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Chapter 2

Abstract

Previous research has linked higher levels of household chaos to parenting 
problems, but it is not clear whether household chaos actually causes parenting 
problems. In this study, we used an experimental design in which levels of household 
chaos were manipulated to test the effect of household chaos on caregiver 
sensitivity. As sensory-processing sensitivity has been linked to the perception 
of household chaos, we also tested whether household chaos has a stronger effect 
on participants with higher sensory-processing sensitivity. Ninety-six young 
adults (non-parents) visited our lab twice and took care of an infant simulator in 
a lab furnished like a living room. In the neutral condition the room was orderly 
and calm, and in the chaos condition it was cluttered, noisy and smaller (order 
counterbalanced). Caregiver sensitivity was observed and sensory-processing 
sensitivity was measured through questionnaires and observational data. Multilevel 
modeling showed caregiver sensitivity decreased over time in both conditions and 
that condition had a small effect on caregiver sensitivity, with sensitivity being 
lower in the chaos condition. We found that participants with higher sensory 
sensitivity decreased faster in the chaos condition than in the neutral condition. 
According to our findings, household chaos leads to less positive caregiving 
behavior and parents with higher sensory sensitivity may be more affected by 
household chaos. Thus, reducing household chaos may be effective in promoting 
positive parenting.

Keywords: household chaos, parenting, sensitivity, sensory-processing sensitivity, 
experiment
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Introduction

Always running late, not being able to find your keys and not being able to hear 
yourself think in your own home - these are examples of chaotic moments in 
the household. A lack of family and week routines, high noise levels, material 
disorganization, and crowding are all aspects of household chaos (Evans & Wachs, 
2010; Matheny, Wachs, Ludwig, & Phillips, 1995). Higher levels of household chaos 
are known to be related to more negative parenting (e.g. Coldwell, Pike, & Dunn, 
2006; Deater-Deckard, Wang, Chen, & Bell, 2012; Dumas et al., 2005), however, 
there is no clear evidence of a causal effect of household chaos on parenting. In 
addition, the relation between household chaos and negative parenting may not be 
the same for everyone, as the perception of household chaos is related to sensory-
processing sensitivity (Wachs, 2013). In this study, we used an experimental design 
to test whether household chaos has a causal effect on caregiving behavior and 
whether this relation is stronger for people with higher sensory-processing 
sensitivity.

Household chaos, parenting, and child outcomes
Ample research has linked household chaos to various negative child outcomes. 
Higher levels of household chaos have been related to more child conduct problems 
and lower IQ (Coldwell et al., 2006; Deater-Deckard et al., 2009; Mills-Koonce et 
al., 2016). There is also evidence for a relation between household chaos and child 
language development: more household chaos during the first three years of life 
was related to less child expressive and receptive language at 36 months (Vernon-
Feagans, Garrett-Peters, Willoughby, Mills-Koonce, & The Family Life Project Key 
Investigators, 2012). In another longitudinal study, more household chaos measured 
when the child was two years old was related to lower receptive vocabulary of 
children at age five (Martin, Razza, & Brooks-Gunn, 2011). In the same study, higher 
levels of household chaos were also related to lower delayed gratification and to 
more aggression and attention problems.

Household chaos has also been related to negative parenting outcomes. Using self-
report measures, household chaos was correlated with maternal harsh parenting-
negativity (Deater-Deckard et al., 2012) and dysfunctional discipline (Dumas et 
al., 2005). In line with this, Coldwell et al. (2006) found that higher self-reported 
household chaos was related to less parental warmth and joy and to more parental 
anger and hostility measured with child puppet interviews, and to more self-
reported maternal and paternal negativity. Furthermore, there is evidence that the 
association between household chaos and child outcomes is (partially) mediated 
by parenting. A large longitudinal study showed that more harsh parenting and less 
parental sensitivity mediated the relation between more household chaos and less 
favorable child outcomes in conduct problems, callous-unemotional behavior, and 
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expressive language development (Mills-Koonce et al., 2016; Vernon-Feagans et 
al., 2012).

Causal effect of household chaos
Previous research mostly used correlational designs and suggested that household 
chaos is related to sensitive and to negative parenting. Although previous research 
has suggested that household chaos is the predictor in this relation (e.g., Mills-
Koonce et al., 2016), the directionality of this relation is not known. Therefore, it 
is not known whether more household chaos results in more negative parenting, 
whether negative parenting results in more household chaos, possibly through an 
effect on child problem behavior, or whether household chaos may be a byproduct 
of more negative parenting or of a latent variable related to both household chaos 
and parenting. An answer to this question is needed to better understand the role 
of household chaos in parenting. This knowledge can be used to inform prevention 
and intervention programs. If a causal relation between household chaos and 
negative parenting exists, then reducing household chaos may indeed lead to an 
improvement in parenting. To address the causal effect of chaos on parenting, 
an experimental research design is needed, which we employed in the current 
study.

Sensory-processing sensitivity
Although previous research has established a clear relation between household 
chaos and negative parenting, this relation may not be equal for all parents. 
Sensory-processing sensitivity seems to be an important factor in the perception 
of the level of household chaos (Wachs, 2013). Sensory-processing sensitivity is 
defined as the awareness of stimuli and arousal by stimuli (Aron & Aron, 1997; Evans 
& Rothbart, 2008). People with more sensory-processing sensitivity may notice the 
higher number of stimuli in chaotic households more readily and be more affected 
by these stimuli than participants with low sensory-processing sensitivity, and 
thus be more susceptible to the effects of household chaos. Wachs (2013) found 
that higher levels of observed household chaos were only related to self-reported 
household chaos for mothers with high levels of sensory-processing sensitivity, but 
not for mothers with lower sensory-processing sensitivity. Other studies, although 
not (directly) related to household chaos, also underline the importance of sensory-
processing sensitivity. Aron, Aron and Davies (2005) found in an experimental study 
that students with high sensory-processing sensitivity reported more negative 
affect after a stress-inducing task than students with low sensory-processing 
sensitivity. In the work context, more sensory-processing sensitivity was related to 
experiencing more work stress (Evers, Rasche, & Schabracq, 2008). These findings 
imply that the negative effects of household chaos on parenting may be stronger for 
parents with higher sensory-processing sensitivity. Knowing who is most affected 
by household chaos, could help improve prevention and intervention efforts.
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Previous research is mixed on whether sensory-processing sensitivity should be 
seen as a unidimensional or two- or three-dimensional construct. Aron and Aron 
(1997) - who were the first to state that sensory-processing sensitivity is a separate 
personality trait and is not part of other traits, such as neuroticism - considered 
sensory-processing sensitivity to be a unidimensional construct. Smolewska, 
McCabe, and Woody (2006) found sensory-processing sensitivity to be a three-
dimensional construct, reflecting awareness for aesthetics, negative arousal by 
external stimuli, and the extent to which a person is overwhelmed by external and 
internal demands. Evans and Rothbart (2008) found a two-dimensional construct, 
and named the two dimensions sensory sensitivity (reflecting the threshold for 
awareness of stimuli) and sensory discomfort (reflecting to what extent someone is 
negatively affected due to stimuli). More research is needed to answer whether the 
construct of sensory-processing sensitivity is unidimensional or multidimensional, 
and if so, whether different components of sensory-processing sensitivity have 
different effects on, for instance, the relation between household chaos and 
negative parenting.

Current study
In the current study we addressed the question of whether there is a causal effect 
of household chaos on caregiving behavior, specifically caregiver sensitivity, 
and whether sensory-processing sensitivity moderates this relation. Caregiver 
sensitivity is defined as the caregiver’s ability to observe and interpret child signals 
and respond promptly and appropriately (Ainsworth, Bell, & Stayton, 1974). We used 
an experimental design in which we manipulated a lab room to look like either an 
orderly, neat living room (the neutral condition), or a cluttered, noisy and crowded 
living room (the chaos condition). We controlled for variation in child behavior by 
using an infant simulator, which can be programmed to cry at certain times, so the 
demands on the caregiver were equal for all participants. We controlled for previous 
child rearing experiences by including non-parents.

Our first hypothesis was that caregiver sensitivity towards the infant simulator 
would be lower in the chaos condition than in the neutral condition. Our second 
hypothesis was that the effect of chaos on caregiver sensitivity would be stronger 
for participants with high sensory-processing sensitivity. Next to exploring the 
dimensionality of the construct sensory-processing sensitivity, we investigated 
whether different components of sensory-processing sensitivity played a different 
role in the relation between household chaos and caregiver sensitivity. Lastly, we 
tested both our hypotheses exploratively for an interaction with the duration of 
caring for the infant simulator.

2
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Method

Participants
Participants were 96 Dutch, female students enrolled at schools for vocational 
education (in Dutch: MBO; N = 21) or colleges (in Dutch: HBO; N = 75). The mean 
age of the participants was 20.31 years (SD = 1.93). Of the participants, 96% were 
born in The Netherlands. Vocational students (M = 19.19, SD = 1.50) were significantly 
younger than college students (M = 20.64, SD = 1.93; t (94) = -3.15, p = .002), which 
follows from the average age of entry into each of the levels within the Dutch 
education system. College students mostly came from intact families (84%), 
whereas only 38% of vocational students came from intact families. There was no 
difference in self-reported household chaos in the current living situation between 
vocational and college students (t (88) = -0.04, p = .967, respectively M = 2.42 , 
SD = 0.39 and M = 2.43, SD = 0.55) as measured by the Confusion, Hubbub, And Order 
Scale (Matheny et al., 1995). No differences in birth country, current living situation 
or social status were observed between vocational and college students. The first 
lab visit was completed by 96 participants, of whom 90 (94%) also completed the 
second lab visit. There were no differences between participants who completed 
one or two visits on education (X2 (1) = 2.96, p = .116). Participants who only completed 
one lab visit were younger (M = 19.00, SD = 1.10) than the participants who completed 
both lab visits (M = 20.40, SD = 1.95; t (94) = 2.85, p = .024). Of the participants who 
did complete both visits, 4% reported a country other than The Netherlands as 
their birth country, against none of the participants who completed one lab visit. 
No significant differences in caregiver sensitivity and in sensory-processing 
sensitivity were found between participants who completed only one lab visit and 
participants who completed both lab visits.

Participants were recruited between December 2015 and August 2017 through 
messages on their school’s digital learning environment, presentations during 
classes, and advertisements on Facebook targeting women between 18- and 25-
years old living in cities nearby the lab. People interested in participation filled out an 
online questionnaire and were then contacted by the researchers to further inform 
them about the study and to confirm whether they met the inclusion criteria (female, 
age between 18-25 years, and vocational or college student). Participants were 
excluded if they had a child, had been or were pregnant at the time of recruitment, 
or had mental (e.g. depression, autism) or physical problems (e.g. hearing problems, 
paralysis). Students from educational programs in which child rearing was an 
important part of the curriculum, such as vocational education for childcare 
practitioner, were excluded. Participants reported whether they had experience 
with taking care of children below the age of two years. Most participants indicated 
they had experience with this (58%), which included experience through relatives 
and babysitting. Vocational students had significantly less experience than college 
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students, with 62% of vocational students indicating no experience versus only 32% 
of college students indicating no experience (X2(1) =5.60, p = .018).

Procedure
The research project was approved by the ethics committee of the Institute of 
Education and Child Studies of Leiden University and preregistered in the Open 
Science Framework (Prevoo, Alink, Bodrij, & IJzendoorn, 2015). Participants 
attended two lab visits of two hours each at the university, separated by two 
months. At the start of the first lab visit participants gave informed consent. During 
both visits participants took care of an infant simulator to elicit caregiving behavior 
from participants (Voorthuis et al., 2013) in a lab room furnished as a living room. The 
infant simulator is a lifelike baby doll, which can be programmed to make sounds on 
certain moments, such as crying, burping, fussing and laughing (Realityworks, Eau 
Claire, WI, USA). During the first phase no other tasks were given (12 min). During 
the second and third phase participants were asked to fill out a questionnaire and 
play a game and were instructed to progress as far as possible (12 min and 13 min, 
respectively). The infant simulator was programmed to cry for 5 min during each 
phase and to not respond to caregiving behavior.

The living room had two conditions, namely the neutral condition and the 
chaos condition. The order of conditions was counterbalanced and assignment 
to condition of the first phase was randomized. In the neutral condition (see 
Supplemental material Chapter 2, Figure A1) the living room looked neat and orderly, 
with calm music playing (average level of 43.4 dB). In the chaos condition, the living 
room was very unorganized, with baby clothes, magazines, letters, notes and toys 
scattered around the room, the TV playing loud music videos and commercials 
(average level of 58.1 dB), and there were a lot of colorful and bold prints in the 
room. To increase crowding, the room was made smaller in the chaos condition 
by pulling a see-through curtain to close off part of the room (see Supplemental 
material Chapter 2, Figure A2). This chaos manipulation tapped into multiple 
aspects of household chaos, namely material disorganization, high noise levels, 
and crowding, or person-to-square meter ratio (Evans & Wachs, 2010; Matheny et 
al., 1995). In both conditions participants were asked to not make changes to the 
room. Our manipulation was successful: participants rated the chaos condition 
as less spacious, noisier, busier and dirtier than the neutral condition (with ts (89) 
between 9.62 and 49.07, ps < .001).

Before and after taking care of the infant simulator, participants came to a different 
lab room where they completed multiple questionnaires and computer tasks. In 
addition, saliva was collected during both visits to measure salivary alpha-amylase. 
Data from the computer tasks and salivary alpha-amylase were not used in the 
current report. Participants’ responses to the sound of a squeaky door and a 
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high-pitched tone were filmed before the start of the neutral condition to code for 
responsivity to noise as part of the sensory-processing sensitivity measure. At the 
end of the second visit participants received €40 as a reward for their participation 
and participants were debriefed about the goal of the study.

Measures
Caregiver sensitivity
The Ainsworth Sensitivity Scale (Ainsworth et al., 1974) was slightly adapted to the 
use of the infant simulator and was used to code caregiver sensitivity (Voorthuis 
et al., 2013). This scale considers the caretaker’s awareness and interpretation of 
signals and the appropriateness and promptness of the response. A score on a 
scale of 1 to 9 was given, with 1 highly insensitive and 9 highly sensitive. Each phase 
was scored separately. Five coders were trained and reached good inter-coder 
reliability with a mean intra-class coefficient of all different pairs (single measure, 
absolute agreement) of .79 (range .74 - .83, N = 15). Coders met regularly to prevent 
coder drift. The two lab visits were coded by two different coders who had not met 
the participant.

Sensory-processing sensitivity
Sensory-processing sensitivity was measured using self-report questionnaires, 
informant-reported questionnaires, and an observational measure of responsivity 
to noise. The Orienting Sensitivity scale of the Adult Temperament Questionnaire 
Short form (ATQ-OS) measures awareness of and affect associated with stimuli 
(Evans & Rothbart, 2007). The original version consisted of 15 items, but for the 
current study some items were separated to make these items easier to interpret 
for the participants (for example, the original item “I dream of lively, detailed 
situations that do not resemble anything I have experienced in real life” was split 
into “I dream about lively situations” and “I dream of situations that resemble what 
I have experienced in real life”). This resulted in a version with 22 items. The items 
were answered on a five-point Likert scale, ranging from “never” to “always”; an 
additional answering option was available to indicate that one had never been in 
that situation, in which case the item was treated as missing. The ATQ-OS was 
administered during both lab visits. The average scores did not differ significantly 
between the two lab visits (t (79) = 0.55, p = .585) and were highly correlated (r = .79, 
p < .001). Scores were thus averaged across lab visits. Cronbach’s alphas were .84 
in the first visit and .83 in the second visit. Higher scores indicated higher orienting 
sensitivity.

The Noise Sensitivity Scale (NSS) measures sensitivity to noise (Weinstein, 1978). 
The original version consists of 21 items, but some items were split so that they 
were easier to interpret. The modified version consisted of 24 items. An example 
of an item is “I find whispering at the cinema annoying”. A six-point Likert scale 
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was used, ranging from “totally disagree” to “totally agree”, and with an additional 
option to indicate that one had never been in that situation. Cronbach’s alpha was 
.84. Higher scores indicated more sensitivity to noise.

The Highly Sensitive Person Scale (HSPS) measures sensory-processing sensitivity 
as thresholds for processing and excitability by sensory stimuli (Aron & Aron, 1997). 
The original version consisted of 27 items. Again, some items were split, resulting 
in a version of the HSPS with 38 items. An example of an item is “I notice subtle 
sounds”. A five-point Likert scale was used, ranging from “not at all applicable” to 
“completely applicable”. Cronbach’s alpha was .89. Higher scores indicated more 
sensory-processing sensitivity.

Informant-report versions were used for the ATQ-OS and the NSS (Evans & 
Rothbart, 2007; Weinstein, 1978). These were filled out after the first lab visit about 
the participant by someone who knew them well. Informants were mostly relatives 
(71%) or friends (27%), or roommates or partners. Cronbach’s alphas were .83 and 
.81 respectively. The informant reports were significantly correlated with the self-
reports (NSS: r = .31, p = .005; ATQ: r = .39, p < .001) and no differences between 
relative versus non-relative informants were observed (t (76)=-1.69, p .094, t (76)=-
0.48, p = .63, respectively). Higher scores indicated more orienting sensitivity and 
more noise sensitivity.

In addition, an observational coding system was used to code responsivity to noise 
from the observations of responses to the sounds of a squeaking door and a high-
pitched bleep. This coding system was based on the emotional intensity scale and 
the body movement scale of the behavioral coding system developed by Gross and 
Levenson (1993). Emotional expression, intensity of body movement and latency in 
seconds between the onset of the sound and the most intense behavioral response 
were coded. For both sounds combined, intercoder reliability between the two 
coders was .68 for emotional intensity, .86 for body movement, and .46 for latency 
in seconds (intraclass correlations, single measure, absolute agreement, N = 15). 
Because of the low intercoder reliability for latency and the fact that it was not 
significantly correlated with emotional intensity and body movement, latency was 
not included in the score for observed responsivity to noise. Emotional intensity 
for the high tone correlated significantly with emotional intensity for the squeaking 
door and body movement for both sounds (correlations between .22 and .33, ps 
between .001 and .033). The emotional intensity and body movement scales were 
averaged for both sounds to compute a score for responsivity to noise.

To explore how measures could be combined into a sensory-processing sensitivity 
construct, a principal component analysis (PCA) was executed with the self-
reported ATQ-OS, NSS, and HSPS, the informant-reported ATQ-OS and NSS and 
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observed responsivity to noise. The scree criterion indicated two components. 
A second PCA was conducted with the number of components set to two using 
oblique rotation. The pattern matrix indicated that the ATQ-OS, the NSS, the HSPS 
and observed responsivity to noise loaded high on component 1, explaining 37% of 
the variance, whereas the informant ATQ-OS and NSS loaded high on component 
2, explaining 23% of the variance (see Supplemental material Chapter 2, Table B1). 
Thus, component 2 seemed to reflect a measurement type (namely informant 
reports) rather than a salient aspect of sensory-processing sensitivity. Therefore, 
the informant measures were not used in the final construct. Z-scores of the 
self-reported ATQ-OS, NSS, and HSPS and observed responsivity to noise were 
averaged and this mean was standardized. Cronbach’s alpha was sufficient at .64. 
Higher scores indicated more sensory-processing sensitivity.

Previous research has suggested that sensory-processing sensitivity is a 
multidimensional construct (e.g. Smolewska et al., 2006). We conducted PCAs 
using the predefined subscales of the ATQ-OS (Evans & Rothbart, 2007) and 
the subscales defined by Smolewska et al. (2006) for the HSPS. For the NSS, no 
subscales have been described (Weinstein, 1978). Based on the scree criterion a 
PCA was conducted with a three-component solution with direct oblimin rotation 
(see Supplemental material Chapter 2, Table B2 for pattern matrix). The first 
component explained 48% of the variance and reflected arousal by stimuli in general 
and the threshold for perception of stimuli. This component was named sensory 
sensitivity (Cronbach’s alpha = .84). The second component explained 14% of the 
variance and reflected being overwhelmed or negatively aroused by stimuli and 
was named sensory discomfort (Cronbach’s alpha = .74). Observed responsivity to 
noise did not load on either component 1 or 2 and seemed to reflect a measurement 
type in component 3 rather than a different component, so we decided to leave 
observed responsivity to noise out of additional analyses with components of 
sensory-processing sensitivity. The standardized means of the subscales were 
averaged and this mean was standardized. Higher scores on sensory sensitivity 
and sensory discomfort reflected more sensitivity. Cronbach’s alpha was .84 for 
sensory sensitivity and .74 for sensory discomfort.

Analyses
Preliminary analyses were performed to compute correlations between caregiver 
sensitivity for the separate phases, condition, sensory-processing sensitivity, 
caregiving experience, and demographic variables. As our data was nested 
(i.e., three measurements per condition and two conditions per participant), 
observations were not independent within these levels, and therefore multilevel 
modeling was used. First, we fitted the unconditional means model, unconditional 
growth model 1, and unconditional growth model 2. Next, covariates were added to 
the model along with a main effect for condition to test our first hypothesis. In the 
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next model, we added an interaction between condition and sensory-processing 
sensitivity to test our second hypothesis. Exploratively, we tested a model with 
a three-way interaction between condition, sensory-processing sensitivity, and 
phase. The latter two models were also tested for both components of sensory-
processing sensitivity separately. See Table B3 for an overview of the tested 
multilevel models. To predict power, we used G*power 3.1.9.4 and the repeated 
measures ANOVA with within-between interaction, and entered an expected power 
of .80, alpha level of .05, effect size of .40, with two groups and three repetitions. 
The required sample size was 62, indicating our sample was large enough to detect 
significant interactions.

For the multilevel modeling we used a dataset in which all missing values were 
multiply imputed. As five out of six participants who did not complete the second 
lab visit started with the chaos condition, drop out may not be random. According 
to Van Ginkel, Linting, Rippe, and Van der Voort (2019), multiple imputation is also 
a fitting solution when data are not missing at random, and equivalent or better 
compared to complete cases analysis. Therefore, this method was used in this 
study. To correct for an effect of the order of conditions in the lab visits on caregiver 
sensitivity and its development over time, we controlled for the main effect of order 
of condition and the interaction between order of condition and phase.

All analyses were performed in R version 3.5.1, on a Dell XPS 9370 with an i7 
8550U processor overclocked at 2.0Ghz, with 16GB of RAM. Stability of multilevel 
imputations was evaluated by comparing four methods: the MI function in 
the Amelia package, with the mice function from the mice package, and the 
panImpute and jomoImpute functions from the mitml package. The (required) 
number of iterations varied per method, due to differences in implementation, 
but all lead to equivalently imputed datasets. A fixed starting seed was set for 
reproducibility. Pooling of results on 100 imputation sets was performed using 
the summary functions from mitml and miceadds, as well as using the summary 
and modelRandEffStats from the merTools package. A series of multilevel models 
were estimated, incrementally comparing nested models using the anova function 
from mitml and merTools (which yielded equivalent results). Model comparisons and 
effect estimates were evaluated at 5% alpha level.

2
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Results

Preliminary analyses
Correlations between caregiver sensitivity, sensory-processing sensitivity, 
caregiving experience, age and education level are shown in Table 1. All caregiver 
sensitivity scores were significantly correlated, apart from phase 1 of the chaos 
condition and phase 2 of the neutral condition. Caregiver sensitivity scores were 
significantly lower for consecutive phases (see Table 1), for both the neutral and 
the chaos condition (with a range of t (89) between 2.62 and 9.78, p-values between 
<.001 and <.010). Sensory-processing sensitivity was significantly correlated with 
caregiver sensitivity in the third phase of the neutral condition, with higher rates 
of sensory-processing sensitivity being related to higher scores on caregiver 
sensitivity. Age correlated significantly with caregiver sensitivity in the first phase. 
Education level showed this pattern as well. Caregiving experience was only related 
to education level. As education level and age were related to caregiver sensitivity 
scores, we included both as covariates, alongside the interaction between condition 
of the first lab visit and phase.

Explaining caregiver sensitivity
All results from multilevel analyses hereafter are based on the pooled results of the 
imputed datasets (see Table 2), with the exception of the intra-class correlation and 
explained variance. The unconditional means model (Model 1) showed an intra-class 
correlation of .37, meaning that 37% of the variance in caregiver sensitivity was 
within-subject variance. This indicates sufficient dependency in the data to warrant 
the use of multilevel modeling. In Model 2, phase was added as a numeric predictor, 
since a linear functional form provided an adequate representation, which showed 
caregiver sensitivity scores significantly declined over time (t = -13.05, p < .001). 
Model 2 fit the data significantly better than Model 1 (X² (1) = 144.43, p < .001) and 
the main effect of phase explained 28% of the within-subject variance in caregiver 
sensitivity. In Model 3, random intercepts and random slopes were added for phase, 
allowing for different slopes in caregiver sensitivity per phase. The main effect of 
phase remained significant, with caregiver sensitivity declining over time (t = -11.17, 
p < .001). Model 3 fit the data significantly better than Model 2 (X² (2) = 10.85, p < .001), 
indicating that allowing for different slopes per phase is necessary. The main and 
random effect of phase explained 37% of the within-subject variance in caregiver 
sensitivity.

Causal effect of household chaos
To test our first hypothesis, that caregiver sensitivity was lower in the chaos 
than in the neutral condition, a main effect for condition was added in Model 4. 
Age, education level, and the interaction between order of condition and phase 
were added as control variables. Condition had a significant effect on caregiver 

2
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sensitivity (t = -2.18, p = .030), with lower caregiver sensitivity in the chaos than in the 
neutral condition. Model 4 fit the data significantly better than Model 3 (X² (5) = 2.64, 
p = .022) and explained 21% additional variance in intercepts in comparison to Model 
3 and 1% additional variance in slopes.

Moderation by sensory-processing sensitivity
To test our second hypothesis, that the effect of household chaos on caregiver 
sensitivity was stronger for participants with higher sensory-processing sensitivity, 
we added the interaction between condition and sensory-processing sensitivity in 
Model 5. The interaction was not significant (t = -0.07, p = .945), meaning sensory-
processing sensitivity did not moderate the effect of condition on caregiver 
sensitivity. Model 5 did not fit the data significantly better than Model 4 (X² (2) = 0.25, 
p = .780).

Interaction with phase
Exploratively, we tested whether there was an interaction between condition 
and sensory-processing sensitivity over time. Thus, a three-way interaction of 
phase, condition and sensory-processing sensitivity was added in Model 6. The 
three-way interaction was not significant (t = -1.16, p = .248) and the model did not 
fit significantly better than Model 5 (X² (3) = 1.76, p = .153) nor Model 4 (X² (5) = 1.52, 
p = .330). This means that the decrease in caregiver sensitivity due to condition was 
not stronger over time for participants with higher sensory-processing sensitivity. 
The interaction between phase and sensory-processing sensitivity nearly reached 
statistical significance (t = 1.78, p = .075), with participants with higher sensory-
processing sensitivity tending to have a slower decrease in caregiver sensitivity 
than participants with lower sensory-processing sensitivity.
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Components of sensory-processing sensitivity
Sensory sensitivity
Next, we tested the models discussed above for both components of sensory-
processing sensitivity separately (see Table 3). In Model 5a, an interaction between 
condition and sensory sensitivity was added, while keeping the covariates. The 
interaction for condition and sensory sensitivity was not significant, meaning 
the effect of condition on caregiver sensitivity was not moderated by sensory 
sensitivity (t = -1.24, p = .215). Model 5a did not fit the data significantly better than 
Model 4 (X² (2) = 0.70, p = .499).

In Model 6a we exploratively tested the interaction between condition, sensory 
sensitivity and phase. The three-way interaction reached statistical significance 
(t = -2.15, p = .032). In Figure 1, lines for low (< M – 1 SD), medium (between 1 SD +/- 
M), and high (> M + 1 SD) sensory sensitivity were drawn. Next to a main effect of 
condition, the Figure shows that in the neutral condition, participants with higher 
sensory sensitivity had a slower decrease in caregiver sensitivity compared to 
participants with lower sensory sensitivity, whereas in the chaos condition there 
was no interaction between phase and sensory sensitivity. For participants with low 
sensory sensitivity, the decrease in caregiver sensitivity over time does not appear 
to differ between conditions, whereas participants with high sensory sensitivity 
appear to have a stronger decrease over time in the chaos condition. The model 
did not fit the data significantly better than Model 5a (X² (3) = 1.91, p = .125) or Model 
4 (X² (5) = 1.49, p = .191).

Sensory discomfort
To test whether the effect of condition on caregiver sensitivity was stronger for 
participants with higher sensory discomfort, we entered the interaction between 
condition and sensory discomfort in Model 5b, while keeping the covariates in the 
model. The interaction for condition and sensory discomfort was not significant 
(t = 0.36, p = .719), meaning sensory discomfort did not moderate the effect of 
condition on caregiver sensitivity. Model 5b did not fit the data significantly better 
than Model 4 (X² (2) = 0.13, p = .882).

In Model 6b we exploratively tested the interaction between condition, sensory 
discomfort and phase, while keeping the covariates in the model. The three-way 
interaction was not significant (t = -1.34, p = .181), meaning the decrease in caregiver 
sensitivity due to condition was not stronger over time for participants with higher 
sensory discomfort. The interaction between phase and sensory discomfort nearly 
reached statistical significance, with participants with higher sensory sensitivity 
tending to have a slower decrease in caregiver sensitivity than participants with 
lower sensory sensitivity (t = 1.89, p = .059). Model 6b did not fit the data significantly 
better than Model 5b (X² (3) = 1.72, p = .160) or Model 4 (X² (5) = 1.09, p = .3625).

binnenwerk_suzanne.indd   36binnenwerk_suzanne.indd   36 22-1-2021   15:26:2222-1-2021   15:26:22



37
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Figure 1. Three-way interaction between condition, phase, and sensory sensitivity on 
caregiver sensitivity.

2
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Discussion

In the current study, we used an experimental design with a neutral and chaotic 
lab setting to test whether household chaos had a causal effect on caregiver 
sensitivity. In both conditions caregiver sensitivity decreased over time. Caregiver 
sensitivity was significantly lower in the chaos condition than in the neutral 
condition, confirming our first hypothesis. Our second hypothesis was that 
sensory-processing sensitivity would moderate the relation between household 
chaos and caregiver sensitivity. We did not find support for this hypothesis in the 
current study. We did find a significant three-way interaction, which showed that 
the chaos condition led to a stronger decrease in caregiver sensitivity over time 
compared to the decrease in the neutral condition for participants with higher 
sensory sensitivity than for participants with lower sensory sensitivity.

Causal effect of household chaos
Previous correlational and longitudinal research has shown a relation between 
higher levels of household chaos and negative parenting and caregiver sensitivity 
(e.g., Coldwell et al., 2006; Deater-Deckard et al., 2012; Dumas et al., 2005; Mills-
Koonce et al., 2016; Vernon-Feagans et al., 2012). With our experimental design we 
were able to confirm a causal effect of household chaos on caregiver sensitivity: 
caregiver sensitivity was lower in the chaos condition than in the neutral condition. 
It is possible that more household chaos makes a bigger demand on parental self-
regulation, which is the regulation of behavior and attention (Deater-Deckard, 
Chen, Wang, & Bell, 2012; Deater-Deckard & Bell, 2017). Parents with lower self-
regulation may have more trouble regulating their parenting behaviors in the 
face of household chaos than parents with higher self-regulation, leading to less 
positive and more negative parenting. A second explanation may be that stress 
and negative emotions mediate the causal effect of household chaos on parenting. 
The distracting and unpredictable nature of more chaotic households may evoke 
stress and negative emotions (Nelson, O’Brien, Blankson, Calkins, & Keane, 2009; 
Selander et al., 2009), which in turn may lead to more negative parenting (Stith et 
al., 2009). Thirdly, as we asked participants not to change the chaos manipulation, 
the level of household chaos was uncontrollable. This may have led to a feeling of 
diminished control, which may lead to a feeling of less parental efficacy (Corapci & 
Wachs, 2002). A lower sense of parental efficacy has been linked to less positive 
parenting (Albanese, Russo, & Geller, 2019). Outside the lab, this uncontrollable 
nature can be seen as chaos caused by others in the household and as levels of 
crowding and exterior noise. Lastly, the increased noise levels may simply make it 
more difficult to notice infant signals, leading to less prompt responses as more 
subtle infant signals may be missed. Higher observed noise levels were related to 
more non-verbal responsiveness in caregivers (Corapci & Wachs, 2002), which 
gives less opportunity to show caregiver sensitivity than verbal responses.

2
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Although we found that household chaos does have a causal effect on caregiving 
behavior, the effect of household chaos was small: condition only had an effect 
of 0.25 on the 9-point scale measuring caregiver sensitivity. Previous research 
showed moderate to large effect sizes for the relation between more household 
chaos and more negative parenting and less parental sensitivity (e.g., Coldwell 
et al., 2006; Dumas et al., 2005; Vernon-Feagans et al., 2012). The difference in 
magnitude of the effect was probably not due to types of measurement, as these 
studies also included observational measures. One possible explanation is that 
chronic exposure to household chaos is needed to find a larger effect on parenting. 
As household chaos is relatively stable over time (e.g., Deater-Deckard et al., 
2009), causal effects of chronic exposure may be highly relevant and should be 
further investigated. It would also be interesting to investigate whether a two-way 
interaction is present after chronic exposure to high levels of household chaos. A 
second explanation is that household chaos also acts on parenting through other 
pathways than just through a direct effect. Future research should focus on whether 
there is an interplay between household chaos and parenting characteristics, 
leading to parenting problems. Parents with certain characteristics may have 
more trouble maintaining an orderly home and with choosing positive parenting 
strategies. The increased level of household chaos may also have a direct effect 
on parenting and further impede on parent characteristics. Following this line of 
thought, the interplay of parent characteristics with household chaos and parenting 
may result in a negative spiral, leading to increased parenting problems.

Sensory-processing sensitivity
To add to the existing body of research on the dimensionality of sensory-processing 
sensitivity, we used PCAs to determine whether this was a unidimensional construct 
or consisted of multiple components. Our data fit the notion of a two-dimensional 
construct, supporting previous findings by Evans and Rothbart (2008). The two 
components reflected how readily stimuli are noticed and if a person is in general 
affected by stimuli (sensory sensitivity), and how overwhelmed or negatively 
aroused a person is by stimuli (sensory discomfort).

We expected that the effect of household chaos on caregiver sensitivity would 
be stronger for participants with higher (components of) sensory-processing 
sensitivity. In this study, we found that participants with higher sensory sensitivity 
decreased faster in caregiver sensitivity in the chaos condition than in the neutral 
condition, whereas the decrease over time was similar in both conditions for 
participants with low sensory sensitivity. Due to having a lower threshold for 
noticing stimuli, it may be more difficult for these participants to endure chaotic 
environments. Interestingly, these participants showed more caregiver sensitivity 
in the neutral condition than participants with medium or lower sensory sensitivity. 
Parents who are high in sensory sensitivity may thus lose their advantage in a 
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chaotic environment over time due to overstimulation, as child and environmental 
stimuli compete for attention. Future studies should test whether a loss of 
advantage is also true for other parenting characteristics, as Deater-Deckard et 
al. (2012) already showed for self-regulation. For participants with lower sensory 
sensitivity, no differences were found over time between conditions. Also, we did 
not find a three-way interaction for the overall construct of sensory-processing 
sensitivity or the component sensory discomfort. The amount of discomfort in 
response to environmental stimuli is apparently not related to caregiving behavior 
or may only exist when studying the effect of chronic exposure to household 
chaos. Another explanation is that our measure of sensory discomfort, which only 
explained 14% of the variance in sensory-processing sensitivity, did not adequately 
reflect sensory discomfort.

Strengths and limitations
The current study had multiple strong aspects, such as its experimental design, the 
use of an infant simulator to ensure there was no variability in caregiver demands, 
and the use of multiple types of data to form a measure of sensory-processing 
sensitivity. There were also some limitations. First, as proof of principle, this study 
was executed in a highly controlled lab setting with female students and an infant 
simulator and participants were asked not to alter the manipulation. This impedes 
generalizability in multiple ways. At home, parents are able to influence levels of 
household chaos, such as noise levels, while participants were asked to not alter our 
manipulation. Parents interacting with their children already have experience and 
expectations regarding parenting and their child, which influence parenting. While 
we deliberately used the infant simulator to rule out a child effect, in real families 
children may respond to the chaotic environment and thus also affect parenting 
(e.g., Dumas et al., 2005). Also, our infant simulator was programmed not to respond 
to caregiver behavior, which could mean that our results are mostly generalizable to 
infants who are more difficult to sooth, such as infants with negative temperaments 
(Yoo & Reeb-Sutherland, 2013). Participants were in our manipulation for 45 min, 
which may not be comparable to effects of chronic exposure to household chaos. 
Also, we studied women, meaning results may be only generalizable to mothers. 
Second, we did not manipulate levels of family and week routines, thus not testing 
the entire definition of household chaos. Using a non-transparent movable wall or 
room divider instead of a see-through curtain may also increase ecological validity, 
although our see-though curtain was enough to affect spaciousness ratings. Last, 
the coders of caregiver sensitivity could not be blind to the condition of the living 
room, as the condition was visible in the videos, potentially leading to biased coding 
of caregiver sensitivity (either lower in the chaos condition in line with the study 
hypothesis or higher in sympathy with the participants).

2
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Future research and implications
Our results imply the need for further experimental research in family home 
environments to test whether the causal effect of household chaos on parenting 
holds outside the lab. Potentially, our findings may be amplified when taking 
chronic exposure to household chaos into account. Future research should 
therefore take into account participants’ chronic exposure to household chaos 
and examine whether this numbs the participant to the effect of household chaos 
(e.g., habituation) or makes the participant more susceptible (e.g., sensitization). 
If our findings are replicated outside the lab, then this may be reason to include 
reducing household chaos in interventions aimed at improving parenting. Future 
studies should further explore in light of which parental characteristics, in addition 
to sensory sensitivity, we should see household chaos as a particularly difficult 
environment for parenting, and should explore the potential negative spiral between 
household chaos and parent characteristics in explaining parenting. Lastly, studies 
on sensory-processing sensitivity should distinguish between sensory sensitivity 
and sensory discomfort, as these may yield different results.

 Conclusion
In conclusion, our experimental lab study was the first to show that household 
chaos has a causal effect on caregiving behavior, although the effects were 
small. As correlational and longitudinal studies tend to find larger effects, it may 
be valuable to study the importance of chronic exposure to household chaos 
and whether there is a negative interplay between household chaos and parent 
characteristics in predicting parenting. Using an RCT in a highly chaotic sample 
and reducing household chaos to a lower level over a longer time period may be 
informative. For parents with higher sensory sensitivity household chaos may 
have a more pronounced effect on parenting quality. More research is needed to 
understand the mechanisms through which household chaos exerts an influence 
on parenting, particularly outside the lab, to inform prevention and intervention and 
to ultimately lead to improved parenting and child development.
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