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INTRODUCTION 

 

 PERSONAL BACKGROUND 

From the start of elementary school to 7th grade I was placed in the special 

education; the majority of the students in my classes had a developmental disability such 

as Autism or Down syndrome. I was not born with a developmental disability, nor do I 

identify as having any cognitive impairment. I was however, academically challenged 

and needed more attention in school. Regardless, my presence in special education made 

it difficult for me to socialize and hurt my confidence. Often, I wondered if my peers with 

developmental disabilities felt the same way. During that stage of my life, I was too 

immature to reach out and be their friend. In 7th grade I began exceling in athletics and 

my confidence grew. This confidence spilled into my social, then academic life. I exited 

special education shortly after. Years later, while reflecting on my experiences in special 

education, I decided to do something to help kids with developmental disabilities. 

During my junior year in college my partner and I started a company, Seiji’s 

Bridge LLC, which created a social tool that encourages reciprocity between children 

with Autism and their peers. The tool is called DiscJam and it allows you to throw music; 

it is essentially a speaker fused inside of a FrisbeeTM. We worked with speech and 

occupational therapist to create a playful curriculum that encouraged reciprocity between 

children with Autism and their peers or family members. DiscJam addresses an issue that 

so many children with Autism face, the struggle to start conversation and verbally 

communicate. Our theory was that if children with Autism were given a tool that is 

inviting, easy to use, and encourages peer-to-peer play, it would help them overcome 



 

social barriers and increase their confidence. This confidence would hopefully spill into 

other domains of their life, much like what I experience in 7th grade, and allow them, as 

well as anyone playing with them, to overcome any negative sigma surrounding Autism. 

DiscJam is in now used in three states and five clinics, has been used by over 

1000 kids, and is endorsed by seven practicing therapists. We met with Temple Grandin 

in L.A. during an Autism conference and she thoroughly enjoyed using our product and 

thinks it has serious potential to help children with autism. 

My experience with children who have developmental disabilities throughout my 

life has been wonderful. I want to learn as much as I can about child development, 

especially communication and mobility, because I have seen them used in tandem to 

make these kids smile and play without worry. 

 

THESIS BACKGROUND 

 

Cognitive processes, such as language, are strongly influenced by the body and 

the way in which it moves through and interacts with the world (Iverson & Braddock, 

2011). Spoken language is extremely important; it has, and will continue to be, essential 

in one’s ability to express emotions, concerns, and interests regarding the world. 

Furthermore, we know that independent of age, the onset of self-produced locomotion 

aids in the development of language (Campos, Anderson, Barbu-Roth, Hubbard, 

Hertenstein, & Witherington, 2000). Self-produced locomotion is defined as the 

movement initiated by an individual that results in spatial displacement; this includes 

independent locomotion such as crawling or walking (Ross et al., 2017). We also know 

that children born with Down syndrome are delayed in regards to the acquisition of self-

produced locomotion (Pereira, Basso, Lindquist, Silva, & Tudella, 2013). This delay in 



 

locomotion could have adverse affects on language development. This study is the first to 

investigate the minute level relationship between self-produced locomotion and language 

development in a real word play setting. Moreover, this investigation compares motor 

and language variables between a child with Down syndrome and a child of typical 

development. 

 For the purposes of this paper displacement (total distance traveled) will be used 

as a measure for self-produced locomotion. The amount of words a child hears from an 

adult (Adult Word Count: AWC) will be a proxy for receptive vocabulary. The amount of 

words a child speaks (Child Vocalization: CV) will be a proxy for expressive vocabulary. 

Receptive vocabulary is defined as the amount of words understood, and expressive 

vocabulary is the amount of words you can speak (Burger & Chong, 2011). Taken 

together, they are a good measure of a child’s language development. 

PURPOSE 

The purpose of this study is two-fold. First, to investigate the occurrence of 

displacement, AWC, and CV, for two young brothers, one with Down syndrome and one 

who is typically developing, on a minute level basis, in an inclusive play setting, over the 

course of two years. Second, to investigate to co-occurrence of displacement on CV. 

There is evidence that suggests that the onset of self-produced locomotion is a catalyst 

that impacts many areas (i.e., linguistic, cognitive, emotional, and social) of a developing 

infants life (Campos et al., 2000; Iverson & Braddock, 2011). Walle, Campos, and Eccles 

(2014) found that over time, an infant’s receptive and expressive vocabularies increased 

following the acquisition of self-produced locomotion.  However, there has yet to be a 



 

study that investigates the minute level relationship between self-produced locomotion 

and language development.  

AIM 

 There are two primary hypotheses for this study. Our first hypothesis is that 

displacement, AWC, and CV, for the two brothers will increase overtime and be greater 

in 2016 compared to 2017. Our second hypothesis is that an increase in displacement, on 

a minute level basis, will be positively associated with CV for both brothers. 

 



 

LITERATURE REVIEW 

The onset of independent locomotion in infants marks a profound developmental 

milestone that changes a child’s interaction with the world (Clearfield, 2011). Crawling is 

often the first means of locomotion and allows infants to no longer depend on caregivers 

to move them from point A to point B. Infants can explore their environment at will 

(Gibson, 1988). Crawling allows self-initiated access to the larger world and exposes 

infants to new information and novel experiences that drive changes in psychological 

phenomena (Anderson et al., 2013). For example, crawling infants are more likely to 

show wariness of heights when on a visual cliff than infants of the same age who are not 

crawling (Dahl et al., 2013). Furthermore, the onset of crawling improves object retrieval 

(Kermoian & Campos, 1988). Following the onset of crawling, mothers have reported 

that their infants are angrier, more affectionate, and more sensitive towards maternal 

comings and goings than pre-crawling infants, (Campos, Kermoian, & Zumbahlen, 

1992). Lastly, mothers of crawling infants show higher expectations of compliance and 

direct commands than pre-crawling infants (Campos et al., 1992). Following the onset of 

crawling, walking is one of the most critical motor milestones because of its effects on 

how an infant interacts with their environment and their caregivers.  

Independent locomotion in the form of walking offers a number of advantages for 

infants and their interaction with their environment. Some advantages include increased 

interaction with parents or peers (Campos et al., 1992) and a superior vantage point for 

spatial search as opposed to crawling (Kermoian & Campos, 1988). Furthermore, infant 

language development undergoes a significant change following the acquisition of 

walking (Campos et al., 2000). Walking allows a flexible viewpoint while locomoting 



 

(Clearfield, 2004), and frees the hands to gesture, reach, and manipulate objects of 

interest (Clearfield, Melissa, Osborne, Christine, & Mullen, 2008). Moreover, parents’ 

reports and home observations indicate that caregivers direct more verbalization to 

walking infants than crawling infants (Green, Gustafson, & West, 1980). Increased parent 

vocalizations to infants following the acquisition of walking may facilitate the linguistic 

development of walking infants. Ultimately, the onset of walking is associated with an 

increase in an infant’s receptive and expressive vocabulary (Walle et al., 2014). 

Receptive vocabulary refers to all the words that can be understood by a person, 

including spoken, written, or manually signed words (Burger & Chong, 2011). Receptive 

vocabulary appears to develop before and is typically larger than expressive vocabulary 

(Owens, 2001). Receptive vocabulary begins to develop when an infant learns to 

discriminate speech sounds. As children mature, they begin to decode and respond to 

words based on contextual cues (Ownes, 2001). By 7.5 months of age, typically 

developing infants are able to segment words from fluent speech (Juscyzk & Aslin, 

1995). Children between 1–2 years old begin to show signs of an advanced receptive 

vocabulary through activities such as pointing to objects when a caretaker names them 

(American Speech Language and Hearing Association, 2009). By the age of 3 years 

children are able to respond to requests that are more complex and will attend to longer 

adult utterances, including stories (Owens, 2001). Hart and Risley (1995) found that the 

cumulative amount of words addressed to a child, and the variability of those words, 

between ages 0-3 was directly associated the size of their receptive vocabularies (Hart & 

Risley, 1995). Their findings also revealed that the rate of vocabulary growth from ages 

1-2 years was strongly correlated to their receptive vocabulary at ages 9-10 years. 



 

Therefore, it is imperative that infants receive as much directed words as possible. 

Although receptive vocabulary is essential for understanding, expressive vocabulary 

allows for reciprocal communication. 

Expressive vocabulary refers to words that a person can express or produce, for 

example, by speaking or writing (Burger & Chong, 2011). Expressive vocabulary 

corresponds to the lexicon, which can be emitted by the child and evaluated by the 

number of words he or she produces. Therefore, it is possible to evaluate the expressive 

vocabulary from the moment the child begins to speak (Whitehurst & Lonigan, 1998). 

Gatt, Grech, and Dodd (2014) tested expressive language of TD children from ages 1 to 

2.6 years across three measures: picture naming, language sampling, and caregiver report. 

All three measures show that expressive vocabulary grows with age. The picture naming 

and language sampling method of measuring expressive vocabulary showed acceleration 

in vocabulary growth between ages 1-2.6 years. In contrast, children with Down 

syndrome experience delays not only in language, but also across a myriad of 

developmental domains (Vicari, 2006).  

Down syndrome is a developmental disability that delays motor development, 

cognition, language abilities, visual-spatial abilities, and memory (Vicari, 2006) Infants 

with Down syndrome do not acquire motor skills at the same rate as their typical 

developing peers (Carr, 1970). Pereira et al., (2013) compared the acquisition of gross 

motor skills between TD infants (N=25) and DS infants (N=20) from birth to 12 months 

of ages. Infants with DS exhibit a greater difference in the age for acquisition of new 

skills (Pereira et al., 2013).  These delays occur because of deficiencies in the central 

nervous system that accompany children with DS. For example, DS children experience 



 

deficient neural growth (Ábrahám et al., 2012). Physical delays that are intrinsic to DS 

are hypertonia, ligamentous laxity, and joint hypermobility, which frequently delays 

acquisition of gross motor skills (Galli, Rigoldi, Brunner, Virji-Babul, & Giogio, 2008). 

The findings of Pereira et al. (2013) indicate that 85% (median: 10 months) of 

infants with DS and 100% (median: 7 months) of TD infants acquired the motor skill 

“sitting without arm support” before 12 months of age. Furthermore, 69% (median: 10 

months) of infants with DS and 100% (median: 8 months) of TD infants acquired “rolling 

prone to supine with rotation” before 12 months of age. In comparison, no infant with DS 

had the ability to stand-alone at 12 months of age while 36% (median: 12 months) of TD 

infants were able to walk alone. Figure 1 compares the percentage acquisition of these 

motor skills by age 12 months between DS and TD infants. The gap between the two 

continues to widen as they age. Pereira et al. (2013) suggested that this trend is likely to 

continue past the age of 12 months and notes that they would like to see similar research 

comparing the gross motor skills of TD and DS infants past 12 months of age. 



 

 
Figure 1: Comparison of motor milestones percentage acquisitions for infants with DS 

and TD from birth to 12 months of age. 

 

Figure 2, in comparison, shows the gap in locomotor milestones (rolling prone to 

supine with rotation, reciporical crawing, and walks alone) between DS infants and TD 

infants from birth to 12 months of age. As seen, infants with DS show significant delays 

in comparision to TD children over their first year of life. 



 

 
Figure 2: Comparision of motor milestone percentage acquistions for infants with DS and 

TD from birth to 12 months of age. 

 

The findings in Figure 1 suggest that infants with DS experience greater delays in 

later developing motor skills as opposed to earlier ones (Carr, 1970). However, much like 

the motor development, a gap grows between TD and DS children as they age. When 

young children with DS begin to walk, their opportunities to interact and play with other 

young children increases significantly (Ulrich, Ulrich, Angulo-Kinzler, & Yun, 2001). 

Walking provides exploration and opportunities for new forms of cognitive development, 

such as language, to emerge (Ulrich et al., 2001; Walle et al., 2014).  

 Infants with DS experience delays in language when compared to TD peers of the 

same mental age (Vicari, 2006). For example, children with DS practice more extensive 

use of communicative gestures compared to TD children at the same stage of 

communicative-linguistic development (Franco & Wishart, 1995). This “advantage” in 



 

verbal modality is an indirect sign of verbal ability that is having trouble developing 

adequately (Franco & Wishart, 1995). Furthermore, expressive language for children 

with DS is significantly impaired in comparison to TD peers of the same age. For 

example, Fabbretti, Pizzuto, Vicari, and Volterra (1997) found that children with DS are 

markedly delayed compared to TD children of the same age when measured by the 

expressive vocabulary test Mean Length of Utterance (MLU). 

In contrast to expressive vocabulary, receptive language for children with DS is 

less delayed compared to TD children of similar age (Vicari, 2006). Receptive 

vocabulary initially seems to develop in parallel with the global cognition level until 

roughly 18 months of age (Vicari, 2006). After 18 months, DS receptive vocabulary 

seems to lag behind the stage of cognitive development of TD children (Vicari, 2006). 

One likely contributing factor attributed to this linguistic gap is the prevalence of hearing 

loss in children with DS (Downs, 1980). 78% of children with DS were found to have 

“hearing problems,” largely due to the inflammation of the middle ear: otitis media 

(Downs, 1980).  Infants with DS show that hearing loss can negatively affect speech and 

language development (Friel-Patti & Finitzo, 1990). Much like gross motor development, 

the gap between language developments for children with DS and TD is likely to 

continue grow with age (Vicari, 2006). The fact that infants with DS acquire locomoting 

milestones at a later age than TD infants might contribute to the growing gap in language 

development between the two. We know that the onset of locomotion, independent of 

age, contributes to language development. This is likely to due to exploration locomotion 

affords and the new opportunities for cognitive development (Ulrich et al., 2001; Walle et 



 

al., 2014). What is unknown, however, and is the minute level relationship between 

mobility and language development. 

A critical aspect that remains unknown is the occurrence and co-occurrence of 

self-produced locomotion and its relationship to productive and receptive vocabulary on a 

minute level. Recent research has used direct observation methods to examine the self-

directed mobility behaviors of children with and without disabilities (Logan et al., 2016). 

Logan, Schreiber, Lobo, Pritchard, George, and Galloway (2015) examined the physical 

activity, including self-directed mobility, play, and object-related behaviors of 21 young 

children without disabilities and 2 young children with disabilities including a 31-month 

old who experiences cerebral palsy and is non-ambulatory and a 33-month old who 

experiences developmental delay and is able to independently walk. Findings indicated 

that young children with disabilities engaged in less variable physical activity and self-

directed mobility, interacted less with peers, and combined their physical activity, play, 

and object-related behaviors less often compared to peers without disabilities. A follow-

up study examined the social mobility behaviors of 55 children without disabilities 

between 1-5 years of age and three children with disabilities (Logan et al., 2016). Social 

mobility was defined as children’s simultaneous engagement in self-directed mobility and 

direct peer interaction. Results suggested that children with disabilities engaged in less 

social mobility behaviors compared to peers across the classroom, gymnasium, and 

playground (Logan et al., 2016).  

Logan’s et al. (2016) focused on social mobility, the combination of self-directed 

mobility and direct peer interaction. In contrast, this research teases out displacement 

from self-directed mobility and AWC/CV from peer interaction. This distinction is 



 

important to the literature because it offers insight into language specifically not 

necessarily socialization. Furthermore, this study determines if there is a minute level 

relationship between the amount of distance traveled and how much a child speaks and 

hears.  

The purpose of this study is two fold. First, to investigate the occurrence of 

displacement, AWC, and CV, for two young brothers, one with Down syndrome and one 

who is typically developing, on a minute level basis, in an inclusive play setting, over the 

course of two years. Second, to investigate to co-occurrence of displacement on AWC 

and displacement on CV. This study is novel because it addresses the gap in pervious 

literature regarding minute level measures of displacement and language variables for 

two brothers, one with DS, in a longitudinal study design. This research also sheds 

insight into the minute level relationship of displacement on language exposure and use 

in an inclusive play setting. 

 

 

 



 

METHOD 

Participants 

 The present study is part of a larger study that has been reported in detail 

elsewhere (Ross et al., 2017). A sample of two young children were selected from 13 

participants. The two children of interest are Dennis, who has DS, and Ted, who is 

typically developing. Both names are pseudonyms to protect the identity of the 

participants. Dennis has Down syndrome and experienced delays in motor and language 

development, as per parental report. This study involves examining Dennis and Ted’s 

behaviors during an inclusive playgroup over two years (2016, 2017). Dennis was 16 

months old at the onset of the 2016 study and his most advanced locomoting ability was 

scooting on his bottom. Ted is Dennis’ older brother by 28 months and was 44 months 

old at onset of the 2016 study. Ted’s most advanced locomoting ability was independent 

walking at the start of the 2016 study. Table 1 depicts general information regarding 

Dennis and Ted in 2016 and 2017, such as their age and most advanced locomoting 

ability at the beginning of each study.   

 

 

 

 

 

 

 

 



 

Table 1: Participants 

Demographic Information  

  

 Dennis (DS) Ted (TD) 

Primary Diagnosis Down Syndrome None 

Age 2016 16 Months 44 Months 

Age 2017 28 Months 56 Months 

Most advanced locomoting 

ability 2016 

Scoot on bottom Independent walker 

Most advanced locomoting 

ability 2017 

Independent walker Independent walker 

 

Study Design 

The data presented here is comprised of baseline data points from two consecutive 

years of participation in a longitudinal, single subject research design inclusive playgroup 

project. Children were eligible to participate if they (a) were between 1 and 3.99 years of 

age at entry into the study, (b) had independent head control—defined by the ability to 

lift his/her head off his/her shoulders for 15 seconds in accordance to Bayley’s Scales of 

Infant Development (3rd Edition, 2006), and (c) either were diagnosed with a disability 

that affected mobility or identified as delayed in the onset of locomotion by caregiver 

report, or reported no developmental delays in any domains. In the second cohort (2017) 

the age criterion was extended to 4.99 years at entry. The 2016 cohort consisted of 13 

children in total, 8 without a mobility disability (n = 8; M = 2.34 years of age) and 5 with 

a mobility disability (n = 5; M = 1.72 years of age). They participated in a 60-minute 



 

weekly playgroup for 17 weeks. The 2017 cohort consisted of 10 young children, 4 with 

a mobility disability (n = 4; M = 2.58 years of age) and 6 without a mobility disability (n 

= 6; M = 2.46 years of age). They participated in a 30-minute weekly playgroup for 10 

weeks. The first week of each study in 2016 and 2017 were considered familiarization 

sessions where no data was collected. The purpose of the familiarization session was to 

acclimate the families and children to the environment, peers, and wearing the LENA 

devices. The data from the three sessions following the familiarization session in both 

2016 and 2017 are used to analyze the occurrence of displacement, AWC, and CV, as 

well as the co-occurrence of displacement and CV. The other sessions were not used 

because of absences and device malfunction.  

 Both the 2016 and 2017 research designs included observational behavioral data 

to determine the relationship between self-produced locomotion and language. In both 

studies the length was determined based on single subject research design best practice 

with a minimum of 5 data points to establish a stable pattern of behavior (Logan, 

Hickman, Harris, & Heriza, 2008). The data was gathered and analyzed and we treated 

both Ted and Dennis as the unit of analysis.  

The inclusive playgroup took place in a university open-space gymnasium on a 

52’ by 44’ (2,300 square feet) foam mat in 2016. In 2017 the mat decreased to 28’x36’ 

(1,008 square feet). Although the mat is smaller in 2017, it is still representative of a 

typical child care setting. All the children were given opportunity to engage in free, 

unstructured play during their participation. The first 10-15 minutes consisted of adult 

caregivers and study team members engaging with the young children. The following 30-

45 minutes consisted of unstructured play where children were encouraged to play freely 



 

with toys and other children, but caregivers and study-team members were bystanders on 

the perimeter. In 2017 this was modified to allow caregivers to engage with participants 

within the play space. Age appropriate toys, such as balls, a play kitchen set, mesh 

tunnels, and cones were placed on the foam mat for participant engagement and active 

play.  

MEASURES 

 Each week audio and visual recording devices were used to monitor the 

displacement, CV, and AWC of both Ted and Dennis. For the purpose of this study, three 

sessions of video/audio data are reported from year to year. This consists of an average of 

38.33 minutes of data per child per session in 2016 and 26.66 minutes per child, per 

session, in 2017. Absences and misuse of the devices limited the amount of sessions 

where data was continuously captured within a session. 

Displacement An overheard GoPro camera tracked the movement of each 

participant in both 2016 and 2017. After each session, a trained coder used the GoPro’s 

bird-eye view and a customized MatLab program to capture both Ted’s and Dennis’s x-y 

coordinates in feet every 5 seconds. Displacement is calculated by the following 

equation: 

Displacement sqrt[(Xi – Xi-1)
2 + (Yi – Yi-1)

2]  Where i is the time-point at any give 

5-second interval, and X and Y are coordinates in feet of the child’s location within the 

playspace. 

 



 

For analysis, displacement was summed within 5-minute intervals for each child 

per session.  

Language. To capture CV and AWC we used the LENA foundation’s hardware 

and software. The hardware is an audio recording device, and the software is a carefully 

constructed algorithm that can discern adult words from child vocalizations. The 

hardware, while recording, is attached to vest and worn by the children while they 

participate in the research. LENA software then takes this recording and filters out faint 

and unclear speech and estimates the number of words spoken by an adult – mother, or 

caretaker in close proximity to the child; this is used to determine AWC. For CV, LENA 

filters out a majority of non-speech sounds, including vegetative sounds- those that have 

to do with respiration or digestion- as well as cries, screams, and whining sounds. After 

uploading the audio recordings from the LENA hardware, the LENA software identifies 

the number of CV counts and AWC over a five-minute interval (e.g., 5:30 to 5:35 PM) 

(Gilkerson & Richards, 2009). Displacement and audio intervals were time-stamped to 

allow these behaviors to be time-locked and overlaid at the 5-minute level for analysis. 

 

 

 

 

 

 

 



 

RESULTS 

Displacement 

Figure 3 contains 6 graphs that represent the path of displacement for Dennis for 3 

play sessions in both 2016 and 2017. In the top right corner of every graph in Figure 3, 

there will be a D with a measure in feet following. This measure is the average 

displacement for the associated session over a 5-minute interval. In 2016 Dennis’s 

highest locomoting ability was scooting on his bottom, and in 2017 he was an 

independent walker (See Table 1 in Participants). There appears to be more displacement 

for Dennis 2017 when compared to 2016. 

Figure 4 replicates Figure 3 but with Ted’s displacement patterns in 2016 and 

2017. Ted was an independent walker at the beginning of both the 2016 and 2017 study. 

There appears to be slightly more displacement in 2017 as opposed to 2016. Interestingly, 

Ted appears to have stayed closer to the center of the foam mat in 2017 as opposed to 

2016. 



 

 
Figure 3: Path of displacement for Dennis is 2016 and 2017. 

 

 
Figure 4: Path of displacement for Ted is 2016 and 2017. 



 

Figure 5A shows the average displacement per session per 5-minute interval for 

both Ted and Dennis in 2016 (Session 1-3) and 2017 (Session 4-6). Dennis is represented 

by the circles and Ted is represented bt the triangles. Figure 5A shows an increase in 

Dennis’s average displacement and variability in 2017 from 2016. Ted’s average 

displacement and variability seems to be pretty consistent between 2016 and 2017.  If 

anything, there appears to be a slight increase in average displacement and a slight 

increase in variability for Ted from 2016 to 2017. When comparing Dennis in 2017 

(Session 4-6) and Ted in 2016 (Session 1-3), Ted experiences more displacement that his 

brother. The comparision between Dennis in 2017 and Ted in 2016 is of interest because 

they are closer in age. In 2017 Dennis is 28 months of age and in 2016 Ted is 44 months 

of age. Comparing the borthers closer in age should reveal differences in mobility 

(displacement), and language (AWC, and CV) measures. Without focusing on matuity, 

we can observe delays caused by Down syndrome. However, it should be noted that the 

brothers are still seperated by 16 months of age even when comparing Dennis in 2016 

and Ted in 2017.  

 



 

 
Figure 5A: Average displacement per session over a 5-minute interval 

 

Adult Word Count 

Figure 5B shows the average AWC per session per 5-minute interval for both Ted 

and Dennis in 2016 and 2017. There is no clear trend in average AWC per session for 

both brothers. Dennis and Ted were consistently exposed to low AWC, with the 

exception of session 4. When comparing Dennis in 2017 (Session 4-6) and Ted in 2016 

(Session 1-3),  the results are unclear.  

 



 

 
Figure 5B: Average AWC per session for a 5-minute interval per session 

 

Child Vocalization 

Figure 5C shows the average CV per session per 5-minute interval for both Ted 

and Dennis in 2016 (Session 1-3) and 2017 (Session 4-6). In 2016, Figure 5C reveals a 

small and similar CV count for both Ted and Dennis in 2016. In 2017 there is a slight 

increase in CV from Dennis. However, Ted shows a large increase in CV in 2017. 

Interestingly, when comparing Dennis in 2017 and Ted in 2016, they appear to have 

similar exposure to CV. Again, it is of interest to compare Dennis in 2017 and Ted in 

2016 because they are closer in age. We can therefore focus more on Dennis’s delay due 

to DS as opposed to the maturity difference due to age between Dennis and Ted. 

 



 

 
Figure 5C: Average CV per session for a 5-minute interval per session 

 

Co-Occurance of Displacement and Child Vocalizations 

Figure 6A shows the relationship between displacement and CV for Dennis. Each 

data point represents a 5-minute interval independent of the sessions they occurred in. 

The triangles represent a 5 minute interval in 2017, and the circles represent a 5-minuite 

interval in 2016. There appears to be no relationship between displacement and CV. 

Figure 6B replicates Figure 6A but for Ted. Like 6A, 6B shows little to no relationship 

between displacement and CV. 

 



 

 
Figure 6A: Dennis’s displacement and CV relationship in 2016 and 2017. 

 

 

 

 

 

 

 
Figure 6B: Ted’s displacement and CV relationship in 2016 and 2017. 



 

DISCUSSION 

 The purpose of this study is two-fold. First, to investigate the occurrence of 

displacement, adult words spoken to a child (AWC), and on the amount of words a child 

speaks (CV), for two young brothers, one with Down syndrome, on a minute level basis, 

in an inclusive play setting, over the course of two years. Second, to investigate to co-

occurrence of displacement on CV, for the same brothers, on a minute level basis, in an 

inclusive play setting, over the course of two years. The younger brother, Dennis, is 

diagnosed with Down syndrome (DS) and the older brother, Ted, is typically developing 

(TD). For discussion purposes, we use AWC as a proxy for receptive vocabulary and CV 

as a proxy for expressive vocabulary. Over the two years, Ted and Dennis showed an 

increase in displacement. Both brothers demonstrated no change AWC between 2016 and 

2017. Ted had more CV in both years compared to Dennis, who did not change his 

amount of CV between 2016 and 2017. Furthermore, there seemed to be no relationship 

between displacement on CV in either 2016 or 2017, for either child. The following 

sections will synthesize and discuss the results in more detail. 

 Ideally, we would like to compare and contrast both Ted and Dennis at the same 

age. If they were the same age, we could see how Dennis’s delays due to DS compares to 

Ted who does not have delay. However, Ted is 44 months old and 56 months old during 

2016 and 2017 respectively. Dennis is 16 months old and 26 months old in 2016 and 

2017 respectively (see Table 1 in Participants). The “Results” section of this paper 

constantly compared Ted in 2016 and Dennis in 2017 to try and close the age gap 

between the two; however, there is still a 16-month age gap between the two brothers. 

Therefore, anytime displacement and language measures for the two brothers are 



 

compared for Dennis in 2017 and Ted in 2016, remember that Dennis is not only delayed 

from DS, but he also has 16 less months of development than his brother. Furthermore, 

there is evidence that as DS children and TD children age, gaps in development grow in 

regards to the acquisition of gross motor milestones (Pereira et al., 2013) and receptive 

vocabulary following 18 months of age (Vicari, 2006). It is important to keep in mind 

these factors when reading the following sections. 

 Over the course of two years, we found that the both Ted and Dennis showed an 

increase in displacement (See Figure 3, Figure 4, and Figure 5A). Dennis’ most advanced 

locomoting ability in 2016 was scooting on bottom and he transitioned into an 

independent walker in 2017. Ted was an independent walker during 2016 and 2017. 

When comparing Dennis’ path of displacement in (Figure 3: Session 1-3 2016) with his 

displacement as a walker in 2017 (Figure 3: Session 1-3 2017) we see that he not only 

displaces more, but he displaces to new sections of the mat he did not venture to before. 

Dennis now has a flexible viewpoint to see (Clearfield, 2004) and has a superior vantage 

for spatial search as opposed to when he was crawling (Kermoian & Campos, 1988). He 

is accessing different environments because of his increased displacement, which in turn 

leads to enriched opportunity for development. The same interpretation goes for Ted. We 

know however, that as typical children age, so does their social mobility (Logan et al., 

2016). This notion helps explain his increase in displacement. 

 When comparing Dennis in 2017 and Ted in 2016, we see that Ted (Figure 5A, 

session 1-3) has greater average displacement per 5-minutes interval per session than 

Dennis (Figure 5A, session 4-6). This gap is likely due to multiple factors, one being the 

age difference between the two of brothers. Another might be the gross motor delays that 



 

children with DS experience throughout their development (Figure 2 found in Literature 

Review; Pereia et al., 2013). Logan et al.  (2016) found that younger children participate 

in less social mobility than older children, and children with mobility disabilities engage 

(or participate) in less social mobility than their age match peers. These results support 

the notion that Dennis’s age gap and disability are likely associated with less 

displacement and vocalizations than his brother. 

 Figure 5B revealed inconclusive evidence that AWC was different from 2016 to 

2017. It appeared that in both 2016 and 2017 both Dennis and Ted experienced similar 

AWC exposure. There was however a spike in AWC during session 4 for both Dennis 

and Ted. This might be due to the fact that the 2017 study had a smaller mat (1,008 

square feet) than the 2016 study (2,300 square feet). Both Ted and Dennis therefore had 

less places to displace in 2017 as opposed to 2016, which could have inadventently 

caused both brothers to stay in closer proximity. One or more talkative adults could have 

significantly influenced both the brothers AWC for session 4 just because they were 

closer in proximity and both picked up the same language input.  

 We expected the AWC for 2017 to increase because adults were given the option 

to go onto the mats and play with the kids if they preferred. In 2016 parents were asked to 

stay off the mat. Perhaps Ted and Dennis were more interested in communicating with 

other kids in 2017 than with adults; this would have reduced AWC in 2017. In the 2016 

study, the brothers might have been more dependent on their parents which could have 

promted more AWC. These results could have resulted in similar findings for AWC over 

both years. From a developmental standpoint, older chilren grow more independent with 

age and start to become more social with peers and explore more as opposed to speaking 



 

with parents. This phenomena might have decreased the brother’s AWC and increased 

peer interaction. Because Ted is older, he is likely to experiecne more of this phenomena 

than his brother.  

 Dennis, as well as Ted, did not experience any increase in AWC following the 

onset of locomotion. This disagrees with Green et al. (1980) that showed parents vocalize 

more to their infant following the onset of walking. This may have occurred because 

Green’s study was performed in the household. The household is different from an 

inclusive playgroup. Maybe, in an inclusive play group, adult caregivers speak to 

crawling infants just as much as walking infants. 

Context is a factor that cannot be overlooked when trying to measure AWC. Hart 

and Risley (1995) found that children that come from households that have lower income 

levels experience less directed adult words and have a smaller receptive vocabualry than 

infants who come from higher income levels. Hart and Risley (1995) found that a 

majority of languge development occurs in the household because infants spend a 

majority of their time in the household. Because a majority of langauge is learned in the 

household, it is important to remember that AWC and CV in the playsetting is not the 

only factors that contribute to the child’s receptive and expressive vocabularies. 

Therefore, using AWC and CV in only an inclusive play setting as a proxy for expressive 

and receptive vocabulary respectively, might not be a complete measure of languge. 

 Similar to gross motor development, children with DS are signifantly delayed in 

expressive vocabulary (Vicari, 2006). Figure 6C displays the average CV per 5 minute 

interval per session for both Ted and Dennis. Ted showed a vast increase in CV from 

2016 to 2017, whereas Dennis saw a relatively small increase over the same time frame. 



 

Gatt et al. (2014) found expressive vocabulary grows at an accelerated rate for typically 

developing young children. Using CV as a proxy for expressive language, Gatt’s findings 

align with Ted’s dramatic increase in CV from 2016 to 2017. Interestingly however, 

when comparing Dennis in 2017 (5C: session 4-6) and Ted in 2016 (6C: session 1-3) they 

show similar CV. If CV is an accurate proxy for expressive language, this does not align 

with literature that details how expressive vocabulary for infants with DS is significantly 

delay when compared to TD peer of same age (Vicari, 2006). Through observation 

however, it appeared that in 2017 Dennis comunicated with gestures more than language. 

For example, Dennis would motion to a toy and invite play with adult caregivers where 

as Ted would verbally make a statement or ask a questions regarding a toy. Dennis’s 

dependence on gestures aligns with Franco and Wishart (1995) study that revealed 

children with DS rely on gestures to commnuicate more than typical developing children 

of the same age. For children with DS,  This “advantage” in verbal modality is an indirect 

sign of verbal ability that is having trouble developing adequately (Franco & Wishart, 

1995) and likely relates to Dennis’s low AWC in both studies. 

 The co-occurance of displacement and CV is seen for Dennis in Figure 6A and 

Ted in figure 6B. What we see is little to no relationship for both Dennis and Ted. We 

expected to see a positive correlation indicating that as displacement increases, so does 

the the amount of CV. One reason why we did not see a corrleation could be due to the 

fact that Dennis and Ted were too young to experience the full benefit of the displacemnt 

language coupling. Logan et al. (2016) found that children around 5 years of age spent a 

greater percentage of time engaged in social mobility compared to their younger peers. 

Social mobility is defined at the co-occurance of self-directed locomotion and direct peer 



 

interaction (Logan et al., 2016).  In 2017, our latest study, Dennis and Ted were 28 

months (2.3 years) and 56 months (4.66 years) of age respectively. Because both Dennis 

and Ted were under 5 years of age, they might be two young to experience the full 

benefit of the displacement language coupling. At a younger age, children would engage 

in either peer to peer interaction or mobility independent of each other. If the brothers 

were older, they might have shown a positive relationship, as hypothesized.  

 There are several limitations to this study. One of the major issues is lack of a 

consistent environment between 2016 and 2017. For example, in 2017 the foam mat 

where the children played was smaller than 2016. Also, the 2016 cohort of young 

children particpated in 17 sessions for 60 minutes while the 2017 cohort participated 10 

session for 30 minutes. These factors might have had an effect on the energy level of the 

young children playing. Furthermore, the 2017 study encouraged more adults to 

communicate with the young children possibly increasing the frequency for AWC. These 

differences in environment make it hard compare data from 2016 and 2017.  

Another limitation might stem from the fact that CV and AWC is a proxy that 

represents only part of expressive vocabulary and receptive vocabulary respectively. 

Although the amount of words a child speaks and amount of words a child hears are 

related to expressive and receptive vocabulary respectively, there are other factors that 

contribute to both vocabularies. Hart and Risley (1995) found that the variability of 

words parents direct towards their child greatly imporves their receptive vocabularies. 

The LENA’s do not take into account variability when they track AWC. Therefore using 

AWC as a proxy is only a portion of what contributes to receptive vocabulary. For 

example, if during the play session an adult said the same word 100 times to a child in 5-



 

minute interval, the LENA would record this and make no mention of the variability, it 

would report the 100 words as AWC. Moreover, expressive vocabuly can be measured in 

a variety of different ways, Gatt and colleauges (2014) argues that expressive language is 

extremely complex and hard to meausre. For validity purposes, they suggests using 

triangulation, a weighted average of multiple expressive vocabulary tests, to get an 

unbiasesd measure of expressive vocabulary (Gatt et al., 2014). Because of this, CV 

might be to simple of a factor to be assumed a proxy for expressive vocabulay. 

 Research in the future would benefit from an extendion of this longitutinal study 

with the incorporation of a few changes. First of all, keep all the variables, from adult 

interaction to size of the play space, consistent over the course of the study. It would also 

be beneficial for each of the children participating to take a number of expressive and 

receptive vocabulary tests before the start of each year, and at the end of each year. This 

would not only offer accurate scores of expressive and receptive vocabulary by using 

triangulation (Gatt et al., 2014), but would allow the researcher to check if AWC or CV 

have any relation to expressive or receptive vocabulary. It would be interesting to 

perform this study with children who are beginning to acquire major locomoting 

milestones, such as prone to crawling, or crawling to walking. This could offer great 

insight to how the acquisition of major locomoting milestones affect the amount of 

language variables infants experience. Lastly, increasing the number of participants in the 

study would help bring better insight into the occurance and co-occurance and occurance 

of displacement on receptive and expressive vocabulary.  

 Lastly, it is important to account for peer interaction for children. In Logan et al. 

(2016) research, his measure for social mobility depended on self-directed mobility and 



 

direct peer interaction. Accounting for peer interaction is important because as children 

age they become more independent and start learning more from their peers while 

becoming independet from their parents (Logan et al., 2015). The LENA devices were 

not able to capture peer interaction and therefore ignored a vital aspect of language 

development. Future reseach, especially as children age and communicate more with 

each other, would reveal a more complete understnading of receptive and expressive 

vocabulary development. 
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