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Abstract
Objective: The aim of this study was to evaluate complex intervention using time aids for children with intellectual and
developmental disabilities who exhibit limitations in daily time management. Methods: Participating children (n = 47) (F17/
M30) were aged 6–11 with ADHD, autism spectrum disorders, mild or moderate intellectual disability, spina bifida, and
cerebral palsy. This study used a Randomized Block and Waiting List control group design, with 25 children allocated to
control and 22 to intervention group. In total 10 children (21.3%), five from each group, dropped out, leaving 37 children in
the data analysis. Results: Children in both groups gained significantly in time-processing ability between the first and second
data collection, but the children in the intervention group improved time-processing ability significantly more than controls.
The control group also displayed significant changes after receiving intervention between the second and third data collection.
The intervention had a large effect (ES Cohen’s d = 0.81) on time-processing ability and a medium effect (ES Cohen’s d = 0.68)
onmanaging one’s time.Conclusions:This study provides preliminary evidence that time-processing ability andmanaging one’s
time can be improved by intervention using time aids in children with intellectual and developmental disabilities, supporting
the need to consider time aids in intervention in these children.
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Introduction

In today’s time-dependent society, children with
difficulties in managing time in everyday life are at
risk of delayed development of time-processing skills
compared with their same-aged peers. Children with
autism spectrum disorders (ASD) and children with
attention deficit hyperactivity disorder (ADHD) have
been reported to exhibit problems in time perception/
time sense as compared with typically developing
children (1,2). Children and adolescents with ASD
were found to have difficulties in sequencing events
(3). Persons with intellectual disabilities (ID) have
demonstrated problems in time orientation (4,5).
Impaired executive planning functions, including
time management, were found in young people with

autism (6) and have been reported in children with
ADHD (7,8). In a study by Abikoff et al. (9), most of
the children (61%) remained impaired in organiza-
tional skills, time management, and planning, in spite
of effective stimulant treatment of ADHD symptoms,
thus indicating the need for other treatment to target
these deficits.
The various concepts of time described above are

all defined in the International Classification of
Functioning,Disability andHealth, Children&Youth
version (ICF-CY) (10). Experience of time (b1802),
time orientation (b1140) and time management
(b1642) are all defined in Part 1 (the domain of Body
functions), Chapter 1 (Mental functions). Also in
Part 1 (the domain of Activities and participation),
Chapter 2 (General tasks and demands) the concept



ofManagingone’s time (d2305) isdefinedasmanaging
the time required to complete usual or specific activ-
ities, such as preparing to depart from the home and
accessingassistive technologyandsupports indaily life.
The mental function of time management (ICF-CY,
b1642) is defined as ordering events in chronological
sequence, allocating amounts of time to events and
activities, as distinct from “managing one’s time” in
daily life.

Interventions to support difficulties in managing time

Occupational therapy intervention in general can be
classified into three types/foci: remediation, advocacy,
and compensation (11). Remediation of organiza-
tional skills and time management and planning is
efficient in improving managing one’s time in daily
life for children with ADHD, and seems to affect
academic functioning (7,12).
Advocacy, i.e. support in the social context, is an

important factor for successful usage of assistive
devices in all ages (13,14). In school, assistive devices
need to be integrated into educational practice, and
support should help the child to experience immedi-
ate benefits from the device and to remove or min-
imize barriers to social participation (14). Positive
attitudes and a desire to provide increased control
and independence should always accompany the pre-
scription of assistive devices (5,15). Negative attitudes
towards the use of cognitive assistive devices from the
person or the social context are related to non-use and
participation restrictions (16).
Compensation refers to efforts aimed at negotiating

a problem by the use of alternative strategies, mod-
ification of methods, or the application of assistive
devices such as time aids. At the level of time per-
ception, only one article was found which evaluated
the use of time aids. The article indicated that the use
of a Time timer to make time visible could improve
appropriate waiting behaviour in a child with devel-
opmental disabilities (17). Intervention with pictures,
presenting daily activities ordered by time, in the
support of children with autism is well established
as a means of providing an organized and predictable
environment (18) and as compensation for lacking
orientation in time. There is strong evidence for the
effectiveness of cognitive assistive devices, e.g. remin-
ders, in supporting adults to manage their time in
daily routines and in employment (19,20). Also the
level of participation in everyday activities increases
when adults with ID use cognitive assistive devices for
managing time and for initiating and terminating
activities independently (16).
In ICF-CY, assistive devices are categorized as

an environmental factor (WHO 2007). Prescribing
and supporting the use of assistive devices is an

intervention frequentlyusedbyoccupational therapists
(OT) to increase participation in children with disabil-
ities (14). However, the non-use of assistive devices in
general is estimated to be between 30% and 50% (21).
A recent study of children with physical disabilities in
mainstream schools indicates similar proportions
in children’s use of time aids (14). This issue is not
merely economic but also an indication of the need
for improved methods for intervention to support
managing one’s time.
There isevidencesupportingthehypothesis that time

perception, time orientation, and time management
can be seen as one construct, operationalized as differ-
ent levels of complexity in time-processing ability
(22-25). Perceiving time and knowing the duration
of activities is a low level of time-processing ability
and is needed to be able to acquire next level: time
orientation. Both lower levels are needed to learn the
highest level: time management (25). There is also
evidence to support the relation of time-processing
ability to everyday functioning including managing
one’s time (23,26).
Thus, much is known about remediation and com-

pensation at the level of higher cognitive functions and
of managing one’s time. However, there are no
outcome studies evaluating the effects of time aids on
time-processing ability and managing one’s time for
childrenandyouthwith intellectual anddevelopmental
disabilities.

Aims

The aim of this study was to evaluate intervention
using time aids in children with developmental and
intellectual disabilities from two aspects of their func-
tioning: time-processing ability and managing one’s
time.

Materials and methods

Study design

A waiting list design was chosen, in order to provide
all clients with time aids interventions over time (27).
Because extensive data collection was required, a
Randomized Block Design (28) was used.

Participants

The participants in the study were children aged 6–
11 with ADHD (n = 5), ASD (n = 7), ID (n = 16),
physical disability including CP and spina bifida
(n = 17), and double diagnosis (n = 2), in total
n = 47 children. Children were included with ADHD
with no medication or stable medication treatment.
Twenty-five children (52.2%) were allocated to the
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control group and 22 children (47.8%) to the interven-
tion group. All included participants are presented
in Table I according to age and gender.

Attrition

Five families with a child allocated to the control
group dropped out (20%) for documented reasons
(see Figure 1) leaving 20 children in the control group
for the first analysis. All of them participated in step
two, receiving intervention using time aids. Five of the
children/families allocated to the intervention group
dropped out, leaving 17 children in the intervention
group for analysis.
The flow chart (Figure 1) presents the allocation of

participants, attrition, and remaining participants in
analysis.

Instruments

The instrument KaTid-Child (Swedish: Kit for asses-
singTime-processing ability inchildren)was created to
measure time perception/experience of time, time ori-
entation, and time management (i.e. time-processing
ability) andwas used for primary outcome. The instru-
mentwasusedaccording to themanual. It is a table-top
test, where a professional asks the questions and the
child can answer verbally or by pointing at a picture. It
contains 51 items measuring time perception, time
orientation, and time management, summarized into
one measure of time-processing ability (22,23). The
KaTid has demonstrated evidence of validity and reli-
ability inanumberof researchstudieswithchildrenand
youth,withandwithout intellectual anddevelopmental
disabilities (22,23,25).
The instrument Time-Parent scale was used to eval-

uate the parent-rated change of managing one’s time
in daily life. It was created by the first author and a
colleague. It includes 13 statements and has a Likert
agreement scale with four agreement response alter-
natives. This scale was found to be psychometrically
sound, including internal consistency ( = 0.79–0.86)

for children and youth with and without intellectual
and developmental disabilities (22,23).
Data collection and delivery of treatment, type, and

date were documented by the trained professional in
a study-specific protocol. Information on whether
intervention was given according to agreement was
collected from Time-Parent scale, from the child by
means of a checklist, and from the teacher in a study-
specific scale. In this study, only data from KaTid-
Child, the Time-Parent scale, and information on
fidelity will be presented (29).

Procedures

Professionals with experience of intervention with
time aids working at habilitation centres in Sweden
were invited to training. The professionals, 22 OTs
and one special teacher, all attended a two-day course
aimed to equip them with the skills needed to perform
the assessments and be interventionists in the study.
They were also invited to training sessions during the
study to minimize “drift” in provider skills. Children
were recruited by the professionals among those
enrolled for intervention with time aids within a given
time period (1 January 2004 to 31 January 2007).
Sixty-six children/families were invited to participate,
but 19 declined or were excluded. Group allocation
was blinded to the professional and randomized. If the
professional had two children included, the first child
mentioned in the mail from the OT would be ran-
domly allocated to one group and the second would
be blocked to the other group. Thus, the blocking
variable was the interventionist. If there were two
children in the same class, e.g. twins, only one of
them was included in the study. The enrolment
continued until all 47 children were assigned.
A first assessment (t1) was done initially for all parti-
cipants, typically at the habilitation centre. Interven-
tion was implemented in the experimental group
directly after assessment and lasted for a period of
six months, followed by a second assessment (t2).
Waiting list time was set to six months. The second

Table I. Frequency, gender, and age of all participants (n = 47) and of participants in analysis (n = 37), allocated to intervention group and
control group.

Gender Age

Included
n (%)

In analysis
n (%) F (%) M (%) M (SD)

Valid Intervention 22 (47.8) 17 (45.9) 6 (35) 11 (65) 8.94 (1.35)

Control 25 (52.2) 20 (54.1) 6 (30) 14 (70) 8.25 (1.61)

Total 47 (100) 37 (100) 12 (32) 25 (68) 8.57 (1.52)
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assessment (t2) was done before the control group
had intervention and was followed by a third data
assessment (t3) (see Figure 1). All material was coded
before being sent to the author.

Intervention

The interventions were individually designed and
aimed to offer the use of compensation (time aids)
and advocacy (education to context(s) and adapta-
tions in school), integrating most of the intervention
in the everyday context of the individual (5,14-16).
The education recommended was to impart knowl-
edge on time-processing ability and managing one’s
time to parents and teachers/assistants on at least one
occasion, in a group or individually. The professional
documented when and to whom education was given.
Time aids used to compensate lacking time percep-

tion are devices making the passage of time visible and
understandable. One example is the Time rule with a
row of light diodes, where many lit diodes indicate a
long time and few indicate a short time (5). Interven-
tion to support time orientation includes schedules, the
quarter-hour watch, adapted calendars, and other
visual aids to promote orientation in the time of
day, week, or year. Interventions to promote, develop,
and/or compensate for deficits in time management are
about self-scheduling skills, using an adapted Filofax
or adaptable software in a personal digital assistant
(PDA) such as Handi. The process of prescribing
time aids included a set of meetings documented in
an intervention protocol. The child and family made a
verbal agreement with the professional on how service
should be delivered, in what daily situations a device
would be used, etc.
All children with intellectual or developmental dis-

abilities in the intervention group received at least one
time aid. The single most prescribed time aid was the
Timerule,often incombinationwithan interventionon
a higher level of time-processing ability, e.g. calendars
for orientation in time. If more than one time aid was
prescribed, the time aid at the highest level of time-
processingability ispresented.Thetypeof intervention,
the frequency, and use of time aids given to the inter-
vention group (n = 17) and to the control group during
their intervention (n = 18) are presented in Table II.
Children in the control group (n = 20) received

treatment as usual during their waiting-list time (t1–
t2). During intervention (t2–t3) they received the
same intervention using time aids as had been offered
to the intervention group. In the control group also
the single most prescribed time aid was a Time rule.
In total, for all children receiving intervention

(n = 37), education was given in eight cases in one
context and in17cases in twoormore contexts (includ-
ing the school, and two homes if the parents were

separated). The intervention of time aids, including
education, contained 3–11 (mean 5.6) meetings with
the professional of 11/2–2 hours’ duration, as well as
3–5 occasions for assessment.

Data analysis

Initially, the raw scores from the KaTid-Child and
Time-Parent scale were all analysed using a Rasch
model (30). This process has been described in detail
elsewhere (31). This analysis generated individual
measures of time-processing ability and managing
one’s time. Descriptive statistical analysis was then
conducted on the demographic and intervention
components. Analyses compared the groups to detect
any significant pre-intervention differences between
the control group (n = 20) and the intervention group
(n = 17). Data on fidelity were reported; if interven-
tion was given as agreed, as rated by child, parent,
professional, and teacher. A paired t-test was per-
formed to compare the change in time-processing
ability of the control group during their waiting-list
period with the change during intervention.
To evaluate the difference between the control group

during waiting time and the intervention group,
an independent samples t-test was performed using
SPSS (32). Cohen’s d effect size (ES) was also used
to analyse the magnitude of the difference in
time-processing ability and managing one’s time
between groups after intervention/waiting. Expressed
in Cohen’s d, effect-sizes d > 0.2–0.5 are considered
small, d > 0.5–0.8 medium and d > 0.8 are considered
large (33).

Results

There were no significant differences between attri-
tion and participants. Analyses were also conducted
to confirm whether the two groups were equivalent
before the start of the intervention. No significant
differences between the control group (n = 20) and the
intervention group (n = 17) were found in age (p =
0.26), gender (p = 0.59), or diagnosis (p = 0.93). The
analysis of pre-intervention data from KaTid-Child
(p = 0.92) and the Time-Parent scale (p = 0.28)
proved no significant differences. The level of time-
processing ability pre-intervention was also similar
between the groups (see Table II).

Fidelity

A specific enquiry regading to what extent intervention
had been given was made in the intervention group.
Thirteen of the 15 responding children stated that the
time aid had been introduced as agreed. Most of the
parents, teachers, and professionals stated that the
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intervention had been given at least partly as agreed; in
no case did anyone say that nothing had been done.

Children in the intervention group changed more than the
control group

The children in both groups showed a significant
increase in time-processing ability measured by
KaTid-Child during the first period measured (Table
III). The intervention group increased significantly
more than the control group (Table III). In an

independent samples t-test, the mean difference in
increase was significant (t = 2.49, df = 35, sig 2-tailed
p < 0.05), comparing the increase in time-processing
ability in the intervention group during intervention to
that in the control group during the waiting list period,
effect size (ES) Cohen’s d = 0.81.

The effect of intervention on managing one’s time

In the t-test of the Time-Parent scale, the intervention
group had increased 0.9 logits (SD 0.98) as compared

Table III. KaTid-Child, mean measures in logits of participants in each group at data collection one (t1), two (t2), and three (t3), and
difference between groups.

t1 (SD) t2 (SD) diff t2–t1 t2 (SD) t3 (SD) diff t3–t2

Intervention group (n = 17) 0.26 (2.13) 1.62 (2.57) 1.35**

Control Group (n = 20) 0.20 (1.84) 0.77 (1.70) 0.58** 0.77 (1.70) 1.67 (2.16) 0.89**

Total 0.78*

Notes: **Sig. (two-tailed) p < 0.001. *Sig. (two-tailed) p < 0.05.

Table II. Pre-intervention level of time-processing ability, type of intervention given to the intervention group (n = 17) and type given to the
control group (n = 18) during intervention.

Group

Intervention Control Total

Pre-intervention level of time-processing ability KaTid raw score 0–15 3 4 7

KaTid raw score 16–48 10 11 21

KaTid raw score 49–63 4 3 7

Education to context No education given 5 4 9

To one context 4 4 8

To two or more contexts 8 9 17

Use of ordinary time aids, e.g. wristwatch, alarm clock Do not use 2 1 3

Use sometimes 2 5 7

Use often 11 10 21

Use of special TAa Use TA in one context 12 12 24

Use TA in many contexts 4 6 10

Frequency of special TA One time aid only 6 7 13

Multiple time aids 11 11 22

TA for Time perception Time Ruler etc. 14 17 31

TA for orientation in time Calendar etc. 10 10 20

Quarter-hour-watch 1 1 2

TA for time management Filofax 4 2 6

Handi II 2 1 3

Adaptations in school No adaptations made 6 4 10

Individual or for the class 9 9 18

Individual and for the class 1 5 6

Note: aTA = Time Aid.
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with the control group’s 0.35 logits (SD 0.59), but the
difference was not significant (t = 1.96, df = 29, p =
0.06), ES Cohen’s d = 0.68.

Discussion

Theaimof this studywas to evaluate intervention using
time aids in children with developmental and intellec-
tual disabilities. The ES indicates that intervention
using time aids could have a large effect on time-
processing ability. The results show that children in
both groups gained significantly in time-processing
ability between the first and second data collection,
and children in the intervention group increased sig-
nificantlymoreduring intervention thanchildren in the
control group during the waiting-list time. Also the
children in the control group did increase significantly
in time-processing ability during intervention (t2–t3)
(see Table III). The ES on managing one’s time
measured by the Time-Parent scale was medium.
A conclusion from these results is that intervention

with advocacy, combined with compensation using
time aids, may increase the pace of development of
time-processing ability, including time management.
Thus, providing timeaids is notmerely acompensatory
intervention– it canalsobeconsideredas a remediating
intervention for cognitive time-processing ability.
This is in line with other studies indicating that
computerized training in children with disabilities
might improve cognitive functioning (34,35). Cogni-
tiveassistivedeviceshavepreviouslybeenconsideredas
compensatory, i.e. assistive devices compensate for
lacking cognitive abilities in daily situations once the
child learns how to handle the device. It is not expected
or established that using assistive devices can also
increase cognitive abilities in children with disabilities.
It may be that active engagement and control over
events in everyday life affect cognitive functions, as
indicated in a study by Nilsson (36). Training self-
initiated movement by using a powered wheelchair
facilitatedwakefulness,alertness, initiative, andexplor-
atory behaviour in children with profound cognitive
disabilities, as well as showing maturational effects.
The results on the Time-Parent scale showing

medium effect on managing one’s time, (ES Cohen’s
d = 0.68), are in line with the findings of
Gillespie et al., that cognitive assistive devices are
efficient in compensating for time management and
in improving managing one’s time (ICF-CY d2305)
in daily routines in adults. Thus, effects from time-
processing intervention can be seen not only on the
level of body functions but also in the domain of
activity and participation. Owen (4) suggested that
it might be possible to facilitate the development of
time perception and time orientation. This study
shows that this is so, as well as that intervention using

time aids facilitates development of time management
and managing one’s time in daily life. Further
research could focus on whether intervention might
also reduce feelings of powerlessness and increase
feelings of self-efficacy, as suggested (ibid.).
The KaTid is based on measuring a construct with

concepts identified in ICF-CY (10). This is an attempt
to support intervention by the use of unifying concepts
in assessment and in interventions, allowing different
contexts, e.g. home and school, to communicate goals
and intervention. Simeonsson et al. (37) identified the
use of unified concepts as a factor that might affect the
efficiency of intervention. It might also facilitate inves-
tigations of the external validity of results byproviding a
common language for describing characteristics of
children within diagnostic groups. Even though few
children with ADHD were included in the current
study (n = 5), the results provide preliminary indica-
tions that interventions using time aids can also have
effects for this group of children.
The design with a control group not only indicated

intervention effects but also indicated that time-
processing ability is related tomaturation, as participat-
ing children changed significantly in time-processing
ability during their waiting-list period. This is expected
in typically developing children (38) but children with
intellectual and developmental disabilities also develop
cognitive functions over time, though often at a slower
pace (39). Also the findings in this study are in accor-
dancewithresults inanearlierstudy indicatingarelation
betweentime-processingability andage inchildrenwith
intellectual and developmental disabilities (24). The
development of a child is the product of an ongoing
dynamic process with amutual transaction between the
child and his/her social context, often leading to an
individual developmental variability (40).
In this sample there is a wide range in the increase

in time-processing ability within the group: some of
the children in the control group show no change at
all; a few others increase to the same extent as children
in the intervention group. This may be explained by
education as part of intervention. The parents of two
children in the control group received education in
advance and those children increased in time-
processing ability more than expected. This indicates
that education might play an important role in time-
processing intervention. It underlines the recommen-
dation to include education when prescribing assistive
devices (5,15,16). It is also in line with increasing
evidence that parent training may have an effect not
only on parental stress but also on the child’s behav-
iour – but a lesser effect on cognitive functions (41) in
the form used thus far. Future research might reveal
whether parent training in time-processing ability
could be considered complementary when aiming
at improved managing one’s time for children.
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Another possible explanation is testing – the assess-
ment itself may have aroused an interest in processing
and managing time. Professionals using the instru-
ment KaTid affirm that some parents comment that
the child asked questions not heard earlier, associated
with items in KaTid, after the assessment was done.
The lack of support from school was reported as a

main reason for at least one participant in terminating
participation in the study. Copley and Ziviani (42)
pointed out the lack of suitable information provision
and trainingof schoolpersonnel as abarrier to theuseof
assistive technology. Also a lack of organizational sup-
port for professional cooperation between teachers and
therapists has been identified, resulting in limited
participatory arrangements using assistive devices in
children with disabilities (43). The results of this study
strengthen this previously expressed need for the
improvement of inter-agency cooperation between
healthcare and education.

Methodological limitations

The dropouts present a possible bias since they might
differ from the participants following the full inter-
vention and, if exceeding 20%, bias might be a con-
cern (28). Of the 47 participants included, 10 children
(21%), dropped out. The longitudinal design tends to
produce higher rates of attrition (ibid.). It is notable
that the dropouts had documented reasons, that they
were the same number in each group, and that no
significant differences were detected between them
and the participants in analysis.
Intervention prescribing time aids is still fairly new,

especially at lower levels of time-processing ability.
Routines and knowledge were developed in the
process of this study indicating the possibility for
improved results in future studies.
The evaluation of the effects of intervention was in

this study performedwithKaTid-Child, and theTime-
Parent scale, which have not earlier been used to
evaluate change over time. This study adds to the
body of evidence that the KaTid-Child can measure
change over time and can capture an effect of interven-
tion in children with intellectual and developmental
disabilities.
It is not known why the outcome of managing one’s

time,as ratedby theparents,wasnot significant, andyet
generated an ES of medium size (Cohen’s d = 0.68). It
can benoted that the differencewas close-to significant
(p = 0.06), and possibly the small sample size and large
variability could explain the difference. There is some
discussion about relying purely on statistical signifi-
cance; in data with increased variability the use of ES
might lead to a stronger measure of effect, better
reflecting clinical needs (44). With this in mind, the
results seem to indicate that intervention using time

aids can also improvemanaging one’s time in everyday
life. It isalsoreasonable toconsider thatmanagingone’s
time, as rated by the parents, is of greater use in clinical
settings since it reflects everyday functioning better
than a standardized instrument measuring time-
processing ability. Further studies using larger samples
will support or refute such assumptions.
This study included a small number of participants

and since this might affect generalizability the results
should be interpreted with caution.

Clinical implications

This study supports the idea that prescription of
assistive devices needs to be an integrated part of
the intervention given to compensate for a child’s
disability (45). It adds that intervention using time
aids might also improve cognitive functions such as
time-processing ability.
This implies that occupational therapists and other

professionals should be aware of and provide support
when needed to children with intellectual or devel-
opmental disabilities who could be at risk of delayed
time management and limitations in managing their
time.
There is a need for occupational therapists to

acquire new knowledge in the area in order to be
able to suggest time aids appropriate to the level of
time-processing ability and needs of the child in each
situation and to support the use of the prescribed
device.
Procurement of cognitive assistive devices should

include education in the context that includes the cog-
nitive function. Education on lacking time-processing
ability and time aids should provide knowledge about
managing one’s time.

Conclusions and further research

This study provides evidence that time-processing
ability can be improved by intervention using time
aids in children with intellectual and developmental
disabilities. While the results show significant differ-
ences in favour of the intervention group, also con-
firmed by ES, the study needs further replication to
ensure consistency of the findings.
To improve managing one’s time in children with

developmental and intellectual disabilities, methods
in intervention need further improvement and the
inclusion of all contexts in which the child is active.
There is also a need for research to investigate

whether intervention using time aids could be con-
sidered a non-pharmaceutical complement to medical
treatment in children with ADHD. Research might
also investigate if intervention supporting managing
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one’s time might reduce feelings of powerlessness and
increase self-efficacy and participation.
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