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Abstract 

 The current study was designed to test whether children’s ability to flexibly shift their 

attention (from mother during distress to peers during exploration, and vice versa) causally 

increases children’s trust in their mothers’ support. We trained attention flexibility using a 

gaze-contingent music-reward design. Eighty-five children (46% boys; aged 9 to 13 years), 

were randomly assigned to this training or a comparable yoked-control condition. 

Attentional preferences were measured via eye-tracking. Before and after the manipulation 

we measured self-reported trust. Results showed that the training condition increased 

children’s attention flexibility. Training-related increased attentional focus on mother during 

distress was linked with increased trust.  
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Attachment-related attention bias plays a causal role on trust in maternal support 

Accumulating attachment research shows that preferences in the processing of 

attachment-related information are linked to children’s trust in maternal support during 

stress (Dykas & Cassidy, 2011). Different levels of trust have been related to differences or 

biases in attention to, recollection of, and interpretation of more positive versus negative 

attachment-related information (Kirsh & Cassidy, 1991; Zimmermann & Iwanski, 2015). 

These biases are supposed to serve stability in attachment-related expectations (Bowlby, 

1969). However, this assumption has remained largely untested, creating a significant gap in 

our understanding of attachment and attachment development (e.g., Thompson, 2008). De 

Winter, Bosmans and Salemink (2017) preliminarily supported this assumption in middle 

childhood by showing that training children to interpret maternal behavior as more 

supportive increased their self-reported trust. Although this study was important as the first 

research evidence for causal effects of information processing biases on trust levels, 

interpretation bias training and self-reported trust rely on similar explicit verbal evaluation 

strategies. Consequently, this raises the concern that De Winter et al.’s (2017) effects might 

merely reflect a methodological overlap between the training and the outcome measure. A 

more stringent test of Bowlby’s assumption would involve finding causal effects of 

attachment-related attention biases on children’s trust in maternal support.  

Attentional processes can be considered the first and, therefore, most basic stage of 

information processing (Derryberry & Tucker, 1994), and they have been shown to 

determine how information is subsequently elaborated and interpreted (e.g., Sanchez, 

Everaert, De Putter, Mueller & Koster, 2015). Therefore, numerous studies have been 

conducted aimed at changing individuals’ attentional preferences using Attention Bias 

Modification (ABM; e.g., Heeren et al., 2015). Standard ABM techniques aim at training 



TRUST AND ATTENTION FOR MOTHER   4 

attention toward positive stimuli and/or away from negative stimuli. The idea behind this 

procedure is that a certain cognition (e.g., fear of negative social feedback) will decrease if 

pre-existing negative attention biases (i.e., preferential attention to negative social 

feedback) are changed for more positive attention biases (i.e., training to redirect 

attentional focus toward alternative neutral or positive social feedback). Yet, despite the 

theoretical potential of this approach, current meta-analyses suggest that these standard 

ABM trainings yield at best small effects (e.g., Cristea, Kok, & Cuijpers, 2015; Heeren et al., 

2015).  

One reason for the small effect sizes might be that the function of attention bias has 

not been conceptualized optimally in prior studies. For the current study, we conjectured 

that one alternative perspective on attention biases might be that these biases (e.g. toward 

positive or negative social feedback) are not adaptive or maladaptive per se, but adaptive to 

the extent that attentional focus can vary flexibly in response to the individuals’ contextual 

demands. Particularly in the context of middle childhood attachment, recent research would 

support this proposal. For example, Bosmans et al. (2017) showed that children have an 

attentional preference for their mother, but whether this preference is adaptive or 

maladaptive depends on factors like children’s stress and trust levels (e.g., Van de Walle et 

al., 2017). Children with more trust seem protected in stressful situations if they are more 

strongly focused on their mother, but the same attentional focus on mother becomes a 

liability if children lack trust (e.g, Bosmans et al., 2013). These findings raised the hypothesis 

that, instead of being an adaptive or maladaptive trait, attentional preference for the 

mother might flexibly adjust to whether or not children momentarily need their mother’s 

proximity and support.  
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The relevance of attachment-related attention flexibility was previously proposed by 

Main (2000) and Betherton (1985), who argued that children with more trust should be able 

to shift their attention focus to their mother during stress and to exploration-relevant 

information (e.g., to explore how rewarding positive interactions with peers can be) in 

absence of stress. Children with less trust are supposed to struggle to find a good 

attachment-exploration balance (Main, Hesse, & Kaplan, 2005). Instead, their attentional 

strategy is assumed to depend on whether they are more anxiously or more avoidantly 

attached. On the one hand, more anxiously attached children seek maternal support during 

distress but constantly fear rejection and disappointment, which is supposedly reflected in 

attentional preference for their mother at the expense of exploration (Cassidy, 1994). On the 

other hand, more avoidantly attached children refuse support seeking and avoid close 

contacts with caregivers, which is supposedly reflected in an attentional preference for 

exploration at the expense of proximity with the mother (Cassidy, 1994). Although Main’s 

(2000) theory is generally accepted within the field of attachment theory, so far, this theory 

has not been directly tested.  

Moreover, Main’s theory did not consider the likelihood that these biases may play a 

causal role in trust development and maintenance. In line with Bowlby’s (1969) prediction 

that these biases serve stability in attachment-related expectations, an accumulating 

number of studies suggest that expectations are the consequence rather than the cause of 

information processing biases (e.g., MacLeod et al., 2009). According to this research, the 

brain filters information from the environment in such a way that information more likely 

gets processed and encoded when that information is congruent with previous experiences. 

This information subsequently affects the appraisals of the environment and eventually the 

content of the related expectations (Baert et al., 2011). In line with this line of reasoning, 
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recent research has shown that training children to interpret maternal behavior as more 

supportive increased their self-reported trust (De Winter, Bosmans, & Salemink, 2017) and 

improved access to positive attachment-related memories (De Winter, Salemink, & 

Bosmans, 2018). 

Following this logic, the best way to test Main’s attention flexibility hypothesis would 

be to manipulate children’s attachment-related attention flexibility and then see whether 

this manipulation changes the attachment-related expectations. In other words, if children’s 

ability to flexibly shift their attention from mother to other stimuli depending on the context 

is indeed a relevant feature of secure attachment (Main, 2000), the best way to evaluate this 

association is to test whether changes in attention flexibility explain changes in children’s 

attachment-related expectations. This would require to measure attachment-related 

expectations before the experiment, then manipulate children’s attention flexibility, and 

subsequently measure the attachment-related expectations again.  

To manipulate children’s attention flexibility, we designed an Attention Flexibility 

Training (AFT) during which two types of trials are presented. We focused on the attentional 

processing of the mother and of peer interactions because peers are relevant both as a 

stressor and as a source for exploration in middle childhood (Vandevivere et al., 2015). 

Stress trials consisted of pictures of children’s own mother and pictures of bullying peers, 

whereas exploration trials consisted of the same mother pictures and pictures of positive 

interactions with peers. To train attentional flexibility, we used a gaze-contingent music 

reward design (Lazarov, Pine, & Bar-Haim, 2017). Using eye-tracking technology, children in 

the training condition were rewarded with music when they looked at the mother pictures in 

the stress trials and when they looked at the peer pictures in the exploration trials. In the 
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yoked-control condition, music started and stopped playing in a similar pattern as the 

training condition, but not contingently on their attentional behavior.  

To assess change in attention flexibility throughout the procedure we first assessed 

children’s focus on their mother versus their peers during distressing versus exploration 

contexts. For this purpose, we measured for each context the duration of children’s fixation 

on their mother or their peers and the number of times children fixated on both stimuli. As a 

second indicator of attentional flexibility, we assessed children’s switching cost. Switching 

cost refers to the extent to which children display difficulties to change between attentional 

processing strategies. Low switching cost refers to children who can quickly start exploring 

(focusing on the peers) in the exploration trials, but can quickly shift their attentional 

strategy to support seeking (focusing on the mother) during the stress trials, an vice versa. 

High switching cost suggests that children have difficulties to switch between both 

attentional processing strategies (i.e., low attention flexibility).  

Using this paradigm, we tested whether trust levels were causally affected by training 

children to flexibly switch their attentional focus from their mother to exploration-relevant 

stimuli depending on the level of distress in the context. Nevertheless, Main’s (2000) 

hypothesis could also imply that children’s attachment anxiety or attachment avoidance 

reduces the effectiveness of such a training, both on changes in the attentional flexibility as 

well as on changes in trust. Therefore, we additionally tested whether attachment anxiety 

and attachment avoidance moderate the outcome of the AFT.  We tested these hypotheses 

in middle childhood, because prior research has shown that this is a relevant age-group to 

study attachment-related developmental processes (De Winter et al., 2017).  

In sum, in the current study we tested first the prediction that AFT increases 

attention flexibility. Specifically, we expected that children in the AFT condition would 
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become more focused on their mother during the stress trials, more focused on peers during 

the exploration trials, and show decreases in their switching costs at the end of the training 

procedure. Second, we predicted that training these attention flexibility patterns increases 

children’s self-reported trust. We tested this prediction in two ways. On the one hand, we 

compared training versus yoked-control children’s change in trust before versus after the 

procedure. On the other hand, we tested whether training-induced changes in attention 

were correlated with changes in trust. Furthermore, we tested whether the association 

between the training and changes in trust were indirectly linked through training-induced 

changes in attention. Finally, we repeated all the analyses and included attachment anxiety 

and attachment avoidance as potential moderators of the manipulation outcomes.  

Method 

Participants 

 In total 85 children (46% boys) with ages ranging from 9 to 13 years (M = 10.7, SD = 

.86) were randomly assigned to a training (n = 43) or a yoked-control (n = 43) condition. 

Participating children lived together with their biological mother (n = 84) or adoptive mother 

(n = 1) and lived in 74.1% of the cases together with both parents. 

Procedure 

 Flyers were distributed in schools to invite children to participate. When parents gave 

their informed consent, children were tested individually in schools. During each session, the 

procedure was explained, and children gave informed assent. At the start of the study, we 

administered pre-training questionnaires comprising measures of trust, and attachment 

anxiety and avoidance. Then, they were randomly assigned to either the AFT or the yoked-

control condition. Finally, we administered post training measures of trust, and attachment 
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anxiety and avoidance. The entire procedure was approved by the local university’s ethical 

committee.  

Measures 

 Attention Flexibility Training (AFT) paradigm. Eye movements were monitored via a 

TOBII X2-60 Compact eye tracker while participants completed the AFT procedure. Visual 

fixations were defined as a minimum duration of 100 ms and a maximum fixation radius of 1 

degree.  

Procedure. The training condition aimed to increase children’s ability to flexibly 

switch their attention from orientation toward the mother in a distress context (bullying) to 

orientation toward exploration in a non-distressing context (positive peer interactions). For 

this purpose, we designed a training comprised of two trial types. In the stress trials, children 

were presented with 4 pictures of their own mother and 4 pictures referring to bullying 

contexts (see Figure 1). In the exploration trials, next to the 4 mother pictures, 4 pictures 

referring to positive peer interaction contexts were presented (see Figure 2). To train 

children’s attention flexibility across these different contexts, we adapted Lazarov et al.’s 

(2017) gaze-contingent music-reward paradigm. Before the start of the experiment, children 

were given the opportunity to select their favorite songs. Then, we used the selected songs 

to reward children when they looked (i.e., made a visual fixation) at the corresponding 

training-relevant targets in each type of context. Therefore, in the training condition, music 

was played contingent upon children´s visual fixations on the target stimulus (mother in the 

stress trials; peers in the exploration trials: i.e., contingent to detection of a visual fixation on 

the corresponding stimulus type by the eye-tracker). In the yoked-control condition, music 

patterns (whole duration across the trial, number of pauses across the trial) were 

programmed to play identically to the music patterns recorded for children in the training 
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condition, but with playing times not being contingent to children´s visual fixations. This was 

based on the average duration-pauses of a first subgroup of children in the training 

condition for each trial (n=12). Therefore, children in the control condition received the 

same type of reinforcement as children in the training group (i.e., same amount of music, 

same pause-play patterns), but music was, by design, no longer 100% contingent upon 

children’s gaze. Instead, music played at random predefined periods, independently from 

children’s visual fixations. The full training was composed of 32 trials (16 stress, 16 

exploration trials), with each trial lasting 22 seconds. The positions of the pictures were 

randomly distributed over trials and trial type. The order of the trial types was 

pseudorandomized, in order to obtain indices of switching cost changes across the training 

(see further explanation below).  

 Dependent variables. First, to evaluate the effect of the training on children’s 

attention bias on the mother versus peers during the two trial types, we focused on two 

types of eye-tracking indices that were recorded throughout the whole duration of a trial: 

total fixation duration (the total time children fixated on the mother or peers during the 

trial) and fixation count (how often children fixated their gaze on the mother or peers during 

the trial). We calculated the total fixation duration and the fixation count on the mothers’ 

and peers’ areas of interest during stress and during exploration trials separately. To 

evaluate training effects on these attention bias measures, we compared children’s 

performance on each of the two types of indices in each type of context at the start of the 

training (average across the first 8 trials of training) to the performance on these indices at 

the end of the training (average across the last 8 trials of training).  

Second, to evaluate the effect of the training on children’s ability to switch attention 

across contexts, we computed children’s attention switch cost, which refers to children’s 
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ability to flexibly switch attention from/to the mother during stress trials to/from peers 

during exploration trials. This index was based on the time children needed to made a first 

fixation on the target mother versus peers, depending on the context. For this purpose, we 

programmed both repetition trials (two subsequent trials with the same context and task: 

i.e., two exploration/attend peers-trials or two stress/attend mother-trials, presented 

consecutively) and alternation trials (two subsequent trials with a different context and task: 

i.e., an exploration/attend peers-trial followed by a stress/attend mother-trials, or a 

stress/attend mother-trial followed by an exploration/attend peers-trial). Switch cost indices 

were determined by the difference between the time to first fixate the target stimulus in 

repetition vs. alternation trials. To evaluate training effects on switch cost, we compared 

switch cost scores at the start of the training to switch cost scores at the end of the training. 

To ensure there were enough trials to calculate switch cost scores, we compared the first 

versus the second half of the trials. Negative scores suggest switch cost (i.e., longer times to 

fixate the target stimuli when alternation is required according to the context-rule), scores 

around 0 suggest absence of switch cost, whereas positive scores suggest that children are 

more inclined toward switching compared to maintaining attentional focus. Because the 

training effects were similar for both switch cost from exploration to stress trials and from 

stress to exploration trials, we calculated general switch cost factor scores across both 

indices for each half of the experiment (factor loadings for each index were higher than .70).  

Self-reported measures. Trust in maternal support was measured with the trust 

subscale of the People in My Life questionnaire (Ridenour et al., 2006). This measure has 

been frequently used before in middle childhood attachment research and has proven its 

reliability and validity in a host of studies (e.g., De Winter et al., 2017). The measure consists 

of 10 items (e.g., “I can count on my mother to help me when I have a problem”) and are 
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scored on a 4-point Likert scale, ranging from 1 (almost never true) to 4 (always true). In the 

current study, internal consistency was good, pre = .72, post = .75.  

 Attachment Anxiety and Avoidance was measured with the middle childhood short 

version of the Experiences of Close Relationships – Revised questionnaire in which all 12 

items focused on the relationship with the mother (Brenning et al., 2014). Attachment 

anxiety is measured with 6 items  (e.g. “I’m worried that my mother might want to leave 

me.”) just like Attachment avoidance (e.g. “I prefer not to get too close to my mother.”). The 

items are scored on a 7-point Likert scale ranging from 1 (strongly disagree) to 7 (strongly 

agree). The validity of the measure has been established with observation research (Dujardin 

et al., 2016). The measure’s internal consistency was good both before (anxiety = .88, 

avoidance = .73) and after the training (anxiety = .90, avoidance = .73). 

Plan of the analyses 

To test whether the training indeed changed children’s attentional inclination to 

approach the mother (in stress trials) versus approach peers (in exploration trials) across the 

procedure, we conducted two 2 (between-subjects Condition: AFT versus yoked control) X 2 

(within-subjects Time: start versus end of the training) X 2 (within-subjects Trial Type: stress 

versus exploration) X 2 (within-subjects Target Stimulus: mother versus peer pictures) mixed 

ANOVAs with total fixation duration and fixation count as dependent variables respectively. 

In addition, to test training effects on the switch cost, we conducted a 2 (between-subject 

Condition: AFT versus control) X 2 (within-subject Time: first versus second half of the 

training) mixed ANOVA with switch cost scores as dependent variable. To assess the effect 

sizes, we calculated p
2 for the F-tests. In the follow-up analyses, we calculated Cohen’s dav 

for the t-tests.  Cohen’s dav is a conservative but better assessment of effect size than 

Cohen’s dz, with the same criteria (Lakens, 2013). 
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To test training effects on trust, we first conducted a 2 (between-subject Condition: 

AFT versus control) X 2 (within-subject Time: pre versus post) mixed ANOVAs with trust as 

dependent variable. Second, we calculated correlations between changes in self-reported 

attachment and changes in attentional preference in the stress and exploration conditions 

separately. More specifically, we conducted bivariate correlations between measures of 

changes in attention and in trust. Residualized change scores were constructed using simple 

linear regression models (Segal et al., 2006), where the initial measure of the corresponding 

variable (e.g., pre-training trust level, attention duration to mother in the first stress trials) 

were entered in the regression model as predictors of the final measure of that variable 

(e.g., post-training trust level, attention duration to mother in the last stress trials), and the 

resulting standardized residuals served as measures of change across the training in the 

corresponding variable. A standardized residual change score expresses the extent to which 

individuals’ scores deviate from their expected value because they more strongly increased 

(scores above 0) or because they more strongly decreased (scores below 0).  

To investigate whether the training condition (dummy coded AFT versus yoked-

control) indirectly led to changes in trust via its transfer effects in attentional preferences 

and attentional switching capacity (i.e., training condition  attention change across the 

training  pre-post trust change), we conducted mediation analyses. For this purpose, we 

used a nonparametric resampling method (bias-corrected bootstrap) with 10,000 resamples 

drawn with replacement from the original sample (n = 83) to derive the 95% confidence 

interval (CI) for the indirect effect. Analyses were conducted with PROCESS (Hayes, 2012). 

Finally, to test the moderating effects of attachment anxiety and attachment 

avoidance on the manipulation effects, all the above-mentioned main analyses were 

repeated with both insecure attachment scales as moderator. For the repeated measures 
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mixed ANOVA analyses, attachment anxiety/avoidance was added as a covariate that was 

defined as a moderator of the condition effects. For the correlation analyses, we conducted 

two-way interaction hierarchical regression analyses in PROCESS. For the indirect effect 

analysis, we conducted a moderated mediation analysis in PROCESS.  

Results 

 Preliminary analyses 

 Overall, less than 2% of the data were missing. Missing data were list wise deleted. 

Both condition groups were equal regarding age, F(1,84) = .08, p = .773 and the attachment 

measures before the experiment: trust, F(1,83) = 2.28, p = .135, attachment anxiety, F(1,80) 

= .17, p = .685, and attachment avoidance, F(1,80) = 2.18, p = .144. Quality of the eye-

tracking recordings was excellent as reflected in the percentage of accuracy (i.e., percentage 

of times that the position of both eyes was successfully estimated by the eye-tracker, M = 

91.60%; SD = 6.12; minimum value = 72%; maximum value = 99%). 

Attention preference training evaluation 

Total fixation duration training effects. 

Table 1 shows a significant four-way interaction. To further probe the interaction 

effect, 2 (Condition) X 2 (Time) X 2 (Target Stimulus) repeated measures ANOVAs were 

conducted separately for each Trial Type (exploration versus stress trials). Analysis of the 

exploration trials showed no significant Condition X Time X Target Stimulus interaction, 

F(1,82) = 1.09, p = .300, p
2 = .01. This result suggests that the training did not produce 

significant changes in attention to peers vs. mother over time during exploration trials. This 

result appears to be mainly due to a strong Target Stimulus main effect, F(1,83) = 53.21, p < 

.001, p
2 = .39. Across the training, all children fixated more on peers, M = 9.30, SD = 3.06, 

compared to mother, M = 5.39, SD = 2.66, during exploration trials. Analysis of the stress 
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trials, instead, showed a significant Condition X Time X Target Stimulus interaction, F(1,82) = 

25.63, p < .001, p
2 = .24. This result suggests that AFT had an effect at the level of the stress 

trials. Figure 3 shows the stress trial effects. In line with the AFT goal, during stress trials, 

children receiving AFT showed increased attention preferences for the mother, t(42) = 3.05, 

p < .01, dav = .61, and decreased attention preferences for peers across time, t(42) = 5.01, p < 

.001, dav = .81. However, in the yoked control condition there was a decreased attention 

preference for the mother, t(40) = 3.41, p < .001, dav = .37, and an increased attention 

preference for peers across time, t(40) = 2.48, p < .05, dav = .33.  

Number of fixations training effects 

Table 1 shows a significant four-way interaction. To further probe the interaction 

effect, 2 (Condition) X 2 (Time) X 2 (Target Stimulus) repeated measures ANOVAs were 

conducted separately for each Trial Type (exploration versus stress trials). Analysis of the 

exploration trials showed no significant Condition X Time X Target Stimulus interaction, 

F(1,82) = .79, p = .378, p
2 = .01. There was, however, again a main effect of Target Stimulus, 

F(1,83) = 258.23, p < .001, p
2 = .76, showing a general attention preference for peers, M = 

41.75, SD = 14.96, compared to mother, M = 23.11, SD = 11.03, across trials. Analysis of the 

stress trials, again, showed a significant Condition X Time X Target Stimulus interaction, 

F(1,82) = 30.94, p < .001, p
2 = .27. This finding suggests that AFT had an effect at the level of 

the stress trials. Figure 4 shows the stress trial effects. In line with the AFT goal, during stress 

trials, the training resulted in increased attention preference for the mother, t(42) = 2.14, p < 

.05, dav = .47, and decreased attention preference for peers across time, t(42) = 4.61, p < 

.001, dav = .59. However, in the yoked control condition there was a decreased attention 

preference for the mother, t(40) = 4.09, p < .001, dav = .51, and an increased attention 

preference for peers, t(40) = 1.85, p = .071, dav = .33.  
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Switch cost training effects 

The Condition X Time interaction was significant, F(2,81) = 42.84, p < .001, p
2 = .34 

(Figure 5). Further probing the interaction effect showed that the switch cost became more 

negative (i.e., larger switching costs) in the control condition, t(40) = 5,51, p < .001, dav = 

1.08, and more positive in the ABM training condition (i.e., larger facilitated switching 

capacity) , t(42) = 4,07, p < .001, dav = .80, across the training procedure. At the end of the 

training, children in the ABM training condition had a significantly higher score (i.e., higher 

attentional switching capacity) compared to children in the yoked-control condition, F(1, 83) 

= 59,60, p < .001, dav = 1.68. 

Training effects on trust  

First, no condition X time interaction effects on trust, F(1, 82) = 1,97, p = .164, p
2 = 

.02 was found. Second, because the above-mentioned analyses showed that all training 

effects occurred in the stress trials, the correlation analyses focused on changes in trust and 

in attentional biases toward the mother and peers in the stress trials. Table 2 shows that 

only in the training condition pre-post increases in trust were significantly linked with 

increased focus on the mother (significantly for fixation count and marginally significantly for 

total fixation duration) and with decreased focus on peers (significantly for total fixation 

duration) across the training.  

Indirect effects 

Results showed that both changes in mother-related total fixation duration and 

fixation count indirectly linked the AFT condition to changes in trust. The AFT condition 

significantly increased the attentional preference for the mother (expressed in 

unstandardized regression weights: for fixation duration, b = .92, SE = .20, p < .001; for 

fixation count, b = .83, SE = .20, p < .001) which was significantly linked to increases in trust 
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(for fixation duration, b = .25, SE = .12, p < .05; for fixation count, b = .27, SE = .12, p < .05). 

The indirect effect of fixation duration, b = .23, SE = .11, was estimated to lie between .05 

and .49. The indirect effect of fixation count, b = .22, SE = .08, was estimated to lie between 

.09 and .4. Because zero is not in the 95% CIs, the indirect effects are significantly different 

from zero at p< .05 (two tailed). No significant indirect effects were found for changes in 

attention focus on peers, nor for switch cost change.  

Moderation analyses 

For the changes in fixation duration, the Condition X Time X Trial Type X Target 

Stimulus X attachment anxiety mixed ANOVA was not significant, F(1, 76) = .373, p = .543, 

p
2 = .01. Also, the Condition X Time X Trial Type X Target Stimulus X attachment avoidance 

repeated measures mixed ANOVA was not significant, F(1, 76) = .679, p = .413, p
2 = .01. For 

the changes in fixation counts, the Condition X Time X Trial Type X Target Stimulus X 

attachment anxiety repeated measures mixed ANOVA was not significant, F(1, 76) = 2.26, p = 

.137, p
2 = .03. Also, the Condition X Time X Trial Type X Target Stimulus X attachment 

avoidance repeated measures mixed ANOVA was not significant, F(1, 76) = .607, p = .438, p
2 

= .01. For the changes in switching cost, the Condition X Time X attachment anxiety repeated 

measures mixed ANOVA was not significant, F(1, 76) = .573, p = .451, p
2 = .01.  Also, the 

Condition X Time X attachment avoidance repeated measures mixed ANOVA was not 

significant, F(1, 76) = .032, p = .859, p
2 = .01. For the changes in trust, the Condition X Time 

X attachment anxiety repeated measures mixed ANOVA was not significant, F(1, 76) = .754, p 

= .388, p
2 = .01.  Also, the Condition X Time X attachment avoidance repeated measures 

mixed ANOVA was not significant, F(1, 76) = 3.44, p = .067, p
2 = .04.  
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In addition, in the stress trials, the associations between changes in trust and changes in the 

attentional processing indices were not moderated by both anxious and avoidant 

attachment, p-values > .449. Finally, the indirect effect of condition on changes in trust 

through changes in fixation duration on mother were not moderated by attachment anxiety, 

b = .01, p = .795, nor by attachment avoidance, b = -.03, p = .271. Also, the indirect effect of 

condition on changes in trust through changes in fixation count on mother were not 

moderated by attachment anxiety, b = -.03, p = .255, nor by attachment avoidance, b = -.03, 

p = .392.    

Discussion 

 In the current study, we tested whether biases in children’s attentional processing of 

attachment-related information have a causal impact on children’s trust in maternal 

support. We developed a novel Attention Flexibility Training (AFT) based on: 1) prior 

research suggesting that children’s attentional preference is not an adaptive or maladaptive 

trait per se, but rather functional depending contextual factors like the occurrence of stress 

(Van de Walle et al., 2017); and 2) theoretical predictions that trust in maternal support is 

characterized by children’s capacity to flexibly shift their attention from the mother during 

stress to exploration in absence of stress (Main et al., 2005). We tested whether training 

children to adjust their attentional preference for their mother during stress versus 

exploration contexts increases children’s trust in maternal support. Results supported the 

hypothesis that children’s attentional flexibility can be manipulated through the AFT and 

that increasing attentional preference for the mother during stress contexts causally 

increases children’s trust in her support.  

 The large AFT effects confirmed prior research by Lazarov et al. (2017) that a gaze-

contingent music reward design may be a powerful strategy to manipulate attention biases 
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and should be considered in future ABM research. Adding to Lazarov et al.’s (2017) 

paradigm, the current study results show that it is possible to use this strategy to train 

individuals to focus on different stimuli depending on contextual characteristics (i.e., train 

attention flexibility). This is an important finding in light of the ongoing search for valid ABM 

strategies in other research areas (e.g., MacCleod et al., 2009; Sanchez, Everaert & Koster, 

2016). The current finding contributes to the general idea that attention biases have 

different functions in different situations and therefore, that it is less adequate to train 

individuals’ attentional focus exclusively toward or away from meaningful stimuli as it has 

been done in most previous research (Cristea et al., 2015).  

Results showed that the training significantly decreased children’s switch cost over 

time. Compared to the yoked-control condition, children in the AFT condition even learned 

to perform better on the trials that required switching than the trials that required to 

maintain the ongoing attentional strategy. In addition, the current results show that 

increasing children’s attentional flexibility increases children’s attentional focus on mother 

during distress.  This finding is a first confirmation of Main (2000) and Bretherton’s (1985) 

assumption that children’s ability to seek maternal support during distress is linked to their 

ability to flexibly adjust their attentional focus on contextual demands. In light of the 

increasing interest on links between attachment and the attentional processing of 

emotionally relevant stimuli (Dykas & Cassidy, 2011), this suggests that our innovative 

approach could provide an important step to better unravel the meaning and function of 

attachment-related attention biases.  

Interestingly, the flexibility training had only a significant effect on the stress trials 

and not on the exploration trials because there seemed to be an overall strong preference 

for peers from the start of the training during exploration trials. Moreover, during the stress 
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trials, children in the control condition showed increased attentional preferences for peers 

and decreased attention preferences for mother across the training. These findings may be 

important in light of the theory that secure attachment is a condition for exploration 

(Bowlby, 1969). These results suggest that middle childhood attention might be more 

strongly focused on exploration than on searching support. As this is one of the first 

experimental studies on the relationship between ability to seek support and exploration, 

more research is needed to understand this effect. This effect could be typical for the normal 

population sample that participated in the study. Such samples are on average more 

securely attached compared to children with mental health problems (Madigan et al., 2016) 

and therefore the sample could display a stronger inclination toward exploration. On the 

other hand, the large effect sizes could mean that all children are oriented toward social 

exploration independent of their level of trust and that attachment is a facilitator rather 

than a condition for exploration.  

In the stress trials, the flexibility training increased children’s attentional preference 

for their mother and decreased children’s preference for peers. This suggests that the 

training stimulated children’s support seeking during stress. This finding is in line with the 

growing awareness that children need to learn to seek support in response to age-specific 

stressors (Bosmans et al., 2017).  Peer conflict is an emerging source for stress in middle 

childhood (Vandevivere et al., 2015) and children need to learn that mothers can also be a 

resource for less known stressors (Bosmans, 2016). The current paradigm seems to be able 

to capture the developmental task relevant for middle childhood (Vandevivere et al., 2015).  

No main training effects were found on trust. However, in support of our main 

research question, results suggested that, only in the AFT condition, children’s increased 

attentional preference for mother in stress conditions was linked with children’s increased 
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trust in maternal support. Although the number of tests we conducted requires caution for 

type I errors when interpreting the results, three out of four correlations with the 

attentional preference measures pointed to the same effect, ranging from marginal 

significance to significance after controlling for multiple testing. Further support for the 

relevance of the current results was the finding that increases in mother-focused fixation 

duration and fixation count indirectly linked AFT effects to increased trust. The fact that trust 

effects were mainly found for the mother-related attentional preference variables was in 

line with the developmentally-congruent finding that the improved attentional flexibility 

mainly reflected increased ability to focus on mother during stress. Moreover, results are in 

line with prior evidence found by De Winter et al. (2017) that increasing children’s secure 

information processing biases causally increases children’s trust. Adding to the latter study, 

our study clearly shows that this causal role is not restricted to interpretation biases, but can 

also be found for early-stage attention biases. Given the central role of attentional biases in 

the cognitive processing of information, the current findings provide stronger support for 

the hypothesis that information processing biases have a causal effect on the content of 

attachment-related expectations (Bowlby, 1969).  

These results could be considered surprising in light of the small number of training 

trials (32) that affected changes in trust. However, the fact that the manipulation changed 

the attentional preference and the switching cost with large effect sizes suggests that the 

manipulation itself was very effective. This might be because of the use of music the children 

knew well. If the music gets interrupted this induces immediate frustration because it 

deprives the listener from the anticipated next notes/words. Therefore, adjusting 

attentional strategies is highly reinforced by the rewarding effect of hearing the next lines of 

the music and by the avoidance of this frustration. This strong effect has also been observed 
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by Lazarov et al. (2017). This way, the manipulation procedure can help explain why such a 

brief manipulation could already change levels in trust.  

Instead, in the current study, we found no support for the hypothesis that pre-

training attachment anxiety or attachment avoidance moderated the training effects at the 

level of the attentional bias indices nor at the level of training-induced changes in trust. The 

amount of interaction analyses we conducted significantly increased the risk for Type I error. 

Nevertheless, the fact that none of the analyses revealed significant interactions argues 

against such a moderating effect. This conclusion is further supported by the small effect 

sizes. They are an indication that testing these effects with larger samples might not 

substantially change the conclusions. It remains important that future research tests these 

interactions with other types of measures to identify attachment anxiety and avoidance such 

as observations and interviews. However, for now, the data suggests that pre-existing 

insecure attachment representations have no effect on the manipulation outcomes.  

When evaluating the relevance of these findings for attachment theory, important 

limitations need to be considered. This is the first time the current study’s AFT paradigm has 

been used. Although the gaze-contingent reward strategy’s validity has been demonstrated 

before in the study of Lazarov et al. (2017), more research, aimed at replicating the 

attachment-related effects is needed. Moreover, although the current findings seem to be a 

promising proof-of-principle, more research is needed with other control conditions, to test, 

for example, the extent to which the observed effect is driven by the fact that the mother is 

the familiar person (i.e., whether similar effects would be observable when using other 

stimuli to train attention flexibility, such as father or teachers’ pictures, instead of mother’s 

pictures). Note, however, that failure to proof that the effect is specific for mother does not 

reduce the relevance of the findings. Also outside of the home, more securely attached 
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children are more able to rely on other adults for support, like teachers (Verschueren, 2015). 

Additionally, as a proof-of-principle, it is promising that the findings are in line with what De 

Winter et al. (2017; 2018) found using a similar paradigm that was focused on changing 

verbally-explicit interpretation biases. Furthermore, it would be interesting to see whether 

the observed effects generalize to indices of attention flexibility that are measured outside 

of the training, using further attention transfer tasks. Moreover, the outcome of the training 

in our study is restricted to the evaluation of self-reported attachment measures. In spite of 

the growing consensus that these measures are of relevance to study middle childhood 

attachment (Bosmans & Kerns, 2015), it would be interesting to see whether the results 

replicate with other measurement strategies such as interviews or observation.  

In spite of these limitations, the current results suggest that children’s ability to 

flexibly orient their attention to mother in times of distress can causally affect children’s 

trust in the availability of their mother. The effect of the manipulation on children’s 

attentional performance and on self-reported trust was not moderated by pre-manipulation 

levels of trait insecure attachment. This finding is to some extent in line with contemporary 

theory on the role of information processing biases (MacLeod et al., 2009) as it suggests that 

the biases affect the expectations and not vice versa. Moreover, the fact that insecure 

attachment styles did not moderate this effect is in line with accumulating middle childhood 

research showing that attachment traits are still under development (Waters et al., 2019) 

and are not yet crystallized to the point where they reduce the immediate impact of ad hoc 

attachment experiences (Vandevivere et al., 2018; Bosmans et al., 2014). If the current 

pattern of findings could be replicated, this could suggest that attachment-related 

information processing biases play a much more critical role in attachment development 

than previously assumed. If they indeed outweigh the effect of pre-existing attachment-
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related expectation patterns, they might not only explain attachment (in)stability as has 

always been assumed by attachment theory (Bowlby, 1969), they might even at least partly 

explain the mechanisms through which children construct attachment representations 

based on learning experiences. This way, the current findings might contribute to unraveling 

one of the important black boxes of attachment theory.  

Future research should focus on the duration of these effects and whether they can 

be found in clinical populations. If such studies further support the causal effect of 

attachment-related attention flexibility on children’s attachment security over time, highly 

promising venues for novel clinical interventions could be extracted from this innovative AFT 

approach. Given the often small effect sizes of existing treatments of child and adolescent 

psychopathology, adding AFT to existing parent trainings could render such training 

procedures more effective and help to restore insecure attachment relationships (Bosmans, 

2016; Verhees, Ceulemans, & Bosmans, 2019). 
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Table 1: Repeated measures ANOVA predicting Fixation Duration and Fixation Count changes 

 Fixation Duration Fixation Count 

       

 F  2 F  2 

       

Time 00.00  .00 .48  .01 

Trial Type  01.28  .02 14.95***  .15 

Target Stimulus 13.23***  .14 47.99***  .37 

Time X Condition 00.27  .00 1.33  .02 

Trial Type X Condition  00.53  .00 3.34  .04 

Target Stimulus X Condition 03.89  .05 3.75  .04 

Time X Trial Type 01.20  .01 2.33  .03 

Time X Target Stimulus 01.93  .02 1.64  .02 

Trial Type X Target Stimulus 71.78***  .47 70.57***  .46 

Time X Trial Type X Condition 00.00  .00 .24  .00 

Time X Target Stimulus X Condition 15.19***  .16 9.32**  .10 

Trial Type X Target Stimulus X Condition 63.36***  .44 48.67***  .37 

Time X Trial Type X Target Stimulus 16.68***  .17 7.39**  .08 

Time X Trial Type X Target Stimulus X Condition 19.03***  .19 18.90***  .19 
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Table 2: correlations between standardized residual change scores related to stress trials for 

the AFT condition (below the diagonal) and the control condition (above the diagonal) 

separately 

 

 

 

 

 

 

 

Note:  + p < .10; * p < .05; ** p < .01; *** p < .001 

 

 

 

 

 

 

 

 

 

 

Figure 1: Stress trial 

 1 2 3 4 5 6 

1. Trust 1 .17 .23 .05 -.07 -.12 

2. Fix Duration Mother .29+ 1 -.56*** .37* -.53*** .20 

3. Fix Duration Peers -.36* .81*** 1 -.29* .61*** -.07 

4. Fix Count Mother .38* .38* -.38* 1 -.18 -.10 

5. Fix Count Peers -.17 -.68*** .79*** -.12 1 .13 

6. Switch Cost .22 .56*** -.53*** .21 -.36* 1 
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Figure 2: Exploration trial  
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Figure 3: Changes in attentional preference for mother and peers for the entire fixation 

duration during the stress trials 
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Figure 4: Changes in attentional preference for mother and peers for total fixation count 

during the stress trials 
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Figure 5: Change in switch cost over time 
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