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ABSTRACT ARTICLE HISTORY

A growing awareness and encouragement of the need for infants to Received 14 December 2022
spend more awake time in the prone position suggests that the Accepted 16 May 2023
provision of information about infant movement activities that encou- KEYWORDS

rage and reassure parents and carers in undertaking daily tummy time Infants; rudimentary motor
incorporating vestibular actions with young infants, is important and milestones; motor
timely. There are indications that lack of daily infant tummy play time development; prone time;
may be associated with low infant rudimentary skills and with the tummy time; vestibular
potential of positional plagiocephaly. This paper presents information sensory systems; infant
on infant motor development in relation to the factors that may be motor movements
shaping infants’ movement maturity and outlines the relationship of

the infant’s developing sensory system (vestibular, tactile, propriocep-

tive) to attaining typical motor development. This acts as a detailed

theoretical basis for a neurological designed infant movement pro-

gram to contribute to overall infant motor development. The paper

provides background information for the creation, format, and design

of an infant development movement program (the ‘Back to Sleep,

Tummy to Play program) that may be suitable and appropriate for

families and early years therapists such as maternal and early child-

hood nurses, occupational therapists, and physical therapists, to inter-

act with in supporting and developing both infant tummy and

vestibular time.

Introduction

Existing studies have presented findings that reinforce the importance of daily prone
(tummy) time for infants younger than six months to promote the development of normal
infant milestones and motor functioning (Dudek-Shriber & Zelazny, 2007; Kuo, Liao, Chen,
Hsieh, & Hwang, 2008; Lee & Galloway, 2012). Since identification of the term “sudden
infant death syndrome” (SIDS) and the “Back to Sleep” awareness campaign of the 1990s
(American Academy of Pediatrics Task Force on Infant Positioning and SIDS, 1996) and
more recently, the 2016 “Safe Infant Sleep” environment review (Moon, Darnall, Feldman-
Winter, Goodstein, & Hauck, 2016), strong recommendations have been made proposing
that sleeping infants in supine positions reduce the risk of SIDS. Conversely, researchers
continue to present evidence that a lack of awake prone positioning for young infants
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correlates with delays and/or non-achievement of major motor milestones (Guidetti, Wells,
Worsdall, & Metz, 2017; Kuo, Liao, Chen, Hsieh, & Hwang, 2008).

Growing awareness and encouragement of the need for infants to spend more awake
time in the prone position by early years clinicians including maternal and early childhood
nurses, occupational therapists, and physical therapists has led to documents, such as the
24-Hour Movement Guidelines for the Early Years - Birth to 5years in Australia
(Australian Government, 2017). This document recommended a minimum of 30 min or
more daily for infants to spend in tummy time or prone positions. Despite this encourage-
ment, there has been a reticence by parents and carers to undertake the desired awake
supervised tummy time (Cross, Eastman, Brovender, & Ward, 2017; Felzer-Kim, Erickson,
Adkins, & Hauck, 2020). Parents were reported as being uncomfortable when placing their
infants in tummy time positions, particularly when infants exhibited frustration and crying
behaviors (Vladescu, Schnell, & Day-Watkins, 2020). Additionally, programs were not
readily available to provide the necessary confidence, knowledge and skills for parents
and carers to support suitable and enjoyable prone activities (Hewitt, Stanley, & Okely,
2017; Koren, Reece, Kahn-D’angelo, & Medeiros, 2010; Zachry & Kitzmann, 2011).

In addition to a proposal of accessible tummy time activity programs, there appears
a requisite to research the relevant factors underpinning the achievement of infant motor
milestones, particularly in relation to the infant’s sensorimotor systems (Cascio, 2010; Lane
et al.,, 2019). There is a disparity from the perspective of parents and carers on under-
standing of the sensory integration approach to attaining motor skills (Cohn, 2001),
particularly regarding the impact adults can have on infants when engaging in daily
sensory/vestibular activities to explore motor movements (Dirks, Blauw-Hospers,
Hulshof, & Hadders-Algra, 2011; Smith-Roley, Singer, & Roley, 2016). Establishing
a functioning vestibular system is critical to an infant’s motor development as equilibrium
dysfunction may result in delayed infant head control and a lag in achieving the crawling
milestones (Gans, 2015). Interestingly, research studies have primarily centered on specific
infant prone positioning intervention programs, which encouragingly have resulted in
improved infant motor development outcomes (Hewson, 2011; Jennings, Sarbaugh, &
Payne, 2005; Lobo & Galloway, 2012). Fewer infant motor development research projects
have been undertaken to focus on specific postural control actions (Lee & Galloway, 2012),
or in relation to the effect of the vestibular sensory system on “response to gravity” focused
activities (Van Hecke et al., 2019).

Key Components to Support Infants Acquiring Early Motor Development Skills

It is relevant to highlight two key components to support an infant’s journey to experience
the early motor development skills within the rudimentary movement phases including
prone control, rolling over, commando, and hands and knees crawling. The first important
component incorporates the importance of introducing infants to enjoyable, wakeful prone
(tummy time) activities to promote early core strength, head, and upper body control
(Dudek-Shriber & Zelazny, 2007; Russell, Kriel, Joubert, & Goosen, 2009). Prone actions
also provide opportunities for infants to use the extensor muscles of the back and neck and
can contribute to diminishing physiological flexion associated with birth posture (Bales &
Godfrey, 2013) and limiting the possibility of positional plagiocephaly (Nitsos, Estrada, &
Messias, 2017).
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The second key component involves sharing with parents the fun and significance of
undertaking safe vestibular (rocking, gentle tipping, and swaying) actions that enhance
stability reactions, encourage balance skills and postural control, and foster motor mile-
stone development (Gans, 2015; Nandi & Luxon, 2008; Van Hecke et al., 2019; Verrecchia
et al., 2019). The vestibular motions also encourage neurological responses to the pull of
gravity that assist with the inhibition of infant primitive reflexes (Gieysztor, Pecuch, Kowal,
Borowicz, & Paprocka-Borowicz, 2020; Zafeiriou, 2004). These two key components are
fundamental to supporting the young infant’s progression through the rudimentary loco-
motor stages.

An investigation of prone focused programs that included varied amounts of vestibular
actions revealed the positive impact that these movement activities can have on early infant
motor development (Lee & Galloway, 2012; Lobo & Galloway, 2012). There is a necessity to
upskill parents to provide suitable and compatible tummy time activities such as lack of
confidence, infant intolerance, knowledge, and available activities may be influencing the
reports of low percentages of overall daily tummy time overall percentages (Hesketh et al.,
2017; Koren, Reece, Kahn-D’angelo, & Medeiros, 2010; Ricard & Metz, 2014).

Infant skill education practices associated with upskilling parents on the vestibular
perspective may also be necessary for early childhood health professionals (including
maternal and early childhood nurses, occupational and physical therapists, early years
movement educators, osteopaths, and chiropractors) as this cohort may also be less familiar
with the benefits of daily infant vestibular participation and its connection to the develop-
ment of infant responses to gravity (Christy, 2019; Gans, 2015; Van Hecke et al., 2019). The
progression of knowledge and awareness within this professional cohort could be important
in supporting parents and carers in encouraging vestibular activities. Consequently,
research evidence provides general support to develop an infant movement ideas program
that is focused on safe and appropriate infant tummy time and vestibular time actions. This
type of program could progress the knowledge acquisition and confidence of parents and
carers to undertake daily activities with their infants and facilitate the normal achievement
of motor milestone development.

Theoretical Structure for a Wakeful Prone and Vestibular Action Program

Evaluation of relevant and applicable theory may serve to frame content and structure for
the creation of an infant movement program. Such a theoretical review approach should
encompass the consequences of sensory input and motor output experiences, the mirroring
of vital early infant reflex sequences, and the integrating of brainstem activity through to
cortex growth, within the young infant’s environment (Adolph & Franchak, 2017;
Gieysztor, Choinska, & Paprocka-Borowicz, 2018; Thomason et al., 2018). In support of
this overall theoretical approach, the Pyramid of Learning model (Taylor & Trott, 1996)
provides a comprehensive visual interpretation of early learning development across five
tiers of development, with learning supported by and reliant on the previous development
of essential sensorimotor skills (Williams & Shellenberger, 1996). An adaption of the
Pyramid of Learning model (figure 1)

was developed to particularly address infant learning and developmental components
with a connection to early rudimentary movement. In the adapted model, tier one focuses
on the infant’s central nervous system (CNS). The vestibular system is specifically



4 (&) B.LOVELLETAL

Cognition: Intellect

“Perceptual Motor Development"”

"Sensory Motor"
Reflex Maturity:  Postural Control: Bilateral Actions:

"Sensory System"
Vestibular:

"Central Nervous System"

Figure 1. Adaption of the 5 tiers of the Pyramid of learning based on Taylor and Trott, (1996).

represented within sensory systems, Tier Two. The reflex maturity component together
with a focus on postural security (control) and bilateral body awareness is presented in the
sensory motor level at Tier Three. Tier Four outlines the perceptual motor development
concept evolving and progressing into childhood and culminates in cognition and intellect
at Tier Five. These final two tiers are not represented in the adapted model as they inter-
relate more closely to post infancy and fundamental motor skills.

Cascio (2010) outlines that the original Pyramid of Learning (Taylor & Trott, 1991)
presents a theoretically based developmental hierarchy for sensory structures, providing
a schema to integrate sensory, cognitive, and behavioral systems that are appropriate for
sensory integration programs. Kurniawati, Mustaji, and Setyowati (2018) commented on
the importance of the specific connection required within each tier of the pyramid model,
emphasizing the sensory, motor, and perceptual motor phases (Tiers Two-Five) that link to
support the infants’ central nervous system journey toward cognitive development.

Consequently, the structure of a wakeful prone and vestibular program can be shaped by
the components within the “Pyramid of Learning,” with the infant movement program
adopting overall objectives that focus on infant CNS response categories that are essential to
rudimentary milestone acquisition. The following central core and neurological response
categories (a—d) are crucial components to be explored with the intention to analyze within
the context of infant rudimentary movement stages. The central categories from within Tier
Two and Tier Three of the pyramid include:

a: Postural control (postural security) featuring prone actions for head control, muscle tone/
core strength, and muscle flexion; supine muscle stretch positions-

b: Sensory systems: vestibular, tactile, proprioceptive, visual systems.
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c: Reflex maturity and inhibition (Crawling, Moro, ATNR, TLR)

d: Bilateral actions (awareness of two sides of the body): limb coordination and body
midline crossing.

Malina (2004) presents a comparable viewpoint, discussing that the infant’s central
nervous system evolves in an interconnected development between the brain, the spinal
cord, reflex responsiveness, and the sensory systems all underpinning infant motor devel-
opment. Further analysis of Malina’s perspective supports an infant pre-rudimentary and
rudimentary milestone stages progression, enabling a format to shape a wakeful prone and
vestibular program structure. These developmental stages include prone body position and
head control, roll over (prone to supine/supine to prone), commando tummy crawl, and
crawling on hands and knees. In addition, development of the theoretical structure of an
infant program is also supported through studies providing perspectives reflecting this
specific order of rudimentary milestone development progressions (Gerber, Wilks, & Erdie-
Lalena, 2010; Hadders-Algra, 2018; Touwen, 1975).

Theoretical Basis for the Designated Neurological Central Categories of Infant
Rudimentary Milestone Stages

In providing a theoretical foundation for the development of an infant development
program, it is important to analyze the central core and neurological “response categories”
(a—d) within the context of the infant’s pre-rudimentary and rudimentary milestone stages
(prone body position and head control, roll over, commando tummy crawl, and crawling on
hands and knees).

A: Postural Control

The “postural control, prone/tummy time and head control” (category a) should feature as
a major concentration within the first pre-rudimentary milestone stage. This infant cate-
gory from Tier Two of the Pyramid of Learning model (Taylor & Trott, 1991), becomes
a specific focus within this stage to promote tummy/prone time for very young infants
perhaps 6 weeks to 4 months: post birth. Development of head control is significant during
the infant’s first months of postnatal life, being instrumental in contributing to the stability
of the trunk, arms, body control, and visual focusing, impacting on the learning of more
complex movements and behaviors (Lee & Galloway, 2012). Additionally, spending time in
the prone position ensures that specific areas at the back of the infant’s head receive fewer
constant pressures, helping to offset the possibility of head molding leading to plagiocephaly
(Kordestani, Patel, Bard, Gurwitch, & Panchal, 2006; van Vlimmeren et al., 2007). Postural
control is developing while in the prone position, allowing young infants to acquire and
utilize neck-righting responses to contend with antigravity movements and to generate
stabilizing postural connections (Lopes, de Lima, & Tudella, 2009; Senju et al., 2018).
Several prone and postural research programs have focused on infant participants aged
from 4 to 8 weeks post term, reinforcing support for introducing infants to prone positions
at very young ages (Hewson, 2011; Lee & Galloway, 2012; Lobo & Galloway, 2012). Nitsos,
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Estrada, and Messias (2017) suggest that tummy time actions also prepare the infant for
future movements including head and upper body lift, sliding on the abdomen and
crawling. Limitations of play in the prone position have been linked to lags in movement
skills requiring antigravity extension (Bales & Godfrey, 2013), together with young infants
struggling to maintain the prone position with extended arms that may indicate subsequent
motor development difficulties (Senju et al., 2018). In addition, supine muscle flexion and
stretch positions can also support the infant’s core development with the neck, gluteus,
abdominal, hamstring, quadriceps, and lumbar muscle movements all impacting on early
postural control. Hadders-algra (2013) outlines that muscle activation and appropriate
contraction strength in supine position can support the semi-reclined sitting posture,
assisting the infant in developing reaching and postural control.

B: Sensory Systems

The next neurological central category, namely the sensory systems (category b), would
allow a wider focus for developing infants exploring both the pre and rudimentary mile-
stones. The vestibular sense would be a major emphasis together with the proprioceptive,
tactile, and visual sensory systems as presented in Tier Two of the learning model.
Additional sensory systems presented in the Pyramid of Learning model (Williams &
Shellenberger, 1996), namely auditory, gustatory (taste), and olfactory (smell) are less inter-
linked to infant motor learning in comparison to the vestibular, proprioceptive, tactile, and
visual sensory systems (Wiener-Vacher, Hamilton, & Wiener, 2013).

The vestibular actions are central to support development of each of the rudimentary
milestones (i.e., rolling over, commando tummy crawl, hands, and knees crawl). Le Gall
et al. (2019) specifically outlined that vestibular sensory perception contributes crucially to
sensorimotor function, particularly in the early stages of the infant’s motor development,
with this sensory system being a critical but not highly understood purveyor to an infant’s
overall motor maturity (Schreiber-Nordblum, 1995). The peripheral vestibular organ,
located within each ear, consists of three-dimensional semi-circular canals, namely, lateral
(horizontal), anteria, and posteria which respond to angular acceleration, thus detecting
rotational movement in their specific plane located within each ear (Khan & Chang, 2013;
Wiener-Vacher, Hamilton, & Wiener, 2013). Accordingly, the otolith organs (saccule and
utricle) are also located within the ear and react to linear acceleration.

The vestibular organ is mature at 4 months post conception, functional at birth (Cronin,
Arshad, & Seemungal, 2017; Le Gall et al., 2019), and integral in the process of birthing
through assisting the infant to positioning head-first in the birth canal, thus preparing for
the delivery process (Roizen, 2009). Consequently, the newborn who was previously
cushioned within the intrauterine fluid medium now relies on the responses of the vestib-
ular sensory receptors to adapt to the effect of gravity (Nandi & Luxon, 2008). (

As the vestibular organ has five functioning structures with each detecting dif-
ferent movements whether rotational, lateral/anteria/posteria accelerations, or linear
vertical/horizontal responses to gravity, there is an emphasis on selecting vestibular
motions to cover all divergent actions safely and carefully within the infant’s first 12
months post birth. Van Hecke et al. (2019) outlines that poor vestibular function in
young children may influence development on various levels, including poor pos-
tural stability, balance problems, and difficulties with fine motor skills, because the



JOURNAL OF OCCUPATIONAL THERAPY, SCHOOLS, & EARLY INTERVENTION 7

vestibulo-ocular reflex (VOR) within the brain stem is linked to gaze stabilization
and eye-hand coordination.

C: Early Reflex Maturity and Inhibition

The third neurological central category to be analyzed is the primitive reflex segment
(category c). This Tier Three category from the Pyramid of Learning (Figure 1), is influential
across all the rudimentary milestone sections and relates to the differing emerging and
inhibiting factors affecting each of several primitive reflexes. There are four specific primitive
reflexes, namely, Crawling, Moro, Asymmetrical Tonic Neck Reflex (ATNR), and Tonic
Labyrinth Reflex (TLR) that feature in infant motor development. These primary reflexes are
all active in utero and are functioning at birth (Capute et al., 1984; Malina, 2004; Sekuli¢ et al.,
2009). Several of these reflexes also assist in the birth process and are activated by the birth
process (Berne, 2006; Pecuch et al., 2020). It is beneficial to continue to activate these reflexes
post-birth with selected actions that mirror the reflex response (Grigg, Fox-Turnbull, &
Culpan, 2018). These targeted responses post birth can provide prompts for the reflex to
inhibit, prepare, and allow the infant to develop higher level postural actions to respond to
and move against gravity (Bilbilaj, Aranit, & Fatlinda, 2017; Goddard Blythe, 2002).

Additionally, recent research has contributed important findings supporting that an
infant’s progression from reflexive to voluntary motor movements is also dependent on
experiencing awake time in the prone position (Bilbilaj, Aranit, & Fatlinda, 2017; Case-
Smith, 2014). This prone positioning may further support the progression toward segmen-
ted rolling (head and body as one) and fostering exploration of the rolling over milestone
(Capute et al., 1984). In addition, Gerber, Wilks, and Erdie-Lalena (2010) summarize that
although infants progress from involuntary primitive reflexive responses to more goal
orientated and voluntary actions, this progression can vary due to genetic, cultural, and
importantly, environmental influences.

D: Bilateral Actions

The final neurological central category, Tier Three of the learning model (Pyramid of
Learning, Figure 1), is the contra (opposing) or bilateral actions (category d). This category
focuses more on the later emerging commando tummy crawl and crawl on hands and knees
milestones actions. These two later milestones are progressing toward cross-lateral or
opposite arm/leg limb actions (Forma et al., 2019; Freedland & Bertenthal, 1994). The
bilateral movement actions support the nervous system’s sensory and motor fibers when
crossing the midline within the body’s cortex, brainstem, and spinal cord, affecting a variety
of motor and coordination skills (Ocklenburg, Korte, Peterburs, Wolf, & Giintiirkiina, 2016;
Whitehead & Banihani, 2014). Each of the brain’s hemispheres are connected predominantly
through the corpus callosum. Bilateral movement actions (coordinated use of two sides of the
body) can assist infant’s arms and legs to flex and extend as they cooperate to meet both at
and across the infant’s body midline. This contralateral or opposite action can impact on the
neural connections during important infant growth phases (Liddle & Yorke, 2004).
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Central Categories of the Infant Core and Neurological Responses in Relation
to Infant Movement

An overview of the four central categories of the infant core and neurological responses
(postural control, sensory systems, primitive reflexes, and bilateral actions) is outlined in
Table 1. The analysis frames and guides the activity selection of an infant program, linking
the relevant and requisite infant movements within each of the progressive pre- and
rudimentary milestone sections. This overview supports and connects the developmental
and neurological theory behind the central categories in relation to the proposed four motor
milestone sections (Section 1: prone body position and head control, Section 2: rolling over,
Section 3: commando tummy crawl, and Section 4: hands and knees crawl).

Table 1 presents each of the four “infant core muscle and neurological responses” central
elements that are cross checked against the pre and rudimentary milestone sections.
Selected activities are planned from the central element categories that cover the postural
and sensory vestibular sections together with primitive reflex inhibition actions, and
became the focus in the proposed milestone prone and head control stage, and the roll
over stage (milestone sections one and two). Additional planned actions that focus on the
later commando tummy crawl and hands and knees crawl milestone stages (milestone
sections three and four) link to body and limbs muscle strengthening activities, and bilateral
and body awareness movements (Adolph, Vereijken, & Denny, 1998; Hadders-Algra, 2018).
The overall sensory systems category features activities strongly located within all four
milestone sections, particularly with the interrelating vestibular, proprioceptive, tactile, and
visual activities prominent throughout (Cascio, 2010; Fong, Tsang, & Ng, 2012).
Interestingly, the visual system activities are more clearly featured in the later milestone
stages two, three, and four due to the developing infants’ visual ability to track, focus, and to
grasp toys during these locomotive movement stages (Adolph & Franchak, 2017).

The Creation, Design, and Format of the Program

Based on the theoretical and research evaluation, a wakeful, prone, and vestibular infant
motor program, was simplistically designed for families and carers, and early years clin-
icians including maternal and early childhood nurses, occupational therapists, and physical
therapists, to allow both developing and under developing infants from age 10 weeks to
explore progression through the rudimentary motor milestone stages. Table 1 provides an
overview of the set of activities that aligned with the four selected milestone’s framework
together with the infant core and neurological response categories that have theoretical
context and support. The developed program is titled the Baby Activity Chart-Program
(BAC-Program). The BAC-Program is presented in a booklet format that includes an
introduction/information page followed by specifically drawn infant action diagrams
divided into four milestone sections (as viewed in Table 1). The infant movement program
booklet is designed to provide parents with information and sketches with text on prone
and vestibular actions to encourage involvement with their infants in researched movement
actions.

The BAC-Program includes an initial introduction section to inform parents and carers
of the overall intentions of the program and the principles behind the natural progression of
an infant’s motor milestone journey. The introduction is followed by four specific
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Table 1. Central neurological categories and rudimentary milestones of infant activities including mile-
stone examples.

Central
categories:
“Infant core
and
neurological
response
categories”

Milestone
section one
6 weeks — 4
months (post

birth) “
Prone body
position and
head contro”

Milestone section two
4-7 months “
Roll over”

Milestone section three “

Commando tummy crawl”

Milestone section four
"

Crawl on hands and
knees”

a”: Postural
control
Prone/tummy
time
Head control

Muscle tone
and core
strength,

Supine muscle
flexion/
stretch

b: Sensory
systems
Vestibular

Proprioceptive

Tactile

Visual

c: Early
reflexes

Crawling
motion

Moro

Asymmetrical
Tonic Neck
(ATNR)

Prone rock Prone rock forwards on
forwards medium ball as infant
on large reaches forward to touch/
ball. pick up an appropriate toy.
Prone Prone lying on parent’s
supported lower leg, hands held as
head lift parent slowly lifts legs

Bend leg at  Gentle infant pull up from
knee supine to sitting position

Hug and tip  Supine rock backwards on
gently medium ball to touch a toy.
back

Supine rock  Gently lift each leg over twice
backwards then flip to infant from back
on large to land on parent’s lower
ball legs- landing on infant on

the stomach

Prone Infant pulled up from supine to
supported sitting position
head lift

Body Body awareness massage in
awareness prone position
massage

Side to side  Medium ball rock prone/
rug sway supine towards a toy- far/

near

Prone foot @~ —mMm ——-
push away

Hug and tip  Backward lying and toy pick up
gently when lying on a medium
back ball

Meet in the  Back to tummy assisted roll
middle - with head turn
opposite
hand to
knee
touch

Prone rock forwards on

medium ball as infant
reaches forward and hands
touch the floor- ‘Roly-poly
hands and feet push’

Infant in prone position,
with hands on the surface,
has lower body lifted and
supported by parent’s hands
under chest and thighs-
‘wheelbarrow lift’

Less support to enable infant

to pull up from supine to
sitting position

Infant in suoine position as

parent alternately cycles
infant’s legs

Roly-poly backward rock in

supine position on
a medium ball

Wheelbarrow lift

Cross over tap- left hand to

right foot in supine position

Tummy turn in prone position,

watching and then reaching
for a colourful toy- just out
of reach

Roly-poly hands and feet push’

Roly-poly backward rock whilst

in prone on a medium ball

Cross over tap

Lying over a small roll
with a gently tip
forward
Infant placed onto
hands and knees
with a toy placed
ahead

Roly-poly hands and
feet push’

Supine lift/hang from
floor with parents
holding from hips/
ankles

Infant held upright,
under the arms at
the chest, and then
legs swung forward
and back

Infant held upright
and then bounced
up and down on
feet

Cross over tap- left
hand to right foot
in supine position

Infant sits supported
between adult’s
legs as large ball is
rolled towards
infant

0-reflex usually
weakened

0-reflex usually
weakened

0-reflex usually
weakened

(Continued)
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Table 1. (Continued).

Milestone
Central section one
categories: 6 weeks — 4
"Infant core months (post
and birth) “ Milestone section four
neurological Prone body Milestone section two “
response position and 4-7 months “ Milestone section three “ Crawl on hands and
categories” head contro™ Roll over” Commando tummy crawl” knees”
Tonic Labyrinth Hug and tip  Medium ball rock prone/ Roly-poly backward rock whilst  TLR- forwards usually
(TLR) gently supine in prone on a medium ball weakened TLR -
back backwards still
responding-Roly-
poly backwards
d: Bilateral Meet in the  Crossing over right hand to Bilateral ball tap of right hand/ Infant placed onto
actions middle - touch opposite foot left foot whilst prone on hands and knees
Crossing opposite a medium ball with a toy placed
across the hand to ahead
midline of knee
the body touch

movement sections that were designed according to the developmental milestone progres-
sions commonly occurring during the infant’s first 12 months (Malina, 2004). The following
four sequential progression sections (Figure 2) define the segments of the BAC-Program: 1:
Body awareness, head control, and tummy time (blue) with 12 chosen and created activities,
2: Rolling over (tummy/back or back/tummy) (green) comprising 9 activities, 3:
Commando (tummy) crawling (purple) consisting of 10 activities, and 4: Hands and
knees crawling (creeping) (red) involving 8 activities.

Consequently, 39 designed activities are theoretically selected, consisting of visual and
professionally (artist) drawn sketches or diagrams of infants displaying the particular/
appropriate actions. Each diagram is accompanied by step-by-step written instructions
of how to prompt or initiate the action with an infant. There is also a detailed
explanation section under the additional heading “Why,” outlining in simple wording
the reasons and explanations behind each individual action. This layout is chosen to
meet the objectives of this BAC-Program where parents are first introduced through
diagrams or sketches to various interactive tummy and vestibular activities to encourage
their infant to explore each motor milestone progression. Secondly, the information and
“Why” text snippets are included to provide parents with simplified knowledge regard-
ing the infant’s nervous system responses within each of the 39 actions. Studies have
shown that parents of infants in the first 12 months are often sleep deprived, anxious to
parent correctly, adapting to new life routines, and managing differing infant disposi-
tions (Feldman, Greenbaum, Mayes, & Erlich, 1997; Kennedy, Gardiner, Gay, & Lee,
2007). Therefore, the BAC-Program format presents clear sketches, with well-defined
action descriptions together with short neurological explanations (Why) to cater speci-
fically for the parents of young infants.

Importantly, the vestibular actions (whether circular or linear) are visually depicted in
this sketch-type format, specifically illustrated to demonstrate parents or carers carefully
supporting and holding the infant. A central requirement was to include action sketches of
infants being gently tipped and incorporating parents’ hand positions clearly and
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Here we go! Bod o Aware of my body
awareness, head control Tave and preparing to roll Savy
and tummy time move Arproxivately 4 to 7 wonths move

Approximately ¢ weeks bo 4 months

Push away Crossing over

Tuwry +e back voll

Rock and voll ball Back reck and voll ball
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Figure 2. Examples of sketches of specific activities from each of the four coloured sections within the
BAC-Program.
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purposefully drawn against the infant’s body. Additionally, sketches show that the infant’s
head is always supported, and pillows strategically placed to always ensure safety. Each
action includes additional text to help familiarize parents with the vestibular term, with
wording such as gently sway, rock, or jiggle and gently tip with safety comments also
included. Within and between each of a program’s milestone sections, a variety of vestibular
actions are sequentially introduced to provide parents with confidence and knowledge to
encourage the exploring and undertaking of these important vestibular organ stimulating
actions.

The Four Motor Development Milestone Sections of the BAC-Program

Section one of the BAC-Program (blue) with 12 activities, comprises the heading: ‘postural
control-prone/tummy time and head control, focusing on the younger infant from 6 weeks
to 4 months post-term birth. Prone positioning is commonly referred to as tummy time,
which has been described as a practice whereby an infant is placed on their stomach during
awake play times (Hewitt, Stanley, & Okely, 2017). Several of the activities include laying the
supported infant in the prone position while across an adult’s knees; swaying baby in the
held “rugby” (tummy) position within the adult’s arms; gently rocking the infant in the
prone position whilst lying on an inflated “fit ball.” Head and neck strengthening becomes
critical for a range of early motor skills requiring trunk and arm muscles, with visual
behaviors also dependent on a stable head to support vision function (Lee & Galloway,
2012). Section one has additional text placed next to the section’s headings, outlining how
the program’s activities in this first section can support the engaging and releasing (inhibi-
tion) of early birth reflexes together with fun tummy time actions to encourage infant head
control and body extension. The section offers a variety of gentle tummy time positioning,
mild vestibular actions, muscle strengthening, flexing, and stretching, together with reflex
maturation and bilateral movements. This postural control section provides parents with an
opportunity to explore the 12 theoretically selected movements, encouraging progression
toward the rolling over milestone, and offsets the risk of plagiocephaly (van Vlimmeren
et al., 2007; Zachry, Nolan, Hand, & Klemm, 2017).

It is important to note that the emerging voluntary and more intentional locomotive
motor movements (BAC-Program’s milestone sections 2, 3, and 4) have a large variation of
appearance within the first 18 months post birth (WHO Multicentre Growth Reference
Study Group & de Onis & WHO Multicentre Growth Reference Study Group, 2006) with
attainment being specific to each infant. The actual acquisition of each motor milestone
consists of a course of movement sequences with these sequences generally uniform in
appearance (Adolph, Bertenthal, Boker, Goldfield, & Gibson, 1997; Malina, 2004). These
sequences begin initially as a “first change” as the infant experiments with the new mile-
stone action. Over time, the action becomes more practiced, and the skill reaches a “final
change of a milestone’s response” (Touwen, 1975). The implication is that a previous
milestone lays down the foundations for subsequent motor skills (Hadders-Algra, 2018;
Touwen, 1975). Movement time on the floor or time in selected prone positions whilst
interacting with parents is also encouraged to allow opportunities for the infant to explore
and experiment with new movement phases.

Section two of the BAC-Program (green) consists of nine activities and is targeted at
infants from approximately 4 to 7 months of age, focusing on the first voluntary
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milestone-rolling over. This section centers on nine core strength, gentle vestibular, side
lying, reflex inhibition, and bilateral actions. Activities within this section include entice
the infant with a sound-producing toy to encourage a look up-head lift whilst prone
lying (to perhaps enable a roll over motion); lift one leg across baby’s other leg when
lying in supine position to encourage rotational actions; and gentle support supine lying
infant whilst enfolding wrists to assist infant’s core muscles to engage in a pull up to sit
from the supine position. The rolling over action requires a level of control over head,
neck, and trunk muscles with a strong core necessary to enable the body rotations
(Gabbard, 2012).

The emergence of the rolling over locomotive milestone initially occurs with the infant
rolling from the prone to supine pose, then progressing to rolling from supine to prone
position (Robertson, 2011; Shumway-Cook & Woollacott, 2007). This initial propulsion
sequence is regularly reversed (Jantz, Blosser, & Fruechting, 1997; Salls, Silverman, & Gatty,
2002). The suggestion of the prone to supine sequence is based on the infant experiencing
daily prone-tummy time combined with emerging head and neck control to enable the
locomotive roll from front to back (Lenke, 2003; Majnemer & Barr, 2006). (additional
sentences were removed here). Thus, the infant’s larger proportionally sized head, when
raised with adequate head and neck control, can instigate this prone to supine action,
propelling the infant into this rolling motion. Lenke (2003) additionally outlines that active
head righting in both anterior/posterior and lateral positions should be developing, together
with head and neck extension in prone with emerging weight shifts for the prone-to-supine
rolling action to occur. The supine-to-prone rolling sequence is also inter-dependent on the
development of core strength and rotational body control and awareness, together with the
inhibition of the (lateral) asymmetrical tonic neck reflex leading to the segmented (whole
body) roll response (Capute et al., 1984). If the infant spends awake time predominately in
the supine position, growth in the flexor muscles exceeds growth in the extensor muscles,
and when coupled with lack of head control, there may be a delay in the overall rolling over
milestone (Salls, Silverman, & Gatty, 2002).

The BAC-Program section three (purple) has 10 activities and presents a focus on the
commando crawling (tummy prolusion) milestone with relevant movement activities.
There is no actual age range suggested for this purple section, as the wording beneath the
main heading states: “commando crawling may appear at a time very specific to your baby.”
This wording aims to reassure parents and carers that experiencing this movement mile-
stone is more important than the age of occurrence (Hadders-Algra, 2018). There is usually
a predictable sequence of infant milestone attainment, although the time of occurrence and
progression between infants is quite variable (Flensborg-Madsen & Mortensen, 2017; Sauve
& Bartlett, 2010). Movement activities in the program to support commando crawling
include individual leg cycling; supported weight on hands in the wheelbarrow position for
arm strength; and bilateral hand/foot tap actions.

The rudimentary locomotion stages of motor development potentially progress from the
rolling over milestone to the action of prone circular pivoting then emerging to the
commando (belly) crawling action (Piper & Darrah, 1994; Shumway-Cook & Woollacott,
2007). The action often begins by infant pushing backwards as the upper body does not
initially coordinate with the lower body. Subsequently, when propelling forwards, the right
limbs also do not combine with left limbs showing a more ipsilateral (same arm/leg)
pattern, with the action generally maturing into a contralateral (opposite arm/leg)
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commando crawling motion (Goodway, Ozmun, & Gallahue, 2019; Liddle & Yorke, 2004).
A developed commando crawl action evolves, depicting the infant in prone pose, the arms
pulling, the toes curled against the ground with the feet and legs propelling the infant
forward in a contralateral (bilateral) pattern as the stomach remains in contact with the
ground (Goddard Bythe, 2005; Lenke, 2003). Bartlett and Fanning (2003) and Piper and
Darrah (1994) propose an alternative commando crawl term as “reciprocal crawling,”
similarly describing the action as a coordinated right hand/forearm, with opposite left
leg/knee/toes exhibiting a bilateral pattern.

Section four (red) of the BAC-Program outlines the commonly acknowledged rudimen-
tary milestone of crawling (creeping) on hands and knees and includes eight selected
activities. The BAC-Program text heading in section four would again outline that the
crawling action may develop at a time particular to each infant. Hadders-Algra (2018)
summarizes that typically developing infants may switch forward and back between com-
mando and hands and knees crawling, indicating that this progression is an expression of
regular individual infant milestone variation. Several of the activities to encourage explora-
tion of hands and knees crawling in the BAC-Program include bilateral hand/foot midline
cross over; hands and knees rock over small bolster to experience the hand/knee relation-
ship; roly-poly hand/foot push for limb strengthening. Research reveals that the natural
progression from commando crawling to the bilateral hands and knees crawling may greatly
increase the proficiency regarding the action and speed of the quadrupedal crawling move-
ment (Adolph & Robinson, 2013; Malina, 2004). The mature hands and knees crawling
action graduates from the stationary hands and knees four-point pose with the infant often
rocking forward and back but not progressing forward (Howard, 2007; Piper & Darrah,
1994). The infant’s first attempts at traveling forward on hands and knees are observed with
the infant moving one limb at a time and consequently with practice the action becomes
a more coordinated, contralateral right hand/arm and left knee/leg synchronized motion
(Gabbard, 2012; Gallahue, Ozmun, & Goodway, 2012). (Sentences of this paragraph was
removed here). Visser and Franzsen (2010) outline the coordinated bilateral crawling action
can become a preparation for walking as well as assisting in the development of motor
planning, visual perception, and eye-hand coordination. Furthermore, McEwan, Dihoff,
and Brosvic (1991) highlight that the practice of crawling supports vestibular processing
improves balance, tactile input, and spatial awareness and facilitates social maturation.
Information is provided to parents regarding the body strength required for the specific
weight-bearing component of this action, as the infant explores the hands and knees
crawling milestone. The BAC-program’s text outlines that the activities in Section 4 (red)
will assist in the development of muscle tone. In Section 4, it is indicated that the selected
activities can also support maturity of the cross-patterned (bilateral) arm and leg action,
with the enhanced head control and balance attributes of this rudimentary milestone
contributing to the subsequent motor skills of upright sitting and cruising (Alghwiri
et al., 2012; Bell & Fox, 1996).

Summary

In this article, we have provided an overview and evaluation of theory and research in
support of the selection of the infant movement activities to form the Baby Activity Chart-
Program (BAC-Program). The theoretical structure aimed to frame the preferred activities
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outlined within the four central categories of postural control, sensory systems, early reflex
maturity, and bilateral actions. These categories are aligned with the foundation of the
Pyramid of Learning (Taylor & Trott) that the infant’s central nervous system is closely
linked to their sensory and motor systems. The BAC-Program aims to offer ideas and
guidance regarding appropriate prone and vestibular motor actions to parents and carers of
young infants. This information can support parents and carers in utilizing these activities
during typical parent-child interactions, such as nappy (diaper) changing times, and at
awake play times throughout each day.

The selected activities are primarily designed to support the maturation of neural path-
ways together with infant locomotor behavior and overall motor development (Dewolf,
Sylos-Labini, Ivanenko, & Lacquaniti, 2021). The BAC-Program is subsequently created to
provide interactive activities to both families and the wider infant allied professions,
including maternal and early childhood nurses, occupational and physical therapists,
early years movement educators, osteopaths, and chiropractors, to support infants to
reach their movement milestones.
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