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Abstract

Background: Results from previous studies suggest that bodily movements, spanning from gestures to whole-body
movements, integrated into academic lessons may benefit academic learning. However, only few studies have
investigated the effects of movement integrated into reading practice. The PLAYMORE study aims to investigate the
effects of two interventions focusing on a close and meaningful coupling between bodily movement and
academic content on early pre-reading and word recognition skills in children. Further, the study aims to compare
two interventions involving either hand movements (i.e. using arms and hands) or whole-body movements (i.e.
using the whole body). Potential mediating factors underlying the link between bodily movement on early pre-
reading and word recognition skills will be explored.

Methods/design: The PLAYMORE study will be conducted as a three-armed randomized controlled trial including
children aged five to six years recruited from four schools in the Copenhagen area, Denmark. Stratified by class,
children will be randomly allocated to one of three 8-week intervention/control periods: 1) teaching involving
whole-body movements, 2) teaching involving hand movements (i.e. arms and hands) or 3) teaching involving
minimal motor movements (i.e. seated on a chair using paper and pencil). Outcome measurements, including pre-
reading and word recognition skills, will be collected before and after the intervention period to assess the
intervention effects. This study protocol follows the SPIRIT guidelines.
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Discussion: The PLAYMORE study will add to the current knowledge concerning the link between bodily
movement and academic performance with important details about pre-reading and word recognition skills in
preschool children. If effective, evaluation of the implementation of the PLAYMORE program should be conducted
in order to investigate whether the effects can be transferred into standard school settings. The PLAYMORE study
will lay the foundation for future research that have the potential to inform the political and scientific debate and
importantly, to provide teachers with detailed information of how to implement movements effectively during
teaching in order to support and motivate children in the process of learning to read.

Trial registration: The study was retrospectively registered in ClinicalTrials.gov (NCT04618822) the 5th of November 2020.

Keywords: Motor-enriched learning, Embodied learning, Physically active lessons, Pre-reading skills, Word recognition,
Preschool children

Background
The acquisition and development of competent reading
skills in childhood are critical to functioning and well-being
later in life. Poor spelling and reading skills in children and
adolescents have been associated with poor academic
achievement [67, 74, 89], school dropout [20, 55], and lower
occupational status in adulthood [62, 74]. Initially, when
learning to read, the acquisition of phoneme awareness and
letter knowledge is of great importance. Letter knowledge
is required in order to understand the alphabetic code, that
is, the fact that sounds and letters can combine, which, in
turn, will allow for the development of basic word reading
accuracy. Accordingly, phoneme awareness and letter
knowledge measured before the outset of formal reading
instruction are unique predictors of later reading and
spelling abilities [11, 29, 36, 48, 56, 68]. Given the funda-
mental role of reading abilities in modern society, it is
essential to identify forms of instruction and practice that
support and motivate children in the process of learning to
read with a specific focus on the acquisition of phoneme
awareness, letter knowledge and decoding abilities in the
first school year.
School-based interventions involving bodily movement

(spanning from less pronounced movements such as e.g.
gestures to physical activity (PA) in terms of e.g.
exercise) have been recognized as a potential strategy to
support academic learning in children and adolescents
and several reviews in this field have been published (e.g.
[3, 18, 22, 23, 51, 58–60, 71, 87]). In general, the effects
on overall academic performance are found to be small,
also when summarizing isolated effects within
subdomains such as reading and mathematics [3, 22, 23,
51, 71]. However, bodily movement is a multifaceted
construct and the mechanisms through which cogni-
tion and learning are effected depend highly on the
characteristics of the movement activities (e.g. type,
movement range) [5, 19, 53]. Thus, when investigating
the link between bodily movement and academic
performance, it is important to differentiate between
different types of movement activities. During the last

decade, much research has focused on the relation-
ship between general PA, in terms of e.g. physical
exercise, cognitive performance and academic learning
(for reviews see e.g. [24, 71]). From laboratory-based
and strictly controlled studies, it is evident that cogni-
tive performance, in particular executive functions
(which play an important role in the development of
e.g. word recognition and spelling skills [12, 39, 80])
can be enhanced following a single bout of PA ([15,
34, 44], for review see [14, 35]). Moreover, though
equivocal, results from some experimental studies
suggest that several bouts may benefit executive func-
tions in children and adolescents [21, 33, 79]. Physio-
logical mechanisms underlying the acute effects of PA
on cognition comprise transient increase in peripheral
levels of catecholamines [16, 72], steroid hormones [8,
32] and growth factors [28, 72] as well as changes in
cerebral oxygenation and cerebral blood flow [25]. In
addition, increased catecholamines and growth factor
levels induced by several bouts of PA can eventually
lead to e.g. structural brain alterations (i.e. new vascu-
lar and neural structure) affecting cognitive perform-
ance (for review see [81]). However, whether this
effect transforms into improved academic learning, when
PA is conducted in a school setting, is still unclear, since
high quality school-based intervention studies are limited
and often conducted as multi-component studies includ-
ing PA as one of more intervention components.
Another promising, but less investigated, approach is

the coupling of movement and academic content during
academic lessons. This approach rely on principles
drawn from theories of embodied cognition and is often
referred to as embodied learning [49, 73]. Briefly,
embodied cognition suggests that human cognition
develop from the body’s interactions with the surround-
ing environment [70]. Interestingly, it has been demon-
strated that both visual and motor brain networks are
activated during cognitive tasks such as reading and
problem-solving, suggesting that task performance not
only rely on e.g. visual information but also sensory
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information gained through bodily experiences (dis-
cussed by e.g. [90]). As such, actions involving task rele-
vant information may support learning of the specific
task in addition to just hearing or observing it (i.e. the
enactment effect) [26]. Based on this view, embodied
learning activities aim to create a close coupling between
the movement and the specific task to be acquired, but
vary in regards to e.g. the level of bodily engagement,
task integration [73] and congruency between the move-
ment and the task at hand [40]. Over the years, a large
body of research has emerged mainly using gestures or
hand movements but also whole-body movements
during learning (e.g. [2, 5, 19, 53, 66]). For example,
Mavilidi and colleagues used gestures and physical exer-
cise during teaching of 3–5 year-old children learning a
new language over a 4-week period and evaluated the
effects on new words learned [53]. Using a four-armed
randomized controlled design, they found that gestures
as well as physical exercise, particularly when move-
ments were integrated into the learning task, had benefi-
cial effects on learning. A recent systematic review
(unpublished, in review) summarized studies investigat-
ing the effects of bodily movement on early first
language word recognition and spelling skills in children
and found that only few studies of limited quality
focused on interventions founded in the embodied learn-
ing theory, i.e. involving activities with a close coupling
between the movement and the academic task. The
identified studies mainly focused on handwriting [17, 46,
61, 69, 84, 85], copying or tracing letters/words [6, 37,
46, 50, 85, 91] and only four studies included whole-
body movements (i.e. embodying letters, walking the
outline of letter) [4, 7, 19, 52]. Considering the limited
amount of studies involving whole-body movements in
combinations with the large variety of movement com-
ponents included in these studies, it is still uncertain
whether such activities have a larger impact on word
recognition and spelling skills compared to teaching
methods not incorporating motor activities. Such infor-
mation is needed in order to enable a construction of
general guidelines and specific instructions for integrat-
ing PA in a meaningful way into the school day.
Consequently, the current study aims to investigate

the effects of two interventions focusing on movement
activities with a close and meaningful coupling between
the movement and the academic content on pre-reading
and word recognition skills in children. Previous studies
focusing on mathematics [5] or second language [53]
suggest that the effects may depend on the motor
modality used (i.e. whole-body or hand movements).
Thus, another aim of the study is to compare the two inter-
ventions involving either hand movements (i.e. using arms
and hands) or whole-body movements (i.e. using the
whole-body). Lastly, to explore potential mediating factors

underlying this relationship, the intervention effects on
intrinsic motivation and cognitive performance will be
evaluated. The study will be conducted as a three-armed
randomized controlled trial designed to test superiority of
two interventions as compared with a control. Included
subjects will be randomly allocated in an approximate 1:1:2
fashion to either 1) teaching involving whole-body move-
ments, 2) teaching involving hand movements or 3) teach-
ing involving minimal motor movements (i.e. seated on a
chair using paper and pencil).
It is hypothesized that the two interventions involving

hand or whole-body movements, respectively, will
induce a larger effect on pre-reading and word recogni-
tion skills compared to a teaching method where move-
ment is reduced to a minimum (i.e. seated using paper
and pencil). In addition, based on current literature
within mathematics [5], it is expected that the interven-
tion involving whole-body movements induces the
largest effects compared to the intervention involving
hand movements.

Methods/design
The study was retrospectively registered in ClinicalTrials.gov
(NCT04618822) the 5th of November 2020. This study
protocol (1st version, October 2020) follows the SPIRIT
guidelines [13].

Study design
The study will be conducted as a three-armed random-
ized controlled trial including two intervention groups
and one control group (CG) (Fig. 1, study design and
flow of participants). Intervention activities will be com-
pleted as either whole-body movements (WM, interven-
tion group I) or hand movements (HM, intervention
group II) over an 8-week period at four primary schools.
Using random selection of sealed envelopes, participants
will be randomized stratified by class in an approximate
1:1:2 fashion to either WM, HM or CG. Specifically,
within each class six subjects will be assigned to WM,
six subjects to HM, while the remaining subjects will
constitute the CG. The project leader will be responsible
for all steps related to the enrollment and allocation of
participants. Outcome measurements will be collected
before and after the intervention period enabling assess-
ment of the intervention effects. A schematic diagram of
time schedule of enrolment, interventions and assess-
ments are presented in Table 1.

Participants and recruitment
The intervention is targeted children five to six years old
who have just started school. In Denmark, children start
school in August of the calendar year in which they turn
six. However, formal reading instruction is not a part of
the first school year (referred to as “Grade 0”) which has
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been compulsory in Denmark since 2009 but remains a
preparation year [78]. Thus, teachers are required to
prepare students for formal reading instruction in later
grades and letter knowledge is emphasized as an area
meriting special attention [78]. The intervention period

will start approximately 1.5 months after children have
started Grade 0. At the beginning of Grade 0, students
are usually able to identify at least half of the letters of
the alphabet [41, 65], but only a few students will be able
to read words [65].

Fig. 1 Study design and flow of participants
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School leaders of primary schools in the Copenhagen
area will be contacted by phone and invited to an initial
non-committal meeting. All preschool teachers at the
respective schools are encouraged to participate in this
meeting. If the school leader and teachers agree to par-
ticipate in the study, logistic planning will be done indi-
vidually with all teachers to ensure that the final time
schedule is in agreement with the respective teacher and
class. All preschool children from schools enrolled in
the study will be invited to participate in the project
activities and assessments, however, children who do not

speak any Danish or children with cognitive or physical
disabilities hindering participation in the project activ-
ities will be excluded from the randomization and the
final dataset and analyses. These children will be invited
to attend the control activities. Further, only children
whose parent(s) or legal guardian(s) provide signed
written informed consent will complete the assessments.
Children without consent will attend the control
activities in the classroom but will not be included in
the assessments and thus not the final dataset or

Table 1 Schedule of enrolment, interventions and assessments in the PLAYMORE study

STUDY PERIOD

Activity or assessment School/class
/group /individual
level

Recruite-
ment

Baseline Intervention period (8 weeks) Post 3-month
follow-up1 2 3 4 5 6 7 8

Contact to schools School ●

Eligibility screen Individual ●

Consent (parents) Individual ●

Inclusion Individual ●

Randomization Individual ●

INTERVENTIONS/CONTROL (3*30 minutes/week)

Whole-body movements Group (6 subjects) ●●● ●●● ●●● ●●● ●●● ●●● ●●● ●●●

Part-body movements Group (6 subjects) ●●● ●●● ●●● ●●● ●●● ●●● ●●● ●●●

Control Group (app. 12
subjects)

●●● ●●● ●●● ●●● ●●● ●●● ●●● ●●●

ASESSMENTS

Reading skills

Word reading with pictures Individual ● ● ●

Word reading without pictures Individual ● ● ●

Naming of letter sounds Individual ● ● ●

Letter Fluency Individual ● ● ●

Letter test 2 ½ class ● ● ●

Word reading test 1 ½ class ● ● ●

Knowledge of trained letter- sound
correspondences

½ class ● ● ●

Cognitive performance

Digit Span Individual ● ● ●

N-back Individual ● ● ●

Motor skills

Flamingo Balance test ½ class ● ● ●

9-hole pegboard Individual ● ● ●

Compliance data

Presence Individual ●●● ●●● ●●● ●●● ●●● ●●● ●●● ●●●

Active participation Individual ●●● ●●● ●●● ●●● ●●● ●●● ●●● ●●●

Session completion Group ●●● ●●● ●●● ●●● ●●● ●●● ●●● ●●●

Compliance to protocol Group ●●● ●●● ●●● ●●● ●●● ●●● ●●● ●●●

Intrinsic motivation Individual ● ● ● ●

Adapted from the SPIRIT guideline (Chan et al., 2013)
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analyses. All children will follow the interventions/con-
trol that they were initially allocated to.

Structure and learning content of the activities
During the 8-week intervention period, three sessions
of approximately 30 min duration will be completed
each week, counting 24 sessions in total. At the schools,
trained instructors will administer activities in the two
intervention groups, while the usual schoolteachers will
administer the control activities. Activities focus on the
acquisition of letterforms, letter-sound correspondences
and reading and spelling of short words. The learning
content of the activities is identical in the three groups
and vary mainly in regard to the degree of bodily move-
ment. Activities are developed based on the research-
founded Danish teaching material, Fandango Mini,
which is recognized and used by several preschool
teachers in Denmark [38]. The material is based on a
synthetic phonics approach and is scheduled as a 20-
week systematic course covering both standard and con-
ditional pronunciations of the letters. From the very be-
ginning, students practice reading and spelling of words
composed of the letter-sounds trained so far.
The first six weeks follow the same weekly structure

involving the same type of activities. During each of
these six weeks, four to five new letters and related
sounds and two to four new words containing these let-
ters and sounds (target words) will be studied intensively
(Table 2). Additional words not classified as target words
will be presented to the children during the intervention
period, but focus will be on studying the target words.
The last two weeks, activities link what has been learned
during the first six weeks and involve activities focusing
on word reading and the composition of minor
sentences containing the words trained. Thereby, the
children will be taught 25 letters and the related sounds
(standard and conditional pronunciations) and 18 target
words during the intervention period. An example of a
protocol for one week (week 1–6) and detailed descrip-
tion of intervention−/control activities are provided in
Table 3. Components specific for each intervention- or
control condition are described in the sections below.

The story about the flying suitcase
To keep the children motivated and actively engaged
a story about “The flying suitcase” will combine the
activities. The flying suitcase, who loves fairytales,
experiences something new every week (e.g. circus,
farm etc.). The suitcase is the lead actor of the stories
but also a physical item containing pictures of
animals or things beginning with the letter-sounds in
focus. In each of the first six weeks, the first two
sessions starts with a small story about the flying suit-
case and a short presentation of the pictures in the

suitcase. In turn, the children get to pick up a picture
and tell what they see on the picture.

Content and organization of intervention- and control
activities
Intervention conditions
The activities included in the two interventions vary
mainly in regards to the motor modality used (i.e. hand
vs. whole-body movements). In both interventions, activ-
ities have been developed with the embodied learning
theory in mind, linking movement closely to the learning
content. A basic element in the two interventions is the
coupling of movements to letter sounds and letterforms.
Children will be taught to perform a specific movement
for every letter sound, and this movement-sound coup-
ling will be used throughout the intervention. Short
staccato-like letter sounds (e.g. the pronunciations of the
letters “P”, “K”, “T”) are carried out as fast and powerful
movements, whereas long letter sounds (e.g. the pronun-
ciations of the letters “S”, “O”, “A”) are performed as
slow and fluent movements. Moreover, when possible,
the movement may be associated with objects or living
creatures (e.g. the movement coupled to the sound of
“S” may be associated with a snake). All movement-
sound couplings are executed from left to right, i.e. the
reading direction. Children in the WM group are
encouraged to perform movements using their whole
body and the space surrounding them. Activities in WM
are mainly performed individually standing in a circle on
the floor or in predefined couples/pairs. Activities in
HM will be completed seated around a table and
children are instructed only to use their arms and hands
during the session. As for WM, activities in HM are per-
formed individually or in predefined couples/pairs.
Activities will be instructed by trained instructors and
completed one at the time to ensure that all children
understand and complete all tasks. Instructors will be
asked to correct and support on a group level. Detailed
descriptions of intervention activities are provided in
Table 3.

Control condition
Control activities involve learning content similar to the
activities in the two intervention groups and will be con-
ducted in parallel with the intervention activities.
Teachers are told not to encourage the children to use
any motor movement (e.g. hand phonemes) besides
handwriting during the control sessions. Importantly,
though movements are reduced to a minimal, control
activities still have a strong focus on letter sounds. All
tasks will be completed seated on a chair, individually or
in predefined couples/pairs, using paper and pencil. Be-
fore the intervention period, tasks are printed and
handed out to the teachers who will administer the
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Table 3 Description of intervention−/control activities

PROTOCOL 1 WEEK (EXAMPLE: WEEK 1)
Letters in focus: S, E, L, M, Å
Story: River Regatta

SESSION I

Activity Focus WM HM CG

Introduction
(5 min)

While children are standing in a
circle, the instructor introduces
herself/himself and the intervention
briefly. Children’s names must be
remembered.

While children are sitting around the
table, the instructor introduces
herself/himself and the intervention
briefly. Children’s names must be
remembered.

While the children are sitting at their
table, the teacher introduces the
control intervention briefly.

Story telling
(5 min)

Presentation
of
the weekly
story about
the
flying suitcase

”The next 8 weeks we are going to
play a lot with letters. I know, that
you’ve already learned some letters
and that you are already very good at
letters. But listen … this morning …”
➔ a story about the flying suitcase
on river regatta is read aloud.

Materials:
Letter written by the flying suitcase
Suitcase

”The next 8 weeks we are going to
play a lot with letters. I know, that
you’ve already learned some letters
and that you are already very good at
letters. But listen … this morning …”
➔ a story about the flying suitcase
on river regatta is read aloud.

Materials:
Letter written by the flying suitcase
Suitcase

”The next 8weeks we are going to play
a lot with letters. I know, that you’ve
already learned some letters and that
you are already very good at letters.
But listen … this morning …” ➔ a
story about the flying suitcase on
river regatta is read aloud.

Materials:
Letter written by the flying suitcase
Suitcase

Activity I
(2 min)
Title:” Letter
rhyme”
Letter: S

Presentation
of
letter sound

In continuation of the story, a letter
rhyme with S/[s] is read aloud. A
letter rhyme consists of words of
which the majority begins with the
sound in focus – in this case S/[s].

In continuation of the story, a letter
rhyme with S/[s] is read aloud. A
letter rhyme consists of words of
which the majority begins with the
sound in focus – in this case S/[s].

In continuation of the story, a letter
rhyme with S/[s] is read aloud. A
letter rhyme consists of words of
which the majority begins with the
sound in focus – in this case S/[s].

Activity II
(3 min)
Title:” Letter
sound”
Letter: S

Presentation
and practice of
letter sound-
movement
coupling

While standing in a circle (marked
with six blackboard cloths), the
movement-sound coupling,” body
phoneme”, for the letter sound [s] is
introduced. The movement is prac
ticed collectively while moving
around in a circle in the reading
direction.

Materials:
Six blackborad cloths placed in a circle

While sitting around the table, the
movement-sound coupling,” hand
phoneme”, for the letter sound [s] is
introduced. The movement is prac
ticed collectively in the reading
direction.

(not part of control session)

Activity III
(2 min)
Title:” Symbol-
sound
coupling”
Letter: S

Coupling
between letter
sound and
letter form

The letter sound is here coupled to
the letter form. Children are asked
what letter that is pronounced [s].
When the letters S is identified,
children are asked to draw three
large S-letters on a large blackboard
cloth attached to the floor. When the
three letters have been drawn, chil
dren are asked to trace the letter
form until all children have com
pleted the task.

Materials:
Six blackboard cloths placed in a circle
Six pieces of chalk

The letter sound is here coupled to
the letter form. Children are asked
what letter that is pronounced [s].
When the letters S is identified,
children are asked to draw three S-
letters on a small blackboard. When
the three letters have been drawn,
children are asked to trace the letter
form until all children have com
pleted the task.

Materials:
Six small blackboards, one for each child
Six pieces of chalk

The letter sound is coupled to the
letter form. Children are asked what
letter that is pronounced [s]. When
the letters S is identified, children are
asked to write S-letters on a sheet of
paper with guiding lines.

Materials:
Control sheet

Activity IV
(5 min)
Title: “Sound
hunt”
Letter: S

Identification of
letter sound

Children are told to stand behind the
three large S-letters. Then words in
which the [s] sound is in the begin
ning, in the middle or in the end of
the word are said aloud by the in
structor. Children are then asked to
identify the location of the sound (i.e.
beginning, middle or end) and jump
to the one of the S-letters written on
the blackboard cloth and perform
the body phoneme while saying the
sound. Beginning: jump to the right
S-letter, middle: jump to the middle
S-letter, end: jump to left S-letter

Children are told to place the
blackboard with the three S-letters in
from of them. Then words in which
the [s] sound is in the beginning, in
the middle or in the end of the word
are said aloud by the instructor. Chil
dren are then asked to identify the
location of the sound (i.e. beginning,
middle or end) and place a small
block on one of the S-letters written
on the blackboard and perform the
hand phoneme while saying the
sound. Beginning: place the brick on
the right S-letter, middle: place the
brick on the middle S-letter, end:
place the brick on the left S-letter

Children have a task on the control
sheet with pictures representing
words in which the [s] sound is in
the beginning, in the middle or in
the end of the word. Below each
picture are three boxes. Children are
asked to identify the location of the
sound (i.e. beginning, middle or end)
and mark the correct box.
Beginning: the right box, middle: the
middle box, end: the left box
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Table 3 Description of intervention−/control activities (Continued)

PROTOCOL 1 WEEK (EXAMPLE: WEEK 1)
Letters in focus: S, E, L, M, Å
Story: River Regatta

Materials:
Words with [s] in the beginning,
middle or end. Six blackboard cloths
placed in a circle.

Materials:
Words with [s] in the beginning,
middle or end. Six small blackboards
and bricks.

Materials:
Control sheet

Story telling
(1 min)

The story about the flying suitcase on
river regatta is continued.

The story about the flying suitcase
on river regatta is continued.

The story about the flying suitcase on
river regatta is continued.

Activity I-III
(7 min)
Letter: E

See activity I-III In continuation of the story, a letter
rhyme with E/[e] (simple sound) is
read aloud and the [e] “body
phoneme” are presented and
practiced. Children are asked to write
three large E-letters on the black
board cloth (see description of activ
ity I-III). “Sound hunt” is only
completed for the first letter sound
(in this case S).

Materials:
See Activity I-III

In continuation of the story, a letter
rhyme with E/[e] (simple sound) is
read aloud and the [e] “hand
phoneme” is presented and practiced.
Children are asked to write three
small E-letters on the blackboard (see
description of activity I-III). “Sound
hunt” is only completed for the first
letter sound (in this case S).

Materials:
See Activity I-III

In continuation of the story, a letter
rhyme with E/[e] is read aloud.
Children are asked to write E-letters
on a sheet of paper with guiding
lines. “Sound hunt” is only completed
for the first letter sound (in this case S).

Materials:
Control sheet

Activity V
(6 min)
Title: “Sound
duel”
Letter: E

Identification of
simple and
conditional
sounds

The letter e has more than one
sound. Two more pronunciations
(conditional sounds, [ɛ] and [ə]) and
related “body phonemes” are
presented. When the “body
phonemes” have been practiced (see
activity II), children are told to stand
with their backs to each other in
pairs of two. Then words including
one of the three e-pronunciations
(simple or conditional) are read
aloud. Children are instructed to
identify the correct sound and re
lated “body phoneme” by themselves.
Then the instructor counts down
from three and the two children
must face each other while saying
the sound and performing the re
lated “body phoneme”. If incorrect, the
children are told to discuss which let
ter sound is the correct. Corrections
are made collectively.

The letter e has more than one
sound. Two more pronunciations
(conditional sounds [ɛ] and [ə]) and
related “hand phonemes” are
presented and practiced (see activity
II). In pairs of two, children are then
told to sit facing each other with
their hand covering their eyes. Then
words including one of the three e-
pronunciations (simple or condi
tional) are read aloud. Children are
instructed to identify the correct
sound and related “hand phoneme”
by themselves. Then the instructor
counts down from three and the two
children must remove their hands
and face each other while saying the
sound and performing the related
“hand phoneme”. If incorrect, the chil
dren are told to discuss which letter
sound is the correct. Corrections are
made collectively.

The letter e has more than one
sound. Two more pronunciations
(conditional sounds) are presented.
Children have a task on the control
sheet with three encircled pictures in
the center – each picture illustrate a
word containing one of the three e-
pronunciations. Around the encircled
pictures are task-pictures illustrating
other words containing one of the
three e-pronunciations. Children are
told to draw lines from each of the
task picture to the encircled picture
containing the same e-pronunciation.
Corrections are made collectively.

Materials:
Control sheet

SESSION II

Activity Focus WM HM CG

Repetition
(2 min)

Repetition of letter-sound couplings
and “body phonemes” for the simple
and conditional sounds for the letter
S and E (practiced in session I).

Repetition of letter-sound couplings
and “hand phonemes” for the simple
and conditional sounds for the letter
S and E (practiced in session I).

Repetition of letter-sound couplings
for the simple and conditional sounds
for the letter S and E (practiced in ses
sion I).

Activity I-IV
(12 min)
Letter: L

See activity I-IV Activity I-IV from session I is repeated
with L/[l] in focus.

Activity I-IV from session I is repeated
with L/[l] in focus.

Activity I-IV from session I is repeated
with L/[l] in focus.

Activity I-III
(7 min)
Letter: M

See activity I-III Activity I-III from session I is repeated
with M/[m] in focus.

Activity I-III from session I is repeated
with M/[m] in focus.

Activity I-III from session I is repeated
with M/[m] in focus.

Activity I-III
(7 min)
Letter: Å

See activity I-III Activity I-III from session I is repeated
with Å/[ɔ] in focus.

Activity I-III from session I is repeated
with Å/[ɔ] in focus.

Activity I-III from session I is repeated
with Å/[ɔ] in focus.

Activity VI
(7 min)
Title: “Letter
salat”
Letters: S, E, L, M, Å

Coupling of
single letter
sounds to small
words

Standing in a circle each child places
five sheets (A4) with the letters s, e, l,
m and å in front of it on the floor.
Words consisting of trained sounds
are collectively deciphered one
sound at the time. At identification of
a sound, the coupled body phoneme
is performed simultaneously and

Sitting around a table each child
places five small sheets (2 × 3 cm)
with the letters s, e, l, m and å in
front of it on the table. Words
consisting of trained sounds are
collectively deciphered one sound at
the time. At identification of a sound,
the coupled hand phoneme is

Children have a task on the control
sheet with five puzzle pieces labeled
with the the letters s, e, l, m and å.
Below are pictures of words
consisting of trained sounds. Words
are collectively deciphered one sound
at the time. The child writes the letter
coupled to the sound below the
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Table 3 Description of intervention−/control activities (Continued)

PROTOCOL 1 WEEK (EXAMPLE: WEEK 1)
Letters in focus: S, E, L, M, Å
Story: River Regatta

subsequently the child drags the
sheet with the coupled letter
towards himself/herself. After
deciphering the word, the body
phonemes and sounds are
performed in series multiple times
with increasing speed to connect the
individual sounds and body
phonemes into a word.

Materials:
Letter sheets (A4)

performed simultaneously and
subsequently the child drags the
sheet with the coupled letter
towards himself/herself. After
deciphering the word, the hand
phonemes and sounds are
performed in series multiple times
with increasing speed to connect the
individual sounds and hand
phonemes into a word.

Materials:
Letter sheets (2 × 3 cm)

picture. After deciphering, the child
reads the word aloud.

Materials:
Control sheet

SESSION III

Activity III WM HM CG

Repetition
(5 min)

Repetition of letter-sound couplings
and “body phonemes” for the simple
and conditional sounds for the letter
S, E, L, M and Å

Repetition of letter-sound couplings
and “hand phonemes” for the simple
and conditional sounds for the letter
S, E, L, M and Å

Repetition of letter-sound couplings
for the simple and conditional sounds
for the letter S, E, L, M and Å

Activity VII
12 min)
Title: “Rhyme
Twister”
Letters: s, e, l,
m, å

Rhyming, letter
sounds

In pairs, the children are facing a
foam game board (1 × 1 m) with 16
fields on each side. The 16 fields
contain eight shuffled pairs of a
written word and a rhyming picture
(e.g. the word hair and a picture of a
chair). The written words consist of
trained letters and sounds only. One
child has the lead and reads aloud
the written words one by one. After
reading a word, the leading child
places a hand or a foot on the word.
The other child now has to find the
rhyming picture matching the word
and place a hand or a foot on it. This
continues until all words are read.
The game board is turned around
and the roles of the children are
switched.

Materials:
Rhyme Twister foam game boards
(1 × 1 m)
Sheets with words and pictures

In pairs, the children are facing a
game board (12 × 12 cm) with 16
fields on each side. The 16 fields
contain eight shuffled pairs of a
written word and a rhyming picture
(e.g. the word hair and a picture of a
chair). The written words consist of
trained letters and sounds only. One
child has the lead and reads aloud
the written words one by one. After
reading a word, the leading child
places a thump or an index finger on
the word. The other child now has to
find the rhyming picture matching
the word and place a thump or an
index finger on it. This continues
until all words are read. The game
board is turned around and the roles
of the children are switched.

Materials:
Printed Rhyme Twister game boards
with words and pictures (12 × 12 cm)

In pairs, the children are facing a
game board on control sheet A with
16 fields. The 16 fields contain eight
shuffled pairs of a written word and a
rhyming picture (e.g. the word hair
and a picture of a chair). The written
words consist of trained letters and
sounds only. One child has the lead
and reads aloud the written words
one by one. After reading a word, the
leading child ticks the word. The
other child now has to find the
rhyming picture matching the word
and tick it. This continues until all
words are read. In control sheet B the
roles of the children are switched.

Materials:
Control sheets (A and B)

Activity VIII
(14 min)
Title: “Guess-
a-word”
Letters: s, e, l,
m, å

Coupling of
single letter
sounds to
small words

In pairs, the children are handed out
four cards each. On each card is a
word consisting of trained letters and
sounds only, and a picture illustrating
the word. The children take turn in
“spelling” and guessing the words.
The “spelling” child performs one
body phoneme and sound at a time
of the word on his/her card. After
each body phoneme, the other child
repeats the body phoneme and
writes the matching letter on a
blackboard cloth. After the last body
phoneme, the guessing child has to
read the word on the blackboard
cloth.

Materials:
Blackboard clothes and chalk
“Guess-a-word” cards

In pairs, the children are handed out
four cards each. On each card is a
word consisting of trained letters and
sounds only, and a picture illustrating
the word. The children take turn in
“spelling” and guessing the words.
The “spelling” child performs one
hand phoneme and sound at a time
of the word on his/her card. After
each hand phoneme, the other child
repeats the hand phoneme and
writes the matching letter on a small
blackboard. After the last hand
phoneme, the guessing child has to
read the word on the blackboard.

Materials:
Blackboards and chalk
“Guess-a-word” cards

In pairs, one child is handed out
control sheet A and the other child
control sheet B. They are not allowed
to see each other’s sheets. On each
sheet are four words consisting of
trained letters and sounds only. Each
word is illustrated by a picture. The
children take turn in “spelling” and
guessing the words. The “spelling”
child says one sound at a time of the
word on his/her sheet. After each
sound, the other child repeats the
sound and writes the matching letter
on his/her own sheet. After the last
sound, the guessing child has to read
the word on his/her sheet.

Materials:
Control sheets (A and B)

Protocol for 1 week (example: week 1)
HM hand movements, WM whole-body movements, CG control group
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control activities according to standardized procedures
(Table 3). As for the two interventions, each task will be
handed out and completed one at the time to ensure
that all children understand and complete all tasks. De-
tailed descriptions of control activities are provided in
Table 3.

Training of teachers and instructors
Before the intervention period, instructors and teachers
will attend two separate training programs. At each
school, teachers will complete a 2-h session in which a
researcher will introduce the control material and
provide the teachers with general guidelines of how to
implement the activities. Instructors will complete two
3-h sessions comprising 1) introduction to the interven-
tion activities and the target group and 2) practice of the
intervention activities including correct pronunciation of
each letter sound and the movement-sound couplings.

Justification of sample size
The study has not been formally powered based on
results from a specific study, as no equivalent study with
similar outcomes exists. In general, the effects of phys-
ical activity lessons are observed to be small to moderate
[60]. In addition, a study based on the embodied learn-
ing theory found small to moderate effect sizes in
regards to letter knowledge when comparing learning
activities involving whole-body movements with visual
learning activities [4]. Given three groups with an equal
number of participants in each group, power calcula-
tions suggest that 158 subjects are needed to achieve a
power of 80% and a level of significance of 5% for
detecting an effect size of 0.25 between groups. Since
the control group will include approximately twice as
many participants as each of the intervention groups,
212 subjects are needed to detect an effect size of 0.25
(intervention group: n = 53, control: n = 106). Account-
ing for a 20% dropout rate or data loss for other reasons,
265 participants will be included in the study. Power
calculations have been done using Gpower [27].

Blinding
Due to the nature of the interventions, instructors/
teachers and participants will not be blinded to the
intervention/control status during the intervention
period. However, outcome assessors will be blinded to
the intervention/control status of the subjects, except for
measures of fidelity and motivation. Data analyst will be
blinded to intervention/control status of the subjects.

Outcome measurements
To evaluate the effect of the interventions, tests asses-
sing reading related skills will be administered at the
schools prior and post the 8-week intervention period by

trained staff. In addition, a third data collection will be
completed approximately three months after the cessa-
tion of the intervention period to evaluate potential re-
tention effects. Primary outcomes assessing potential
training effects include word reading (target words) and
knowledge of trained letter-sound correspondences,
while secondary outcomes assessing potential transfer ef-
fects include word reading (untrained words), letter flu-
ency, general knowledge of letter-sound
correspondences and word reading accuracy and speed.
In addition, to explore potential mediators working
memory, attention, intrinsic motivation, gross motor
skills and fine motor skills will be assessed. At baseline,
immediately post intervention and at three months
follow-up, tests will be administered in groups and indi-
vidually on two separate days. Compliance data will be
collected following each session by the instructor/
teacher and intrinsic motivation will be evaluated follow-
ing four different sessions (week 2, 4, 6 and 8). All data
will be collected during school hours which will ensure
the children’s participation during data collection. In
cases of absence on the day of scheduled data collection,
children will be invited to complete the tests on another
day.

Group tests
The group tests will be conducted in groups of 12–14 chil-
dren in the classroom and will have a duration of approxi-
mately 60min. During group testing, students will be
placed with plenty of space between them to avoid copying.

Bogstaveprøve 2 [‘Letter test 2’] This test has been
widely used in the Danish school system. The test con-
sists of two subtests assessing simple letter-sound know-
ledge and vowel identification, respectively. For the
purpose of the present study, only the first subtest will
be administered to assess standard letter-sound know-
ledge. The subtest will be administered strictly according
to the manufacture’s description [43]. The subtest con-
sists of 20 items (preceded by two practice items). Each
item consists of a picture followed by five letters. The
participants will be instructed to identify the first letter
of the word illustrated by the picture. The word is read
aloud by the instructor. Participants will be told to use a
red pencil to mark the letters and use a blue pencil to
mark if a mistake is made. The score is the number of
items correct.

Ordlæseprøve 1 [‘Word reading test 1’] As for letter
test 2, this test is widely used in the Danish school sys-
tem and will be administered strictly according to the
manufacture’s description [42]. The test consists of 78
items (preceded by two practice items) and evaluates
word reading accuracy as well as efficiency. In each item
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participants have to select one of four pictures that
corresponds to a printed word. Words increase in length
from two to four letters. Participants solve as many
items as possible within a time limit of 4 min. Every
minute children will be asked to change pencil color in
order to monitor their progression throughout the test.
The score is the number of correctly solved items
(efficiency) and percentage of correctly solved items
(accuracy).

Knowledge of trained letter-sound correspondences
To evaluate the children’s knowledge about letter-sound
correspondences trained in the intervention and control
period, a simple multiple-choice test has been con-
structed. The test consists of 15 trials. In each trial, a
sound corresponding to a standard or a conditional pro-
nunciation of a letter is said out loud by the assessor.
Children are instructed to identify the correct letter
matching the sound from a row of four letters. Before
the test trials, children will be provided with one practice
trial. The 15 sounds represent both standard and condi-
tional pronunciations of the letters a, e, o, r, u and v
(Table 2). Results are numbers of correct letter-sound
correspondences.

Gross motor skills (flamingo balance test) Gross
motor skills including balance [9] has previously been
linked to academic performance [10]. The flamingo
balance test is a standardized test that assesses the ability
to balance successfully on one leg [1]. The children will
be asked to bend their free leg backwards and grasp the
foot with their hand on the same side. Children are
instructed to stand on one leg for 1 min. To become
familiar with the test, children will be given one try
before the actual test. The number of attempts needed
to stand on one leg for 1 min will be counted for each
leg. If a child put his/her foot down more than 15 times
within the first 30 s of the test, the child will be
excluded. Children will be provided with a badge show-
ing their identification number. The test will then be
recorded and analyzed afterwards. The test score is the
sum of attempts with both legs; lower scores indicate
better performance.

Individual tests
The individual tests will be conducted in a quiet room
with one assessor and take maximum 35min for each
participant to complete. All tests will follow standardized
procedures. Initially, the assessor will fill out a form with
background information about, e.g. date of testing, sex,
dominant hand, bilingualism etc.

Word reading with pictures (target words) During the
intervention period, all children will study certain words

(target words) thoroughly. To evaluate the specific effect
of the intervention on children’s ability to read the target
words, a computer-based test has been constructed. This
word reading test consist of 18 presentations of targets
words; one target word per presentation. Below the tar-
get word are placed four pictures of which one illustrates
the target word. For the children to give a correct an-
swer, they will have to touch the picture matching the
target word on the touch screen. They are asked to
touch the correct picture as fast as possible. The three
remaining pictures represents words (distractors) that
have either the initial (two pictures) or the final (one
picture) sound in common with the target word. The
presentations of target words and the order of the four
pictures are randomized between subjects and time
points. During the test, children are allowed to ask ques-
tions concerning the pictures (e.g. what is shown on this
picture?) but not regarding the target word (e.g. what is
the sound of this letter?). The results from the test con-
stitute mean response time for correct answers and
number of correct answers.

Word reading without pictures (untrained words) To
test the potential transfer effects of the intervention on
children’s ability to read small words, a computer-based
test not including the target words has been constructed.
This test consists of 12 presentations of untrained
words; one word per presentation. The 12 words consist
of four 2-letter words, four 3-letter words and four 4-
letter words. Two versions of the test will be completed;
one conducted at baseline and one at post intervention
in a randomized and counterbalanced order. The two
versions are matched carefully on letter sounds, numbers
of letters and assumed difficulty. Pilot testing demon-
strates no significant difference between performances in
the two versions of the tests. Within each version of the
test and within words with the same number of letters,
words are presented in a randomized order. The child is
instructed to read the word and say it aloud while look-
ing at the assessor. Then the assessor registers the
answer as correct or incorrect by pressing a green or red
button, respectively. This procedure allows the child to
read the word aloud for itself before providing an answer
to the assessor. Each word will be presented for 16 s;
providing the child with 15 s to get an answer registered
(1 s is required for the assessor to register an answer). If
no answer is given within the time limit, a new word will
appear on the screen. If incorrect or no answer is pro-
vided for all four 2-letter words, the test is discontinued.
The outcome is the number of correctly read words.

Naming of letter sounds (incl. The use of movement)
During the intervention there will be a strong focus on
the coupling between letter sound and movement. To
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evaluate potential benefits of using movements when
asked to remember letter sounds of a specific letter, a
test has been constructed for the purpose. While stand-
ing, the child is asked to pronounce the letter sounds of
specific letters (included letters are a, d, e, o, r, u and v
which in Danish each have several possible pronuncia-
tions) which are read aloud by the assessor. The child
will be told that he/she is allowed to use movements
when pronouncing the letter sounds, but they are not
directly encouraged to do so. For every letter sound, the
child’s answer is registered as correct/incorrect/missing
and whether movement/no movement was used. The re-
sults of the test are numbers of correct letter sounds
pronounced in total, correct letter sounds pronounced
using movements, and correct letter sounds pronounced
without movements.

Letter naming fluency A test of letter naming fluency
will be included, since the speed of letter naming has
been associated with e.g. word recognition and reading
fluency [45, 47, 64, 76]. This Danish version of the Letter
Naming test is based on the same principles as DIBELS
Letter Naming Fluency [30] and has previously been
used to evaluate children’s ability to name letters [65].
The test consists of a piece of paper (A4) with 12 rows
of 10 letters (mixed upper- and lower case). The child is
asked to name as many letters as possible in 1 min while
pointing to each letter. Wrong namings are registered by
the assessor. If the child does not name the letter within
3 sec, the assessor says the name of the letter and
encourages the child to name the next letter. If all 10
letters in the first row are named incorrectly, the test is
discontinued. One row of 10 letters will be provided as
practice. Result from the test is numbers of letters
named correctly.

Working memory To our knowledge, there are no pre-
vious studies on pre reading, motor-enriched learning
and working memory. Therefore, we include 1-back task
as a visual working memory task and a digit span task as
an auditory working memory task. Through these two
working memory tasks, we can investigate covariation of
unspecific working memory and the primary outcome
measures of this study. Covariation of academic
performance (in math) and working memory in longitu-
dinal classroom-based interventions has previously been
reported [5].

� 1-back task To assess working memory a 1-back
task will be completed by each child. A 1-back task
was chosen, since a recent study including seven-
year-old children reported a mean accuracy score
between 60 and 70% in a comparable 1-back task,
whereas the accuracy score in the included 2-back

task was between 30 and 40% [63]. This 1-back task
is constructed of representations of symbols (car,
cloud, globe, note, headphones, airplane, plate, key,
eye and bicycle); one symbol is presented at the
time. On the 1-back task, children have to compare
the symbol seen on the screen with the symbol pre-
viously presented. Children are instructed to press
“yes” (a green key) on the keyboard if these two
symbols are identical and “no” (a red key) if they are
dissimilar, as fast and as accurate as possible. The
test consists of 20 practice trials (30% “yes” trials)
followed by two test blocks of 20 trials each (30%
“yes” trials). Symbols are presented for 500 ms
followed by a 3000 ms blank screen. The response
window and inter-stimuli interval is 3500 ms each.
The results from the test constitute number of cor-
rect and wrong “yes” and “no” answers, mean reac-
tion time for correct “yes” and “no” answers, and
number of non-responses in the two test blocks.
Normative data on the n-back task for children
and young adolescents have previously been re-
ported [63].

� Digit span The digit span task is a subtest of the
Wechsler Intelligence Scale for Children – fourth
edition (WISC-IV) [88] and is used to assess
auditory working memory, attention, and
concentration. The test consists of two subtests;
digit span forward and digit span backwards. In each
subtest, participants hear a sequence of numerical
digits after which they are asked to recall the digit
sequence in the same order (subtest 1) or in reverse
order (subtest 2). The sequences are said by the
administer with a speed of one digit per second,
starting with a sequence of two digits, then three
digits, then four digits etc. Within each sequence
length, two trials are provided. If the answer is
incorrect on both these trials, the test is
discontinued. The results from the tests constitute
the number of correctly remembered sequences and
the number of digits in the longest correctly
remembered sequence.

Fine motor skills (9-hole pegboard) The 9-hole
pegboard test is a standardized test which has previously
been used in children to evaluate fine motor skills [50, 75].
The 9-hole test consists of a square board with nine 1.3
cm (0.5 in.) deep holes which are spaced 3.2 cm (1.25 in.)
apart. Sitting on a chair with the board placed in from of
them, children are instructed to pick up the pegs one at a
time, using the dominant hand only and put then into the
holes in any order until the holes are all filled. Then the
participant removes the pegs one at a time and return
them to the container. The participant gets one practice
trial before timing the test with a stop watch, starting
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when the child touches the first peg. The test is conducted
with dominant hand and non-dominant hand. The test is
conducted with the dominant hand first.

Motivation
A modified version of Intrinsic Motivation Inventory
(IMI) [54] will be used to measure intrinsic motiv-
ation for the PLAYMORE activities. The original
items of the IMI are translated into Danish using a
translation-backtranslation process [77]. The inven-
tory is reduced to six questions related to intrinsic
motivation (question 1–3) and feeling of compe-
tences (question 4–6). Because the inventory will be
used in children, the original 7-point likert scale is
converted to a 4-point likert scale (1, not true at all,
2, only slightly true, 3, almost true; 4, true). Immedi-
ately after one session in week two, four, six and
eight, an assessor will read the questions aloud for
the children one by one. This inventory measures
participants’ subjective experience related to an
activity in an experiment and has previously been
used in other studies on the motivational effect of
integrating physical and learning activities in primary
schools [86]. Means from question 1–3 and from
question 4–6 will be calculated for each child and
used as measures for intrinsic motivation and feeling
of competences, respectively.

Compliance to the intervention
Teachers/instructors will be asked to keep a written
log of attendance of each child. Specifically, data on
1) presence (yes/no), and 2) active participation (yes/
no) will be registered. Moreover, teachers/instructors
will note whether each session has been completed
(yes/no) and to what degree it followed the protocol
(scale 1–5).

Plan for data analysis
In accordance with the Consolidated Standards of
Reporting Trials (CONSORT) 2010 for randomized con-
trolled trials [57], flow of participants will be reported.
Descriptive statistics will be summarized across schools
and classes for each group. Potential differences at base-
line between subjects included and excluded in the ana-
lyses (e.g. drop-outs) as well as differences between
groups at baseline will be tested. Further, compliance to
the intervention will be summarized for each group.
Intention-to-treat analyses will be performed to assess
the effect of the intervention on primary as well as
secondary outcomes. Multilevel mixed model will be
used as this model is able to provide an unbiased esti-
mate given missing data assuming data is missing at ran-
dom conditional on variables included in the model [83].
Patterns of missing data will be investigated. To account

for the cluster structure in the data (i.e. subjects within
classes within schools), class and school will be included
as random effects in the model. Due to the randomized
design, which is used to ensure equal distribution of
confounding variables between groups, we will only
adjust for potential confounding variables (e.g. sex, age)
which show unevenly distribution between groups at
baseline. In addition, per protocol analyses will be
conducted using above-mentioned approach including
participants with a participation rate above 90%. In
addition, structural equation models (SEMs) will be used
for mediation analyses to explore potential mediators.

Ethics and data security
The study is approved by The Faculty of Sciences
Ethical Commitee at University of Copenhagen
(#504–0032/18–5000). Before inclusion, all parents
with children attending preschool at the included
schools will receive written and oral information
provided by the project leader. For a child to partici-
pate, written informed consent must be returned to
the project leader by the parents/legal guardian prior
to the baseline measurements (standard form S5, cf.
https://www.nvk.dk/samtykkeerklaeringer). Participa-
tion in the study may be discontinued at all times
with no obligation to provide a reason. To
anonymize the data, each child will be provided with
an identification number (ID number), and no par-
ticipant identifying information will be stored along-
side data. A transfer key coupling the ID number
with personal information will be safely stored separ-
ately from the trial data in order to secure confiden-
tiality. All rules from the Danish Data Protection
Agency and General Data Protection Regulation
(GDPR) will be followed during all phases of the
PLAYMORE study. Analyses will be conducted by
the project leader, who is not practically involved in
the data collection or the completion of the inter-
vention/control. In order to promote data quality,
independent research assistants will complete double
data entry. The results will be published in peer-
reviewed journals and through presentations at inter-
national scientific conferences. Authorship will be in
agreement with The Vancouver Recommendations.

Discussion
The PLAYMORE study will provide additional insight
into the effects of physical activity/movement on aca-
demic performance. Although, PA has previously been
linked to reading performance, the evidence is incon-
clusive [3, 22, 51, 71] and only few experimental
studies have previously investigated the effects of
movement integrated into reading practice (i.e. based
on principles of embodied learning) [4, 52]. Moreover,
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the potential influence of motor modality (e.g. hand
movement vs. whole-body movements) is still unclear.
Within educational research concerning embodied

learning, intervention studies are characterized by a wide
variety of approaches differing in regards to e.g. motor
modality, level of bodily engagement, task integration
and congruency between movement and learning task
[73]. Consequently, to enable a fair comparison between
studies, thorough descriptions and characterizations of
activities included in the different intervention studies
are essential. Also, aspects that should be considered
and discussed when characterizing embodied learning
activities are the level of task integration, the level of
bodily engagement [73] and congruency (i.e. congruency
between the movement and the learning task) [40]. The
two PLAYMORE interventions involve activities with a
close temporal and meaningful coupling between the
movements and the learning task, thus representing
activities with a high level of task integration. However,
the different activities (see Table 3) vary in regards to
congruency between the movement and the learning
task. Accordingly, activities range from “Letter sound”
(i.e. activity II, Table 3) and “Symbol-Sound Coupling”
(i.e. activity III, Table 3) representing a high level of con-
gruency between movement (e.g. drawing the letter
form/symbol while linking to a specific sound-
movement coupling in which the movement and sound
have similar characteristics) and learning task (i.e. coup-
ling between letter form/symbol and sound) to “Rhyme
Twister” (i.e. activity VII, Table 3) representing a low
level of congruency between the movement (e.g. placing
hand/feet on two rhyming words) and the learning task
(i.e. rhyming, identifying similar sounds). Even though, it
is recommended that congruency should be considered
in the design of embodied learning interventions, the
contribution of this factor to the effectivity of embodied
learning activities is uncertain [73].
According to the taxonomy suggested by [73] the

activities in the two PLAYMORE interventions may
be characterized differently in regards to the level of
bodily engagement, which may lead to different
effects of the two interventions [73]. Skulmowski and
Rey argue that a higher level bodily engagement may
not automatically cause increases in learning perform-
ance (see [82] for a related discussion). However, in
the embodied learning research, only few studies have
previously compared the effects of part-body move-
ments (e.g. hand movements) with effects of whole-
body movements on subdomains of academic
performance [5, 53], and neither of them focused on
early reading skills in children. Thus, the inclusion of
two intervention groups performing either part-body
movements (i.e. arms and hands) or whole-body
movements, respectively, will provide valuable

information in regards to the influence of level of
bodily engagement. Besides advancing our under-
standing of the relationship, this information will be
of particular relevance to professionals implementing
PA/movement into academic teaching. Compared to
whole-body movements, hand movements may seem
more practicable (e.g. requires little space, less time
consuming) to the majority of teachers with no prior
experience in organizing physical activities, and thus,
if effective, hand movements may be more feasible to
implement in the general school system.
The PLAYMORE study is unique as the methodology

is stringent including theoretically founded activities that
are well-described. Another strength of the study is the
blinding of assessors at baseline and 8-weeks follow-up,
thereby limiting the risk of bias. In addition, participants
will be blinded at baseline, however, due to the nature of
the study, it will not be possible to blind participants
during the intervention period or at follow-up, which
could introduce bias. However, with the age of the par-
ticipants in mind, we do not expect this to influence the
results significantly. The study includes a highly relevant
control group completing the exact same academic con-
tent as the intervention groups, enabling a fair compari-
son between the groups. However, we are aware of the
limitations within the control group and that these limi-
tations may introduce bias. Usual teachers will adminis-
ter the control activities while trained instructors will
instruct the intervention activities, which may cause dif-
ferences (e.g. comfort, newsworthiness) between the
groups not associated with the differences in bodily
movement. This decision is made for practical and eth-
ical reasons, since it enables children without written
consent to participate in the control activities along with
their peers. In addition, the children-to-teacher rate is
approximately twice as large in the control group com-
pared to the intervention groups, which may affect the
group dynamics. However, since teachers/instructors are
asked to correct and support on a group level, the differ-
ences in children-to-teacher rate will most likely not
affect the time spend correcting/supporting each child.

Conclusion
The PLAYMORE intervention study will provide us
with information about the immediate effect of the 8-
week interventions and three months retention effects,
but not whether potential effects transfer into better
reading skills in the longer term. In its present forms,
the two interventions contain components which may
be directly incorporated into the teaching of beginner
readers. However, if effective, evaluation of the imple-
mentation of the PLAYMORE program including
more than six children in each group must be com-
pleted in order to investigate whether the program
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and the related effects can be transferred into stand-
ard school settings (e.g. numbers of children in each
class, time and space restrictions). Lastly, if feasible,
teacher training programs should be developed and
implemented (e.g. into teacher education or further
education) to enable an upscaling and potentially
more widely use of the PLAYMORE activities in the
Danish school system. So, as a final remark, the
PLAYMORE study will lay the foundation for future
research that have the potential to inform the polit-
ical and scientific debate and importantly, to provide
teachers with detailed information of how to imple-
ment PA effectively during teaching in order to sup-
port and motivate children in the process of learning
to read.

Abbreviations
PA: Physical activity; HM: Hand movements; WM: Whole-body movements;
CG: Control group

Acknowledgements
The authors would like to thank Associate Professor Signe Allerup Vangkilde,
Professor Randi Starrfelt (Department of Psychology, University of
Copenhagen, Denmark) and Associate Professor Mads Poulsen (Department
of Nordic Studies and Linguistics (NorS), University of Copenhagen,
Denmark) from the project steering committee for their contributions during
the initial design phase of the study. Also, we would like to thank Amanda
Schaufuss, Cecilie Holland Frimann and Lin Tinangon Pedersen for their
contributions during activity development.

Authors’ contributions
AKG, ASBM, AMVN, LD and JW conceptualized the study. AKG, ASBM and
AMVN developed the included activities and materials. AKG prepared the
initial version of the study protocol and the included figures and tables. All
authors have critically reviewed and accepted the final version of the
manuscript.

Funding
The PLAYMORE study is a sub study of a larger project, which was financially
supported by Independent Research Fund Denmark (#8018-00132B). Contact:
e-mail: DFFsekretariatet@ufm.dk, telephone: + 45 35 44 62 00. The funder has
no influence on the study design; collection, management, analysis, and in-
terpretation of data; writing of the report; or the decision to submit the re-
port for publication.

Availability of data and materials
Not applicable.

Ethics approval and consent to participate
The study is approved by The Faculty of Sciences Ethical Commitee at
University of Copenhagen (#504–0032/18–5000). For a child to participate,
written informed consent must be returned to the project leader by the
parents/legal guardian prior to the baseline measurements.

Consent for publication
Not applicable.

Competing interests
All authors declare no financial or non-financial competing interests.

Author details
1Integrative Physiology, Department of Nutrition, Exercise and Sports,
University of Copenhagen, Nørre allé 51, 2200 Copenhagen, Denmark.
2National Centre for Reading, University College Copenhagen, Humletorvet 3,
1799 Copenhagen, Denmark.

Received: 21 October 2020 Accepted: 15 November 2020

References
1. Adam, C., Klissouras, V., Ravazzolo, M., Renson, R., & Tuxworth, W. (1988).

EUROFIT: European Test of Physical Fitness. Retrieved from https://books.
google.dk/books?id=V_o_ngAACAAJ.

2. Alibali MW, Nathan MJ. Embodiment in mathematics teaching and learning:
evidence from learners’ and teachers’ gestures. J Learn Sci. 2012;21(2):247–
86. https://doi.org/10.1080/10508406.2011.611446.

3. Álvarez-Bueno C, Pesce C, Cavero-Redondo I, Sánchez-López M, Garrido-
Miguel M, Martínez-Vizcaíno V. Academic achievement and physical activity:
a meta-analysis. Pediatrics. 2017;140(6):e20171498. https://doi.org/10.1542/
peds.2017-1498.

4. Bara F, Bonneton-Botté N. Learning Letters With the Whole Body:
Visuomotor Versus Visual Teaching in Kindergarten. Percept Mot Skills. 2017;
125(1):190–207. https://doi.org/10.1177/0031512517742284.

5. Beck MM, Lind RR, Geertsen SS, Ritz C, Lundbye-Jensen J, Wienecke J.
Motor-enriched learning activities can improve mathematical performance
in preadolescent children. Front Hum Neurosci. 2016;10:645. https://doi.org/
10.3389/fnhum.2016.00645.

6. Berninger VW, Rutberg JE, Abbott RD, Garcia N, Anderson-Youngstrom M.
Tier 1 and tier 2 early intervention for handwriting and composing (study
2). J Sch Psychol. 2006;44(1):3–30. https://doi.org/10.1016/j.jsp.2005.12.003.

7. Botha S, Africa EK. The effect of a perceptual-motor intervention on the
relationship between motor proficiency and letter knowledge. Early
Childhood Educ J. 2020. https://doi.org/10.1007/s10643-020-01034-8.

8. Budde H, Voelcker-Rehage C, Pietrassyk-Kendziorra S, Machado S, Ribeiro P,
Arafat AM. Steroid hormones in the saliva of adolescents after different
exercise intensities and their influence on working memory in a school
setting. Psychoneuroendocrinology. 2010;35(3):382–91. https://doi.org/10.
1016/j.psyneuen.2009.07.015.

9. Burton A, Rodgerson RW. New perspectives on the assessment of
movement skills and motor abilities. Adapt Phys Act Q. 2001;18:347–65.

10. Cameron CE, Cottone EA, Murrah WM, Grissmer DW. How are motor skills
linked to Children’s school performance and academic achievement? Child
Dev Perspect. 2016;10(2):93–8. https://doi.org/10.1111/cdep.12168.

11. Caravolas M, Lervåg A, Mousikou P, Efrim C, Litavský M, Onochie-Quintanilla
E, et al. Common patterns of prediction of literacy development in different
alphabetic orthographies. Psychol Sci. 2012;23(6):678–86. https://doi.org/10.
1177/0956797611434536.

12. Cartwright KB. Insights from cognitive neuroscience: the importance of
executive function for early Reading development and education. Early
Educ Dev. 2012;23(1):24–36. https://doi.org/10.1080/10409289.2011.615025.

13. Chan A-W, Tetzlaff JM, Altman DG, Laupacis A, Gøtzsche PC, Krleža-Jerić K,
et al. SPIRIT 2013 statement: defining standard protocol items for clinical
trials. Ann Intern Med. 2013;158(3):200–7. https://doi.org/10.7326/0003-4819-
158-3-201302050-00583.

14. Chang YK, Labban JD, Gapin JI, Etnier JL. The effects of acute exercise on
cognitive performance: a meta-analysis. Brain Res. 2012;1453:87–101. https://
doi.org/10.1016/j.brainres.2012.02.068.

15. Chen A-G, Yan J, Yin H-C, Pan C-Y, Chang Y-K. Effects of acute aerobic
exercise on multiple aspects of executive function in preadolescent
children. Psychol Sport Exerc. 2014;15(6):627–36. https://doi.org/10.1016/j.
psychsport.2014.06.004.

16. Cooper CJ. Anatomical and physiological mechanisms of arousal, with
special reference to the effects of exercise. Ergonomics. 1973;16(5):601–9.
https://doi.org/10.1080/00140137308924551.

17. Cunningham AE, Stanovich KE. Early spelling acquisition: writing beats the
computer. J Educ Psychol. 1990;82(1):159–62. https://doi.org/10.1037/0022-
0663.82.1.159.

18. Daly-Smith AJ, Zwolinsky S, McKenna J, Tomporowski PD, Defeyter MA,
Manley A. Systematic review of acute physically active learning and
classroom movement breaks on children’s physical activity, cognition,
academic performance and classroom behaviour: understanding critical
design features. BMJ Open Sport Exerc Med. 2018;4(1). https://doi.org/10.
1136/bmjsem-2018-000341.

19. Damsgaard L, Elleby SR, Gejl AK, Malling ASB, Bugge A, Lundbye-Jensen J,
et al. Motor-enriched encoding can improve Children’s early letter recognition.
Front Psychol. 2020;11:1207. https://doi.org/10.3389/fpsyg.2020.01207.

Gejl et al. BMC Pediatrics            (2021) 21:2 Page 16 of 18

mailto:DFFsekretariatet@ufm.dk
https://books.google.dk/books?id=V_o_ngAACAAJ
https://books.google.dk/books?id=V_o_ngAACAAJ
https://doi.org/10.1080/10508406.2011.611446
https://doi.org/10.1542/peds.2017-1498
https://doi.org/10.1542/peds.2017-1498
https://doi.org/10.1177/0031512517742284
https://doi.org/10.3389/fnhum.2016.00645
https://doi.org/10.3389/fnhum.2016.00645
https://doi.org/10.1016/j.jsp.2005.12.003
https://doi.org/10.1007/s10643-020-01034-8
https://doi.org/10.1016/j.psyneuen.2009.07.015
https://doi.org/10.1016/j.psyneuen.2009.07.015
https://doi.org/10.1111/cdep.12168
https://doi.org/10.1177/0956797611434536
https://doi.org/10.1177/0956797611434536
https://doi.org/10.1080/10409289.2011.615025
https://doi.org/10.7326/0003-4819-158-3-201302050-00583
https://doi.org/10.7326/0003-4819-158-3-201302050-00583
https://doi.org/10.1016/j.brainres.2012.02.068
https://doi.org/10.1016/j.brainres.2012.02.068
https://doi.org/10.1016/j.psychsport.2014.06.004
https://doi.org/10.1016/j.psychsport.2014.06.004
https://doi.org/10.1080/00140137308924551
https://doi.org/10.1037/0022-0663.82.1.159
https://doi.org/10.1037/0022-0663.82.1.159
https://doi.org/10.1136/bmjsem-2018-000341
https://doi.org/10.1136/bmjsem-2018-000341
https://doi.org/10.3389/fpsyg.2020.01207


20. Daniel SS, Walsh AK, Goldston DB, Arnold EM, Reboussin BA, Wood FB.
Suicidality, school dropout, and Reading problems among adolescents. J
Learn Disabil. 2006;39(6):507–14. https://doi.org/10.1177/
00222194060390060301.

21. Davis CL, Tomporowski PD, McDowell JE, Austin BP, Miller PH, Yanasak NE,
et al. Exercise improves executive function and achievement and alters
brain activation in overweight children: a randomized, controlled trial.
Health Psychol. 2011;30(1):91–8. https://doi.org/10.1037/a0021766.

22. de Greeff JW, Bosker RJ, Oosterlaan J, Visscher C, Hartman E. Effects of
physical activity on executive functions, attention and academic
performance in preadolescent children: a meta-analysis. J Sci Med Sport.
2018;21:501–7. https://doi.org/10.1016/j.jsams.2017.09.595.

23. Donnelly JE, Hillman CH, Castelli D, Etnier JL, Lee S, Tomporowski P, et al.
Physical activity, fitness, cognitive function, and academic achievement in
children: A systematic review. Med Sci Sportsssss Exer. 2016;48:1223–4.
https://doi.org/10.1249/MSS.0000000000000966.

24. Donnelly JE, Hillman CH, Greene JL, Hansen DM, Gibson CA, Sullivan DK,
et al. Physical activity and academic achievement across the curriculum:
results from a 3-year cluster-randomized trial. Prev Med. 2017;99:140–5.
https://doi.org/10.1016/j.ypmed.2017.02.006.

25. Endo K, Matsukawa K, Liang N, Nakatsuka C, Tsuchimochi H, Okamura H,
Hamaoka T. Dynamic exercise improves cognitive function in association
with increased prefrontal oxygenation. J Physiol Sci. 2013;63(4):287–98.
https://doi.org/10.1007/s12576-013-0267-6.

26. Engelkamp J, Zimmer HD. Memory for action events: a new field of
research. Psychol Res. 1989. https://doi.org/10.1007/BF00309142.

27. Faul, F., Buchner, A., Erdfelder, E., & Lang, A.-G. (2019). G*Power. Retrieved
from https://download.cnet.com/G-Power/3000-2054_4-10647044.html.

28. Ferris LT, Williams JS, Shen C-L. The effect of acute exercise on serum brain-
derived neurotrophic factor levels and cognitive function. Med Sci Sports
Exerc. 2007;39(4):728–34. https://doi.org/10.1249/mss.0b013e31802f04c7.

29. Furnes B, Samuelsson S. Preschool cognitive and language skills predicting
kindergarten and grade 1 reading and spelling: a cross-linguistic comparison. J
Res Read. 2009;32(3):275–92. https://doi.org/10.1111/j.1467-9817.2009.01393.x.

30. Good RH, Kaminski R. Dynamic indicators of basic early literacy skills 6th
edition (DIBELS). Eugene: University of Oregon; 2002.

31. Grønnum N. Fonetik og fonologi [Phonetics and phonology]: almen og
dansk. 3rd ed. Copenhagen: Akademisk Forlag; 2005.

32. Hill EE, Zack E, Battaglini C, Viru M, Viru A, Hackney AC. Exercise and
circulating cortisol levels: the intensity threshold effect. J Endocrinol
Investig. 2008;31(7):587–91. https://doi.org/10.1007/BF03345606.

33. Hillman CH, Pontifex MB, Castelli DM, Khan NA, Raine LB, Scudder MR, et al.
Effects of the FITKids randomized controlled trial on executive control and
brain function. Pediatrics. 2014. https://doi.org/10.1542/peds.2013-3219.

34. Hillman CH, Pontifex MB, Raine LB, Castelli DM, Hall E, Kramer AF. The effect
of acute treadmill walking on cognitive control and academic achievement
in preadolescent children. Neuroscience. 2009;159(3):1044–54. https://doi.
org/10.1016/j.neuroscience.2009.01.057.

35. Hillman C, Logan N, Shigeta T. A review of acute physical activity effects on
brain and cognition in children; 2019.

36. Hulme C, Bowyer-Crane C, Carroll JM, Duff FJ, Snowling MJ. The causal role
of phoneme awareness and letter-sound knowledge in learning to read:
combining intervention studies with mediation analyses. Psychol Sci. 2012;
23(6):572–7. https://doi.org/10.1177/0956797611435921.

37. Hulme C, Monk A, Ives S. Some experimental studies of multi-sensory
teaching: the effects of manual tracing on children’s paired-associate
learning. Br J Dev Psychol. 1987;5(4):299–307. https://doi.org/10.1111/j.2044-
835x.1987.tb01066.x.

38. Jacobsen KK, Nielsen A-MV. Fandango Mini – bogstavlydbog. Copenhagen:
Gyldendal Publishers; 2011.

39. Jacobson LA, Koriakin T, Lipkin P, Boada R, Frijters JC, Lovett MW, et al.
Executive functions contribute uniquely to Reading competence in minority
youth. J Learn Disabil. 2017;50(4):422–33. https://doi.org/10.1177/
0022219415618501.

40. Johnson-Glenberg MC, Birchfield DA, Tolentino L, Koziupa T. Collaborative
embodied learning in mixed reality motion-capture environments: two science
studies. J Educ Psychol. 2014;106(1):86–104. https://doi.org/10.1037/a0034008.

41. Juul H. Sproglige færdigheder i børnehaveklassen – en sammenligning af
årgang 2004 og 2007, vol. 32. København: Undervisningsministeriet; 2008.

42. Juul H, Møller L. Vejledning til Ordlæseprøve 1–2. Virum: Hogrefe
Psykologisk Forlag; 2010.

43. Juul H, Møller L. Vejledning til Bogstavprøve 1–2. 2nd ed. Virum: Hogrefe
Psykologisk Forlag; 2013.

44. Kao S-C, Westfall DR, Soneson J, Gurd B, Hillman CH. Comparison of the
acute effects of high-intensity interval training and continuous aerobic
walking on inhibitory control. Psychophysiology. 2017;54(9):1335–45. https://
doi.org/10.1111/psyp.12889.

45. Katzir T, Kim Y, Wolf M, O’Brien B, Kennedy B, Lovett M, Morris R. Reading
fluency: the whole is more than the parts. Ann Dyslexia. 2006;56(1):51–82.
https://doi.org/10.1007/s11881-006-0003-5.

46. Kiefer M, Schuler S, Mayer C, Trumpp NM, Hille K, Sachse S. Handwriting or
typewriting? The influence of pen-or keyboard-based writing training on
reading and writing performance in preschool children. Adv Cogn Psychol.
2015;11(4):136–46. https://doi.org/10.5709/acp-0178-7.

47. Kim Y-S, Pallante D. Predictors of reading skills for kindergartners and first
grade students in Spanish: a longitudinal study. Read Writ. 2012;25(1):1–22.
https://doi.org/10.1007/s11145-010-9244-0.

48. Kirby JR, Desrochers A, Roth L, Lai SSV. Longitudinal predictors of word
reading development. Can Psychol. 2008;49(2):103–10. https://doi.org/10.
1037/0708-5591.49.2.103.

49. Lindgren R, Johnson-Glenberg M. Emboldened by embodiment: six
precepts for research on embodied learning and mixed reality. Educ Res.
2013;42(8):445–52. https://doi.org/10.3102/0013189X13511661.

50. Longcamp M, Zerbato-Poudou MT, Velay JL. The influence of writing
practice on letter recognition in preschool children: a comparison between
handwriting and typing. Acta Psychol. 2005;119(1):67–79. https://doi.org/10.
1016/j.actpsy.2004.10.019.

51. Macdonald K, Milne N, Orr R, Pope R. Relationships between motor
proficiency and academic performance in mathematics and reading in
school-aged children and adolescents: a systematic review. Int J Environ Res
Public Health. 2018;15. https://doi.org/10.3390/ijerph15081603.

52. Mavilidi MF, Lubans DR, Eather N, Morgan PJ, Riley N. Preliminary efficacy
and feasibility of the “thinking while moving in English”: a program with
integrated physical activity into the primary school English lessons. Children
(Basel, Switzerland). 2018;5(8):109. https://doi.org/10.3390/children5080109.

53. Mavilidi MF, Okely AD, Chandler P, Cliff DP, Paas F. Effects of integrated
physical exercises and gestures on preschool Children’s foreign language
vocabulary learning. Educ Psychol Rev. 2015;27(3):413–26. https://doi.org/10.
1007/s10648-015-9337-z.

54. McAuley E, Duncan T, Tammen VV. Psychometric properties of the intrinsic
motivation inventory in a competitive sport setting: a confirmatory factor
analysis. Res Q Exerc Sport. 1989;60(1):48–58. https://doi.org/10.1080/
02701367.1989.10607413.

55. McGee R, Prior M, Williams S, Smart D, Sanson A. The long-term significance
of teacher-rated hyperactivity and reading ability in childhood: findings
from two longitudinal studies. J Child Psychol Psychiatry. 2002;43(8):1004–
17. https://doi.org/10.1111/1469-7610.00228.

56. Melby-Lervåg M, Lyster S-AH, Hulme C. Phonological skills and their role in
learning to read: a meta-analytic review. Psychol Bull. 2012;138(2):322–52.
https://doi.org/10.1037/a0026744.

57. Moher D, Hopewell S, Schulz KF, Montori V, Gøtzsche PC, Devereaux PJ,
et al. CONSORT 2010 explanation and elaboration: updated guidelines for
reporting parallel group randomised trials. BMJ. 2010;340:c869. https://doi.
org/10.1136/bmj.c869.

58. Mura G, Vellante M, Nardi AE, Machado S, Carta MG. Effects of school-based
physical activity interventions on cognition and academic achievement: a
systematic review. CNS Neurol Disord Drug Targets. 2015;14(9):1194–208
Retrieved from http://www.ncbi.nlm.nih.gov/pubmed/26556088.

59. Norris E, Shelton NJ, Dunsmuir S, Duke-Williams O, Stamatakis E. Physically
active lessons as physical activity and educational interventions: a
systematic review of methods and results. Prev Med. 2015;72:116–25.
https://doi.org/10.1016/j.ypmed.2014.12.027.

60. Norris E, van Steen T, Direito A, Stamatakis E. Physically active lessons in
schools and their impact on physical activity, educational, health and
cognition outcomes: a systematic review and meta-analysis. Br J Sports
Med. 2020;54(14):826 LP–838. https://doi.org/10.1136/bjsports-2018-100502.

61. Ouellette G, Tims T. The write way to spell: printing vs. typing effects on
orthographic learning. Front Psychol. 2014;5:1–11. https://doi.org/10.3389/
fpsyg.2014.00117.

62. Pape K, Bjørngaard JH, Westin S, Holmen TL, Krokstad S. Reading and
writing difficulties in adolescence and later risk of welfare dependence. A

Gejl et al. BMC Pediatrics            (2021) 21:2 Page 17 of 18

https://doi.org/10.1177/00222194060390060301
https://doi.org/10.1177/00222194060390060301
https://doi.org/10.1037/a0021766
https://doi.org/10.1016/j.jsams.2017.09.595
https://doi.org/10.1249/MSS.0000000000000966
https://doi.org/10.1016/j.ypmed.2017.02.006
https://doi.org/10.1007/s12576-013-0267-6
https://doi.org/10.1007/BF00309142
https://download.cnet.com/G-Power/3000-2054_4-10647044.html
https://doi.org/10.1249/mss.0b013e31802f04c7
https://doi.org/10.1111/j.1467-9817.2009.01393.x
https://doi.org/10.1007/BF03345606
https://doi.org/10.1542/peds.2013-3219
https://doi.org/10.1016/j.neuroscience.2009.01.057
https://doi.org/10.1016/j.neuroscience.2009.01.057
https://doi.org/10.1177/0956797611435921
https://doi.org/10.1111/j.2044-835x.1987.tb01066.x
https://doi.org/10.1111/j.2044-835x.1987.tb01066.x
https://doi.org/10.1177/0022219415618501
https://doi.org/10.1177/0022219415618501
https://doi.org/10.1037/a0034008
https://doi.org/10.1111/psyp.12889
https://doi.org/10.1111/psyp.12889
https://doi.org/10.1007/s11881-006-0003-5
https://doi.org/10.5709/acp-0178-7
https://doi.org/10.1007/s11145-010-9244-0
https://doi.org/10.1037/0708-5591.49.2.103
https://doi.org/10.1037/0708-5591.49.2.103
https://doi.org/10.3102/0013189X13511661
https://doi.org/10.1016/j.actpsy.2004.10.019
https://doi.org/10.1016/j.actpsy.2004.10.019
https://doi.org/10.3390/ijerph15081603
https://doi.org/10.3390/children5080109
https://doi.org/10.1007/s10648-015-9337-z
https://doi.org/10.1007/s10648-015-9337-z
https://doi.org/10.1080/02701367.1989.10607413
https://doi.org/10.1080/02701367.1989.10607413
https://doi.org/10.1111/1469-7610.00228
https://doi.org/10.1037/a0026744
https://doi.org/10.1136/bmj.c869
https://doi.org/10.1136/bmj.c869
http://www.ncbi.nlm.nih.gov/pubmed/26556088
https://doi.org/10.1016/j.ypmed.2014.12.027
https://doi.org/10.1136/bjsports-2018-100502
https://doi.org/10.3389/fpsyg.2014.00117
https://doi.org/10.3389/fpsyg.2014.00117


ten year follow-up, the HUNT study, Norway. BMC Public Health. 2011;11(1).
https://doi.org/10.1186/1471-2458-11-718.

63. Pelegrina S, Lechuga MT, García-Madruga JA, Elosúa MR, Macizo P, Carreiras M,
et al. Normative data on the n-back task for children and young adolescents.
Front Psychol. 2015;6:1544. https://doi.org/10.3389/fpsyg.2015.01544.

64. Peng P, Fuchs D, Fuchs LS, Elleman AM, Kearns DM, Gilbert JK, et al. A
longitudinal analysis of the trajectories and predictors of word Reading and
Reading comprehension development among at-risk readers. J Learn
Disabil. 2018;52(3):195–208. https://doi.org/10.1177/0022219418809080.

65. Poulsen M, Jensen ST. Rapport om udvikling og afprøvning af iPad-appen
Læserejsen til understøttelse af begynderlæseundervisningen i 0. klasse.
50; 2015.

66. Ruiter M, Loyens S, Paas F. Watch your step children! Learning two-digit numbers
through Mirror-based observation of self-initiated body movements. Educ
Psychol Rev. 2015;27(3):457–74. https://doi.org/10.1007/s10648-015-9324-4.

67. Savolainen H, Ahonen T, Aro M, Tolvanen A, Holopainen L. Reading
comprehension, word reading and spelling as predictors of school
achievement and choice of secondary education. Learn Instr. 2008;18(2):
201–10. https://doi.org/10.1016/j.learninstruc.2007.09.017.

68. Schatschneider C, Fletcher JM, Francis DJ, Carlson CD, Foorman BR.
Kindergarten prediction of Reading skills: a longitudinal comparative
analysis. J Educ Psychol. 2004;96(2):265–82. https://doi.org/10.1037/0022-
0663.96.2.265.

69. Semeraro C, Coppola G, Cassibba R, Lucangeli D. Teaching of cursive writing
in the first year of primary school: effect on reading and writing skills. PLoS
One. 2019;14(2):1–17. https://doi.org/10.1371/journal.pone.0209978.

70. Shapiro, L. (2019). Embodied Cognition. Retrieved from https://books.
google.dk/books?id=ycaWDwAAQBAJ.

71. Singh AS, Saliasi E, van den Berg V, Uijtdewilligen L, de Groot RHM, Jolles J,
et al. Effects of physical activity interventions on cognitive and academic
performance in children and adolescents: a novel combination of a systematic
review and recommendations from an expert panel. Br J Sports Med, bjsports-
2017-098136. 2018. https://doi.org/10.1136/bjsports-2017-098136.

72. Skriver K, Roig M, Lundbye-Jensen J, Pingel J, Helge JW, Kiens B, Nielsen JB.
Acute exercise improves motor memory: exploring potential
biomarkers. Neurobiol Learn Mem. 2014;116:46–58. https://doi.org/10.
1016/j.nlm.2014.08.004.

73. Skulmowski A, Rey GD. Embodied learning: introducing a taxonomy based
on bodily engagement and task integration. Cogn Res Princ Implic. 2018;
3(1). https://doi.org/10.1186/s41235-018-0092-9.

74. Smart D, Youssef GJ, Sanson A, Prior M, Toumbourou JW, Olsson CA.
Consequences of childhood reading difficulties and behaviour problems for
educational achievement and employment in early adulthood. Br J Educ
Psychol. 2017;87(2):288–308. https://doi.org/10.1111/bjep.12150.

75. Smith YA, Hong E, Presson C. Normative and validation studies of the nine-
hole peg test with children. Percept Mot Skills. 2000;90(3):823–43. https://
doi.org/10.2466/pms.2000.90.3.823.

76. Stage SA, Sheppard J, Davidson MM, Browning MM. Prediction of first-
graders’ growth in Oral Reading fluency using kindergarten letter fluency. J
Sch Psychol. 2001;39(3):225–37. https://doi.org/10.1016/S0022-
4405(01)00065-6.

77. Streiner DL, Norman GR. Health Measurement Scales: A practical guide to
their development and use. 4th ed; 2008. https://doi.org/10.1093/acprof:
oso/9780199231881.001.0001.

78. Styrelsen for Undervisning og Kvalitet. (2018). Bekendtgørelse om formål,
kompetencemål, færdigheds- og vidensområder og
opmærksomhedspunkter i børnehaveklassen (Fælles Mål). Retrieved August
18, 2020, from https://www.retsinformation.dk/eli/lta/2018/186.

79. Subramanian SK, Sharma VK, Arunachalam V, Radhakrishnan K, Ramamurthy
S. Effect of structured and unstructured physical activity training on
cognitive functions in adolescents - a randomized control trial. J Clin Diagn
Res. 2015;9(11):CC04–9. https://doi.org/10.7860/jcdr/2015/14881.6818.

80. ten Braak D, Kleemans T, Størksen I, Verhoeven L, Segers E. Domain-specific
effects of attentional and behavioral control in early literacy and numeracy
development. Learn Individ Differ. 2018;68:61–71. https://doi.org/10.1016/j.
lindif.2018.10.001.

81. Thomas AG, Dennis A, Bandettini PA, Johansen-Berg H. The effects of
aerobic activity on brain structure. Front Psychol. 2012;3:86. https://doi.org/
10.3389/fpsyg.2012.00086.

82. Tran C, Smith B, Buschkuehl M. Support of mathematical thinking through
embodied cognition: nondigital and digital approaches. Cogn Res Princ
Implic. 2017;2(1):16. https://doi.org/10.1186/s41235-017-0053-8.

83. Twisk JWR. Applied multilevel analysis: a practical guide for medical
researchers. Cambridge: Cambridge University Press; 2006.

84. Vaughn S, Schumm JS, Gordon J. Early spelling acquisition: does writing
really beat the computer? Learn Disabil Q. 1992;15(3):223–8. https://doi.org/
10.2307/1510245.

85. Vaughn S, Schumm JS, Gordon J. Which motoric condition is most effective
for teaching spelling to students with and without learning disabilities? J
Learn Disabil. 1993;26(3):191–8. https://doi.org/10.1177/
002221949302600306.

86. Vazou S, Gavrilou P, Mamalaki E, Papanastasiou A, Sioumala N. Does
integrating physical activity in the elementary school classroom influence
academic motivation? Int J Sport aExer Psychol. 2012;10(4):251–63. https://
doi.org/10.1080/1612197X.2012.682368.

87. Watson A, Timperio A, Brown H, Best K, Hesketh KD. Effect of classroom-
based physical activity interventions on academic and physical activity
outcomes: a systematic review and meta-analysis. Int J Behav Nutr Phys Act.
2017;14(1):114. https://doi.org/10.1186/s12966-017-0569-9.

88. Wechsler, D. (2003). WISC-IV: Administration and Scoring Manual. Retrieved
from https://books.google.dk/books?id=lLJEHQAACAAJ.

89. Willcutt EG, Betjemann RS, Pennington BF, Olson RK, DeFries JC, Wadsworth
SJ. Longitudinal study of Reading disability and attention-deficit/
hyperactivity disorder: implications for education. Mind Brain Educ. 2007;
1(4):181–92. https://doi.org/10.1111/j.1751-228X.2007.00019.x.

90. Wilson M. Six views of embodied cognition. Psychon Bull Rev. 2002;9(4):
625–36. https://doi.org/10.3758/BF03196322.

91. Zemlock D, Vinci-Booher S, James KH. Visual–motor symbol production
facilitates letter recognition in young children. Read Writ. 2018;31(6):1255–
71. https://doi.org/10.1007/s11145-018-9831-z.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Gejl et al. BMC Pediatrics            (2021) 21:2 Page 18 of 18

https://doi.org/10.1186/1471-2458-11-718
https://doi.org/10.3389/fpsyg.2015.01544
https://doi.org/10.1177/0022219418809080
https://doi.org/10.1007/s10648-015-9324-4
https://doi.org/10.1016/j.learninstruc.2007.09.017
https://doi.org/10.1037/0022-0663.96.2.265
https://doi.org/10.1037/0022-0663.96.2.265
https://doi.org/10.1371/journal.pone.0209978
https://books.google.dk/books?id=ycaWDwAAQBAJ
https://books.google.dk/books?id=ycaWDwAAQBAJ
https://doi.org/10.1136/bjsports-2017-098136
https://doi.org/10.1016/j.nlm.2014.08.004
https://doi.org/10.1016/j.nlm.2014.08.004
https://doi.org/10.1186/s41235-018-0092-9
https://doi.org/10.1111/bjep.12150
https://doi.org/10.2466/pms.2000.90.3.823
https://doi.org/10.2466/pms.2000.90.3.823
https://doi.org/10.1016/S0022-4405(01)00065-6
https://doi.org/10.1016/S0022-4405(01)00065-6
https://doi.org/10.1093/acprof:oso/9780199231881.001.0001
https://doi.org/10.1093/acprof:oso/9780199231881.001.0001
https://www.retsinformation.dk/eli/lta/2018/186
https://doi.org/10.7860/jcdr/2015/14881.6818
https://doi.org/10.1016/j.lindif.2018.10.001
https://doi.org/10.1016/j.lindif.2018.10.001
https://doi.org/10.3389/fpsyg.2012.00086
https://doi.org/10.3389/fpsyg.2012.00086
https://doi.org/10.1186/s41235-017-0053-8
https://doi.org/10.2307/1510245
https://doi.org/10.2307/1510245
https://doi.org/10.1177/002221949302600306
https://doi.org/10.1177/002221949302600306
https://doi.org/10.1080/1612197X.2012.682368
https://doi.org/10.1080/1612197X.2012.682368
https://doi.org/10.1186/s12966-017-0569-9
https://books.google.dk/books?id=lLJEHQAACAAJ
https://doi.org/10.1111/j.1751-228X.2007.00019.x
https://doi.org/10.3758/BF03196322
https://doi.org/10.1007/s11145-018-9831-z

	Abstract
	Background
	Methods/design
	Discussion
	Trial registration

	Background
	Methods/design
	Study design
	Participants and recruitment
	Structure and learning content of the activities
	The story about the flying suitcase

	Content and organization of intervention- and control activities
	Intervention conditions
	Control condition

	Training of teachers and instructors
	Justification of sample size
	Blinding
	Outcome measurements
	Group tests
	Individual tests
	Motivation
	Compliance to the intervention

	Plan for data analysis
	Ethics and data security

	Discussion
	Conclusion
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

