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The ability to act proactively, to organise one’s actions 
towards the future, is an essential ability that emerges dur-
ing infancy (during action and social interaction; 
Gredebäck & Falck-Ytter, 2015; von Hofsten, 2004) and 
continues to develop during childhood (with the develop-
ment of executive functions; Gottwald et al., 2016; Karr 
et al., 2018). As they get older, children gradually become 
more reliant on proactive control strategies (an early selec-
tion mechanism defined by anticipatory selection and 
maintenance of goal-related information; Braver, 2012; 
Gugelberg et al., 2021; see also Ossmy et al., 2022) and 
less reliant on reactive control (a late correction mecha-
nism defined by stimulus- or event-driven activation of 
goal-relevant information; Fales et al., 2008; Filippi et al., 
2022; Husa et al., 2021; Shields et al., 2016). A high degree 
of proactive control and low levels of reactive control 
(here referred to as the degree of proactive control) is pre-
dictive of school performance during childhood (Kubota 
et al., 2020) and work performance and labour market suc-
cess during adulthood (Tornau & Frese, 2013).

At the same time, stress, anxiety, and traumatic experi-
ences have the potential to work in the opposite direction, 
being associated with a lower degree of proactive control 

(Braver, 2012; Filippi et al., 2022). One reason for this 
experience-dependent shift towards reactivity might be 
functional. A high degree of proactive control might be 
most beneficial in stable environments where contextual 
cues reliably predict outcomes, while low levels of proac-
tive control might be a better, more efficient, strategy in 
unreliable and unpredictable contexts (Lieder & Iwama, 
2021). Another, potentially complementary, reason might 
be that a high degree of proactive control requires much 
more resources, and that stress and anxiety interfere with 
the ability to maintain information in working memory 
and hinder forward-oriented planning (Braver, 2012; 
Filippi et al., 2022; see also Yang et al., 2018). In fact, 
recent work demonstrates that visual working memory is 
negatively impacted by trauma experience in Syrian refu-
gee children residing in Turkey (Mueller et al., 2021), with 
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performance levels much lower than what would be 
expected from non-war exposed Western samples.

Given the importance of proactive control for life out-
comes (as noted above), and for choices being made in the 
present, it is essential to investigate factors that promote a 
high degree of proactive control in families (parents and 
children) that live in contexts often associated with stress, 
anxiety, trauma, and unpredictable environments.

Despite the fact that children are heavily over-repre-
sented among the world’s refugees (1/3 of global popula-
tion, 1/2 of all refugees; United Nations International 
Children’s Emergency Fund, 2022) and that one in six 
children in the world live in conflict zones (452 milion; 
Save the Children, 2021), surprisingly little psychological 
research has been devoted to this population. In this study, 
we ask how the degree of proactive control is expressed in 
children and parents experiencing war and trauma. More 
specifically, we focus on Syrian refugee families that live 
in Konya, Turkey. We take a family and intergenerational 
approach and aim to compare different transition models; 
that is, different ways in which children’s proactive/reac-
tive control strategies can be affected by parental proac-
tive/reactive strategies, parental mental health, and 
war-related experiences.

We contrast two theoretical models. A direct transmis-
sion model suggests that parents’ control strategies impact 
control strategies in their children directly, either through 
genetics or environment. More specifically, parents with a 
large degree of proactive control might create a context (in 
the broadest possible sense of the word, involving both 
genes, living conditions, and the interaction between the 
two) where such strategies are promoted and transferred to 
future generations. Findings consistent with this model 
have been reported for other cognitive capacities such as 
intelligence (Bradley & Corwyn, 2002) and executive 
functions in both traumatised (Chen et al., 2020) and typi-
cally developing children (Friedman et al., 2008; Sosic-
Vasic et al., 2017). According to this model, high degrees 
of proactive control in parents should be associated with 
high degrees of proactive control in their children, and 
vice versa.

In contrast to this, a parental wellbeing model suggests 
that parents’ mental health impacts the quality of social 
interactions within the family. More specifically, that poor 
mental health and traumatic experiences create suboptimal 
raising practices and a different social climate in families 
that may have detrimental effects on the psychological 
development of children, including a lower degree of pro-
active control. Such effects have been observed with 
respect to both executive functions and social cognitive 
capacities in refugee children (Berg et al., 2019; Eltanamly 
et al., 2021; Gredebäck et al., 2021; Leen-Feldner et al., 
2013; Michalek et al., 2022; Parfitt et al., 2014; Sack et al., 
1995; Slone & Mann, 2016; van der Waerden et al., 2017; 
van Ee et al., 2012). Some of these effects have been 

primarily found in relation to maternal mental health in 
both Western, non-war-related contexts (Astor et al., 2020; 
Lundborg et al., 2021; Tu et al., 2021) and in Syrian chil-
dren living in Turkey (Gredebäck et al., 2021). Young 
mothers are particularly vulnerable due to discrimination 
and experienced downward mobility (Peltonen et al., 
2023). Other studies have connected child development 
directly to parents’ war-related experiences (Michalek 
et al., 2022) or to the quality of the father–child relation-
ship (Scharpf et al., 2022). According to this model poor 
parental mental health and potentially traumatic war-
related experiences should be associated with low degrees 
of proactive control in their children. Both models include 
factors in the environment that can impact child develop-
ment, but the two models assume very different root 
causes.

In formulating these alternatives, it is important to note 
the possibility that both of these models operate at once (as 
is the case for executive functions, as noted in each exam-
ple above). It is also possible that associations are not this 
straightforward and are more non-linear. For example, it 
has been demonstrated that more parental exposure to 
trauma sometimes is associated with better cognitive 
development in children (Qouta et al., 2021), possibly due 
to the presence of compensatory activities, such as more 
warmth, more focused, and positive parenting by adult 
household members that have experienced war and trauma 
(Eltanamly et al., 2021). So, these alternatives are not 
exclusive. Instead, they are included as model frameworks 
that allow us to assess the factors that shape the psycho-
logical development of children living in war and as 
refugees.

In this article, we will assess proactive control in refu-
gee children and their parents and compare the two models 
of transition described above using the AX-CPT task 
(Braver, 2012; Chatham et al., 2009; Gonthier et al., 2019; 
Lucenet & Blaye, 2014). During this task, participants 
play a digital game in which they are asked to press differ-
ent buttons based on a series of instructions. They should 
press one button in response to target cue “X” and another 
in response to cue “Y.” However, the button associated 
with “X” should only be pressed if the “X” is preceded by 
another cue “A,” that is, “A-X.” For all other combinations 
of cues (“B-X”; “A-Y”; “B-Y”), participants should press 
the button associated with “Y.” The “A-X” and “B-Y” 
combinations are most frequent (occurring 24 times each, 
other combinations occurring 6 times each; see Figure 1), 
creating pre-potent responses to press the button associ-
ated with “X” that can be proactively inhibited by paying 
attention to the preceding (contextual) cue “B.” One often 
used index that captures the degree of proactive control is 
d′ (z( Rate “A-X”) − z(False Alarms “B-X”)), z = z-trans-
formed variables (for examples see Filippi et al., 2022; 
Gonthier et al., 2016; Kubota et al., 2020). Higher values 
indicate better proactive control and lower suggest that 
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participants are more driven by reactive processes (that 
they incorrectly press the button associated with “X” when 
this cue appears, irrespective of prior contextual informa-
tion; Braver, 2012; Chatham et al., 2009; Gonthier et al., 
2019; Lucenet & Blaye, 2014), failing to use the predictive 
cue to regulate future behaviour. This combinatory depend-
ent variable is well suited to compare the relationship 
between degree of proactive control and other variables in 
linear mixed models, as it combines hit rate and false 
alarms in a single variable, thereby reducing the number of 
statistical tests to one coherent analysis framework.

A recent adult study (Gonthier et al., 2016) with six ver-
sions of the AX-CPT task reported an average error rate of 
approximately 6% (range 4.3–8.9) for AX and 11% for BX 
trials (range 4.4–20.3), resulting in a d′ of approximately 3 
(range 2.44–3.39). In children, studies have documented 
that 3.5-year-olds appear to be dependent on reactive con-
trol strategies (Chatham et al., 2009) with an error rate of 
>50% and a d′ of 1.5. A general shift from reactive to pro-
active strategies in the AX-CPT task has been documented 
to occur between 5 and 6 years of age, developing in tan-
dem with the development of working memory (Gonthier 
et al., 2019; Lucenet & Blaye, 2014 see also Troller-
Renfree et al., 2020), with an error rate of 5%–15% and a 
d′ around 2.5 (Gonthier et al., 2019). Development contin-
ues with faster responses and more proactive control in 
both 9- and 12-year-old children and young adults 
(Lorsbach & Reimer, 2008, 2010). Twelve-year-olds have 
been reported to have an error rate of 10%–20% and a d′ of 
2.2, whereas young adults had an error rate of 1%–4% and 
a d′ of >3.5 (Lorsbach & Reimer, 2008). The details of 
each experimental paradigm included in this 

section differs slightly, creating variance in error rates and 
d′ values across studies (Gonthier et al., 2016). It should 
also be noted that all of these studies are conducted in typi-
cally developing Western contexts and none focus on refu-
gees, or families that have experienced war.

We analysed the association between performance on 
the AX-CPT task and a number of child and parent centred 
factors. In addition to age and gender of participants and 
their d′, we also included parents’ exposure to potentially 
traumatic events and their post-traumatic stress (PTS) as 
indicators of their war-related experiences and current 
mental health (Gredebäck et al., 2021; Michalek et al., 
2022). In addition, we include a number of parent-centred 
variables that have been documented to impact refugee 
families and the development of children in this context, 
such as perceived discrimination, religiosity (as a sign of 
hope and/or an indication of social support), and down-
ward mobility (Peltonen et al., 2023). The study also 
included education of children and parents and perceived 
chaos in the home, as we reasoned that these factors have 
the potential to impact the degree of proactive control in 
children.

Method

Participants

One hundred refugee families (174 adults [age: M = 39.8, 
SD = 7.8, range = [22, 60]; sex: 55.7% women] and 233 
children [age: M = 12.2, SD = 3, range = [6, 18]; sex: 42.5% 
girls]) participated in the study (conducted between 
October 2019 and January 2020). The vast majority of 
children had mothers that were Arab (99%, 1% Turkmen), 
Sunni Muslims (99%, 1% Shia Muslims), from Syria 
(97%, 3% Iraq). Fathers were also mostly Arab (100%), 
Sunni Muslims (99%, 1% Shia Muslims), from Syria 
(98%, 2% Iraq). Syrian families were mostly from Aleppo 
(90%, remaining from Ar Raqqah, Deir al-Zour, Homes, 
Idlib, & Lattakia). Iraqi families came from Al Anbar, 
Babil, and Kirkuk.

Of these participants, 148 adults and 215 children com-
pleted the AX-CPT and were subsequently included in the 
current analysis. Families had left their homes during 
2014–2016 (79%) and had, at the time of the study, been 
refugees for an average of 4.9 years (SD = 1.4 years). The 
number of children per family varied from 1 to 8 
(median = 2 children). An opportunistic sample was used 
in the study, where participating families recommended 
the study to other families, as records of refugee families 
living in this community were not publicly available. The 
study was approved by the regional ethics review board in 
Sweden (2018-395) and the Necmettín Erbakan 
Universitesi in Turkey (2019/17). Each family received a 
monetary compensation equivalent of 10 Euro per partici-
pant for participation.

Figure 1. Stimuli used in the AX-CPT task. “A” and “X” 
stimuli are always the same, but “B” and “Y” categories are 
made up of five different geometric shapes, here exemplified 
with one item from each category.
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Procedure and design

Each session started with tea and biscuits brought by the 
research assistants conducting the study (fluent in Arabic 
and Turkish). The study was described to the entire family 
(all family members participated at once, in a single ses-
sion) and both written and verbal consent was obtained. 
Following this, each family member was seated in front of 
a laptop (DELL Vostro 3568, 15″ screen) with headphones 
using active noise reduction. All participating family 
members (children and adults) completed a list of experi-
mental tasks and parents also filled out several question-
naires (see Table 1). Both the instructions and questions 
were in Arabic. The study lasted approximately 60 min for 
adults and 30 min for children, but there were large differ-
ences between families, as parents sometimes needed to 
help their children with instructions. Seating arrangements 
ensured that each adult had full privacy during testing 
(especially important when answering the questionnaires). 
Three papers have been published from this dataset focus-
ing on social cognition and parents’ mental health 
(Gredebäck et al., 2021), maternal discipline and vulnera-
bility among mothers (Peltonen et al., 2023), and intelli-
gence in refugee children and their parents (Gredebäck 
et al., 2022). In sum, these papers demonstrate that chil-
dren’s detection of emotional facial expressions is limited 
in children whose mothers suffer from poor mental health 
due to traumatic war experiences. A harsh parenting style 
among mothers, related to their own vulnerability, is asso-
ciated with individual differences in this social cognitive 
ability. At the same time, neither children’s nor parents’ 
intelligence was associated with mental health or war 
experiences. Together, these findings suggest that the 
effects of war and trauma on children’s cognitive capaci-
ties are not uniform. So far, different transmission models 
have not been compared and children’s proactive control 
has not been included in any analysis beyond what is 
reported in this article.

In the AX-CPT task (Braver, 2012; Chatham et al., 
2009; Gonthier et al., 2019; Lucenet & Blaye, 2014), par-
ticipants are asked to respond to two sequential central tar-
get symbols on the screen. The symbols are mapped to two 
buttons (“left arrow” & “right arrow”). Within this para-
digm there are two kinds of trials described as “special 
pair” and “normal pair” trials. The special “A-X” trials 
consist of two sequentially presented geometric shapes 
(“A”) and (“X”; see Figure 1), this is the most common 
pair of stimuli in the study. Participants are asked to press 
the “left arrow” button to the first stimulus (“A”) and the 
“right arrow” button to the second stimulus (“X”). On 
other pair trials, participants are asked to press the “left 
arrow” button for both the first and second stimuli (“A”-
“Y,” “B”-“X,” or “B”-“Y”), for each set of stimuli (5 dif-
ferent geometric figures making up the category “X” and 5 
other figures making up the category “Y,” each occurring 
on 10% of all trials). In many AX-CPT studies, the partici-
pants only press one button, to the second stimuli. In this 
case we added one more button press, to the first cue, to 
ensure that the participants paid attention to the stimuli, 
given that the study was conducted far from a standardised 
lab and in a more chaotic home environment. In total there 
are 60 trials, 24 “A”-“X” trials, 6 “A”-“Y” trials, 6 “B”-
“X” trials, and 24 “B”-“Y.” All trials are presented in a 
pseudo-random order that ensured an approximately even 
distribution of events over the session. Prior to the actual 
AX-CPT task, children completed 15 practice trials to 
become accustomed to the response keys and instructions. 
Measures of participant response time (RT) and accuracy 
per trial were recorded. Each trial began with the presenta-
tion of a fixation point (“*”) centrally on the screen for 
1,500 ms. A cue was then presented at the centre of the 
screen for 500 ms (“A” or “B”) followed by a second fixa-
tion marker (“*”) for 1,500 ms or 5,500 ms and the second 
stimulus (“X” or “Y”) for 500 ms. Following this sequence, 
participants had 3,000 ms to respond.

Table 1. Experimental tasks (performed by all participants) and questions asked to parents, in the order listed.

Type Focus area Task Reference

Experiment Fluid intelligence WASI matrix reasoning (Wechsler, 1999)
Experiment Attention Visual search with emotional primes (Haas et al., 2017)
Experiment Social cognition Emotional processing (Gredebäck et al., 2021)a

Experiment Proactive/reactive control AX-CPT (Gonthier et al., 2019)
Experiment Risk-taking BART (van Ravenzwaaij et al., 2011)
Questionnaire Demographics Custom (Gredebäck et al., 2021)
Questionnaire Post-traumatic growth PTGI-short form (Cann et al., 2010)
Questionnaire Home environment CHAOS (Matheny et al., 1995)b

Questionnaire Home environment HOME-SF (Mott, 2004)a

Questionnaire Psychosocial environment FPSQ (Garg & Dworkin, 2011)a

Questionnaire Traumatic experiences HTQ—part 1 (Mollica et al., 1992)
Questionnaire Post-traumatic stress PCL-C short form (Lang & Stein, 2005)

aMinor adaptations to better fit the cultural context and test situation.
bResponses on a 4-point scale from very much like your home to not at all like your home, the original scale uses binary response options (yes/no).
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In the following analysis, d′ from the AX-CPT task was 
assessed in relation to a number of child and parent-cen-
tred factors (separately answered by mothers and fathers).1 
Parents’ potentially traumatic events were assessed with 
the HTQ questionnaire, part 1 (Mollica et al., 1992), post-
traumatic stress was assessed with the PCL-C short form 
(Lang & Stein, 2005), perceived discrimination was 
assessed with the question: “During the past 12 months 
have you ever been badly treated because of your foreign 
background? Please select all instances that apply.” 
Response options included six concrete situations (e.g., 
when looking for housing, during encounters in the street), 
an option to indicate other situations not listed, and the 
option to note that they had not been treated badly. The 
perceived discrimination variable was created by summing 
up the number of situations noted by participants (range 
0–7). Religiosity was assessed with the question: “How 
strong are your family’s religious beliefs or practices? 
Response options ranged from extremely week to 
extremely strong in six steps (range 1–6). Perceived chaos 
in the home is measured with the CHAOS scale (Matheny 
et al., 1995). Downward mobility is calculated by subtract-
ing the respondent’s perceived socioeconomic status (SES) 
at their point of origin from their current perceived SES in 
Turkey. The questions asked were:

Imagine the society in your country of origin (Syria or Iraq) as 
arranged on a scale like the one shown below, where the worst 
off socially and economically are on the left (0) and the best 
off are on the right (10). Please move the slider to select the 
place where you feel you stood prior to the war.

and

Imagine Turkish society as arranged on a scale like the one 
shown below, where the worst off socially and economically 
are on the left (0) and the best off are on the right (10). Please 
move the slider to select the place where you feel you stand.

Education of parents were assessed on a 6-point scale 
ranging from no formal education (1) to >12 years of 
schooling. Education of children was reported in terms of 
years of schooling (from 0 to 12). Only the mother’s 
response was used for this variable.

Statistical analysis

Data from the AX-CPT task were preprocessed by remov-
ing all trials with an RT of <110 ms, based on Woods et al. 
(2015), excluding 258 trials from children and 127 trials 
from parents. The variable of interest d′ was calculated by 
computing a d′ index from hits on AX trials and false 
alarms on BX trials as Z(H)—Z(F), with H representing 
hits on AX trials, F representing false alarms on BX trials, 
and Z representing the z-transform of a value (see Table 2 
for descriptive information from the task and Supplemental 
Material for the code used to calculate d′, based on 
Gonthier et al. (2016)).

A first set of analyses were performed to assess perfor-
mance on the AX-CPT task, focusing on the degree of pro-
active control strategies used, as indicated by d′. Single 
sample t-tests against zero were performed separately for 
children, mothers, and fathers. This was followed by a lin-
ear mixed model that assessed how the degree of proactive 
control (d′) varied across these groups (specified as d′ ~ 
1 + group(child, mother, or father)2 + (1| family)), per-
formed in Jamovi (version 2.3.21.0) using the GAMLj 
module (version 2.6.6). Family ID intercept was set as a 
random factor, and restricted maximum likelihood 
(REML) parameter estimations were used. Post hoc analy-
sis report Bonferroni corrected p-values. This approach 
was taken for all subsequent mixed models. All variables 
used in the analyses of this article are depicted as histo-
grams in Figure 2. All these variables were within accept-
able ranges for skewness (range −1.38, +1.96) and kurtosis 
(range −0.99, +4.72). The study only reports main effects, 
as no significant second-order interaction effects were 
observed in the analysis. Guide for interpreting: η2 = 0.01 
indicates a small effect, η2 = 0.06 indicates a medium 
effect, and η2 = 0.14 indicates a large effect.

In a second step, a series of linear mixed models were 
performed to assess the relation between children’s d′ and 
specific family indicators. Model C1 assessed children’s d′ 
in relation to age and education level of the child and their 
parents (specified as: d′child ~ 1 + agechild + education-

child + educationmother/father
3 + (1| family)). Models C2mother 

and C2father included a broader range of family indicators 
along with any significant variables from model C1 (speci-
fied as: d′child ~ 1 + agechild + genderchild + potentially 

Table 2. Descriptive data from the AX-CPT task.

AX BY AY BX

Trials presented (n) 24/24/24 24/24/24 6/6/6 6/6/6
Trials included (n) 17/20/19 20/22/22 4/5/5 3/3/3
Error rate (%) 28/14/21 15/9/7 26/15/15 54/50/57
Mean RT (ms) 760/781/775 761/757/766 838/842/855 832/874/848
d′ .55/1.14/.69

RT: response time.
Each cell includes data for children/mothers/fathers.
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traumatic eventsmother OR father + post-traumatic stressmother OR 

father + perceived discriminationmother OR father + religiosity-

mother OR father + perceived downward mobilitymother OR 

father + perceived chaos in the homemother OR father + d′mother OR 

father +(1| family)). Model C3 combined significant effects 
from models C1 and C2mother/father (specified as: d′child ~ 
1 + Agechild + post-traumatic stressmother/father + perceived 
chaos in the homemother/father + (1| family).

Many of the variables included are based on either a 
small set of questions (perceived downward mobility or 
religiosity) or lists of different events that parents might 
have experienced (such as discrimination), and in these 
cases Cronbach’s alpha might not be appropriate. However, 
PTS, potentially traumatic events, and perceived chaos in 
the home fulfil criteria for assessing reliability. Cronbach’s 
alpha is good for both PTS of mothers (Cronbach’s 
alpha = .776) and fathers (Cronbach’s alpha = .771) as well 
as for perceived chaos in the home reported by mothers 
(Cronbach’s alpha = .734) and fathers (Cronbach’s 
alpha = .506). In the latter case, one question (nr 1) corre-
lated negatively with the rest (−.353 for mothers, −.426 for 
fathers); this question was removed prior to this and subse-
quent analysis. Cronbach’s alpha for potentially traumatic 
events vary to a larger degree between parents with lower 
reliability for mothers (Cronbach’s alpha = .662) than 
fathers (Cronbach’s alpha = .901).

Results

Degree of proactive control

Descriptive data for d′ and RTs across the three age groups 
(children, mothers, fathers) are depicted in Table 2 and 
Figure 3 (for a complete correlation table see Supplemental 
Table 1). Single sample t-tests demonstrate that children, 
t(214) = 7.61, p < .001, Cohen’s d = .519, mothers, 
t(177) = 14.27, p < .001, Cohen’s d = 1.07, and fathers, 
t(137) = 8.37, p < .001, Cohen’s d = .712, significantly dif-
fers from, and has values higher than zero. A mixed model 
with d′ as dependent variable and group (child, mother, 
father) as a factor demonstrated a significant effect of 
group, F(1, 2) = 19, p < .001. Post hoc tests demonstrated 
that mothers performed better than children, t(474) = 6.14, 
p < .001, and fathers, t(497) = 3.39, p < .002. However, no 
difference was observed between fathers and their chil-
dren, t(474) = 2.0, p = .14.

Factors impacting degree of proactive control in 
children

The model C1 demonstrated a significant contribution of 
children’s age, F(1, 82.1) = 5.74, p = .019, η2

partial = .065; 
model fit: AIC = 431.27, BIC = 471.32, R2

marginal = 0.06, 
R2

conditional = 0.42, on children’s d′ with older age being 

Figure 3. Upper: Scatterplots depicting degree of proactive control (d′) for individual participants and age (years), separate for 
children, mothers, and fathers. Horizontal lines mark a d′ of zero. Lower: Scatterplots depicting the association between potentially 
traumatic events (PTE) and post-traumatic stress (PTS), separate for mothers and fathers and the association between mothers’ 
PTS and children’s d′. Diagonal line depicts linear regression lines.
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associated with a higher d′; see Table 3 and Figure 3 for 
details regarding all child-centred models. Models C2mother 
demonstrated that children’s age, F(1, 161.8) = 10.00, 
p = .002, η2

partial = .06, and mother’s PTS, F(1, 61.3) = 7.89, 
p = .007, η2

partial = .11, contributed to children’s d′ (model 
fit: AIC = 530.69, BIC = 611.25, R2

marginal = 0.14, 
R2

conditional = 0.31). Model C2father demonstrated a signifi-
cant contribution of children’s age, F(1, 121.5) = 6.09, 
p = .01, η2

partial = .05, and father’s perception of chaos in the 
home, F(1, 44.6) = 4.53, p = .04, η2

partial = .092, to children’s 
d′ (model fit: AIC = 407.51, BIC = 481.16, R2

marginal = 0.18, 
R2

conditional = 0.40). The reduced model C3 demonstrated 
that children’s age, F(1, 145.6) = 8.33, p = .004, 
η2

partial = .054, and maternal PTS, F(1, 54.35) = 13.00, 
p < .001, η2

partial = .19, are the only factors that explain 
children’s d′ (model fit: AIC = 4451.430, BIC = 509.30, 
R2

marginal = 0.19, R2
conditional = 0.39) when controlling for 

father’s PTS and both mother’s and father’s perceived 
chaos in the home.4

Discussion

The aim of the current study was to assess if, and how, 
Syrian refugee children’s proactive control strategies are 
impacted by family experiences and their parents’ mental 
health. More specifically, we contrasted two transmission 
models, a direct transmission model (where parents’ con-
trol strategies impact the same strategies in their children) 
and a parental wellbeing model (where parents’ traumatic 
experiences and mental health impact control strategies in 
their children). The study demonstrates that Syrian refugee 
children’s proactive control strategies, or lack thereof, were 
impacted by maternal mental health, more specifically, the 
PTS symptoms of mothers, in statistical terms a large effect. 
Parents’ own proactive control strategies did not impact 
children’s proactive control. Together, these results speak 
against the direct transmission model and instead support 
the parental wellbeing model that emphasises the social and 
emotional climate among parents, and the mental health of 
mothers in particular, as important for child development.

To further elaborate on the parental wellbeing model in 
the current context, we here propose that maternal scaf-
folding and the overall psychosocial climate in the family 
is negatively affected when mothers suffer from poor men-
tal health (in this case PTS). This includes a risk for a 
reduction in high-quality social interactions necessary for 
children (Astor et al., 2020), for inappropriate parental 
strategies (Peltonen et al., 2023), poor attachment quality 
(van Ee et al., 2016), and a general low level of expressed 
empathy (Salo et al., 2020), and support (Jacob & Johnson, 
1997). This, less than optimal, environment has the poten-
tial to substantially alter the expectations children have 
about the world. In addition, increased stress and uncer-
tainty tax working memory and lower the capacity to think 
ahead and plan future actions appropriately (Braver, 2012; 

Filippi et al., 2022; see also Yang et al., 2018). Together, 
these risk factors might lead to a stronger focus on reactive 
control strategies that may be functional for children living 
in these contexts, but unfortunately have potential long-
term negative consequences for life outcomes, including 
school grades (Kubota et al., 2020), labour market success 
(Tornau & Frese, 2013), and general life satisfaction 
(Siebert et al., 2020).

Given the fact that these families have lost much of 
their material and social capital, these processes risk hold-
ing future generations back, cementing, or even increasing 
inequalities over generations. The economic literature dis-
cusses the risk of poverty traps, where families that are too 
poor to thrive will not benefit from modernisation, urbani-
sation, or other societal resources due to inadequate finan-
cial resources needed to invest in their own future (Banerjee 
& Duflo, 2012; Kraay & McKenzie, 2014). In the current 
context, it is perhaps possible to talk about a complemen-
tary mental health trap where mothers that have experi-
enced hardship, and from these experiences suffer from 
poor mental health, are unable to provide the environment 
needed for their children to flourish—a situation that might 
be difficult to get out of on one’s own. Here, community 
support and an active involvement of non-governmental 
organisations (NGOs) and states are needed to support 
these mothers, and through them foster an environment 
that promotes proactive control strategies and a solid foun-
dation for development across generations.

Before concluding, some important facets of the results 
require additional reflections. First, no interaction effects 
were observed, suggesting that the effects observed are 
consistent across ages, from the youngest 6-year-olds to 
the oldest 18-year-olds in the study, and similar for boys 
and girls. This is important to keep in mind when discuss-
ing models of vulnerability and plasticity from psychology 
(e.g., Nelson & Gabard-Durnam, 2020) and economics 
(e.g., Heckman et al., 2013) that often highlight that the 
largest impacts of interventions and exposure to adversity 
occur at the youngest ages. Vulnerability appears to con-
tinue throughout the protracted period of childhood and 
impact older children that spent their first years of life in 
relative prosperity in a pre-war Syrian context.

Second, it is interesting to note that the role of fathers is 
rather small, and non-existent in the final analysis control-
ling for maternal factors. At the same time the effect of 
mother’s mental health is large (as indicated by the effects 
sizes expressed in Model C3, Table 3). Similar lack of 
effects from fathers have been reported in the past 
(Gredebäck et al., 2021) and can perhaps be attributed to 
the financial demands that require many fathers to work 
away from home and to gender roles that emphasise mater-
nal responsibility and care of children at home (El-Khani 
et al., 2016; Yaylaci, 2018).

Third, a noteworthy and important point to reflect on is 
the low d′ scores and high error rates reported in the 
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current study when comparing with prior work in Western, 
non-trauma related, contexts. Prior work with adults 
reports error rates ranging from 6%–11% and d′ values 
around 3.5 (Gonthier et al., 2016), whereas prior work 
with 9- to 12-year-old children report error rates of 10%–
20% and d′ values of around 2.5 (Lorsbach & Reimer, 
2008, 2010). In the current study adults’ error rates ranged 
from 6% to 57% with d′ values averaging 0.69 for fathers 
and 1.14 for mothers. At the same time, children’s error 
rates ranged from 15% to 54%, with d′ values averaging 
.55, and the performance of fathers was not statistically 
significantly different from that of their children. Even 
when accounting for the fact that the age range is much 
wider in this study compared with other studies, it remains 
difficult to directly compare these results with those of 
prior studies just based on the vast difference in perfor-
mance. As indicated by training sessions and the descrip-
tive statistics in Table 2, the participants were able to 

perform the task. It is likely that the lower performance is 
due to the fact that the sample consists in its entirety of 
people that have suffered much hardship and are emotion-
ally and psychologically taxed already at the start of the 
study. It may be that the group as a whole suffers from 
traumatic experiences and poor mental health in ways that 
tax working memory, making the task more difficult for 
this group compared with the healthy, non-traumatised, 
college students that usually take part in experimental 
studies in Western contexts.

It is possible that the addition of a second button press 
(to both the first and second cues) taxed the participants’ 
working memory and that this is a reason why participants 
perform worse than what has been reported in prior 
Western contexts. At the same time, similar findings, with 
lower performance levels in Syrian refugee children living 
in Turkey, have previously been reported for visual work-
ing memory (Mueller et al., 2021), strengthening the 

Table 3. Depict the results of models C1 assessing the association between children’s d′ and their own, and their parents, age, 
and education and C2mother/father assessing the association between children’s d′ and parental (separate for mothers and fathers) 
characteristics, experiences, and current situation.

Model Variable Estimate SE CI95 df t p η2
partial

C1 AgeC 0.12 0.05 0.02, 0.22 82.1 2.40 .02 .065
 EducationC −0.08 0.07 −0.21, 0.06 86.3 −1.16 .25 .02
 EducationM 0.17 0.15 −0.12, 0.47 30.4 1.19 .24 .04
 EducationF 0.02 0.15 −0.27, 0.31 37.8 0.16 .87 <.001
C2mother (Intercept) −0.09 0.91 −1.90, 1.73 76.7 −0.09 .92 <.001
 AgeC 0.08 0.03 0.03, 0.13 161.8 3.16 .002 .06
 GenderC 0.026 0.16 −0.29, 0.34 163.5 0.16 .872 <.001
 PTEM −0.03 0.04 −0.11, 0.06 64.6 −0.62 .537 .006
 PTSM −0.05 0.02 −0.09, −0.02 61.3 −2.81 .007 .11
 DiscriminationM 0.03 0.05 −0.07, 0.14 73.7 0.65 .516 .006
 ReligiosityM 0.05 0.13 −0.20, −0.30 63.0 0.41 .682 .002
 DMM −0.05 0.04 −0.14, 0.03 54.9 −1.25 .218 .028
 CHAOSM 0.01 0.02 −0.02, 0.04 71.6 0.47 .643 .003
 d′M 0.10 0.09 −0.08, 0.28 55.8 1.11 .273 .022
C2father (Intercept) −0.18 1.19 −2.57, 2.20 47.0 −0.15 .88 <.001
 AgeC 0.07 0.03 0.01, 0.12 121.5 2.47 .015 .048
 GenderC 0.30 0.18 −0.04, 0.65 119.3 1.74 .085 .024
 PTEF 0.07 0.05 −0.02, 0.16 42.6 1.58 .122 .055
 PTSF −0.01 0.02 −0.05, 0.03 36.3 −0.48 .635 .006
 DiscriminationF −0.06 0.09 −0.24, 0.12 57.1 −0.66 .513 .008
 ReligiosityF 0.20 0.15 −0.11, 0.51 47.1 1.30 .200 .034
 DMF 0.01 0.04 −0.08, 0.10 37.7 0.33 .739 .002
 CHAOSF −0.06 0.03 −0.11, −0.03 44.6 −2.13 .039 .092
 d′F 0.05 0.11 −0.18, 0.27 45.5 0.43 .669 .004
C3 (Intercept) 1.01 0.73 −0.40, 2.53 68.2 1.44 .15 .03
 AgeC 0.07 0.02 0.02, 0.12 145.6 2.89 .004 .054
 PTSM −0.07 0.02 −0.11, −0.03 54.3 −3.61 < .001 .19
 PTSF 0.007 0.02 −0.03, 0.04 47.7 0.39 .70 .003
 CHAOSM 0.02 0.02 −0.02, 0.06 56.3 0.92 .36 .015
 CHAOSF −0.03 0.02 −0.08, 0.01 65.0 −1.41 .16 .029

CI: confidence interval; C: child, M: mother, F: father, PTE: potentially traumatic events, PTS: post-traumatic symptoms, DM: downward mobility; d′: 
degree of proactive control.
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notion that this finding is not an artefact of the current 
experimental task, but instead a sign of the challenges that 
this group of children face due to their prior experiences 
and current living conditions. Another, possibly comple-
mentary, alternative is that the abstract nature of the stim-
uli was particularly challenging for the children that took 
part in this study, and that more ecologically relevant stim-
uli might have increased performance in this group (as pre-
vioulsy demonstrated with US children exposed to violence 
and poverty: Young et al., 2022).

Fourth, one factor that we did not assess was children’s 
own mental health and experience of potentially traumatic 
events, a factor that we know is highly impacted by war 
and experiences as a refugee (Frounfelker et al., 2020). 
This was a deliberate choice as we did not feel that we had 
the capacity to provide adequate support in the field to 
children if such questions triggered negative thoughts 
among participants. At the same time, it is perhaps difficult 
to completely separate mental health of parents (especially 
mothers in this context), their war-related experiences, and 
the mental health and resilience of their children. Future 
work will have to dive into this question and assess how 
maternal mental health, maternal war-related experience, 
and children’s own mental health interact with the psycho-
logical development of children. What we can say from the 
current results is that the larger psychosocial context of the 
child within the family impacts child development and that 
evidence could be found in support of the parental wellbe-
ing transmission model.

What we need to do in the future is support mothers, and 
their children, to improve mental health, resilience, child 
development, and long-term outcomes for Syrian refugees 
living in neighbouring countries. It is quite possible that 
this effect is not isolated to this group of refugees and that 
similar results can be observed across conflicts and conti-
nents, including the ongoing war in Ukraine. At the same 
time, it has been demonstrated that the impact of maternal 
mental health on child development is not uniform across 
the globe (Astor et al., 2022) with unique culture specific 
risk and protective factors. As is often the case, more data 
are needed from other contexts, conflicts, and continents to 
assess the universality (or lack thereof) of these findings.

In summary, we demonstrate that maternal mental health 
is strongly associated with children’s ability to use the cur-
rent context to predict future events, a psychological con-
struct known as proactive control. Syrian refugee families 
where mothers have suffered much hardship and experi-
ence poor mental health (as measured by PTS symptoms) 
have children that do worse on this task than mothers from 
the same context that suffer less from poor mental health.
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Notes

1. There are many alternative dependent variables that can be 
derived from the AX-CPT task, but in this article, we have 
selected the dependent variable that we believe more clearly 
index degree of proactive control (d′). Given the large 
number of statistical models required to answer the current 
research question, we have refrained from assessing (and 
thus from reporting) any of the other potential dependent 
variables from this task. However, error rates and response 
times (RTs) are reported on a descriptive level in Table 2.

2. The variable group indicates whether the participant is a 
child, a mother, or a father, within each family.

3. The label mother/father indicates that two separate variables 
were included in the model, one for mothers and another for 
fathers, and should be read as, for example, potentially trau-
matic events reported by mothers + potentially traumatic 
events reported by fathers + in the specification. The term 
OR specifies that the model was run with mothers or fathers 
in separate models.

4. An extended version of model C3 (suggested by review-
ers) that control for children’s fluid intelligence (Table 1) 
illustrates an association between fluid intelligence and 
d′, F(1,130.3) = 9.95, p = .002, but this association did not 
impact or interact with the findings reported earlier.
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