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Abstract Comparative studies of social responsiveness, a

core impairment in autism spectrum disorder (ASD), will

enhance our understanding of typical and atypical social

behavior. We previously reported a quantitative, cross-

species (human–chimpanzee) social responsiveness mea-

sure, which included the development of the Chimpanzee

Social Responsiveness Scale (CSRS). Here, we augment

our prior CSRS sample with 25 zoo chimpanzees at three

sites: combined N = 54. The CSRS demonstrated strong

interrater reliability, and low-ranked chimpanzees, on

average, displayed higher CSRS scores. The CSRS con-

tinues to discriminate variation in chimpanzee social

responsiveness, and the association of higher scores with

lower chimpanzee social standing has implications for the

relationship between autistic traits and human social status.

Continued comparative investigations of social respon-

siveness will enhance our understanding of underlying

impairments in ASD, improve early diagnosis, and inform

future therapies.

Keywords Comparative cognition � Autism � Social

Responsiveness Scale � Chimpanzee � Nonhuman primate

Introduction

Investigations comparing humans and other social primates

allow researchers to better understand social cognitive

functions that are evolutionarily conserved, as well as those

that are unique to humans (Gosling and Graybeal 2007;

Shettleworth 2012; Tomasello and Call 1987). Studies of

comparative cognition are therefore clinically relevant for

autism spectrum disorder (ASD), which is characterized by

deficits in both human-unique and evolutionarily conserved

aspects of social cognition. For example, theory of mind

(ToM), is a largely (if not uniquely) human cognitive

function (Call and Tomasello 2008; Penn et al. 2008) and is
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impaired in ASD (Boucher 2012). Nonetheless, individuals

with ASD also show fundamental deficits in social rea-

soning abilities which are not uniquely human, and which

are shared with many highly social nonhuman species. In

general, we can group these latter behaviors under the

rubric of ‘‘social responsiveness’’ (i.e., the ability to read,

interpret, and respond appropriately to the dynamic

behavior of conspecifics, including whole body move-

ments, orientation, vocalizations, and gestures). Social

responsiveness has been extensively studied in our closest

living relatives, chimpanzees, who live in complex social

groups, creating a linear dominance hierarchy in which

individuals must track their own relationships with group

members as well monitor third-party relationships (Gilby

et al. 2013; Watts 2002; Tomasello et al. 1998). Chim-

panzees are therefore an ideal candidate for comparative

studies of evolutionarily conserved abilities, and can help

to better understand the genetic and neurological bases of

human social behavior (e.g., Barrett and Henzi 2005).

Given that both ToM reasoning and social responsiveness

are frequently impaired in ASD (Boucher 2012), compar-

ative investigations with species who exhibit intact social

responsiveness, but lack a ToM, can further our under-

standing of the underlying cognitive mechanisms com-

promised in ASD, thereby improving early diagnosis and

informing future therapies. Studies exploring how social

behaviors among closely related species may be supported

by evolutionarily conserved neurobiological mechanisms

related to communication (Schneider et al. 2012; Rilling

et al. 2012) and personality and dominance (Hopkins et al.

2012; Latzman et al. 2014), for example, could provide

unique insights that could spur research into novel treat-

ments for ASD, including therapies targeting the quality of

human relationships, which evidence suggests are nega-

tively impacted from an early age (Dean et al. 2014) and

are of vital importance to well-being in ASD (Cottenceau

et al. 2012).

In a first attempt to create a quantitative measure for

assessing social responsiveness of humans and chimpanzees,

Marrus et al. (2011) reported a cross-species social respon-

siveness scale (XSRS) that detected differences in social

responsiveness between and within captive chimpanzees and

human beings. The XSRS was adapted from a previously

developed instrument, the Social Responsiveness Scale

(SRS), created to quantify the degree of social impairments

that are related to symptoms of ASD in humans (Constantino

and Gruber 2005). The XSRS required parents (of the human

children) and caretakers or researchers (of the chimpanzees)

to rate how likely the individual of interest displays partic-

ular behaviors. Marrus et al. (2011) constructed a Chim-

panzee Social Responsiveness Scale (CSRS) by modifying

appropriate items (i.e., items not involving verbal language)

from the SRS so as to be relevant to chimpanzee behavior.

Next, the CSRS was re-translated to relate to human

behavior, resulting in the development of the XSRS. The

long-term goals of this research project are to understand

better: (a) core features of ASD throughout development,

(b) evolutionarily conserved cognitive mechanisms (e.g.,

gaze following) and uniquely human abilities (e.g., ToM)

that are related to social functioning and are both impaired in

ASD, and (c) individual differences in chimpanzee social

responsiveness. Here, we report an updated sample of the

CSRS, combining data sets from our previous study with

three additional chimpanzee sites yielding scores for 54

captive chimpanzees. With this larger sample we wanted to

further validate the CSRS and continue exploring the

potential relationship between social responsiveness and

factors such as rearing conditions and status within social

groups for chimpanzees.

Methods

Subjects and Materials

The CSRS is a 36-item questionnaire that caretakers

completed for each individual chimpanzee. Following from

the initial investigation using the CSRS (Marrus et al.

2011), one item was not included in analyses due to poor

face validity (‘‘Knows when he/she is making too much

noise yet continues being noisy’’). Therefore, CSRS scores

were calculated from 35 of the 36 items. As in the initial

investigation, scores on the CSRS are inversely related to

the degree of social responsiveness. The CSRS was

administered for chimpanzees in seven captive groups

across six different sites, yielding a total of 54 chimpanzees

and ranging in age from 1.5 to 54 years (Table 1). Data

were collected from three sites from 2008 to 2009 (Marrus

et al. 2011), and three additional sites from 2011 to 2012.

Data collected in 2008 included 29 chimpanzees from three

sites: a chimpanzee sanctuary, a laboratory setting, and an

Table 1 Chimpanzee group characteristics

Type of site Site n Age

range

(years)

# of males/

females

# of raters Mean

CSRS

score

Sanctuary Site 1 11 13–40 4M/7F 5 27.4

Laboratory Site 2 7 20–21 1M/6F 3 26.0

Zoo Site 3 11 6–41 3M/8F 5 15.6

Zoo Site 4 11 1.5–42 4M/7F 6 27.8

Zoo Site 5 7 3–41 3M/4F 4 28.7

Zoo Site 6 7 12–54 1M/6F 5 27.3

Site 6 consisted of two small groups of chimpanzees; one group of

four females, and another group of one male/two females. Site 3

displays lower mean CSRS scores than the other study sites
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accredited zoo. Data collected in 2011 included 25 chim-

panzees from three accredited zoos in the United States.

All of the chimpanzees had access to large indoor/outdoor

enclosures. The Washington University Animal Studies

Committee and the Institutional Animal Care and Use

Committee at the University of Louisiana at Lafayette

approved these chimpanzee investigations. The Chimpan-

zee Species Survival Plan (SSP) also approved this project

in 2011. Caretakers and their supervisors provided infor-

mation regarding each chimpanzee’s demographics, dom-

inance rank, and rearing history. Site 6 consisted of two

groups of chimpanzees that we studied, one group con-

sisted of four females and the other group consisted of

three individuals (one male, two females). These groups

were never housed together, and therefore the caretakers

provided dominance rankings for each group at this site.

Raters and Instructions

Caretakers and research assistants who worked closely with

the chimpanzees completed the CSRS for each chimpanzee.

This resulted in 3–6 raters from each site. Ratings were on a

scale between ‘‘0’’ and ‘‘3’’, with ‘‘0’’ indicating that the

behavioral statement for the chimpanzee is ‘‘never true’’ and

‘‘3’’ indicating that the behavioral statement for the chim-

panzee is ‘‘almost always true’’. Raters were instructed to base

their ratings on their overall impression of the subjects since

working with them. The raters were asked not to discuss any of

their ratings with any other individuals and to direct all

questions to the study investigator. For the chimpanzees

studied in 2011, we asked caretakers to consider each chim-

panzee’s behavior both when on and off public view and to

provide an overall rating to the best of their ability (Ross et al.

2010). Because chimpanzee groups are sometimes tempo-

rarily placed in smaller subgroups, we asked caretakers to base

their ratings for each chimpanzee when that individual is in

their ‘normal’ social arrangement. However, if chimpanzee

groups were altered from their ‘normal’ arrangement for the

entire duration that the chimpanzees were under study, raters

were asked to base their ratings on the behavior of the indi-

vidual within their current living arrangement. For example, at

one site (Site 6) there were two males that were removed from

the group due to illness for the entire duration of the first

author’s stay (2 months) and these two individuals were

excluded from the CSRS data collection.

Results

The CSRS data were analyzed to investigate variation in

social responsiveness of captive chimpanzees; we were not

interested in looking at between group comparisons but

rather how species-typical social responsiveness varies

across captive chimpanzees. First, we calculated intraclass

correlation coefficients (ICC), including both ICC(3,1),

reflecting the reliability of individual ratings, as well as

ICC(3,k), reflecting the reliability of mean ratings averaged

across all raters. We found that interrater reliability scores

were relatively strong for all sites [Site 1: ICC(3,1) = 0.466,

ICC(3,k) = 0.814; Site 2: ICC(3,1) = 0.794, ICC(3,k) =

0.921; Site 3: ICC(3,1) = 0.866, ICC(3,k) = 0.970; Site 4:

ICC(3,1) = 0.773, ICC(3,k) = 0.953; Site 5: ICC(3,1) =

0.740, ICC(3,k) = 0.919; Site 6: ICC(3,1) = 0.458,

ICC(3,k) = 0.809]. However, due to the lower interrater

reliability observed at Site 6, we visually assessed the overall

scores for each rater per chimp for this site and found that one

rater was consistently scoring chimpanzees differently than

other raters. Site 6 ICCs strengthened after removing this

rater [ICC(3,1) = 0.624, ICC(3,k) = 0.833].

Next, we were interested in whether a continuous, uni-

modal distribution of CSRS scores was still observed in

this larger sample (Fig. 1). CSRS scores were calculated

from the average total scores across raters for each chim-

panzee. There appears to be considerable variation in

CSRS scores ranging from 6.6 to 61.5 on the 35-item

CSRS, with three outliers exhibiting higher scores. Kol-

mogorov–Smirnov and Shapiro–Wilk analyses of the dis-

tribution revealed significant variation from a normal

distribution (p \ 0.02 and p \ 0.01, respectively).

We also analyzed whether age, sex, rearing history, and

dominance rank had any effect on CSRS scores, by

examining whether these factors were either correlated

with CSRS scores or demonstrated group-level differences

in CSRS scores. Chimpanzee age did not correlate with

CSRS scores (r = -0.0148, p = 0.92). In addition, mean

scores were not statistically different between males and

females, t(1, 52) = 0.10, p = 0.92. Chimpanzees were

0 

5 

10 

15 

20 

25 

10 20 30 40 50 60 70 

Fr
eq

ue
nc

y  

CSRS Scores 

Fig. 1 Chimpanzee Social Responsiveness Scores (CSRS) are con-

tinuously distributed. Each CSRS score represents the averaged score

from all raters. Higher scores indicate atypical social responsiveness.

CSRS scores range from 6.6 to 61.5; possible scores range from 0 to

105. Two outliers are observed here with CSRS scores of 47.5 and

50.8; and one extreme outlier is observed here with a CSRS score of

61.5
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divided into one for four rearing categories: mother-reared,

human-reared, wild born, and unknown. Chimpanzees that

were raised by their mothers for at least one year were

categorized as ‘mother-reared’. A one-way between sub-

jects ANOVA did not detect any significant differences in

mean CSRS scores for rearing group, F(3, 50) = 1.16,

p = 0.33. We also conducted a one-way between subjects

ANOVA to assess whether there were significant differ-

ences between mean CSRS scores and the sites at which

the chimpanzees were observed, F(5, 48) = 2.30,

p = 0.06. Visual inspection of this data revealed that site 3

(one of four zoos) demonstrated lower mean CSRS scores

than the other sites. The mean CSRS score for site 3 is

15.58 and the range for the mean CSRS scores for the other

sites fall between 26.00 and 28.71.

In the interest of observing whether CSRS scores signif-

icantly differed between individuals of different dominance

rank, we used the dominance rankings provided by the

caretakers for each group of chimpanzees. From the rankings

provided for each group of chimpanzees, we divided the

chimpanzees into three subgroups resulting in the three

levels of dominance rank: low-rank, medium-rank, and high-

rank. We found significant differences between CSRS scores

for the low-rank (M = 32.85, SEM = 2.52), medium-rank

(M = 22.16, SEM = 2.25), and high-rank (M = 21.36,

SEM = 2.37) levels of dominance; F(2, 51) = 6.83,

p = 0.0024. Individuals that fell into the medium and high-

ranked levels both had significantly lower CSRS mean scores

than those that fell into the low-ranked level, t(51) = -3.16,

p = 0.0026 and t(51) = 3.32, p = 0.0017, respectively.

The means of the medium-ranked and high-ranked levels did

not statistically differ (Fig. 2). To evaluate the relationship

between dominance rank and CSRS scores while accounting

for any effects of age, gender, site, and rearing, we entered

these variables into a main effects general linear model with

CSRS scores as the dependent variable. The overall model

was significant, F(12, 53) = 3.324, p = 0.002, with an

adjusted r2 = 0.345 with alpha = 0.05. Examination of each

variable showed significant between subjects effects for

dominance rank and age [(F(2, 53) = 8.637, p = 0.001 and

F(1, 53) = 5.744, p = 0.021, respectively]. As age had not

been found to have a significant correlation with CSRS

scores, we examined the correlation between dominance

rank and age, which was significant (r = 0.389, p = 0.004).

Discussion

Considering ASD from a comparative perspective has

important clinical implications. Here, with an updated

sample size of CSRS scores for captive chimpanzees, we

have strengthened our preliminary evidence (Marrus et al.

2011) for evolutionary conservation of social responsive-

ness across humans and chimpanzees. The CSRS has now

been administered for 54 captive chimpanzees and has

(a) demonstrated strong interrater reliability, (b) accurately

detected individual variation in chimpanzee social behav-

ior, and (c) detected a significant relationship between

social responsiveness and dominance rank in chimpanzees,

even when accounting for age, gender, mother rearing, and

chimpanzee site.

The CSRS distribution is most consistent with a uni-

modal, continuous but not normal distribution. The present

data visually resembles our initial CSRS distribution (and

the human SRS); however, more outliers with higher CSRS

scores are observed, suggesting that in this expanded

sample size, the CSRS is able to identify more chimpan-

zees that demonstrate a pattern of atypical interactions with

conspecifics. Prior to data collection, caretakers had

described these chimpanzees as individuals who exhibit

abnormal social behavior. The detection of these outliers

suggests that the CSRS could be sensitive to distinguishing

these individuals from those who tend to respond appro-

priately to conspecifics, allowing for quantifiable evidence

for individual variations in social responsiveness. While

our sample consists of chimpanzees from diverse back-

grounds and different settings, it remains a small sample,

thus restricting our conclusions. An even larger sample will

be essential to better understand the distribution of social

responsiveness scores in captive chimpanzees.

In contrast to our initial deployment of the CSRS, our

expanded sample (nearly twice as large) detected a rela-

tionship between CSRS and dominance rank. On average,

chimpanzees that fell into the ‘low-rank’ level exhibited

higher CSRS scores than those in the ‘medium-rank’ and

‘high-rank’ levels (see Fig. 2), and a significant relation-

ship between dominance rank and CSRS scores was con-

firmed using a general linear model accounting for gender,

age, maternal rearing, and site differences. The outliers

with higher CSRS scores, indicating low social respon-

siveness, all fall into the ‘low-rank’ dominance group.
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Fig. 2 The mean CSRS scores for each group of dominance rank.

Low-ranked chimpanzees tend to have higher CSRS scores than

medium or high-ranked chimpanzees. Error bars indicate 1 SEM
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Some researchers have argued that high-ranking chim-

panzees may achieve and maintain their high status due to

social cognitive strategy in competing and cooperating

with group members (Watts 2002). For example, some

males establish male–male alliances through grooming for

future agonistic support and to influence their dominance

rank (Arnold and Whiten 2003; Goodall 1986; Hemelrijk

and Ek 1991; Nishida and Hosaka 1996; de Waal 1982; de

Waal and Luttrell 1988; Watts 2002). The results presented

here suggest that appropriate social responsiveness (i.e., the

ability to read, interpret, and respond appropriately to the

dynamic behavior of conspecifics) is related to the social

standing of individual chimpanzees. In humans, researchers

have reported that children with special health care needs,

specifically those diagnosed with ASD, appear to be at

higher risk for bullying, ostracism, and victimization

(Twyman et al. 2010; Dean et al. 2014). Furthermore, high

SRS scores in humans are associated with negative peer

relationships and more problems with peers, such as bul-

lying and/or ostracism (Hsaio et al. 2013); it is tempting to

speculate that evolutionarily conserved mechanisms might

link social responsiveness to dominance status across pri-

mate species. Researchers have found dominance to play a

key role in the individual differences of chimpanzee per-

sonality (King and Figueredo 1997; Freeman et al. 2013;

Weiss et al. 2007). Investigators created personality

assessments based on the human Five-Factor Model and

have found that Dominance, Extraversion/Sociability,

Agreeableness, and Openness/Intellect are re-occurring

factors found to characterize individual differences in

chimpanzee personality [(King and Figueredo 1997); for a

review: (Freeman and Gosling 2010; Weiss et al. 2007)]. In

humans, dominance, an aspect of temperament, has been

found to positively correlate to extraversion (Mehrabian

1996), the opposite of what has been observed in ASD

(Strunz et al. 2014). Our work investigating variations in

chimpanzee social responsiveness, coupled with the per-

sonality research with chimpanzees and humans, will

facilitate the understanding of how dominance (i.e., social

standing) and other factors relate to individual variation of

human and nonhuman primate social behavior and cogni-

tion. One strategy for testing these relationships would be

to determine if CSRS scores correctly predict field obser-

vations of bullying and ostracism in chimpanzee social

behavior, and whether SRS scores predict lower social

standing in humans.

Individual variation in chimpanzee social responsive-

ness may also be due to individual social-cognitive abili-

ties. The complex social pressures that chimpanzees and

other highly social mammals face (e.g., conflict manage-

ment within competitive dominance hierarchy, monitoring

third-party relationships and fluctuations of dominance

rank) require social reasoning skills essential for social

harmony (Kutsukake 2009). Future research should inves-

tigate the role of individual differences along varying

dimensions of social responsiveness, and how these indi-

vidual differences contribute to social standing within

chimpanzee groups. Understanding how individual varia-

tion along these dimensions contributes to successful social

interactions may shed light on key cognitive mechanisms

essential for appropriate social behavior. Characterization

of the underlying components of social responsiveness may

have important clinical implications through consideration

of which aspects of ASD derive from abnormal develop-

ment of conserved, versus human-unique, brain systems

(Marrus et al. 2011). Studies of human behavior and neu-

robiology, by taking advantage of comparative approaches,

may help narrow the search for biomarkers that will inform

early ASD risk assessment in high- versus low-risk human

infants.
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