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Category

Stroller History

Dangers
of Vibration

Summary

Summary:
In stroller history, one can see a development from a
luxury item to a widely used mobility product. The first
stroller appeared in 1733, and was meant to be drawn
by a small horse or dog. In the mid 1800’s, parents
replaced the animal, pulling the stroller behind them. In
1848, the stroller became a product meant to be
pushed, and in 1889 the first reversible carriage
appeared. After WW1, safety became much more
prominent. Due to rubber and plastic parts, an
accessible  market opened up after  1930.
Other important inventions were the lightweight and
easily collapsable umbrella stroller (1965), and the
jogging stroller in the 1980’s. In more recent years
strollers have innovated in extra seating, storage
functions, foldability, seat recline, modularity, lights and
motors, among many others.

Thoughts:
With this information, it is important to consider the
needs of the future. Sehat & Nirmal (2017) argue that
when we would consider self-driving baby strollers, we
would have gone too far as humanity. Why? | wonder
what they imply here, would it be because this could
suggest a future where parents are so detached from
their own children?

Summary:
An emerging topic in stroller literature is the concern for
vibration experienced by the child and the possible
effects it could have. The biggest influence for vibration
is the stroller body, a dampening structure can delay the
impact, but does not absorb the energy. The studies
also show that older, more heavy prams with
suspensions showed lower accelerations than the
modern light ones. The research highlights the need for
proper standards and guidelines for vibrations on
infants, as they currently only exist for adults. Based on
adult standards, they found the experienced vibrations
(especially on rough surfaces) would reach ‘extremely
uncomfortable’ values, cause higher agitation scores
and could have a negative effect on the baby’s health.
However, the lack of standards seem to be a limitation
in supporting this claim. Two studies have performed
testing with real infants, one was related to car seats,
but does show the importance of movement instead of
a stationary test to determine physiological effects.

Thoughts:
w However, if the vibrations would cause fairly or even
extreme discomfort, why are children able to sleep in
the stoller? Why wouldn’t we hear more about it from
the child’s perspective, through crying or other ways of
expressing the discomfort?
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Title

Developments on Baby Strollers over the Last Decade

Scientific Literature (e.g. papers, journal articles)

Grey Literature (e.g. blogs, forum posts, health advice)

Description

An article reviewing the history of baby strollers, ranging
from 1733 to 2018, with a detailed overview of patents
between 2008 and 2018.

State of the art baby strollers: Design review and the innovations of an  Article which analyses stroller innovations between 1980-

ergonomic baby stroller

The History of Baby Stroller

Baby Carriage

DRAFT: v7 Vibration Characterisation of Strollers and Cargo Bicycles for
Transporting Infants: Including Recommendations for Users, Designers,

Manufacturers, and Researchers

The Size of Children’s Strollers of Different Ages Based on Ergonomic

Mathematics Design

Pilot Studies of Vibrations Induced in Perambulators When Moving on

Different Surfaces

Quantitative assessment of comfort and physiological responses in
neonates and infants during pram transport: a pilot study

Dynamic Simulation of Baby Carriage Under Running Condition:
Analyzing Force Given to Driver’s Arm

Is the infant car seat challenge useful? A pilot study in a simulated
moving vehicle

2014, and proposes an ergonomic baby stroller design

Blog post providing a concise overview of the history of baby

strollers from the 1700s to 2016

Website post from a history museum showing an old stroller

from 1894 as an object of the month

Draft paper, researching the accelerations on infants in
strollers and cargo bikes, on different surfaces

Article which tries to ergonomically design a shock-
absorbing structure, through mathematical simulations

Article showing research into the measured vibration an
infant experiences in a pram

Pediatric journal article regarding a study which measures
vibrations, comfort and physiological stabilty of infants
during pram transport.

Conference paper study, analysing the impact force on the
drivers arm, when moving over an obstacle / level
difference.

Experiments were done to reduce this impact force.

Study assessing the effect of motion on infants in a care
safety test

Insights

o First stroller invented in 1733

* Mid 1800's babys were transported in carriages which were pulled

* 1848, Strollers were pushed instead of pulled, to require less energy

* Already in 1889 was the first reversible stroller, allowing both
world/parent

* After WW1, they became much safer & sturdier, due to baby boom there
was suddenly a bigger market for them

* After 1930, plastics were more common, leading to inexpensive
accessbile market, with the umbrella stroller invented in 1965

* Innovations include: Extra storage space, extra seating, standing option,
lights, controller, changing table, motorised, rocking mech, temp control

* The idea of a foldable frame emerged in the early 1980's

 Infant transportation as multitasking and convenience, differs per culture,
see for example slings or cradleboards

* Mentions foldable frame around 1830

* Innovations over the years include: Unique foldability, adjustability, sling
like seats, seat recline, use as car seat, single wheel

* Conclusion from past was that seats were not ergonomic for baby

* Proposed state of the art design contains: lumbar support for baby's
spine, backside perforated, attachment options like fans or headlight,
rocking motion through bungee cord, reversible, attachment holder, hooks
for storage or on shopping cart, usability as car seat

 Future of strollers might be in modularity, battery tech, or natural
materials

o Strollers used to be drawn by a dog or a miniature horse

* In 1800's parents replaced the role of the animal, first pulling the stroller
behind them, after 1848, the stroller was pushed by the parent

* In 1889, the first reversible carriage appeared, with axels connecting the
wheels, making it more manouverable

* After WW1, safety features became much more apparent

* 1930-50s mass produced strollers due to rubber and plastic parts.

® In 1965 The umbrella sttroller came out, which was very lightweight, and
compact friendly, with an aluminium frame

* In the 80s, the jogging stroller made its entrance, and so dit the double
stroller

 Showing the stroller by inventor William H. Richardson

o Stroller allows the bassinet to be turned to face the operator

* The wheels turn individually, creating a much smaller turning radius

* Made of Wood & Wicker, which were more humble materials allowing
use for the middle class

* Modern stroller do not have much suspension, and (e-) cargo bikes are
used more and more with limited padding seats for infants

e Particular concern is children <1 as they can't properly express discomfort
* Again this paper uses standards made for adults to assess the risk for
infants

o For strollers, the roughest surfaces caused 5x the acceleration
experienced on tarmac

* Only tarmac had avg acceleration below health risk zone for 4h (only lying
in cot)

* Rougher surfaces exceeded zone after 20-60min

*When assessing comfort according to adult standards, the adults would
report tarmac as fairly uncomfortable & all other surfaces as very or
extremely uncomfortable

* Two 1970's strollers significantly outperforme modern ones, and 'old
rusty' did not exceed 1h health risk line for any road surface

* Recommendations include: Testing for relevant body sizes is very
important, bc of high mass of child relative to stroller

* Greatest relation of vibrations of stroller is with the body

* Nylon has been used between connections to absorb impact

* Impact on human body dependent on frequency, intensity, duration
* Continuous long term vibration is more harmful

¢ Damping structure can delay impact, but energy is not absorbed

* Pneumatic tires is significantly better

* The frame damping system includes multiple connections

* Obtained acceleration values exceeded human comfort levels (even into
the range of highest discomfort)

* The observed frequency range coincided with the free vibrations of
organs and parts of the child's body

* According to other research, main resonance freq for children <3 years is
close to 8.5 Hz (adult in car seat around 3-5 Hz)

* Older more heavy pram showed lower max acceleration than the
lightweight modern pram

* Argues modern strollers provide greatest possible comfort for parents at
the expense of the children transported

* Based on natural freq of child and frequencies found, they argue the
modern stroller withouth suspension system will have negative effect on
baby's health on less smooth surfaces

* Study highlights need for vibration guidelines in EU standards

* WHO has recommendations for noise level, but not vibration exposure
 Higher vibration was associated with higher agitation scores

* Testing has been done with real healthy newborns, no manikins
 Currently no data on resonance frequency of organs and tissues of
neonates

* Comfort Neo scale mentioned as tool to assess pain and discomfort

* Important values recorded were heart rate and oxygen saturation

* The smaller the infant -> the higher the effects of the vibrations

* Recorded accelerations would exceed the 'comfortable' thresholds for
adults

* Recordings are still within safe ranges, however more research is needed
for longer durations or higher vibration levels

 Load cell and accelerometers were used in experiments

* Experiments were used to develop simulation model

* Impact force the highest when carriage climbs on levle difference

* Impact force can be reduced by adding damping elements into the front
legs of the baby carriage.

* AAP recommendts preterm infant to complete a car seat challenge before
discharge from the hospital

* Paper argues a static challenge might not consider the upright postion
and vibrations experienced in the car

 at 40 degrees and in motion, the adverse physiological effects were more
frequent than stationary at 30 degrees, such as oxygen desaturations

* Test was only 30min of straight line vibration

* Some infants had head flop forward

Questions / Thoughts Picture

This review of the past begs the question
about the future. What needs will have
to be fulfilled?

Futhermore, how can | look further than
just electronic gadgets and mechanisms.

Fig. 1. First baby carriage invented by William
Kent [1]

idea of self-driven baby stroller
emerges", why? What do they mean too | |
far? Is it because all interaction with
child is lost.

Shows mostly the same pictures and
dates as the more scientific article by
Nirmal et al. (2019).

Is this because it is that accurate, or
because there are not that many records
of strollers in history.

| wonder how the market was before =&
the mass production of strollers, how did -
people transport their children back .
then?

Not sure if this is exactly the modeled by
Richardson, but it is the one which most
closely resembled the patent drawing
seen on the internet

The result of the study shows the
estimated health risk and discomfort for

the infant, similar to (Sierzputowski et R

al., 2021) & (Trivillin et al., 2025),

But then again, it begs the question why
don't the children in strollers express
their discomfort more often? | mean |
would not be able to sleep while
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Jogging strollers, which reach higher
speeds?

Test show a max impact force of 5g
when encountering an obstacle. This
seems really high?

(a) Frame force diagram

If it were the case, and the vibrations are
causing discomfort and have effect on
the infant's health, then why don't we
hear more about it?

Then the kid should be crying more

often, and you shouldn't hear about
cases where the child sleeps during

walks?

If the effects of the vibrations are higher
for smaller infants, how large is the
differece in susceptibility between infant
and an adult?

What about driving experience with
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Of course these children have just been
born and are too young for strollers, it
shows the importance of added vibration
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Optional Picture 2

Fig. 23. Baby stroller invented by Zehfuss and
Liao [57]
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Safety &
Injury

SIDS

Child posture

Summary:
Sources were found discussing the injuries and safety
practices related to strollers, and infant death as a
whole. Most common injuries in strollers and carriers
were either from falling or the stroller tipping over
(Fowler et al., 2016). Most deaths involving sitting and
carrying devices were a result of asphyxiation (Batra et
al., 2015). Other injuries are related to fingers getting
trapped. Recommendations to prevent injuries include;
not leaving the child unattended, using the harness, not
hanging bags from the handlebar, not using sitting
devices as a place for sleep and to be aware of heat and

ventilation.

Thoughts:
The sources are already somewhat outdated, from
around 2015. | wonder if more recent developments or
safety campaigns have had an influence on both the
amount of and the cause for injuries. In my observations
I have found the harness is not used often. Even the
website for kinderveiligheid has a picture with two
children, both not strapped in. | wonder how much
injuries are a result of not using the harness?

Summary:
An important part of infant safety, which requires a
separate category, is the Sudden Infant Death Syndrome
(SIDS). In the study by Abramson (1944), attention was
already called to the excessive number of infants dying
from mechanical suffocation. A majority of deaths
occurred in prone position (which was thought to be
most comfortable) and often due to loose items in
sleeping environment. Similar studies have led to
campaigns to keep babies in supine position. However,
even though the parents are aware of the
recommendations, they are not always adhered to
(Michalska et al, 2025). Furthermore the
recommendations against SIDS have led to newer
guidelines to promote ‘tummy time’ during awake hours
to prevent deformation of the head, and promote motor
development.

Thoughts:
| wonder why the mothers in the study of Michalska et
al., do not adhere to the safe sleep practices, even
though they are aware of them. What would be their
reasoning? Furthermore the most interesting part about
this category is how the fear, caused by SIDS, has led to
preventing the prone position as a whole, resulting in
newer guidelines on tummy-time.

Summary:
Limited literature can be found on proper posture in
strollers. Most was found from Brecht Daams, who calls
herself a baby-ergonomist. She states that the strollers
themselves are not at fault, but the problem lies in
usage (Daams, 2024b). For sleeping, the best position is
lying flat. When awake (and the child is able to sit by
themselves) the best position is upright, with lower legs
vertical. She even argues that horizontal legs while
upright could lead to deformation of the spine. Inclined
is worst uncomfortable as it resists freedom of
movement, necessary for healthy development. Other
sources agree that a stroller should have the ability to
both be upright and lie flat, to accommodate for the
changing needs of the child.

Thoughts:
Important to consider with these statements that time
in stroller should always be limited, which is also
mentioned in category motor development. There
should be enough breaks for playing and moving
around. Furthermore an interesting study was done by
Cardon et al. (2004). Even though the participating
children were schoolchildren of 8 year olds, it shows
how children have a natural urge for movement, instead
of constantly maintaining a single position.
To expand this category, seating posture in general
should be considered.
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ERGONOMICS FOR NEWBORNS - CERTAIN IMPLICATIONS AND
RECOMMENDATIONS FOR PARENTS AND DESIGNERS

Hazards Associated with Sitting and Carrying Devices for Children Two
Years and Younger

Injuries Associated With Strollers and Carriers Among Children in the
United States, 1990 to 2010

De 4 van Veilig Wandelen

Awareness Regarding an Infant’s Sleep Environment and Safe Sleep
Practices Among Polish Caregivers: A Cross-Sectional Survey

New AAP guidelines to prevent cot death

Accidental mechanical suffocation in infants

Posture in strollers

Sitting habits in elementary schoolchildren: a traditional versus a
“Moving school”

Prams, pushchairs and buggies

Paper stating to be 'the first in the world' relating
application of ergonomics for the needs of newborns. The
paper discusses both the design of rooms, objects and
strollers

Study reviewing 47 deaths involving sitting and carrying
devices with infants <2 years of age

Article including analysis of children treated in US
emergency departments for stroller- or carrier-related
injuries

Post on their website giving advise on 4 main points for safe

use of a stroller

Article documenting a survey with 451 mothers of
<18months infants, assessing their knowledge and sleeping
practice

Journal article, showing reccomendations and guidelines for

preventing cot death

Study to call attention to the excessive number of infants
under 1 year old, who are dying from mechanical
suffocation.

Journal article, advising the reader on the right and wrong
postures of children in strollers

Study evaluating the differences between a regular
classroom for 8 years olds, vs a '"Moving School' concept

German back health seal/certification

* draws attentrion to lack of ergonomic studies on newborns

* newborn can not recognize blue colour after first week of life

* Often recommended room temperature of 18-22 degrees

® 20-30cm is best for baby to observe object most clearly, at around 2
years, the child achieves visual acuity of an adult person

 States that softer mattress allows spinal column to develop correctly?

* 5900 children (0-4) suffer from stroller related injuries which require
medical treatment

* Common mechanisms for injury are: head between cot and handlebar,
fingers trapped in folding mech, extra weight which causes overturn (due to
load, or standing child)

* Recommendations include: 5-point safety belt, brakes, low storage,
safety lock for folding, check if meets standard, don't leave baby
unattended, do not use pillows

* Other recommendations include: choose for flat sleeping surface, be able
to switch orientation, allow change handlebar height

* Often, parents notice child not sleeping well in supine position, and
alternative sleeping environments might be used

* Other study found children spent a mean time of 5.7h a day in seating
devices

* two thirds of cases occured in car seats

* in 46 of 47 cases, the cause of death was asphyxiation

* 8 month year old was sleeping unattended and unfixed in a stroller

* Refers to the dangers of using sitting and carrying devices as a place for
sleep

* 89% of car seat deaths were recorded outside of the car

* 52% of car seats deaths due to strangulation by straps, the other 48%
died from positional asphyxia

* Parents, when using the car seat outside of the car, often do not use the
restraint system, as the child is safe from any car accident

in 2010, stroller/carrier related injuries bere 2 of the 3 most common
nursery product related injuries

* Most injuries caused by falls, many leading to traumatic brain injury

* Most injuries with children <lyear

 The rate decreased from 5.3/10.000 in 1990 to 4.8/10.000 in 2010

* Majority of injuries occured at home

* Most commonly injures were head, face and mouth

e Injuries include: Falling from stroller, Tipped over, Tripped over, caught
extremity, collision, entrapment

o Yearly recalls of products identify areas of improvent

* Preventing tip overs though not hanging heavy purses from the handle,
having a wide wheel base, child should not exceed weight limit

* Second picture is from other page, but shows no use of harness

* Never close off the cot entirely (probably because of heat/ventilation)
* Do not use cot as a regular sleeping place, as an outside cot would not
give enough ventilation through the sides

* Move to a seat when baby can sit independently (they mention 6 to 9
months)

* Keep baby on a flat surface as long as possible, which is better for the
muscle development

* Always use the harness to prevent falling/injuries

* Most recent update in SIDS recommendations in 2022, containing
infromation about supine position sleeping & tummy time

* It is essential to consider sociocultural context in recommendations

* Almost all respondents agreed no additional objects should be placed in
crib, but 1/3 still did put items in the crib

« Stroller was used for 16.7% of sleeping cases

* 88.9% of mothers were aware that supine is safest sleeping position
12% place their infants on their stomach to sleep

* 74.5% believed infants should not sleep in same bed as parents, yet
37.76% still do

* Mentions campaigns in other countries, which have helped reduce cases
of SIDS

* However, this study shows that knowledge does not always translate into
the proper caregiving practices

* Associations of US pediatricians has improved recommendations

* Dutch annual average of 25 cot deaths (from 200 in 1986)

* Other problems have surfaced due to advice to keep supine, including
deformed heads, impaired motor development or later posture problems
 Child should sleep flat, in supine, without objects in environment

* New recommendations pay more attention to tummy time

¢ Do not let baby sleep in a seat (especially <4 months)

* Recommendations for industry include to not promote unhealthy
situations: No cots with loose bedding, or objects within the sleeping
environment, especially not in displays/adverts

 States that this problem is a sadly neglected field in preventive medicine
 Case records of 139 deaths between jan 1939 & dec 1943

* 69% of deaths were in male babies

 Peak of deaths in winter months

* In crib deaths (35%), loose pillows or improperly applied blankets were
the common lethal agents

* In carriage, this were mostly decorative pillows and coverings

 Prone position was noted in 68% of the fatalities

 Frequent occurance of smothering after feeding, suggests infant should
not be left unguarded too soon after feeding

* They believed a prone postion would be more comfortable for the baby
and would prevent deformation of the skull

¢ Not until 4 or 6th month head an chin raising occurs with some strength

¢ Adjustment offered by modern strollers allows for unwanted postures

* Products themselves not at fault, the problem lies in the usage

o For sleeping, or a child which is not yet able to sit, lying flat is best

* When awake, the best position (and when child is able to sit by
themselves) is upright, with the lower legs vertical

¢ Upright posture promotes healthy development of brain, muscle and
bone

« Inclined back is uncomfortable as it resticls freedom of movement, which
is necessary for healthy develioment

 Children should have sufficient room to move and change posture
 Horizontal seat and reclined back causes child to slide down

* Legs horizontal and back vertical is uncomfortable and can cause
deformation of spine, evidence is found in children who keep their legs
hanging off the footrest.

* Bumper bar is important for changing posture and interacting

* In order to promote healthy behaviour, infomation should be shared with
parent though sales channels and pictures in marketing

* Portable ergonomic observation (PEO) was used

* Moving school had furniture adjusted to pupils, leading to a better trunk
bend, so less back pain was assumed

 Children show a natural urge for movement through tipping chair, or
sitting on their leg

* No clear conclusions could be dwrawn on self-reported neck and back
pain

o Child's needs change in time, newborns should lie in pram, later it should
be possible to alternate between sitting and lying

* adaptable belt system allows freedom of movement

o Infants love having an unobstructed view (source?)

o Stability and handling is more important than its size

* There should always be enough breaks for playing and moving around

Is it supported that a softer mattress
allows for better development of the
spine?

"Choose a stroller that has a foorest
because the child will usually use it
during growing up" -> i mean what kind
of argument/statement is this?

(kind of feels like unreliable source)

Tablel Hazards of sitting and carrying devices for children 2years and younger (gender
and age ranges for each device)

What are the specifics in the car seat
cases?

Device  No. Male Female Unknown %oftotal  Meanageat  Median age at
insudy  death,mo  death, mo

Age

Corseas 31 14 16 1 6 97 )

Sigs 5 3 2 0 n 2 1

How many did use a restraint system?

Swogs 4 3 1 0 B 6 29
5 car seats were found on top of the PS4 8 1 © 9 - -
chikd Swies 3 2 1 0 6 57 7

Wl @25 A 1 75 7
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10dt0
Smo

8dto
smo

23mo

28mo

15000 = el incidence

16000 related ncidence

—— Stollrreated

= - ~Camer-related e

What about more recent years?

How have newer guidelines and
standards influence the designs and
amount of injuries?

Interesting to see picture 2, which has
been used by the company on the
overarching page for 'walking', but both
of the children are not strapped in the
harness

Why do the parents not adhere to the

recommendations they do know?

Table 4. Slesping positions used in the study group

Sleeping Position  Number of Responses

Responses (%) Respondents (%)*

Would it be more convenient, or would
the child not be able to sleep otherwise?

Other problems have surfaced, like
impaired motor development or posture
problems.

-no picture

What would be the cause of these
problems? Cant just be from advice to let
babies sleep on their back? Perhaps
related to the container baby syndrome?

As this study is even from 1944, when
did SIDS really become 'a thing'?

->first use was in 1969

o Faonth of atality

What are the sources behind these very
direct statements? Why are the postures
not comfortable?

Why are the children in pictures not in
the harness?

find ways to sit with their feet down. This s not very comfortable either.

" " 1t ke it feel lik [ Encouragement of movement in the school s place of work |
onestly, results make it feel like

movement would not be that important ' = T

for children's back health. + Smtortte
But interesting to see the natural urge P
for children to move, while it does not
affect learning or control for the teacher
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Figure 4. Inclined back
support: not recommended
when the child is awake or
can not sit independently.

Why are only strollers from 3 companies  Hnimen reaurements
certified?

Did the others fail, or never apply in the
first place

How well known is this seal, does it
matter in sales?
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Motor development

Growing Children

Summary:
In the area of motor development of children, there
seems to be a growing concern that they develop slower
than in the past. These claims usually come with advice
to limit screen time and the amount of time spent in
seating devices. It can also be referred to as ‘container
baby syndrome’ relating to how infants spend too much
time in various sitting accessories, limiting the motor
activity. A study, using EMG signals (Siddicky et al.,
2020) found that sitting in a car seat indeed causes
lower muscle activity. Van der Velpen & Van Loon
(2024) argue that knowledge about proper posture and
childcare has been lost over the years. However, it is
important to note that the Health Council of the
Netherlands (2022a; 2022b) give advice on daily
physical activity, even though there seems to be no
clear evidence that physical activity promotes motor
development.

Thoughts:
| wonder how big of in impact keeping your child a little
bit longer in a stroller or car seat will have on its motor
development. | do believe the argument that knowledge
has been lost over the years is very interesting, but they
do not mention specifically what that knowledge could
be. An important transition seems to be the more
recent advice and guidelines on tummy-time, to
facilitate motor development and prevent deformation
of the head.

Summary:
A separate category was formed to address the
changing needs of infants and young children. In their
master thesis, Pardue (2019) tries to address this in a
rocker design, through adjustable angles and foldable
head and footrest. Another interesting result of their
research was that parents ranked (on importance)
comfortable appearance very high, but ergonomic fit
very low. Another part of growing children, is that they
eventually grow too big. ABC news (2011) refers to a
blog where pictures were posted of children way too
large for their stroller. A guideline is mentioned of till
around 3 years of age, as the child should be able to
develop the strength to walk. Cao (2019) proposed a
stroller design, which is able to change according to the
child’s needs and addresses the short life span of
strollers, as it can turn into a toy «car.

Thoughts:
With accommodating for different sizes, would
increasing the size of stroller seats also affect the age at
which they are used? If the child of 5/6 years old still fits
in the stroller, what is preventing the parents from using
it if it is more convenient to do so?

Summary:
Various proposed stroller concepts have explored the
parent preference and functional requirements for their
stroller (Soewardi & Nariswari, 2021; Wei et al., 2023;

Wu et al., 2020), mentioning functions like storage,
faldahilitu mnhilitv and cafaty Rirkan ot al (90178 did 2
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Container baby syndrome — has infant equipment overuse
an impact on motor skill development?

Positioning and baby devices impact infant spinal muscle activity

Geef je kind ruimte om te bewegen!

Advisering consultatiebureaus over houding en meer en goed bewegen
van kinderen kan veel beter

Dutch physical activity advice for children aged 0-4 years:
background document

Dutch physical activity advice for
children aged 0-4 years

Using Anthropometric Measurements to Design Ergonomic Infant and
Toddler Gear

Design of Growth Baby Stroller Based on Computer Aided Innovation
Technology

Too Big For a Stroller: Why Carting Your Big Kids Does a Disservice

Parents' perception of stroller use in young children: a qualitative study reasons for stroller use and its perceived impact on physical

Pedriatric journal paper regarding the container baby
syndrome, to present problems and recommendations to
raise awareness.

Study into the effect of infant body position on the muscle
activity, through EMG signals

Blog post for Kinderveiligheid explaining how motor
development in children is slower than in the past

Healthcare and innovation newsletter article, regarding an

interview with an orthopedist, about how young children do

not move enough

Background document from Dutch health council for their
advice on physical activities for <4 year olds,
containing an extensive literature review.

Executive summary by the Health Council of the
Netherlands, giving advice on the physical activity of 0-4
year olds

Master thesis, using anthropometric measurements to
create prototypes and concepts for testing

Conference paper, from college of art and design, using
computer aided technology to design a growth type stoller
adapting to the continuous needs of child at different ages

abc news arcitcle discussing the overuse of strollers

Research article analysing interviews with parents on the

activity

« Popularity of baby support accessories is calles container culture/lifestyle
 Ability to play and interact is crucial for motor development, which in
turn affect to global development of the infant

* Container baby syndrome is term for childs spending too much time in
devices limiting spontaneous motor activity, or items forcing upright
position

* To reduce risk of SIDS, sleep in supine position on flat firm surface

* Sitting devices not recommended for sleep

* Due to campaigns to promote supine sleeping position, prone is avoided
also during wake time, leading to motor delays and plagiocephaly

* Mentions WHO recommendations for Tummy time

* WHO -> dont constrain for more than 1 hour

* Semi reclined position could cause breathing problems (car seat
challenge, And child should not be in (partially) unbuckled seat.

* Baby recliner or walker show negative factors in motor development

* Back to sleep campaign resulted in supine postioning causing deformation
of head, whereas prone position relates to proper motor development

* Babywearing offers emotional, physiological and physical benefits

* EMG characteristics of the muscles highlights the importance of prone
time in the development of the spine

* Lower muscle activity was recorded in the car seat

® Other gear (such as stroller) are also cause for concern if infants spend
too much time in these devices

* No differences found in babywearing vs in arms carrying

* Low daily prone time was received by infants who participated

* Shows multiple sources refering to the negative effects of insufficient
daily prone time.

* Motor development in children slower than previous years

 Learn to walk later, are slower, less agile, but do have better hand-eye
coordination

« Slower motor development causes more frequent falling/injuries

* Refers to tummy time to give space for movement and development
 Also advises against longer time in chairs, as they restrict movement

* States that walkers have a chance of slowing the development

* Explains how JGZ has an important role to play in consulting parents
about movement and motor development

« In recent years, motor development in children has decreased/slowed,
leading to obesity, injuries and neck and back pain

* Argues that with the dissappearance of the "Huishoudschool", much
knowledge on proper posture and exercise has been lost

* |t is common sense that we should not restrict young animals (including
children) in their natural urge to move

* Van Loon is also working for Houding Netwerk Nederland, which has
stopped working together with JGZ in development of guidelines

 Refers to physical activity guidelines by the Gezondheidsraad

* Argues through an Erasmus study, which showed that 73% of 550 <9 year
olds have a bulging discs, that they have a pre stage form of a hernia, and
will have high possibility of developing back issues at 32

o Literature show much inconsistent results for physical activity in relation
to heath, motor or coginitive development.

* However there was weak evidence for an effect on physical activity at a
later age

o For these guidelines, peer reviewed literure + international guidelines
were used, including those issued by the WHO

4 year olds -> physical activity linked to higher bone density and better
motor development, advice is 180min of activity (with 60min of moderate
to vigorous) + Limiting screen time to max 1h a day

* 0-3 year old -> Limited research found, but show mostly link with better
health and development. No min or max can be provided

* WHO advises <1 -> tummy time several times a dayfor total of at least 30
min, 1-3 -> 180 min of daily activity, not be restrained for more than 60min
* WHO also advises <2 -> no screen time at all, 2-3 -> max 1h a day
 Council believes more research is needed for quantative guidelines
without relying heavilu on expert panels

* Argues desire for grow-with-me products, since infant grow so quickly
 Typical rocker has recline for infants and more upright for toddler

* Taking anthropometric measures allowed conversation with parent

* Took inspiration from Nomi Chair (see picture)

* Instead of age, used 2 distinctions (ambulatory & supine)

* Through pilot study, found importance of putting child at ease

« In survey for needs, parent ranked comfortable appearance highest, but
ergonomic fit was rarely mentioned

* Researcher created own manikin

* Many parents stopped using rocker after child was able to sit up/roll
* 2 concepts were developed and evaluated

 Final concept has 2 sizes, with adjustable angle and foldable head and
footrest

* CAl is used as a technology in product development, based on TRIZ
 Chinese stroller market much younger than Eurpean one

* Tackles issue of short lifespan and no use after child ages

 Original stroller does not meet functional changes

* Proposes a concept which can turn into a toy car

® TRIZ has 40 principles, which have been linked to the user requirements

* Mentiones a blog called toobigforstrollers, making fun of children too big
to be in a stroller

* Mentions a pediatrician, who states parents are creating a long term
problem for the child trough the convenience of using the stroller

 Child should be able to develop strenght through walking

* No specific AAP guideline, but max is around 3 years old

* "Just because their kid can still fit in a stroller doesn't mean they should
be in one"

 Using at 4/5 years discourages kids from being active and independent

o Strollers have been conceptualised as restricting movemen and reduce
opportunities for physical activity, with obesity being a growing concern
* Obesity <5 years strongly predict future obesity

 Physical activity important for growth, social and motor development

* Limited research exisist on health outcomes to stroller use, besides
stroller-related injuries

* 6 Reasons where identified for stroller use: Transportation (for walks or
from A to B), Storage (defined as one of main conveniences), Leisure (spent
tume outside), Supervision (allows restraint & Safety), Parent activity
(Jogging/Running), Sleep (allows sleep away from home)

 Decision to use stroller influenced by: Caregiver preferance, Time
constraints, Lifestyle, Walking ability Child, Child preference

* No consensus was found on the relationship Stroller-Physical activity

* On one hand it does limit movement, on the other the alternative would
be car, or not taking them outside, and it allows trips to the park for
activity

* Most parents believed stroller use does not influence physical activity
levels, but to recognise negativity of exessive stroller use

* Mentions multiple sources on guidelines for sitting and restraints, and
which highlight exessive use as a concern

* Many parents do not see any connection between stroller and physical
activity, also believe that children are naturally active

Why is this actually a thing? It kind of
makes it seem like parent do not interact
with their kids as often, and just find it
convenient to keep them in all kinds of
sitting devices.

- no picture ++

How bad is it actually?

It makes sense that muscle activity is
lower whilst laying immobile in a car
seat.

But how large is this difference, and how
big of an impact would it actually have
on motor development.
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Have to keep in mind that Daams gives
advice to Kinderveiligheid, or at least has
done so in the past.

Important to keep in mind that Van Loon
works with Daams, even mentions her
book in the interview.

There also might be a reason that HNN is
not working together with JGZ anymore

I do think it is an interesting argument +/-
that a lot of knowledge has been lost
over the years, perhaps through societal
developments and the dissappearance of
the huishoudschool.

I wonder what this would be like in other
cultures/countries, where women stay at
home

If the background document contains so
many inconsistent results, what did they
base their advice on?

+/-

What would the WHO have based their

advice on? - no pictures .

Why do parents rank comfortable
appearance so high, but ergonomic fit so
low?

Why would the headrest be foldable?
Would the reason be so that the child
would be able to develop the muscles on
their own?

Figure 9. Evomove Nomi Chair

Figure 20 & 21.

v

Figure 5. Use effects of different stages of growth baby stroller.

Complicated process? Or not clearly
explained. | can't seem to find what has
been done by computer, but end result is
interesting.

Would increasing sizing of seats for
larger children even increase the max.
age at which the children will use them.

- no picture +

How would the age of the child influence
the perception of the stroller?

If parents would not recognise relation Tana
between stroller and physical activity, i )
would they also not be aware of the ‘
guidelines against exessive stroller use?

Especially child preference might be an
interesting one, for example in being able
to walk around on their own, or to
explore the environment,

but others are more content in the
stroller to just look around
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qualitative study of parents perception of strollers. They
concluded 6 reasons for using a stroller and tried to
discover how parent associated strollers with physical
activity. No clear connection was found, on one hand
excessive stroller use is recognised as bad, but using a
stroller also allows transport to a place where the child
is active.
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Throughout the research, it was also found that children
have preferences too, which can influence the
behaviour and lifestyle of the parent. Some children
really like to look around and sit upright, others prefer
to see their parent. Some would rather prefer to try and
walk around, exploring on their own. Some children just
hate the stroller, and have a very low tolerance for it.

Thoughts:
Parent mostly base their stroller choice on functional
requirements, | wonder if a high user satisfaction for the
parent would also influence their assessment of comfort
for their child? Furthermore, concerning the child
preference, | wonder how big of an influence it might
have on the parent’s decision-making and behaviour.
Using a stroller is quite convenient, but what if the child
actually hates it? The child was very likely not even born
when the stroller was bought.
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A function combined baby stroller design method developed by fusing
Kano, QFD and FAST methodologies

Innovative And Ergonomic Design of Baby Stroller for Children’s 6
Months - 3 Years Old

Application of innovative design of transformable baby stroller based
on TRIZ

Stoller, in group March 2019 Birth Club

Why does everyone seem obsessed with whether or not | am using a
stroller?

Paper which proposes a baby stroller design, based on user

requirements and finding the best combination of functions.

Conference article, showing improved innovative design of
baby stroller, focusing on requirements from parents and
ergonomics from both parent and child (6month-3years)

Article proposing a design, developed through a TRIZ model,
which adresses the needs of users in complex spaces, in this

case for an escalator scenario

Forum post on Babycentre, asking for recommendations on
strollers

Reddit post from a parent complaining about how others
comment on them carrying their son instead of using a
stroller, as the child has a low tolerance for sitting in one

» According to market analysis, Chinese manufacturers are rated low in
terms of functional innovation

* Kano model used to analyse user requirements and rate their importance,

FAST used to decompose functional structure of baby stroller

QFD model was used to correlate requirements with product functions
* Eight level-2 requirements were obtained: portable, storage,
reconfigurable, replaceable, foldable, mobility, sit & lie, stable.

* Requirements were correlated with function, functions were correlated

with parts

* Shape matrix was created of structural features, which were combined

into 1 design proposal (similar to morpho chart)

 Innovation of stroller design not changed during 1980-2014

* In China, shape and appearance has been more important than function

* Simple, Comfortable and Safe are valued attributes from user
 Proposed ergonomic parameters for comfort requirements

* 95 percentile of seat height chosen, but 5 percentile for footrest height?

* Interesting use of a hand brake, to reach in a reflex

* with rapid economic development in asian countries, they pay less
attention to price, and more product safety and ornamental

o Strollers have gained attention in recent years, however without changing

the frame mechanical structure.

* Many designs consider whether the baby is comfortable, ignoging the
connection between user and stroller

* Parents lack awareness of child safety, and ignore warning signs

* Users either hold child with one hand, or balance stroller with both
 Final designs allow movement in the stroller frame

 Parents state they want child to be able sit up straight, other user
mentions it is also because of feeding

 Original poster wants upright stroller as her child would like to see around
* 3 weeks later, user bought a stroller, her child does like it, but currently

prefers to walk

* OP states that 8month old son has low tolerance for sitting in stroller for

longer tha a few minutes

* Parent does not blame son for not wanting to be strapped in yet another
seat
* Does not get why everyone else comments on them not using a stroller,

others mention term 'parent-watching' as others really like to comment on

anything that seems unusual
* OP is not the only commenter with children who absolutely hate

strollers?

Parents value functions like driving &
folding. How far does user satisfaction in
these functions influence their
assessment of comfort for the baby?
Would a good stroller for them mean a
good stroller for their child?

Wont the low footrest height be
uncomfortable for the larger child?

Sadly no physical protoype, would have
loved so see such a concept more
realised.

How common are these desires from the
child perspective, for example to look or
walk around

| wonder why the children referred to in
these posts hate the stroller?

Could it be because of the vibrations, or
the restrictions and lack of freedom, or
perhaps discomfort
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