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This paper provides a theoretical exploration of how comparative research on emotions has
traditionally focused on the visual mode to understand the perception of emotions and how that research has
ignored the role played by other modes of interaction, such as touch, in the perception of emotions. The general
aim of this paper is to argue that, given the neurophysiological, developmental, and behavioral evidence that
links touch with social interactions, focusing on touch can become an ideal mode to understand the
communication of emotions in human and non-human primates.! This evidence shows that one of the
distinctive characteristics of touch is that touch rewards social interactions with hedonistic sensations that
motivate individuals from an early age to engage in social interactions. Moreover, this evidence shows that
touch requires an intentional movement towards the object or social partner (as opposed to facial expressions
that can sometimes be expressed as a reflex and can be produced in the absence of social partners). It will be
shown that touch is one of the modes of interaction used by the mother-infant? or caregiver-infant dyad that
facilitates the expression of emotions by the infant (and later the expression of emotions by the adult that the
infant has become) in ways that are understood by other members of the group. It is important to clarify that
the argument does not defend touch as the only mode that must be considered. Rather, touch will serve as an

1 Most of the examples reviewed in this paper will focus on apes, in particular chimpanzees, and on monkeys, in particular macaques.
It is plausible that the ideas presented can be extended to other primate species. However, | will focus on these species because most
of the work in touch has focused on these two species.

2 Female parental care is common in more than 300 species of nonhuman primates, with the exception of a few species of marmosets,
tamarins, and human primates, in which the care of the infant can be provided and shared by both genders. From this point, every
time I refer to “mother” or “maternal care,” I am using it as a convenient name for caregiving practices performed by the main
caregiver of an infant. The aim is to highlight the continuity of caregiving practices among human and nonhuman primates, but those
practices are not specific to the gender of the caregiver in humans.
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example of how a mode of interaction other than visual can be incorporated in a comparative the study of
emotions.

To demonstrate the hypothesis, first, one of the best known approaches that have been adopted to study
the expression of emotions in non-human animals will be examined: an adaptation of Paul Ekman’s Facial
Scoring System (FACS) (Ekman & Friesen, 1978) to measure facial expressions of nonhuman emotions. Then,
criticisms of using only one mode of communication or one behavioral feature to understand emotions in apes
will be examined. Two different forms of evidence will be reviewed to argue for the inclusion of touch in the
study of emotions. First, it will be argued that if we focus only on visually oriented forms, then we may not be
able to include the ways in which nonhuman primates interact or to include the ways that mothers and infants
interact in non-western rural cultures. Second, based on the neurophysiology of touch, it will be argued that
touch is the ideal mode of interaction to show how emotions are intrinsically linked with social cognition and
that this system motivates human and nonhuman animals from birth to form social bonds. Next, the importance
of focusing on one element common to all primates (caregiver-infant or mother-infant interaction) will be
demonstrated. It will be described how it is through this interaction that primate infants acquire the ability to
communicate in ways that are understood by others and in ways that are adaptive. Finally, it will shown that
one of the reasons the mother-infant interaction is so important for the development of emotions is that maternal
touch can help primates to regulate their emotions, which, in turn, facilitates social interactions.

Understanding Emotions Through Visual Modes of Communication

Emotions have been studied in apes since the 1950s. D. O. Hebb (1946a, 1946b, 1949) argued for
similarities in the recognition of emotions in humans and chimpanzees and for the need to classify emotions
in distinctive patterns using neurophysiology and descriptions of behavioral patterns. These two aims
continued to be found in later studies of emotions. Robert Plutchik (1962) argued for an evolutionary approach
to emotions. He claimed that there are eight primary or prototype emotions (i.e., joy, sadness, acceptance,
disgust, fear, anger, expectation, and surprise). All of these primary emotions are identifiable at a phylogenetic
level and serve as communication and survival mechanisms for organisms. Based on this theory of primary
emotions, Plutchik designed the Emotions Profile Index (EPI). This measurement is based on rates given by
observers and through the combination of the eight primary emotions (i.e., adventurous, affectionate, brooding,
cautious, gloomy, impulsive, obedient, quarrelsome, resentful, self-conscious, shy, and sociable).? Silvan
Tomkins (1962) also postulated a list of primary affects. He divided them into positive (i.e., interest-
excitement, enjoyment-joy, and surprise-startle) and negative affects (e.g., distress-anguish, fear-terror, anger-
rage, shame-humiliation, and contempt-disgust). All of these affects are expressed through facial expression
to others and to the self. According to Tomkins, the face is an innate activator for each affect; thus, specific
affects are related to specific facial muscles.

However, the most famous of these approaches that argues for a distinct set of basic emotions is the
one given by Paul Ekman (1992, 1999; Ekman & Cordaro, 2011). He argued for the existence of six basic
emotions (BE) (i.e., anger, disgust, fear, happiness, sadness, and surprise) that are characterized by patterned
changes in both the expression and the physiology of an organism. These changes are distinctive for each
emotion or family of emotion, which helps differentiate each basic emotion or family of emotions from other

3 These emotional traits have been applied to the Kasekela community of chimpanzees in Gombe national Park (Tanzania).



affective states. Emotional expression plays a fundamental role in Ekman’s theory. First, he followed Darwin
in arguing that natural selection shaped expressions. Having an evolutionary history entails that basic emotions
have the following characteristics:

1. There are common elements in the contexts in which emotions are found and occur (Ekman,1999).
For example, the antecedent of fear is physical or physiological harm, but what counts as harm varies
among cultures.

2. Emotions are observable in non-human primates (Ekman, 1992, 1999; Ekman & Cordaro, 2011).
Ekman (1992) argued that his findings were consistent with other reports of similarity of expression
in primates.

3. Emotions have a quick onset way to mobilize us to respond quickly to events that have adaptive value
(Ekman, 1999).

Second, he designed the Facial Scoring System (FACS; Ekman & Friesen, 1978) to measure facial
expressions of emotions and how these expressions can be correlated to BE. He showed how facial expressions
are used across diverse groups of humans (Ekman, Sorenson, & Friesen, 1969; Ekman & Cordaro, 1972).
Ekman called this approach the Facial Affect Program; the basic idea is to link every primary emotion to a
distinct set of neural impulses that are directed to facial muscles (Ekman, Friesen, & Ellsworth, 1972; Keltner
& Ekman, 2000).

Given Ekman’s evolutionary approach to the study of emotion, several researchers have chosen
Ekman’s FACS (Ekman & Friesen, 1978) to study facial expression of emotion in non-human primates. Some
(Steiner & Glaser, 1984, 1995; Steiner, Glaser, Hawilo, & Berridge, 2001; Ueno, Ueno, & Tomonaga, 2004)
have applied FACS to study the relationship between facial expressions and taste. Preuschoft and van Hooff
(1995) used FACS in studying homology in silent bared-teeth displays in macaques. Parr and colleagues (Vick,
Waller, Parr, Smith Pasqualini, & Bard, 2007) created the Chimpanzee Facial Action Coding System
(ChimpFacs), based on Ekman’s FACS, and have used it to validate the existing categories of chimpanzees’
facial expressions (Parr, Waller, Vick, & Bard, 2007; Waller, Bard, Vick, & Smith Pasqualini, 2007). Caeiro
and colleagues (2013) designed OrangFACS to study facial expression in orangutans.

These studies focus on emotions from the perspective of visual modes of communication. Their aim
was to identify homologous behavioral traits in reflexive facial displays of primates. They identified
homologies of stereotyped facial displays, the different components of individual facial actions, and homology
of the muscle substrate that are involved in facial expressions in monkeys, great apes, and humans. This
reliance on stereotyped forms of facial communication has neglected to consider other modes of
communication used in emotions. In what continues, | will show the limitations of focusing only on the visual
mode.

Methodological Question: Is the Visual Mode the Best Way of Understanding Emotions in Primates?

As noted earlier, Hebb was one of the pioneers of the study of emotions in chimpanzees. Hebb (1946a,
1946b) argued, similar to Ekman’s BE approach, that research of emotions in chimpanzees must find the
distinctive features of the behavior associated with the emotion. However, he argued that this distinctive feature
should not be the focus when understanding the expression of emotions in chimpanzees because one specific
behavior can be used for different emotions. For example, piloerection can be associated with rage, fear,



submission, and sexual presentations. Instead, Hebb argued that these distinctive features must be understood
in the context of an overall pattern of behavior. A similar suggestion was made by Plutchik (1962) who argued
that to be considered a primary emotion, the emotional expression must not depend exclusively on a particular
neurophysiological or body parts description for its definition.

This suggestion is in line with the way behavior is observed in apes and monkeys. The definitions of
behaviors offered in different ethograms do not focus on one particular behavior but rather on a pattern of
different behaviors; it is assumed that only some of these behaviors may be observed at a time and that some
may be absent at certain times, absent in certain individuals, or absent in certain communities. For example, to
define grooming in chimpanzees, there is a distinctive behavior that helps us recognize grooming (i.e., picking
through hair and searching for/removing debris and/or parasites), but there are also a series of other behaviors
that, even though they are included in the ethogram, may (or may not) appear during grooming, such as using
the mouth, smacking lips, or teeth clacking. Thus, it seems contrary to the way behavior is traditionally
observed to focus exclusively on one behavior (i.e., a particular facial expression) to identify an emotion such
as fear or anger.

Moreover, Hebb argued that it is important to understand how these patterns of behavior appear in an
individual. He argued that a short observation of a single moment is not useful for identifying emotions, such
as an isolated facial expression produced by an individual. Rather, he argued for focusing on long-term
observations to understand how these patterns of behavior are exhibited by the individual through time. This
requires, as both Hebb (1946a) and Yerkes (1943) have suggested, that researchers become familiar with the
behavior of individual chimpanzees to enable them to discriminate between these emotional states. For
example, Hebb argued that to understand whether the behavior of a chimpanzee can be understood as
expressing fear towards a person, it is helpful to have observed previously whether the chimpanzee consistently
avoids all people or only unfamiliar people. This would allow researchers to differentiate among emotions and
other states (i.e., fear, nervousness, and shyness) in that individual.

This methodological suggestion is in accordance with current observational practices in the field. To
fully understand a behavior, researchers need to become familiar with the history of the individuals observed.
Consider, for example, the case of grooming. To understand grooming in male chimpanzees, several factors
such as rank of the focal, rank of the grooming partners, body mass, and past coalitions must be observed
(Foster et al., 2009). Rank, in turn, entails becoming familiar with the rates and duration of aggressive displays
of the individuals observed. Thus, understanding the past history of an individual (e.g., current status as an
alpha) allows researchers to understand the grooming patterns of this individual.

In a similar way, familiarity with the individual would allow researchers to establish a baseline
behavior for the individual and to understand, as Hebb suggested, emotional behavior. Becoming familiar with
an individual also allows researchers to recognize individual behaviors that are not immediately related to the
emotion (e.g., scratching itself, head movements, vocalizations) but that are part of the emotional pattern of
behavior for that specific individual. These individual behaviors facilitate predicting specific emotions in the
individual.

If we accept this criticism, it becomes evident that the study of the expression of emotions in apes must
go beyond one feature (i.e., facial expression) and include diverse patterns of behavior including long-term
observation of such patterns for an individual. There are several kinds of behavior beyond facial expressions
(e.g., avoidance, proximity, piloerection, vocalization), several individual patterns of behavior that have an



effect in the expression of emotions (e.g., rank), and diverse modes of communication that can be used to
express emotions (i.e., tactile, auditory) that must be considered to understand emotional patterns of behaviors.
In this paper, the focus will be on only one of these aspects: the use of touch as a mode of communication.
Moreover, a developmental perspective will be adopted to show the importance of touch for our understanding
of emotions in comparative psychology.

Touch

Touch, because of its links to pro-social behavior, is one of the best candidates to explore the role that
other modes of communication play in human and nonhuman emotions. It has been shown that there is a link
between behaviors that include touch and social bonding in nonhuman primates, for example, grooming in
macaques (Majolo, Schino, & Aureli, 2012) and chimpanzees (Newton-Fisher & Lee, 2011), and contact in
the form of embrace after aggressive encounters (Fraser, Stahl, & Aureli, 2008), as well as links between touch
and pro-social behavior in the evolution of human primates (see, for example, Boone & Buck, 2003; Botero,
2016). I will focus on touch (as opposed to behaviors that include touch), to understand the role it plays in the
development of emotions in humans and apes.*

Touch in Mother-Infant Interaction in Apes and Across Human Cultures

Facial expression helps us understand homologies in the expression of emotions in primates; however,
it can also limit what can be observed in apes and humans in non-Western cultures.

Not-in-your-face apes. In the wild, even when the opportunity for face-to-face interaction arises, such
as in breastfeeding, little gazing occurs between mother and infant in primates. Shortly after birth, chimpanzee
mothers pay little visual attention to their babies with the exception of watching when they are grooming and
cleaning their babies or licking the umbilical cords (Plooij, 1984; for a similar finding in monkeys, see Perry
& Manson, 2008). It is only at 9 weeks of age that infant chimpanzees have been observed becoming interested
in their mother’s face (Plooij, 1984). Much later, when the infant is 4 months old, there is a clear indication
that they start focusing on the mother’s face for communication; for example, begging behaviors only appear
at this age. Before then, the infant takes the food directly without looking at the mother (Plooij, 1984).5

4 Even though the focus is on apes, it is likely that these ideas are applicable to other species. Future research may include not only
apes and monkeys but prosimians. Given that some of them are nocturnal, it is likely that a facial expression may not be important for
them.

5 It may be objected that observations in captivity show that infant chimpanzees prefer face-to-face interaction. Tomonaga et al.
(2004) and colleagues showed that infant chimpanzees presented “play-face” as a response to photographs of humans gazing at them.
Moreover, they show a decline in cradling behaviors and increase in mutual engage in mutual gaze through development. These
findings seem to contradict the observations done in the wild described earlier (Plooij, 1984). | would argue for caution when
extrapolating the observation from captivity to a general species behavior because the ecological conditions found in captivity
influence the way mother and infant pairs interact. | join others in arguing that the interactions between the human caregiver and the
infant ape can modify the emergence of abilities in the social cognition of the ape (Russell, Bard, & Adamson, 1997).



Moreover, even though chimpanzees and humans share much of the same facial musculature (Waller
et al., 2007), chimpanzees do not have some of the facial features that allow humans to easily detect facial
expressions. As Parr and colleagues argued (Parr et al., 2007; Vick et al., 2007), because of skin pigmentation,
reduced outer lip vermillion, and eye morphology, the chimpanzee face, unlike the human face, does not offer
a salient contrast that facilitates the detection of facial movement. Furthermore, chimpanzees lack the contrast
offered by the eye sclera, which, in humans, makes it easier to perceive eye movements (Kobayashi &
Kohshima, 2001).

Not-in-your-face humans. An emphasis that privileges face-to-face interaction to understand the
development of emotions in primates presents a problem for the understanding of the development of emotions
in human primates across diverse cultures. One of the most widespread techniques of the mother-infant
interaction across human cultures is the mother holding the baby close, providing the infant with constant
contact (see Tronick, 1995, for an overview of the diversity of cultures in which touch has been recorded). For
example, mothers who belong to the Gusii community in Kenya (LeVine, 2010) do not engage in face-to-face
social communication with their infant, especially not in verbal exchanges, two cornerstone features of Western
mother-infant social interaction; instead, Gusii mothers comfort infants through body contact day and night.
Moreover, when researchers (LeVine, 1990; Tronick, 2005) asked Gusii mothers to engage in face-to-face play
with their infants, they found (through video microanalyses) that when the infants made eye-to-eye contact and
smiled, mothers looked away from their infants. As a response, infants looked away and stopped smiling.
According to the authors, this is exactly opposite to the pattern observed in interactions of Western mothers
and their infants. Another example can be found in the mother-infant pairs in Zincanteco, southern Mexico
(Brazelton, 1972); in the first year of life, the infant is not often propped up to look around, not often stimulated
by face-to-face contact and not often put on the floor to explore by themselves. However, these infants did not
exhibit any significant cognitive and social differences compared with North American children as measured
through the Neonatal Behavioral Assessment scale (NBAS).®

Meanwhile, face-to-face interaction seems to be the preferred mode in urban communities (but not in
rural communities). Keller and colleagues (for a summary, see Keller & Kartner, 2013) described two
prototypical parenting styles that are adaptive: the distal and proximal styles. The distal style of parenting
emphasizes face-to-face contact, object stimulation, and extensive verbal conversations. This parenting style
predominantly occurs in middle-class families from urban areas of Western industrial and postindustrial
societies (e.g., Berlin, Los Angeles or Athens). The proximal style of parenting emphasizes close bodily
proximity and body/motor stimulation. This parenting style predominantly occurs in traditional subsistence-
based communities (e.g., in sub-Saharan Africa or rural India).” Thus, face-to-face interaction does not seem
to have much explanatory power when used to describe the mother-infant interaction in diverse cultures.

6 For other examples of constant contact with their mothers that do not involve face-to-face interaction, see Bambara
babies (Mali) (Bril & Sabatier, 1986) and Ngas-speaking toddlers in Nigeria (Childers, Vaughan, & Burquest, 2007).

" For other examples, see LeVine et al. (1994): Boston and Gusii community mothers; Carra et al. (2014): West African
and Italian mothers; Konner (2005): Guatemala and Boston mothers.



Neurophysiology of Touch

Touch, because of its neurphysiological characteristics, can allow us to understand how emotions are
connected to social interaction. To fully understand the unique characteristics of touch, it is necessary to
understand how, from a neurophysiological perspective, it is possible to distinguish between two kinds of
touch: discriminative (sensory) and emotional (affective), based on the area where touch is experienced
(Ackerley, Saar, McGlone, & Backlund Wasling, 2014). Touch perceived through glabrous skin (i.e., palms
of the hand) is linked to discriminative touch. Meanwhile, hairy skin (i.e., face, arms, etc.) contains C-tactile
(CT) afferents, which are fundamental for affective touch and will preferentially signal an affective aspect of
touch (Olausson, Wessberg, Morrison, McGlone, & Vallbo, 2010).

Several authors (Loken et al., 2009; McGlone, Vallbo, Olausson, Loken, & Wessberg, 2007) claim
that CT afferents play an important role in the affective processing of interpersonal touch. Both the human
psychophysical and animal genetic studies show that CT activation is associated with hedonic effects,
suggesting an important role for CTs in social touch (Olausson et al., 2010). Anatomically, CTs and animal
CLTMs C-fiber low-threshold mechanoreceptors (CLTMs) are associated with hairs: Both afferent types are
only found in hairy skin (Liu et al., 2007; Li et al., 2011; Lou et al., 2013; Olausson, Wessberg, McGlone, &
Vallbo, 2010; Vrontou, Wong, Rau, Koerber, & Anderson, 2013).

McGlone and colleagues developed the affect touch hypothesis, which predicts that the role of the CT
system is to provide emotional and behavioral responses to skin-to-skin contact.? Thus, it is not surprising that
several studies have found that it is possible to communicate different emotions, such as fear, anger, disgust,
love, gratitude, and sympathy, through touch (Hertenstein, Keltner, App, Bulleit, & Jaskolka, 2006).

There are several elements that can make touch pleasant and ideal for enhancing social bonds. First,
the speed of touch can affect the perception of touch. There is an optimal velocity of touch: stroking in the
range of 1-10 cm/s, with a peak about 3 cm/s. This kind of touch (a stroke as opposed to a tap) and velocity of
touch is commonly perceived as the most pleasant kind of touch (Etzi, Carta, & Gallace, 2017). Moreover,
most people, when asked to stroke their partner or a baby, are likely to spontaneously use this velocity of touch
(Croy et al., 2016; Triscoli, Croy, Olausson, & Sailer, 2017). Second, Gentsch et al. (2015) found that active
stroking elicits more pleasure when this kind of touch is given to another’s skin rather than giving it to one’s
own skin. Moreover, they found a social softness illusion (SSI); the participants in this experiment judged
another’s skin softer than their own skin, even though the softness was a controlled variable (in other words,
they found that participants always found the skin of other people softer than their own skin, regardless of the
qualities of the skin). This SSI appeared when the neurophysiological system for touch, CT afferents, was
activated in the receiver. The authors suggested that these findings could be interpreted as a mechanism for
social bonding and affiliation.

In summary, based on the neurophysiology of touch, choosing touch as the mode of interaction when
studying how we perceive emotions allows us to, first, use a mode of interaction that has a distinct neural
system devoted exclusively for affective perceptions. Second, because of the neurophysiological make-up

8 Moreover, brain imaging studies have shown that the posterior insular cortex is the primary cortical target area for CT afferents
(Bjornsdotter et al., 2009; Morrison et al., 2011; Olausson et al., 2002).



present in human and nonhuman animals, the use of touch is linked to pleasant reactions. Thus, touch is a mode
of interaction that motivates human and nonhuman animals to form social bonds with others.

It is important to notice that this emphasis on the neurophysiological aspect of touch is not advocating
for an innate and reflexive mechanism that cannot be affected by the environment. Sailer and Ackerley (2017)
found that individuals with low exposure to touch are comparable to those who receive regular exposure to
touch in aspects such as tactile sensitivity and perceived intensity of the stimulation; however, such individuals
differ in the hedonic evaluation of touch (i.e. they do not find more pleasant the kind of touch that is commonly
perceived as the most pleasant kind of touch). Individuals with a low exposure to touch were exposed to moving
touch at a CT (C-tactile afferents)-optimal velocity of touch (stroking in the range of 1-10 cm/s, with a peak
about 3 cm/s). They reported this kind of touch (i.e., stroke at optimal velocity) less pleasant than controls.
Furthermore, the curvature of pleasantness ratings for different velocities was flatter for these individuals; this
means that they did not discriminate affective touch well. In summary, the results of this study show how
experiences of social and interpersonal touch have a deep impact on human perception of affective touch; those
who experience less frequent touch interactions, even though they perceive the emotion through touch, show
decreases in affective touch processing.

The Development of Touch

When considering the development of perception in humans, newborn babies cannot focus their eyes
well, and their visual acuity is limited (Slater, 2001)°; only later do they start using gaze to explore in more
detail the objects around them (Ruff, 1984). Meanwhile, newborns can use touch to investigate their world.
For example, newborn infants are capable of identifying different geometric shapes through the use of touch
(Streri & Féron, 2005). Thus, the sensitivity of touch is developed from birth, and the infant is able to use this
mode of perception to interact with the world from the moment of birth and engage in their first communicative
interactions. To my knowledge, no similar studies have been conducted in apes. However, if we consider how
chimpanzee infants travel in a ventral position where they are constantly required to grab their mother’s hair
and have limited visual information, it is conceivable that they can use touch from the moment of birth.

Thus, when we adopt touch as a mode of interaction to measure how we perceive emotions, we find
that this is @ mechanism that it is in place at the moment of birth (as opposed to vision) that allows the infant
to start engaging in emotional and behavioral responses to skin-to-skin contact from the moment of birth.
Moreover, there is an intentional element in touch that is present from the moment of birth that allows the
infant to interact with the world. As opposed to other modes of interaction, such as vision or hearing, touch
requires, as Streri and colleagues have demonstrated, that infants actively and intentionally use touch to engage
with the world around them.

It may be argued that newborn human infants show a preference for face-to-face interaction, imitate
facial expressions, and, at birth, are capable of following their mother’s gaze (Meltzoff & Moore, 1977, 1994).
However, even though the use of facial expressions is present from birth, it is not clear whether these facial

% It may be argued that newborns are able to detect the difference between gaze and avert gaze (Farroni, Csibra, Simion, & Johnson,
2002). However, the point of my argument remains, the information that they can gather from the visual mode is still very limited at
this stage.



expressions are just a reflex or are intentionally connected to an emotion. For example, it has been shown that
infants are not capable of recognizing distinct facial expressions of emotions (Widen, 2013; Widen & Russell,
2008). Other primates also have this ability for following gaze; early imitation of facial features has been found
in chimpanzees (Takeshita, Myowa-Yamakoshi, & Hirata, 2006) and monkeys (Ferrari & Fogassi, 2012).
Similar questions can be asked regarding the comprehension of these facial features in these species.

Moreover, it seems that tactile modes of interaction not only develop earlier than vision but also help
the development of visual modes of communication. Della Longa, Gliga, and Faroni (2017) showed that 4-
month-old infants had difficulties discriminating faces; however, they learned to discriminate faces when
parents provided gentle stroking. Thus, touch seems to facilitate visual modes of communication.

Touch as the Way to Understand the Development of Communication of Emotions

An evolutionary perspective on the expression of emotions has to provide an explanation of how
emotions are used as mode of communication; that is, how both human and nonhuman primates are capable of
perceiving the emotions of their social partners. The neurophysiological and developmental characteristics
described above show, first, that infants are ready from the moment of birth to use touch in their interactions
with their caregivers. Second, that while facial expressions can be expressed as a reflex and can be produced
in the absence of social partners, touch requires an intentional action to move towards the object or social
partner. Touch requires an “other” and, as shown in the SSI illusion, touching an other (as opposed to
themselves) is linked to pleasurable sensations.

How exactly is touch used as part of the development of emotions in the caregiver-infant interaction?
Hertenstein (2002) showed how caregivers, through bodily changes such as skin temperature, respiratory
patterns, perspiration, and pulse, can communicate the differences in emotional responses that they are
experiencing. Hertenstein also argued that the caregiver does not need to be mindful of this communication;
for example, a mother may be changing an infant’s diaper, thinking about her stressful day, and not be aware
she is communicating her anxious state to the infant. A similar argument can be made for great apes; consider
for example, how in the wild, chimpanzee mothers touch their infants in different contexts, such as grooming,
tickling, and playing, but most of the day is spent traveling. During that time, the mother spends long periods
in contact with the infant. When the infant is traveling ventrally, mother and infant become a tight bundle, and
this allows the infant to receive important information about the mother’s emotional reactions to the external
world. The infant can feel the mother’s heartbeat speed up during an aggressive encounter; s/he can experience
the mother’s relaxed muscles when the mother is part of a grooming session; and, because of piloerection, the
infant notices when his/her mother is aggressive or scared. Thus, the infant will start to comprehend through
touch the reactions accepted in his/her mother’s group.

Similarly, the mother gathers this same kind of information when she holds her infant during travel or
touches her infant in other contexts. A chimpanzee mother is constantly monitoring her infant’s behavioral
state through touch (Goodall, 1986). She can sense when the infant is tense, relaxed, or experiencing
piloerection and bring the infant to an adequate level of emotional response. Furthermore, through pulling their
mother’s hair or a tightening their grip, chimpanzee infants can start making a voluntary movement to express



an emotion such as fear or anger.'® Thus, when mother and infant touch, they process sensory information that
is composed of each other’s emotional responses, and they change their behavior accordingly.!! In short, during
the close contact interaction with the mother, the infant chimpanzee is first introduced to the mother’s
emotional responses, and this interaction is essential for the development of the infant’s emotional responses.
Moreover, it allows the infant to start expressing emaotion in voluntary ways.

The importance that the mother-infant interaction has for the development of the expression of
emotions - that can be understood by others - can be observed by the kinds of consequences that disrupting
this interaction has for the infant’s social development. One of the first things that fails to appear when the
mother is missing (in both human and nonhuman primates) is the ability to communicate in ways that are
understood by others. Experiments with macaques in the 1960s and 1970s (Harlow, Dodsworth, & Harlow,
1965; Harlow & Suomi, 1971) separated infants from their mothers and/or created “monster mothers” (i.e.,
replace mothers with wire constructions resembling a monkey that randomly threatened the infant by releasing
spikes or high-pressure streams of air). The infants in these experiments exhibited abnormal behaviors that
prevented them from engaging in social interactions: compulsive non-nutritional sucking, repetitive
stereotyped movements, self-injurious behaviors, an inability to engage in social interaction (including sexual
interactions), aggressiveness toward other members of the group, an inability to engage in cognitive tasks, and
a lack of exploration, accompanied by rocking movements. Observations of the behavioral development of
chimpanzee infants under new practices of enriched environments in captivity found similar, although milder,
behavioral consequences for infants raised in groups that included peers. Some of these subjects also exhibited
body rocking, mouthing, lack of initiative, lack of investigatory behavior, an inability to copulate, and an
inability to nurse an infant (Brent, Lee, & Eichberg, 1991; van ljzendoorn, Bard, Bakermans-Kranenburg, &
Ivan, 2009). In wild chimpanzees, it has been shown that the absence of the mother, even in later stages of
infancy, has profound effects on the infant’s social behavior and levels of anxiety (Botero, MacDonald, &
Miller, 2013).

The results of isolation in human infants have been observed in the case of the Romanian orphanages.
In 1990, after the fall of the Ceausescu regime, it was found that children in orphanages had been housed with
minimal food, minimal clothing, minimal heat, and minimal caregiving. Several studies centered on these
infants found difficulties in the children’s attachment patterns and delays in cognitive and social functioning
(Fisher, Ames, Chisholm, & Savoie, 1997; Kaler & Freeman, 1994; Marcovitch et al., 1997).

Similar effects have been observed in less extreme examples. High levels of stress interfere with
maternal support of emotion regulations in the child (Belsky, 1984). Children who have been raised with
mothers who suffer from depression are more likely to develop maladaptive emotional regulatory patterns
(Cole, Zahn-Waxler, & Smith, 1994). For example, when sensitive adults attempted to interact with infants
of depressed mothers, they found these infants to be difficult interactive partners (it was difficult for these
adult to understand the infants’ needs and to engage with their responses); the adults often described these
interactions as negative (Field, 1995).

101t is important to take in to account that a tighter grip or pull can also be a reflexive response to the sensation of falling. However,
these reflexive responses can be identified and measured differently from the voluntary kinds of touch | am describing. For example,
if this pull is done in the context of the mother being still in which there is no risk of falling down.

11 To my knowledge, there are no current studies in apes that show a preferred body part of touch or an optimal speed and length of
touch as in humans. However, specific body part preferences for touch have been shown in other species (see, for an example in
dolphins, Dudzinski et al., 2012).
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The evidence described above shows that the mother is an essential element for the infant’s emotional
development. The next question we need to answer is, how does the interaction with the mother facilitate the
development of the capability of understanding emotions?

The Importance of Touch: How Maternal Touch Allows the Infant Regulate Its Emotions and
How This Changes our Methodologies

Emotions in nonhuman animals are intrinsically linked with social cognition. As de Waal (2011)
argued, it is fundamental to focus on this social aspect of emotions when determining whether animals have
emotions. He claims about emotions in animals that, “Because of their effect on others, emotions bring
individuals together by converging internal states such as fear, hunger, playfulness, and sleepiness. The study
of this phenomenon is crucial for our understanding of social life” (p. 199). A similar argument has been made
for human primates: Ekman (1999) argued that one of the roles of BEs is to allow the human and nonhuman
animal to communicate with other members of their communities. Thus, understanding emotions in human
and nonhuman animals entails focusing on the mechanisms that animals use to understand the emotions that
others in their social group are experiencing.

The reason why the interaction with their mother has significant effects for the social development of
the infant has been explained from different perspectives in human and nonhuman primates (see, for example,
attachment theory, Suomi, 2005). | would like to focus on one aspect that has not received much attention:
stress. Infants experience several stressors (i.e., hunger, change in temperature, pain, loud noises). These
stressors activate reflexive emotional responses such as fear or anger. The mother is able to help the infant
bring these emotions to a comfortable level where they can be used as a mode of communication with others.
That is why, if the mother is absent (or interacts with the infant in way that does not facilitate this regulation),
the infant is unable to bring these emotions to a comfortable level and, as shown, this renders the infant unable
to engage in social interactions.

Several studies have shown how touch (in particular, maternal touch) has a soothing effect that is so
powerful that it may be used to overcome psychologically or physically stressful conditions. For example,
Mason and Berkson (1962) showed that chimpanzee infants who received electric shocks emitted fewer stress
vocalizations when held by humans than when left by themselves on a table. Studies have shown that maternal
touch has an effect on an infant’s level of comfort, learning, exploration, and attachment and on the amount of
crying or fussing (for a review on the effects of touch for well-being, see Field, 2011). Benefits of touch have
also been observed in preterm infants, who, when they are held for longer periods of time, exhibit respiratory
regularity, weight gain with the same intake as control groups, high activity levels, better sleep/wake
organization, and shorter hospitalization than other preterm infants who receive less touch (Tribotti, 1990).
This effect of touch has also been observed in cross-cultural studies. NBAS scores of Asian and Native-
American babies reveal that they are less irritable than urban North American babies. Mothers in these cultures
often encourage their babies’ calm dispositions through swaddling, close physical contact, and nursing at the
first sign of discomfort (Chisholm, 1989; Freedman & Freedman, 1969; Murett-Wagstaff & Moore, 1989).
Maternal care that includes touch (i.e., carrying the baby all day) has been observed to change poor NBAS
scores of undernourished infants in Zambia, changing unresponsive newborns into alert, contented 1-week-
olds (Brazelton, Koslowski, & Tronick, 1976). Moreover, infants also use touch as a way to regulate their
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emotions in various contexts such as maternal unavailability and new environments (Moszowski et al., 2009;
Stack & LePage, 1996; Stack & Muir, 1992).

These findings show how maternal touch helps the infant to self-regulate its emotions. There are
several definitions of self-regulation, but they converge on the idea that, in self-regulation, individuals use
different strategies to adjust their emotions, drives, urges, appetites, actions, lack of action, beliefs, and values
to comfortable levels (Thompson, 1994). Organisms who are unable to regulate the intensity and duration of
their emotional responses tend to become under- or over-aroused and are unable to attend to information in
social encounters, thus impairing their ability to interact with others.!? If the mother is missing, infants will be
unable to self-regulate their emotions and will exhibit, as described in the previous section, stress-related
behaviors and become unable to engage in social interactions.

In short, these studies have shown us that if the BEs approach is right, and human and nonhuman
primates are born with a reflexive ability to experience BEs, the infant (and, later, the adult) will not be able
to use emotions as a communicative mode unless they undergo interaction with their caregiver/mother. Tactile
forms of interaction allow the infant to self-regulate their emotions in ways that are conducive to interact with
the members of their own group. This knowledge entails a change in the way we conduct observations of the
development of emotions: Instead of understanding the expression of emotions as individual reflexive
processes (as postulated in the facial expression of BES), we move towards understanding the development of
emotions in the context of mother-infant interaction. More specifically, this change in approach suggests that
touch, together with other modes of communication, must be adopted to understand the different ways in which
mother and infant interact in the context of their social community (for the methodological implications of
adopting this approach to the observation of mother-infant interaction, see Botero, 2014).

Even though this is just a theoretical suggestion, it is possible to translate these ideas into future studies.
Stack and colleagues have designed different methodologies to measure how touch takes place between human
mother and infant pairs (see Stack, 2010 for an overview). These coding mechanisms can potentially be adapted
to nonhuman primates, allowing us to observe how touch takes place in different mother and infant dyads.
Moreover, based on previous studies that found that touch is used in a distinct manner by different mother-
infant dyads (see, for example, Mantis, Mercuri, Stack, & Field, 2018, on how touch is used by mothers who
suffer from depression), the study of touch could potentially allow us to observe differences among honhuman
primate mothers and understand whether these are related to the development of social behaviors in the infant.

Conclusion

The general aim of this paper is to argue for the adoption of touch as one of the modes of
communication used in mother-infant interaction in primates to understand the development of emotions in
human and nonhuman primates (as opposed to approaches that focus entirely in visual/facial modes of
expression). It is argued that including touch as one of the fundamental modes of interaction between mother
and infant allows us to understand emotions in human and apes. Focusing on touch, because of its

2 Another way of arguing for the importance of touch in the development of self-regulation of emotions can be done
through the neural perspective. Such a review goes beyond the scope of this paper, but, for a summary, see Weller and
Feldman (2003).
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developmental and neurophysiological characteristics, allows us to understand how infants are ready from the
moment of birth to make social connections to engage with others.
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