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Jealousy is a response to a situation in which a person feels a combination of 

different emotions, such as love, anger, sadness and fear when an affectionate interaction 

is happening between a loved one and someone else.  This paper discusses the definition 

and onset of infant jealousy, the physiological basis of jealousy, whether maternal factors 

play a role, as well as studies on jealousy and EEG patterns.   It has been argued that 

infants, as young as six-months-old display jealous-like behaviors.  During jealousy 

evocation conditions, infants demonstrate negative emotions such as protesting or crying, 

diminished distancing, and heightened gaze toward their mother during maternal 

inattention. Approach/withdrawal behaviors and electroencephalography (EEG) 

activation were studied in the context of an infant jealousy paradigm.   In this 

investigation, 45 mother-infants dyads were exposed to a social versus non-social 
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condition during maternal inattention.  During the social condition, infants demonstrated 

increased approach-style gaze and reach and negative affect.  EEG was collected during 

all conditions on a subsample of 15 infants and in agreement with adult jealousy literature 

(Harmon-Jones, Peterson, & Harris, 2009), infants displayed left midfrontal EEG 

asymmetry,  and displayed more approach motivations during the social doll condition 

indicative of jealousy approach motivations.
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CHAPTER I 

Introduction 

Emotional development is an important component of growing into a healthy 

adult in today‟s society.  As a person develops into an older child, adolescent and then an 

adult, an individual can describe what sadness, anger and happiness feels like.  Emotions, 

such as these, attach meaning to daily experiences. As adults we can describe such 

emotions, whereas infants can only display particular behavioral responses. It is 

important to study an infant‟s emotions as they may lead to a more basic understanding 

of the development of healthy emotional processes.  Previous studies have associated 

physiological processes with emotional ones, yet the link between physiology and some 

of the more complex and blended emotions, such as jealousy has not been studied during 

infancy. In this paper, we will investigate EEG patterns in infants as they respond to a 

jealousy evocation situation and how maternal mood can affect jealousy outcomes in 

infants. 

Researchers such as Alessandri and Lewis (1996) agree that there are basic 

emotions which occur within the first year of life; these include, anger, joy, fear, interest, 

disgust and sadness. They suggest that complex emotions, built upon these basic 

emotions, develop around the age of two.  Alternatively, Fox (1991) discusses early 

emotions using an approach-withdrawal model.  He argues that in an infant‟s first few 
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months, behavioral motivation may be guided by approach emotions including joy, 

interest and anger; while withdrawal emotions may also guide behavioral motivation 

which are demonstrated by distress, disgust and fear (Fox, 1991; Hane, Henderson, Fox 

& Marshall, 2008). 

Recently researchers have shown interest in whether infants, younger than two 

years old, can experience more complex or blended emotions such as jealousy (Hart & 

Carrington, 2002; Hart, Carrington, Tronick & Carroll, 2004). This particular topic is of 

special interest because if jealousy is displayed during infancy, then maybe it could be 

thought of as a more basic emotion.  

Definition and Onset of Infant Jealousy   

Throughout research, there is disagreement regarding the extent to which infants 

“feel” emotions (Alessandri & Lewis, 1996; Case, Hayward, Lewis & Hurst, 1988) and a 

particular emotional feeling is difficult to measure empirically.  However, researchers can 

examine an infant‟s behavioral responses to situations that are designed to elicit different 

types of emotions. An infant‟s facial, vocal, and motor responses to a given stimulus can 

help researchers define the presence of one of many emotional responses. For example, 

the behavioral responses that infants demonstrate include crying to sad faces or maternal 

separation, or cooing to happy faces or maternal interaction.  

Jealousy is an emotion that most people experience as a response to a triadic 

situation i.e. interaction between a loved one and someone else, in which a person feels a 

combination of different emotions ranging from anger, sadness and fear, which are all 

comprised of an infant‟s basic emotions (Case, Hayward, Lewis & Hurst, 1988; Hart, 
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Carrington, Tronick & Carroll, 2004).  Hart and Carrington (2002) suggest that firstborns 

experience jealousy without having previous experience, such as competing for attention 

with a sibling.  Evolutionary psychologists suggest that jealousy is so basic and 

important, that it occurs outside of our awareness (Massar, Buunk & Dechesne, 2008).  

Jealousy has been examined in response to specific situations. Therefore, jealousy 

in infants is conceptualized as a negative response style evoked by the loss of an 

attachment figure‟s preferential attention (Hart & Carrington, 2002).  Previous research 

has argued that a typically developing child will experience jealousy when maternal 

attention is lost to a social rival (Hart, 2009; Hart & Carrington, 2002).   When maternal 

attention is lost, a child may show more negative behavioral responses, such as crying 

and sad facial expressions while showing approach like behavior (Fox, 1991; Hart, 2009; 

Hart & Carrington, 2002). In this particular investigation we will explore an infants‟ 

response to jealousy in infant-mother dyads, during interactions with a social task item 

and, as a control, to a non-social task item.   

Due to the strong maternal bond that most infants have developed, researchers 

have investigated jealousy in the context of the mother-infant relationship.  Researchers 

have used a social item (comparing it to a non-social item) in order to elicit jealousy in 

infants.  Specifically, the mother pays attention to a social item while ignoring her own 

baby.  The social situation is believed to elicit jealousy in the infant because the infant 

will feel distressed that another social being has monopolized their mother‟s attention.   

Hart et al. (1998a) sought to explore maternal unresponsiveness with 12-month-

old infants.  The mother and a stranger (an additional control condition) were instructed 
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to ignore the infant and direct positive attention to the social (life-like doll) or non-social 

(cookbook) items.  In this study, infants displayed more protests, negative vocalizations 

and inhibited play during jealousy inducing situations with the social item relative to the 

non-social item (Hart, Field, Del Valle & Letourneau, 1998a) and in response to the 

mother‟s inattention relative to the loss of the stranger‟s attention.  

Infants cannot verbalize their emotions, yet their emotions can be demonstrated 

through positive and negative expressions. Hart and Carrington (2002) also sought to 

establish the type of emotional responses that occurred during the loss of exclusive 

maternal attention and whether there is evidence of a jealousy response in infants as 

young as six months of age. The researchers found that infants showed more negative 

affect i.e. angry, sad facial expressions, during the social object condition rather than the 

other nonsocial object condition, suggesting that even six-month-olds can show blends of 

several emotions encompassing jealousy.  

In a more recent study, Hart et al. (2004), six-month-old infants were exposed 

positive and negative emotions as well as situations designed to vary in motivational 

behaviors. Specifically, the mothers and infants participated in a face-to-face play, a 

mother-directed still-face, and a jealousy evocation condition.  In the face-to-face play 

condition, the mother played with her infant with no toys.  In the still-face condition the 

mother looked at her infant with no affect i.e. no smiling, touching, or talking to her 

infant.  The jealousy evocation episode was similar to situations described before in this 

paper, where the mother held a lifelike doll while ignoring her infant.  This study 

demonstrated that six-month-old infants who lost maternal attention exhibited more 
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intensified negative emotions. Negative behaviors were also exhibited during the still-

face condition yet the infants also showed heightened distancing and a diminished 

interest in maternal gaze, a confluence of behaviors which suggest avoidance and 

withdrawal.  Conversely the jealousy evocation situation led infants to negative affect as 

well as to heightened interest and gaze with diminished distancing, suggesting an 

approach response (Fox 1991; Hart, Carrington, Tronick & Carroll, 2004).  

These studies demonstrate that behaviors associated with jealousy occur in 

response to the loss of maternal attention, suggesting that jealousy may develop earlier in 

life than previously expected.  The interest, close proximity and negative affect toward 

their mother suggests a „wanting‟ of the mother‟s attention and a motivation to regain 

(approach) preferential attention in the primary attachment figure.  It is important to 

investigate this topic further because the available research on the topic is sparse. One 

area of research lacking in the infant jealousy literature is an examination of the 

physiological processes that occur during a jealousy-inducing paradigm. An 

understanding of the physiological substrates of jealousy will allow for a better 

understanding of the factors that contribute to adaptive socio-emotional development.     

Jealousy and EEG 

Using physiological measures such as an electroencephalograph (EEG) can help 

us understand more about the brain mechanisms involved in the development of 

emotions.  Emotions are associated with different types of EEG patterns. Approach 

behaviors including joy, interest and anger are associated with left frontal EEG 

activation, and withdrawal behaviors such as distress, disgust and fear are associated with 
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right frontal EEG activation (Fox, 1991).  The minimal EEG research on jealous-type 

behaviors (Harmon-Jones et al., 2009; Jones & Mize, 2009; Mize, 2009) suggests that 

jealousy is associated with approach-like behaviors. Currently there is no research on 

infants EEG patterns during jealousy evocation conditions.  However, there are some 

studies of infant emotion that imply that infants will display approach-type behaviors and 

left prefrontal asymmetry during a jealousy-inducing paradigm.   

Studies have been conducted with infant emotions and emotional dispositions 

along with EEG patterns during stimulus-elicited and non-stimulus conditions.  For 

example, in a recent study conducted by Hane, Henderson, Fox and Marshall (2008), 

infants were screened for emotional reactivity at 4 months of age.  Infants were again 

screened at 9 months of age while a baseline EEG was collected.  Those infants who 

scored higher in negative reactivity at 4 months showed more avoidance, withdrawal 

behaviors, and displayed right frontal asymmetry at 9 months.  Those infants who scored 

higher in positive reactivity showed more approach behaviors and more left frontal EEG 

asymmetry (Hane et al., 2008), suggesting that early emotional reactivity can be 

examined in association with brain development and organization. 

Previous research has indicated that the right hemisphere activity is involved in 

negative affect and the left hemisphere activity is related to positive affect (Fox, 1991). 

Fox and Davidson (1987) described approach behaviors appearing to be localized in the 

left hemisphere and are linked most often to positive emotions. Withdrawal behaviors 

appear to be localized in the right hemisphere and are linked most often to negative 

emotions.  During withdrawal behaviors such as distress and gaze aversion, greater right 



7 

 

frontal EEG activation is displayed (Fox, & Davidson, 1987). Jealousy has been linked 

with negative affects like sadness, distress, disgust and even anger (Fox, 1991), which is 

normally associated with right frontal brain activation However, this is controversial 

because jealousy, though negative in its affective valance, is predominantly considered an 

approach-type emotion in more recent literature (Fox, 1991; Hart, 2009).  Based on 

recent research, one can expect that a typically developing infant, who experiences the 

loss of exclusive maternal attention to a social object (social rival) relative to a non-social 

object, will demonstrate not only approach behaviors (e.g. reaching for and gazing at 

their mother) but also greater left frontal EEG activation.  

In a recent study Mize (2008), found no relationship between tonic EEG activity 

and the infants‟ jealousy-related behaviors.  However these infants did show approach 

style behaviors (increased maternal gaze, touch and proximity) during the jealousy 

inducing condition relative to the control condition.  Those infants who scored high on an 

approach scale of a maternal-rated temperament inventory showed greater left frontal 

asymmetry during a tonic recording of brain activity, relative to infants who scored low 

on the approach scale.  One caveat to these findings is that Mize‟s EEG data were 

recorded during a baseline/non-stimulus condition (Jones & Mize, 2009; Mize, 2008). 

Studies with adults, however, (Harmon-Jones et al., 2009) found left frontal EEG 

asymmetry during the jealousy inducing condition.  Specifically, adult participants played 

a jealousy-inducing computer generated game, in which the participants were made to 

feel ostracized. Taken together the studies show that: 1) left frontal EEG activation is 

predominantly associated with approach-style emotions 2) infants respond with more 

approach behaviors in jealousy-inducing conditions, and 3) left frontal EEG activation is 
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evident during jealousy evocation in adults. The need to examine EEG during a jealousy 

inducing condition in infants remains however.  

Maternal Mood and Jealousy 

  The relationship between a mother/caregiver and a child is important for healthy 

development.  As discussed earlier, jealousy displayed by an infant due to the loss of 

maternal attention is considered an approach behavior, and part of typical development 

(Fox, 1991; Hart, 2009; Hart & Carrington, 2002). Infants of mothers with atypical 

maternal moods, i.e. depression, have been shown to display altered patterns of emotional 

responses which have been shown to affect their infant‟s neurobehavioral and emotional 

responses to social situations (Jones et al., 1997; 1998).    

Depressed mothers may display flat or elevated negative affect while caring for 

their infants. Previous studies have demonstrated that infants of depressed mothers are 

exposed to disruptive mother-infant interactions. Mothers may also display 

unresponsiveness or intrusiveness i.e. they may handle their infants roughly while 

playing, when caring for their infants (Hart, Jones & Field, 2003; Hart et al. 1998b).  

Furthermore, infants of depressed mothers have shown different developmental 

outcomes than infants of non-depressed mothers.  Specifically, infants of depressed 

mothers demonstrate altered patterns of emotional responding, showing less joy, greater 

distress and affectively-restricted behaviors, patterns that are similar to their mothers‟ 

emotional behaviors (Hart, Carrington, Tronick & Carroll, 2004; Hart, Jones & Field, 

2003). Therefore maternal depression may predispose infants to show altered patterns of 

responses during a jealousy situation as well.   
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Hart et al. (1998b) suggested that infants of depressed mothers would have 

reduced jealousy-protests at the loss of maternal attention. In fact, both infants of 

depressed and non-depressed mothers showed some protests during the jealousy 

evocation condition; however the infants of the depressed mothers showed significantly 

less distress protest than those of non-depressed mothers.  Hart and her colleagues have 

suggested that this reduced behavioral response is a coping mechanism for infants, with 

those infants in the depressed group attempting to screen out their mother‟s behavior 

rather than seeking to restore exclusivity (Hart, Carrington, Tronick & Carroll, 2004; 

Hart, Jones & Field, 2003). Based on these studies a lack of jealousy displayed by infants 

of depressed mothers is believed to be associated with an altered-type of emotional 

development.  

In this study, we are investigating EEG patterns in infants during a jealousy-

inducing condition.  Depressed adults who report more depressive symptoms show 

greater right frontal activity, even when their depression has remitted (Henriques & 

Davidson, 1991).  Similarly infants of depressed mothers mirror the physiological 

patterns of their depressed mothers, with these infants demonstrating greater relative right 

frontal EEG asymmetry (Jones et al., 1997; 1998).  Ultimately, there are associations 

between maternal depressive mood, infant emotions, and EEG as well as associations 

between maternal mood and reduced jealousy precipitating the need to examine maternal 

mood as a factor associated with infant approach responses and EEG patterns during 

jealousy evocation. 
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CHAPTER II 

Purpose and Hypothesis 

This study is a conceptual replication and extension of Hart and Carrington (2002) 

study on infant jealousy.  Like their study, this research will examine affective (positive 

and negative facial and vocal responses) and approach- and withdrawal-related 

behavioral responses (gaze and reach) during two conditions; mothers‟ inattention to their 

infants during the presentation of a social-item (expected to elicit jealousy-type 

behaviors) and during the presentation of a non-social item (control condition).  Infants 

that experience jealousy will demonstrate approach motivation, as indicated by behaviors 

such as increased gaze and reach toward their mother during the social-item condition 

relative to the non-social item condition (Fox, 1991; Hart, Carrington, Tronick & Carroll, 

2004).   

To extend on previous work, we will examine EEG activity during the two 

conditions, as well as a baseline EEG recording.  Based on previous research, it is 

expected that the EEG data will show greater activation in the left frontal region of the 

brain during the social-item condition. In this investigation we expect that infants of 

mothers who are showing more depressive mood will display withdrawal-type behaviors 

in comparison to those infants whose mother show few depressive symptoms and are less 
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likely to demonstrate the enhanced left frontal EEG activation compared to those who 

experience the jealousy evocation condition with an approach orientation.
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CHAPTER III 

Method 

Overview 

These studies investigated behaviors suggesting jealousy in younger infants as a 

reaction to the loss of exclusive maternal attention.  Study 1 is an extension of the 

research conducted by Hart and Carrington (2002).  EEG data was collected during both 

social and non-social conditions.  Study 2 investigates older infants; this is an extension 

of Mize‟s (2008) study.  These infants only received EEG during a baseline condition, 

but still received both conditions as in Study 1.  

Study 1  

Participants. Participants included 15 mother-infant dyads (7 girls and 8 boys) 

recruited from birth announcements, daycare centers, pediatrician‟s offices, local 

community events and word of mouth.  The infants ranged in age of 5.5 to 10.5 months 

(M=8.91, SD=1.32) and were of Caucasian 80%, Black 6.6% and mixed 13.3% ethnicity. 

Six of the infants were only children and the remaining 9 had siblings. Mothers were 24 

to 49 years old (M = 32.33, SD = 6.44) and were of upper to middle class socioeconomic 

classes (Hollingshead two-factor index, M = 2.26, SD = 1.03). Infants received a toy for 

participation and if the infant and mother completed the session, they were mailed a 

thank you letter and certificate of participation.  Participants were treated in accordance 
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with the “Ethical Principles of Psychologists and Code of Conduct,” (American 

Psychological Association, 2002).  

Materials and Apparatus 

 Demographic information was obtained using the Hollingshead household and 

demographic questionnaire.  Participant sessions were video recorded to allow for coding 

of the behavioral responses of the infants.  Data was collected on the mother‟s mood 

using the Center for Epidemiological Studies Depression Scale (CES-D; Radloff, 1977).  

This consists of a 20 items and a score of 16 or higher represents clinical depression. 

CES-D has high internal consistency with alphas ranging from .84 to .90 and modest test-

retest reliability from r = .51 to r = .6.  Maternal approach and withdrawal tendencies 

were also measured using the Behavioral Inhibition Scale and the Behavioral Approach 

Scale (BIS/BAS) (BIS/BAS; Sutton & Davidson, 1997). This is a 34-item scale used to 

measure dispositional approach and withdrawal behavior.  Maternal perceptions of infant 

temperament were measured using the Infant Behavior Questionnaire (IBQ-R; Gartstein 

& Rothbart, 2003). The IBQ-R reports information about activity level (r = .78), distress 

to limitations (r = .82), fear (r = .87), duration of orienting (r = .77), smiling and laughter 

(r = .82), high pleasure (r = .80), low pleasure (r = .80), soothability (r = .83), falling 

reactivity or rate of recovery from distress (r = .83), cuddliness (r = .77), perceptual 

sensitivity (r = .83), sadness (r = .71), approach (r = .81), and vocal reactivity (r = .78).  

A maternal response survey was used to get the mothers‟ perception of infants‟ reaction 

during the study conditions.  EEG was used as a physiological measure during all tasks. 
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Procedure 

Baseline Condition.  Infant-mother dyads came to the laboratory and the mother 

was physically present during the entire procedure.  Mother completed consent forms and 

research packet including questionnaires (Hollingshead demographic information, CES-

D, BIS/BAS, IBQ-R, and Maternal Response Survey).  Once mother and infant were 

settled in the room, the infant was placed in a high chair and a researcher positioned the 

EEG cap on the infant.  Once the EEG cap was securely placed, the researcher began 

collecting a baseline reading for three to five minutes while blowing bubbles.  Once the 

baseline reading was collected, the researcher left the room and asked the mother to 

interact with her baby while in the high chair using one or both of two provided 

developmentally-appropriate toys for a minute.   

Experimental Condition.  Two objects were used; 1) a life-like doll accompanied 

by a CD of a baby cooing and 2) a colorful cookbook.  Once the baseline EEG was 

collected a researcher came back into the room with a randomly assigned task item, each 

task was presented for three-minutes.  The mother was sitting in a chair positioned 

slightly to the side and not in reach of baby who was sitting in the high chair.  In both 

conditions, the mother was asked to hold and interact with the task item while ignoring 

her infant.  After three-minutes the researcher came and collected the task item.  The 

mother was then asked to comfort and play with her infant for one minute-using one or 

both of the developmentally appropriate toys, while the infant remained in the high chair.  

Once a minute had passed, a researcher came back in the room with the second task item.  
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Again the mother ignored her infant and interacted with the task item.  This is consistent 

with the paradigm used in Hart and Carrington (2002) study.     

Study 2  

Participants 

Participants included 30 mother-infant dyads (17 girls and 13 boys) recruited 

from birth announcements, daycare centers, pediatrician‟s offices, local community 

events and word of mouth.  The infants ranged in age from 10.5 to 14.5 (M= 12.9, SD= 

1.04) and were of Caucasian 73.3%, Hispanic 10% and mixed 16.6% ethnicity. Thirteen 

of the infants were only children and the remaining 17 had siblings. Mothers were 20 to 

43 years old (M =30.36, SD = 6.54) and were of middle to upper socioeconomic classes 

(Hollingshead two-factor index, M = 2.73, SD = 1.20). As in Study 1, infants received a 

toy for participation and a certificate of completion. Participants were also treated in 

accordance with the “Ethical Principles of Psychologists and Code of Conduct,” 

(American Psychological Association, 2002).  

Materials and Apparatus 

 All materials and apparatus were the same as in Study 1 with the exception of an 

additional maternal-report inventory.  The Colorado Child Temperament Inventory 

(CCTI) was also obtained at 12-months which is a 30-item inventory assessing the 

infant‟s generalized temperamental responses. A test-retest reliability was conducted on 

all subscales except soothability (α = .73, r = .43).  Other attributes reflected in the 

inventory include, infant‟s attention (α = .79, r = .77), activity level (α = .82, r = .80), 
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emotionality (α = .80, r = .72), and sociability (α = .88, r = .58) (CCTI; Rowe & Plomin, 

1977). 

Procedure 

Baseline Condition. The procedures for the baseline condition were the same as in 

Study 1.   

Experimental Condition.  As in Study 1 the conditions were the same, with the 

exception that the infants were not in a high chair, they were able to move around the 

room. In addition, no EEG was collected during experimental conditions.   

Coding Infant Responses  

Infant‟s behavioral responses were recorded on digital video for subsequent 

coding of infant behaviors across the two tasks. All coding was conducted by two 

different research assistants who have been trained on the coding system to ensure 

reliability but who were blind to the study‟s hypotheses. Coding commenced once the 

mother had the task item and the experimenter left the room.  Each coding condition was 

three minutes long, i.e. three minutes for the social item and three minutes for the non-

social item. Two types of behavioral coding were used to assess infant responses to the 

loss of maternal attention in the two conditions. First, a tally system was used to code 

aggressive, self-comforting and disorganized behaviors (see Table 1).  
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Table 1 

Tallied Behavior Coding Categories 

Behaviors    Description 

Aggressive or destructive acts  Hitting high chair, thrashing, temper tantrums, 

trying to climb out of high chair 

Self-comfort behaviors Sucking fingers or pacifier 

Disorganization Still, bouncing up and down, or rocking 

 Next, additional behavioral responses were coded using Observer, a second by 

second coding program. Descriptions of the coding states and the reliability of each 

measure (using Cronbach‟s alpha) are presented in Table 2. After the second-by-second 

coding was completed, the coder was asked to rate the overall affective state and intensity 

of that state. Finally, the mothers‟ interaction with the task items was assessed using a 

scale of 1 to 5, with 5 being most positive.   

Table 2 

 Second-by-second Infant Behavior Coding Categories   

Code  Behavior Description 

Gaze direction of infant (α = .86-1.00)     

4  Infant gaze is directed toward mother-item  

3  Infant gaze is directed down or at high chair  
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Code  Behavior Description 

2 Infant gaze is directed at other things in the room, rather than on mother or 

highchair  

1  Infant is covering eyes with hands 

Reach toward mother (α = .62-.97) 

4   Infant is trying to climb out of high chair 

3   Infant has any type of reach toward mother   

2   Infant is touching high chair 

1  None of the above – infant is not touching anything 

Level of Arousal (α = .67-.98) 

4  High arousal: prolonged body tension  

3  Moderate arousal:  intermittent body tension 

2  Low arousal: infant attends to mother-item but little or no body tension 

1  No arousal: infant ignores mother-item     

Vocalizations (α = .78-.99) 

7 Very high intensity vocalization: intense protests, screaming, crying, 

screeching temper tantrums, etc. 

6  High intensity vocalizations: hyperventilating crying  
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Code  Behavior Description 

5 Moderate intensity vocalizations: intermittent fussing, whimpering, 

whining 

4   Low level intensity vocalizations: fretting 

3   Neutral vocalizations  

2 .  Somewhat positive vocalizations: cooing, etc.  

1  Very positive vocalizations: laughing, happiness, etc.  

Affective state (α = .84-.95)      

3  Positive: happiness, smiling, laughter, cooing, etc.  

2  Neutral  

1 Negative: frown, furrowed eyebrows, lips pressed together, scowl, open-

mouthed wail, eyes scrunched or closed 

Note. For the gaze, reach, and affective state, responses were weighted in sum with the 

high scores indicated approach behaviors.   

EEG Asymmetry  

EEG asymmetry reflects activity in an individual at a given site in one hemisphere 

relative to the contralateral hemisphere (Pivik et al., 1993).  According to Pivik, EEG 

analysis is appropriate for infants using the frequency bands from 1 to 12 Hz.  Bell 

(2002), reports a peak in EEG activity in the 6-9 Hz band for infants six to twelve months 
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in age. This frequency range is akin to alpha activity was used to analyze activity in both 

conditions across studies. The electrode sites used in this study were the frontal (F3, F4, 

F7, F8), central (C3, C4), parietal (P3, P4), and occipital (O1, O2) regions.  The site used 

as the reference location was the vertex (Cz) (Jones, et al., 2004).  An asymmetry score is 

calculated to determine the contribution of each hemisphere relative to the contralateral 

hemisphere of that same region. The score is calculated by subtracting the natural log 

power of the right hemisphere power scores (the inverse EEG activation) from the left 

hemisphere power scores (Ln(Right)- Ln(Left)).  Positive scores reflect greater left 

hemisphere EEG activity while negative scores reflect EEG activity in the right 

hemisphere (Jones, 1997; Jones et al., 2004; Pivik et al., 1993).  
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CHAPTER IV 

Results 

All participants across both studies were used for the analyses with the exception 

of the EEG during the social and non-social conditions where only participants from 

study 1 were used.  Data from the total rated tallies (Table 1) was not included due to 

difficulty obtaining inter rater reliability between coders.   

Table 3  

 Mean Proportion of Time in Behaviors in Each Condition 

Behavioral States       Doll  Book  

Infant gaze       76.08 (10.79) 66.28 (9.03) 

Reach toward mother      59.21 (17.13) 51.68 (14.78) 

Level of arousal       56.21 (13.84) 46.89 (15.77) 

Vocalizations 

 Positive       82.69 (21.70) 74.37 (26.28) 

Negative      9.10 (16.57) 11.12 (15.74)
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Behavioral States       Doll  Book  

Facial affective state  

Positive       7.83 (13.44) 17.08 (24.63)  

Negative      35.09 (31.92) 30.56 (35.74)     

Table 3 shows numbers of mean proportion of time spent in each of the behavioral states, 

standard deviations are in parenthesis. Facial affect and vocalizations do not sum up to 

100% because a neutral state was coded and not included in the analyses.  

Hypothesis 1: Jealousy approach motivations during doll condition 

Several paired-sample t tests were used to investigate approach motivations and 

affect during the social and non-social conditions.  A paired-sample of t tests revealed 

that infants responded with more approach motivations, which include gaze and reach 

(see Table 3) in the social doll condition t(43) = 7.43, p < .05 relative to the non-social 

book conditions, t(43) = 7.75, p < .05.  This demonstrates a tendency to use approach 

behaviors such as gaze and reach to regain a mothers attention more so in a social “rival” 

condition.  Other paired-samples t tests revealed that infants responded with more 

negative facial expressions, than positive facial expressions during the social doll 

condition t(43) = 4.56, p < .05 relative to negative facial expressions and positive facial 

expressions in the non-social cookbook condition t(43) = 1.70, p < .05.  There were no 

significant findings for vocalizations relative to the social versus non-social conditions.  

These results at least partially confirm previous research suggesting that negative affect 

mixed with approach behaviors is used to regain mothers attention during the doll 
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condition, suggesting a jealousy response during maternal inattention in the presence of a 

social rival (Hart et al. 1998a; 1998b; 2004). 

Hypothesis 2: Greater left frontal EEG activation during social condition 

A repeated-measures MANOVA comparing within-subjects conditions (cookbook 

and life-like doll) by region (midfrontal, lateral frontal, parietal and occipital), revealed 

an interaction effect, F (3,42) = 5.16, p < .05, η
2
 = .269.  Subsequent MANOVA‟s for 

each region showed significant midfrontal asymmetry F (1,14) = 4.48, p <.05, η
2
 = .242,

 

with greater left midfrontal asymmetry M = .36, SD = .60, in the life-like doll condition 

relative to the M = .11, SD = .47, cookbook condition.  In comparison to the left lateral 

frontal region there were no significant effects, F (1,14) = .246, p > .05, η
2
 = .017, but 

there was a trend toward higher left lateral frontal EEG asymmetry during the social 

condition M = .09, SD = .42, relative to the non-social condition M = .02, SD = .56, 

indicating there is more left frontal EEG asymmetry during the social item condition 

versus the non-social condition. This is consistent with previous theory and research 

(Fox, 1991; Mize, 2008).  Figure 1 shows the EEG asymmetry scores by conditions for 

the two frontal regions, midfrontal and lateral frontal.  (Note: Positive asymmetry scores 

indicate that there is left frontal activation and negative asymmetry scores indicate that 

there is right frontal activation).   
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Figure 1. Asymmetry scores for the left frontal regions of the brain during both 

conditions. 

A repeated measures MANOVA revealed that parietal region revealed no 

significant interaction between the social and non-social condition F(1,14) = 1.76, p > 5, 

η
2
 = .112. However for the occipital regions revealed significant interactions F(1,14) = 

5.24, p < 5, η
2
 = .272 with greater right asymmetry during the doll condition M = - 42, SD 

= 1.06, relative to the cookbook condition M = -18, SD = .88.  Although the finding for 

the occipital region is significant, this does not support previous research, therefore, this 

should be studied further.  Figure 2, below, further depicts the differences in asymmetry 

scores for the frontal regions in comparison to the parietal and occipital regions during 

both conditions.   
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Figure 2. Asymmetry scores for the left frontal regions in comparison to other regions of 

the brain during both conditions. 

Hypothesis 3: Infants of mothers who show more depressive symptoms will show more 

withdrawal types of behaviors 

A mixed effects MANOVA using the two conditions, infants‟ behaviors as within 

subjects factors and depressed (n = 2) and non-depressed mothers (n = 13) as a between 

subjects factors on the infant‟s EEG asymmetry scores revealed no significant effects. 

Correlations between a mother‟s CES-D score related to EEG asymmetry, also revealed 

no significant effects.  However consistent with past research on depression and EEG 

there was a tendency for the infants of depressed mothers to show more right frontal EEG 

asymmetry in the social doll condition, M = -.35, SD = .11, relative to the non-social 
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left frontal asymmetry during the social doll condition, M = .48 SD = .57 than the non-

social cookbook condition M = .16, SD = .48.    

Further analysis of a between-subjects MANOVA comparing composite scores of 

withdrawal behaviors of the infants of depressed mothers (n = 3) and non-depressed 

mothers (n = 41) revealed a significant effect F (1, 42) = 4.10, p < .05, η
2
 = .089.  Across 

depressed and non-depressed groups, infants displayed more withdrawal behaviors in the 

book condition, M = 26.79, SD = 7.52, relative to the social condition, M = 21.53, SD = 

8.63.  Infants of depressed mothers demonstrated more withdrawal behaviors during the 

social doll, M = 22.04 SD = 14.82, condition than did infants of the non-depressed 

mothers, M = 21.49, SD = 8.31.  This is consistent with previous research, stating that 

infants of depressed mothers are more likely to withdraw during a social condition (Hart 

et al., 1998b; 2003; 2004).   
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CHAPTER V 

Discussion 

This paper investigated 6-12 month old infants‟ responses to the loss of exclusive 

maternal attention in two conditions, a social item (life-like doll) compared to a non-

social item (cookbook). Loss of maternal attention during a social situation, one in which 

the social other is viewed as a rival, has been conceptualized to be indicative of jealousy 

in infants (Hart & Carrington, 2002).  This investigation provided support for two of my 

predictions.  Infants approach their mothers to regain their attention during a situation in 

which they are exposed to a social rival, while also displaying greater negative affect.  

Infants also demonstrated greater left frontal EEG asymmetry during this social situation 

relative to a non-social situation, control condition.  A third hypothesis examined 

maternal mood‟s effect on infant behaviors during the social item condition.  This did not 

yield significant findings, however, the number of mothers who participated with higher 

scores on their depressive mood were few (n = 3) in the sample.  There is literature to 

suggest that infants of depressive mothers would show more withdrawal types of 

behaviors and show less left frontal EEG asymmetry (Jones, Field, Davalos & Pickens, 

1997; Jones, Field, Fox, Davalos, Lundy & Hart, 1998) and the data show a trend 

consistent with these predictions.   
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Approach Responses and Negative Affect 

As predicted, in this investigation infants who experience a jealousy-like situation 

(maternal inattention during the presence of a social rival) demonstrated increased 

approach-oriented responses, such as reach and gaze, more often during the social life-

like doll condition relative to the non-social cookbook condition.  Infants not only 

displayed more approach behaviors, but further analysis revealed that infants displayed 

more negative affect, including negative facial expressions, during the social condition 

relative to the non-social condition.  In agreement with previous research, this study and 

others have demonstrated that children will experience jealousy, by showing more 

negative behaviors such as crying and negative facial expressions (Hart et al., 1998a). 

This finding supports previous research, that in the presence of a social item, infants seek 

to regain their mother‟s attention by showing more approach behaviors (heightened 

interest and gaze) as well as negative affect (negative facial expressions) in comparison 

to the non-social item (Fox, 1991;; 2002; 2004; Hart, 2009). 

 In the current findings, there is evidence that “behaviorally” infants are 

demonstrating contrasting motivations, motivations that are positive, approach (gaze and 

reach) along with emotions that are associated negatively (negative affect). This mirrors 

the blended/complex type of complex emotion that jealousy is, one that involves negative 

affect but approach-oriented tendencies, which is consistent with the theoretical view of 

Fox (1991) and Hart (2009), which separates emotions into approach-type versus 

withdrawal-type behaviors.  Jealousy derives from approach-type emotions but 

paradoxically is usually viewed as a negative emotion and has negative affect associated 
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with it.  Hart (2009) views jealousy as an evolved emotion that serves to motivate the 

infant to regain their mother‟s preferential attention and though negative affect is present, 

this negative affect is adaptive as it is an indication of the infants‟ expectation of 

exclusive maternal attention which is a part of a healthy attachment relationship.  Hart 

and colleagues (1998a) also discuss the importance of negative vocalizations as part of 

negative affect.  Although we did not find this to be associated with jealousy in our study, 

further investigation is necessary in order to understand all the elements involved in the 

complex emotion that makes up jealousy.  

Left Frontal EEG during the Social Condition 

In order to extend the knowledge about the neurophysiology of infant emotions, 

especially as it relates to the complex emotion of jealousy, infant EEG activation during 

maternal inattention within social and non-social conditions was examined.  As expected, 

the infants displayed more relative left midfrontal EEG activation during the social 

condition than during the non-social condition in comparison to parietal and occipital 

regions.  This is in line with Mize (2008) who investigated maternal inattention where 

infants displayed left frontal EEG activation, associated with approach motivations, (Fox, 

1991) during a baseline condition and also observed negative affect during the social 

condition.   This is the first investigation to collect EEG during jealousy inducing 

conditions in infants.  

In this analysis and previous literature (Fox, 1991; Hart et al. 2002; 2004; Mize, 

2008) jealousy is inferred to be derived from approach motivations,  negative affect and 

left frontal asymmetry which is associated with approach emotions (Fox, 1991).  Infant 
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neurophysiology has not been studied during an infant‟s experience of jealousy prior to 

this study. Yet the emotional relationship between infants and their mothers is pivotal and 

research into the development of emotional processes can help in understanding an 

infant‟s trajectory of emotions into adulthood. While adult studies of jealousy as a 

negative emotion are common, the origins of these emotions and their association with 

brain development and mother-infant socialization has not been investigated.   Of note, 

however, Harmon-Jones et al. (2009) showed that adults who were made to feel 

ostracized by a social-other also showed left frontal EEG asymmetry during this jealousy-

inducing condition, suggesting that infant physiology is similar in some respects to the 

neurophysiology of adult-induced jealousy, 

Fox (1991) explains that EEGs differ for infants during approach and withdrawal 

motivations.  Infants who demonstrate withdrawal are likely to display right frontal 

asymmetry and those that experience approach motivations will display left frontal 

asymmetry.  Hart (2009) explains that psychophysiological measures may offer more 

objective explanations to what infants may be experiencing during jealousy-evocative 

conditions. Further the measures of infant brain activity offer potential meaning to their 

combined affective displays and behaviors (negative affect and approach behaviors) since 

these are subjectively assessed, and of course, infants lack ability to articulate their 

specific emotional experience during social and non-social conditions.  In this study, 

infants in both conditions (social and non-social) displayed left frontal EEG asymmetry, 

suggesting an overall approach motivation yet what is of importance is that infants 

displayed greater left frontal EEG asymmetry specifically during the social doll 

condition, suggesting that this situation initiates a more intense emotional experience.  
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These findings offer an extension to the previous emotion literature, as to what infants 

experience in a social situation, suggesting that infants who display more left frontal 

asymmetry during a social “rival” condition are also showing approach behaviors. 

Together these findings support Hart and Carrington‟s (2002) suggestion that jealousy is 

approach motivated and that infant‟s physiological and behavioral responses support this 

interpretation.    

Maternal Mood, Withdrawal Behaviors and EEG 

It was expected that infants of mothers who are showing more depressive 

symptoms will display withdrawal-type behaviors and altered EEG patterns in 

comparison to those infants whose mothers show few depressive symptoms, consistent 

with previous research (Hart et al. 1998a; 2003; 2004; Jones et al., 1997; 1998).  Even 

though the sample size was small and the findings were not significant, infants of 

depressed mothers showed a pattern of withdrawal more often during the social doll 

condition than did infants of the non-depressed mothers.  In previous research infants of 

mothers with atypical moods are known to show altered patterns of emotional responses, 

such as less joy, greater distress and affectively restricted behaviors (Hart, Field, 

Letourneau & Del Valle, 1998b; Hart, Jones & Field, 2003). Hart and colleagues (1998b) 

have found that infants of depressed mothers are less distressed when a social “rival” 

condition was present than infants of non-depressed mothers, and demonstrated 

withdrawal behaviors (less protest and less proximity to their mother) rather than 

approach behaviors during the loss of maternal attention to a social item condition.  A 

possible explanation for the atypical response (Hart, et al., 1998b) is that these infants are 
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familiar with maternal ignoring. Typical infant responses to the loss of attention are to 

regain a mother‟s attention through approach behaviors but infants of depressed mothers 

are accustomed to their mother‟s lack of response to regain attention. 

Right frontal EEG asymmetry is also associated with withdrawal types of 

responses and has been measured in infants of depressed mothers (Fox, 1991; Hane et al., 

2008; Jones et al., 2008). Infants of depressed mothers are likely to mirror their 

physiological patterns of EEG asymmetry and have been shown in numerous studies to 

demonstrate right frontal EEG asymmetry and negative affect (Jones et al., 1997; 1998). 

In this analysis infants showed significantly more left frontal asymmetry, which is 

associated with typical development as well as approach motivations.  Infants of 

depressed mothers who also show atypical responses to social situations (Hart et al., 

1998b) are more inclined to show withdrawal motivations which are linked with right 

frontal asymmetry (Fox, 1991).  In this investigation there were only three mothers in the 

total sample of infants with depressive symptoms and only EEG data was collected on 

two of the participants.  To further understand the loss of maternal attention to a social-

item and its relation to atypical maternal moods, an investigation with a larger sample 

should be conducted.  It is important to understand the differences between a mother‟s 

atypical mood and their infant‟s development because this gives researches insight into 

how infants may handle jealous situations as adults.  Understanding their experience to a 

“social” rival situation may be informative into atypical development of social behaviors 

in the context of maternal depression including those behaviors linked to jealousy.   

 



33 

 

Limitations 

Also notable in this investigation is that vocalizations did not add to the overall 

negative affect displayed by infants.  Previous research (Hart et al., 1998a; 2009), 

discusses the importance of vocalization as an important factor of affect along with facial 

expressions. It is noteworthy here, that a recording of infant noises was on a laptop on the 

floor next to the mothers chair. Some of the coders indicated that it was difficult to 

differentiate between the infant‟s and the recorded vocalizations. This may explain why 

the current findings are not in line with past research (Hart et al., 1998a) in which protest 

vocalizations were pivotal for identifying jealousy responses in infants. Perhaps a 

different coding system that incorporates vocals and affect together would have offered 

the same level of detail in our affect measure, which could have yielded significant 

vocalization findings.   

Collecting EEG data from infants is challenging and poses as a limitation.  First, 

many infants do not like any kind of cap on their head.  This creates its own challenge of 

securing the cap, without the infant pulling on it, and introducing artifact into the data, 

during any of the tasks.  However, understanding neurophysiology during development, 

especially the development of emotions is important as infants communicate via 

emotional displays. Further reliable finding have been obtained using EEG measures 

during emotional responses (Fox, 1987). Other sources of measuring brain activity in 

infants have their own limitations.  For example, fMRI‟s are not practical or ethical 

(Reynolds & Richards, 2010) for data collection on infants because infants are sensitive 

to noise and they are unlikely to remain still during the testing, thereby prohibiting any 
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meaningful readings.  Therefore, EEG is a common physiological measure used in 

emotion research and more relevant to this study, exploring approach motivations, 

especially with infants. 

A notable limitation for our investigation of maternal mood during these 

situations is the small sample sizes of infants whose mother scored high in depressive 

symptoms on the CES-D.  Out of forty five participants only three were scored as having 

maternal depression and two scored as undefined, the rest were in the normal range.  

Depressed mothers may not readily volunteer or follow through with attending the lab 

visit for a study of infant emotions, yet the information obtained from them could be 

extremely valuable as the effects of maternal mood on the development of infant mood 

and emotion may provide insight into the development of emotional dysregulation at a 

minimum and later psychopathology as an ultimate outcome.  Despite the small sample, 

it appears that the current findings for the depressed dyads are in the expected direction, 

supporting other studies on maternal mood and jealousy and supporting the studies on 

maternal mood and infant neurodevelopment patterns. Therefore, it is necessary to further 

investigate the role maternal depression plays in infants‟ emotional responses.   

Future Studies 

Studying emotions and neurophysiology along with social impacts of others on an 

infant‟s emotional development can be helpful into understanding their relationships into 

adulthood.  Typically jealousy is viewed as a negative response; however in this study it 

is adaptive behavior used to regain their mother‟s attention in the context of a social rival.  

Jealousy has been considered a complex/blended emotion, mixed with approach 
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behaviors, such as reaching and gaze, as well as negative affect, consisting of negative 

protests and facial expressions. In the past jealousy has not been studied in infants as 

infants were not viewed as adept at experience complex/blended emotions. Based on the 

present data both behavioral and physiological measures of jealousy are meaningful and 

should be studied further to provide independent replication of these findings.   

Moving forward, studying individual variation and genetic markers for jealousy in 

twins could provide important information as to the ontogenesis of jealousy as twins are 

exposed to the same genes and similar environments. Though not the focus of this study, 

there were two sets of twins in this investigation which was not analyzed, as two sets are 

not enough to conduct a genetic analysis of the data. Yet it would be interesting to 

observe their response to social versus non-social conditions during maternal inattention 

as twins constantly share and compete for their mother‟s attention. It would be interesting 

to explore their patterns of approach motivations and behaviors, as well as their EEG 

patterns, since they are in a constant social “rival” situation.     

In this investigation a small sample of infants whose mothers scored high on a 

depressive mood scale were studied in relation to their EEG patterns, as well as a 

comparison to their approach and withdrawal responses which yielded no significant 

results.  Mothers who showed depressive symptoms were also more likely to have infants 

who showed patterns of withdrawal in social conditions (Hart et al. 1998b; 2003). 

Withdrawal patterns are associated with right frontal EEG asymmetry (Fox, 1991; Sutton 

& Davidson, 1997).  Past research has shown that mothers who score high on the BIS 

(behavior inhibition system), a measure of mothers‟ withdrawal responses, had infants 
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who displayed right frontal activation during a baseline condition relative to the mothers 

who scored lower on the BIS scale (Mize, 2008). Investigating infants EEG patterns of 

mother‟s who score high on depressive mood scales as well as on the BIS, could add 

possible insight into the development of psychopathologies.    
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APPENDIX 

Outline of Lab Visit & Parent‟s Instructions 

1. First, we will get a baseline reading from your infant. For this part of the 

study, you should place your infant in the highchair. We will distract your 

infant with toys while a research assistant (RA) places an EEG cap on their 

head and inserts some conductive gel into the sensor holes. After the EEG 

equipment is ready to collect data, we will entertain your infant with bubbles 

for approximately three minutes, while the EEG equipment records the 

brainwaves. During this time, you may sit next to your infant and work on 

filling out the paperwork we have provided you.  

2. After the baseline portion of the study is finished, we will ask you to play with 

your baby, while in the high chair, for about a minute while all RA‟s step out 

of the room. Once the baby seems settled, an RA will enter the room and ask 

you to hold one of two items, a book or a life-like doll. You should approach 

the RA, take the item and then sit in the chair next to the door. During the 

following three minutes, you will be asked to attend to the item and ignore 

your infant. Please avoid eye contact and do not talk to your infant during this 

time. Instead, you should attend to the item and vocalize positively about it. 

The two items may be handed to you in any order.  
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a. Book Task: You will be given a cookbook to focus on and make positive, 

upbeat comments about the pictures in the book. For example, you should 

say things like, “Mmmm, that looks good!” and “Oh, I think I would like 

that one!” and other similar statements using a positive tone of voice. 

Please remember, to ignore your infant during the time-period that you are 

asked to focus enthusiastically on the book. The RA will return to the lab 

and take the item after approximately three minutes.    

b. Doll Task:  You will be given a life-like doll to focus on and talk to during 

this task. Please treat the doll as if it is a real baby. We will play a CD of 

baby sounds behind you as you hold the doll. Try to talk to and rock the 

“baby” just as you would your own infant. You can say things like, “You 

are such a good baby!” or “You sure are cute!” Again, please remember to 

ignore your infant during the short three-minute time-period that you are 

asked to attend to the baby doll even if they approach you during the task. 

The RA will return to take the doll from you when the designated time for 

this task has passed.  

3. After you have completed the cookbook and doll tasks, you will be able to 

interact with your baby again and then asked to complete any of the forms that 

you did not complete earlier.  

 

Please try to follow these instructions as you interact with the two items. The goal is to 

set up two situations for us to evaluate how babies respond to the loss of their mother‟s 

exclusive attention. We really need your help to make this a successful process.  
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Thank you! 

The Developmental Psychophysiology Research Team  


