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temporal areas (including the uncus and hippocampus) and 
the cerebellum (Annus et al., 2017; Aylward et al., 1997, 
1999), which result in subnormal intellectual functioning 
(Schmidt-Sidor et al., 1990), as well as other systemic dis-
orders (Mazurek & Wyka, 2015).

Children with DS usually have considerable limitations 
in motor skill development and physical fitness, abnormal 
sensorimotor integration, obesity, health impairments, neu-
rological impairments, and delays in speech and language 
skill development. As they have only 50% physical strength 
compared to their normal counterparts, hypotonic muscles 
and ligament laxity might result in lower functional levels 
(Galli et al., 2014) and lack of sensory integration ability 
(Hee- kyoung et al., 2017). Hence, they show uncoordinated, 
slower and variable movements, as well as a poor ability to 
respond to changes in the environment (Schott & Holfelder, 
2015) as well ascognitive deficit, age, and functional areas 
including self-management, locomotion, and sociality all 
can affect activity participation (Østensjø et al., 2003). Poor 
fine motor skills such as the capability of using knife, tooth- 
brush, and hairbrush and doing all kind of fasteners may be 
disabled by poor performance of complex self-care tasks. 

Introduction

Down syndrome (DS) is the most common example of a 
neurogenetic aneuploid disorder arising from incomplete 
embryogenesis as a result of an additional chromosome 21 
copy in the karyotype, which is derived from an overexpres-
sion of genetic material due to a tripling of the number of 
genes (Annus et al., 2017; Aylward et al., 1997; Delabar et 
al., 2006; Gardiner et al., 2010; Roizen & Patterson, 2003). 
This phenomenon occurs in 1:600–700 newborns and pro-
duces structural and functional disorders of the central ner-
vous system (CNS), such as volume changes in frontal and 
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Hence, many of parents questions relate to everyday func-
tional performance, occupations, and participation (Dolva 
et al., 2004). According to the International Classification 
of Functioning, Disability and Health-Children and Youth 
version (ICF-CY) checklist, (WHO, 2007), He-kyong et al. 
found that children with DS show severe impairment, with 
an average score of 0.77 for neural, musculoskeletal and 
movement-related function (Hee- kyoung et al., 2017). The 
range of these scores indicate the magnitude of impairment 
as no impairment (0–4), mild impairment (5–24), moder-
ate impairment (25–49), severe impairment (50–95) and 
complete impairment (96–100). It is suggested that muscle 
strength might control gross motor, balance, fine motor, and 
functional performance in school-aged children with and 
without DS (Beqaj et al., 2018). Despite studies reporting 
fine motor skills to be less impaired than gross motor skills 
(Connolly et al., 1993), it is argued that poor fine motor 
skills may limit the performance of complex functional 
skills of daily living (Dolva et al., 2004).

Children with DS are compromised by their inability 
to practice and retain new skills and their unproductive 
approach to acquiring new abilities (Lott & Dierssen, 2010) 
and generalizing and transferring skills across different envi-
ronments such as home, schools, and the community. They 
experience a number of problems in meeting the demands 
of activities of daily living, which requires motor learning 
strategies (Azzam, 2019).

Motor learning refers to a collection of practice-related 
and experience-related processes that lead to permanent per-
formance improvements resulting from systematic practice 
and feedback (Maas et al., 2008; Uyanik & Kayihan, 2010). 
Naturally, humans use both explicit and implicit learning 
modes throughout their life. Implicit learning consists of all 
forms of involuntary experiences without being told to learn 
anything about the situation. This type of learning is evolu-
tionarily more primitive and not associated with age or IQ 
level (Vinter & Detable, 2010). Explicit learning is required 
to make conscious the effort of participants and is affected 
in children with DS compared to their age-matched coun-
terparts (Missiuna et al., 2001; Salehi et al., 2019). Explicit 
learning relies on changes made in cortical structures during 
the developmental process, which are emphasized within 
motor learning approaches (Karatekin et al., 2007; Perruchet 
et al., 1997). The bottom-up approach refers to implicit 
learning based upon the assumption that if foundational 
motor skills are developed, motor control will emerge, and 
task performance will be improved and then transformed to 
explicit learning. The top-down approach refers to explicit 
learning, which assumes that the motor requirements for 
any task are variable and that motor control for a particular 
task becomes more efficient when children understand what 
is expected (Missiuna et al., 1997). Performance-based or 

top-down approaches are based on motor learning theory, in 
which interventions focus directly on specific task training 
in activities of interest and are not concerned with underly-
ing impairments in body structures and function (Cameron 
et al., 2017). These top-down approaches are often referred 
to as cognitive approaches since the emphasis in therapy is 
on assisting a child to identify, develop and utilize cognitive 
strategies to manage daily tasks more effectively.

Motor learning approaches based on activity participation 
in areas such as cognitive orientation to daily occupational 
performance (CO-OP) and conductive education (CE) are 
used for children with other neuromotor conditions, includ-
ing developmental coordination disorder (DCD) and cere-
bral palsy (CP) (Blank et al., 2008; Bourke-Taylor et al., 
2007; Jackman et al., 2018; Thornton et al., 2016).

CO-OP is built on the principles of motor learning; it 
aims to help children discover the ways in which they can 
conduct everyday activities (Polatajko et al., 2001), such 
as self care, productivity and leisure. Productive activities 
includes: work, household management, play/school. The 
play/school activity includes play skills, reading, calcula-
tions, problem solving and writing. Among all this occu-
pations, handwriting occupies majority of the day’s work 
at school. Leisure activities includes recreation and social-
ization (Carswell et al., 2004). This top-down approach 
focuses on occupations, performance, and participation 
that are purposeful and meaningful to the child and his or 
her family (Kraversky, 2020). It was developed by Polata-
jko and colleagues in the 1990s to meet the motor goals of 
children with developmental coordination disorder (DCD) 
(Polatajko et al., 2001), cerebral palsy (CP), acquired brain 
injury, Asperger’s syndrome and pervasive developmental 
disorders (Araújo et al., 2019; Martini et al., 2014; Rodger 
& Brandenburg, 2009). Along with cognitive, behavioural, 
and educational theoretical models, CO–OP is structured 
based on the integration of learning theory and motor skill 
acquisition (Mathiowetz & Haugen, 1994) with four main 
objectives, namely, using a client centred, performance 
based, problem solving and skill acquisition approach 
(Polatajko & Mandich, 2004). The focus of the CO–OP 
approach is to assist the client in identifying, developing, 
and using cognitive strategies to perform daily activities 
(Polatajko & Mandich, 2004; Scammell et al., 2016) using 
seven key elements, namely, client-chosen goals, dynamic 
performance analysis (DPA), cognitive strategy use, guided 
discovery, enabling principles, parent involvement, and 
a specific intervention format. Children are guided to use 
a global problem-solving strategy (goal, plan, do, check 
(GPDC)) and to identify domain-specific strategies that 
would enable them to achieve their individual goals of func-
tionality. Other objectives of CO-OP are to generalize motor 
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skills and to transfer these skills to other motor-based tasks 
(Polatajko et al., 2001).

Conductive education (CE) is an education programme 
that combines special education and rehabilitation. It is 
based on the work of Dr. Peto (Myrhaug et al., 2018). Pro-
viding appropriate learning opportunities, helping motiva-
tion to acquire new functions, promoting learning processes 
through constructive stimulation and mediation, bringing 
the child out of equilibrium and passivity, and practising 
goal-directed tasks are potentially useful techniques (Lotan 
et al., 2012). The programme is designed for children and 
adults with motor disorders such as cerebral palsy (CP), as 
well as Parkinson’s disease, multiple sclerosis, and para-
plegia arising from stroke, to improve their motor skills, 
independence, cognitive, social, and communicative skills 
(Blank et al., 2008; Bourke-Taylor et al., 2007; Myrhaug et 
al., 2018).

CE is also task-orientated learning within highly struc-
tured programmes; it facilitates motor actions through 
rhythmic speaking or singing and integrates manual activi-
ties into the context of activities of daily life (ADLs). Child-
oriented group settings facilitate psychosocial learning to 
increase participation and use a combination of teaching 
methods and therapy, which is led by a conductor (Blank et 
al., 2008; Bourke-Taylor et al., 2007).

This bottom-up approach is an active learning pro-
cess that is based on the plasticity of the brain; it enables 
modification of the structure and functioning of the brain 
in response to activity and mental practice and assists chil-
dren with motor dysfunction to attain independence in daily 
activities according to their functional level (Myrhaug et al., 
2018). It is carried out by a trainer who specializes in chil-
dren and follows a structured program.

The premise of CE is to maximize the functional poten-
tial through teaching the child how to successfully adapt 
to their environment (Bourke-Taylor et al., 2007), and it 
enables children with physical disabilities to perceive them-
selves positively by conducting group activities. It supports 
them in solving problems and coping with the various chal-
lenges they face with learning strategies and techniques 
(Emerson & Holroyd, 2019). Movements are practised with 
verbal encouragement or ‘rhythmical intention’ repeatedly 
and rhythmically, and the activities are conducted in a par-
ticular order (Myrhaug et al., 2018).

Despite using different motor learning strategies, both 
CO-OP and CE are task-oriented approaches that aim to 
generate and increase activity performance. (Mulder, 2016; 
Szogeczki 2016; Thornton et al., 2016). To date, there is no 
evidence-based approach specifically used for DS. How-
ever, these motor learning approaches based on activity 
participation originally used for children with neuromo-
tor conditions may also be helpful for children with DS. 

Therefore, the primary objective of this crossover study was 
to investigate and compare the effectiveness of 12-week 
CO-OP and 12-week CE interventions in activity limita-
tion and participation restriction. Secondery objective was 
to determine if there was evidence of a difference in motor 
skills between groups of children with DS receiving CO-OP 
and CE interventions.

It was hypothesized that improvement would be seen and 
that there would be a difference between the two interven-
tion periods in motor skills, activity limitation and participa-
tion restriction in children with DS.

Methods

Study Design and Participants

This single-blind, randomized, two-arm, crossover study 
was conducted on children with DS who attended special 
school in Famagusta, North Cyprus, between March and 
December 2019. Instead of the more conventional ran-
domized, parallel-group design, a crossover design was 
selected for this study because the inner-patient variance is 
less than the variation between patients and thus requires 
fewer patients (Dwan et al., 2019; Sheldon, 1990). The 
ethical approval of the Eastern Mediterranean University 
BAYEK Health Ethics Subcommittee was obtained prior 
to the start of the study (ETK00-218-0213). A priori sam-
ple size calculation was performed using PASS (version 
08.0.11 Kaysville, Utah, 2008), considering the primary 
outcome measure. Sample size was calculated based on the 
intraclass correlation coefficient (ICC) value (Arnup et al., 
2017) in a study that investigated the Performance Qual-
ity of the Rating Scale (PQRS) in children diagnosed with 
DCD. It was found that the ICC value of the video recorded 
performances with PQRS operational definitions was 0.88 
(Martini et al., 2015). A sample size of 12 subjects with 2 
observations per subject was found to achieve 86% power to 
detect an ICC of 0.88 under the alternative hypothesis when 
the ICC under the null hypothesis was 0.50 using an F test 
with a significance level of 0.05. Assuming the follow-up 
loss would be approximately 25%, the final sample size was 
calculated as 15 participants. Written informed consent was 
obtained from the primary caregivers of the participants and 
assent from participants. The study has been registered in 
the Clinical Trials Register (NCT03687619).

Children aged between seven and 18 years who had mild 
and moderate intellectual difficulties, could verbally com-
municate, and could specify at least three activities with the 
help of their parents were included in the study. According 
to the information obtained from the school administration, 
the intelligence level of all participants had already been 
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musculoskeletal surgical intervention, or (c) had parents or 
caregivers with communication problems.

A total of 13 participants were randomly allocated to two 
groups (CO-OP or CE) using Random Allocation Software 
(version 1.0, 2004) (Saghaei, 2004). The randomization 
process was performed by someone who did not participate 
in the study. One of 13 participants in the CO-OP group did 
not attend the evaluation session at the end of the first period 
because of transportation problems. Therefore, a total of 12 
subjects completed the study (Fig. 1).

assessed by a clinical psychologist using the Wechsler Intel-
ligence Scale for Children-Revised (WISC-R) scale (Sattler, 
2001; Shree & Shukla, 2016) before they entered the pub-
lic special education centre. The clinical psychologist was 
working at the Psychological Counselling and Guidance 
Center affiliated with the Ministry of Education. The IQ 
ranges of the children were reported to be between mild and 
moderate levels, which was suitable for this study (Halayko 
et al., 2016). A total of 13 children with DS already regis-
tered at the public special education centre were assessed to 
determine whether they met the inclusion criteria. Partici-
pants were excluded from the study if they (a) had partici-
pated in a CO-OP or CE program in the past, (b) had any 

Fig. 1 CONSORT diagram showing the flow of participants through each stage of the randomized crossover trial
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for children are summarized in Table 1. The fourth activ-
ity was not included in the treatment and was analysed to 
obtain information about the transfer of the acquired skills 
to another performance area.

Primary Outcome Measures

COPM

The COPM is an outcome measure that assists the partici-
pants in identifying occupational performance issues or 
goals and rates performance and satisfaction on a 10-point 
Likert scale (Carswell et al., 2004; Law et al., 1990). The 
COPM has demonstrated reliability and validity in the Turk-
ish context (Torpil et al., 2021). In this study, the COPM was 
administered to determine the activities of children by their 
parents in the areas of school/productivity, self-care and 
play/leisure. Each parent was asked to rate the importance 
of each area in which they would like to improve. During 
the activity selection, the assessor asked parents to assess 
their own child’s performance and satisfaction, as well as 
their activity limitations and performance restrictions, to 
identify the first five difficulties and the intensity of certain 
difficulties by using a 10-point Likert scale ranging from 
not at all critical (1) to extremely critical (10). Accordingly, 
therapists focused on these main problems or tasks and con-
sidered them to be the priority for treatment. As it has been 
reported that COPM score changes as rated by mothers are 
suggested to be the best indicators of change in performance 
and satisfaction (Ward & Rodger, 2004), the parents’ ratings 
of preintervention and postintervention performance and 
satisfaction of the children in two periods were therefore 
used in this study. Mean changes in scores were determined 
separately for performance and satisfaction scores by sub-
tracting the pre- from the postintervention rating for each 
goal.

PQRS

The PQRS is a criterion-referenced performance-based 
observation rating scale and has been used in earlier stud-
ies to determine the effectiveness of CO-OP intervention in 
children with DCD (Martini et al., 2015; Polatajko & Man-
dich, 2004). Previously, the PQRS was described using a 
6-point (0–5) scale. However, in 2001, Miller et al. (Miller 
et al., 2001) modified the PQRS by implementing a 10-point 
performance rating scale to better complement the 10-point 
rated COPM. Hence, the PQRS is used in conjunction with 
the COPM. Consequently, the quality of task performance 
is rated according to a 10-point scale based on the compe-
tency of the performance. A PQRS score of 1 indicates that 

Procedures

Participants were evaluated at four different times through-
out the study. These evaluations were performed prior to 
treatment (Time 1), at the end of the first treatment program 
after the first 12th week (Time 2), at the end of the 3-month 
washout phase (Time 3) and at the end of the subsequent 
treatment period (Time 4).

The first round of evaluations was conducted using the 
Canadian Occupational Performance Measure (COPM) to 
identify goals by both the child and the parents before the 
intervention to determine what children needed to do, had 
to do, or wanted to do, which was difficult in the areas of 
school/productivity, self-care and play/leisure. Each child 
and parent were asked to rate the importance of each area in 
which he or she would like to improve on a 10-point scale. 
This rating helped to prioritize areas for intervention. The 
COPM has a client-centred design and measures outcomes 
according to three occupational performance areas (self-
care, productivity, and leisure), which are defined in the 
outcome measures section (Kraversky, 2020; Wressle et al., 
2002).

Then, the assessor met with the children and their moth-
ers to identify four activities that needed to be the focus of 
the therapists. (Carswell et al., 2004; Law et al., 1990). A 
handwriting activity, which was a common goal, constituted 
the first activity. The second, third and fourth activities 

Table 1 Three Goals Chosen by Each Child and Parent Using the 
Canadian Occupation Performance Measure (in Order of Importance)
PARTICIPANT ACTIVITY 2 ACTIVITY 3 ACTIV-

ITY 4
Participant 1 (Group 1) Cleaning the 

nose
Wearing a 
trouser belt

Using 
knives

Participant 2 (Group 1) Tying 
shoelaces

Wearing a 
trouser belt

Using 
knives

Participant 3 (Group 1) Applying nail 
polish

Cutting nails Using 
knives

Participant 4 (Group 1) Using knives Ironing wool 
work

Participant 5 (Group 1) Using knives Ironing wool 
work

Participant 6 (Group 2) Putting on Panty hoses
Beading

Tying 
hair

Participant 7(Group 2) Putting on 
panty hoses

Brushing hair Tying 
hair

Participant 8 (Group 2) undressing Taking off 
shoes

Dressing

Participant 9 (Group 2) Putting on 
shoes

Painting Putting 
on socks

Participant 10 (Group 2) Brushing hair Dressing and 
undressing

Zipper 
pull

Participant 11 (Group 2) Wearing a 
trouser belt

Tying 
shoelaces

Button 
closing

Participant 12 (Group 2) Dressing Putting on socks Zipper 
pull
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completed the task was scored as 9. A child who completed 
the task at normal speed and at a normal level of coordina-
tion received a score of 10. An average rating for each goal 
at pre- and postintervention was calculated.

Secondary Outcome Measure

The Bruininks-Oseretsky Test of Motor Proficiency – 
Second Edition Brief Form (BOT-2-BF)

A short version of the BOT-2 titled the Bruininks-Oser-
etsky Test of Motor Proficiency Second Edition-Brief 
Form (BOT-2-BF) is composed of 14 items selected from 

the child is unable to perform the task, even in part, while a 
score of 10 indicates the competent performance of the child 
(Martini et al., 2015).

The recorded video tape of each child’s performance 
on their chosen goals both before and after intervention 
was viewed randomly twice and scored by the second and 
third authors, who are specialized in paediatric rehabilita-
tion. These authors were blinded to the interventions and 
sequence of events, as suggested elsewhere (Rodger & 
Brandenburg, 2009). Those two authors used a scoring 
guidance described by Martini et al. (Martini et al., 2015) 
that consists of the definition of each score ranging from 
one to 10. If the performance of the child did not meet any 
of the criteria, it was scored as 1, while a child who nearly 

Fig. 2 While the child is perform-
ing a task, other children act as 
a cartoon characters and ask a 
question about the task
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This is an interactive process of analysing performance 
through the direct observation of the child’s chosen goals, 
whether the difficulty is caused by the environment, the 
activity itself or the ability level of the child (Kraversky, 
2020).

Each child in the group was asked to develop planning 
strategies that fit their chosen goals. Children were trained 
on their chosen goals, and they were allowed to work on 
goals chosen by other children in the group as proposed by 
Martini et al. (Martini et al., 2014). While both individual 
and group formats involved global and domain-specific 
strategies, other children’s suggestions were also incor-
porated during the guided discovery process (fourth key 
element of the CO-OP). Within this framework, the child 
discovered which aspects of the task presented problems and 
how to overcome these problems. For this, other children 
were put into various cartoon characters (such as She-Ra, 
Spiderman, Batman, policemen and policewomen) (Fig. 2) 
and were asked questions voiced by therapist such as ‘What 
is going wrong?’, ‘How did you do that?’, ‘What do you 
need to do first?’ or ‘How might you fix that?’ Through this 
process of guided discovery, the child, in collaboration with 
the therapist, identified specific strategies that facilitated the 
performance of the task. This interaction permitted children 
to understand that different plans or strategies can exist. 
Domain-specific strategies (feel the movement, task speci-
fication/modification, and body positioning) consisted of 
child-specific guides that were used to learn particular skills 
(Ward & Rodger, 2004).

The group format allowed this process to occur not only 
through guided self-reflection but also by observing other 
children undertaking activities and identifying performance 
breakdowns.

Participants were also given homework to generalize the 
taught activities in different environments. For instance, the 
child who learned how to put on and take off their upper 
body clothes was asked to do the same for their lower body 
clothes, and the child who learned how to use a pencil was 
asked to learn how to use a spoon or a fork. Parents and 
teachers were encouraged to enable the children to repeat 
the activities that were part of this training at school and at 
home for the purpose of generalization. Session structure of 
the CO-OP intervention protocol was given in Supplemen-
tary Table 1.

CE

The program was structured to include the identified goal 
activities and related fine motor skill training. The struc-
tured program included five minutes of greeting, 10 min of 
focusing on fine motor skills, 10 min of games that use these 
fine motor skills, and 10 min of ball games. The structured 

the eight BOT-2 subscales (Bruininks & Bruininks, 2010): 
fine manual control (fine motor precision and integration), 
manual coordination (manual dexterity and upper-limb 
coordination), body coordination (bilateral coordination 
and balance), strength and agility (running speed and agility, 
strength). Each subtest was scored according to the BOT-
2-BF manual, and the sum of the scores acquired from each 
measured skill was taken as the total motor composite score 
(Brown, 2019; Bruininks & Bruininks, 2010).

Interventions

In this study, the two approaches (CO-OP and CE) were 
applied by a certified physiotherapist (HO), who has over 40 
years of experience in paediatric rehabilitation. The study 
was designed in a group format in two different periods that 
consisted of approximately 1.5 h for each session, two times 
per week, for 12 weeks each.

CO-OP

The CO-OP protocol was originally developed as an indi-
vidual approach, and a modified version was applied in a 
group setting in the current study as described by Martini 
et al. and Halayko et al. (Halayko et al., 2016; Martini et 
al., 2014). In accordance with the recommendation of Man-
dich and Polatajko (Polatajko & Mandich, 2004), parents 
were asked to participate in at least three and as many as 
all sessions in order to watch their children and learn how 
they could use guided discovery to help their children use 
cognitive strategies at home. It is important to enable the 
participation of parents to help their children succeed in 
other contexts to ensure that ‘the approach is implemented 
beyond the treatment room’ (Mandich & Polatajko, 2004). 
Following the initial assessment and activity selection (first 
key element of the CO-OP) by parents and children, the 
CO-OP approach was introduced to the parents and chil-
dren during the first and second sessions. During each of 
these sessions, the global strategy (GPDC) was used to 
enhance skill acquisition of three chosen goals (Table 1). 
The children were trained in global strategies using GPDC 
(third key element of the CO-OP) as follows: GOAL - What 
I want to do; PLAN - How I will do it; DO - Execute the 
plan; CHECK - Check if the plan worked [18]. In the fol-
lowing sessions, the therapist, child, and parents used the 
global strategy and cooperated to learn specific strategies to 
solve each task performance breakdown identified through 
dynamic performance analyses (DPA). DPA is one of the 
seven key elements of CO-OP and is focused on the direct 
monitoring of real-time activity performance; it refers to 
performance that is the outcome of the interaction of indi-
vidual, environment, and activity.
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2 males in the second group. There were no statistically 
significant differences between the groups in terms of age 
(p = 0.442).

The comparison of the preintervention measurements 
of the outcomes yielded that there were no significant dif-
ferences between the groups, as measured by the PQRS 
(p > 0.05).

The PQRS scores for both groups are shown in Table 2. 
There were no carryover or period effects in the PQRS 
values obtained from each of the four activities. However, 
there were statistically significant differences in treatment 
between the two approaches for activity one (p = 0.003), 
activity two (p = 0.022), activity three (p = 0.039) and activ-
ity four (p = 0.001). Therefore, the PQRS scores obtained 
from the two interventions were found to be higher in favour 
of the CE (Table 3).

The COPM scores for groups one and two are shown in 
Table 4. For the satisfaction and performance subscales of 
the COPM, there were no carryover (p = 0.347; p = 0.402), 
treatment (p = 0.321; p = 0.150) or period (p = 0.273; 
p = 0.150) effects. (Table 5).

The scores obtained from the subscales of the BOT2-BF 
for both groups are shown in Table 6. A significant carryover 
effect was detected for the manual coordination subscale 
of BOT2-BF (p = 0.026). The changes between treatments 
were statistically nonsignificant for fine motor control 
(p = 0.075), body coordination (p = 0.474), strength and 
agility (p = 0.466), and total scores of BOT2-BF (p = 0.292) 
(Table 7).

Discussion

This crossover, randomized, controlled study determined 
that both CO-OP and CE treatment approaches improve 
performance in selected activities that require fine motor 
skills in children with DS. CE seems more effective than the 

program was followed by 20 min of focus on a writing 
activity and 30 min with a focus on second and third activi-
ties (Table 1). A homework sheet was prepared for parents 
to integrate activities into the daily routines of each child 
(Mulder, 2016).

Motor learning and teaching strategies were used in each 
session. Verbal and visual clues such as ‘Look how your 
friend is holding it’, ‘Are you ready?’, ‘Now, we will hold 
the stick tight’, and ‘Did we sit properly?’ were given before 
and during the activities. Visual cues were chosen in accor-
dance with the goal activities and integrated into the fine 
motor skills (Lotan et al., 2012).

In our study, rhythmic intention, which is one of the 
methods of facilitation in CE, children’s songs, nursery 
rhymes, and number counting were used, as well as ver-
bal and visual cues (Bourke-Taylor et al., 2007). Due to the 
characteristics of CE, plinths and ladder-back chairs were 
not needed for our participants. However, suitable tables 
and chairs were adjusted for each child, and the feeling of 
proper body position was achieved, particularly during the 
handwriting activities. Structured program for CE interven-
tion was given in Supplementary Table 2.

Statistical Analysis

All statistical analyses were carried out with the Statgraph-
ics Centurion 19 trial version for Windows (Statgraphics 
Technologies, Inc. Virginia, USA). The 2 × 2 crossover 
module of Statgraphics Centurion 19 was used for the car-
ryover, treatment and period effects of both interventions.

The statistical significance level was set at p < 0.05.
The carry-over effect was tested by comparing the sum 

of the scores over both treatment periods between groups 1 
(CO-OP first) and 2 (CE first). If the carry-over effect was 
not significant, we tested the treatment effect by compar-
ing the difference in the scores between period 1 and period 
2 for the two groups. To estimate the size of the treatment 
effect, we took half of the difference between the differences 
for each group (Sheldon, 1990). To interpret the size of the 
treatment effect, we used 95% confidence intervals of the 
means. If there was no significant treatment effect, then we 
tested the period effect by comparing the difference between 
treatment (CO-OP) and treatment (CE) for the two groups. 
To estimate the size of the period effect, we took half of the 
difference between the differences for each group.

Results

The mean age of the participants was 13.4 ± 3.6 years for 
group one and 12.0 ± 3.4 years for group two. There were 
4 females and 1 male in the first group and 5 females and 

Table 2 Scores on the Performance Quality of the Rating Scale by 
activities
Activites Sequence Period 1

Mean±SD, (group)
Period 2
Mean±SD, 
(group)

1 CO-OP 8.0 ± 0.7, (1) 4.1 ±1.6, (2)
CE 6.4 ± 1.9, (2) 8.6 ± 0.5, (1)

2 CO-OP 7.2 ± 2.1, (1) 5.1 ± 2.0, (2)
CE 9.1 ± 0.5, (2) 8.8 ± 1.1, (1)

3 CO-OP 7.8 ± 2.7, (1) 8.4 ± 1.7 (2)
CE 4.4 ± 2.5, (2) 9.0 ± 0.7, (1)

4* CO-OP 6.8 ± 1.1 (1) 9.0 ± 1.5 (2)
CE 5.0  ± 1.2 (2) 8.6 ± 1.1 (1)

*Untrained activity, CO-OP: Cognitive Orientation to Daily Occupa-
tional Performance, CE: Conductive Education
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effects on satisfaction perceived by parents for chosen activ-
ities, as well as on improving activity limitations and par-
ticipation restrictions.

Writing, as a selected activity, is defined as a complex 
activity that is constrained by a series of processes based on 
the coordination between high-level cognitive and percep-
tual motor processes (Tsao et al., 2017). However, recent 
studies have shown that children with moderate intellec-
tual disabilities can develop in regard to not only daily life 
activities but also writing abilities (Browder et al., 2013; 
Tsao et al., 2017). Our study supports these studies in 
terms of showing that fine motor skills and performance in 
daily living activities can be improved with both treatment 
approaches, which thus suggests that activity and participa-
tion limitations can be reduced. (Kraversky, 2020), (Khosh-
vaght et al., 2017).

In both groups, there was no carry-over effect in any of 
these three activities. On the one hand, the washout period 
of the study was sufficient; on the other hand, motor learn-
ing measured by PQRS could not be thoroughly achieved 
through the training activities. This result reveals a longer 
time requirement for motor learning in children with DS. 
However, motor learning is not limited to an increase in 
motor performance; it fully materializes with the improved 
problem-solving skills of the individual, as well as the indi-
vidual’s ability to generalize and transfer the activity to dif-
ferent areas (Tüzün, 2017).

This study is the first of its kind in terms of comparing 
the effects of the CO-OP and CE treatment approaches on 

CO-OP approach in improving motor skills and increasing 
performance. However, both CO-OP and CE have similar 

Table 3 Carryover, treatment, and period effects by activities for the Performance Quality of the Rating Scale
Activities Effects SE p 95% CI
1 (trained) Carryover 2.31 1.75 0.219 -1.64 6.27

Treatment 2.21 0.56 0.003* 0.953 3.48
Period - - - - -

2 (trained) Carryover 1.14 1.44 0.447 -2.07 4.36
Treatment 2.97 1.09 0.022* 0.53 5.41
Period - - - - -

3 (trained) Carryover 3.94 2.12 0.093 -0.79 8.67
Treatment 2.80 1.18 0.039* 0.16 5.43
Period - - - - -

4 (Untrained) Carryover 1.40 1.40 0.341 -1.72 4.52
Treatment 2.20 0.82 0.001* 1.12 3.28
Period - - - - -

*Untrained activity, CI: Confidence Interval

Table 4 Scores on the Canadian Occupational Performance Measure
Sequence Period 1

Mean±SD, 
(group)

Period 2
Mean±SD, 
(group)

Satisfaction CO-OP 7.6 ± 1.5, (1) 9.0 ± 1.5, (2)
CE 6.3 ± 1.4, (2) 9.1 ± 1.7, (1)

Performance CO-OP 7.6 ± 1.5, (1) 8.9 ± 1.5, (2)
CE 6.3 ± 1.1, (2) 8.8 ± 1.6, (1)

CO-OP: Cognitive Orientation to Daily Occupational Performance, 
CE: Conductive Education

Table 5 Carryover, treatment, and period effects by activities for the Canadian Occupational Performance Measure
Subscales Effects SE p 95% CI
Satisfaction Carryover 1.35 1.37 0.347 -1.70 4.41

Treatment 1.19 1.02 0.321 -1.11 3.50
Period -0.59 0.57 0.273 -1.75 0.56

Performance Carryover 1.18 1.34 0.402 -1.82 4.17
Treatment 0.71 0.46 0.150 -0.31 1.73
Period -0.71 0.46 0.150 -1.64 0.31

Table 6 Carryover, treatment, and period effects by activities for the 
Canadian Occupational Performance Measure
Subscales Sequence Period 1

Mean±SD, 
(group)

Period 2
Mean±SD, 
(group)

Fine Motor Control CO-OP 9.6 ± 2.8 (1) 5.0 ± 4.0 (2
CE 6.4 ± 5.7 (2) 10.6 ± 2.7(1)

Manual Coordintion CO-OP 5.6 ± 3.8 (1) 5.9 ± 5.4 (2)
CE 1.7 ± 1.5 (2) 11.8 ± 3.5 (1)

Body Coordination CO-OP 7.8 ± 2.2 (1) 7.4 ± 4.1 (2)
CE 4.0 ± 3.5 (2) 9.8 ± 1.8 (1)

Strength and Agility CO-OP 3.0 ± 1.6 (1) 3.6 ± 2.4 (2)
CE 2.7 ± 1.8 (2) 4.6 ± 2.7 (1)

Total CO-OP 26.0 ± 9.4 (1) 21.9 ± 13.7 (2)
CE 14.9 ± 11.2 (1) 8.7 36.8 ± 8.6 (1)

CO-OP: Cognitive Orientation to Daily Occupational Performance, 
CE: Conductive Education
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the frequency, of the information provided. However, since 
CO-OP is a metacognitive method (Martini et al., 2014), 
the children were asked to find their own solutions with the 
help of the clues provided. In comparison, children with DS 
were observed to have a hard time executing the strategies 
of CO-OP due to their cognitive impairment (Martini et al., 
2014).

To the best of our knowledge, there is currently only one 
existing study that examines the effectiveness of CO-OP in 
children and youth with DS (Halayko et al., 2016). The aim 
of that single-case study was to improve the cycling skills of 
children and youth with a modified application of CO-OP. 
However, it is not possible to compare that study to ours due 
to the methodological differences in research design, treat-
ment period and activities involved. On the other hand, a 
comparative study by Miller et al. showed that children with 
developmental coordination disorders who received CO-OP 
were found to be better in regard to their motor goals and 
acquired strategies than those who received a contemporary 
treatment approach. In the same study, it was revealed that 
parent reports also rated CO-OP treatment as more useful 
(Miller et al., 2001). Our study shows that children with DS 
who have mild to moderate intellectual disabilities are able 
to learn a selected activity with the support of visual cues 
(Jones et al., 2014). These visual cues were probably pro-
vided by the group approach to CO-OP used in our study. 
Although our study shows that both treatment approaches 
are effective regarding selected activities that require fine 
motor skills, CE is a more effective option both statistically 
and clinically. This difference may also occur due to the dif-
ferences in learning strategies between the two approaches 
(Levac et al., 2009).

The children were able to generalize the first activity 
by doing their schoolwork and homework. Transfer of the 

children with DS. In our study, the execution of CE included 
the training of fine motor skills that were identified based on 
the needs of the individuals in addition to the goal-oriented 
task. Additionally, necessary guidance was provided by a 
physiotherapist whenever a challenge was faced during the 
teaching of the activities. In comparison, children with DS 
were not able to identify the goals by themselves and had 
difficulties understanding the various steps of the tasks, 
fulfilling these steps, and finding solutions when they were 
stuck within the framework of CO-OP. They were in contin-
uous need of strategies such as specification and modifica-
tion, body position and feeling the movement. One possible 
explanation for this can be the neuroanatomic anomalies 
seen in individuals with DS. Aylward et al. (Aylward et al., 
1997) revealed that individuals with DS have smaller cer-
ebellar volumes than their healthy peers. The fact that our 
CE-oriented program made use of facial expressions, verbal 
motivations, signing, rhythmic speech, relevant clues, and 
modelling (Mulder, 2016; Myrhaug et al., 2018) might have 
facilitated the skill acquisition of the children. In addition, 
the implicit learning of children with DS is preserved inde-
pendently from their age and IQ, and they tend to trust imi-
tation due to the characteristics of their cognitive functions 
(Kalra et al., 2019; María Auxiliadora et al., 2018); this may 
explain the effectiveness of CE in the improvement of actual 
performance.

Increasing the frequency of introducing new information, 
as well as distinguishing the introduced information during 
the application of implicit learning methods, are known to 
be effective when working with people who have neuro-
developmental disorders (Vinter & Detable, 2010). In our 
study, as the fine motor skills that were subject to training 
were embedded in the activities, visual clues were gradu-
ally introduced to increase the distinctiveness, as well as 

Table 7 Carryover, treatment, and period effects for subscales scores of the Brief Form of Bruininks-Oseretsky Test of Motor Proficiency Second 
Version
Activities Effects SE p 95% CI
Fine Motor Control Carryover 8.77 4.73 0.093 -1.76 19.31

Treatment -2.43 1.22 0.075 -5.16 0.30
Period 1.21 0.61 0.075 -0.15 2.58

Manual Coordination Carryover 9.82 3.77 0.026* 1.42 18.23
Treatment - - - - -
Period - - - - -

Body Coordination Carryover 6.17 3.24 0.086 -1.05 13.4
Treatment 1.43 1.92 0.474 -2.85 5.71
Period -0.71 0.96 0.474 -2.86 1.43

Strength and Agility Carryover 1.31 2.31 0.583 -3.85 6.48
Treatment -0.74 0.98 0.466 -2.92 1.44
Period 0.37 0.49 0.466 -0.72 1.44

Total Carryover 26.08 12.69 0.067 -2.21 54.38
Treatment -3.8 3.41 0.292 -11.41 3.81
Period 1.90 1.71 0.292 -1.91 5.71
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effect may refer to generalizing the writing activity that was 
selected as a first activity through their schoolwork and 
homework, which may improve hand coordination.

Children with DS are prone to having small and thick 
hands, short fingers, and ligamentous laxity, which can 
cause difficulties in executing manipulative functions (Pri-
osti et al., 2013). These conditions accompany weak manual 
coordination, which negatively affects manual dexterity and 
hand-arm coordination. For this reason, special education 
centres in Northern Cyprus offer trainings that focus on the 
improvement of the manual coordination of children with 
DS. The fact that the research participants are students of 
these special education centres and received training on 
manual dexterity and hand-arm coordination during the 
application of both treatment approaches as part of this 
study might have shaped the results. This assumption, how-
ever, is not consistent with the fine manual control and other 
BOT2-BF subscale results. The nature of the trained activi-
ties might have influenced these results, although there is 
insufficient information with which to draw a viable conclu-
sion. Nevertheless, hypothesis was fulfilled and therefore 
activity limitation and participation restriction improved, 
but motor skills did not show significant difference accord-
ing to the results of the COPM, PQRS, and BOT2-BF.

A limitation of this study is that the sample size is small 
due to the small number of participants enrolled in the 
public and private education centres in Famagusta, North-
ern Cyprus, where the sample was derived. Although the 
motivation and verbalization skills of the participants were 
among the inclusion criteria, they were not objectively 
assessed. Children were required to remember the word 
that they had matched with an activity. The use of a control 
group with a similar intellectual and motor failures would 
allow the identification of better changes in the DS group.

Conclusion

This study has shown that CE is more effective than CO-OP 
as a treatment approach in the improvement of task-specific 
activity performance of children with DS. Nevertheless, 
both treatment approaches proved to have similar effects 
on the improvement of perceived performance, satisfac-
tion, and motor skills performance, the improvement of 
fine motor skills performance and the reduction of activ-
ity limitations and participation restrictions. However, it 
is recommended that future studies conduct parallel group 
randomized controlled studies with a larger sample size to 
prove this preliminary conclusion.
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