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Abstract Neop hobia, an aversi ve response to n ove lty, is a be hav ior w it h cr it ica l e colog ica l and evol u tio nary re levan ce for wild 

po p u lat ions be cause it dire ctly influences anima ls’ abi lit y to ad apt to new env ironm ents an d explo i t n ove l r esour ces. Neophobia 
h a s been described in a wide variety of different animal species from arachnids to zebra fin ch es. Because of this widespread 

prevalen ce an d e colog ica l import ance, t he number o f neophob ia studies h a s con tin ued to increase over time. How ev er, many 
n eoph o bia s tudies (as well a s m a ny a nim al beh avio r studies mo re genera l ly) suffer fro m o ne o r mo re o f what we have de eme d 

the “s e v en deadly sin s” of n eoph obia experim enta l desig n. Th ese “sins” in clude: (1) anim al s th at are not h ab i tuat ed t o the 
testing enviro nment, (2) p roblems wi th n ove l st imu lus sele ct io n, (3) no n-sta nda rdize d mot ivat io n, (4) pseudo replicatio n, (5) 
lack of sufficient controls, (6) fixed trea tmen t order, and (7) using arb i trary thres h olds f or data a n alysi s. We di scu ss e ach of t hese 
potent ia l is s ues in turn a nd mak e recomm en datio ns fo r how to avo id t hem in f u ture behavio r r esear ch. Mor e consistency in 

h ow n eoph o bia s tudies are desig ne d wou ld faci li tate co mpariso ns acr oss differ ent po p u lat ions and spe cies and a l low r esear c her s 
t o bett er under st and whet her neophobi a c an help expl a in a nim al s’ responses to hum an-a ltere d l andsc apes an d th e ab ili ty to 

survive in the Anthrop o cene. 
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ntroduction: What is neophobia, who 

tudies it, and why? 
eop hobia, an aversi ve response to n ove lty, is an of-

en highly repe at able behavior expressed in a wide va-
iety of animal taxa ( Dardenne et al. 2013 ; Cohen et al.
015 ; P intor a nd B y ers 2015 ; Joy ce et al . 2016 ; Mit c h e ll
t al. 2016 ; Mazza et al. 2021 ). In both natural and
uman-a ltere d environments, anima ls may encounter
 variety of n ove l obj e cts, fo o ds, environments, scents,
oun ds, an d cr eatur es. So me o f th ese n ew things, such
s n ove l fo o d sour ces, pr esent o p po rtuni t ies to wi ld
pe cies. O thers, li ke novel pre dat or s, present dan g ers.
her efor e, a wi l ling ness to explore novelty may posi-

i vel y a ffect a n indiv idu al’s fitness by increasing o p por-
uni ties fo r fo o d an d n esting si tes, bu t i t m ay al so de-
rease fitness through increase d pre dat ion and di sea se
isk ( G reenber g 1983 , 2003 ; Sih et al. 2004 ; Réale et al.
007 ). Neophobia h a s crit ica l e colog ica l and evol u tio n-
 ry releva nce f or wild po p u lat ions be cause it dire ctly in-
uences a species’ ability to adapt to n ew environm ents
nd explo i t n ove l r esour ces ( Gr eenberg and Mettke-
ofmann 2001 ; G regg or et al. 2016 ; Magory Cohen

t al. 2020 ). There is some evidence neophobia is genetic
 dvance A ccess publication November 23, 2023 
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 Mettk e-Hofma nn 2017 ) a nd ca n be driven by eco-
vol u tio n ary hi story wh en n ove l st imu li are encoun-
er ed by pr evious g eneration s ( Crane et al. 2020 ). Neo-
hobia may be a type of f ea r genera lizat ion ( Asok et al.
019 ), wh ere in div idu als are ov er g eneralizin g nov el
t imu li as dan g ero us. Neo phobia may also h e lp explain
hy some indiv idu als, po p ulations, a nd species a re in-

asiv e, or capa ble of persistin g in human-a ltere d land-
capes, where as ot hers are not ( Candler and Bernal
015 ; G regg or et al. 2016 ; Mag ory Cohen et al. 2020 ). 

We s h ould n ote t hat exact ly wh ere n eoph ob ia fits
nto existing theoretical fram ewor ks of animal person-
 lity t raits is a matter of some debat e . As p er C arter
t al . (2013) , a per so nali ty trai t can be defined as a spe-
ific qu antifiable part of an anim al’s beh avioral reper-
oire s h ow ing bet ween-indiv idu al vari ation and within-
ndiv idu al con sistency. B y this defini tio n, n eoph obia is
 perso nali ty trai t in many species. How ev er, some re-
earc her s c las sify neopho bia as a type of exploratory be-
avior ( Réale et al . 2007 ), other s as a type of boldness
 Dough erty an d Gui l lett e 2018 ), other s as an approac h-
vo idance co nflic t ( Cowan 1977 ), w hile others consider
t as a distinct category of behavior ( G reenber g and
 Society for In tegra tive and Com para tiv e B iology. All rights reserved. 
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Mettk e-Hofma nn 2001 ). Defining exactly what type of
perso nali ty trai t n eoph ob ia is, o r a ttem pting to clas-
sify different types of n eoph o bia tes ts by the personal-
i ty trai ts the y re veal, is be yon d th e s cope of this re vie w
(t hough see t he se ct io n “Beyo n d th e 7 de adly sins: ot her
co nsideratio ns” fo r a b rief di scu ssio n o f h ow th e results
of n ove l environm ent tests often differ from the results
of other types of n eoph o bia tes ts). In any case, n eoph o-
bia is a behavior that is interesting and worth studying
fo r i ts own sak e, f or t he re a sons di scu ssed a bov e. 

Early studies of neophobia focused on qu antify ing
anxiety, explo rato ry, and av ersiv e behav iors ( Berly ne
1950 ; Barnett 1958 ; R ozin 1968 ), identify ing brain re-
g ions associate d wit h t h ese be havior s ( Nac hma n a nd
As h e 1974 ; Kesn er et al. 1975 ; Kran e et al. 1976 ), an d
deter mining drugs t ha t a tten ua te th ese be haviors in
labo rato ry m ode ls ( Mit c h e ll et al . 1977 ; Arc her et al .
1981 ). On e of th e first r esear chers to explor e the eco-
log ica l and evol u tio nary re levan ce of n eoph obia in wild
m ode l systems was Russel l Gre enberg (but se e Cowan
1977 and Barnett 1958 for even earlier invest igat io ns o f
the e colog ica l aspe cts of ne o phobia). Thro ugh an ele-
gant series of laboratory and field experiments, Green-
berg ident ifie d a role for ne ophobia in foraging prefer-
en ce an d e colog ica l plast icity in generalist vs spe cia list
wild bird species ( G reenber g 1983 , 1984 , 1987 , 1989 ,
1990 , 1992 ). Sin ce th en, studies have invest igate d how
n eoph obia varies with respect to age ( Greggor et al.
2020 ), sex ( En smin g er an d Westn eat 2012 ; Bednarz
and Zwol ak 2022 ), soci al env ironm ent ( Ke lly et al.
2020 ; Rasolo fo niaina et al. 2021 ; St. Lawrence et al.
2021 ), p rio r exposure to risk ( Brown et al. 2014 ), diet
( Middelkoop et al. 2020 ; Ventricelli et al. 2022 ), inva-
sion s ucces s ( Liebl a nd Ma rtin 2014 ; Magory Cohen
et a l. 2020 ), urb anizat io n ( Bóko ny et al. 2012 ; Mazza
et a l. 2021 ), domest icat ion ( Morett i et a l. 2015 ; Suzu ki
et a l. 2021 ), fit ness ( Fer rar iet al. 2015 ), and p hysio logy
( Baugh et a l. 2017 ; Kel ly et al. 2022 ). Depending on the
spe cies, ne ophobia h a s be en correlate d wit h ot her be-
haviora l t raits such as r isk-t aking ( Bókony et al. 2012 ),
innovat ion ( Mi l ler et a l. 2021 ), explorat ion ( Verbe ek
et a l. 1994 ), agg ression ( Kozlovsky et al. 2014 ), bold-
ness ( Pârvulescu et al . 2021 ; De Meest er et al. 2022 ),
and pro act ive/react ive ten den cies ( Drent et al. 2003 ;
Van Oers et al. 2004 ). Addi tio nall y, neop ho bia is s till
used to study the neural circuits of aversion and is
u sed a s a p roxy fo r anxiet y-rel ated behav ior in applied
n euroscien ce ( Emm er son et al . 2020 ; S hinoha ra a nd
Ya soshim a 2021 ; Ramos et al. 2022 ). 

Neophobia is a behavior of interest in a broad ran g e
of pu blis h ed r esear c h, inc luding s e vera l re cent meta-
a nalyses ( Cra ne a nd Ferra ri 2017 ; Tak ola et al. 2021 )
and a growing literature in com para tiv e or gani sm al bi-
ology. F or exam ple, n eoph obia is the focal behavior
for the first mu lt i-site col laborat iv e ManyB ir ds pr oj e ct
( Lambert et al . 2022 ), whic h is m ode led after similar
lar g e-sca le comp arat ive studies in cog nit ion and be-
havio r in p rima tes, h uma n infa nts, a nd dogs ( Altschul
et al. 2019 ; B y ers-Hein lein et a l. 2020 ; Alberghina et
al. 2023 ). How ev er, in our view, many n eoph o bia s tud-
ies do not adequately address im portan t fact or s that
may a ffe ct resu lts. The go a l of this re vie w was to sur-
vey the literature for bro ad t rends in neophobia r esear ch
an d en co urage o p t imizat io n o f n eoph obia p aradig ms
through s pecific s ugges t ions fa l ling under s e ven broad
categ ories (“sin s”) th at m any studies “co mmi t.” G regg or
et al. (2015) and Crane and Fer rar i (2017) have pre-
vious ly descri bed th e lack of con sen s us acros s s tud-
ies an d disciplin es in m e asur in g and interpretin g neo-
ph obia be havior an d pres ented s e veral im portan t con-
sideratio ns fo r desig ning ne opho bia tes ts that we in-
clude in our recomm en da tions. F or exam ple, G regg or
et al. (2015) out line t he import ance o f novel ty sele ct ion,
a nd Cra ne a nd Ferra ri (2017) di scu ss t he import ance
o f incl uding co nt rol t ria ls. O ther re commendat ions are
b ase d o n b road p rinci ples fo r soun d experim ental de-
sign in anim al beh avior r esear c h ( S hett lewort h 2009 ;
Webster and Rutz 2020 ; Batesson a nd Ma rtin 2021 ).
In p art icu lar, th e STRANGE fram ewor k proposed by
Webster and Rutz (2020) shares simi lar considerat ions
(e .g., acc limatio n o r exposure to new testing si tuatio ns).

Our in ten tio n fo r this re vie w is not to pres ent thes e
recomm en dations as th e be-a l l an d en d-a l l of ne opho-
bia exper iment a l desig n. O ur fram ewor k of “th e s e ven
deadly sins” is meant to be tongue-in-ch ee k, an d we
thin k our p ap er may b e most useful for r esear c her s who
are new to neophobia r esear ch (or other areas of ani-
m al beh avior r esear c h), as we our selves wer e r ecently.
In fact, we have co mmi tted so me o f the “s e ven deadly
sins” in our own past wor k, an d we became aware of
so me o f th ese m eth odolog ica l p i t fa l ls through conver-
satio ns wi th colleagues at conf erences a nd t hrough t he
peer re vie w proces s. We unders t and t hat t here may
be valid reasons for doin g thin gs differently tha n our
recomm en datio ns—fo r example , t o m aintain consi s-
tency with past r esear ch—and we acknowledge that
there may be crucial exper iment a l desig n is s ues that we
are missing here or that may be less im portan t in specific
circum stances. How ev er, w e believ e the is s ues we raise
her e ar e crit ica l to con sider, ev en if n eoph ob ia is o nly a
sma l l co mpo nent o f th e inten ded r esear ch pr oj e ct. 

Literature search and analysis 

Ther e is curr ently no broad con sen sus on how to
as ses s n eoph obia ( G regg or et al. 2015 ); ther efor e,
ma ny differen t a ppr oaches ar e used acr os s s tudies
an d disciplin es. We per for med a literature se arc h t o
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Table 1 Numbers of papers that have committed the “seven deadly sins of neophobia experimental design.” Poor novelty selection is 
defined as having treatment with biologically relevant features (eyes, mouths, likeness to food, or nesting material) or having multiple 
treatments with similar features (color , odor , texture , etc .). Papers “somewhat committed” pseudoreplication by having one replicate for 
one type of neophobia test and multiple replicates for another (e.g., 1 novel object, 3 novel foods). Papers “somewhat committed” having 
no controls by only having one control. Fixed treatment order (6a) (i.e., the order of control vs novelty treatments was the same for all 
individuals) and fixed order of novelty presentation (6b) (i.e., the order of objects was the same for all individuals) were considered two 
different types of one sin (not randomizing treatments, which does not allow researchers to look for the independent effect of treatment 
order or stimulus type) 

Sin Committed 
Did not 
commit 

Somewhat 
committed Not a pplicab le Total 

(1) Novel testing environment 36 (9%) 99 (26%) 0 248 (65%) 383 

(2) Poor novelty selection 87 (23%) 181 (47%) 0 115 (30%) 383 

(3) Not standardizing subjects’ 
motivation 

147 (38%) 236 (62%) 0 0 383 

(4) Pseudoreplication 195 (51%) 159 (41%) 29 (8%) 0 383 

(5) Lack of sufficient controls 203 (53%) 85 (22%) 95 (25%) 0 383 

(6a) Fixed treatment order 212 (55%) 48 (13%) 0 123 (32%) 383 

(6b) Fixed order of novelty 
presentation 

98 (26%) 85 (22%) 0 200 (52%) 383 

(7) Arbitrary thresholds 231 (60%) 41 (11%) 0 111 (29%) 383 
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n derstan d th e b read th o f app roach es an d to identify
otent ia l wea kn esses in experim enta l desig n. The fol-

owing cr iter ia were applied to select relevant articles: 
1. Because we wer e inter ested in the ecological im-

licatio ns o f n eoph obia, an d biom e dica l ne ophobia re-
earch h a s specific cr iter ia an d m ot ivat ions relate d to
um an di sea se, we focu sed on studies on n on-m ode l
r ganism s and ex cluded human studies and studies on

abo rato ry rats and mice. We did include studies of wild
oden ts, domestica ted anim al s (c hic kens, pigs, et c.) and
rim ate studies. A nim al s could be housed in c aptiv it y or
tudied in the field. 

2. The study had to include an a p rio ri reason to quan-
 ify ne ophob ia; this excl uded r esear ch that dis cuss ed
 eoph obia as a potent ia l p ost-ho c explanation for un-
xpe cte d resu lts. 

3. Articles were deemed relevant if au tho rs set out
o measure “neophobia,” even if they might have actu-
 l ly be en me asur ing explo ratio n o r ne ophi lia (se e the
e ct ion “Not sta nda rdizing subj e cts’ mot ivat ion to ap-
roach n ove lty” for more details on this). 

To find articles, the f ollowing sea rch query was en-
ered in Web of Science on March 24, 2023, accessed
hro ugh Lo ui sian a Stat e Univer si ty: TO P IC “neopho bia”
 OT human N OT p ati ent ∗ N OT chil d N OT t o uris m
 OT citizen N OT p eopl e N OT p arti cip ant N OT nutri-

i on . Th e database foun d 1346 papers wit h t he ter m
n eoph obia” in th e t itle, abst ract, o r keywo rds. Fil ter-
ng for primary literature brought this init ia l search
own to 1211 results. We f urt h er refin e d our resu lts

o 1001 papers by ex cludin g the following topics: fo o d
cien c e techn ol ogy, app etit e, f o o d qu ality, fo o ds, fo o d re-
earch in terna tion al, an d British fo o d journals (to h e lp
l ter ou t the many studies on human fo o d n eoph obia).
hese 989 articles were then manua l ly scre ene d for rel-
van ce. Of th ese , 383 artic les were de eme d rele vant (s ee
upplemen tary Ma terial for a complete list). 

The f ollowing inf o rmatio n relat ed t o exper iment al
esig n was ext racte d f rom each ar ticle ( Ta ble 1 ): tax on,
 ourna l, year, number of n ove lty t reat m ents (e.g., th e
umber of different n ove l obj e cts t est e d), descript ion
f n ove lty t reat ments (e.g., re d ribbon, purple plastic
 a l l , et c.), number of cont rol t reat ments, t reat ment or-
er with respect to control vs n ove lty t reat ments (fixe d
 r rando mized), novel ty p resen ta tio n o rder (fixed or
an domized), wh eth er r esear c her s sta nda rdized sub-
 e cts’ mot ivat io n to app roach n ove lt y (e.g ., through fast-
ng and obj e ct placem ent n ea r f o o d), wh eth er su bj e cts
ere t est e d in a new or fami li ar env ironm ent, h ow
 esear c her s measure d ne ophobi a (e.g ., l a tency to a p-
roac h, lat ency t o fe e d), an d h ow r esear c her s ana lyze d
 eoph obi a (e.g ., lin ear m ode ls, sur vival cur ves). A com-
lete list of ext racte d informat ion can be found in the
upplemen tary Ma terial . 

n overview of neophobia testing 

aradigms 

ovelty re cog nit ion re quires the coo rdinatio n o f both
erception and memory ( Hughes 2007 ), and any kind
f st imu lus can be n ove l. Nove l st imu li sp an a bro ad
an g e of cat egories, inc luding, b ut no t limit ed t o, ob-
 e cts, fo o ds, environm ents, sm e lls, an d soun ds. Gen er-
 l ly, th e n ove l st imu lu s i s p aire d wi th a posi t ive st im-
lus (e.g., fo o d or a nest box), which helps to stan-
ardize th e su bj e ct’s mot ivat io n to app ro ach (se e the

https://academic.oup.com/icb/article-lookup/doi/10.1093/icb/icad127#supplementary-data
https://academic.oup.com/icb/article-lookup/doi/10.1093/icb/icad127#supplementary-data
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se ct ion “Not sta nda rdizing subj e cts’ mot ivat ion to ap-
proach n ove lty” for m ore details). Th e su bject is th en
observe d unt i l the desire d behav ior (e.g ., time to ap-
p roach o r fe e d) is complete d or unt i l a pre determine d
tim e thres h old is reach ed. D at a may be col le cte d by ob-
serving subj e cts in rea l-t im e using a hide, blin d, o r o ne-
way observation glass; by r ecor ding videos of subjects
interactin g with nov el st imu li and wat c hing a nd a nno-
t ating t hem la ter; or by using an a u to ma ted da ta col le c-
tion syst em, e .g., a radio fre quency ident ificat ion sys-
tem that reads indiv idu al tags, and which is attached to
a co mpu ter that reco rd s vi sits to a sp ecific lo ca tion ( F ox
et al. 2009 ; G run st et a l. 2019 ; Pârvu lescu et a l. 2021 ).
Indiv idu als are t ypic a l ly classifie d as ne ophobic if they
are slow to approach or never interact with the novelty,
n on-n eoph obic if th ey appear in different to th e n ove l
st imu lus, an d n e ophi lic if they approach and interact
wit h t h e n ove l st imu l us ei t her faster t han wit h a fa milia r
st imu l us o r in the absence of a positive stimul us. W hat
va ries most a mong studies are the many fact or s of ex-
per iment a l desig n, suc h as t esting environm ent, n ove lty
c hoice , replication, controls, and data an alysi s m eth ods.
There can also be separat e crit eria for field vs labo rato ry
tests, some of which are outlined below. 

Novel obj e cts are the most co mmo n type o f stimu-
lu s u sed to mea sure n eoph obia be havior. In a fie ld set-
tin g, nov el obj e cts are o ften p resented o n o r near a posi-
t ive st imu lus li k e f o o d ( Greenb erg 1989 ; Rasolo fo niaina
et al. 2021b ) or a nest box ( Vrublevska et al. 2015 ;
G regg or et al . 2017 ). Not e that a n ove l obj e ct presente d
in th e absen ce o f a posi t ive st imu lu s m ay actua l ly be
me asur ing ne ophi lia (a pr efer ence fo r o r att ract ion to
n ove lty; see th e se ct ion “Not sta nda rdizing subj e cts’
mot ivat io n to app roach n ove lty”). On e limitation of
field studies is that r esear c her s t ypic a l ly have li ttle co n-
trol over wh eth er anim al s h ave recent ly e at en or int er-
acted wit h t h eir n ests, an d th er efor e over subj e cts’ level
of mot ivat ion. In a laboratory settin g, nov el obj e cts are
usua l ly p aire d with a fo o d r ewar d, and r esear c her s are
able to fast subj e cts p rio r to testing ( St. Lawrence et al.
2021 ; Szabo and Ringler 2022 ). 

Fo o d n eoph ob ia is o f ten me a sured a s an aversion
t o approac h a new fo o d (simi lar to obj e ct ne ophobia),
th e laten cy to try a new fo o d, or a n a nimal’s wa riness
to inco rpo rate a new fo o d into its diet (known as di-
etar y conser vatism) ( Ma rples a n d Ke lly 1999 ). Th ere
is no current con sen sus on wh eth er dietary conser-
vatism and fo o d n eoph obi a are sy nony mous ( Marples
an d Ke lly 1999 ; Pras h er et al. 2019 ; Szabo and Ringler
2022 ). Dietar y conser vat ism p aradig ms often use a fa-
milia r f o o d o r p rey i tem th at h a s be en a ltere d to induce
wa riness (e.g., a n unfa milia r color: Ma rples et al. 2007 ;
Eccles et al. 2021 ; Szabo and Ringler 2022 ). Many ap-
plied behavior studies are int erest ed in mitigating di-
etar y conser vatism in fa rm a nim al s by testing anim al s’
hab i tuatio n to n ove l fe e ds ( Bur r itt a nd P rovenza 1997 ;
Meag her et al. 2017 ; Sadeg hi et al. 2019 ). Fo o d neo-
phob ia is p r imar ily t est ed in a labo rato ry setting with
unfa milia r f o o d items m ost like ly n ot en countered in
the w ild (e.g ., a color f ul f r ui t-flavo red b re akfast cere al:
Seok An et al. 2011 ; O’Hara et al. 2017 ; Kimball et al.
2022 ) with a similar setup as is used in o bject tes ts. Field
s tudies as ses sing fo o d n eoph obia are n ot as comm on,
but a few have t est ed th e in corporation of n ove l prey
item s ( Beissin g er et a l. 1994 ; Marples et a l. 1998 ; Ward-
Fear et a l. 2018 ), whi le oth ers have m easured laten cy
t o approac h or eat n ove l fo o d s ( Vi sa lberghi et a l. 2003 ;
Modlins ka an d St ryj e k 2016 ), th ough th ese studies in-
t erpret ed this response as exploration or boldness rather
than n eoph obia. 

E xplorat ion of a n ove l environm ent is th e m ost com-
mon p aradig m use d for sp at ia l ne ophob ia. W hether in a
labo rato ry setting o r in the field, r esear chers wi l l int ro-
duce th e su bj e cts to a n unfa milia r environment (e.g., a
t ent erect ed in the field [ Liebl and Martin 2012 ], a novel
t esting arena [ Mic h e lan g eli et al. 2016 ], or a new room
[ Verbe ek et a l. 1994] ) an d m easure a n a nimal’s latency
t o ent er th e n ew space, its m ovem ent aroun d th e space,
an d th e am ount o f space explo red. In so me studies, a
different type of n eoph obia is m easured in a n ove l envi-
ro nment; fo r example, n ove l obj e ct r esponses ar e some-
times t est ed in a n ove l testing environment, which may
confoun d th e two m easurem ents (see th e se ct ion “Novel
testing environments”). 

While n ove l objects, fo o ds, an d environm ents are
th e m ost po p u lar st imu li use d to as ses s n eoph obia,
ther e ar e other p aradig m s that tar g et different sen sory
systems. F or exam ple, in species tha t use olfaction to
comm unica t e , n ove l scent cues are commonly used in
b oth lab o rato ry ( Fer rar iet al. 2015 ; Cran e an d Fer rar i
2016 ) an d fie ld settin gs ( B rown et al . 2013 ; McCormic k
et al . 2017 ). Researc her s hav e tar g ete d me chanore cep-
tion in fish by inv estigatin g respon ses to nov el mechan-
ica l st imu li ( Meuthen et al. 2016 , 2019 ). Th e use of n ove l
sound s h a s been u se d to explore ne ophob ia in b irds
( Fulmer et al. 2016 ) a nd liza rd s ( Wal sh et al. 2018 ). And
alth ough n ove lty in a n a nimal’s environment can in-
clude n ove l h eterospecifics an d p redato rs, i t is much less
co mmo n to use “novel heterospecific” or “novel preda-
to r ” st imu li in ne opho bia tes ts t han ot her types of stim-
u li (a lthough se e Jones et a l. 2016 ; Cra ne a nd Ferra ri
2017 ; Jo ll y et al . 2021 ; Feyt en et al . 2022 ). 

Overall patterns in comparative 

neophobia research 

Using se arch cr iter ia t ha t excluded studies in h umans
and labo rato ry rodents, most o f the papers we re vie wed
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Fig. 1 P er centage of comparative neophobia studies b y taxon ( n = 383 publications, see text f or details of the literature search). Human 
and laboratory rodent studies w er e excluded. Birds w er e the most r epr esented taxon in neophobia research. 
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s ses se d ne ophobia in birds (55%). The next most com-
on taxa were m amm al s (24%) and fish (13%). Rep-

 i les, a mphibia n s, in se cts, mol lu sks, and cru st ace ans
ere much less represented ( < 3%; Fig. 1 ), which high-

ights th e n e e d fo r mo re n eoph o bia tes ting in these
rou ps. Co m para ti ve neop hobia r esear ch h a s been pub-
is h ed in 91 different journ al s ( Fig. 2 ), though it is pos-
ible our search may have miss ed s ome studies that
s ses se d ne o phobia b ut did no t incl ude i t in the ti tle,
bstract, or as a keywo rd. Unsurp risingly, m ost n eo-
hob ia li terature h a s been publi shed in behavior jour-
 al s: A nim al Beh avior (15%), Beh aviora l E cology (7%),
pplied A nim al Beh avior Science (6%), A nim al Cog-
i tio n (5%), an d Be havioral Processes (5%). How ev er,
 ourna ls t hat t ar g et a broader audience h ave al so pub-
is h e d comp arat ive ne ophobia r esear c h, inc luding PLoS
 NE (4%), P roce e dings of the Royal Society B (3%),

nd Scientific Reports (2%). Lastl y, neop hobia pub li-
ation s hav e been risin g ov er the y ea rs, pa rticula rly in
he l ast t wo dec ades ( Fig . 3 ), s h owing in creased inter-
s t acros s di sciplines. It i s likely th at thi s lar g e rise in
nterest in n eoph obia in the 2000s was at least partly
pur red by t he p io neerin g w ork th at Ru ssel l Gre en-
erg and his lab members published in the 1980s and
990s. 

he “seven deadly sins” of neophobia 

esearch 

hile reading through th e experim enta l desig n choices
f the relevant articles, we noticed s e ven major repeated
 eaknesses (“sin s”). We describ e b elow why we con-
ider these major weaknesses sins of experimental de-
ign, explain how these sins might influence neophobia
esul ts, and p ropos e s e v eral sugg estion s for o p timiza-
io n. Again, i t s h ould be n oted that we make these rec-
mm en dations after years of careful o p timizatio n o f our
wn exper iment a l desig n a nd a fter co mmi tting so me o f
hese sins our selves. S ins are o rdered fro m least com-

itt ed t o most co mmi tt ed . 

ovel testing environments 

any n ove l obj e ct, fo o d, sm e ll , tast e , or sound stud-
es (36%) t est e d subj e cts’ ne ophobia in a new environ-

en t ra t her t han a familiar environment like the home
age (note that this excludes sp at ia l ne opho bia s tud-
es). Of those 138 studies, 36 did not acc limat e t es t s ub-
 e cts to the new environment before testing for obj e ct,
o o d, sm e ll, taste, or soun d n eoph obia (9% of total pa-
er s, Table 1 ). Not e t hat t his num ber includes st udies
hat did n ot m ention an acclimat izat ion p erio d, and
her efor e it was as s umed t hat t h ere was n o acclimati-
ation p erio d. Usin g a nov el testin g environment with-
u t an acclimatio n p erio d is n ot recomm en ded, because
 t co nf ounds different types of n eoph obi a (e.g ., obj e ct
 eoph obi a w ith sp at ia l ne ophobia). 

ecommendation 

ith er test in div idu als in a fa milia r environment (e.g.,
h eir h om e cage) or a l low f or a n ap pro priat e acc lima-
ion p erio d prior to testin g. Usin g control trials (see
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Fig. 2 Number of comparative neophobia studies by journal ( n = 383, see text for details of the literature search and exclusion criteria). 
Behavior journals have published the most neophobia research. Only journals with two or more neophobia publications are shown above. 
For the entire list of journals, please refer to the Supplementary Materials . 
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the se ct io n “Lack o f sufficient co ntrols”) can h e lp de-
termin e wh eth er anim al s h ave acclim ated; acclim ated
anim al s s h ould respon d quic kly t o a positive stimulus
in a cont rol t ria l, wh ereas n on-acc limat e d anima ls may
hang back if experiencing sp at ia l ne ophobia. 
 

Poor novelty selection 

To measure a subj e ct’s ne ophob ia, i t is impo rt ant t hat
th e n ove l st imu lus be t ru ly n ove l, an d n ot b ear to o
close a resemblance to familiar obj e cts. Many studies in-
cluded n ove l objects with a nimal-lik e f eatures such as

https://academic.oup.com/icb/article-lookup/doi/10.1093/icb/icad127#supplementary-data
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Fig. 3 Distribution of comparative neophobia publications over time ( n = 383, see text for details of the literature search and exclusion 
criteria). There was a sharp increase in publications in the past two decades (2002–2022). 
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yes an d m ouths (e.g., a toy anima l). Simi la rly, ma ny
 ove l obj e ct an d n ove l environm ent t ests used it ems
 ith pl a nt-lik e f eatures (e.g., a fak e t re e) that st rongly

esemble fa milia r f o o d an d n est ing materia ls. Also, if
he study organism is ca ugh t from the wild, it is impor-
ant to consider other items that the indiv idu al m ay h ave
revious ly en countered an d th erefore might not be per-
eived as n ove l. F or exam ple, in our la b, w e av oid us-
ng Mardi Gras beads as a n ove l obj e ct be cau se hou se
parrows may have encountered this obj e ct in the many
rban environments they inhab i t in south Loui sian a.
s di scu ssed in G regg or et al . (2015) , inc l usio n o f fea-

ures that trigger e colog ica l ly relevant cog nit ive biases
an tr ig ger innate fe ar responses that may also be dis-
in ct from th e response to n ove l ty. Fo r examp le, the co l-
rs red and yellow are often associ ated w ith a posema tic
rey ( Rowe and Guilf ord 1999 ). Certa in colors or pat-
erns may also have s pecies-s pecific as soci ations w ith
exua l sig na ls, such as the colors red and iridescent blue
n gu pp ies ( Kodr ic-Brown 1985 ). Anot her repe ated is-
ue seen with n ove lty se le ct ion is studies that used mul-
iple n ove l stimuli with very similar features (e.g., mul-
 iple obj e cts made fro m b row n c a rdboa rd). If different
t imu li are too similar to each ot her, t here is a chance
he test subj e cts wi l l n ot perceive th em a s di stin ct an d
 ove l, resu lt ing in hab i tuatio n. Overa l l, 23% of studies
o mmi tted the sin of p o or n ove lty se le ct ion in at least
 ne o f these aspects. 

ecommendation 

esearc her s should select novel obj e cts that do not have
bvious “eyes” or “m ouths,” an d which are not too sim-

lar t o mat er ials t hat subj e cts are li kely to have previ-
us ly en count ered . Not e that if your go a l is to measure
esponses to a n ove l biolog ica l st imu lus (e.g., a n ove l
 redato r), t hen fe atures such as “eyes” or “mouths”
r e appr opriate and e colog ica l ly relevant. Idea l ly, re-
earc her s should use obj e cts a nd f o o d s th at m aximize
he diversity of different colors and textures in n ove l
t imu li, with spe cia l care not to use only re d, yel low,
r sexua l ly sele cte d colors: perhaps one obj e ct can be
ed, b ut no t all ob jects s h ould be red. For n ove l spatial
ests, r esear ch ers s h ou ld idea l ly use fami liar obj e cts in
ew locations so that only the space is novel, and not

he obj e cts wi thin i t, which would co nflate obj e ct and
p at ia l ne ophob ia. Fo r example, our sp at ia l ne ophobia
 aradig m invo l ves opening access to a new cage that
 a s the same features and obj e cts as the home cage,
ut the obj e cts are in different locat ions ( Kimb a l l and
att in 2023 ). Simi la rly, f or studies usin g nov el scents
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or soun ds, th e scent s h ou ld idea l ly no t be ap plied to
a n ove l obj e ct, an d th e soun d s h ou ld idea l ly not be
emi tted fro m a visible novel obj e ct li ke a spea ker. We
a lso st r ongly r ecomm en d that n ove l st imu li be va li-
d ated w ith a sma l l pi lot g rou p o f individ uals befo re
use in a fu l l study, be cause it is impossible to predict
h ow se le cte d st imu li wi l l b e p erceiv ed. We hav e found
that some obj e cts or fo o d s th at we sele cte d for n ove lty
tests did n ot in crease su bj e cts’ av erag e lat ency t o fe e d
comp are d to cont rol condit ions (e.g., a color f ul f r uit-
flavo red b re akfast cere a l comp are d to mixe d se e d and
Purina lab diet, Kimb a l l et a l. 2022 ), indicat ing that
these obj e cts or fo o d s m ay b e to o similar t o it ems pre-
vious ly en count ered , or not sufficiently n ove l to in duce
n eoph obi a. Simil arly, if a novel st imu l us ind uces too
strong a response (i .e ., wh ere n o in div idu a ls appro ach
i t d ur ing t he testing per iod), t hat sug gests t hat it may
not be sui table fo r studying inter-indiv idu al differences
in n eoph ob ia (i t rep resents a “stro ng si tuatio n” in psy-
chology r esear ch [ Carter et al. 2013 ]). For example, in
o ur pilo t trials, we found that a white tasseled k eycha in
clipp ed ab ove the fo o d di sh wa s unexpe cte d l y aversi ve,
to the point that no house sparrows appro ache d or fed
near it. We had no a p rio ri reason to expect this tasseled
k eycha in to induce such a strong respons e, s o pilot tri-
a ls were essent ia l in deter mining t h at it wa s t oo aver sive
to use in our n eoph obia r esear c h. Not e t hat t he animal’s
s ens ory system s h ou ld a lso be considere d wh en ch oos-
in g nov el st imu li . For example , bir ds ar e able to see a
bro ad spe ct rum of colors and have s trong vis ual acu-
it y ( Bl ackwel l et a l. 2009 ; Shimizu a nd Wata nabe 2012 );
ther efor e, varying the colo r o f visual stimuli is ap pro pri-
at e . Fo r a mo nochro mat ic spe cies, it may be more ap-
p rop riat e t o va ry the size a nd texture of a n obj e ct. 

Not standardizing subjects’ motivation to 

approach novelty 

As m ention ed previous ly, many studies m easure n eo-
phobia by presenting something novel near a famil-
ia r f o o d source, typica l ly after a p erio d of fasting that
i s u sua l ly s e v eral hours or ov ernight fo r ho meot her ms
(e.g., C ampb ell et al. 2017 ; Kimball et al. 2022 ), and po-
tent ia l ly a day o r mo re fo r ectot her ms (e.g., Candler
and Bernal 2015 ; Szabo and Ringler 2022 ). Other stud-
ies present a n ove l st imu lus nea r a nother type of posi-
t ive st imu lu s, such a s access to a nest box fo r b re e ding
so ngb irds ( Bóko ny et al. 2017 ; Mo rinay et al. 2020 ). In
these types of studies, if the animal does not approach
so mething i t no rma l ly wou ld, it is ne ophob ic. If i t does
app roach, i t is not n eoph obic. How ev er, sev eral of the
studies we re vie wed did not present fo o d or an oth er
typ e of p osit ive st imu lus during t ria l s a s a mot ivat ion
t o approac h th e n ove l st imu lus (38% Table 1 ) and in-
stead simp l y offered th e n ove l st imu lu s a s an o p tio n fo r
the animal to app roach, o r not. Several more studies that
did use fo o d as a positive stimulus did not sta nda rdize
subj e cts’ mot ivat ion to eat by fasting indiv idu als before
t ria ls (27% of total papers). 

I f no velty is presented on its own, and not in the con-
text of fo o d or an oth er posit ive st imu lu s, then wh at i s
t ru ly being mea sured i s neophilia (an interest in or even
pr efer ence for n ove lty) rath er than n eoph obia ( Mettke-
Hofma nn et al. 2002 ; Mira nda et al. 2013 ). Interestingly,
th e base lin e f or ma ny labo rato ry rodents is to s h ow
a n active pref erence f o r novel ty over co nt rol st imu li
( Hug hes 2007 ), w hich is rarely se en in wi ld spe cies, with
a few notable exceptions (e.g., some primates [ Bergman
and Kit c hen 2009 ] and bir ds [ Gr eenberg 2003] ). I f no v-
el ty is p resented nea r f o o d wi thou t sta nda rdizing moti-
vation across subj e cts, then it is possible that some sub-
j e cts that ap pear “neo phobic” may have just eaten and
ther efor e ar e n ot m ot ivate d to app roach. Co nt rol t reat-
ments can a l low r esear c her s t o det ermin e wh eth er th eir
p erio d of fasting is ap pro priat e t o sta nda rdize motiva-
tion (i .e ., det ermin e a tim e p erio d where a l l anima ls ap-
proach and fe e d in the control condition). 

Recommendation 

Make sure what you are studying is n eoph obia an d n ot
ne ophi lia. It is impossible to co mpletely co ntrol fo r mo-
t ivat ion across different subj e cts, be caus e s om e in divid-
ual s are ju st mor e r ewar d-mot ivate d than others, per-
haps due to e colog ica l, p hysio log ica l, neurobiolog ica l,
or genetic differences ( Nader et al. 1997 ; Barron et al.
2010 ). Ther efor e, standar dizing subj e cts’ mot ivat ion to
approach n ove l stimuli by associating them with ecolog-
ica l ly relevant posit ive st imu li wi l l h e lp ensure that in di-
v idu al differences in appro ach t imes are due to n eoph o-
bia, n ot n e ophi lia. When fo o d i s u sed a s a posit ive st im-
ul us, a taxo n-app rop riate fasting p erio d wi l l a lso h e lp
sta nda rdize mot ivat ion across subj e cts. Note that if the
fasting p erio d is to o long, thi s m ay al so h om ogenize th e
respon se to nov el st imu li across indiv idu als. Many av i an
studies have successfu l ly use d overnight fasts ( Marples
and Roper 1996 ; de Bruijn and Romero 2020 ). This is
a time p erio d wh en birds n orma l ly do not fe e d but is
long enough to create high mot ivat ion acros s s ubj e cts,
which can be seen as a rapid approach during control
co ndi tio ns and a mix of neophobic and no n-neophob ic
respo nses d uring n ove l st imu lus t ria ls. 

Pseudoreplication 

Many studies (51%) used only on e n ove l stimulus
in a l l subj e cts—e.g., one novel obj e ct or one novel
environm ent—an d s ugges ted t hat t he response to t his
one st imu lu s wa s indicative of anim al s’ response to
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n ove l obj e cts,” “n ove l environm ents,” or even “nov-
 lty” m ore gen era l l y ( Tab le 1 ). Thi s i s pseudoreplica-
ion, which can occur when t reat ments are not repli-
ated or when replicates are not s tatis tically indepen-
ent ( Hur l bert 1984 ). Pseudo replicatio n was ini t ia l ly
onceptua lize d in the field of ecology, but behavioral
 colog ists a lso be cam e con cern ed wi th pseudo replica-
o n in b irdso ng r esear ch ( Kr o o d sm a et al. 2001 ), where
 ne so ng reco rding fro m o ne m ale wa s u sed to mea-
ur e female r espons es (ess ent ia l ly me asur ing female re-
ponses to this one spe cific ma le’s song rather than to

ale song more genera l ly). This exper iment a l desig n
aw was fixed by using mu lt iple song re cor dings fr om
u lt iple ma les. This example can be applied broadly

o behavioral studies, and it is im portan t to consider
 t wha t level replica t ion is ne e de d ( Hurlbert 1984 ). In
 irdso ng studies, replicates are ne e de d at the level of
a le song re cordings, whi le in ne opho bia s tudies, repli-

ates are ne e de d at th e leve l of n ove lty t reat ments. If
 eplicates ar e not added, a single n ove l obj e ct test may
ot test a subj e ct’s genera l response to novel ty, bu t in-
te ad t heir s pecific res po nse to o ne s pecific s t imu lus—
 or exa mple , the response t o a re d plast ic b a l l. Thi s m at-
 er s p artly be caus e res earch from our own lab ( Kimb a l l
t al. 2022 ) and others ( Camín et al. 2016 ) s h ows that
ot a l l novel obj e cts a nd f o o ds are e qua l l y aversi ve to a l l
ubj e cts. Further, using addit iona l t ria ls with different
 ove l st imu li incre ases t h e like lih o o d of capturing an in-
iv idu a l’s “t rue” ne opho bic res pons e and decreas es the

i keli ho o d that an indiv idu a l subj e ct’s response wi l l be
 ffe cte d by stoch a stic unmea sured vari ables, e.g ., an ag-
 ressive interact io n wi th a co nspe cific imme diately be-
ore testing a gro up-ho u sed anim al. Use of only a single
 ove l st imu lu s i s p art icu larly a problem in studies test-

ng obj e ct ne ophobia (48% of re vie we d p apers). 

ecommendation 

esearc her s should inc lude at least two different n ove l
t imu li in their p aradig m to be able t o t est for a general
 ove l ty respo nse instead o f the specific response to one
bj e ct, fo o d , et c. This wi l l a lso a l low fo r measures o f re-

iab ili ty (also ca l le d co nsistency o r repe at ab ili ty) o f neo-
hobi a w ithin indiv idu a ls ( Réa le et a l. 2007 ; Bel l et a l.
009 ). If r esponses ar e less r epe at able acr oss differ ent
bj e cts, it may be necessary to add more novel st imu li
o capture an animal’s “true” response to n ove lty. 

ack of sufficient controls 

any studies did not include any control trea tmen ts
53%, Table 1 ) or only in cluded on e control trea tmen t
22%, Table 1 ). Wi thou t a co nt rol t reat ment (e.g., in a
 ove l obj e ct study, including t ria l s a s ses sing the s ub-
 e ct’s lat ency t o approac h the regular fo o d dish with no
 ove l obj e cts p resent), i t is impossi ble to kn ow if a n a ni-
al’s response is specific to the novel st imu lus ( G regg or

t al. 2015 ) o r, perhaps, rep resents an aversion to the en-
 ire test ing proce dure (in whic h case , you may wish to
xcl ude this individ ual fro m the study, because their re-
ponse is n ot n eoph obia as much as it is general f ea rful-
 ess). Furth er, wh en manipu lat ions are use d, cont rols
re essent ia l t o be able t o isolat e effects of exper iment al
anipu lat ions on the response to n ove lt y specific ally.
 or exam ple, w e demon st rate d that reducing circulat-

ng co rticostero n e in h ouse sparrows ( Passer d omesti-
us ) using a single inj e ct io n o f the drug mitotane re-
uced th e laten cy to fe e d in n ove l obj e ct t ria ls b ut no t in
ont rol t ria ls ( Kel ly et a l. 2022 ). Wi thou t t his necess ary
ontrol, w e w o uld no t have been able to rule out an alter-
ati ve exp la nation f or our dat a: t hat spar r ows’ r e duce d

at ency t o fe e d in th e presen ce of n ove l obj e cts was be-
a use mitotane-in j e cte d bir ds wer e hungrier and faster
o fe e d overa l l. As ment ione d a bov e for obj e ct tests,

u lt iple cont rol t reat ments are better than single tests
 o bett er capture a n a nima l’s “t rue” cont r ol r esponse. 

ecommendation 

h en ever possi ble, r esear c her s should inc l ude co n-
 rol t ria l s th at include a s m any of the test elements as
ossible (but which exclude th e n ove lty). While on e
ontrol is better than n on e, using mu lt iple cont rol t ria ls
educes pos sible s t oc h a st ic effe cts of test ing day or
th er un cont rol le d effe cts. If indiv idu a ls are exclude d
rom a study, we recomm en d using a strong thres h old
hat o nly excl udes subj e c ts w ho fail t o approac h during
 l l cont rol t ria ls. 

ixed treatment order 

 or studies tha t incl uded co ntrols, most o f the studies
e re vie wed us ed a fixed trea tmen t order (i .e ., the or-
er o f co ntrol vs n ove lty t reat m ents was th e sam e for a l l

ndiv idu als) (55%, Table 1 ), an d som e also used a fixed
 rder o f n ove l ty p resen ta tion (i .e ., the o rder o f obj e cts
as the same for a l l indiv idu als) (26%, Table 1 ). Using
 fixed order of n ove l vs control trial s m akes it h ard to
isentangle possible order effects fr om tr ea tmen t effects
r to test for the effect of habituation to “n ove lty tri-
 ls” genera l ly. It is genera l ly im portan t when designing
our experiment to consider variables th at m ay a ffect
 eoph ob ia bu t are not of interest. These variables that
ay be an undesired source of va riation a re often ca l le d

nuisa nce va riab les” ( K irk 2014 ). In our r esear ch, we ar e
ft en int erest e d in the effe c ts of fac t or s li ke circu lat ing
 orm on e leve ls or social context on n eoph obia; th ere-
 ore, our nuisa nce va r iables include t he tot al number of
 ria ls, the order of t reat ments vs controls, and indiv idu al
bj e ct effe cts, and we randomize each of these aspects
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Fig. 4 Example five day-novel object testing timeline for three test subjects (001, 002, and 003) using (A) a randomized design, (B) a 
balanced design, (C) randomized novelty presentation and fixed treatment order, and (D) a fixed order of novelty presentation and 
treatment order. Design (A) has both treatment order and novelty presentation randomized, which we believe is the ideal study design if 
you want to prevent order from effecting neophobia. Design (B) is ideal if you are interested assessing the effect of order on neophobia 
responses. Design (C) has novelty presentation randomized and treatment order fixed; however, some studies we screened had fixed 
nov elty pr esentation and randomized tr eatment order. 
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in our study design. How ev er, if these va riables a re of
primary int erest t o a r esear ch er studying n eoph obia, a
different study design (such as a b a lance d desig n) wou ld
be more ap pro priat e . Addit iona l ly, a few studies we re-
viewed did not expose a l l indiv idu a ls to a l l the different
n ove l st imu li use d in the s tudy. Ens ur ing t hat a l l indi-
v idu als experience all n ove l stimuli allows r esear c her s
t o t es t for s pecific s timulus effects (e.g., one object elicit-
ing a much more neopho bic res ponse than th e oth er ob-
j e cts) and to control for these effe cts stat ist ica l ly. Some
n ove l st imu li may b e p erceived as “scarier” than others
by study subj e cts, and it is im portan t to be able to iden-
tify those effects. 

Recommendation 

We recomm en d t hat rese arc her s consider a l l potent ia l
var iables t hat could influen ce n eoph obia in their ex-
per iment a l desig n and eit her st a nda rdize or ra ndom-
ize a ny nuisa nce va ria bles to prev en t unwan ted varia-
t ion in ne ophob ia. Fo r exa mple, ra n domizing th e order
o f co ntrol an d n ove lty t reat m ents an d exposing a l l sub-
j e cts to a l l n ove l st imu li wi l l p revent o r der fr om effect-
ing n eoph obia, an d a l low you to as ses s if some o bj e cts
a re “sca r ier” t han ot hers. If mu lt iple n ove l st imu li are
u sed (a s t hey ide a l ly s h ou ld be, se e the se ct ion “Pseu-
do replicatio n”), the testing o rder o f different n ove l stim-
uli s h ould also be rando mized, o r else it is impossible to
disenta ngle order effe cts from obj e ct effe cts. How ev er,
if y ou hav e a sma l l sa mple size, ra ndo mizatio n may not
a l low for e qua l r epr esen ta tion of orders across individ-
ua ls. Addit iona l ly, if you are int erest ed in assessing the
effe cts of t reat ment o rder o n n eoph obi a (e.g ., determin-
ing wh eth er exposure to mu lt iple n ove l obj e ct tests s e v-
eral days in a row a ffects a n a nimal’s lat ency t o fe e d on
control days), you would want to use a b a lance d desig n.
Balancin g w ould still allow you to as ses s effects of differ-
ent obj e cts and a lso a l low order effe c ts to occ ur in suf-
ficien t n umber s t o as ses s this as an ou tco me. Fo r exam-
ples of randomize d, b a lance d, and fixe d desig ns se e Fig.
4 . In g eneral, usin g a randomize d t reat m ent an d n ove lty
o rder o r a b a lance d or der ar e mor e idea l desig ns ( Fig.
4 A and B). 



The “seven deadly sins” of neophobia experimental design 11 

A

J  

m  

t  

a  

p  

e  

s  

t  

i  

d  

t  

i  

i  

w  

t  

s  

d  

i  

1  

t  

i  

i

R
I  

t  

i
p  

t  

p  

C  

n  

d  

a  

(  

t  

i  

y  

p  

p  

b

B

A  

t  

t  

n  

o  

e  

r  

f  

C  

n  

c  

i  

g  

w  

t  

d  

m  

y  

a  

f  

a  

d  

c
 

i  

s  

c  

2  

t  

t  

t  

e  

t  

s  

a  

l  

(  

R  

t  

l  

t  

c  

b  

G  

n  

d  

v

C
O  

f  

c  

h  

f  

i  

(  

“  

e  

t  

p  

t  

p  

D
ow

nloaded from
 https://academ

ic.oup.com
/icb/advance-article/doi/10.1093/icb/icad127/7444996 by Louisiana State U

niversity user on 10 January 2024
rbitrary thresholds 

u st a s ther e ar e ma ny differen t ways tha t n eoph obia is
easure d (se e the se ct io n “An overview o f n eoph obia

est ing p aradig ms”), ther e ar e also a variety of ways to
na lyze ne ophobi a d ata (e.g ., lin ear m ode ls, Cox pro-
o rtio n al h azard m ode ls). Th e p roblem wi th many lin-
ar m ode l approach es—an d any oth er an alysi s th at a s-
igns arb i trary maximum thres h old values—i s th at they
reat indiv idu al s th at do an d do n ot per for m t h e be hav-
or as the same. For example, an indiv idu al who fe e ds
ur ing t he last minu te o f a 30-min t ria l wou ld be t reate d
 he s a me as a n indiv idu al who does not fe e d at a l l, when
n fact these are very different respons es. G enera l ly, it
s preferable to use Cox p ropo rtio nal hazard m ode ls,
hich do not r equir e subj e cts to per for m t h e be havior

 o be inc lude d in the ana lysis, be caus e the y do not assign
 ome what a rbitra ry thres h old values to in div idu a ls (a ka
at a censor ing). We found t hat 60% of n eoph o bia s tud-

es used an arb i trary thres h old for their an alysi s ( Table
 ). The extent of this “sin” may depend on the distribu-
io n o f no n-app roac her s in a study. For example, if few
ndiv idu a ls fai l to appro ach, then a n a rb i trary thres h old
s less of an is s ue. 

ecommendation 

f your data invo l ve lat ency t o per for m a be havior (tim e
 o approac h, time t o feed , et c.), we recomm en d us-
ng Cox p ropo rtio n al h azard m ode l s u sing th e “coxm e”
ackage ( Th ern eau 2020 ) in R ( R Core Team 2020 ) so
 hat t here i s a di st inct ion betwe en subj e cts that com-
lete the behavior and those that do not (see Fig. 5 ).
o mpletio n o f behavio r s h ould be in dicated as a bi-
a ry va riable (i .e ., 0 o r 1) (see Table 2 fo r a n exa mple
ata s h eet). Note tha t da ta from Cox proport iona l haz-
rd m ode ls are t ypic a l ly v isu a lize d using surviva l curves
 Kassa mba ra et al. 2021 ). Also, pilot studies are impor-
ant to make sure that the length of n eoph obi a tri als
s ap pro priate for yo ur s pecies and tes t ing p aradig m. If
ou are using 5-min t ria ls and no indiv idu al s h ave ap-
ro ache d the novel st imu lus by the end of the testing
 erio d, thi s i s clear ly n ot a long en ough tim e p erio d to
egin to di stingui s h in div idu al vari ation in n eoph obia. 

eyond the 7 deadly sins: other considerations 

s m ention ed previous ly, th ere a re ma ny different ways
o m easure be havio r d uring n eoph obia t ria ls, e.g., as la-
 ency t o approac h a fo o d dis h, laten cy to first fe e d near
 ove l ty, number o f visi ts to a n ove l fe e der, tota l amount
f time spent near novel ty, o r closest approach to nov-
l ty. So met imes mu lt iple measures may be of interest to
 esear c her s. F or exam ple, some studies have t reate d dif-
er ent r esponses towar d n ove l fo o d s a s sep arate t raits;
amin et al. (2016) denoted the time to approach a
 ove l fo o d as “fo o d n eoph obia” an d tim e to actua l ly
onsum e th e fo o d as “dietar y conser vat ivism” (a lthough
n this study these two traits were s tatis tically indis tin-
ui sh a ble). How ev er, i t o ften makes s ens e to examine
h eth er different measures are correlated and choose

h e on e th at i s most repe at able (bot h wit hin and across
ifferent observers) ( Kimb a l l et a l . 2022 ) or whic h is
ost e colog ica l ly releva nt f o r the questio n at hand. If

ou ar e inter ested in how neophobia a ffects a nim al s’
ccess to beneficial r esour ces, time to first eat a n ove l
o o d might be a more relevant measure than time to first
p proach. Ano ther way to m an age correlated behavior
ata is to co mb ine different measures using a p rinci p a l
o mpo nents app roach ( Dam a s-Moreira et al. 2019 ). 

An oth er major consideration in n eoph obia r esear ch
 s th at not a l l types of “n eoph o bia tes ts” may be mea-
ur ing t he s am e un der lying be haviora l t ra it, which ca n
 ause jingle-j angle fa l lacies ( Bel l 2007 ; Carter et a l.
013 ). F or exam ple, in w ild-c a ugh t house sparrows
 est ed in the la b, w e foun d that in div idu al responses
o n ove l obj e ct, n ove l fo o d, an d n ove l obj e ct hab i tua-
ion tests were correlated within individuals ( Kimball
t al. 2022 ), s ugges ting t hat t h ese tests are m e asur ing
 he s a me tra it ( Ca rt er et al . 2013 ). How ev er, in other
tudies, indiv idu al responses to n ove l obj e cts, fo o ds,
nd sp at ia l st imu li were either correlated or uncorre-
ated depending on the exper iment al setup and species
 Fox et al. 2009 ; Dam a s-Moreira et al. 2019 ; Szabo and
ingler 2022 ). These differ ent r esp onses may b e con-
 rol le d by different neura l circuits, espe cia l ly since evo-
 u tio nary co nstraints may act on obj e ct, fo o d, and spa-
 ia l ne op hobia differentl y for different species, which
ould explain why we may see un corre lated n eoph o-
 ia respo nses acr oss differ en t con texts ( F ox et al. 2009 ;
 regg or et al. 2015 ). F or exam ple, t he r isk of trying a
 ove l fo o d vs the p ossible r ewar d fr o m do ing so may be
ifferent tha n th e ris k of exploring a n ove l environm ent
s the possible r ewar d fr o m do ing so. 

onclusions 

vera l l, b ase d on numbers of pu blis h e d p apers, we
ound that interest in n eoph obia h a s increa se d sig nifi-
ant ly over t he p ast two de cades, a lth ough m os t s tudies
 ave focu sed o n b ird s, m amm al s, and fish, with m any

e wer ass essing n eoph obia in rept i les, a mphibia ns, a nd
nvert ebrat es. Unfortunat e ly, we foun d that m ost papers
97%) contained at least one of what we are ca l ling the
s e ven deadly sins of n eoph obia r esear ch”: aspects of the
xper iment a l desig n th at m ay limit r esear c her s’ ab ili ty
o be sure t hat t hey are as ses sing a n a nima l’s t rue ne o-
ho bia res pons e. In s ome cas es, it may be impossible
o avo id co mmi tting o ne o r mo re o f these “sins” d ue to
ract ica l limitat ions. In other cases, a study may have
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Fig. 5 Object neophobia data from house spar ro ws ( n = 22) from Kimball et al. (2022) displayed in two different ways: (A) as a histogram 

where individuals that failed to approach were assigned an arbitrary threshold of 1 h, when the test ended, and (B) as a Cox proportional 
hazard model displayed using a survival curv e, wher e individuals that failed to approach w er e assigned a value of 0, or failure to approach 
during the 1 h test period. Panel (B) was published in Behavioral Brain Research. 428. M.G. Kimball et al. Novel objects alter immediate 
early gene expression globally for ZENK and regionally for C-Fos in neophobic and non-neophobic house sparrows. 113863. Copyright 
Elsevier (2022). 

D
ow

nloaded from
 https://academ

ic.oup.com
/icb/advance-article/doi/10.1093/icb/icad127/7444996 by Louisiana State U

niversity user on 10 January 2024



The “seven deadly sins” of neophobia experimental design 13 

Table 2 Example data for object neophobia trials showing approach and feed times for one individual over three consecutive trials. Note 
that if an individual has a “0” value for feeding status or approach status, the time to approach or feed is not used in a Cox r egr ession 

ID Sex 
Approach 
time (s) 

Feeding time 
(s) Object Trial number Trial date 

Feeding 
status 

Approach 
status 

503 M 3600 3600 Cover 1 December 6, 
2022 

0 0 

503 M 1100 .73 1112 .35 Red dish 2 December 7, 
2022 

1 1 

503 M 30 .34 31 .29 Control 3 December 8, 
2022 

1 1 
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ifferent go a l s th an o p t ima l ly c haract erizing a n a nimal’s
 eoph obia ph en otype , e .g., using n eoph obia t ria l s th at
ls o s erv e to ha b i tuate a n a nimal to a n exper iment al ap-
aratus ( Slevin et al. 2020 ). How ev er, cur rent l y, neop ho-
ia studies are so h eterogen e ous in desig n that it can
e difficult to compare results across different proj e cts.
ta nda rdize d behaviora l p aradig ms li ke the open-field
est and elevated plus maze that are used in labora-
ory rodents have led to great progress in b io me dica l
 esear ch ( Walf and Frye 2007 ; Gould 2009 ; Võika r a nd
ta nf o rd 2023 ). A mo re sta nda rd exper iment a l desig n
ou ld a l low ne ophobia r esear c her s t o compar e acr oss

tudies more easily and bett er delineat e any patt erns in
 eoph obia th at m ay exi s t acros s different po p u lat ions,
pecies, or taxa. 

Alt hough t here is con sidera ble debate aroun d th e
nfluences o f urb anizat io n o n behavio rs li ke ne ophi lia
n d n eoph obia ( Griffin et a l. 2017 ), as urb anizat ion in-
r eases acr os s the glo be, non-neopho bic anim al s m ay
e more s ucces sf ul t han n eoph obic anim al s becau se
f th eir in crease d abi lity to access to n ove l r esour ces

n human-a ltere d environm ents ( Miran da et al. 2013 ;
 regg or et al. 2016 ). How ev er, although bein g less neo-
 hobic may gi ve anim al s more o p po rtuni ties to find

o o d and nesting si tes, i t m ay al so increa se exposure
o pre dat ion and di sea se ( Sih et al. 2004 ; Réale et al.
007 ). Ther efor e , accurat ely and r epr oducib l y charac-
erizing n eoph ob ia is cri t ica l t o under stand when neo-
hobia is beneficial and when it is a li abilit y, as well as
 o under st and t he potent ia l plast ici ty o f thi s beh avior
 Kelly et al. 2020 , 2022 ) and determine what physio-
og ica l and enviro nmental facto rs can chan g e it. Future
 eoph obia r esear ch s h ould aim to in co rpo rate the co n-
ideratio ns ou t lined in t his re vie w to o p timize experi-
enta l desig n and cont ri bute m ore comparable data to

h e fie ld. Aga in, we wa n t to em ph a size th at thi s i s not
 o ne-size-fits-a l l appro ach. Ther e ar e im portan t and
alid reasons to not follow every recomm en datio n, bu t
 e encourag e r esear c her s t o co nsider these reco mmen-
atio ns, incl ude info rmatio n abou t th em wh en pu blis h-

ng n eoph obia r esear ch, an d justify th eir experim ental
esign choices, both for t ransp arency of study design
nd to facilitate co mpariso ns across studies. Many of
h e recomm en dations in this re vie w are rele vant to not
n ly ne ophobia r esear ch, but al so anim al beh avior and
og nit ion r esear ch mor e genera l ly ( Shett lewort h 2009 ;
atesson a nd Ma r tin 2021 ). Fur th er, we kn ow t hat ot her

m provemen ts to exper iment a l desig n are p ossible b e-
on d th es e “s e ven deadly sins,” and we hope t hat t his
e vie w spurs f urt her convers a tion and considera tion of
ow to best o p t imize ne ophobia r esear ch a nd a nimal
ehavior r esear ch mor e br o ad ly. 
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