X5¥GL@y<Ý�y<o >W+L5ØML�W+L5ØGL@ �®Ý��®o >S+¥QRML�S+¥QRGL@
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