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Introduction of the thesis’s main topics, general objectives 
 

The short longitudinal Budapest Mother-Baby research aimed at identifying potential 

biological, psychological, and psycho-physiological factors and their relationships that may 

contribute to the development of disorganized attachment. Infant emotion discrimination 

ability was one of these examined factors. The focus of my doctoral thesis is the assessment 

of 4 and 9 month-old infants’ emotion discrimination. The kind of experimental paradigm 

used in our research is quite rare in the literature, although several studies have suggested the 

need for future experiments using such methodology. One of the main goals of the thesis, 

therefore, was to present the results of our dynamic, multimodal emotion discrimination 

paradigm. The longitudinal design enabled us to explore the longitudinal developmental 

patterns using the same sample, which was also rarely found in the relevant literature. The 

second main focus of the thesis was to examine potential maternal and environmental 

factors (e.g., maternal affectivity and life events occurring during early parenthood), and 

infant temperamental disposition in relation to infant emotion discrimination. Finally, we 

examined relations of the above factors to infant-mother attachment at age one year, in an 

attempt to identify potential dominant predictors of attachment classification. The 

relationships examined can be seen on the figure below. 
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Background 
 

Within the field of emotion perception, we can distinguish between developmental stages of 

emotion detection, emotion discrimination, and emotion recognition (Walker-Andrews, 

1997). In my thesis, I examined emotion discrimination. During this phase of development, 

the infant is processing the visual and/or auditory stimuli, analyzing its characteristics and 

structure while, at the same time, the emotion discrimination ability is fine-tuned by the 

growing number of experiences (Leppänen & Nelson, 2009). The important developmental 

results concerning emotion processing are summarized in the table below.      

 

Developmental changes of emotion processing ability 

Age Results 
0 – 2 
months 

- preference of human faces or stimuli of similar spacial organization  
- discrimination of mother’s face from stangers 
- emotion discrimination based on native language voices 
- preference of happy compared to fearful faces 

2 - 3 
months 
 

- differential looking time reactions to happy, suprised, sad, and angry faces as 
depending on the familiarity of faces and the nature of the experimental paradigm 

4 - 7 
months 
 

- stability of the categorization of happy emotion presented by different models 
and intensity 
- negative-positive order effect (eg. angry-happy, sad-happy) 
- development from the discrimination of simultaneous, multimodal audiovisual 
stimuli to stimuli presented in unimodal, temporally asyncron stimulation 
- the congruence-facilitating role of movement 
- sensitivity to the communicative role of emotions (eg. eye-regard) 

7 - 12 
months 

- the behavior-guiding and functional role of fear and anger 
- positive-negative direction of happy-fear discrimination 
- enhanced attention to angry at 12 months 
- stability of attentional bias to fear 

 

In the early period, emotional development of the developing child shows plasticity regarding 

important proximal environmental factors (such as parent-child relationship). The role of 

context in the development is influenced by the quality of the relationship (e.g., parent-child 

attachment) between the partners involved in emotional communication, by emotional 

expression behaviors and habits of the communicating individual (Pauli-Pott & Mertesacker, 

2009), and by certain genetic (Grossmann et al., 2011), and biologically determined 
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dispositions (eg. temperament, Calkins & Fox, 1992) of the interacting partners. Regarding 

emotion recognition, it does matter in what type of context, and when emotional experiences 

occur. Optimally, development starts from a positive context (Vaish et al., 2008), however, 

there are several risk factors (e.g., maternal depression: Field et al., 1998, Martins & Gaffan, 

2000; neglect, maltreatment: Cichetti & Curtis, 2005, Carlson, 1998), which may add up in a 

complex manner and mediated by parental care-giving behavior (Raikes & Thompson, 2005). 

By the end of the first year, these factors may collectively be expressed in the quality of 

parent-child attachment.       

 

 

Specific goals and hypotheses 
 

1. Discrimination of emotions in a multimodal, dynamic context: results of using the 

modified Caron, Caron and MacLean (1988) paradigm, investigation of looking time and 

discrimination characteristics, and potential developmental changes between 4 and 9 

months of age.  

2. Identification of the role and natural variability of early affective environment provided by 

the mother (Field et al., 2003), and of infant temperamental disposition (de Haan et al., 

2004) in relation to emotion discrimination. Interaction experiences may shape infants’ 

emotion processing in two, not necessarily mutually exclusive ways: 

 frequent exposure to a certain emotional expression may result in a diminished 

attentional response due to its familiarity, whereas less familiar emotions elicit 

heightened looking time responses, due to their novelty (Hernandez-Reif et al., 

2006; Striano et al., 2002). 

 frequent exposure to a particular emotional expression may result in enhanced 

responsiveness, which signals sensitivity (e.g., maltreated children: Pollak & 

Sinha, 2002). 

3. Possible associations between emotion processing and early attachment:  

 Secure (B) attachment: due to a more open emotional communication (Goldberg 

et al., 1994; Izard et al., 1991), emotion discrimination ability shows a more 

diverse pattern. Directions of positive to negative and negative to positive 
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discrimination are both possible, and there is a lack of sensitization to negative 

affect.  

 

 Insecure attachment:   

o resistant (C): due to the more frequent incidence of maternal anxiety in 

the development of this category (Leerkes et al., 2011; Rosenblum et al., 

1997), these infants may show an enhanced response to fearful expressions, 

and may prefer happy expression due to its role in reducing distress. 

o avoidant (A): infants in this category may be less sensitive to emotional 

expressions in general, since they experience less frequent interactions with 

their mother, who may be passive and neutral in emotional communication 

(Goldberg et al., 1994; Rosenblum et al., 1997).    

 Disorganized (D) attachment: frequently occurring withdrawn-fearful, or hostile-

intrusive, unpredictable maternal behaviors (Main & Solomon, 1990; Lyons-Ruth 

et al., 1999) may cause enhanced attention to both positive and negative emotions, 

and sensitivity to fearful expressions.  

 

Altogether, we hypothesize that emotion discrimination ability at 4 and 9 months of age, 

maternal affectivity, and infant characteristics may predict the quality of attachment.   

 

 

Method 

Participants: The final longitudinal sample of the Budapest Mother-Baby (BMB) Study 

consisted of 147 mother-infant dyads (52,4% girls, 47,6% boys), who participated in our 

study at the infants’ 4, 9 and 12 months of age, between February 2009 and May 2011. The 

number of infants who completed the emotion discrimination experiment at 4 months was 

N=128 and at 9 months N=113. The longitudinal analyses including associations with 

attachment were analyzed on a final N=106 sample, who had data from all time points and 

assessments. Infants were born full-term (36-42 weeks gestation time) with >2500 g 

birthweight. Mother-infant dyads were recruited from Budapest and the city’s agglomeration. 

Mothers’ mean age was 31,9 (21-43) years, 98% lived with a partner or spouse, 73,5% were 

primiparous, and 84,4% had a college education.  
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Procedures:  

1. Behavioral assessments:  

Emotion discrimination paradigm (based on Caron, Caron and MacLean, 1988): during the 

audiovisual habituation paradigm1, infants watched two 5 min 28 sec long series of 

videoclips. In each series, they saw altogether 6 actresses from the neck up, simulating an 

everyday interaction expressed in a happy, fearful, or sad manner. Each episode (i.e. face) 

appeared for 17,28 sec, the first eight happy faces were followed by eight negative (fearful in 

one sequence, sad in the other), and again two happy faces at the end, resulting in 18 faces per 

series during the fixed-trial procedure. Looking times were coded offline using the Observer 

XT© behavior analysis software. Looking time variables used in the analyses were: total 

duration of fixations of 1-2., 7-8., the first eight happy, 9-10., 15-16., the second eight 

negative, and 17-18. happy faces. The measure of emotion discrimination at the changes of 

expressions (happy to fear/sad, fear/sad to happy) was calculated from the magnitude and 

direction of looking time using a proportion formula2 (Caron, Caron and Myers, 1982; 

Colombo et al., 1987). If the value was significantly greater than 0,5, infants were assigned to 

the „discriminator” group.      

  

Desing of the modified emotion discrimination paradigm: 

1. habituation 1. dishabituation           2. habituation 2. dishabituation 

1 

P1 

2 

P2 

3 

P3 

4 

P4 

5 

P1 

6 

P2 

7 

P3 

8 

P4 

9 

N5 

10 

N6 

11 

N1 

12 

N2 

13 

N5 

14 

N6 

15 

N1 

16 

N2 

17 

P3 

18 

P4 

P=positive (happy) face, N=negative (fearful/sad) face 

 

Strange Situation Procedure measuring mother-infant attachment (Ainsworth et al., 1978): 

infants were classified into one of the three original organised, coherent categories of secure 

(B), insecure-avoidant (A), insecure-resistant (C) (Ainsworth et al., 1978), or the 

                                                 
1 the stimulus was programmed by Gábor Stefanics 
2 formula: test1+2/[test1+2) + (habit7+8)] 
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disorganised (D) category added by Main and Solomon (1990). Proportions of the categories 

and gender distribution for the N=106 sample are shown below.    
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2. Questionnaires:  

Environmental characteristics: demographic data, stressful life events affecting the families 

(calculated by weighing life events based on Danis et al., 2006). 

 

Maternal characteristics:  

 Hospital Anxiety and Depression Scale (HADS, Zigmond & Snaith, 1983; validation 

of the Hungarian version: Muszbek et al., 2006), for the measurement of maternal 

depressive and anxiety symptoms 

 Positive and Negative Affect Scale – expanded form (Watson, Clark & Tellegen, 

1988; in Hungarian see Gyollai et al., 2011), for the measurement of maternal 

emotional disposition 

 Adult Temperament Questionnaire (ATQ, Evans & Rothbart, 2007), for the 

measurement of maternal temperament 

 

Infant characteristics: Infant Behavior Questionnaire – Revised (IBQ-R, Gartstein & Rothbart, 

2003, Hungarian version: Lakatos, Tóth, Gervai, 2010), for the measurement of infant 

temperament.  

 

Summary of results 
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Emotion discrimination experiment 

Comparison with the original Caron et al. (1988) paradigm: using the authors’ less rigorous 

33,3% habituation criterion and analysis method, the selected 4-month-old subsample of 

infants showed a significantly longer mean looking time (i.e. recovery) to the novel happy 

faces following habituation to negative emotional expressions, regardless of the type of 

negative emotion or gender. At the age of 9 months, the negative  positive discrimination 

also proved stable. At this age, infants also dishabituated to the fearful faces following 

habituation to happy expressions. In the happy  sad direction, dishabituation occurred only 

when infant saw this series as the second one during the experiment. 

In summary: based on the comparison, we were able to validate our modified version of the 

original Caron et al. (1988) paradigm. The 4- and 9-month-old infants discriminated between 

positive (happy)  negative (fearful/sad) expressions following habituation to happy faces.    

 

 

Subsequent results are based on analyses of total durations of fixations and discrimination 

groups. The 4-month-olds showed a decrease in attentional response from the happy to 

negative faces, and the difference between the total looking times to fearful or sad faces was 

not significant. Compared to the positive  negative direction change, the proportion of 

successful discrimination was significantly greater in the negative  positive direction at the 

end of the sequences. This proportional increase was greater for the discrimination of happy 

following sad faces, as there were fewer infants who discriminated in the fearful  happy 

direction. Intra-individual stability was not a typical characteristic, as most infants in this age 

group did not exhibit a clearly identifiable emotion discrimination pattern.      

 

Discrimination at 4 months of age 

 absence of 
discrimination 

% (N) 

presence of 
discrimination 

% (N) 

Happy  Fearful 87% (111) 13% (17) 

Fearful  Happy 68% (87) 31% (40) 

Happy  Sad 89% (114) 9% (12) 

Sad  Happy 56% (72) 44% (56) 
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Based on our results, we can conclude that, at 4 months of age, infants’ emotion 

discrimination ability appears to be stable in the sad  happy direction only.   

 

Decrease of attentional response of 9-month-old infants was similar to that of the 4-month-

olds, and they also looked at fearful and sad expressions for nearly equal lengths of time. The 

proportions of discrimination were lower for the positive  negative direction, and nearly 

equal for the negative  positive direction, the latter appearing at this age in the fearful  

happy direction as well. Similarly to results at 4-months, we could not detect an intra-

individual stability at 9 months of age.    

 

Discrimination at 9 months of age 

 absence of  
discrimination  

% (N) 

presence of  
discrimination  

% (N) 
Happy  Fearful 77% (87) 23% (26) 

Fearful  Happy 57,5% (65) 42,5% (48) 

Happy  Sad 85% (96) 15% (17) 

Sad  Happy 48% (54) 52% (95) 

 

 

Based on our results, we can conclude that, by the age of 9 months, discrimination of sad  

happy and fearful  happy both appear to be more successful.  

 

Longitudinal associations between 4 and 9 months: a general change occurred with age in 

the decrease of looking time reactions to both positive and negative emotional expressions. 

By 9 months of age, discrimination of fearful expression was more successful in both 

directions, although intra-individual stability appeared only in a small sub-sample and only in 

the happy  fearful direction. The result of the sad series showed a lack of change in the 

absence of happy  sad discrimination, and also frequent within-individual change of the 

absence or presence of sad  happy discrimination. Taken together, these results suggest that 

there seem to be developmental changes between the two ages, which show great variability 

of direction within individual infants.    
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In summary: discrimination of happy and sad emotions shows a mixed picture and low intra-

individual stability at both ages, but successful sad  happy discrimination seems more 

frequent. This is in line with inconsistent results found in the literature (Young-Browne et al., 

1977; Caron et al., 1988; Kahana-Kalman & Walker-Andrews, 2001). The real 

differentiation of happy and fearful expressions appears with lower frequency in both 

directions at 4 months of age, but by the age of 9 months, infants show a greater proportion of 

successful fearful  happy direction discrimination. This confirms the finding that enhanced 

attention to fearful faces appears from the second half of the first year (Peltola et al., 2013), 

when the social-emotional signalling value of fear becomes more accentuated (LoBue & 

DeLoache, 2010).        

 

 

The relationship between emotion discrimination ability, the early affective environment 

provided by the mother, and the infants’ temperamental disposition: 

 

According to our results, those 4-month-old infants, who showed discrimination of happy  

sad emotions similar in terms of intensity were developing in an emotional environment 

where greater degree of negative maternal states – anxiety and depressive symptoms, negative 

affective state, fear, hostility – occurred. The severity of maternal depressive symptoms was 

associated with boys’ discrimination of happy  fearful expressions. We found fewer 

associations of maternal emotional states with reactions to both kinds of negative  positive 

emotion changes. On the contrary, infant temperamental characteristics (lower negative 

affectivity, higher extraversion) influenced the discrimination of emotions appearing in the 

negative  positive direction.  

 In contrast to 4-month results, at 9 months of age, we found that maternal mood was 

associated in general with the negative  positive emotion differentiation, as successful 

discrimination occurred when lower maternal depression and anxiety was measured. Thus, we 

can infer that infants are more sensitive to negative maternal emotional states experienced in 

their close environment, which is why discrimination of happy expressions appears to be 

more difficult. The infant temperament characteristic (self-regulation) was also associated 

with negative  positive emotion discrimination, though only in boys. In both age groups, we 

found that girls were more sensitive to stressful life events, which influenced their emotion 

discrimination ability.  
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In summary: according to our result, early mother-infant interaction experiences can indeed 

influence the infants’ early emotion discrimination patterns. On the one hand, it means that 

exposure to a particular emotional expression results in an enhanced reactivity to that 

emotion (Diego et al., 2002), which we found in the 4-month-olds’ ability of positive  

negative discrimination, and in the 9-month-olds’ lack of negative  positive discrimination. 

Due to the familiarity of the negative emotion stimulus, however, infants may also show an 

attenuated attentional response (Hernandez-Reif et al., 2006; Striano et al., 2002), which is 

why our infants may have failed to notice the negative  positive direction change. Infants’ 

own emotion regulation capacity was possibly enhanced by the longer exposure to negative 

faces, so the more positive infants reacted more strongly to the rewarding happy faces 

appearing after the negative faces. Our results of associations with temperament did not 

support the findings reported by others (de Haan et al., 2004; Martinos et al., 2012) 

indicating that both positive and negative emotionality are associated with enhanced attention 

to fearful faces.  

 

Associations between emotion processing ability and infant-mother attachment  

 

The relationship between emotion processing and infant-mother attachment at age one year 

becomes stronger towards the end of the first year, which was marked by the lack of 

associations at 4 months of age. Characteristics of the 9-month-olds’ emotion processing 

ability was associated with certain attachment categories (mostly with disorganized, and to a 

lesser degree with insecure categories). Our results indirectly confirmed the connection well-

known in the literature, that mothers of disorganized infants show more hostile-intrusive, 

withdrawn-fearful, bizarre, incongruent emotional expressions, or intrusive behaviors, which, 

collectively referred to as atypical maternal behaviors (Lyons-Ruth et al., 1999; Main & 

Hesse, 1990; Gervai et al., 2007), influence infants’ emotional development. For fearful 

expressions, this may imply a familiarity effect of (girls showed a decrease in looking time to 

fearful faces probably due to frequent exposure, which resulted in the dishabituation to happy 

faces), or sensitization (greater proportion of boys showing happy  fearful discrimination). 

Atypical (e.g., exposed to cumulative demographic or emotional stress, life events, or abusive, 

neglecting) emotional environment poses a greater risk in developing disorganized attachment 

(van IJzendoorn et al., 1999), and this type of care-giving environment may also alter emotion 
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discrimination ability in a negative direction (e.g. Cichetti & Curtis, 2005; Pollak & Sinha, 

2002). The association between insecure attachment and enhanced attention to sad 

expressions was found only for girls, which can be explained by the higher frequency of 

maternal depressive symptoms in the development of insecure attachment (Martins & Gaffan, 

2000; Rosenblum et al., 1997).   

 For boys, 9-month-old happy  fearful discrimination, maternal depressive symptoms 

measured at the infants’ 9-months of age, and to a lesser degree, the absence of fearful  

happy discrimination, and infants’ 12-month negative emotionality observed by the mother, 

can be considered as potential risk factors for the development of disorganized attachment.      

 

 

General summary 
 

In conlusion, we have gained important informations and new associations regarding the 

emotional development of infants during the first year of life, as well as a paradigm suitable 

for measuring infant emotion discrimination, which can provide a basis for answering future 

research questions. Our results can be generally summarized as described below: 

 

 infant emotion discrimination ability can be assessed by dynamic, multimodal 

experimental paradigm, where emotional stimuli are presented in a more naturalistic 

way, similar to infants’ everyday experiences 

 differentiation of emotions can be seen in the negative  positive direction at ages 4 

and 9 months, while the positive  negative order discrimination can be observed in 

a smaller proportion of infants 

 the 4- and 9-month-old’s emotion discrimination is influenced by individual 

experiences of the early affective environment (especially maternal emotional 

disposition and mood), as well as infants’ self-regulation and positive-negative 

emotionality 

 the development of the quality of mother-infant attachment can be predicted to a 

certain degree by infants’ emotion processing patterns together with specific 

maternal characterisctics and temperamental dispositions.    
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