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Importance: Children with autism spectrum disorder (ASD) and other developmental disabilities (DD) commonly
display unusual responses to sensory input. Previous work has suggested concurrent associations linking sensory
features with aspects of family functioning, including activity participation and caregiver strain. What is unknown,
however, is the extent to which sensory features affect family functioning over time, as well as the influence of received
services on these relationships.

Objective: To assess hypothesized longitudinal associations between sensory features and family functioning and
examine interactions by group and service usage (i.e., educational and therapy services).

Design: Multigroup longitudinal observational study.
Setting: Community.

Participants: A volunteer sample of 81 children (50 with ASD, 31 with DD; 76% male), ages 2—12 yr, and their
caregivers participated in assessments at two points, 3.3 yr apart on average.

Outcomes and Measures: Key measures included the Sensory Experiences Questionnaire, Sensory Profile, Sensory
Processing Assessment for Young Children, Tactile Defensiveness and Discrimination Test-Revised, Caregiver Strain
Questionnaire, and Home and Community Activities Scale. We also measured the amount of time children received
educational and therapy services.

Results: Regression analyses confirmed long-term associations linking sensory features with aspects of activity
participation and caregiver strain in this population; group and service usage interactions were also identified.

Conclusions and Relevance: Sensory features can affect the everyday experiences of both children and caregivers.
It is important for practitioners to understand the potentially enduring effects of children’s sensory features on family
functioning so as to begin to identify supportive interventions with more optimal long-term effects.

onsideration of the factors influencing family functioning is crucial to understanding children’s development and
C health (Jellett et al., 2015). In particular, research suggests that families of children with autism spectrum disorder
(ASD) and other developmental disabilities (DD) have unique and varied experiences that warrant close examination to
inform more effective interventions for children (Freuler et al., 2014; Hanna & Rodger, 2002) and family-centered care
(Hodgetts et al., 2013; Kuhaneck et al., 2015). Some families may positively experience their child’s ASD or other DD
diagnosis (Blacher & Baker, 2007; Hastings et al., 2005), as evidenced through aspects of family resilience, including
family closeness (Bayat, 2007) or a deeper sense of enrichment from caring for a child with a disability (Phelps et al., 2009).
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Alternatively, reported negative consequences for families can include disruption in family routines (Schaaf et al., 2011)
and activities (Mactavish & Schleien, 2004) as well as a strained ability to provide effective care (Kogan et al., 2008).

Several factors may contribute to experiences of families of children with ASD and other DD, including children’s
behavioral responses to sensory aspects of the environment (i.e., sensory features). Common atypical sensory features
seen in both of these populations to varying degrees include hyperresponsiveness (i.e., overreactions to sensory
input); hyporesponsiveness (i.e., underreactions to sensory input); and sensory interests, repetitions, and seeking
behaviors (i.e., unusual or repetitive interactions with sensory input; Ausderau, Sideris, etal., 2014; Baranek et al., 2006;
Ben-Sasson et al., 2009). Qualitative studies of children with ASD suggest that a child’s sensory features can
contribute positively or negatively to family experiences (Bagby et al., 2012; Schaaf et al., 2011). Moreover, recent
quantitative studies have specifically identified some significant concurrent associations in ASD samples between
sensory features and activity participation (Little et al., 2015) as well as caregiver strain (Kirby, White, & Baranek,
2015).

Little is known, however, about the more lasting effects of sensory features on family experiences in families of
children with ASD and whether these features affect families of children with ASD and other DD in similar ways over
time. Because sensory features may be relatively stable over time in children with ASD and other DD (Ausderau,
Furlong, et al., 2014; McCormick et al., 2015), it is important to consider how these features relate to family functioning
across development. The current study had two aims: (1) to determine longitudinal associations between children’s
sensory features and (a) their later participation in home and community activities and (b) parents’ levels of caregiver
strain and (2) to examine interactions by diagnostic group (ASD, DD) and amounts of service usage (educational and
therapy services) over time.

Home and Community Activities

Families of children with ASD and other DD are known to have experiences distinct from those of children without
disabilities, including altered family and child participation in home and community activities (Rao & Beidel, 2009). In
particular, research suggests that children with DD may participate less than their peers in home, school, and leisure
activities (Van Naarden Braun et al., 2006). Moreover, children with ASD differ from both their peers with other DD and
those with typical development in that they generally participate less across multiple domains, including self-care,
leisure, community mobility, social interaction, and household chores (Askari et al., 2015; LaVesser & Berg, 2010;
Marquenie et al., 2011).

Sensory features, which are commonly exhibited by children with ASD and other DD (Baranek et al., 2006), may limit
or change the way families participate in various activities and routines. Little and colleagues (2015) identified significant
concurrent associations between sensory features and the home and community activity participation of children with
ASD; specifically, children’s hyperresponsiveness was associated with limited activity participation, especially in
activities outside the home compared with parent—child activities. Children’s hyporesponsiveness was associated with
increased activities outside (vs. inside) the home, whereas sensory interests, repetitions, and seeking behaviors were
associated with more activity participation inside the home. Reynolds and colleagues (2011) also identified decreased
competence in activity participation among children with hyperresponsiveness in a combined group of children with and
without ASD, but they did not find correlations for the other two sensory patterns.

Caregiver Strain

An understanding of the experiences of families of children with ASD and other DD can also be gained by examining
stress experienced by parents. Parents of children with DD are suggested to experience high levels of caregiver strain
(Gupta, 2007), with further elevated levels seen among parents of children with ASD (Estes et al., 2009; Hayes &
Watson, 2013; Plant & Sanders, 2007; Rao & Beidel, 2009). Previous work suggests that sensory features may have
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significant concurrent associations with levels of caregiver strain among ASD groups. Epstein and colleagues (2008)
identified a significant moderate correlation between overall parent stress (on the Parenting Stress Index—Short Form;
Abidin, 1995) for mothers of children with Asperger disorder and overall child sensory dysfunction (on the Short
Sensory Profile; Dunn, 1999), indicating more stress among mothers of children with more overall sensory symptoms.

Research conducted by Kirby, White, and Baranek (2015) on distinct sensory features further suggested that
increased levels of both hyperresponsiveness and hyporesponsiveness contributed to increased objective strain (i.e.,
negative observable consequences) among caregivers of children with ASD. Hyperresponsiveness was also found to
be positively related to subjective internalized strain (i.e., negative feelings experienced internally, such as sadness) for
caregivers of children with ASD. Of interest is that the researchers also found a negative correlation between objective
strain and sensory interests, repetitions, and seeking behaviors, implying that higher levels of these behaviors were
associated with fewer stressful observable consequences for caregivers concurrently.

What remains unexplored, however, is the longer term impact of sensory features on the daily lives of families
of children with ASD and other DD. Longitudinal research is needed to better inform interventions with potential
for longer term effects on family participation and to establish a stronger link between specific sensory features early
in childhood and later family outcomes such as participation in home and community activities and caregiver strain.

Study Purpose

The purpose of this study was to determine the longitudinal associations between early sensory features across three
sensory response patterns (i.e., hyperresponsiveness [HYPER], hyporesponsiveness [HYPO], and sensory interests,
repetitions, and seeking behaviors [SIRS]) in children with ASD and other DD and later family outcomes (i.e., home and
community activity participation and caregiver strain). On the basis of previous cross-sectional literature, our primary
hypothesis was that higher baseline sensory scores based on both parent-report and observational assessment
measures would have more negative consequences over time and that these effects would be greater forthe ASD than
the other DD group.

We also aimed to examine the extent to which differing educational and therapy service usage over time (as reported
by caregivers) moderated these findings. Because children with ASD and other DD typically receive a variety of
educational and therapy services that focus most directly on child outcomes, we felt itimportant to explore the impact of
service usage on family outcomes to inform implications for practice and future research. Thus, we hypothesized that
the amount of services received between the two time points would mitigate the long-term negative consequences of
sensory features on family outcomes.

Method

In this longitudinal study we used data collected from children and their caregivers at two time points. The
analyses presented here were planned from the outset of a larger research project encompassing multiple aims
related to understanding the sensory experiences of children with ASD, other DD, and typical development. The study
was purely descriptive; no interventions or services were provided in conjunction with this research. Families
constituted a community sample recruited by means of study flyers and information disseminated through

multiple sources, such as a university research participant registry, schools, developmental evaluation clinics, and
parent advocacy groups. Families received monetary incentives for their participation, ranging from $20 to $75 at each
time point, depending on the number of assessments. The number of assessments varied, depending on time
point (e.g., ASD diagnostic measures were administered only at the first time point), diagnosis (additional assessments
were used to characterize the ASD phenotype in children with ASD that were not needed with children with other DD),
and child’s age (e.g., cognitive measures were validated for specific age ranges). A university institutional review
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board approved the study, and all recommended data security and informed consent and assent procedures were
upheld.

Participants

Eighty-one children (ASD, n = 50; DD, n = 31), ages 2—12 yr, and their caregivers were included in the study. Children
were assessed at two time points, at an average age of approximately 6 and 9 yr, respectively. See Table 1 for
detailed characteristics of the sample. Each time, children participated in a full standardized evaluation that included
diagnostic, developmental, and sensory measures. A primary caregiver for each child completed questionnaires and
participated in a structured interview about services his or her child had used; the same caregiver completed
assessments at each time point. The ASD group entered with a diagnosis of ASD made by an independent licensed
psychologist or physician (e.g., psychiatrist, developmental pediatrician); project staff confirmed diagnoses using the
Autism Diagnostic Interview—Revised (LeCouteur et al., 2003) and Autism Diagnostic Observation Schedule (Lord et al.,
1999).

Inclusion in the DD group required overall cognitive scores at least 2 standard deviations (SD) below the mean, or
delays (=1.5 SD below the mean) in two areas of development (i.e., adaptive behavior, receptive or expressive language,
fine or gross motor, visual reception). The DD group included children with known genetic syndromes, idiopathic de-
velopmental delays, or delays related to prematurity; children were excluded from the DD group if they had been di-
agnosed with ASD or met criteria for autism on the Childhood Autism Rating Scale (Schopler et al., 1988). Children were
excluded from the study if they had genetic conditions that have substantial overlap with ASD (e.g., Fragile X syndrome,
tuberous sclerosis) or if they had a seizure disorder; significant motor, visual, or hearing impairments (uncorrected); or a
mental age <6 mo because these children would have limited capabilities to complete the observational assessments.

Table 1. Sample Characteristics

M (SD) or n
Characteristic ASD (n = 50) DD (n = 31)
Age (yr) at T1 546 (2.23) 6.06 (2.77)
Age (yr) at T2 8.98 (2.12) 9.08 (2.18)
Years between time points 3.51 (1.29) 3.02 (1.21)
1Q proxy 70.28 (22.85) 60.37 (18.25)
Gender
Female 8 11
Male 42 20
Race/ethnicity
Asian 1 1
African-American 3 3
White 43 25
Hispanic 9 1
Other 3 2
Mother’s highest level of education
High school graduate/GED 10 8
Associate degree, technical training, or partial college 8
Bachelor or advanced degree 32 21
Household yearly income
<$60,000 15 15
$60,000-$99,999 21 9
>$99,999 14 7

Note. ASD = autism spectrum disorder; DD = other developmental disabilities; GED = general equivalency diploma; M= mean; SD = standard deviation; T1 = Time 1;
T2 = Time 2.
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Instruments

Assessments were administered by trained and experienced research staff, typically over the course of two visits per
time point. Those relevant to the present analysis included parent-report and observational sensory measures, de-
velopmental cognitive assessments, outcome measures on activity participation and caregiver strain, and a structured
parent interview about services. Descriptive statistics for key study variables are listed in Table 2.

Scores on two parent-report and two observational measures were averaged to create a parent-report score and an
observational score for HYPER, HYPO, and SIRS. Using multiple measures can help produce more reliable mea-
surement estimates of the underlying constructs of interest. Caregivers of study participants completed the Sensory
Experiences Questionnaire (Version 3.0; Baranek, 2009) and the Sensory Profile (Dunn, 1999), consisting of 105 and
125 items, respectively, rated on a 5-point scale. Both questionnaires measure frequencies of children’s unusual
responses to sensory stimuli during daily activities and routines across modalities. We removed irrelevant items from
the Sensory Profile before combined score calculation using an in-depth process undertaken to ensure content validity
for the three sensory patterns (see Boyd et al., 2010, and Watson et al., 2011, for further details). Previous work has
validated these tools for measurement of the three patterns of interest for children with ASD and other DD (Ausderau,
Sideris, et al., 2014; Kientz & Dunn, 1997; Little et al., 2011). In addition, two observational measures of sensory
features were conducted with the children during laboratory visits. The Sensory Processing Assessment for Young
Children (Baranek, 1999) is administered during a 20-min structured play session involving behavioral presses for the
three sensory constructs of interest. The Tactile Defensiveness and Discrimination Test—Revised (Baranek, 1998) is a

Table 2. Descriptive Statistics for Key Study Variables

M (SD) or n
Study Variables ASD (n = 50) DD (n = 31)
Sensory scores (possible range = 1-5)
SIRS (parent-report measures) 2.49 (0.51) 2.15 (0.56)
SIRS (observational measures) 2.39 (0.53) 2.24 (0.56)
HYPER (parent-report measures) 2.42 (0.49) 2.07 (0.45)
HYPER (observational measures) 2.24 (0.35) 2.17 (0.34)
HYPO (parent-report measures) 2.23 (0.56) 1.86 (0.42)
HYPO (observational measures) 2.23 (0.53) 1.68 (0.56)
HCAS scores (possible range = 0-3)
f1: Parent-Child Household Activities 1.89 (0.50) 2.19 (0.41)
f2: Community Activities 0.61 (0.30) 0.68 (0.24)
f3: Routine Errands 1.43 (0.50) 1.63 (0.60)
f4: Neighborhood—Social Activities 0.85 (0.47) 1.00 (0.56)
f5: Outdoor Activities 0.52 (0.46) 0.70 (0.49)
f6: Faith-Based Activities 1.10 (0.78) 1.34 (0.74)
CGSQ scores (possible range = 1-5)
Objective strain 2.22 (0.90) 2.13 (0.94)
Subjective internal strain 1.63 (0.57) 1.57 (0.68)
Subjective external strain 2.88 (1.08) 2.55 (1.04)
Total hr of services between time points
Therapy services 328.05 317.39
Educational services 2,897.39 3,203.72

Note. Sensory scores were averaged across measures: Parent-report measures were from the Sensory Experiences Questionnaire and Sensory Profile;
observational measures were from the Sensory Processing Assessment for Young Children and the Tactile Defensiveness and Discrimination Test-Revised. ASD =
autism spectrum disorder; CGSQ = Caregiver Strain Questionnaire; DD = other developmental disabilities; f = factor; HCAS = Home and Community Activities Scale;
HYPER = hyperreactivity; HYPO = hyporeactivity; M = mean; SD = standard deviation; SIRS = sensory interests, repetitions, and seeking behaviors.
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15-min observational assessment that measures tactile hyperresponsiveness and discrimination. Strong interrater
reliability was established with both observational measures; assessments were video recorded and a random 20%
were scored by a second blind coder with >80% reliability.

Children in both groups received a standardized cognitive assessment, either the Mullen Scales of Early Learning
(Mullen, 1995), given to children age <68 mo, or the Stanford—Binet Intelligence Scales (Roid, 2003), given to older
children. Both assessments are examiner administered, standardized assessments. Using these assessments, each
child’s nonverbal mental age was calculated. Scores were transformed into a developmental quotient (i.e., IQ proxy)
using the following formula: nonverbal mental age + chronological age x 100, to reduce floor effects on standard scores.

Extensive data on the amounts and types of services children used were collected using a structured parent interview
conducted by a trained assessor at both time points. To address our research questions, we were interested specifically
in the educational and therapy services children used. We calculated two between-time point service usage variables,
based on parent report: the total number of hours of traditional therapy services (i.e., occupational, speech—language,
and physical therapy) and the total number of hours of special educational services (e.g., early intervention, applied
behavior analysis, and school-based treatments, excluding occupational, speech—language, and physical therapy
services because these were coded in the previous category).

Family outcomes were measured using the Caregiver Strain Questionnaire (CGSQ; Brannan et al., 1997) and the
Home and Community Activities Scale (HCAS; Dunst et al., 2000). The CGSQ is a 21-item self-report questionnaire that
has demonstrated success in measuring three types of strain among caregivers of children with ASD (Khanna et al.,
2012). The three strain types, which have been identified and confirmed using factor analytic techniques in numerous
studies (Brannan et al., 1997; Khanna et al., 2012; Kirby, White, & Baranek, 2015), include (1) subjective internalized
strain (i.e., experiencing negative feelings, such as sadness or worry for the future), (2) subjective externalized strain
(i.e., negative feelings directed toward the child, such as anger, resentment, or embarrassment), and (3) objective strain
(i.e., observable negative consequences, such as those regarding time, work, finances, health, or relationships). On the
CGSQ, caregivers rate how often they have experienced particular situations or feelings in the past 6 mo on a scale
that ranges from 1 (almost never) to 5 (almost always).

The HCAS is an 83-item caregiver-report questionnaire that measures the frequency of participation in a wide range
of home and community activities (Dunst et al., 2000). We used the adapted response options, which have been used in
prior studies of children with ASD (Little et al., 2014), to determine frequency of participation on each item (range = 0
[never] to 3 [daily]). We also used the six activity domains identified by Little et al. (2014) through factor analysis with a
national sample of children with ASD: Parent—Child Household Activities, Community Activities, Routine Errands,
Neighborhood-Social Activities, Outdoor Activities, and Faith-Based Activities. See Table 3 for a list of the outcome
factors of interest in this study with descriptors and examples.

Data Analysis

Data were double entered and error checked before analysis in SAS (Version 9.3; SAS Institute, Cary, NC). We ran a
series of regression models to determine the longitudinal associations among the three sensory constructs of interest
across parent-report and observational measures at Time 1 (T1) and the family outcomes of interest at Time 2 (T2).
Diagnostic group (ASD vs. other DD) and educational and therapy services usage were explored as moderators; the
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Table 3. Descriptors and Examples of Outcome Factors

Descriptor Examples
HCAS
1: Parent—Child Household Activities Picking up toys, reading, playtime
f2: Community Activities Children’s festivals, community celebrations
3: Routine Errands Running errands, going shopping, eating out
f4: Neighborhood—Social Activities Swimming, visiting friends
5: Outdoor Activities Hiking, gardening
f6: Faith-Based Activities Attending church, religious activities, praying
CGSQ
Objective strain Missing work, disruption of routines, financial strain
Subjective internal strain Feeling sad, worried, guilty
Subjective external strain Feeling angry, embarrassed; difficulty relating to child

Note. The HCAS factors used are based on Little et al.’s (2014) analysis; the CGSQ factors used are based on Brannan et al.’s (1997) and Khanna et al.’s (2012)
analyses. CGSQ = Caregiver Strain Questionnaire; f = factor; HCAS = Home and Community Activities Scale.

following covariates were included: time elapsed between data collection points, child age at study start, child gender,
child IQ proxy, household income, and mother’s education. We took a step-down approach to determining whether and
which interactions to retain in the final models; if the interaction term or terms in a given model were nonsignificant, we
trimmed the model accordingly to increase clarity (Cohen et al., 2003). Thus, some final examined models included
three-way interactions (Sensory Score x Group x Services), some included two-way interactions (Sensory Score x
Group or Sensory Score x Services), and some involved no interactions (i.e., main effects models).

Results

The results indicated a variety of significant and nonsignificant associations between the variables of interest. For
purposes of clarity, because of the number of factors tested, we focus here on the significant findings related to the
prediction of sensory scores on the outcomes of interest. See Table 4 for an overview of what was significant and
nonsignificant in our analyses. The relationship of our various study findings to our hypotheses is described in the
Discussion section.

Activity Outcomes

The majority of our significant findings related to the longitudinal prediction of activity outcomes were in the models
including SIRS (parent-report) scores. For this predictor, three-way interaction terms (Sensory Score x Group x

Table 4. Broad Summary of Significance for Key Analysis Terms, Including Three-Way Interactions, Two-Way Interactions, and Main Effects

Variable HCAS f1 HCAS f2 HCAS {3 HCAS 4 HCAS f5 HCAS {6 CGSQ-0S CGSQ-SIS CGSQ-SES

SIRS (par) SxGxE*SxGxT* SxGxT** — SxGxE*™* — SxGxE* SxGxT* — SxGxE*SxGxT**
SxGxT***

SIRS (obs) — S x E* — S x G* — — — — SxT*SxE*™

HYPER (par) — — — — — SxGxE*™* — — —

HYPER (obs) — — — — — — — S x E** —

HYPO (par) S SxGxE* — — SxGxE* — — — S*

HYPO (obs) — — — — — — — — S xE*

Note. This table summarizes significance of regression models run between sensory scores and outcome factors. — = not significant at p < .05; CGSQ = Caregiver

Strain Questionnaire; E = educational services; 1 = Parent-Child Household Activities; f2 = Community Activities; f3 = Routine Errands; f4 = Neighborhood-Social
Activities; f5 = Outdoor Activities; f6 = Faith-Based Activities; G = group; HCAS = Home and Community Activities Scale; HYPER = hyperresponsiveness; HYPO =

hyporesponsiveness; obs = observational measures; OS = objective strain; par = parent-report measures; S = sensory score; SES = subjective external strain;

SIRS = sensory interests, repetitions, and seeking behaviors; SIS = subjective internal strain; T = therapeutic services.

*p<.05.*p < .01.***p < .001.
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Services) were significant with educational and therapy services for the prediction of T2 rates of Parent—Child
Household Activities (HCAS factor 1 [f1]), educational services, F(1, 62) = 4.46, B (standard error [SE]) = -0.015
(0.007), p < .05; therapy services, F(1, 62) = 6.37, B (SE) = -0.002 (0.001), p < .05. We also found that higher service usage
was generally associated with less participation in Parent—Child Household Activities. However, in the DD group SIRS
scores significantly moderated that association; those with the highest SIRS scores and highest service usage reported the
highest levels of participation in Parent—Child Household Activities. Similarly, three-way interaction terms were significant
with both service types for the prediction of T2 rates of Neighborhood—Social Activities (HCAS f4), educational
services, F(1,62) =13.20, B (SE) = -0.028 (0.008), p < .001; therapy services, F(1,62) =9.76, B (SE) =-0.003 (0.001),
p <.01. Again, we saw that those with the highest SIRS scores and highest service usage (educational and therapy) in
the DD group had the highest levels of participation in Neighborhood—Social Activities. We also identified a significant
three-way interaction for SIRS (parent-report) scores, group, and therapy services when predicting Community Ac-
tivities (HCAS 2), F(1, 62) = 7.42, B (SE) = -0.001 (0), p < .01. In this model, we observed opposite patterns by group:
Higher SIRS scores and more therapy services were associated with lower rates of Community Activities among
children with ASD but with higher rates of Community Activities among children with DD. Finally, we observed a
significant three-way interaction with SIRS (parent-report), group, and educational services when predicting T2 Faith-
Based Activities (HCAS 6), F(1, 62) = 5.00, B (SE) = 0.028 (0.013), p < .05. In this model, the most notable thing we
observed was that children with DD who had the highest SIRS scores and lowest service usage participated the mostin
Faith-Based Activities.

For the Community Activities outcome (HCAS f2), we observed a significant interaction of SIRS (observational) scores
and educational services, F(1, 65) = 4.27, B (SE) = -0.004 (0.002), p < .05. This model demonstrated that, across
groups, children with high SIRS (observational) scores and low educational service usage had higher rates of
participation in Community Activities. Also, more service usage was associated with less participation in Community
Activities overall. We also observed a significant interaction of SIRS (observational) scores by group for
Neighborhood—Social Activities (HCAS f4), F(1, 65) = 2.91, B (SE) = 0.450 (0.220), p < .05; specifically, in the DD
group higher observed SIRS scores were associated with slightly lower rates of participation in Neighborhood—-Social
Activities; however, the DD group in general participated more in these activities than the ASD group.

Regarding Faith-Based Activities (HCAS f6), we observed a significant three-way interaction with HYPER (parent-
report) scores, group, and educational services, F(1, 62) = 7.84, B (SE) = 0.063 (0.022), p < .01. The association is
similar to that of the SIRS (parent-report) prediction of HCAS 6; of note is that children with DD who had the highest
HYPER scores and lowest educational service usage had the highest rates of participation in Faith-Based Activities.

We observed a significant main effect demonstrating that increased HYPO (parent-report) scores at T1 were as-
sociated with less participation in Parent—Child Household Activities (HCAS f1) at T2, F(1, 68) = 4.87, B (SE) = -0.210
(0.100), p < .05. When predicting Community Activities (HCAS f2) and Outdoor Activities (HCAS f5), we identified
significant three-way interactions with HYPO (parent-report) scores, group, and educational services, 2, F(1, 62) =
4.08, B (SE)=0.011 (0.006), p < .05; {5, F(1,62) =4.78, B (SE) = 0.023 (0.011), p < .05. Children with ASD who had the
highest HYPO (parent-report) scores and highest service usage participated the least in Community Activities.
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Caregiver Strain Qutcomes

We observed significant three-way interactions in parent-reported SIRS score models. A SIRS Score x Group x
Therapy Services interaction was significant in predicting caregivers’ level of objective strain, F(1, 62) = 5.81, B (SE) =
0.004 (0.002), p < .05. In this model, caregivers of children with DD who had the highest SIRS scores and lowest
service usage reported the highest objective strain (e.g., strains on time and finances). When predicting caregivers’
level of subjective external strain (e.g., anger toward child), SIRS Score x Group x Services interactions were significant
for both service types, educational, F(1, 61) = 5.03, B (SE) = 0.038 (0.017), p < .05; therapy, F(1,61) =7.92, B (SE) =
0.005 (0.002), p < .01. For both service types, caregivers of children with DD who had the highest SIRS scores and
highest service usage reported the lowest levels of subjective external strain.

The results regarding SIRS (observational) scores predicting caregivers’ subjective external strain indicated that
caregivers of children with the highest SIRS (observational) scores had the most strain, regardless of group. We
identified SIRS x Services interaction effects for both service types, educational, F(1, 64) = 8.51, B (SE) = 0.023
(0.008), p < .01; therapy, F(1, 65) = 5.92, B (SE) = 0.002 (0.001), p < .05, suggesting that higher service usage was
associated with slightly increased levels of subjective external strain for caregivers of children with higher SIRS scores
across groups.

When predicting subjective internal strain, we identified a two-way interaction of HYPER (observational) Scores x
Educational Services, F(1, 64) = 8.54, B (SE) = 0.025 (0.008), p < .01. Caregivers of children across groups with the
highest HYPER scores and highest educational service usage had the highest levels of subjective internal strain. Less
internal strain was identified among caregivers of children with either (1) low HYPER scores and high educational
service usage or (2) high HYPER scores and low educational service usage.

We identified a significant main effect suggesting that caregivers of children with higher HYPO (parent-report) scores
had increased levels of subjective external strain, F(1, 67) = 6.32, B (SE) = 0.580 (0.230), p < .05.

A significant HYPO (observational) x Educational Services interaction when predicting caregivers’ subjective external
strain, F(1, 64) = 6.06, B (SE) = 0.019 (0.008), p < .05, suggested that caregivers of children with the highest HYPO
scores and the highest service usage had the highest levels of subjective external strain.

Discussion

In this study, we tested associations among three commonly observed sensory response patterns and measures of
family functioning across time among families of children with ASD and other DD. The step-down approach to analysis
allowed for the further exploration of two moderators of this association: diagnostic group (ASD/DD) and service usage
(educational and therapy services) as reported by caregivers. We identified several significant findings that expand our
knowledge about sensory features and their associations with family activity participation and caregiver strain. The
majority of the significant findings were identified with the parent-report sensory measures, which may be related to the
fact that the outcome measures used a parent-report format as well. Observed sensory patterns may be more related to
observed outcomes, which could be explored in future studies.
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Our general hypothesis that higher sensory scores would be associated with less activity participation and more
caregiver strain was largely consistent with previous cross-sectional literature. However, we found mixed support for our
hypotheses that these relationships would be stronger in the ASD group, because they were found to vary in complex
three-way interactions. Finally, we found evidence opposing our hypothesis that higher service usage would mitigate
some of the negative consequences, which was the most surprising finding in this study. These summative comments
are further explicated in the paragraphs that follow.

Consistent with Little et al.’s (2015) cross-sectional findings, we noted that children with high HYPO scores had less
participation, longitudinally, in parent—child household activities. We identified that increased SIRS and HYPO scores
were associated with increased subjective external strain longitudinally, whereas Kirby, White, and Baranek (2015)
reported associations with increases in objective strain in cross-sectional analyses. This difference may suggest that
the feelings parents have toward their children change more over time, whereas restrictions on things such as time and
finances are affected in more short-term ways. Finally, no significant longitudinal associations were identified in our
analyses between sensory features and participation in routine errands. This contrasts with the results of Little and
colleagues, who identified that increased HYPER scores among children with ASD were associated with less frequent
participation in routine errands concurrently. Taken together, these variations in results may indicate that sensory
features affect families in varying ways concurrently versus over time.

It is interesting that we identified that higher sensory scores at T1 were associated with greater participation in faith-
based activities at T2, most consistently among children with DD who had relatively high SIRS or HYPER scores and low
service usage. It is possible that families of children who present with these impactful sensory features tend to seek
support in faith communities that are inclusive, understanding, and supportive. Bayat (2007) suggested that strengthened
or new spiritual or religious beliefs are a common aspect of family resilience, which may have contributed to this finding.

Contrary to what we hypothesized, across multiple analyses, the more services a child with ASD was reported to
have received between time points, the less activity participation was reported at T2. This may suggest that these
children have high service usage because they have challenges that limit their ability to safely and successfully
participate in community activities. Alternatively, some children with ASD may be spending such large amounts of time
receiving services that they have less available time for participation in other activities in their home and community. It is
interesting that higher rates of activity participation were noted for children in the DD group who had high service usage
coupled with high SIRS scores; thus, diagnosis (DD vs. ASD) and types of sensory behaviors may affect the ways
families choose, or are able, to engage in activities. In general, higher SIRS scores were found across multiple analyses
to be associated with higher activity participation in the DD group. This may suggest that SIRS behaviors may be
somewhat protective for this group and facilitate engagement in home and community activities. That this finding was
not consistent in the ASD group may reflect differences in the nature and complexity of SIRS behaviors across groups
(i.e., more complex in ASD than DD) that have been identified in previous observational research and are not fully
accounted for in this analysis focused on SIRS frequency (Kirby, Little, et al., 2015).

As stated earlier, our general findings suggest that higher service usage was associated with less activity par-
ticipation and more caregiver strain over time, which surprised us. Clinical experience leads us to consider many
reasons underlying families’ utilization and stoppage of services, which are not controlled for in correlational studies
such as this one. One explanation of our findings is that perhaps the amounts of time spent in educational or therapy
services, along with the stress of managing multiple services for children with disabilities, are potential barriers for
families. However, previous studies have suggested that children with higher autism severity received higher numbers
of treatment types (Green et al., 2006), and those with higher sensory symptoms received earlier treatment (Patten
et al., 2013). Thus, one possible explanation for our finding is that greater disability (measured here as severity of
sensory features) contributes to lower rates of activity participation and greater caregiver strain, as well as overall
higher service usage. Because this was a longitudinal, correlational study, we cannot infer causation; thus, there is a
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need for more controlled intervention studies in the future to determine whether specific interventions may mitigate or
exacerbate specific consequences for families.

Limitations and Future Research

There are a few limitations to consider here. As is the case with all correlational work, we cannot determine causality of
the associations found in the current study even though the study was longitudinal. Our approach allowed for exploration
of the potential contributions of service usage to the association between sensory features and family functioning
outcomes. Further work should include well-designed intervention studies to examine the role of specific services and
dosage of services on family outcomes as well as potential moderators. In addition, because we tested individual factors
for all of our constructs of interest (i.e., sensory features, home and community activities, caregiver strain) as well as
two specific moderators related to service usage, our analysis involved a high number of statistical models that may
have inflated Type | error rates. Although we consider our methods advantageous for fully examining the complexity in
our data and addressing our hypotheses, as well as for reducing the potential for Type Il error, our findings should
nevertheless be interpreted with caution and warrant replication with larger samples.

We explored caregiver strain and activity participation as separate outcomes both related to family functioning. In the
future, researchers should consider exploring activity participation and caregiver strain within the same models because
there is some evidence to suggest they may influence each other. Some previous literature suggests that parents of
children with ASD and other DD have reported that when participation does occur, it may sometimes increase stress
(Dickie et al., 2009; Lam et al., 2010; Marquenie et al., 2011). For example, difficulty with family routines, such as
mealtime and bedtime, and managing challenging behaviors manifested during these activities, as well as level of
disability, have all been reported as significant contributing factors to parent stress (Plant & Sanders, 2007).

Implications for Occupational Therapy Practice
Our findings suggest that children with ASD and other DD and their families may need additional support to positively
engage in home and community activities and to reduce caregiver strain. Occupational therapy practitioners should
consider the following recommendations when working with these populations:

= Practitioners should factor in the implications of children’s specific diagnosis for the amount of time they spend
receiving services and provide families with recommendations about how to build positive engagement in home
and community activities into their routines.
Put more specifically, practitioners need to consider the extent to which there could be trade-offs between
community participation and intensity and duration of therapeutic services; for example, are children with ASD who
receive high amounts of services potentially missing opportunities to participate in natural home and community
activities with their families? Therapy carryover activities should be designed to fit each family’s routines and needs
to avoid placing additional stress on caregivers and allow sufficient time for home and community activity
participation.
Practitioners should be aware that parent reports about sensory features may differ from professional observations
and that the relationships of each to different types of outcome measures may differ as well; thus, it is critical to
conduct a comprehensive evaluation to understand the impact sensory features may be having on current and
future child and family functioning.
Practitioners should maintain awareness that sensory features can influence both child and family, and these
impacts may differ across individuals and by diagnosis. These effects may be different in short-term versus long-
term ways. Taking a family-centered approach to care can ensure child and family needs are addressed
comprehensively.
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