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Příloha 1. Český standardizovaný překlad Snake Questionnaire (SNAQ). 
 

Přečtěte si prosím následující tvrzení a odpovězte, zda s nimi souhlasíte či nesouhlasíte. Snažte 

se vždy posoudit, jak se na Vás dané tvrzení obecně vztahuje. Pokud tvrzení z větší části platí 

nebo platí ve většině případů, odpovězte Souhlasím. Pokud naopak z větší části neplatí nebo 

neplatí ve většině případů, odpovězte Nesouhlasím. Svou odpověď označte křížkem (X) v 

odpovídajícím sloupci. 

Souhlasím Nesouhlasím 

1. Vyhýbám se parkům nebo stanování, protože by tam mohli být hadi.   

2. Kdybych měl/a v ruce hračku hada, cítil/a bych jisté obavy.   

3. Kdyby se během filmu objevil na obrazovce had, odvrátil/a bych se.   

4. Nerad se dívám na obrázky hadů v časopise.   

5. Hadi mi připadají slizcí, i když to nemusí být pravda.   

6. Rád/a pozoruju hady v zoo.   

7. Děsí mě myšlenka, že bych se měl/a dotknout neškodného hada.   

8. Když mi někdo řekne, že se v okolí vyskytují hadi, jsem nervózní a 
ostražitý/á. 

  

9. Nešel/la bych se koupat na pláž, pokud by v té oblasti byli 
v minulosti hlášeni hadi. 

  

10. Kdybych měl/a na sobě pásek z hadí kůže, necítil/a bych se příjemně.   

11. Když vidím hada, jsem napjatý/á a nervózní.   

12. Baví mě číst články o hadech a jiných plazech.   

13. Dělá se mi špatně, když vidím hada.   

14. Hadi mohou být někdy užiteční.   

15. Běhá mi mráz po zádech, když pomyslím na hady.   

16. Nevadí mi být poblíž nejedovatého hada, když je se mnou někdo, komu 
důvěřuji. 

  

17. Někteří hadi jsou na pohled přitažliví.   

18. Nevěřím, že by někdo mohl vzít do ruky hada a přitom se nebál.   

19. Způsob, jakým se hadi pohybují, mi připadá odpudivý.   

20. Nevadilo by mi dotknout se mrtvého hada dlouhým klackem.   

21. Kdybych narazil/a v lese na hada, nejspíš bych utekl/a.   

22. Hadů se bojím víc než jakéhokoliv jiného zvířete.   

23. Nechtěl/a bych cestovat do tropických zemí, protože tam žije větší 
množství hadů. 

  

24. Nepřihlásil/a bych se na biologii či podobný předmět, kdybych si 
myslel/a, že budu muset pitvat hady. 

  

25. Nebojím se nejedovatých hadů.   

26. Bojím se nejen hadů, ale znervózňují mě také červi a většina plazů.   

27. Hadi jsou velmi elegantní zvířata.   

28. Nemyslím si, že se bojím hadů víc než běžní lidé.   

29. Nechtěl/a bych už příběh dále sledovat, pokud by se v ději objevilo 
něco o hadech. 

  

30. I kdybych šel/šla pozdě na velmi důležitou schůzku, nešel/la bych 
zkratkou přes louku, kdybych si myslel/a, že tam mohou být hadi. 
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Příloha 2. Český standardizovaný překlad Disgust Scale - Revised (DS-R). 

 
Rozhodněte prosím u následujících tvrzení, do jaké míry s nimi souhlasíte či nesouhlasíte, jak 
moc jsou pro Vás pravdivá. Svou odpověď pro každé tvrzení vyznačte zakroužkováním čísla 
(0-4) z následující škály: 
 

0 = Výrazně nesouhlasím (velmi nepravdivé) 
1 = Částečně nesouhlasím (spíše nepravdivé) 

2 = Něco mezi (ani souhlas, ani nesouhlas) 
3 = Částečně souhlasím (spíše pravdivé) 

4 = Výrazně souhlasím (velmi pravdivé) 
 

1. Za určitých okolností bych byl/a ochoten/na sníst opičí maso. 0    1    2    3    4 

2. Vadilo by mi, kdybych na hodině biologie viděl/a lidskou ruku 
naloženou v láhvi. 

0    1    2    3    4 

3. Vadí mi, když někdo vykašlává hleny. 0    1    2    3    4 

4. Nikdy se nedotýkám žádnou části svého těla záchodového prkýnka na 
veřejných toaletách. 

0    1    2    3    4 

5. Raději bych si zašel/la, abych nemusel/a jít přes hřbitov. 0    1    2    3    4 

6. Nevadilo by mi vidět švába v cizím domě. 0    1    2    3    4 

7. Nesmírně by mi vadilo dotknout se mrtvoly. 0    1    2    3    4 

8. Když vidím někoho zvracet, dělá se mi špatně od žaludku. 0    1    2    3    4 

9. Pravděpodobně bych nešel/la do své oblíbené restaurace, kdybych 
zjistil/a, že je kuchař nachlazený. 

0    1    2    3    4 

10. Vůbec by mi nevadilo, kdybych viděl/a člověka, jak si z očního důlku 
vyndavá skleněné oko.   

0    1    2    3    4 

11. Vadilo by mi, kdyby mi v parku přeběhla přes cestu krysa. 0    1    2    3    4 

12. Raději bych snědl/a kus ovoce než kus papíru. 0    1    2    3    4 

13. I kdybych byl/a hladový/á, nesnědl/a bych svoji oblíbenou polévku, 
kdyby byla zamíchaná použitou, ale pečlivě umytou plácačkou na 
mouchy. 

0    1    2    3    4 

14. Vadilo by mi spát v hezkém hotelovém pokoji, kdybych věděl/a, že 
v něm předchozí noc zemřel muž na infarkt. 

0    1    2    3    4 
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Za jak odporné byste považoval/a následující situace?  

Svou odpověď pro každé tvrzení vyznačte zakroužkováním čísla (0-4) z následující škály:  
 

0 = Nijak odporné 
1 = Mírně odporné 

2 = Středně odporné 
3 = Velmi odporné 

4 = Nesmírně odporné   
 

 

 

  

15. V popelnici uvidíte červy lezoucí po kusu masa. 0    1    2    3    4 

16. Vidíte někoho, jak jí jablko nožem a vidličkou. 0    1    2    3    4 

17. Když jdete podchodem pod železnicí, ucítíte moč. 0    1    2    3    4 

18. Dáte si doušek minerálky a pak si uvědomíte, že jste se napil/a ze 
sklenice, ze které již pil váš známý. 

0    1    2    3    4 

19. Kočka vašeho kamaráda zemřela a vy musíte její mrtvé tělo zvednout 
holýma rukama. 

0    1    2    3    4 

20. Vidíte někoho, jak si dá kečup na vanilkovou zmrzlinu a sní ji. 0    1    2    3    4 

21. Vidíte člověka po nehodě, který má vyhřezlá střeva. 0    1    2    3    4 

22. Zjistíte, že váš kamarád si mění spodní prádlo jen jednou za týden. 0    1    2    3    4 

23. Kamarád vám nabídne čokoládu ve tvaru psího hovínka. 0    1    2    3    4 

24. Náhodou se dotknete popelu z člověka, který byl zpopelněn. 0    1    2    3    4 

25. Chystáte se vypít sklenici mléka, když ucítíte, že je zkažené. 0    1    2    3    4 

26. Během sexuální výchovy jste požádán, abyste pomocí svých úst 
nafoukl nový nelubrikovaný kondom. 

0    1    2    3    4 

27. Jdete bosý/á po betonu a šlápnete na žížalu. 0    1    2    3    4 
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Příloha 3. Český standardizovaný překlad Spider Questionnaire (SPQ). 

 

Přečtěte si následující tvrzení a odpovězte, zda s nimi souhlasíte či nesouhlasíte. Snažte se vždy 

posoudit, jak se na Vás dané tvrzení obecně vztahuje. Pokud tvrzení z větší části platí nebo 

platí ve většině případů, odpovězte Souhlasím. Pokud naopak z větší části neplatí nebo neplatí 

ve většině případů, odpovězte Nesouhlasím. Svou odpověď prosím označte křížkem.                 

Souhlasím  Nesouhlasím 

1. Vyhýbám se parkům nebo stanování, protože by tam mohli být pavouci.   

2. Kdybych měl/a v ruce hračku pavouka, cítil/a bych jisté obavy.   

3. Kdyby se během filmu objevil na obrazovce pavouk lezoucí po člověku, 
odvrátil/a bych se. 

  

4. Nerad se dívám na obrázky pavouků v časopise.   

5. Když je na stropě nad mou postelí pavouk, nemůžu jít spát, dokud ho někdo 
jiný nezabije. 

  

6. Rád/a pozoruju pavouky, jak staví sítě.   

7. Děsí mě myšlenka, že bych se měl/a dotknout neškodného pavouka.   

8. Když mi někdo řekne, že se v okolí vyskytují pavouci, jsem nervózní a 
ostražitý/á. 

  

9. Nešel/la bych pro něco do sklepa, kdybych si myslel/a, že tam mohou být 
pavouci. 

  

10. Kdyby pavouk vylezl z boty, kterou jsem vytáhl/a z botníku, abych si ji obul/a, 
cítil/a bych se nepříjemně. 

  

11. Když vidím pavouka, jsem napjatý/á a nervózní.   

12. Baví mě číst články o pavoucích.   

13. Dělá se mi špatně, když vidím pavouka.   

14. Pavouci mohou být někdy užiteční.   

15. Běhá mi mráz po zádech, když pomyslím na pavouky.   

16. Nevadí mi být poblíž neškodného pavouka, když je se mnou někdo, komu 
důvěřuji. 

  

17. Někteří pavouci jsou na pohled přitažliví.   

18. Nevěřím, že by někdo mohl vzít do ruky pavouka a přitom se nebál.   

19. Způsob, jakým se pavouci pohybují, mi připadá odpudivý.   

20. Nevadilo by mi dotknout se mrtvého pavouka dlouhým klackem.   

21. Kdybych narazil/a na pavouka při úklidu půdy, nejspíš bych utekl/a.   

22. Pavouků se bojím víc než jakéhokoliv jiného zvířete.   

23. Nechtěl/a bych cestovat do Mexika nebo Střední Ameriky kvůli většímu 
výskytu sklípkanů. 

  

24. Dávám si pozor, když nakupuji ovoce, protože banány mohou lákat pavouky.   

25. Nebojím se nejedovatých pavouků.   

26. Nepřihlásil/a bych se na biologii nebo podobný předmět, kdybych si 
myslel/a, že budu zacházet s živými pavouky. 

  

27. Pavoučí sítě vypadají velmi umělecky.   

28. Nemyslím si, že se bojím pavouků víc než běžní lidé.   

29. Nechtěl/a bych už příběh dále sledovat, pokud by se v ději objevilo něco o 
pavoucích.  

  

30. I kdybych šel/šla pozdě na velmi důležitou schůzku, nešel/la bych zkratkou 
podchodem, kdybych si myslel/a, že tam mohou být pavouci. 

  

31. Bojím se nejen pavouků, ale znervózňují mě i mnohonožky a housenky.   
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Příloha 4. Charakteristiky výzkumných osob ve fMRI experimentu. 
 

ID Pohlaví Věk Biolog SNAQ DS-R SNAQ 
kategorie 

DS-R 
kategorie 

SPQ Fobie z 
hadů 

Fobie z 
pavouků 

1 žena 30 1 4 59 2 3 4 0 0 

2 žena 26 1 6 45 2 2 12 0 0 

3 žena 39 1 12 57 3 3 4 1 0 

4 žena 31 0 9 40 2 2 3 0 0 

5 žena 31 1 0 36 1 2 2 0 0 

6 muž 29 0 19 35 3 1 3 0 0 

7 muž 40 0 16 20 3 1 1 0 0 

8 žena 24 0 9 37 2 2 19 0 0 

9 žena 32 0 7 59 2 3 19 0 1 

10 žena 21 1 1 17 1 1 0 0 0 

11 žena 20 0 3 61 1 3 17 0 0 

12 muž 19 0 1 62 1 3 9 0 0 

13 muž 31 0 4 52 2 3   0 0 

14 žena 22 0 0 42 1 2 3 0 0 

15 muž 30 0 3 34 1 1 4 0 0 

16 žena 29 1 12 59 3 3 1 0 0 

17 muž 24 0 2 45 1 2 20 0 0 

18 žena 23 0 9 52 2 3 7 0 0 

19 žena 27 0 8 48 2 2 4 0 0 

20 muž 27 0 5 29 2 1 10 0 0 

21 žena 26 1 1 47 1 2 0 0 0 

22 žena 25 1 1 28 1 1 1 0 0 

23 žena 23 0 9 54 2 3 18 0 0 

24 žena 26 0 27 48 3 2 5 1 0 

25 žena 29 1 18 58 3 3 22 0 1 

26 žena 31 1 0 26 1 1 14 0 0 

27 žena 41  8 33 2 1   0 0 

28 žena 87  12 24 3 1 1 0 0 

29 žena 28 0 4 47 2 2 3 0 0 

30 žena 27 0 23 63 3 3 26 0 1 

31 žena 31 0 12 52 3 3 4 0 0 

32 žena 30 0 15 15 3 1 0 1 0 

33 muž 55 0 8 44 2 2 4 0 0 

34 muž 34 1 18 49 3 2 2 0 0 

35 žena 26 0 21 35 3 1   0 0 

36 žena 20 0 0 31 1 1 0 0 0 

37 žena 20 1 1 62 1 3 15 0 0 

38 muž 54 1 0 18 1 1   0 0 

39 žena 51 0 17 54 3 3   0 0 

40 žena 21 0 3 16 1 1 0 0 0 
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41 muž 21 0 2 15 1 1 5 0 0 

42 žena 20 0 2 60 1 3 5 0 0 

43 žena 24 0 2 33 1 1 15 0 0 

44 žena 53  19 38 3 2   0 0 

45 žena 26 0 17 30 3 1 14 0 0 

46 žena 26 0 13 50 3 3 14 0 0 

47 žena 26 0 16 74 3 3 17 0 0 

48 muž 20 0 24 32 3 1   0 0 

49 žena 24 1 6 50 2 3 9 0 0 

50 žena 27 1 2 64 1 3 23 0 1 

51 žena 24 0 22 41 3 2 8 0 0 

52 žena 24 1 1 53 1 3 20 0 0 

53 žena 25 1 6 43 2 2 4 0 0 

54 muž 46 0 2 42 1 2 13 0 0 

55 žena 23 1 3 29 1 1 19 0 0 

56 žena 23 1 3 74 1 3 26 0 1 

57 žena 24 1 2 53 1 3 13 0 0 

58 žena 24 1 5 29 2 1 7 0 0 

59 muž 40 1 18 26 3 1 0 0 0 

60 žena 24 0 2 36 1 2 17 0 0 

61 žena 24 0 11 40 3 2 6 0 0 

62 muž 22  7 39 2 2 5 0 0 

63 muž 27 0 5 42 2 2 3 0 0 

64 muž 23  12 58 3 3 25 0 1 

65 žena 24 1 1 23 1 1 0 0 0 

66 žena 26 0 0 30 1 1 0 0 0 

67 žena 22  9 69 2 3 8 0 0 

68 žena 20  29 78 3 3   1 0 

69 muž 20 0 3 42 1 2 5 0 0 

70 žena 25 0 22 19 3 1 3 0 0 

71 žena 24 0 19 17 3 1 2 0 0 

72 žena 28 0 24 66 3 3 6 0 0 

73 žena 21 0 10 76 3 3 7 0 0 

74 žena 34 0 24 87 3 3 29 0 1 

75 žena 28 0 5 76 2 3 5 0 0 

76 žena 29 1 24 43 3 2 2 1 0 

77 žena 21 0 21 53 3 3 6 0 0 

78 žena 25 0 26 69 3 3 5 0 0 

79 žena 23 0 26 58 3 3 2 0 0 

80 žena 24 0 26 46 3 2 5 0 0 

81 žena 21 0 27 51 3 3 4 0 0 

82 žena 47 0 4 24 2 1 13 0 0 

83 muž 52 0 23 59 3 3 11 0 0 

84 žena 39 0 19 23 3 1 4 1 0 

85 žena 20 0 22 53 3 3 14 1 0 

86 žena 25 0 15 16 3 1 10 0 0 
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87 muž 22 0 25 56 3 3 6 0 0 

88 žena 21 0 23 21 3 1 19 0 0 

89 žena 19 0 27 68 3 3 13 0 0 

90 žena 21 0 19 52 3 3 5 0 0 

91 žena 28 1 4 60 2 3 1 0 0 

92 žena 36 1 17 62 3 3 18 1 0 

93 žena 26 1 3 26 1 1 14 0 0 

94 žena 38 1 0 25 1 1 8 0 0 

95 žena 23 0 0 46 1 2 20 0 1 

96 žena 24 1 1 57 1 3 20 0 1 

97 žena 44 0 3 40 1 2 16 0 1 

98 žena 21 1 1 39 1 2 19 0 1 

99 žena 19 0 16 50 3 3 20 0 1 

100 žena 22 0 3 34 1 1 20 0 1 

101 žena 21 1 2 53 1 3 21 0 0 

102 žena 32 0 2 37 1 2 19 0 1 

103 žena 49 0 10 34 3 1 25 0 1 

104 žena 19 0 4 53 2 3 22 0 1 

105 žena 28 0 1 58 1 3 22 0 1 

106 žena 21 0 18 57 3 3 26 0 1 

107 žena 58 0 23 54 3 3 4 1 0 

108 žena 24 1 22 45 3 2 1 1 0 

109 žena 20 1 28 29 3 1 6 1 0 

110 žena 51 0 24 56 3 3 10 1 0 

111 žena 34 0 26 27 3 1 1 1 0 

112 žena 27 0 26 38 3 2 8 1 0 

113 žena 43 0 25 37 3 2 1 1 0 

114 žena 21 1 28 69 3 3 19 1 0 

115 žena 47 1 22 43 3 2 1 1 0 

116 žena 33 0 28 55 3 3 5 1 0 

117 žena 22 0 22 60 3 3 4 1 0 

118 žena 24 0 9 59 2 3 20 0 1 

119 žena 30 0 7 55 2 3 25 0 1 

120 žena 40 0 0 27 1 1 25 0 1 

121 žena 29 0 26 48 3 2 2 1 0 

122 žena 42 0 25 59 3 3 5 1 0 

123 žena 28 0 23 64 3 3 3 1 0 

124 žena 22 0 8 46 2 2 23 0 1 

125 žena 58 0 24 73 3 3 6 1 0 

126 žena 22 0 22 52 3 3 5 1 0 

127 žena 22 0 22 55 3 3 15 1 0 

128 žena 23 0 24 60 3 3 6 1 0 

129 žena 27 0 23 62 3 3 4 1 0 

130 žena 21 0 21 60 3 3 11 1 0 

131 žena 23 0 24 55 3 3 12 1 0 

132 žena 25 0 22 51 3 3 8 1 0 
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133 žena 23 0 22 59 3 3 2 1 0 

134 žena 27 0 21 65 3 3 11 1 0 

135 žena 36 0 21 33 3 1 3 1 0 

136 žena 26 0 26 76 3 3 3 1 0 

137 žena 22 0 30 88 3 3 25 1 0 

138 žena 65 0 27 65 3 3 17 1 0 

139 žena 40 0 26 76 3 3 14 1 0 

  



17 
 

Příloha 5. Strukturovaný klinický rozhovor pro diagnostiku specifické fobie z hadů. 

 

1. Jak velký strach ve Vás vzbuzují hadi na škále od 1 do 7? 

2. Je podle Vás tento strach nepřiměřený, přehnaný? ANO – NE 

3. Bojíte se setkání s hadem natolik, že se mu snažíte vyhýbat? ANO – NE  

4. Jak byste reagoval/a v případě, že byste se s hadem setkala náhle (nebyla by možnost se 

mu vyhnout)? 

5. Jak byste se cítil v místě, kde by momentálně žádný had nebyl, ale věděl byste, že se tam 

může vyskytnout?  

6. Omezuje Vás nějak tento nadměrný strach z hadů v běžném životě (fungování v práci, 

vztazích, …)? ANO – NE (pokud ano, tak jak). 

Pro diagnostiku fobie z hadů musí člověk odpovědět na otázku 1 alespoň ‘6‘ a na otázky 2, 

3 a 6 musí odpovědět ‘ANO‘. 

Doplňující otázky: 

7. Od kolika let máte takový strach z hadů?  

8. Vyvolala ho nějaká konkrétní událost (setkání s hadem, kousnutí, film, …)? 

9. Má někdo u Vás v rodině nadměrný strach z hadů? 

10. Jak často za poslední rok se Vám stalo, že jste prožíval/a silný strach z hadů? 

11. Čeho se nejvíc bojíte v případě setkání s hadem? 

12. Strach pociťuji při: 

 a) samotném pomyšlení na hady   ANO – NE 

 b) čtení textu o hadech (slovní podněty) ANO – NE 

 c) sledování obrázků/fotografií hadů  ANO – NE 

 d) sledování videa/filmu s hady  ANO – NE 

 e) kontaktu s živým hadem   ANO - NE 
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Příloha 6. Strukturovaný klinický rozhovor pro diagnostiku specifické fobie z pavouků. 

 

1. Jak velký strach ve Vás vzbuzují pavouci na škále od 1 do 7?  

2. Je podle Vás tento strach nepřiměřený, přehnaný? ANO – NE 

3. Bojíte se setkání s pavoukem natolik, že se mu snažíte vyhýbat? ANO – NE 

4. Jak byste reagoval/a v případě, že byste se s pavoukem setkala náhle (nebyla by možnost 

se mu vyhnout)? 

5. Jak byste se cítil v místě, kde by momentálně žádný pavouk nebyl, ale věděl byste, že se 

tam může vyskytnout?  

6. Omezuje Vás nějak tento nadměrný strach z pavouků v běžném životě (fungování v práci, 

vztazích, …)? ANO – NE (pokud ano, tak jak). 

Pro diagnostiku fobie z hadů musí člověk odpovědět na otázku 1 alespoň ‘6‘ a na otázky 2, 

3 a 6 musí odpovědět ‘ANO‘. 

Doplňující otázky: 

7. Od kolika let máte takový strach z pavouků?  

8. Vyvolala ho nějaká konkrétní událost (setkání s pavoukem, kousnutí, film, …)? 

9. Má někdo u Vás v rodině nadměrný strach z pavouků? 

10. Jak často za poslední rok se Vám stalo, že jste prožíval/a silný strach z pavouků? 

11. Čeho se nejvíc bojíte v případě setkání s pavoukem? 

12. Strach pociťuji při: 

 a) samotném pomyšlení na pavouky  ANO – NE 

 b) čtení textu o pavoucích (slovní podněty) ANO – NE 

 c) sledování obrázků/fotografií pavouků ANO – NE 

 d) sledování videa/filmu s pavouky  ANO – NE 

 e) kontaktu s živým pavoukem  ANO - NE 
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Příloha 7. Seznam druhů hadů prezentovaných během vyšetření fMRI. 
 

Číslo Druh Podčeleď Emoce Průměr 
strach 

Průměr 
odpor 

1 Afrotyphlops bibroni Typhlopinae odpor 3,55 4,46 
2 Afrotyphlops lineolatus Typhlopinae odpor 3,48 4,09 
3 Anilios wiedii Typhlopinae odpor 3,27 4,29 
4 Austrotyphlops pinguis Typhlopinae odpor 3,10 4,48 
5 Austrotyphlops diversus Typhlopinae odpor 2,78 4,27 
6 Austrotyphlops guentheri Typhlopinae odpor 2,85 4,42 
7 Epictia borapeliotes a Typhlopinae odpor 3,57 4,35 
8 Epictia borapeliotes b Typhlopinae odpor 3,19 4,33 
9 Helmithophis frontalis Typhlopinae odpor 3,37 4,52 

10 Charina bottae a Typhlopinae odpor 4,23 4,67 
11 Charina bottae b Typhlopinae odpor 4,41 4,75 
12 Charina bottae c Typhlopinae odpor 4,27 4,61 
13 Charina bottae d Typhlopinae odpor 4,15 4,35 
14 Charina bottae e Typhlopinae odpor 4,26 4,72 
15 Indotyphlops braminus Leptotyphlopinae odpor 3,46 4,25 
16 Indotyphlops lazelli Leptotyphlopinae odpor 3,19 4,31 
17 Letheobia episcopus Anomalepidinae odpor 2,86 4,53 
18 Liotyphlops albirostris Charininae  odpor 3,08 4,45 
19 Liotyphlops sp. Charininae  odpor 3,26 4,06 
20 Myriopholis algeriensis Charininae  odpor 2,79 4,53 
21 Myriopholis macrorhyncha Charininae  odpor 2,79 4,41 
22 Ramphotyphlops ammodytes Charininae  odpor 2,84 4,33 
23 Ramphotyphlops australis Typhlopinae odpor 2,88 4,37 
24 Ramphotyphlops bicolor Typhlopinae odpor 2,82 4,00 
25 Ramphotyphlops bituberculatus Typhlopinae odpor 3,15 4,32 
26 Ramphotyphlops braminus a Typhlopinae odpor 2,91 4,33 
27 Ramphotyphlops braminus b Typhlopinae odpor 3,04 4,41 
28 Rena humilis Anomalepidinae odpor 2,82 4,34 
29 Tricheilostoma koppesi Anomalepidinae odpor 3,24 3,70 
30 Typhlops arenarius Typhlopinae odpor 2,78 4,39 
31 Typhlops bibroni Leptotyphlopinae odpor 3,75 4,60 
32 Typhlops bimiensis Leptotyphlopinae odpor 2,80 4,28 
33 Typhlops brongersmianus Leptotyphlopinae odpor 3,28 4,40 
34 Typhlops reticulatus Leptotyphlopinae odpor 3,27 4,38 
35 Typhlops vermicularis a Xenotyphlopinae odpor 2,78 4,30 
36 Typhlops vermicularis b Xenotyphlopinae odpor 2,87 4,47 
37 Typhlops vermicularis c Typhlopinae odpor 2,95 4,34 
38 Typhlops vermicularis d Typhlopinae odpor 2,95 4,42 
39 Xenotyphlops mocquardi a Typhlopinae odpor 2,83 4,59 
40 Xenotyphlops mocquardi b Typhlopinae odpor 2,82 4,08 

41 Agkistrodon taylori Crotalinae strach 4,98 3,19 
42 Atheris squamigera a Viperinae strach 5,03 2,81 
43 Atheris squamigera b Viperinae strach 5,10 2,90 
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44 Atheris squamigera c Viperinae strach 5,16 2,95 
45 Azemiops feae a Azemiopinae strach 5,10 3,24 
46 Azemiops feae b Azemiopinae strach 4,88 3,08 
47 Azemiops feae c Azemiopinae strach 5,06 3,19 
48 Bitis arietans a Viperinae strach 5,03 3,37 
49 Bitis arietans b Viperinae strach 5,02 3,40 
50 Bitis arietans c Viperinae strach 5,07 3,34 
51 Bitis gabonica a Viperinae strach 5,24 3,48 
52 Bitis gabonica b Viperinae strach 5,29 3,44 
53 Bitis gabonica c Viperinae strach 5,32 3,34 
54 Bitis nasicornis a Viperinae strach 5,27 3,53 
55 Bitis nasicornis b Viperinae strach 5,34 3,44 
56 Cerastes cerastes a Viperinae strach 5,27 3,57 
57 Cerastes cerastes b Viperinae strach 5,38 3,29 
58 Cerastes vipera a Viperinae strach 5,47 3,73 
59 Cerastes vipera b Viperinae strach 5,08 3,36 
60 Crotalus adamanteus a Crotalinae strach 5,41 3,38 
61 Crotalus adamanteus b Crotalinae strach 5,55 3,39 
62 Crotalus atrox Crotalinae strach 5,59 3,44 
63 Crotalus cerastes Crotalinae strach 5,29 3,39 
64 Echis carinatus multisquamata Viperinae strach 4,78 3,20 
65 Echis carinatus sochureki Viperinae strach 5,05 3,22 
66 Echis coloratus Viperinae strach 4,98 3,33 
67 Echis ocellatus Viperinae strach 4,79 3,23 
68 Montivipera xanthina Viperinae strach 5,03 3,08 
69 Protobothrops jerdonii a Crotalinae strach 5,04 3,08 
70 Protobothrops jerdonii b Crotalinae strach 5,02 3,15 
71 Protobothrops jerdonii c Crotalinae strach 5,11 3,12 
72 Pseudocerastes persicus a Viperinae strach 5,26 3,41 
73 Pseudocerastes persicus b Viperinae strach 5,30 3,56 
74 Pseudocerastes persicus c Viperinae strach 5,35 3,66 
75 Vipera ammodytes a Viperinae strach 5,04 3,17 
76 Vipera ammodytes b Viperinae strach 5,15 3,11 
77 Vipera anatolica Viperinae strach 5,13 3,17 
78 Vipera aspis Viperinae strach 4,88 3,31 
79 Vipera berus Viperinae strach 5,35 3,11 
80 Vipera orlovi Viperinae strach 5,10 3,16 

 

 

 

  

  



21 
 

Příloha 8. Analýza rozdílu v aktivaci na úrovni celého mozku u zdravých dobrovolníků při 

sledování hadů vyvolávajících strach vs. listů (strach > listy). 
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 Abstract 

Human relationship to snakes is specific and so is our reaction to them compared with other 

animals, even other reptiles. We decided to test this hypothesis using eyetracking while 

showing 24 images of reptiles (12 snakes and 12 non-snakes) to 61 respondents. The images 

were selected from a wider set as those eliciting the strongest emotional response, either fear, 

disgust, or joy (in a form of aesthetic preference), with reptiles eliciting no emotional response 

(neutral) serving as controls. The respondents were categorized according to their self-

reported fear of snakes (Snake Questionnaire) and disgust propensity (Disgust Scale-Revised) 

into high-fear and high-disgust groups. We found that although the time spent by watching 

snakes and non-snakes was the same, the subjects’ eyes were more fixed on snakes. This 

effect remained significant even after we controlled for presence or absence of visible legs. 

The emotion elicited by the stimulus also proved to be an important factor in eye movement 

patterns. While with fear-eliciting stimuli most of the attention was directed toward the 

animal’s head, people focused on both the head and tail when watching disgust-eliciting 

stimuli. We explain this pattern by the worm-like body shape of disgust-eliciting reptiles (blind 

fossorial snakes, worm lizards) without an easily recognizable head. These results suggest that 

the head is the key part of the animal body for our attention that might play an important role 

in determining what emotion the animal will elicit. The inter-individual differences in disgust 

propensity were significant only for the total dwell time on the animal, where high-disgust 

respondents tended to avoid their gaze. Differences in fear of snakes caused differences in 
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the fixation count, but not the dwell time. High-fear participants had less fixations, but the 

same dwell time, meaning they watched the stimuli more intently. We also observed less 

fixations for the same dwell time in fear-eliciting stimuli, which suggests that fear in general 

focuses our attention, but does not lead to gaze avoidance in spontaneous eye movement. 

 

Introduction 

Animals can attract our attention more than inanimate objects (New et al., 2007; Yang et al., 

2012). This phenomenon can be explained from the evolutionary perspective. Threat 

detection of fear-relevant stimuli is associated with activation of the fear module (proposed 

by Seligman, 1971 and tested by Ohman et al., 2001; 2003). Humans and other hominids have 

evolved specific attention criteria, which enabled them to distinguish animals from other 

objects and to react preferentially to animal stimuli (Ohman, 2007). Specific predator 

recognition bears an evolutionary advantage, as it allows a fast behavioural response. These 

traits may be fixed genetically in some animals including primates (Smith, 1975; Weiss et al., 

2015) and may also be enhanced by learning (Mineka et al., 1980; Cook et al., 1985; Cook et 

al., 1989). Reptiles, especially snakes, represented constant threat during primate evolution 

(Isbell, 2006; Landová et al., 2018). Attentional bias to snakes associated with emotional 

activation and control involves specific circuits in the brain of humans and other primates most 

likely due to a long co-evolutionary history of snakes and human ancestors (Isbel, 2006; 

Ohman et al., 2012; Van Le et al., 2013), which helps process better these specific stimuli and 

results in a quick and appropriate solution of the approach/avoidance task in front of snakes. 

Reptiles, and especially snakes, represent emotionally salient stimuli that evoke fear and 

disgust in humans (Janovcová et al., 2019; Rádlová et al., 2019). Both fear and disgust are 

considered to be basic emotions, with a universal distinctive facial expression and 

physiological response in humans and non-human primates (Ekman, 1992). From a biological 

perspective, the two emotions are similar as their purpose is to induce an adaptive reaction 

to life-threatening stimuli, increasing the chances of survival (Rádlová et al., 2020). However, 

fear allows quick decision-making in danger of a predation attempt, while disgust may help 

avoid disease-transmitting agents (e.g., some parasites or poisonous food; Curtis, 2011). 

Moreover, some species of reptiles are preferred on the basis of aesthetic criteria and are 

considered beautiful (Frynta et al., 2009, Frynta et al., 2011, Janovcová, 2015; Marešová et al., 

2009; Frynta et al., 2010; Landová et al., 2012; Landová et al., 2018). Beauty and positive affect 
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may attract attention to animals in general (i.e. including the ones that are neither fear- nor 

disgust-relevant) in attentional visual detection tasks (Tipples et al., 2002; Lipp et al., 2004).  

Taxonomically, Reptilia comprises two major clades: Testudines (tortoises and turtles) and 

Diapsida (various lizards, tuataras, snakes, crocodiles, and also birds). Diapsida further splits 

into Lepidosauria (comprising Squamata and Rhynchocephalia) and Archosauria (comprising 

Crocodylia and Aves). The precise position of Testudines within Diapsida is uncertain (Rieppel, 

1996). They may be a sister group of either lepidosaurs (Lyson et al., 2011) or archosaurs 

(Chiari et al., 2012). In human perception, reptiles form a separate, clearly defined cognitive 

and ethnozoological category. For the purpose of this study, we follow Janovcová et al. (2019) 

and use reptiles in the traditional sense, therefore excluding birds, which present a separate 

category in research of human relationship to animals (Berlin, 2014). More precisely, we will 

further use the term “reptiles” as a paraphyletic group of Reptilia excluding birds and extinct 

species. However, humans do not perceive reptiles as a homologous group either and the 

most distinctive and separate category are snakes (Janovcová et al., 2019).  

Janovcová et al. 2019 showed that the most feared non-snake reptiles were those with legs 

(lizards, turtles, and crocodiles); on the other hand, legless animals tended to be perceived as 

more disgusting. Moreover, there was a negative correlation between perceived beauty and 

disgust. Reptile species perceived as the least beautiful were the same as those rated as the 

most disgusting. The correlation between fear and disgust was negative in all reptiles, the 

most fear-eliciting species at the same time evoked only little disgust. Interestingly, positive 

correlation between fear and beauty of snakes was revealed, i.e. the most feared species also 

tend to be perceived as beautiful. This tight correlation between fear and beauty was found 

only in snakes (Landová et al., 2018), but not the non-snake reptiles (Janovcová et al., 2019). 

However, there are many animals with a similar body shape (e.g., legless lizards) who pose no 

real threat to humans, and there are also many snake species that do not resemble the general 

representation of snake, e.g., fossorial snakes resembling worms (Rádlová et al., 2019). The 

question remains how specific snakes really are within the scope of other reptiles and whether 

a certain feature for identifying an animal as a snake can be determined. 

Snakes (sensu Ophidia) have been dangerous for human ancestors (Isbell, 2006; Isbell, 2009) 

and still represent a serious risk for humans (review in Valenta, 2008; Chippaux, 1998). Every 

year, 4.5–5.4 million people are bitten by snakes worldwide and the estimated death toll 

ranges from 81,000 to 138,000 (World Health Organization, 2019). Another 400,000 victims 
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suffer major disabilities such as amputations (World Health Organization, 2019). Therefore, 

snakebites have been recently claimed the world’s biggest and grossly underestimated hidden 

health crisis (Fry, 2018). This lays foundation for a specific human relationship to snakes. 

The specificity of snake stimuli is a well-studied fact, with numerous research papers about 

the human response to snakes (McNally, 1987; Ohman et al., 2001; DeLoache et al., 2009; 

Ohman et al., 2014; Grassini et al., 2016; Penkunas et al., 2013). There is an extensive line of 

evidence showing how the specific fear response increases chances of early visual detection 

and appropriate avoidance. First, snakes are detected faster than neutral stimuli in visual 

search tasks (Lobue et al., 2011; Fox et al., 2007). The snakes capture our visuo-spatial 

attention and are detected faster than other neutral stimuli like flowers or mushrooms, but 

not faster than other (ontogenetic) threats such as guns (Lobue et al., 2011; Fox et al., 2007). 

This privileged attentional processing of snake stimuli works, especially compared with 

spiders, in peripheral vision or when the stimuli are presented for a very short time (less than 

300ms) or appear unexpectedly (reviewed in Ohman 2009; Ohman et al., 2012; Soares et al., 

2014). Second, both videos and pictures of snakes elicit a measurable psychophysiological 

response in humans (Ohman et al., 1994; Dimberg et al., 1998; Flykt et al., 2006; Courtney et 

al., 2009; Dawson et al., 2010; Flykt et al., 2017); e.g., Schaefer et al. (2014) found that videos 

of snakes, especially those in an attacking posture, elicit a higher skin conductance fear 

response than fish. Deweese et al. (2014) found intense hypervigilance to snake pictures when 

compared to other unpleasant stimuli as demonstrated using electrophysiological 

measurements of steady-state visual evoked potentials (ssVEPs). In their study, compared 

with other unpleasant stimuli, snake distractors elicited a sustained attenuation of task-

evoked ssVEPs amplitude, showing a higher involvement of early visual cortex when snakes 

were presented. Van Strien et al. (2014) recorded event related potentials and they found that 

snake pictures captured more early attention than spiders or birds (there was larger amplitude 

of early posterior negativity, EPN). Moreover, in another experiment, these authors showed 

that EPN was significantly larger for snake pictures than for crocodiles and turtles (Van Strien 

et al., 2014). Third, startle reactions to snakes described by many herpetologists may present 

an evolutionary advantage for avoiding snakebites (Penkunas et al., 2013) and appear in other 

primates as well (Ramakrishnan et al., 2005; Zamma, 2011). 

Visual attention is frequently tested using various experimental settings, either using an 

eyetracking device (e.g., LoBue et al., 2014; Haberkamp et al., 2018) or measuring the reaction 
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time, which is usually done by pressing a button (Waters et al., 2008) or touching a 

touchscreen (Zsido et al., 2019) as quickly as possible whenever the correct stimulus is 

detected (LoBue et al., 2014). Another frequently used method is the flicker task, during which 

the respondents detect a minor change that occurs within two consecutively presented 

images, interspaced with an empty-screen stimulus (McGlynn et al., 2008; see also Mayer et 

al., 2006). However, visual attention is affected by many stimulus traits that are usually not 

the focus of the experiment, e.g., color (Frey et al., 2008; Frey et al., 2011), shape (Turatto et 

al., 2000), complexity (Pilelienė et al., 2016), or pattern and luminance contrast (Einhäuser et 

al., 2003). Whenever there are more than one stimulus presented at once, other factors 

influencing visual attention need to be considered, including (but not limited to) eccentricity 

(Bindemann, 2010), lateralization (Hairol et al., 2010; Kovic et al., 2009), or visual 

similarity/dissimilarity (Arun, 2012) with other presented objects. Even the given task or 

context within which the stimuli are presented may influence the overt attention. For 

example, Flowe et al. (2013) found that guns did not attract more attention than other 

unexpected objects and argue that the reason why guns were found as preferentially attended 

in other studies may be simply because they were unexpected within the given context. Thus, 

it is very important to heed a large number of factors that may influence the results when 

designing an experiment measuring visual attention. 

In our eye-tracking experiment, we chose to measure a simple spontaneous visual reaction to 

individually presented reptile (snake/non-snake) stimuli. This simple method is exempt from 

a majority of the pitfalls mentioned above, excluding the low-level visual features, which were 

controlled for in our study, and provides relatively consistent results regardless of the given 

task (Kovic et al., 2009); but simultaneously allows for a comparison of the total looking time 

(dwell time) and number of fixations to the animals of defined categories (fear-, disgust-, joy-

evoking snakes/non-snakes). The dwell time has been already found to be correlated with 

preference (Glaholt et al., 2009) and, in our study, it can reveal whether the respondents 

dodge their gaze away from the unpreferred, feared, or disgusting animals. Moreover, this 

method allows for the measurement of overt attention allocated to specific body parts of the 

depicted animals (e.g., are the respondents focusing their gaze more to the head or tail of the 

animal?). 

Aims 
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This study aims to analyze differences in eye movement patterns from two points of view, 

resulting in three main goals. We hypothesize that snakes represent a separate category and 

are perceived differently from other reptiles, therefore our first aim is to test whether eye 

movement patterns differ between snakes and non-snake reptiles. The second goal focuses 

on characteristics of the emotionally salient stimuli and its aim is to determine whether there 

are differences in eye movement patterns in response to snakes or other reptiles eliciting 

different emotions. The third goal is focused on variability among respondents and whether 

there are differences in reactions between respondents with different levels of snake fear and 

general disgust propensity (as measured by standardized scales). 

 

Material and methods 

Respondents 

Each respondent completed the Snake Questionnaire (SNAQ:  Klorman et al., 1974; Czech 

translation: Polák et al., 2016) and Disgust Scale-Revised (DS-R: Haidt et al., 1994; modified 

by Olatunji et al., 2007; Czech translation: Polák et al., 2019). Consistently with our previous 

studies (Polák et al., 2016; Polák et al., 2019), those who scored at the 75th percentile (score 

8) or higher on the SNAQ were classified as “high-fear” respondents (n = 25). Similarly, those 

scoring at the 75th percentile (score 52) or above on the DS- R were classified as “high-disgust” 

respondents (n = 23). The rest of the participants were classified as “low-fear” (n = 36) and/or 

“low-disgust” (n = 38) respondents, respectively. 14 respondents qualified as both high-fear 

and high-disgust. By choosing the upper quartile, we could balance between an individual fear 

level significant enough to discover its potential effect and a statistically sufficient number of 

subjects within the high- fear category. Mean age was 27.36, age range was 18 - 63 years. 

Stimuli 

We used the same stimuli in both experiments – 24 standardized photographs of reptiles (for 

a list, see Table 1). We chose three snakes and three non-snake reptiles from the following 

four categories: reptiles eliciting 1) fear, 2) disgust, 3) neutral emotions, and 4) reptiles 

perceived as beautiful. The stimuli were chosen from the sets used in Janovcová et al. (2019). 

These are two sets, each consisting of 127 standardized pictures corresponding to 127 

currently recognized clades (families/subfamilies) of reptiles. The depicted species were 

randomly selected from extant species belonging to each particular clade. We asked 70 

respondents to pick five stimuli they would be afraid of, then five stimuli they find disgusting, 
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and finally five stimuli they find beautiful. Fear- and disgust-eliciting stimuli for this experiment 

were chosen as follows: from the top 10 % of stimuli most often picked as eliciting the 

respective emotion, we chose three snakes and three non-snakes. We chose species that the 

respondents had not reported as strongly eliciting the other emotion (had not been picked 

more than five times according to fear for disgust-eliciting stimuli, or disgust for fear-eliciting). 

Especially in snakes, beauty can be associated with fear (Janovcová et al., 2019), therefore to 

best represent aesthetically preferred animals, we selected those stimuli that did not elicit 

fear and were only perceived as beautiful. Beautiful stimuli were those that had not been 

among 10 % of the most often picked as fear- and disgust-eliciting. From these, we chose 10 

% of the most often picked as beautiful and selected three snakes and three non-snakes for 

this experiment. Neutral stimuli were those that had never been picked for either of the three 

emotions. In all cases, we aimed to choose those species that also represented well the 

taxonomical variability within the category specified by the above mentioned criteria. In 

another study, Janovcová et al. (2019) provided rating of each stimulus on a Likert scale 

according to beauty, disgust, and fear (see Table 1). 
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Table 1: The overview of the stimuli. The Likert scores are from Janovcová et al. (2019). 

Species Snake/non-snake Legs Category Fear Disgust Beauty 

Uracentron azureum Non-snake Yes Beauty 1.92 1.63 6.21 
Chelonia mydas Non-snake Yes Beauty 1.32 1.15 6.44 
Anolis punctatus Non-snake yes Beauty 1.76 1.7 6.03 
Epicrates crassus Snake No Beauty 4.67 3.45 4.78 
Psammophylax rhombeatus Snake No Beauty 4.09 3.43 4.6 
Blythia reticulata Snake No Beauty 4.65 3.68 4.43 
Anelytropsis papillosus Non-snake No Disgust 3.93 5.16 2.05 
Bipes biporus Non-snake No Disgust 3.53 5.43 1.98 
Rhineura floridana Non-snake No Disgust 3.73 5.44 1.78 
Xenotyphlops mocquardi Snake No Disgust 3.51 5.17 2.21 
Austrotyphlops pinguis Snake No Disgust 3.91 4.79 2.47 
Helminthophis frontalis Snake No Disgust 4.25 4.77 2.71 
Macrochelys temminckii Non-snake Yes Fear 3.36 3.3 4.21 
Varanus komodoensis Non-snake Yes Fear 3.77 2.13 5.16 
Crocodylus moreletii Non-snake Yes Fear 5.1 2.28 5.16 
Protobothrops jerdonii Snake No Fear 5.48 3.52 5.74 
Azemiops feae Snake No Fear 4.95 3.51 5.34 
Pseudocerastes persicus Snake No Fear 5.54 3.65 4.38 
Anniella geronimensis Non-snake No Neutral 3.9 4.28 3.15 
Tetradactylus ellenbergeri Non-snake No Neutral 3.91 3.69 3.83 
Pletholax gracilis Non-snake No Neutral 4.28 3.83 3.96 
Prosymna stuhlmannii Snake No Neutral 4.2 3.98 3.17 
Macrocalamus lateralis Snake No Neutral 4.35 3.93 3.14 
Buhoma vauerocegae Snake No Neutral 4.66 3.8 3.48 

 

Eyetracking experiment 

The stimuli (see above) were in 300 DPI resolution, presented on a 19-inch monitor (Full HD 

resolution, refresh rate 60 Hz) which was situated 70 cm from the respondent. The location of 

respondent’s head was fixed using a chinrest. The stimuli were presented to each respondent 

one by one in random order.  Eye movements were recorded with the EyeLink1000 eye-

tracking device, the experimental setup was designed using the Experiment Builder (SR-

Research). At the beginning of each presentation, the respondent answered four questions: 

age, gender, whether he/she was right- or left-handed and his/her country of origin. The 

device was calibrated using the manufacturer’s procedure when the respondent is asked to 

look at 9 points, successively appearing on the screen randomly at nine different locations 

(centre of the screen, corners, centres of the edges). The calibration was validated using the 

same method of displaying the points and comparing the predicted eye position with the 
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tracking data. The maximal allowed error was 1o of the visual angle and average allowed error 

was 0.5o. If the error during validation was higher than allowed, the device was adjusted and 

calibration and validation were repeated. Once the validation was completed, the stimuli were 

presented for 5 seconds (trial). A drift check was performed before each stimulus. The data 

were extracted using the DataViewer (SR-Research). We extracted the total number of 

fixations during the trial (fixation count), the total time the respondent was watching the area 

of the stimulus (dwell time). We also recorded the fixation count and dwell time for five 

interest areas (IAs) – head, tail, front legs (or the first third of the body), hind legs (or the last 

third of the body) and the centre of the body. All these IAs were circular, had the same area, 

and did not overlap in any of the stimuli. 

 

Figure 1. The interest areas  (IAs) on a snake (Psammophylax rhombeautus). The IAs are 

delineated by orange circles, fixations of a participant are marked as blue circles (their 

diameter is proportional to the duration of fixation). In snakes, the IA labelled as “front legs” 

was situated approximately in one third of the body length, the IA labelled as “hind legs” was 

situated in two thirds of the body length.  
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Statistical analysis 

We employed a generalized estimating equations model for Poissson distribution (geeglm 

command in R, package geepack) for the total fixation count with order of the stimulus in the 

presentation (trial order), the presence or absence of visible legs, whether the reptile was a 

snake or not, whether the respondent was high- or low-fear and high- or low-disgust, and the 

type of stimulus (neutral, fear evoking, disgust evoking, beautiful) as fixed factors and 

participant’s ID as a random factor. We also used the same fixed and random factors for a 

geeglm model explaining the fixation count for the individual IAs (head, front legs, hind legs, 

middle of the body, tail) and for a generalized least square (GLS) model (as implemented in 

the package nlme in R, command gls) for the total dwell time on the stimulus and the 

proportion of fixation count concentrated on the head IA, computed as the number of 

fixations on the head divided by the total number of fixations for the whole trial, arcsin 

transformed. The non-significant fixed factors were removed from the full GLS models and the 

reduced and full models were compared with ANOVA to ensure that the reduced model 

explains the same variability as the full one. 

 

Results 

Eyetracking experiment 

The gls model for the trial dwell time contained two variables – order of the stimulus in the 

presentation (trial order) (F = 20.288, p < 0.001) and disgust propensity of the respondent (F 

= 4.625, p = 0.032). The stimuli presented later (t-value = - 4.516, p < 0.001) and high-disgust 

respondents (t-value = 2.151, p = 0.032) had shorter dwell time. 

The geeglm model for the overall fixation count yielded three significant variables – the 

reptilian type (snake/non-snake, df = 1, X2 = 19.36,  p < 0.0001), respondent’s fear (high/low 

fear, df = 1, X2 = 6.98,  p = 0.0082), and the stimulus type (neutral/fear evoking/disgust 

evoking/ beautiful, df = 3, X2 = 31.24,  p < 0.0001). The participants had more fixations when 

looking at non-snake stimuli (estimate = 0.032, p < 0.0001) and low-fear respondents had 

more fixations than the high-fear ones (0.0082). Compared to the neutral stimuli, beautiful 

stimuli did not differ significantly in the number of fixations (p = 0.57), but disgust-evoking 

stimuli had significantly more fixations (p = 0.03) and fear-evoking stimuli had significantly less 

fixations (p = 0.0015). 
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In the models for individual IAs, the stimulus type and presence/absence of legs was significant 

for all the IAS, while the respondent’s fear level and disgust propensity were not significant 

for any of the IAs. The reptilian type (snake/non snake) was significant for all IAs except the 

“hind legs” IA. The trial order was significant only for the middle of the body and the “hind 

legs” IA. 

The model analysing proportion of fixations concentrated on the head area yielded similar 

results. In concordance with previous analyses, it showed a significant effect of 

presence/absence of legs (F = 23.032; p < 0.001), reptilian type (F = 35.722; p < 0.001), and 

the stimulus type (F = 8.541; p < 0.001). We did not find a significant effect of either fear or 

disgust of the respondent (p > 0.05). 

Legless animals had a larger proportion of fixations on the head area (t-value = 2.883; p = 

0.004). Non-snakes had less fixations on the head than snakes (t-value = -3.388; p = 0.001). All 

emotionally salient stimuli had more fixations on the head area than neutral animals (disgust 

eliciting: t-value = 2.597; p = 0.01; beautiful: t-value = 3.047; p = 0.002; fear eliciting: t-value = 

4.996; p < 0.001). 

 

Table 2: Geeglm models for individual interest areas. Trial = trial order; Legs = 

presence/absence of legs; Type = snake/non-snake; HF/LF = high/low fear respondents; HD/LD 

= high/low disgust respondents; Stimulus = beautiful/fear-eliciting/disgust-eliciting / neutral. 

 Head Tail Front legs Hind legs Middle 

Trial X2 = 0.27 X2 = 1.3 X2 = 1.4 X2 = 8.3 X2 = 6 

 p = 0.605 p = 0.25 p = 0.236 p = 0.004 p = 0.018 

Legs X2 = 18.10 X2= 102.7 X2 = 11.1 X2 = 166.0 X2 = 352  

 p < 0.001 p < 0.001 p < 0.001 p < 0.001 p < 0.001 

Type X2 = 18.45 X2 = 98.4 X2= 80.8 X2 = 3.6 X2 = 43 

 p < 0.001 p < 0.001 p < 0.001 p = 0.058 p < 0.001 

HF / LF X2 = 4.41 X2 = 2.2 X2 = 0.3 X2 = 2.7 X2 = 2 

 p = 0.036 p = 0.14 p = 0.596 p = 0.097 p = 0.121 

HD / LD X2 = 1.06 X2 = 0 X2 = 0 X2 = 0.2 X2 = 0 

 p = 0.304 p = 0.98 p = 0.901 p = 0.642 p = 0.838 

Stimulus X2 = 28.27 X2 = 287.2 X2 = 186.7 X2 = 77.4 X2 = 70 

 p < 0.001 p < 0.001 p < 0.001 p < 0.001 p < 0.001 
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Figure 2. Heat map of fixations on a fear-eliciting snake (Azemiops feae). The red colour 

indicates the area with most fixations. In fear-eliciting snakes, most fixations are concentrated 

on the head area, while the tail area receives almost no fixations. 

 

Figure 3. Heat map of fixations on a fear-eliciting non-snake (Varanus komodensis). The red 

colour indicates the area with most fixations. In fear-eliciting non-snakes, most fixations are 

concentrated on the head area compared with the tail area that receives only a few fixations. 
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Figure 4. Heat map of fixations on a disgust eliciting non-snake (Rhineura floridiana). The 

red colour indicates the area with most fixations. In disgusting stimuli, the fixations are mostly 

distributed between the head and tail area. 

 

Figure 5. Boxplot of total fixation counts for high-fear and low-fear respondents. Quartiles, 

medianes, and outliers are indicated. Low-fear respondents had more fixations, which 

suggests that they focus less on a particular feature and divide their attention to different 

parts of the stimulus.  
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Figure 6. Boxplot of fixation counts on the “tail” interest area for different stimuli categories. 

Quartiles, medianes, and outliers are indicated. Fear-eliciting stimuli focus most of the 

attention on the head, therefore the participants paid little attention to the tail area. In 

disgust-eliciting stimuli, attention is divided between the head and the tail area. 

 

Discussion 

In this study, we aimed to explore the hypothesis that humans perceive snakes as a distinct 

category within reptiles, which selectively attract visual attention. Previously, Janovcová et al. 

(2019) has analysed self-reported fear and disgust and shown that snakes elicit specific 

emotional and aesthetical preferences and are subjectively evaluated differently than other 

reptiles. Moreover, the same pattern expanded onto other species resembling snakes, like the 

worm lizards (Amphisbaenia) and legless lizards. 

Here we took rather a different approach and focused on spontaneous visual attention 

patterns to snake and non-snake reptiles or visual preferences of specific features of these 

stimuli (head, legs, other parts of the body). We hypothesize that it is their peculiar legless 

body that leads the human categorization process to place them into the broader snake-like 

category. However, a significant factor in the model analysing the overall fixation count was 

whether the animal was a snake (taxonomically) or not, regardless of the presence or absence 
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of legs. Legs were still significant in most of the models for fixation counts on different body 

parts (except for the “hind legs” interest area). This suggests that the overall attention is 

determined by whether the animal is a snake or not, but specific eye movement patterns are 

determined also by the body shape. Therefore, the absence of legs itself is not sufficient for 

attracting visual attention but should be combined with a specific snake morphotype.  

Different snake morphotypes affect human emotions and behaviour in various ways. Rádlová 

et al. (2019) in their study dealing with self-reported fear and disgust of snakes showed that 

the vipers and similar snakes evoke mainly fear. Moreover, viperids and similar snakes are 

cross-culturally perceived as fear-evoking, while blind fossorial snakes elicit little fear (Landová 

et al., 2018). The blind fossorial snakes elicit mainly disgust (Rádlová et al., 2019). 

Fear, disgust, and beauty 

There is a large amount of literature studying visual attention towards threatening animate 

objects with special focus on snakes. Snakes are detected faster among other stimuli (LoBue 

et al., 2011) and also attract attention during tasks in which they serve as distractors for 

neutral stimuli (Soares et al., 2009). EEG studies report that snake stimuli are preferentially 

processed when compared to other stimuli such as spiders and birds (Van Strien et al., 2014). 

However, the results may be biased by the employed experimental methods because visual 

attention is very sensitive to many factors, including, e.g., the context in which the stimuli are 

presented (Zsido et al., 2019). Thus, other studies show preferential reaction to animal stimuli 

in general if these are searched for among non-animate objects such as flowers and 

mushrooms (Lipp et al., 2004; but see LoBue, 2010), or preferred attention towards animals 

that are considered beautiful (Tipples et al., 2002). In general, it seems that the effect is rather 

continuous than binary, i.e. human respondents process predatory animals such as snakes and 

lions faster than reptiles (Yorzinski et al., 2014), reptiles faster than birds (Van Strien et al., 

2017), and birds faster than other, non-animate objects. Regardless of the often-ambiguous 

results, snakes seem to represent very special threatening stimuli that primarily attract 

attention in situations when number of objects competes for visual attention. But do the 

snakes also attract a specific pattern of visual saccades when being watched alone during a 

spontaneous visual task? And if so, does this pattern differ among fear-eliciting, disgust-

eliciting, and beautiful snakes? 

We detected a lower number of fixations when the participants were watching fear-eliciting 

stimuli and more fixations when watching disgust-eliciting stimuli (compared to neutral 
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reptiles eliciting no specific emotion). As the participants did not differ in their dwell time and 

did not avoid their gaze from the stimulus, having less fixations to emotionally salient stimuli 

might signify that they were more focused. There was no difference between neutral and 

beautiful stimuli in the overall number of fixations. Interestingly, we also found differences in 

the number of fixations on specific interest areas. In disgust-eliciting stimuli, attention was 

divided between the head and tail area, which might be caused by the worm-like body shape 

of the disgust-eliciting reptiles, where it is not obvious at the first glance which part of the 

body is the head and which is the tail. Interestingly, non-snake reptiles had more fixations on 

the tail area than snakes. The results also showed that all the emotionally relevant stimulus 

categories (disgust-eliciting, fear-eliciting, beautiful) had more fixations on the head 

compared with the neutral ones (for typical pattern see Fig. 3,5). These results suggest that 

the animal’s head is a crucial part of the body for our attention, which might determine the 

elicited emotion (Kovic et al., 2009; Kano et al., 2008). 

It has been repeatedly shown that high-fear individuals display a larger psychophysiological 

response when exposed to snakes compared to control stimuli (Dimberg et al., 1998) and that 

their skin conductance response to snakes is elevated compared with low-fear individuals 

under both conscious and unconscious (masked) presentation conditions (Ohman et al., 

1994). The most general outcome of this study concerning fear and disgust of respondents 

and how it can involve visual attention was that high disgust, but not high fear, participants 

avoided their gaze. Similarly in spider phobia, which is considered to be associated with high 

disgust, phobic respondents had shorter fixations than nonphobics and avoided their gaze 

from spiders (usually after initial hypervigilance; Hermans et al., 1999; Pflugshaupt, 2005; 

Rinck et al., 2006). Generally, the high-fear group had less fixations and was therefore more 

“focused” on the stimulus.  High-fear participants also showed less fixations on the head area, 

which was also true for the non-snake reptiles. 
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Background: Fear acquisition of certain stimuli, such as snakes, is thought to be rapid, resistant 

to extinction, and easily transferable onto other similar objects. It has been hypothesized that 

due to increased survival chances, preparedness to instantly acquire fear towards 

evolutionary threats has been hardwired into neural pathways of the primate brain. Here, we 

compare participants’ fear of snakes according to experience; from those who often deal with 

snakes and even suffer snakebites to those unfamiliar with snakes.  

Methods: The Snake Questionnaire-12 (SNAQ-12) and Specific Phobia Questionnaire (SPQ) 

were administered to three groups of participants with a different level of experience with 

snakes and snakebites: 1) snake experts, 2) firefighters, and 3) college students.  

Results: This study shows that individuals more experienced with snakes demonstrate lower 

fear. Moreover, participants who have suffered a snakebite (either venomous or not) score 

lower on fear of snakes (SNAQ-12), but not of all other potentially phobic stimuli (SPQ).  

Conclusions: Our results suggest that a harmless benign exposure might immunize people to 

highly biologically prepared fears of evolutionary threats, such as snakes.   

Keywords: fear of snakes; fear immunization; hypophobia; preparedness theory; snakebite; 

Snake Questionnaire 
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Background 

It has been estimated that each year, venomous snakebites kill about 94,000 people 

worldwide [1, 2]. According to the World Health Organization, the annual number of fatalities 

could be as high as 138,000, with additional 400,000 amputations and other severe health 

consequences [3]. Therefore, the WHO categorized snakebite envenomation as a highly 

neglected tropical disease with the top priority for new antivenom research. Given the threat 

posed by snakes to humans, it is no wonder that these are one of the most feared animals and 

snake phobia ranks among anxiety disorders with the highest prevalence in the general 

population [4]. Several theoretical models have been proposed to explain this widespread, 

universal pattern of snake fear. Recent models are based on Seligman’s preparedness theory of 

phobias [5], which claims that fear responses are more readily acquired to stimuli that were 

relevant to the species survival throughout evolution, such as those associated with predators 

(e.g., snakes). Individuals able to learn to fear and avoid threatening animals, object, or 

situations increased their survival chances. Consequently, these fears gradually became 

genetically fixed in the form of predisposition or preparedness to be 1) rapidly acquired and 2) 

more resistant to extinction once developed. 

Seligman’s theory triggered a large number of laboratory studies both on humans [6] and non-

human species [7-9]. For example, naïve laboratory-reared macaques without any prior 

experience with snakes acquired an intense fear response just by observing another monkey 

behaving fearfully towards a snake. In contrast, observing a fearful display to a neutral object 

such as a flower was not effective in inducing fear of flowers [7]. More recent studies suggest 

that snakes are indeed a particular class of stimuli for humans [e.g., 10-16]. The coiled snake 

body shape[13] together with diamond-shaped scales of the snakeskin [17] might be critical 

distinctive visual features able to preferentially attract heightened human attention, and this 

might be the mechanism that makes snake fear easy to acquire [18]. 

According to this concept, people with more opportunities to encounter and handle snakes 

should be more likely to learn to fear them. However, there is also a line of evidence showing 

that previous experience with real situations might give people a sense of control over it and 

thus lower their fear, possibly preventing a phobia from developing even after a future 

harmful experience [19]. This phenomenon could be referred to as fear immunization, latent 

inhibition, or fear inoculation. Fear immunization is more often related to the participant’s 

observation of other people’s non-fearful experiences (modeling), whereas latent inhibition is 
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preferably associated with a simple frequent exposure or neutral familiarity with a certain 

stimulus [20].  

In behavioral sciences, the latent inhibition refers to the retarded acquisition of a conditioned 

response that occurs if the tested participant was previously exposed to the to-be-conditioned 

stimulus without a consequence of a paired unconditioned stimulus (UCS) [21, 22]. On the 

neural level, the underlying mechanism of latent inhibition could be similar to extinction 

producing an inhibitory memory in the infralimbic cortex [23]. When subjects are exposed to 

a stimulus without a UCS, they might learn its 'irrelevance' in terms of danger, and the 

subsequent reduced acquisition of the CS-UCS association is thought to reflect the process of 

overcoming this learned irrelevance [24] or inattention [25] and stimulus familiarity [26]. For 

example, Mineka and Cook [27] showed that monkeys that had been immunized against fear 

did not acquire fear of snakes, contrary to the latent inhibition group that did. Indeed, a recent 

study [28] demonstrated that pre-exposure could limit social fear acquisition even in humans. 

Although the term fear inoculation is different from the latent inhibition, they have in common 

the idea that exposure to certain stimuli can reduce fear acquisition and might even lead to 

hypophobia (extremely reduced fear in dangerous situations; see also [29]). For example, 

people with many opportunities for a direct contact with certain stimuli, or just seeing others 

having a harmless contact with these, often develop less fear after an aversive encounter (e.g., 

snakebite) compared to people with no contact at all (or just very rare) with the same stimuli. 

This was demonstrated for fear of dogs [30] and dental fears [31, 32]. 

Even though fear of snakes is one of the most common anxieties in the general population 

[33, 34], there has been no study, to our knowledge, that would examine fear inoculation 

towards snakes in humans with varying levels of snake experience, including a harmful one 

(being bitten by a snake). It seems plausible that people with closer and more frequent contact 

with snakes and who even suffered a snakebite still show lower fear levels. In this study, we 

explored fear of snakes among people used to deal with snakes daily and who have been 

repeatedly bitten by a snake compared with participants unfamiliar with snakes. As snakes are 

thought to be evolutionary prepared stimuli, snake fear should be, according to Seligman’s 

theory, rapidly acquired and show enhanced resistance to extinction or inoculation. 

Alternatively, experience with snakes might override such “preparedness” and people 

frequently encountering snakes would become less fearful of them. If so, we would also 



191 
 

expect that such reduced fear would only apply to snakes but not to other unrelated 

threatening stimuli.  

Finally, due to the importance and adaptive nature of social learning [35, 36] we also 

explored other potential sources of fear acquisition (information and modeling). Social 

learning of fear has similar underlying neurobiological mechanisms to associative and 

prepared learning [35] and might have affected human evolution [37, 38]. Thus, it was also 

considered in this study. 

 

Methods 

Participants 

The study was carried out in 2019. There were three groups of participants: 1) snake experts, 

including veterinarians, venom extractors, or scientists (n = 14, 1 female, mean age = 30.9, SD 

= 5.53) working at the Bangkok Red Cross (Queen Saovabha Memorial Institute) used to 

handle venomous snakes on a daily bases, either when showing them to visitors for 

educational purposes or extracting venom for research and production of antivenom; 2) 

firemen (n = 28, all males, mean age = 37.1, SD = 4.49) also used to deal with snakes (mainly 

nonvenomous python snakes) when they have to catch and remove them from houses, 

particularly during the hot wet seasons; and 3) students at Chulalongkorn University, (n = 71, 

51 females, mean age = 20.9, SD = 0.75) not used to snakes, as a control group. The required 

sample size for this study was determined by computing estimated statistical power for the 

planned tests (pairwise comparison, correlational analyses, and ANOVA) with f = .40 and β > 

.8. The analysis for correlation indicated the largest required total sample size of 84. Post-hoc 

power analyses showed that the ANOVA had the lowest achieved power of 0.953.  

Assessments 

Snake Questionnaire (SNAQ-12) 

We applied a specific questionnaire pertaining to fear of snakes. The SNAQ-12 [39] is a 12-

item scale, where participants indicate whether they agree or not with a statement, e.g., ‘I 

dislike looking at pictures of snakes in a magazine’. The SNAQ-12 has been shown to have good 

internal consistency with a Cronbach’s alpha of 0.89 on this sample (item-total correlations 

were between 0.36 and 0.78). Confirmatory factor analysis also showed that the original one-

factor structure of the questionnaire was retained on this sample (χ2
(54) = 38.22, p = 0.95, NFI 

= 0.97, RFI = 0.97, RMSEA = 0, 90%CI = 0 - 0.01, SRMR = 0.08). The optimal balance between 
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sensitivity and specificity of the SNAQ-12 was achieved using a cut-off score of >7.5, which 

yielded a sensitivity of 0.909 and specificity of 0.905. This suggests that someone scoring ≥8 on 

the SNAQ-12 should be considered as potentially a snake phobic. This test has excellent 

discriminatory power and thus is useful as a diagnostic tool for snake phobia [39]. 

Specific Phobia Questionnaire (SPQ) 

The SPQ [40] is a 43-item measure of fear and interference for a broad range of objects and 

situations that could be clustered into five subscales (Animals, Natural Environment, 

Situational, Blood-Injection-Injury, and Other). Participants rate their fear and fear 

interference with their daily lives of a given object or situation on a 5-point Likert scale from 

0-No Fear/Interference to 4-Extreme Fear/Interference, respectively. The SPQ has shown good 

psychometric properties and validity even in an anxiety disorders sample. Therefore, the SPQ 

is a valid measure for screening of specific phobias. We decided not to use the Other subscale 

as it consists only of two items and has relatively low Cronbach’s alpha (0.72),  Cronbach’s 

alpha values for the remaining four subscales were in the range of 0.88 - 0.93. 

Other questions 

In addition to the SNAQ-12 and SPQ, we gathered general information about the participants’ 

experience with snakes. First, we asked them to estimate the number of encounters with a live 

snake in the past year and if they have ever been bitten or injured by any snake – and whether 

it was venomous or not. Participants also reported whether they thought the information 

about animals from the media and stories of others had influenced their fear (with the 

following choice of responses: no influence, influence on fear, influence on not to fear, and 

having influence both on fear and on not to fear). Finally, we evaluated the participants’ 

previous experience with snakes, inquiring about their familiarity with snakes (frequency of 

experience). Ratings were scored from 0 (no experience) to 4 (a lot of experience). 

Statistical analysis 

Since we could not match the groups regarding the age and male-female ratio, we entered 

these variables in the analyses where possible as independent variables to control for their 

effects. Because of this imbalance, we were not interested in results concerning these 

variables, and thus, we only report results concerning the SPQ, SNAQ, and the other questions 

listed in the previous section. Further, due to the non-normal distribution of our variables, 

robust alternatives were used. We employed the Mann-Whitney U test to examine differences 

between those who have been reportedly bitten by a venomous or nonvenomous snake and 
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those who have not. We repeated the same analysis on two subgroups (reportedly 

encountered a snake or not) of the control group. Then, we used the Spearman correlation 

analysis to explore the relationship between previous experience (i.e. number of encounters 

and experience rating) and fear of snakes (SNAQ-12 and SPQ). We used the Mann-Whitney test 

to compare people bitten by other animals and those who have or have not seen others being 

bitten by a snake. One-way ANOVA was performed to examine the differences between 

people with various previous information on snakes (i.e. no influence, influence on fear, 

influence on not to fear, and influence on both fear and not to fear). Finally, we analyzed 

possible transfer effects of fear inoculation to other subtypes of specific phobia using the SPQ 

subscales. For these analyses, the snake item was removed from the Animal subscale. We 

used the Spearman correlation to assess the relationship between experience and frequency 

of encounters with snakes and SPQ subscales. 

Furthermore, we carried out an independent mediation analysis separately for each SPQ 

subscale with the SPQ subscale as a dependent variable, the SNAQ-12 as a predictor, and 

previous experience with snakes as a mediator to separate the direct effect of snake fear on 

the SPQ animal subscale and the indirect effect of it through experience with snakes. One-way 

Kruskal-Wallis ANOVAs were used to measure group differences on the SPQ subscales. For the 

statistical analyses, the JAMOVI program Version 1.0 for Windows [41] was used. 

 

Results 

Descriptive statistics showed that none of the experts (0%), two of the firemen (7.41%), and 15 

students (22.39%) reached the cut-off criteria for snake phobia on the SNAQ-12. Table 1 shows 

the central tendencies of each group. 

 

Table 1. Central tendencies for the three groups participating in our study on Snake 

Questionnaire total score (SNAQ-12), Specific Phobia Questionnaire relevant item (SPQ), and 

previous experience. 

Group SNAQ-12 SPQ Experience 

Expert group on a snake farm 0.36 (1.08) 0.21 (0.43) 4.00 (0.00) 

Firemen 3.15 (3.17) 0.78 (0.85) 3.18 (0.82) 

Students 4.37 (3.62) 1.73 (0.21) 0.93 (0.75) 
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The effect of snakebite on fear level 

People bitten by a snake (n = 19) (either venomous or not) scored lower on the SNAQ-12 when 

compared to those never bitten; mean difference = 3.54 (U(106) = 279, p < 0.001, Cohen's d = 

1.08). This was confirmed by their response on the SPQ survey. Again, people bitten by a snake 

scored lower; mean difference = 1.16 (U(109) = 363, p < 0.001, Cohen's d = 1.03). We also found 

that people bitten by a snake had more experience with snakes than those who have not been 

bitten; mean difference = 2.43 (U(110) = 115, p < 0.001, Cohen's d = 2.18); see Table 2 for the 

descriptive statistics. Results remained very similar when we compared participants bitten by 

a venomous snake and those never bitten; the SNAQ-12 mean difference = 3.26 (U(106) = 173.5, 

p = 0.002, Cohen's d = 0.95); the SPQ mean difference = 1.30 (U(109) = 158, p < 0.001, Cohen's d 

= 1.13); and the experience mean difference = 2.31 (U(110) = 81, p < 0.001, Cohen's d = 1.78); 

see Table 3 for the descriptive statistics. Interestingly, the same nonsignificant trends could be 

observed in the control group (never bitten): Students with some experience with snakes 

scored lower on both the SNAQ-12 (mean difference = 1.68 (U(65) = 385, p = 0.068, Cohen's d 

= 0.47) and SPQ (mean difference = 0.45 (U(68) = 435, p = 0.1, Cohen's d = 0.37)). This might 

compensate for the fact that people who have reportedly gotten bitten by a snake also 

encounter them more often. 

 

Table 2. Central tendencies for those who have and have not been bitten by a snake on the 

Snake Questionnaire-12 total score (SNAQ-12), Specific Phobia Questionnaire relevant item 

(SPQ), and previous experience. 

 Group N Mean Median SD 

SNAQ-12 Bitten 19 0.63 0.00 1.61 

 Not bitten 89 4.17 4.00 3.52 

SPQ Bitten 18 0.33 0.00 0.49 

 Not bitten 93 1.49 2.00 1.21 

Experience Bitten 19 3.90 4.00 0.32 

 Not bitten 93 1.46 1.00 1.21 
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Table 3. Central tendencies for those who have and have not been bitten by a venomous 

snake on the Snake Questionnaire total score (SNAQ-12), Specific Phobia Questionnaire 

relevant item (SPQ), and previous experience. 

 Group N Mean Median SD 

SNAQ-12 Bitten 9 0.56 0.00 1.33 

 Not bitten 99 3.82 3.00 3.54 

SPQ Bitten 9 0.11 0.00 0.33 

 Not bitten 102 1.41 1.00 1.20 

Experience Bitten 9 4.00 4.00 0.00 

 Not bitten 103 1.69 1.00 1.35 

 

The relationship between previous experience and fear level 

Experience as well as the number of encounters with snakes correlate negatively with the SPQ 

snake item (rho = -0.427, p < 0.001 and rho = -0.499, p < 0.001, respectively) and the SNAQ-12 

(rho = -0.388, p < 0.001 and rho = -0.44, p < 0.001, respectively). People who have or have not 

been attacked by other animals than snakes did not differ in terms of fear of snakes (ts < 1, ps 

> 0.1). Furthermore, people who have seen others been bitten by other animals showed less 

fear of snakes; the SNAQ-12 mean difference = 1.33 (U(106) = 1146, p = 0.057, Cohen's d = 0.38); 

the SPQ mean difference = 0.50 (U(109) = 1164, p = 0.027, Cohen's d = 0.42) than those who have 

not had such an experience. This difference, however, disappeared when we excluded 

participants who have themselves been bitten. 

The effect of previous information on snakes on fear level 

Previous information on animals had a significant effect on the SNAQ-12 (F(3,104) = 5.63, p < 

0.001, ɳ2 = 0.14) and SPQ score (F(3,107) = 4.85, p = 0.003, ɳ2 = 0.12). For the SNAQ-12, Tukey-

corrected follow-up pairwise comparisons showed that people in the no influence group and 

influence on not to fear group scored lower than those in the influence on fear group (t(104) = 

3.12, p = 0.013; t(104) = 3.37, p = 0.006; respectively). For the SPQ, Tukey-corrected follow-up 

pairwise comparisons revealed that people without influence scored significantly lower than 

people influenced on fear (t(107) = 3.38, p = 0.006) and people influenced both on fear and not 

to fear (t(107) = 2.55, p = 0.058), but this difference was only marginally significant. The other 

groups did not differ significantly. 
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Possible transfer effects of fear inoculation to other subtypes 

Regarding the possible transfer effects of fear inoculation to other subtypes of specific phobia 

using the SPQ subscales, we found that frequency of encounter and experience with snakes 

correlated negatively with the Animal subscale (rho = -0.48, p < 0.001 and rho = -0.43, p<0.001, 

respectively), the Natural Environment (rho = -0.21, p = 0.031 and rho = -0.200, p = 0.038, 

respectively) and Blood-Injection-Injury (rho = -0.23, p < 0.001 and rho = -0.15, p = 0.133). The 

SPQ Situational subscale did not correlate with these variables (rhos < 0.1). 

The three groups differed on the Animal subscale (χ2
(2) = 24.7, p < 0.001) with students scoring 

higher levels of fear compared to experts (W = 4.13, p = 0.003) and firemen (W = 6.36, p < 0.001) 

according to the DSCF pairwise comparisons, as well as on the Natural Environment subscale 

(χ2
(2) = 7.39, p = 0.025) where students scored higher than firemen (W = 3.55, p = 0.012). 

Similarly, the groups differed on the Blood-Injection-Injury subscale (χ2
(2)  = 6.21, p = 0.045) 

with students scoring higher than snake experts (W = 3.29, p = 0.02). Importantly, groups did 

not differ on the situational subscale scores the SPQ (χ2
(2)  = 1.09, p = 0.581). In addition, the 

mediation analysis revealed that the direct effect of the SNAQ-12 score on the SPQ animal 

subscale score was negative (−1.290 to -0.346, with a point estimate of −0.801, Z = 4.95, p < 

0.001, 82% of total effect). The indirect effect through previous experience with snakes was 

also negative (−0.204 to -0.067, with a point estimate of −0.139, Z = 2.42, p = 0.015, 18% of total 

effect). The indirect effect was nonsignificant for the Natural Environment, the Blood-

Injection-Injury, and the Situational subscales. 

 

Discussion and conclusions 

This study compared participants’ fear of snakes according to experience, from people used 

to deal with snakes daily to those who are unfamiliar with them. The main findings show that 

more experienced individuals are at the same time less fearful of snakes than people with no 

experience. Even those who have been a victim of snakebite several times scored lower on 

fear of snakes. Regarding fear acquisition pathways, social transmission seems to play a role 

in learning snake fear.  

Results suggest that certain people can become immunized to biologically prepared fearful 

stimuli, such as snakes, despite aversive experiences, if given a certain amount of exposure 

and familiarity. Snakes seem unable to cause fear learning in such subjects. It could be argued 

that these participants might be fearless and have overall low general ability to learn fear. 
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However, high and low fear groups did not differ on the situational subscale scores, suggesting 

that lower scores presented on the animal subscale were not due to a general lack of fear, but 

more likely due to the significant amount of experience and direct contact with snakes.  

We also noticed that participants with lower levels of snake fear showed less fear of the 

Natural Environmental and Blood-Injury-Injection subtypes as well as other animals. This 

might be due to transfer effects between different subtypes of specific phobias. The acquired 

sense of control over snakes might cross over to the whole category (i.e. animals). 

Generalization between different subtype categories might also result from the experience 

with the snakes’ natural environments (e.g., deep water, enclosed spaces, swimming, open 

spaces) and injuries associated with daily handling of snakes. It is also possible that safety or 

vicarious-extinction learning was acquired through the observation of learning models (other 

more experienced snake experts) [42, 43]. This might have important practical significance in 

a clinical setting, e.g., using multiple approaches in therapy. 

These results are partially in line with the study by Poulton and colleagues [44] showing that 

participants with lower fear were those who had sustained more previous injuries. The major 

role of experience in fear reduction [45-47] has been also demonstrated for fear of dogs [30] 

(Doogan and Thomas, 1992) or dental fears [31, 32]. Thus, exposure seems to be able to 

suppress even the most prepared fears. It is also possible that humans are not prepared to 

learn fear, but to preferentially attend to certain stimuli [10, 13, 18] and snake’s idiosyncratic 

features tend to attract discriminating human attention preferentially. This might facilitate 

learning of fear (or other emotions) depending on vicarious, information learning and direct 

experience. If this is correct, people should be able to learn faster other human-snake related 

emotions too (e.g., beauty). 

Instead of merely addressing how much learning experience is necessary to acquire fear, it 

would be equally important to inquire how much experience is needed to learn not to fear 

particular stimuli (extinction) and the potential consequences of lack of fear (hypophobia). 

Fear inoculation, similarily to preparedness, has its evolutionary significance. Inoculation can 

prove adaptive after gathering enough experience with the wildlife in a known territory and 

knowing which animals and individuals of a particular species are dangerous (see also [48]). 

The opposite approach, which is constant worrying, might lead to serious health issues [49] 

and impairments of cognitive functions [50, 51]. 
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This work also brings about occupational, safety, and health implications that are worth 

mentioning. For example, Bawaskar and Bawaskar (2002) noted that rural people in India 

inhabit sheds and mud houses without sanitation and with waste, tools, and firewood often 

close to their houses. This attracts rats and mice, which in turn encourage snakes to approach. 

As kraits move freely in and out of houses to hunt at night, people sleeping on the floor come 

into close contact with these snakes. Bawaskar and Bawaskar [52] observed that Muslims, 

however, irrespective of their poverty, always sleep on beds and that although numbers of 

Muslims and Hindus in the studied district (Mahad) were about the same, krait bites occurred 

only among Hindus. This is an excellent example of how awareness of the problem could, on 

its own, save many lives.  

People who live closer to snakes are likely to be less afraid of them and are also more prone 

to become victims of snakebites due to enhanced exposure and lack of fear. For example, 

many snakebites occur not only among farmers that sleep on the floor [53, 54, but when 

farmers go to the toilet outside and do not wear shoes nor a lantern [55, 56]. Similarly, there 

are more victims of snakebites among people who keep snakes as pets [57-59]. In sum, 

snakebites seem to happen mainly to people with not enough awareness and fear to take the 

proper measures to avoid a bite. 

 

Limitations 

Several limitations of our data need to be noted. Although we did our best to recruit as many 

snake experts as possible, this is a particular field of work and we could only have access to 

this sample. Moreover, questions related to fear origins and etiology are based on 

retrospective self-reports, which may impair validity of the findings due to recall bias. A better 

grasp of this problem would require further studies collecting additional developmental data. 

Finally, albeit the SNAQ-12 is a widely used and validated measure for fear of snakes with 

excellent discrimination power, it would be interesting to include a behavioral measure of 

fear, such as the Behavioral Avoidance Test (BAT) as it might lead to more reliable results. 

To conclude, results provide new evidence that people who have more experience with snakes 

are less fearful of them, even after severe aversive experiences, i.e. snakebites. Furthermore, 

experience acquired through social transmission might also lessen fear of snakes. To fully 

understand the underlying mechanisms, future research should address how aversive and 
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neutral personal experiences, as well as other social and cultural factors, could contribute to 

feeling in control and safe in the presence of a fearful object. 
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Abstract 

Worldwide urbanization has created completely novel environments, which bring many 

conveniences but carry several drawbacks too. One of the most important disadvantages is 

that most people living in cities lose contact with nature including interaction with animals. 

Current evidence shows that countries with lower levels of urbanization have also lower 

prevalence of animal fears and phobias. Here, we sought to test whether nature relatedness 

and residence size serve as protective factors to the most common animal fears and phobias 

(i.e. that of snakes and spiders). We used the Nature Relatedness Scale (NR) to measure the 

individuals’ subjective connection with nature. Participants (N=1071, aged 18-65 years) were 

also asked to complete the Snake and Spider Questionnaire (SNAQ and SPQ, respectively) and 

to rate pictures of snakes and spiders according to valence, arousal, and dominance. To 

explore complex relationships between various explanatory and response variables, we 

employed a generalized linear model, redundancy analysis, and structural equation modeling. 

Results show that snake and spider fear is strongly associated with the NR total score. 

Participants scoring higher on the SNAQ and SPQ also evaluate snake and spider images more 

negatively, are more aroused by the stimuli, but feel less dominant over them. Moreover, 

subjects with higher snake or spider fear score lower on the NR scale, especially its two 

subscales, Experience and Perspective. Results demonstrate that the more people feel 

connected to nature, the less they are affected by animal fears or phobias. We believe this 

study presents an important implication for both conservationist endeavors and therapeutic 

interventions. 

 

Keywords: animal fear; biophilia; exposure therapy; nature connectedness; phobia; 

urbanization 
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1 Introduction 

Specific phobias (SP) belong to the most prevalent lifetime anxiety disorders (Becker et al., 

2007; Eaton et al., 2018; Kessler et al., 2005), however, particular risk and protective factors 

related to their onset and development are still largely unknown (Coelho et al., 2020). This is 

also true for animal phobias (AP), a subtype with one of the highest lifetime prevalence (3.3% 

to 5.7%) among SPs (Eaton et al., 2018; Wardenaar et al., 2017).  

According to Seligman (1971), a vast majority of phobias is caused by just a few objects or 

situations that were threatening the survival of human ancestors and thus, are not equally 

distributed as a purely behavioral theory might predict (but see also Åhs et al., 2018; Coelho, 

2019). In particular, snakes and spiders are the most common phobic animals (Polák et al., 

2020) and also the most studied stimuli in fear research (Åhs et al., 2011; Isbell, 2006, 2009; 

Kawai, 2019; New & German, 2015; Öhman et al., 2012; Pissiota et al., 2003; Waters & Lipp, 

2008; Zsido, Deak, et al., 2018). Indeed, they are considered as prototypical examples of 

evolutionary threat throughout the human evolution (Carlsson et al., 2004; Isbell, 2006; Kawai, 

2019; LeDoux & Daw, 2018; LeDoux & Pine, 2016), of which fear acquisition is biologically pre-

wired (Marks & Nesse, 1994; Öhman, 1986; Seligman, 1971). According to the current concept 

in evolutionary neuropsychology, the module of fear (Öhman & Mineka, 2001), fear and 

defensive responses have become hardwired into prehistorically prepared neural pathways of 

the primate brain, which have then been inherited and preserved across the human lineage 

as they were continuously increasing survival chances of their bearers (LeDoux & Daw, 2018).  

Despite fear being an adaptive response in life threatening situations, deregulated, irrational 

fear (i.e. phobia) may cause significant distress and interfere with an individual's day-to-day 

life (as the person tries all to avoid a confrontation with the phobic stimulus). Actually, SPs not 

only have severe health consequences (Coelho et al., 2020; Zsido, Arato, et al., 2018), but also 

pose a huge economic burden as the total annual cost of anxiety disorders in the US alone 

were estimated to fall between $42 to $47 billion (Kessler & Greenberg, 2002). 

Interestingly, and somewhat contrary to what the biologically prepared learning model 

suggests, the prevalence of animal phobia can vary according to social and contextual factors, 

such as income and country. A recent epidemiological survey (Wardenaar et al., 2017) of 22 

countries showed that the average lifetime prevalence of AP was lower (3.4%) in lower-

middle-income countries compared to upper-middle- (4.4%) and high-income countries 

(3.7%). This might imply an effect of urbanization. Living in a city is an evolutionarily unfamiliar 
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habitat to humans as urbanization is a trend unique to the past few centuries. According to a 

recent report (Ritchie, 2018), more than 4 billion people live in urban areas worldwide, and it 

is projected that approximately two-thirds of the population will live in urban areas by 2050.  

Some authors claim that humans might have developed specific responses to different 

landscapes (Lohr, 2007; Orians, 1980; Orians & Heerwagen, 1992), with savanna-type 

environment to become the preferred one. A significant part of modern human evolution took 

place in savannas and in fact, humans seem to display a preference for living in open savanna-

like areas in opposition to dense forests (Falk & Balling, 2010; Pontes-Da-Silva et al., 2016). 

The savanna facilitates the provision of food, has plenty of trees for protection but also ample 

views to scrutinize for prey and predators (Lohr, 2007).  

Kellert & Wilson (1993) suggested that humans are evolutionarily predisposed to benefit from 

contact with nature, a concept often described as “biophilia” (Fromm, 1964; Gunderson, 2014; 

Hand et al., 2017; Wilson, 1984). Ulrich (1981, 1986) speculated about the possibility that 

exposure to unthreatening natural environments (e.g., vegetation) could naturally trigger 

positive affective responses (Ulrich et al., 1991). A large body of previous reviews, meta-

analyses, and experimental data (Capaldi et al., 2014, 2015; Martin et al., 2020; Pritchard et 

al., 2020; Rosa et al., 2019) suggest that nature connectedness could improve health, enhance 

mood, reduce stress, and promote well-being and happiness. These results are in line with the 

claim that humans have evolved to display positive affective responses when in proximity with 

nature (Joye & van den Berg, 2011) or towards visual stimuli representing nature scenes over 

pictures of urban environments or deserts (Hartmann and Apaolaza-Ibanez, 2010).  

There is a growing number of recent studies examining whether reduced contact with nature 

harms human well-being and functioning (Baxter & Pelletier, 2019; Lambert et al., 2015). On 

the one hand, higher urbanization has been linked to higher prevalence of a broad spectrum 

of psychiatric disorders, e.g., depression, PTSD, substance abuse, or anxiety (Engemann et al., 

2019; Lambert et al., 2015; Rugel et al., 2019; Ventimiglia & Seedat, 2019). Also, disconnection 

from nature may have detrimental effects on human happiness (Capaldi et al., 2014; Chang et 

al., 2020; Dobson et al., 2021; Lopes et al., 2020; Nisbet et al., 2011; Sandifer et al., 2015) and 

the degree to which an individual feels connected to the natural world is seen as a positive 

predictor of pro-environmental behavior (Klaniecki et al., 2018). On the other hand, exposure 

to the natural space has been associated with a lower risk of psychiatric disorders (Engemann 
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et al., 2019) and enhanced emotional and neurobiological resilience, e.g., heightened 

motivation and reduced fear (Lambert et al., 2015, 2016). 

Perhaps somewhat paradoxically, urban populations might display some form of biophobia 

that is comprised of (1) biological preparedness similar to what Seligman (1971) suggested, 

i.e. an innate physiological response to perceived danger from non-human threats (e.g., 

spiders and snakes) and (2) a culturally acquired tendency to affiliate more with technology 

and an attachment to material comfort (Orr, 1993; Patuano, 2020; Ulrich, 1993). Biophobia 

makes sense from the evolutionary psychology point of view as it is in the interest of humans 

to fear and thus avoid large carnivores, venomous spiders, scorpions, and snakes (Simaika & 

Samways, 2010) and is often conceptualized as an inheritably predisposed kind of fear (Neale 

et al., 1994). Such animals can elicit strong aversion or fear in many people, even in those who 

have not previously had any contact with them (possibly through vicarious learning; Hartig et 

al., 2011), coinciding with the high observed lifetime prevalence of APs.  

Experience with nature might play a vital role in deciding whether someone develops animal 

phobia or not. Some studies (Ballouard et al., 2013; Engemann et al., 2019; Hinds & Sparks, 

2008; Loebach & Gilliland, 2016) confirmed that individuals raised in rural settings have higher 

levels of connection with nature. Intimate contact with the natural world during childhood 

correlated with variables such as positive connection, identification, positive attitudes, and 

perceived behavioral control in engaging with the natural environment compared to 

participants with urban childhoods (Engemann et al., 2019; Hinds & Sparks, 2008; Loebach & 

Gilliland, 2016). Previous physical contact with snakes was associated with snake-likeability 

and observed different fear levels from cobras, vipers, and boas depending on the 

participant’s nationality and cultural background (Ballouard et al., 2013). There is a large body 

of evidence (Berge et al., 2002; Coelho & Balaban, 2015; Coelho & Purkis, 2009; Doogan & 

Thomas, 1992; Fyer, 1998; Rachman, 2002) showing that simple frequent exposures to neutral 

situations give people a sense of control and thus, prevent fears and phobias from developing 

even after a future harmful experience. Indeed, exposure therapy is considered a good 

intervention technique to help people with anxiety disorders, such as SPs (Botella et al., 2017; 

Hofmann, 2008; Öst et al., 2001). Taken together, it seems that while higher nature 

connectedness can facilitate mental health, urban socialization might promote an increase in 

AP. 
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Our overarching goals were (1) to identify personal, social, and contextual factors that might 

play a role in the subjective evaluation of threatening animals with the highest prevalence 

among APs (i.e. of snakes and spiders). Further, (2) we sought to test whether nature 

relatedness could be a protective factor against developing APs. Specifically, we tested the 

following hypotheses: (1) people living in less urbanized areas (as well as men and people with 

higher education) will evaluate snake and spider images more positively and as less arousing 

and dominant compared with people living in big cities; (2) subjective evaluation of snake and 

spider images will be significantly affected by the individual level of snake and spider fear, 

respectively; (3) both snake and spider fear will be negatively correlated with one’s level of 

education, but positively correlated with the size of residence; and finally (4) both snake and 

spider fear will be lower among people with greater outdoor experience, stronger 

connectedness with nature, and a more conservationist attitude. We aimed to test the 

explanatory power of these factors and to present a potential conceptual model explaining a 

relationship between nature relatedness, snake and spider fears/phobias and perception of 

these stimuli considered to be a prototypical evolutionary threat. 

 

2 Methods 

2.1 Participants 

We recruited 1071 Hungarian participants (141 males), aged 18-65 years (M=25.61, SD=8.05) 

through the Internet by posting invitations on various forums and mailing lists to obtain a 

heterogeneous sample. The data were collected during the spring of 2019. The participants 

voluntarily filled out an online survey placed on the Google Forms. Twenty-three participants 

(2.15%) self-reported having a snake or spider phobia that was diagnosed by a psychiatrist or 

clinical psychologist. Regarding the size of residence, 12.89% of participants reported living in 

a village, 35.85% in a town, 11.30% in a large city, and 39.96% in the capital. 

As for education, 3.08% completed elementary school (8 years), 29.04% completed high 

school, 40.89% were university students, and 26.98% had at least one university degree. 

Additionally, we deleted three invalid entries (one duplication and two fakes) from further 

analyses (these were neither included in the previous description). The research was approved 

by the Hungarian United Ethical Review Committee for Research in Psychology and was 

carried out in accordance with the Code of Ethics of the World Medical Association 

(Declaration of Helsinki). Informed consent was obtained from all participants. 
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2.2 Questionnaires  

2.2.1 Nature Relatedness Scale 

The Nature Relatedness Scale (NR) was used to assesses individual differences in the 

cognition, affect, and experiences people have with nature (Nisbet et al., 2009). The 

questionnaire consists of 21 items; each item is rated on a 5-point Likert-type scale ranging 

from 1 (disagree strongly) to 5 (agree strongly). The questionnaire contains three subscales: 

Self, Perspective, and Experience. The Self component of the NR scale addresses feelings of 

belonging to nature or being a part of it. It measures people’s connection to nature and all 

living things, as well as concerns about nature, environmental issues, and the suffering of 

animals. The Perspective component addresses conservationism, animal rights, and the right 

to use natural resources more rationally or conceptually. The third subscale addresses 

experience, questioning each participant’s ease and will about being outdoors in the 

wilderness or the woods, away from civilization, and their ability to take notice of wildlife. The 

mean scores of the items are used to calculate subscales scores. Higher scores are indicative 

of a stronger connection with nature. A Hungarian adaptation of this scale has not yet been 

published; thus, we will present evidence to demonstrate that the Hungarian translation1 of 

the NR has good psychometric properties. 

2.2.2 Snake Phobia Questionnaire 

The short, 12-item version of the Snake Phobia Questionnaire (SNAQ) was used to measure 

self-report fear and phobia of snakes (Zsido, Arato, et al., 2018). SNAQ is a one-factor scale, 

that uses a dichotomous response format (true; false). ‘True’ responses are summed to yield 

a score ranging from 0 to 12. Higher scores indicate higher levels of fear of snakes. In this 

study, the McDonald’s omega was .92. 

2.2.3 Spider Phobia Questionnaire 

We used the short 12-item version of the Spider Phobia Questionnaire (SPQ) to measure self-

report fear and phobia of spiders (Zsido, Arato, et al., 2018). SPQ is a one-factor scale that uses 

a dichotomous response format (true; false). 'True' responses are summed to yield a score 

ranging from 0 to 12. Higher scores indicate higher levels of fear of spiders. In this study, the 

McDonald's omega was .93. 

 

 
1 The process of translation of the instrument followed the recommendations of the American Psychiatric 
Association (American Psychiatric Association, 2013). 
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2.2.4 Fainting and avoidance questions 

Historical instances of fainting and avoidance were assessed by two yes/no questions that 

were based on DSM-V criteria for specific phobias (Olatunji et al., 2010). Fainting and dizziness 

was assessed by asking: “Have you ever been so scared to see a snake/spider that you fainted, 

nearly fainted, and felt dizzy or were not able to move?". Avoidance was assessed by asking: 

“Have you ever avoided certain situations/places or procrastinated about different activities 

because you thought you might encounter snakes/spiders?”. 

2.2.5 Picture stimuli 

We selected 10 snake and 10 spider pictures from the Geneva Affective Picture Database 

(GAPED) (Dan-Glauser & Scherer, 2011). We used this database because it offers a specific 

subset and a wide variety of snake and spider pictures. Participants were asked to rate the 

pictures on three emotional dimensions: valence (pleasant – unpleasant), arousal (calm – 

excited), and dominance (dominated – in control). We calculated the mean ratings for snake 

and spider pictures over the three dimensions. 

2.3 Statistical analyses 

2.3.1 CFA and reliability of NRS 

We performed a confirmatory factor analysis (CFA) using the JASP statistical software version 

0.11.1 for Windows (JASP Team, 2019) to examine whether the proposed three-factor model 

of NR fits our data. We used the diagonally weighted least squares (DWLS) estimator. To 

evaluate the model fit, we used the comparative fit index (CFI), Tucker–Lewis index (TLI), root 

mean square error of approximation (RMSEA), and the standardized root mean squared 

residual index (SRMR). The cutoffs for good model fit were CFI and TFI values of .95 or greater 

(Hu & Bentler, 1998) RMSEA and SRMR values of .08 or lower (Browne & Cudeck, 1992). 

McDonald’s omega values were calculated to identify the reliability of the subscales. 

2.3.2 GLzM models 

We performed a generalized linear model (GLzM) for the negative binomial distribution with 

a log link function to analyze the effect of essential demographic characteristics (i.e. gender, 

age, highest education, residence), individual level of anxiety associated with snakes (self-

reported fainting and avoidance) and the total scores on the SNAQ, NR, and its three 

subscales. A similar analysis was calculated using a GLzM normal log model for the SPQ scores 

as a response variable with the same set of demographic characteristics, individual-level 

variables associated with spiders (self-reported fainting and avoidance), and total scores on 
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the SNAQ, NR, and its three subscales. The analyses were performed using Statistica version 

13 (TIBCO Software Inc., 2017). 

2.3.3 RDA analysis 

Contribution of the explanatory variables (respondent’s gender, age, highest education, 

residence, and scores on the three assessments, i.e. SNAQ, SPQ, and NR) on the ratings of 

snake and spider images according to valence, arousal, and dominance was examined in a 

redundancy analysis (RDA) as implemented in the R package vegan (Oksanen et al., 2020; R 

Core Team, 2020). The RDA is a multivariate direct gradient method (Braak & Šmilauer, 2018). 

It extracts and summarizes the variation in a set of response variables and permits to plot both 

the response and explanatory variables to a space defined by the extracted gradients. It 

enables to detect redundancy (i.e. shared variability) between sets of response (subjective 

evaluation of animal images) and explanatory variables (individual characteristics including 

assessment scores). Statistical significance of the gradients was confirmed by permutation 

tests. 

2.3.4 SEM model 

We performed a Structural Equation Modelling using the JASP statistical software utilizing the 

lavaan (v. 0.6-1) package for R (Rosseel, 2012) to assess fit measures for our proposed model. 

We used the diagonally weighted least squares (DWLS) estimator (Bandalos, 2014). To 

evaluate the model fit, we used the comparative fit index (CFI), Tucker–Lewis index (TLI), and 

the root mean square error of approximation (RMSEA). The cutoffs for good model fit were 

identical to what we used to evaluate the CFA. 

 

3 Results 

3.1 CFA and reliability 

The CFA indicated that a five-factor model provided an excellent fit (Χ2 (186) = 543.22, p<.001, 

CFI=.98, TLI=.97, RMSEA=.043 [90%CI: .039-.047], SRMR=.049) on our sample. Descriptive data 

and the mean scores of the sample are also presented in Table 1. All three subscales showed 

good internal consistency. McDonald’s omega value was .85 for the Self subscale, .65 for the 

Perspective subscale, .76 for the Experience subscale, and .88 for the total scale. 
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Table 1 – Descriptive statistics of the sample on the three subscales and total score of Nature 

Relatedness Scale (NR): Self, Perspective, and Experience, Snake Phobia Questionnaire 

(SNAQ), and Spider Phobia Questionnaire (SPQ). 

 
  

    NR Self* 
NR 

Perspective 

NR 

Experience** 

NR 

Total** 
SNAQ** SPQ** 

Phobia+ Yes 
3.38 

(0.79) 
3.87 (0.65) 3.12 (0.81) 

3.47 

(0.63) 

4.35 

(3.93) 

7.26 

(3.57) 

 No 
3.49 

(0.81) 
3.87 (0.65) 3.48 (0.86) 

3.61 

(0.64) 

2.04 

(2.37) 

2.62 

(2.74) 

  

+ Self-report snake or spider phobia, * p<0.05, ** p<0.001 

 

3.2 GLzM 

Based on the reduced GLzM model, the SNAQ scores were significantly affected by the 

respondent’s gender (W = 8.45, p = 0.004), age (W = 8.35, p = 0.004), residence (W = 16.41, p 

< 0.001), snake fainting (W = 70.59, p < 0.001), snake avoidance (W = 171.54, p < 0.001), and 

the NR total score (W = 29.68, p < 0.0010), but not the highest education (W = 3.53, p = 0.316) 

nor SPQ scores (W = 2.18, p = 0.140). A separate analysis with the individual NR subscale scores 

instead of the total score showed a significant effect of Experience (W = 33.44, p < 0.001), but 

neither Self (W = 0.24, p = 0.624) nor Perspective (W = 0.65, p = 0.420). 

As for the SPQ scores, there was a significant effect of gender (W = 40.41, p <0.001), self-

reported fainting (W = 263.16, p < 0.001) and avoidance (W = 249.30, p < 0.001) associated 

with spiders, and the total NR (W = 49.61, p < 0.001) and SNAQ score (W = 4.55, p = 0.033). 

However, the SPQ scores were affected neither by age (W = 0.13, p 0.722), highest education 

(W = 2.44, p = 0.486), nor residence (W = 1.07, p = 0.785). When the NR total score was 

replaced by the three subscales, the reduced model revealed a significant effect of Experience 

(W = 78.85, p < 0.001), but not Self (W = 0.59, p = 0.441) nor Perspective (W = 1.15, p = 0.283). 

Descriptive data and the mean scores of various groups regarding the SNAQ and SPQ are 

presented in Table 2. 
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Table 2 – Central tendencies of the various groups on the Snake Phobia Questionnaire 

(SNAQ) and the Spider Phobia Questionnaire (SPQ). 

      
    SNAQ SPQ 

    Mean SD Mean SD 

Gender Females 3.95 3.79 6.47 3.88 

 
Males 2.36 2.91 3.18 3.09 

      
Residence Village 3.67 3.78 5.27 4.31 

 
Town 3.86 3.62 6.35 3.75 

 
Large city 3.44 3.80 6.57 3.95 

 
Capital city 3.73 3.9 5.84 3.95 

      
Education Elementary 3.36 3.04 5.76 3.88 

 
High school 3.74 3.78 6.57 4.07 

 

University 

student 3.62 3.73 5.86 3.91 

 

University 

degree 3.96 3.74 5.76 3.82 

      

  
rho p rho p 

Age   0.06 0.05 -0.06 0.07 

      
 

3.3 RDA 

The RDA model of the valence, arousal, and dominance ranks of the snake and spider images 

as response variables have generated six constrained axes, which explained 42.3% of the full 

variability. We then performed a permutation test (number of permutations = 20,000) to 

confirm the significance of each of the independent variables (constraints) in a sequential 

(‘type I’) test: SPQ, F(1, 1071) = 406.27, p < 0.001; SNAQ, F (1, 1071) = 362.24, p < 0.001; NR 

Experience, F (1, 1071) = 3.06, p = 0.021; age, F (1, 1071) = 2.93, p = 0.024; NR Perspective, F 

(1, 1071) = 2.93, p = 0.026; and the highest education, F (1, 1071) = 2.45, p = 0.048. The first 

multivariate axis (RDA1) clearly separates valence ratings of the snake and spider images on 
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one end from dominance and arousal ratings on the other. Furthermore, it is significantly 

associated with scores on the NR Experience subscale. The RDA1 has an eigenvalue of 96.34 

and explains 24.04% of the total variability. The second multivariate axis (RDA2) with an 

eigenvalue of 71.71 and 17.89% explained total variability seems to be defined by an 

opposition of negative ratings of the snake and spider images, which are strongly associated 

with the SNAQ and SPQ scores, respectively (for visualization of the RDA results see Fig. 1).

 

Figure 1 – Redundancy analysis (RDA) of the respondents’ age, level of education, and scores 

on three assessments (i.e. the Snake Phobia Questionnaire SNAQ, Spider Phobia 

Questionnaire SPQ, and Nature Relatedness Scale NR – Experience and Perspective subscale) 

and their effect on valence, arousal, and dominance ratings of 10 snake and 10 spider images. 

The model explained 42.3% of the full variability.  
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3.4 SEM 

The test yielded a good model fit (Χ2(25)=28.825, p=.271, CFI = .999, TLI = .999, RMSEA = .012, 

90%CI = [.000 – .028], SRMR = .021). The NR Self subscale positively predicted both the SNAQ 

(β = .19, p < .001) and SPQ (β = .21, p < .001) scores. The NR Perspective subscale predicted 

the SNAQ negatively (β = -.17, p < .001) but not the SPQ (β = .01, p = .866) scores. The NR 

Experience subscale predicted negatively both the SNAQ (β = -.31, p < .001) and SPQ (β = -.51, 

p < .001) scores. In turn, the SNAQ scores negatively predicted valence (β = -.78, p < .001) and 

dominance (β = -.66, p < .001), while positively predicted arousal (β = .66, p < .001) ratings of 

the snake pictures. Further, the SPQ scores negatively predicted valence (β = -.70, p < .001) 

and dominance (β = -.68, p < .001), while positively predicted arousal (β = .68, p < .001) ratings 

of the spider pictures. See Fig. 2 for the model. 

 

 

Figure 2 – Our proposed model on the connection of nature relatedness, snake and spider 

phobias, and emotional rating of phobia-relevant pictures. All reported estimates are the 

maximum likelihood standardized point-estimates. Statistically significant unstandardized 

point estimates are highlighted in black (* p < .05, ** p < .001). The gray line indicates a 



217 
 

nonsignificant pathway. NR = Nature Relatedness Scale, SNAQ = Snake Phobia Questionnaire, 

SPQ = Spider Phobia Questionnaire. 

 

4 Discussion 

A growing number of recent studies linked relatedness to nature with a lower risk of 

psychiatric disorders, higher levels of happiness, and enhanced emotional and neurobiological 

resilience, e.g., heightened motivation and reduced fear (Engemann et al., 2019; Lambert et 

al., 2015, 2016; Rugel et al., 2019; Ventimiglia & Seedat, 2019). A recent worldwide 

epidemiological survey (Wardenaar et al., 2017) showed that the average lifetime prevalence 

of AP was lower (3.4%) in low- and lower-middle-income countries compared to upper-

middle- (4.4%) and high-income countries (3.7%). Having experience with nature could play a 

vital role in determining whether someone develops an AP or not (Ballouard et al., 2013). 

Hence, our goals were to investigate how fear of snakes and spiders could be related to nature 

connectedness. According to our results, nature relatedness, mostly perspective (i.e. having a 

conservationist mindset) and experience (i.e. a proneness to be outdoors in the wilderness 

and the ability to notice wildlife), older age, residing in a less urbanized environment, and male 

gender could be considered as protective factors against snake and spider phobias. 

Previous experience and longing to be close to nature and an engagement to protect natural 

resources, two critical factors of subjective relatedness to nature, seems to be related to a 

lesser fear of snakes and spiders. People with a tendency to fear snakes and spiders score 

lower on the NR scale, particularly on the Experience and Perspective subscales. In contrast, 

people with a more positive view of snakes and spiders score lower on the SNAQ and SPQ and 

higher on the two NR subscales. This might not be surprising considering that rural residents 

who spend more time in nature than their urban counterparts tend to recall experiences in 

the natural environment as positive ones (Chawla & Derr, 2012; Duron-Ramos et al., 2020; 

Gifford & Nilsson, 2014; Lekies & Brensinger, 2015). Furthermore, pleasant experiences in 

nature lead to increased environmental responsibility (Berenguer et al., 2005; Evans et al., 

2018) and connection to nature (Ballouard et al., 2013; Engemann et al., 2019; Hinds & Sparks, 

2008; Loebach & Gilliland, 2016; Rosa et al., 2019).  

In the present study, we did not find strong evidence that residence is related to spider or 

snake fears (as participants’ current residence was only related to snake phobia in one of the 

analyses). However, the residence is not necessarily the main factor in determining the 
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contact and experience a person has with nature, supporting the original conceptualization of 

NR as a trait-like human characteristic (Nisbet et al., 2009). This might be related to childhood 

experiences and interactions with nature among people living in urban settings. Childhood 

interactions with nature seem to positively influence later positive attitudes towards it as 

adults (Hosaka et al., 2017), especially when the interaction is active (e.g., planting flowers) 

compared to passive (e.g., visiting a park) (Lohr, 2007; Lohr & Pearson-Mims, 2005). Similarly, 

younger children were more likely to report animal fears than were older children (Gullone, 

2000) and animal phobias tend to start very early in life, around 5 or 6 years of age (Becker et 

al., 2007). Thus, it seems likely that the role of experience and the development of fear 

inoculation have a window of opportunity to be enhanced. Rural youth's experiences and 

conceptualizations of nature differ from those of the city children when the “countryside” 

becomes part of their lifestyle and identity (King & Church, 2013). For instance, a previous 

study (Soga et al., 2016) found that nature-related experiences without physical contact with 

natural settings, such as magazines, books, and films, enhanced children's willingness to 

conserve biodiversity. 

Similar to fear acquisition (Askew & Field, 2007; Field & Purkis, 2011; Rachman, 1977), positive 

attitudes towards nature might be learned through direct exposure, modeling, and vicarious 

information. Children raised in urban settings can also develop respect for nature through, 

e.g., education about what they eat, nature documentaries, parental guidance, and frequent 

visits to rural setting. Such characteristics then may prevent the acquisition of animal-related 

fears or the development of APs. 

We also showed that snake and spider fearful people see the object of their fear more 

negatively, feel more aroused by and dominant over them. In contrast, people scoring lower 

on the SNAQ and SPQ feel in control (dominant) over the stimuli and less aroused in their 

presence. The low dominance values found in participants with more fear relates to control 

and predictability, both paramount in the aetiology and treatment of anxiety disorders. Since 

the beginning of the 20th century, the earliest studies on experimental neurosis found that 

the lack of predictability and controllability of essential events in people's lives is the common 

characteristic (Mineka & Kihlstrom, 1978) . Control seems to involve psychological functions 

of danger and safety and the events that signal the occurrence of these conditions (Lohr et al., 

2012). A more recent study (Lommen et al., 2010) also showed that subjects with high levels 

of neuroticism tend to show more avoidance concerning ambiguous stimuli, compared to 
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subjects with low levels of neuroticism. These data are corroborated in several research 

domains, since, e.g., activity in the amygdala is observed when the contingencies between a 

stimulus and a negative result are unpredictable (LaBar et al., 1998). This is one of the main 

reasons why exposure treatment is used to overcome fears and phobias. New experiences will 

create new memories, experiences, and control over the feared stimuli (McNally, 2007; Telch 

et al., 2017).  

We observed that the NR Experience subscale was correlated with SNAQ and SPQ scores, 

suggesting experience as the main ingredient to overcome or inoculate fears. We further 

showed that the image valence scores of snakes and spiders (positive-negative) were 

significantly affected by the SNAQ and SPQ, and again, there was a significant effect of NR 

Experience. It is also important to remind that exposure-based therapies (e.g., cognitive 

behavioral therapy) might profit from incorporating both natural and contextual cues and 

triggers to treat fears and phobias. During a fearful situation, the amygdala recruits the 

hippocampus into remembering contextual information about the event (Rodrigues et al., 

2009). Stress strengthens this recruitment, and facilitates learning a fear association, and 

consolidates it into a long-term memory, causing a positive glucocorticoid stress response 

feedback loop (Sapolsky, 2017) and impair fear extinction (Milad & Quirk, 2002; Phelps et al., 

2004). Practicing extinction (e.g., by systematic desensitization) in different contextual 

environments from the therapist’s office can benefit twofold: by 1) creating new 

hippocampus-driven contextual memories related to the feared stimuli and 2) using nature 

itself as a stress-reducing environment. 

Some limitations of the present study shall be noted. First, although the large sample is a 

strength of our study, the gender imbalance may have confounded the results and could have 

made the comparison of females and males problematic. The gender difference in snake and 

spider phobias we found, i.e. females score higher than males, is a consistently reported 

pattern throughout the literature (Becker et al., 2007; King et al., 1998; Moracco & Camilleri, 

1983; Polák et al., 2016; Zsido, Arato, et al., 2018). Additionally, although we used structural 

equation modeling for statistical analysis, our study was still correlational in design. Therefore, 

the direction of the relationship between nature-relatedness and APs is still up to debate. That 

is, nature-relatedness protects against developing APs, or APs lead to lower nature-

relatedness (probably both as avoidance of a potential encounter with the phobic object is a 

decisive necessity in all phobias). Future studies should try and gather longitudinal data. 
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Finally, we used self-report surveys and questions rather than structured diagnostic 

interviews. 

Notwithstanding some limitations, our study is the first to show that nature-relatedness – 

previous experience with nature and a pro-environmental mindset in particular – may serve 

as a protective factor against APs. It is still unclear if exposure to nature itself or exposure to 

snakes and spiders in nature brings protection against the acquisition of specific fears or if 

snakes and spiders are less threatening in those environments. Further studies could 

dissociate these experiences and measure if subjective discomfort could vary if participants 

observed snakes and spiders in urban vs. natural environments. Nevertheless, this study is yet 

another shred of evidence on the positive effects of being close to and spending time in 

nature. Our results might suggest that facilitating a positive attitude towards nature by nature-

related experiences and pro-environmental education may help prevent the acquisition of 

animal-related fears or the development of APs, thus lowering the prevalence of the most 

common SP. 
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