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Changing opportunities for learning in everyday life: Infant body
position over the first year

John M. Franchak
University of California, Riverside

Author preprint (final accepted manuscript)
Developmental theories depend on characterizing the input to potential learning mecha-
nisms—infants’ everyday experiences. The current study employed a novel ecological mo-
mentary assessment to measure two aspects of the physical context of those experiences: body
position and location. Infant body position was selected because it relates to the development
of a variety of other skills. Caregivers of 3-, 6-, 9-, and 12-month-olds reported infants’ body
position—held, supine, reclined, prone, sitting, or upright—in response to text message notifi-
cations over a week to capture infants’ experiences across the entire range of their daily activi-
ties. Findings revealed a tremendous disparity in the distribution of body position experiences
over the first year. Younger infants spend more time held, supine, and reclined, whereas older
infants spend more time sitting and upright. Body position experiences di↵ered substantially
between same-age infants who possess a motor skill (e.g., ability to sit or walk) compared with
those who did not, suggesting that developing motor skills change infants’ everyday experi-
ences. Finally, the success of the methodology suggests that similar ecological momentary
assessments might be used to study a wide range of infants’ naturalistic experiences.

The development of new motor skills is theorized to have
downstream e↵ects on infants’ cognitive and social devel-
opment (Adolph & Robinson, 2015; Bertenthal, Campos, &
Kermoian, 1994; Campos et al., 2000; Gibson, 1988; Liber-
tus & Hauf, 2017). For example, learning to sit is linked with
better object perception (Soska, Adolph, & Johnson, 2010)
and learning to walk with improved language ability (Walle
& Campos, 2014). The theoretical mechanism underlying
such e↵ects is that emerging motor skills alter infants’ ev-
eryday experiences: Changes in how infants interact with the
world change opportunities for learning. But despite many
such studies relating infants’ motor skills to di↵erent out-
comes, the everyday physical experiences assumed to medi-
ate these relations have received little attention (cf. Karasik,
Tamis-LeMonda, Adolph, & Bornstein, 2015; Majnemer &
Barr, 2005). Which experiences are most frequent, how do
those experiences change, and why do they change? How
much more experience do infants who have learned a new
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skill accrue? Knowing the statistics of infants’ everyday ex-
periences is vital for constraining developmental theories and
building computational models.

The current study asks how the physical context of infants’
everyday experiences—how much time they spend in di↵er-
ent body positions—changes over the first year of life and
how those changes relate to developing motor skills. The
typical approach is to use onset ages of motor skills (e.g.,
how long has an infant been able to sit) as a proxy for ex-
perience (e.g., time accrued in a sitting position) (for a re-
view, see Adolph & Robinson, 2015). However, time since
onset of a skill does not reveal how often infants use skills
in everyday life (Adolph, Robinson, Young, & Gill-Alvarez,
2008; McCall, 1977). Moreover, measuring only onset ages,
a single time point, cannot reveal age-related changes in the
frequency of di↵erent experiences. For example, direct ob-
servations of infant play show that walking infants spend
more time in motion, take more steps, and travel greater dis-
tances compared with crawling infants, so the accumulation
of walking versus crawling experience is dramatically di↵er-
ent over the same period of time (Adolph et al., 2012; Adolph
& Tamis-LeMonda, 2014). Although observational studies
can accurately measure experiences, there are several limita-
tions. When assessments take place in laboratory rather than
home settings and focus on playtime contexts only, gener-
alization is restricted (Tamis-LeMonda, Kuchirko, Luo, Es-
cobar, & Bornstein, 2017). Collecting and coding behaviors
from video is labor intensive, thus, most observations are rel-
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2 JOHN M. FRANCHAK

atively short (an hour or less) and need to be scheduled at
times that are convenient to both caregivers and researchers.
Ecological validity requires broader, unbiased time sampling
to measure physical experiences across an entire day and all
of the various activities (Fausey, Jayaraman, & Smith, 2015;
Ho↵erth & Sandberg, 2001) contained therein (e.g., feeding,
bathing, errands, etc.).

I addressed these concerns by designing a novel ecolog-
ical momentary assessment (EMA) method to study every-
day body position. EMA methodologies assess participant
behavior repetitively in daily life, with diverse applications
such as studying cigarette cravings during smoking cessa-
tion and coping behaviors during illness (Shi↵man, Stone,
& Hu↵ord, 2008). The strength of EMA is using immedi-
ate (momentary) reports rather than retrospective reports be-
cause accuracy of retrospective reports su↵ers from system-
atic memory biases associated with recall (Bradburn, Rips, &
Shevell, 1987). Numerous methodologies fit under the um-
brella of EMA. For example, EMA can be event-sampled to
narrow responding to particular daily events or time-sampled
to assess the overall pattern of experiences across an entire
day (Shi↵man et al., 2008). Data can also be recorded in
di↵erent ways, such as paper and pencil surveys or diaries
(Stone, Shi↵man, Schwartz, Broderick, & Hu↵ord, 2003;
Williams, Suls, Alliger, Learner, & Wan, 1991), smartphone
or PDA devices (Kimhy et al., 2006), or physiological mea-
surements such as ambulatory blood pressure (Kamarck et
al., 2002).

In the current study, caregivers electronically reported in-
fant body position throughout the day (time-sampled) in re-
sponse to text message notifications on their smartphones.
Using EMA to study infant behavior has great potential for
testing other aspects of infants’ natural experiences; thus, a
secondary aim of the study was to determine the feasibility
of this method using body position as a test case. In partic-
ular, the rate of responses and the lag time of responses was
assessed to measure compliance of the respondent as is typ-
ical in EMA studies (Scollon, Kim-Prieto, & Diener, 2003;
Shi↵man et al., 2008).

Importance of body position

The amount of time infants spend in di↵erent positions
reflects opportunities to practice and develop motor skills
(Adolph et al., 2012; Karasik et al., 2015). For example, an
unintended result of the “Back to Sleep” campaign, which
promotes supine—rather than prone—sleeping as a preven-
tative measure against SIDS, is that less prone experience
delays acquiring prone skills unless caregivers provide in-
fants with additional “Tummy Time” opportunities (Jantz,
Blooser, & Fruechting, 1997; Majnemer & Barr, 2005). Fur-
thermore, understanding body position is relevant to infancy
researchers more generally because it is theorized to have
cascading e↵ects on other areas of development. For exam-

ple, moment-to-moment body position shapes infants’ visual
and manual activity. Presumably, these visual and motor ex-
periences lead to downstream e↵ects on perceptual, cogni-
tive, and social development. However, concrete information
about the volume of such experiences and how they di↵er
with age and motor skill is lacking.

Body position shapes visual experiences. While prone,
12- to 13-month-old infants’ view is dominated by the
ground and infants rarely see toys and caregivers’ faces
(Franchak, Kretch, & Adolph, 2018; Kretch, Franchak, &
Adolph, 2014). Face-looking is more frequent when sit-
ting or upright compared to prone but is infrequent overall
(across di↵erent positions) while playing on the floor (5%
of the time). Infants look more often at faces while ele-
vated, such as when sitting at a table or while held o↵ the
ground in a forward-facing infant carrier (15-50% of the
time) (Franchak, Smith, & Yu, in preparation; Kretch &
Adolph, 2015; Yu & Smith, 2013). Thus, infants accrue
varying amounts of experiences looking at faces depending
on how often they are in di↵erent positions at di↵erent ages
and whether their viewpoint originates from a location on or
o↵ the ground. Indeed, naturalistic recordings from head-
mounted cameras show that young infants often have faces
in view, but the availability of faces declines from birth to
24 months (Fausey, Jayaraman, & Smith, 2016; Jayaraman,
Fausey, & Smith, 2015). How this relates to body position
is still unknown. Younger infants would see faces more fre-
quently if they spend more time up o↵ the ground held by
caregivers or reclined/supine with their heads pointed up to-
wards caregivers. Access to faces may decline if older infants
increasingly spend more time on the ground in prone, sitting,
and upright positions and are held less often. Characterizing
the changing frequencies of body positions and their location
(on the ground or o↵ the ground) will provide valuable con-
text for interpreting developmental changes in visual experi-
ences of faces and other developmentally-relevant stimuli.

Manual action is also tied to body position. Real-time
observation shows that infants manipulate objects more fre-
quently while sitting compared to while supine or prone
(Soska & Adolph, 2014). While prone, infants use both
arms to prop themselves up, and while supine, infants strug-
gle to hold their arms up against gravity. In contrast, sit-
ting provides a stable base of support and frees the hands,
which facilitates visual, manual, and oral exploration of ob-
jects (Bertenthal & von Hofsten, 1998; Rochat & Goubet,
1995; Soska & Adolph, 2014). Consequently, learning to
sit is associated with earlier achievements in object percep-
tion and cognition (Ross-Sheehy, Perone, Vecera, & Oakes,
2016; Soska et al., 2010). Infants who can sit independently
at 5 months spend more time sitting in daily life (Karasik et
al., 2015), which presumably allows sitting infants to more
often enjoy the real-time benefits of sitting for object explo-
ration. Measuring age-related changes in sitting frequency
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will provide further context for understanding developmental
changes in object exploration.

Methodological limitations in documenting infants’ nat-

uralistic body position

The few previous studies to document infants’ naturalis-
tic body position have used two methodologies: Direct ob-
servations (in person or video recording) and survey meth-
ods (retrospective reports or diaries). Although each method
provides valuable data, both methodologies have limitations
that are addressed using an EMA methodology. Two natu-
ralistic laboratory observations measured body position dur-
ing infant play. A longitudinal study found that sitting was
most frequent position from 6 months of age (> 50% of the
time) until the onset of walking, after which upright positions
(standing and walking) became dominant (Thurman & Cor-
betta, 2017). Similarly, another laboratory observation found
that 12-month-old crawling infants spent more time sitting
(46%) compared to prone (25%) and upright (29%), whereas
12-month-old walking infants spent more time upright (70%)
compared to sitting (25%) and were rarely prone (5%) (Fran-
chak et al., 2018). However, these results only generalize to
infants’ play time, which accounts for just a portion of the
day (Fausey et al., 2015; Tamis-LeMonda et al., 2017); the
time spent in di↵erent body positions likely varies according
to the distribution of daily activities. For example, caregivers
rarely held infants during laboratory play sessions, but must
hold infants frequently while feeding, bathing, dressing, and
comforting them in the home. The focus on spontaneous lo-
comotor play also prohibited caregivers from placing infants
in common positioning devices (e.g., car seats, infant carri-
ers, and high chairs) that would restrict body position (Calla-
han & Sisler, 2007).

A more comprehensive observational study was con-
ducted by Bril and Sabatier (1986), who used paper and pen-
cil recordings to document body position for 2 full days in
the lives of 4 Bamabara infants (Mali). The youngest in-
fant (1 month) spent the most time supine (33%) and re-
clined (39%), whereas the oldest infant (6 months) spent the
most time in a sitting position (39%). All infants were fre-
quently held by caregivers. However, the limited age range
and small number of participants restrict the generalizability
of the data.

Retrospective surveys are less time-consuming and allow
researchers to more easily assess body position across an en-
tire day. However, body position and physical experiences
in general are di�cult to study using retrospective surveys
(I ask skeptical readers to recall how long they sat, were
upright, and were reclined in the last 24 hours). Although
caregivers can easily make binary reports of whether a child
did a skill or not each day (Adolph et al., 2008), magni-
tude estimates of how long infants spent in activities, such
as “Tummy Time” or playing on the floor, have low reliabil-

ity (Hnatiuk, Salmon, Campbell, Ridgers, & Hesketh, 2013).
Diary studies that ask caregivers to make periodic records
throughout the day are likely to be more accurate because
they are based on more recent observations of behavior and
restricted to a narrower time window despite relying on re-
call. Majnemer and Barr (2005) asked caregivers to record
the duration of prone, supine, upright, sitting, and held po-
sitions in 5-minute intervals every 2-3 hours. Four-month-
olds spent most of the time held or in supported sitting (38%
and 37% of the waking day). By 6 months, supported sit-
ting was unchanged, but unsupported sitting (11.5%) eroded
time spent held by caregivers (28%). These results comprise
the most comprehensive accounting of infants’ body position
to date because they involve full-day recording from a suf-
ficiently large sample. However, two limitations create the
need for additional research. First, only two ages were stud-
ied (4 and 6 months), so it is unknown how body position
changes over infancy as motor skills like sitting, crawling,
and walking are acquired. Second, there is potential for bias
and inaccuracy in caregiver memories of body position over
2-3 hour periods. Rare events may be more easily forgot-
ten and salient events, such as independent sitting for a new
sitter, may be over-represented. Immediate reports would de-
crease the potential for bias and inaccuracy.

Current study

Although prior work finds a consistent pattern of results,
generalization is limited by restricted activity contexts (Fran-
chak et al., 2018; Thurman & Corbetta, 2017), short obser-
vation times (Franchak et al., 2018; Karasik et al., 2015;
Thurman & Corbetta, 2017), reliance on retrospective re-
ports (Hnatiuk et al., 2013; Majnemer & Barr, 2005), and
narrow age ranges (Bril & Sabatier, 1986; Franchak et al.,
2018; Hnatiuk et al., 2013; Karasik et al., 2015; Majnemer
& Barr, 2005). Moreover, inconsistent coding schemes used
across investigations that tested infants of di↵erent ages and
in di↵erent settings preclude direct comparisons.

These limitations are addressed in the current study by
asking caregivers of 3-, 6-, 9-, and 12-month-old infants to
periodically provide direct observations of infant body posi-
tion using an EMA methodology. Samples were distributed
across infants’ waking day over a 7-day period to better cap-
ture infant body position across their daily routines. To avoid
reliance on memory, caregivers reported infant body posi-
tion immediately in response to text messages received on
a smartphone in brief, 1-minute surveys. Caregivers were
not aware of when notifications would arrive to avoid bias in
reporting. A simple body position coding scheme allowed
caregivers to accurately categorize held, supine, reclined,
prone, sitting, and upright positions (Figure 1). Note, in the
context of the current study, the term “prone” will be used
to refer to any position with the belly towards the ground,
even if the belly is not in contact with the ground. To better
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understand the changing physical context of infant body po-
sition, caregivers also reported infants’ location: whether on
the floor or up on a raised surface.

The first aim was to characterize age-related changes in
body position and location over the first year of life. Measur-
ing the same position categories with the same methodology
over the first year will determine the volume of experiences
for each position at each age and to verify the age-related
changes suggested by past work (decline in held, reclined,
and supine positions and increase in prone, sitting, and up-
right). The current study goes a step further by testing across
a wider age range compared to past research and by asking
how body position varied according to location. Measuring
infants’ location—on or o↵ the ground—when in di↵erent
body positions will help to reveal the changing context of
infants’ physical experiences and will provide a proxy for
understanding age-related changes in experiences relating to
body position, such as vision. Past work shows that prone,
sitting, and upright positions on the ground provide a poor
view of faces compared with sitting or being held up o↵
the ground (Franchak et al., 2018; Kretch & Adolph, 2015;
Kretch et al., 2014; Yu & Smith, 2013). An increase in time
spent prone, sitting and upright on the floor might account
for decreasing availability of faces in view (i.e., Jayaraman
et al., 2015).

The second aim was to test how motor skill acquisition
alters experiences with di↵erent body positions. Caregivers
can choose to place infants in any position—no motor skills
are needed to lie prone, and caregivers can support infants of
any age in a sitting or upright position. However, attaining
a motor skill that allows infants to maintain a body position
independently should increase the frequency of that position
beyond the experience that requires support from caregivers
or infant furniture. To test this, caregivers reported the onset
of three motor skills: sitting, crawling, and walking. For
each skill, three groups were compared: infants who could
do a skill (e.g., 6-month-old sitters), infants of the same age
who could not (e.g., 6-month-old non-sitters), and younger
infants who could not (e.g., 3-month-old non-sitters) to mea-
sure the extent to which new motor skills versus age alone
alter infants’ experiences. Importantly, this tests the key as-
sumption of using onset age as a proxy for experience—that
infants who possess a skill experience that skill more than
those who do not—but goes further to reveal precisely how
much more experience is accrued.

The third aim was to assess the suitability of the new EMA
method for studying infants’ naturalistic behavior through
caregiver report. The goal of sending survey requests via
text message over the course of the day was to gather im-
mediate reports on infant behavior over the course of the
day rather than using a diary method that asks caregivers
to remember the frequency of behaviors over several hours.
However, EMA studies that overly burden participants by

asking for too many reports can su↵er from low compli-
ance or long response lags (Shi↵man et al., 2008; Stone
et al., 2003). If caregivers failed to notice survey notifica-
tions, chose not to (or were unable to) respond in a timely
manner, or ignored notifications entirely, the time sampling
would be biased and might not represent infants’ entire day.
EMA studies request participants to complete as many as 20
surveys per day (Kamarck et al., 2002), but caregivers busy
with young infants might burdened by too many responses
and consequently fail to respond. Past work with mothers
of young children found good compliance (85% completion
rate) when prompted 8 times per day (Williams et al., 1991);
the current study conservatively requested only 5 daily re-
sponses. Prior work also indicates that compliance is bet-
ter when using electronic recording methods rather than pa-
per and pencil methods (Stone et al., 2003), so smartphones
were used to notify caregivers and record their responses. A
second benefit of electronic recording is that response lags
can be objectively measured based on the timestamp of the
notification relative to the survey submission, whereas with
paper and pencil recordings participants might be tempted to
misreport response times to feign compliance (Stone et al.,
2003).

Method

Participants and design

Infants (N = 95) were recruited in four age groups: 3 (n =
24, 16 female), 6 (n = 25, 11 female), 9 (n = 22, 12 female),
and 12 months (n = 23, 15 female). Scheduling ensured that
the first day of observation was no earlier than 2 weeks be-
fore the target age and the final day of observation was no
later than 2 weeks after the target age (e.g., 2.5-3.5 months
for 3-month-olds). The mean start ages for each group were:
3 months, M = 2.9 (SD = 0.31); 6 months, M = 5.8 (SD =
0.27); 9 months, M = 8.8 (SD = 0.26); 12 months, M = 11.8
(SD = 0.30). The mean ages at the last observation were:
3 months, M = 3.3 (SD = 0.33); 6 months, M = 6.2 (SD
= 0.33); 9 months, M = 9.2 (SD = 0.29); 12 months, M =
12.2 (SD = 0.30). Participants were recruited from across
the United States through social media and listserv adver-
tisements and received $25 gift certificates as compensation.

Eighty-one informants provided demographic data (14 de-
clined). Participants were recruited from 20 di↵erent US
states, with the largest proportion of participants residing
in California (23.4%), New Jersey (13.6%), and Indiana
(12.3%). Informants were primarily female (93.8%), White
(84.0%), and highly educated (37% with Bachelor’s degree
and 51.9% with graduate or professional degrees). The mean
age of informants was M = 31.5 (range = 23.7-38.4). The
study consisted of three parts: an introductory phone call, 7
survey days, and an exit phone call. To be eligible to partic-
ipate, the caregiver needed to be able to schedule 7 survey
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PRONE
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RECLINED

UPRIGHT

HELD

Figure 1. Examples of the six body positions studied: Held, supine, reclined, prone, sitting, and standing. This image was
included in the survey provided to caregivers to refer to when reporting infant body position.

days within ± 2 weeks of the target age in which he or she
would be with the infant for the entire day. Three additional
participants were recruited but chose to withdraw after the
introductory phone call. The study procedure was approved
by the Institutional Review Board of the University of Cali-
fornia, Riverside. Caregivers received an electronic consent
form and provided verbal consent to participate in the exper-
iment during the introductory phone call.

Procedure

Introductory phone call. At the beginning of the study,
the experimenter conducted a 20-minute phone call with the
caregiver. Caregivers were provided with an electronic in-
struction manual (Supplementary Materials) to follow dur-
ing the phone call. During the call, the experimenter ex-
plained the notification procedure and the criteria for each of
the body position categories. Representative photographs for
each position illustrated di↵erent variations. After the train-
ing, caregivers were provided with 8 unlabeled photographs
to categorize into the 6 positions. All participants completed
the training verification with 100% accuracy. Finally, care-
givers chose 7 days to participate when they planned to be
with their child for the entire day. To accommodate work-
ing caregivers, survey days were not required to be consecu-
tive; caregivers could choose to participate on 4 consecutive
weekends, one consecutive week, or any other time frame
(provided the days fell within the ± 2-week interval) to en-
sure that days were chosen where caregivers would be with
the infant as much as possible.

The number of weekend days selected by caregivers (out
of 7) ranged from 0 (21.5% of participants were surveyed
only on weekdays) to 7 (5.4% of participants were surveyed
only on weekends) with an average of M = 2.3 weekend

days (SD = 2.0). If infants’ routines on the weekend ver-
sus weekday lead to di↵erent body position frequencies (as
described below), variation in the number of weekend days
could potentially bias the results and reduce the generaliz-
ability. However, the number of weekend survey days did
not significantly predict body position or location frequen-
cies, rs = -.06 to .12, ps > .26. Moreover, the number of
weekend days did not significantly di↵er between age groups
in a one-way ANOVA, F(3, 89) = .733, p = .533.

Schedule of survey notifications. Caregivers provided
an earliest and latest allowable time for each of the seven
days based on the infant’s typical wake and sleep times. The
goal was to spread 5 notifications across each day while mak-
ing the exact time unpredictable. To do so, a random number
of minutes (0-90) was added to the start time and a di↵er-
ent random number of minutes (0-90) was subtracted from
the end time. Within this modified interval, 5 evenly spaced
notification times were created to ensure that di↵erent parts
of the day were sampled. The night before each scheduled
day, an automated text message was sent to the caregiver as a
reminder that that the following day would be a test day. An
online text message system (ohdontforget.com) was used to
schedule notifications so that they were sent automatically at
the specified time.

Survey. Each text message contained a link to a 3-item
Qualtrics survey that could be completed in 1 minute. Care-
givers were instructed to complete the survey immediately
unless it would create an unsafe situation (e.g., driving in
the car, changing the infant on a high surface). If caregivers
were unable to immediately respond, they were instructed to
remember the baby’s position at the moment they heard the
phone notification.

The first item asked, “Are you able to complete the sur-
vey right now?”, to which caregivers could respond “No, my



6 JOHN M. FRANCHAK

child is sleeping”, “No, I haven’t been with my child for the
last five minutes”, or “Yes, I have been with my child for
the last five minutes”. Subsequent data were analyzed only
if the caregiver replied “Yes” to ensure that responses were
based on immediate observation of infants’ position and that
responses reflected only infants’ awake time.

The second item instructed caregivers to “Indicate the po-
sition your child is in right now” from the options shown
in Figure 1 (this image was displayed in the survey for care-
givers to reference). Held was scored if caregivers were hold-
ing infants in their arms, on their lap, or in an infant carrier. If
infants were on a caregivers’ lap in a position that resembled
one of the other categories (e.g., an infant standing or sitting
on the caregiver’s lap), the position was still scored as held.
However, holding was not scored if infants were sitting or
upright on the floor or on furniture with caregivers’ support.
Supine was lying flat on the back. Reclined was lying tilted
back at approximately a 45o angle, such as in a car seat or
swing. Prone counted as any position with belly towards the
ground, including lying face down, stationary while propped
up on hands and knees/feet, and any type of crawling. Sit-
ting indicated a seated position with the back vertical to the
ground and included independent sitting or sitting in infant
furniture, such as a high chair or “bumbo” seat. Upright was
scored when infants were standing independently, standing
holding onto a caregiver or furniture for support, or walking.

An “other” category was included in case caregivers were
unsure of how to code the position but was selected only
2.0% of the time. In these instances, caregivers could de-
scribe the position and/or take a photograph to allow the
experimenter to select the code. Most often, “other” re-
sponses occurred when infants were in a jumper or “exer-
saucer” (coded as upright), lying on their sides while breast-
feeding but not on the mother’s lap (coded as held), or kneel-
ing (coded as sitting). Excluding all “other” responses rather
than using the recoded items did not qualitatively change the
results.

The third item asked about the child’s location: “Is your
child on the ground or on a raised surface right now?”, to
which caregivers could reply “on the ground” or “on a raised
surface”. On the ground was counted as anything less than
2 feet high to include times when infants were sitting in car
seats or other infant furniture that was only slightly raised o↵
the ground.

Exit phone call and motor milestones. After the 7 sur-
vey days, the experimenter completed a 5-minute exit phone
call with the caregiver to assess infants’ motor milestones
through a structured interview (Adolph, Vereijken, & Shrout,
2003). Caregivers reported whether infants could sit (tripod
sitting and/or independent sitting for 30 s without falling),
crawl 10 feet across the floor (belly crawling and/or hands
and knees crawling), and walk 10 feet across the floor (un-
aided, without stopping or falling). If infants were able to

perform a skill, caregivers reported the onset date for that
skill.

Data Analysis

Normalized body position frequencies were calculated for
each participant based on the number of available responses.
The few times when caregivers were unavailable to respond
because they were away from the child (M = 2.8%, SD = 4.1)
were excluded. To focus exclusively on body position as it
relates to opportunities for learning, times when infants were
sleeping (M = 20.1%, SD = 11.3) were excluded. Thus, fre-
quencies for each position category were calculated by sum-
ming the number of samples in that category and dividing
by the total number of available awake samples. A score
of 0% was entered if a position was never recorded for that
participant.

Because position frequencies were measured as percent of
samples and scores for some positions were at the floor (0%),
assumptions for parametric tests could not be met. Instead,
permutation versions of ANOVAs and t-tests were used be-
cause they do not require the strict assumptions of paramet-
ric tests (Edgington & Onghena, 2007; Nichols & Holmes,
2002). Permutation tests create null distributions for a test
statistic (i.e., F and t) by randomly swapping data between
groups many times and recalculating the test statistic each
time based on the randomized data. For example, a null dis-
tribution for a t-test comparing the percentage of time in-
fants were supine between 3 and 6 months can be derived
by randomly shu✏ing supine percentages across the two age
groups 5000 times and calculating 5000 t statistics based on
each iteration of the shu✏ed data. The statistic obtained from
the actual data is then compared to the shu✏ed null distri-
bution; the p value for the test is calculated as the propor-
tion of iterations in which the observed statistic exceeds the
statistic from the shu✏ed data and is then compared to a pre-
determined alpha level. If the test statistic is more extreme
than the null distribution values calculated by shu✏ing the
data, it is unlikely that the groups are equal. Analyses were
performed in R using the ez package with 5,000 iterations
for each test. P values were adjusted for multiple pairwise
comparisons using the Holm-Bonferroni correction.

Results

Results are organized according to the three aims of the
study: 1) Characterize age-related changes in body position
and location, 2) Determine how motor skill acquisition re-
lates to body position, and 3) Assess the e�cacy of the novel
EMA method.

Age-related changes in body position and location

Body position and location were strongly related to age:
Table 1 and Figure 2 show the overall age-related changes for
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Table 1
Descriptive statistics for the frequency of samples observed
(as a percentage of awake and available samples) for each
position and for location (collapsed across positions) at each
age, M (SD).

Position 3 months 6 months 9 months 12 months
Held 49.8 (14.2) 34.0 (14.6) 20.4 (11.9) 18.0 (9.1)
Supine 18.3 (8.7) 16.6 (10.7) 5.4 (6.0) 5.0 (7.4)
Reclined 24.4 (10.6) 19.2 (8.4) 15.7 (7.1) 12.9 (9.8)
Prone 2.9 (4.7) 9.2 (9.9) 13.2 (9.2) 7.2 (8.2)
Sitting 3.0 (3.7) 11.7 (8.7) 30.5 (13.0) 32.8 (14.5)
Upright 0.6 (1.7) 5.5 (6.2) 12.5 (10.7) 22.0 (11.1)
On ground 24.3 (14.8) 32.2 (12.5) 44.0 (12.1) 48.4 (19.6)

each body position and for infants’ location. At 3 months, in-
fants spent the majority of the time held, supine, and reclined,
but by 12 months infants were most often sitting and upright.
A 4 age group ⇥ 2 location (on ground versus o↵ ground)
permutation ANOVA tested main e↵ects of age and location
and tested location ⇥ age group interactions for each body
position (Table 2). Because the primary aim was to charac-
terize overall age-related changes in body position over the
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Figure 2. Mean frequency of (A) each of the six body po-
sitions and (B) infants’ location on the ground at each age.
Frequencies are calculated as the percent of samples, exclud-
ing times when caregivers were unavailable and when infants
were asleep. Error bars show ± 1 SE.

first year, I first describe the main e↵ects of age and pair-
wise comparisons between age groups before discussing how
body position, location, and age relate.

Age-related change in body position. Each body po-
sition changed significantly with age (Figure 2A). Table 2
shows main e↵ects of age and Table 3 shows pairwise com-
parisons between each age group. Based on the e↵ect sizes in
Table 2, the largest changes occurred in held, sitting, and up-
right positions. Held showed a large decrease over age, with
3-month-olds held during 49.8% of samples but 12-month-
olds held during only 18.0%. Significant pairwise di↵erences
were observed between 3-6 and 6-9 months of age. In con-
trast, sitting and upright showed substantial increases with
age, with only 3.0% sitting and 0.6% upright samples at 3
months compared with 32.8% sitting and 22.0% upright sam-
ples at 12 months. Sitting and upright both showed signifi-
cant increases from 3-6 and 6-9 months, and upright signif-
icantly increased from 9-12 months. Age-related changes in
supine, reclined, and prone positions, although statistically
significant, were less pronounced compared to the changes
in held, sitting, and upright positions. Supine and reclined
positions became less frequent with age, but with the ex-
ception of a decrease in supine from 6-9 months, pairwise
comparisons between successive ages failed to reach statis-
tical significance. Prone was unique among body positions
because it did not change monotonically: Prone increased
from 3 to 9 months and then decreased from 9 to 12 months.
However, the apparent decrease from 9 to 12 months was not
significant; pairwise comparisons only revealed significant
di↵erences between 3 to 6 and 3 to 9 months.

Age-related change in location. Across body positions,
infants were more frequently on the ground with age (Table
1, Figure 2B), increasing from 24.3% at 3 months to 48.4%
at 12 months. Testing frequency on the ground by age group
in a one-way permutation ANOVA revealed a significant age
e↵ect, F(3, 90) = 12.52, p < .0001, ⌘2 = .29. Significant
pairwise permutation tests were found when comparing on
the ground frequencies between ages 3-9, 3-12, 6-9, and 6-
12 (ps < .01).

Relations between body position and location. Figure
3 shows that body positions varied in how frequently they
occurred on versus o↵ the ground. Two positions, prone and
upright, almost always occurred on the ground, as indicated
by significant main e↵ects of location, with significant lo-
cation ⇥ age interactions demonstrating that age-related in-
creases in prone and upright positions occurred on the ground
rather than o↵ the ground (Table 2). Two positions, supine
and sitting, were equally distributed between on the ground
and o↵ the ground at each age. Neither the main e↵ects of
location nor the location ⇥ age interactions approached sig-
nificance for supine and sitting. Both reclined and held po-
sitions occurred more frequently o↵ the ground, as shown
by significant main e↵ects of location. Age-related changes
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Table 2
Results of 2 location (on ground versus o↵ ground) ⇥ 4 age group permutation ANOVAs for each body position.

Age Location Age ⇥ Location
Position F p ⌘2 F p ⌘2 F p ⌘2

Held 30.89 < .001 .33 353.31 < .001 .68 24.16 < .001 .30
Supine 15.21 < .001 .17 1.96 ns .01 0.42 ns .01
Reclined 6.80 .004 .08 57.14 < .001 .28 2.30 ns .04
Prone 6.34 .004 .10 34.73 < .001 .16 5.24 .016 .08
Sitting 44.25 < .001 .31 0.002 ns < .01 0.08 ns < .01
Upright 29.58 < .001 .32 81.73 < .001 .32 19.42 < .001 .25

in the reclined position occurred both on and o↵ the ground
(no significant interaction), whereas changes in holding oc-
curred solely o↵ the ground (significant interaction). Signif-
icant pairwise comparisons between locations are shown for
each age and position by asterisks on Figure 3.

Relation between motor skill and body position

To determine the influence of motor skills on body posi-
tion frequencies, motor skill status was determined for each
infant based on skill onset date relative to survey date. If
infants began a skill between the first and last test dates, they
were categorized as possessing the skill if 4 or more of the
survey dates (> 50%) occurred after skill onset (this was the
case for 4 6-month-old sitters, 4 9-month-old crawlers, and
6 12-month-old walkers). The goal of each analysis was to
determine whether skill onset predicted greater experience
compared to infants who had not yet achieved the ability,
and, in turn, whether older infants who had not yet achieved
the ability had greater experience compared with younger in-
fants who also did not possess the ability.

Sitting. Age and skill both predicted sitting frequency
(Figure 4). Sitting experience was compared between 3-
month-old non-sitters (n = 24), 6-month-old non-sitters (n =
14), and 6-month-old sitters (n = 11). Sitters included infants
who could only tripod sit (n = 3) or who could both tripod
sit and sit independently (n = 8). A one-way permutation
ANOVA between the three groups revealed a main e↵ect of

Table 3
Significant permutation pairwise comparisons are shown for
each age group and position (collapsed across location) and
for location (collapsed across positions); p values were ad-
justed with Holm-Bonferroni corrections for 6 tests.

Position 3 mo 6 mo 9 mo 12 mo
Held 6†, 9‡, 12‡ 3†, 9†, 12‡ 3‡, 6† 3‡, 6‡
Supine 9‡, 12‡ 9‡, 12‡ 3‡, 6‡ 3‡, 6‡
Reclined 9*, 12† 3* 3†
Prone 6*, 9‡ 3* 3‡
Sitting 6‡, 9‡, 12‡ 3‡, 9‡, 12‡ 3‡, 6‡ 3‡, 6‡
Upright 6†, 9‡, 12‡ 3†, 9*, 12‡ 3‡, 6*, 12* 3‡, 6‡, 9*
*p < .05 †p < .01 ‡p < .001

group on sitting frequency, F = 16.09, p < .0001, ⌘2 = .41.
Sitters sat more frequently (M = 15.8%, SD = 9.6) compared
with 6-month-old non-sitters (M = 8.5%, SD = 6.6), who
in turn sat more frequently compared with 3-month-old non-
sitters (M = 3.0%, SD = 3.7); permutation pairwise compar-
isons between all three groups were significant (ps < .05).

Prone. Prone experience was marginally related to age
and crawling ability (Figure 4). Prone experience was com-
pared between 6-month-old non-crawlers (n = 25), 9-month-
old non-crawlers (n = 5), and 9-month-old crawlers (n =
17). Crawlers included infants who could crawl on hands
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Figure 3. Mean frequency of body positions located on the
ground (gray circles) versus o↵ the ground (colored circles)
as a function of age. Error bars show ± 1 SE.
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Figure 4. Frequency of body positions divided by age and
motor skill. Squares show sitting frequency as a function of
age and sitting ability. Triangles show prone frequency as a
function of age and crawling ability. Circles show upright
frequency as a function of age and walking ability. Data are
o↵set for clarity. Error bars show ± 1 SE.

and knees/feet (n = 14) as well as those who could only belly
crawl (n = 3). Although the one-way permutation ANOVA
between groups reached significance, F = 3.20, p = .045, the
e↵ect size (⌘2 = .13) was small. Furthermore, no pairwise
comparisons were significant between 9-month-old crawlers
(M = 15.4%, SD = 9.1), 9-month-old non-crawlers (M =
5.7%, SD = 4.6), and 6-month-old non-crawlers (M = 9.2%,
SD = 9.9).

Upright. Walking ability had a profound e↵ect on up-
right experience that could not be accounted for by age (Fig-
ure 4). Upright experience was compared between 9-month-
old non-walkers (n = 22), 12-month-old non-walkers (n =
14), and 12-month-old walkers (n = 9). A one-way permuta-
tion ANOVA indicated that upright experience between the
three groups significantly di↵ered, F = 11.48, p < .001, ⌘2

= .35. Unlike sitting, which showed significant di↵erences
due both to age and sitting ability, upright experience only
di↵ered according to walking ability. Non-walkers were up-
right for similar frequencies at 9 (M = 12.5%, SD = 10.7)
and 12 months (M = 16.4%, SD = 8.0), permutation test p =
.25. Walking 12-month-olds stood about twice as often (M =
30.8%) compared with the other two groups (ps < .01).

E�cacy of the EMA method

The EMA method was successful based on the high per-
centage of completed responses, the relative short response
lags, and the even spread of responses across the day. Care-
givers dependably completed survey requests, responding to
3,173 (95.6%) of the 3,318 notifications sent over the entire
dataset (an additional 7 notifications were never sent due to

software issues). This response rate compares favorably to
typical rates of 80-95% in prior EMA studies (Kamarck et
al., 2002; Kimhy et al., 2006; Shi↵man et al., 2008; Stone
et al., 2003) and exceeds the 85% compliance obtained in a
study that surveyed caregivers of young children (Williams
et al., 1991).

To determine how promptly caregivers responded to no-
tifications, response lag was calculated as the di↵erence in
minutes between the time that the survey notification was
scheduled to be sent and the time that the participant opened
the survey on his or her smartphone (Figure 5A). A median
response lag of 2.3 minutes indicated that most often partic-
ipants responded quickly, and 75% of responses were made
within 12.15 minutes, lags that are typical compared with
past work (for a discussion, see Scollon et al., 2003).
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A strong positive skew indicated that, on occasion, par-
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ticipants responded to notifications after extremely long de-
lays. A potential concern was that longer response laten-
cies might bias the results if caregivers waited to check their
phones while infants were in particular positions. However,
no qualitative di↵erences in body position frequencies were
found when dividing the dataset based on a median split of
response lag, suggesting that longer response lags did not
systematically bias the data. Another potential concern was
that caregivers might be more likely to delay responding to
notifications at di↵erent times of the day (e.g., during the
morning or nighttime routines). If so, longer lags at certain
times would interfere with the goal of distributing samples
across the entire day. However, Figure 5B shows that length
of response lag was independent of the time of day, indicat-
ing that the whole-day sampling procedure was successful.

Discussion

A novel EMA method measured age-related changes in
infant body position and location over the first year. Younger
infants (3-6 months) spent more time held, reclined, and
supine; with age, infants increasingly spent time sitting and
upright. The prone position peaked at 9 months before de-
clining at 12 months. Across positions, older infants spent
more time on the ground compared with younger infants.
Positions varied with regard to whether they occurred mostly
o↵ the ground (held, reclined), mostly on the ground (prone,
upright), or equally on and o↵ the ground (sitting, supine).
The results provide strong evidence that infants’ motor skills
directly impact the physical context of their everyday expe-
riences. Infants who could independently sit and walk spent
more time sitting and upright, respectively, compared with
their same-age counterparts who had not yet achieved those
motor milestones. Evidence that the onset of crawling led to
increased time prone was inconclusive. Finally, the depend-
ability and promptness of responses by caregivers suggest
that this novel EMA methodology can be profitably adopted
to study various naturalistic behaviors where direct observa-
tion and broad time-sampling are needed.

What accounts for changes in body position?

Although some past work has reported the frequencies
of body positions in everyday life (Bril & Sabatier, 1986;
Karasik et al., 2015; Majnemer & Barr, 2005), the current
study is the first to measure across a wide age range to es-
timate changes in body position frequencies over the first
year of life. Some changes—decreases in time spent held
and increases in time spent sitting and upright—dramatically
altered the composition of infants’ daily experiences. At 3
months, infants were held for about half their waking hours
and spent nearly the remainder of their time supine and re-
clined. Sitting, upright, and prone accounted for < 7% of the
day. By 12 months, those three positions accounted for 62%

of infants’ days as holding, supine, and reclined positions
waned in frequency.

Some portion of the change can be attributed to motor
development. Although infants who could not yet sit or
walk independently could, and did, experience supported sit-
ting and upright postures, the ability to sit nearly doubled
the amount of time that 6-month-olds spent sitting (an in-
crease of 7.2%), and the ability to walk nearly doubled the
amount of time that 12-month-olds spent upright (an increase
of 14.4%). These results confirm patterns found in shorter
home and laboratory observations—Karasik and colleagues
(2015) found more sitting experience in sitters compared to
non-sitters, and Franchak and colleagues (2018) found more
upright experience in walkers compared to crawlers. The
current study goes a step farther to show that these benefits
are found when looking at an entire day rather than a single,
short observation. It is unclear whether crawling ability is
associated with time spent prone—9-month-olds who could
crawl spent 9.7% more time prone compared to 9-month-old
non-crawlers, however, the di↵erence was not reliable. Be-
cause most infants in the sample were crawling at 9 months
(17 versus 5), observing infants at an earlier age with a more
even distribution between crawlers and non-crawlers might
have revealed a conclusive result.

Some portion of the change in body position must also be
attributed to caregivers. The youngest infants in the study
(3 months) are entirely dependent on caregivers to change
their body position as few infants can shift between positions
at such a young age. For older infants, choosing to sit or
stand is only an option if caregivers provide opportunities
to do so. Increasing time spent on the ground over the first
year of life (from 24% at 3 months to 48% at 12 months)
suggests that caregivers provide more opportunities for older
infants to practice developing motor skills and thus to choose
how to transition between positions. Both the current study
and past work suggest that time spent reclined in infant fur-
niture and held o↵ the ground gives way to allow older in-
fants more time in unrestricted activity (Hesketh, Crawford,
Abbott, Campbell, & Salmon, 2015). This shift likely de-
pends on caregivers recognizing improvements in infants’
motor abilities, caregiver beliefs about promoting motor abil-
ities (Keller, Yovsi, & Voelker, 2002), beliefs about safety
(Hnatiuk et al., 2013), as well as non-motor changes in in-
fant development (e.g., the ability to self-soothe may allow
infants to be held less often). Changing caregiving require-
ments, such as less time spent feeding (Fausey et al., 2015),
may free up time to allow caregivers to provide more unre-
stricted play time.

More research is needed to know how caregivers’ use of
positioning equipment changes with infants’ age and motor
development to a↵ect body position. Given the widespread
use of positioning equipment (Pin, Eldridge, & Galea, 2007),
it is likely an important factor. Over 80% of caregivers of 8-
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month-olds report using positioning equipment, and of those,
the majority place children in equipment for at least an hour
per day (Abbott & Bartlett, 2001). Furthermore, caregivers
vary widely in terms of how often they place infants in po-
sitioning equipment: Infants under 5 months of age spend
an average of 5.7 hours in seating devices with a range of
0 to 16 hours (Callahan & Sisler, 2007). A study of pre-
mature 8-month-olds revealed a range of 0.75 to 14.2 hours
per day in various positioning devices (Bartlett & Kneale
Fanning, 2003). Use of equipment like baby walkers and
“exersaucers” is often for convenience—restraining infants
allows caregivers to perform other tasks—and is more com-
mon in families with multiple children (Crouchman, 1986;
Fay, Hall, Murray, Saatdjian, & Vohwinkel, 2006). Care-
givers may also choose to use equipment due to beliefs about
devices enhancing infants’ motor development, despite most
evidence suggesting that positioning devices have either no
e↵ect on motor abilities or lead to temporary motor delays
(Abbott & Bartlett, 2001; Bartlett & Kneale Fanning, 2003;
Crouchman, 1986; Fay et al., 2006).

Implications of changing body position for other areas of

development

Changes in naturalistic body position have implications
for developmental change in other abilities. Because body
position determines infants’ viewpoint, changes in how long
infants spend in di↵erent positions might contribute to age-
related decreases in availability of faces in view (Fausey et
al., 2016; Jayaraman et al., 2015). Infants rarely see faces
while playing on the ground in sitting, upright, and prone
positions, but see faces more often when held or sitting o↵
the ground (Franchak et al., 2018; Franchak et al., in prepa-
ration; Kretch & Adolph, 2015; Kretch et al., 2014; Yu &
Smith, 2013). Most likely, reclined and supine infants (either
on or o↵ the ground) can easily see caregivers’ faces because
their heads are pointing upwards. Based on the results of the
current study, the amount of time infants spend in positions in
which viewing faces is more di�cult (upright, sitting, prone
on the ground) increases as time spent in positions known
to be more conducive (held and sitting o↵ the ground) and
likely to be more conducive (reclined and supine in any lo-
cation) to viewing faces decreases. These results highlight
the need to study infants’ access to faces in reclined and
supine postures—two positions that occupy much of young
infants’ time but for which we know little about. Of course,
body position does not tell the whole story, as infants can
choose how to angle their heads within a body position to
choose what is in view. Older infants increasingly bias their
views to contain objects rather than faces (Franchak et al., in
preparation), which may also contribute to decreasing views
of faces. Finally, potential influences of body position on
face looking change concurrently with other factors, such as
the developmental shift in attention from faces to objects (de

Barbaro, Johnson, Forster, & Deak, 2015), so more work is
needed to understand how body position fits within the entire
attentional system.

Prior work links the attainment of independent sitting to
earlier achievements in object perception and cognition, pre-
sumably mediated through changes in everyday experiences
associated with increased sitting (Ross-Sheehy et al., 2016;
Soska et al., 2010). However, because only crude metrics
of experience (e.g., how many days of sitting experience had
infants accrued) had been collected in past work, it was un-
known how experience changes after learning to sit. The
current study addresses this shortcoming by showing that in-
fants who can sit independently receive nearly twice the ev-
eryday sitting experience compared with infants who cannot.
Consequently, sitting infants have twice as much opportunity
to experience the richer visual-manual exploration of objects
that infants perform while sitting compared to while prone or
supine (Soska & Adolph, 2014). Given how rapidly infants
learn over the first months of life, such a marked di↵erence in
experience could account for the earlier achievement of cer-
tain object perception skills in sitting infants (Ross-Sheehy
et al., 2016; Soska et al., 2010).

E�cacy of ecological momentary assessment for record-

ing infants’ everyday experiences

The novel EMA method used in the current study has
several advantages compared to methods used in past work,
suggesting it may be widely applicable for studying other
aspects of infants’ everyday experiences. Compliance mea-
sures indicate that the EMA procedure was not overly bur-
densome for caregivers. They responded to the majority of
notifications and did so quickly, with response rates and re-
sponses lags that compare favorably to prior EMA studies
(Kimhy et al., 2006; Scollon et al., 2003; Stone et al., 2003;
Williams et al., 1991). Responding to a short survey five
times a day over several days meant that the time commit-
ment was spread out so that caregivers were not required to
do much at any single time. This may be less obtrusive com-
pared to having an experimenter in the home for an hour or
having to fill out diaries to account for long periods of time.
Moreover, most of caregivers’ responses were made within a
short window following the notification, so the demands on
caregivers’ memory were minimal compared to diary meth-
ods that asked caregivers to estimate activity over a multiple-
hour period.

Because of di↵erences in coding categories and age
groups, it is di�cult to evaluate how the results of the cur-
rent study compare with measures from past work. The most
direct comparison is between the 6-month-olds in the current
study compared with those from Majnemer and Barr (2005).
Supine and prone measures were similar between the two
studies, with di↵erences less than 5%. There was a larger
discrepancy between the two studies for how often infants
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were held, 34.0% in the current study compared with 25.7%,
and for how long they spent in seated positions—30% in the
current study (combining sitting and reclined) compared with
47.6% (combining “supported sitting” and “unsupported sit-
ting” categories). There are several reasons for these discrep-
ancies. First, the accuracy of reporting might di↵er between
the diary method (memory limitations) and the immediate
responses in the current study. Second, di↵erences in the
coding scheme might contribute: Behaviors such as infants
sitting in a caregivers’ lap would be coded as held in the cur-
rent study but might have been counted as supported sitting
by Majnemer and Barr (2005). Finally, di↵erences in the mo-
tor skills of infants in the two samples could also lead to dis-
crepancies. Regardless, the broad pattern of results between
the two studies was similar—6-month-olds spend significant
time held and in various seated positions but spend less time
supine and prone.

Moreover, the results of the current study clearly show
that measuring everyday body position depends on sampling
across a variety of daily activities (Tamis-LeMonda et al.,
2017). Laboratory play sessions may generalize well to play
time but di↵er pointedly with those from the current study
based on whole-day sampling. The amount of time spent
sitting by 6-month-olds ( 75%) in a laboratory play session
(Thurman & Corbetta, 2017) was twice as much compared
to whole-day estimates from the current study ( 30%, com-
bining sitting and reclined to equate coding schemes). Sim-
ilarly, estimates for time spent upright in newly-walking in-
fants ranges from 50-70% of the time in laboratory investi-
gations (Franchak et al., 2018; Thurman & Corbetta, 2017)
compared to 30% for 12-month-old walking infants in the
current study. A more comprehensive accounting of how in-
fants spend time in di↵erent activities (Fausey et al., 2015)
will help determine how and whether di↵erent laboratory
tasks relate to everyday life.

Future work can capitalize on the benefits of EMA for
studying other aspects of infants’ daily lives. A wide va-
riety of experiences can be studied if they can be distilled
into 3-4 short questions with a coding scheme that is easy
for caregivers to follow. For example, sedentary time (e.g.,
TV watching, passive play) versus active time (unrestricted
movement) in infancy relates to health and developmental
outcomes, but studies have relied on crude caregiver re-
port measures or more expensive, technically demanding ac-
celerometer measurements (Downing, Hnatiuk, & Hesketh,
2015; Hesketh et al., 2015; Hnatiuk et al., 2013). Opportu-
nities for learning about objects (Ross-Sheehy et al., 2016;
Soska et al., 2010) could be measured by categorizing the
how often infants manipulate objects and the types of objects
encountered.

Conclusion

Theorizing about the mechanisms of development de-
pends on acquiring rich data that describe infants’ oppor-
tunities for learning in everyday life. Yet, such data are in
short supply. A revitalized interest in studying naturalis-
tic experiences promises to address this gap in our knowl-
edge (Dahl, in press). Body position is just one of many
developmentally-relevant experiences that needs to be mea-
sured. Unless body position proves to be an unusual case, the
current results suggest that the landscape of infants’ everyday
experiences is constantly shifting. Moreover, diverse factors,
such as infants’ developing abilities and caregivers’ priorities
and practices, contribute to those changes. Future work using
rich methods, such as ecological momentary assessment, to
collect naturalistic data about everyday experiences will help
reveal how and why those experiences change over develop-
ment.

References

Abbott, A. L., & Bartlett, D. J. (2001). Infant motor development
and equipment use in the home. Child: Care, health, and
development, 27, 295-306.

Adolph, K. E., Cole, W. G., Komati, M., Garciaguirre, J. S., Badaly,
D., Lingeman, J. M., . . . Sotsky, R. B. (2012). How
do you learn to walk? thousands of steps and dozens of
falls per day. Psychological Science, 23, 1387-1394. doi:
10.1177/0956797612446346

Adolph, K. E., & Robinson, S. R. (2015). Motor development. In
L. Liben & U. Muller (Eds.), Handbook of child psychology
and developmental science (7th ed., Vol. 2 Cognitive Pro-
cesses, p. 114-157). New York: Wiley.

Adolph, K. E., Robinson, S. R., Young, J. W., & Gill-Alvarez,
F. (2008). What is the shape of developmental change?
Psychological Review, 115, 527-543. doi: 10.1037/0033-
295X.115.3.527

Adolph, K. E., & Tamis-LeMonda, C. S. (2014). The costs and
benefits of development: The transition from crawling to
walking. Child Development Perspectives, 8, 187-192. doi:
10.1111/cdep.12085

Adolph, K. E., Vereijken, B., & Shrout, P. E. (2003). What changes
in infant walking and why. Child Development, 74, 474-497.
doi: 10.1111/1467-8624.7402011

Bartlett, D. J., & Fanning, J. E. K. (2003). Relationships of equip-
ment use and play positions to motor development at eight
months corrected age of infants born preterm. Pediatric
Physical Therapy, 15(1), 8–15.

Bertenthal, B. I., Campos, J. J., & Kermoian, R. (1994). An epige-
netic perspective on the development of self-produced loco-
motion and its consequences. Current Directions in Psycho-
logical Science, 3, 140-145.

Bertenthal, B. I., & von Hofsten, C. (1998). Eye, head and trunk
control: The foundation for manual development. Neu-
roscience and Biobehavioral Review, 22, 515-520. doi:
10.1016/S0149-7634(97)00038-9



INFANT BODY POSITION 13

Bradburn, N., Rips, L., & Shevell, S. (1987). Answering autobi-
ographical questions: The impact of memory and inference
on surveys. Science, 236, 157-161.

Bril, B., & Sabatier, C. (1986). The cultural context of motor devel-
opment: Postural manipulations in the daily life of bambara
babies (mali). International Journal of Behavioral Develop-
ment, 9, 439-453.

Callahan, C. W., & Sisler, C. (2007). Use of seating devices in in-
fants too young to sit. Archives of Pediatrics and Adolescent
Medicine, 151, 233-235.

Campos, J. J., Anderson, D. I., Barbu-Roth, M. A., Hubbard, E. M.,
Hertenstein, M. J., & Witherington, D. C. (2000). Travel
broadens the mind. Infancy, 1, 149-219.

Dahl, A. (in press). Ecological commitments: Why developmen-
tal science needs naturalistic methods. Child Development
Perspectives.

de Barbaro, K., Johnson, C. M., Forster, D., & Deak, G. O.
(2015). Sensorimotor decoupling contributes to triadic
attention: A longitudinal investigation of mother-infant-
object interactions. Child Development, 87, 494-512. doi:
10.1111/cdev.12464

Downing, K. L., Hnatiuk, J., & Hesketh, K. D. (2015). Prevalence
of sedentary behavior in children under 2 years: A system-
atic review. Preventative Medicine, 78, 105-114.

Edgington, E., & Onghena, P. (2007). Randomization tests (4th
edition ed.). Boca Raton, FL: CRC Press.

Fausey, C. M., Jayaraman, S., & Smith, L. B. (2015). The chang-
ing rhythms of life: Activity cycles in the first two years of
everyday experience [Conference Paper]. In 2015 biennial
meeting of the society for research in child development.

Fausey, C. M., Jayaraman, S., & Smith, L. B. (2016). From faces
to hands: Changing visual input in the first two years. Cog-
nition, 152, 101-107. doi: 10.1016/j.cognition.2016.03.005

Franchak, J. M., Kretch, K. S., & Adolph, K. E. (2018). See and be
seen: Infant-caregiver social looking during locomotor free
play. Developmental Science, 21, e12626.

Franchak, J. M., Smith, L. B., & Yu, C. (in prep). Developmen-
tal changes in how head orientation structures infants’ visual
experiences.

Gibson, E. J. (1988). Exploratory behavior in the development of
perceiving, acting, and the acquiring of knowledge. Annual
Review of Psychology, 39, 1-41.

Hesketh, K. D., Crawford, D. A., Abbott, G., Campbell, K. J., &
Salmon, J. (2015). Prevalence and stability of active play,
restricted movement and television viewing in infants. Early
Child Development and Care, 185, 883-894.

Hnatiuk, J., Salmon, J., Campbell, K. J., Ridgers, N. D., & Hesketh,
K. D. (2013). Early childhood predictors of toddlers’ physi-
cal activity: Longitudinal findings from the melbourne infant
program. International Journal of Behavioral Nutrition and
Physical Activity, 10, e123.

Ho↵erth, S. L., & Sandberg, J. F. (2001). How american children
spend their time. Journal of Marriage and Family, 63, 295-
308.

Jantz, J., Blooser, C., & Fruechting, L. (1997). A motor milestone
change noted with a change in sleep position. Archives of
Pediatric and Adolescent Medicine, 151, 565-568.

Jayaraman, W., Fausey, C. M., & Smith, L. B. (2015). The faces

in infant-perspective scenes change over the first year of life.
PloS One. doi: 10.1371/journal.pone.0123780

Kamarck, T. W., Janicki, D. L., Shi↵man, S., Polk, D. E., Muldoon,
M. F., Liebenauer, L. L., & Schwartz, J. E. (2002). Psy-
chosocial demands and ambulatory blood pressure: A field
assessment approach. Physiology and Behavior, 77, 699-
704.

Karasik, L. B., Tamis-LeMonda, C. S., Adolph, K. E., & Bornstein,
M. H. (2015). Places and postures: A cross-cultural com-
parison of sitting in 5-month-olds. Journal of Cross-Cultural
Psychology, 46, 1023-1038.

Keller, H., Yovsi, R. D., & Voelker, S. (2002). The role of mo-
tor stimulation in parental ethnotheories. Journal of Cross-
Cultural Psychology, 33, 398-414.

Kimhy, D., Delespaul, P., Corcoran, C., Ahn, H., Yale, S., &
Malaspina, D. (2006). Computerized experience sampling
method (esmc): Assessing feasibility and validity among
individuals with schizophrenia. Journal of Psychiatry Re-
search, 40, 221-230.

Kretch, K. S., & Adolph, K. E. (2015). Active vision in
passive locomotion: Real-world free viewing in infants
and adults. Developmental Science, 18, 736-750. doi:
10.1111/desc.12251

Kretch, K. S., Franchak, J. M., & Adolph, K. E. (2014). Crawling
and walking infants see the world di↵erently. Child Devel-
opment. doi: 10.1111/cdev.12206

Libertus, K., & Hauf, P. (2017). Motor skills and their founda-
tional role for perceptual, social, and cognitive development
[research topic]. Frontiers in Psychology.

Majnemer, A., & Barr, R. G. (2005). Influence of supine sleep posi-
tioning on early motor milestone acquisition. Developmental
Medicine and Child Neurology, 47, 370-376.

McCall, R. B. (1977). Challenges to a science of developmental
psychology. Child Development, 48, 333-344.

Nichols, T. E., & Holmes, A. P. (2002). Nonparametric permutation
tests for functional neuroimaging: A primer with examples.
Human Brain Mapping, 15, 1-25.

Pin, T., Eldridge, B., & Galea, M. P. (2007). A review of the e↵ects
of sleep position, play position, and equipment use on motor
development in infants. Developmental Medicine and Child
Neurology, 49, 858-867.

Rochat, P., & Goubet, N. (1995). Development of sitting and reach-
ing in 5- to 6-month-old infants. Infant Behavior and Devel-
opment, 18, 53-68.

Ross-Sheehy, S., Perone, S., Vecera, S. P., & Oakes, L. M. (2016).
The relationship between sitting and the use of symmetry as
a cue to figure-ground assignment in 6.5-month-old infants.
Frontiers in Psychology, 7, e759.

Scollon, C. N., Kim-Prieto, C., & Diener, E. (2003). Experience
sampling: Promises and pitfalls, strengths and weaknesses.
Journal of Happiness Studies, 4, 5-34.

Shi↵man, S., Stone, A. A., & Hu↵ord, M. R. (2008). Ecological
momentary assessment. Annual Review of Clinical Psychol-
ogy, 4, 1-32.

Soska, K. C., & Adolph, K. E. (2014). Postural position constrains
multimodal object exploration in infants. Infancy, 19, 138-
161. doi: 10.1111/infa.12039

Soska, K. C., Adolph, K. E., & Johnson, S. P. (2010). Systems



14 JOHN M. FRANCHAK

in development: Motor skill acquisition facilitates three-
dimensional object completion. Developmental Psychology,
46, 129-138. doi: 10.1037/a0014618

Stone, A. A., Shi↵man, S., Schwartz, J. E., Broderick, J. E., & Huf-
ford, M. R. (2003). Patient compliance with paper and elec-
tronic diaries. Controlled Clinical Trials, 24, 182-199.

Tamis-LeMonda, C. S., Kuchirko, Y., Luo, R., Escobar, K., & Born-
stein, M. H. (2017). Power in methods: Language to infants
in structured and naturalistic contexts. Developmental sci-
ence, 20(6), e12456.

Thurman, S. L., & Corbetta, D. (2017). Spatial exploration and
changes in infant-mother dyads around transitions in infant

locomotion. Developmental Psychology, 53, 1207-1221.
Walle, E. A., & Campos, J. J. (2014). Infant language develop-

ment is related to the acquisition of walking. Developmental
Psychology. doi: 10.1037/a0033238

Williams, K. J., Suls, J., Alliger, G. M., Learner, S. M., & Wan,
C. K. (1991). Multiple role juggling and daily mood states
in working mothers: An experience sampling study. Journal
of Applied Psychology, 76, 664-674.

Yu, C., & Smith, L. B. (2013). Joint attention without gaze fol-
lowing: Human infants and their parents coordinate visual
attention to objects through eye-hand coordination. PLoS
ONE, 8, e79659. doi: 10.1371/journal.pone.0079659



Supplemental Materials
Body Position Survey Study Instructions Provided to Participants

Thank you for your interest in this study. This manual explains what will happen during the 
study and provides instructions about receiving survey notifications and how to respond to the 
notifications.

Study Schedule
Introductory Phone Call

When you were first contacted about participating in the study, you made an appointment for 
the introductory phone call. A researcher from our lab will call you to explain the informed 
consent agreement, go over this manual, and to help explain the survey. Please have all of the 
documents you received in the email available for the introductory phone call. The phone call 
will last approximately 20 minutes.

If you agree to participate, you will receive an email link to a questionnaire that asks you 
your availability for the survey. Please follow the link and enter your information to schedule 
seven days during which you will be available to complete the survey.

By completing this information you give your consent to participate in the study and your 
phone will be registered to receive survey notifications.
Seven Survey Days

During each of the survey days, you will receive 5 text messages spread throughout the day 
on your mobile phone. Those messages are notifications to complete the survey as soon as it is 
safe and possible to do so. You will use your phone to answer the 3 survey questions (explained 
in the next section). Each survey response should only take about 1 minute.

We want this survey to be as convenient for you as possible. So, we would like you to 
choose seven days when you think it would be convenient to complete the survey. Please 
choose days during which you expect to spend most of the time with your child. The days do not 
have to be consecutive. Please choose days within the next 4 weeks, and please indicate the 
earliest and latest times we can notify you to complete the study for each day.
IMPORTANT SAFETY NOTICE

Survey notifications will come as text messages to your mobile phone. While we encourage 
you to respond to the survey in a timely manner, it is important to do so safely. If you receive a 
text notification while you are driving, DO NOT RESPOND. Please wait until you have finished 
driving, and complete the survey at that time, if possible. Only respond to text messages 
when it is safe to do so. 
Exit Phone Call

After the last survey day, the experimenter will schedule a 5-minute phone call with you to 
answer any questions that you have about the study. At that time, we will also ask you a few 
short questions about your child’s motor skills: when he or she started sitting, standing, 
crawling, and walking. If you notice that any of these milestones occur during the course of the 
study, please try to keep a record of the date so that you will be prepared during the exit phone 
call.



How to Answer the Survey Questions
You will answer the same three questions each time you are notified. During the introductory 

phone call, the researcher will explain each of the questions to you in greater detail. Keep this 
manual as a reference in case you are ever confused about the survey questions.

In order to answer the survey questions, you must have been in the vicinity of your child for 
the last 5 minutes and your child must be awake. For example, if your child is with another 
caregiver and you leave the house to run an errand, or your child is freely moving and switching 
positions in another room out of your line of vision, select ‘No, I haven’t been with my child for 
the last 5 minutes’. If you can report on your child’s activities for the last 5 minutes, select ‘Yes’.

For Question 2, look at your child and select the position they are currently in, based on the 
definitions below. Note, if you have changed your child’s position to fill out the survey questions 
(for example, you were holding your child and you put him/her down to respond), please 
indicate the position your child was in when you received the notification.
Prone (lying on belly, crawling on hands/knees, crawling on belly)

Supine (lying on back)



Reclined (tilted back at a 45 degree angle, like in a car seat or swing)

Sitting up (independently or in furniture like a high chair)

Standing upright (independently, while holding on for support, or walking)

Held by caregiver (held in arms or in a sling or carrier)

Question 3 asks about how high up your child is at the moment you receive the notification:



Training quiz
Please identify the infant’s position in the following photographs:

A) B)

C) D)

E) F)



G) H)

Correct answers (not displayed in the instruction manual):
A) Held
B) Sitting
C) Held
D) Upright
E) Reclined
F) Sitting
G) Prone
H) Supine




