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Abstract

Background

The purpose of this study was to determine the reaction time (RT) and movement time (MT) in Down syndrome
children under two different visual feedback conditions.

Methods

An observational cross-sectional study was conducted in which30 mild to moderate Down syndrome children
were allocated randomly into two groups. The full visual feedback group comprised 15 participants with an average
age of 12(± 1.4) years, and the no visual feedback group comprised 15 participants with an average age of 12(± 1.7)
years. All the participants repeated the same activity 20 times with the order of conditions randomized across
individuals.

Results

RT and MT were analyzed while participants performed the movement sequence. After 20 trials, both groups
showed significant differences in their MT but no significant differences in RT. Intergroup analysis also showed that
there was no statistically significant difference in either RT or MT.

Conclusion

Down syndrome children exhibited longer movement and RTs than normal children regardless of vision condition.
Knowledge of their performance at regular intervals and encouragement helped to improve their MT. Down
syndrome children were less affected by the elimination of visual feedback and showed no significant variation in
RTs.
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Introduction
Down syndrome (DS), also known as trisomy 21, is a genetic

disorder caused by the presence of all or part of a third copy of
chromosome 21 [1]. A survey of DS in Hyderabad by Isaac et al. gave
an incidence of 1.17 per 1000 or 1 in 853 live births [2]. In the Delhi
region, the frequency of DS was 0.81/1000 [3]. Verma et al. found 600
cases out of 645 DS from Delhi (93%) with free trisomy, translocations
in 26 (4%), and 17 (2.6%) with mosaicism. It is estimated that more
than 30,000 babies are born with DS every year in India [4,5]. DS is
one of the most common birth defects in the United States with
approximately 6000 births annually, resulting in an estimated birth
prevalence of 14 per 10 000 live births [6].

DS has serious implications for the neural, physiological, and
biomechanical systems, which causes individuals to present some
peculiarities such as being “clumsy”, i.e., as having a movement profile

characterized by slow movements and impaired coordination [7].
These include a variable and delayed pattern of motor development,
deficits in tasks involving balance, speed and visuomotor control,
bilateral coordination, and being hypotonic [8]. Anatomical
investigations have revealed that the size of the cerebellum is smaller
in people with DS; thus, the motor performance and learning of new
skills tend to be impaired compared with normal participants [9].
Motor development in DS is the same but delayed and exhibits great
variability in motor progress with slow reaction and movement times
compared with age-matched controls [10-12].

Individuals with DS often exhibit perceptual-motor deficits.
Parents, teachers and physical therapists agree that when a person with
DS is told how to perform a movement (e.g., buttoning a shirt), he/she
does not perform as well as when the movement is demonstrated to
them [13]. Some experimental studies have shown that adults with DS
are more successful at learning new movements in response to visual
cues than to verbal instructions. Previous research has indicated that
individuals with DS have difficulties processing auditory movement

Novel Physiotherapies Melam, et al., J Nov Physiother 2014, 4:4
http://dx.doi.org/10.4172/2165-7025.1000222

Research Article Open Access

J Nov Physiother
ISSN:2165-7025 JNP, an open access journal

Volume 4 • Issue 4 • 1000222

http://dx.doi.org/10.4172/2165-7025.1000222


information relative to their peers with undifferentiated
developmental disabilities. The implication of this is that children and
adults may learn new skills better by modeling or copying them than
by being given verbal instructions [14]. In terms of target-aiming
consistency, participants with DS were actually less affected by the
elimination of visual feedback than participants in other mentally
disabled groups [15]. Based on skill performance scores, participants
in the verbal-motor performance group demonstrated a lower level of
proficiency and an increased number of performance errors when
compared with participants in the visual-motor performance group
[16].

Different approaches have been used to rehabilitate or promote the
cognitive functioning of young children with DS. The cognitive
strategy approach is one in which children are provided with
instructions and/or prompts to use cognitive strategies such as
attention, rehearsal, practice, or planned action sequences as they
participate in a variety of learning activities [17]. The present study
was undertaken to determine reaction and movement time in DS
children while performing a movement sequence under different
visual feedback conditions with knowledge of the results.

Subjects and Methods

Participants
Thirty DS children were divided into two groups. The full visual

feedback (FVF) group comprised 15 participants (13 male, 2 female)
with a mean age of 12 ± 1.4 years, and the no visual feedback (NVF)
group comprised 15 participants (14 male, 1 female) with a mean age
of 12 ± 1.7 years. Demographic characteristics such as chronological
and mental age, gender and hand dominance are shown in Table 1.

Chronological
Age (M±SD)

Mental age Gender Hand
dominance

FVF group 12 ± 1.4 5.6 M-13

F-2

12-R; 1-L

2-R

NVF group 12 ± 1.7 6.2 M-14

F-1

14-R

1-R

FVF-Full visual feedback, NVF-No visual feedback, M-males, F-females, R&L-
right and left hand dominance

Table1: Descriptive statistics of the sample

Recruitment progressed with the help of a nongovernmental
organization. Participants were aged between 12 and 15 years and were
classified as mild to moderate, according to the International
Classification of Functioning, Disability, and Health (ICF).
Participants who were unable to follow the instructions and perform
the task were excluded. All the participants and parents were made
aware of the purpose and procedure of the study. A signed informed
consent was obtained. This study was approved by the ethics
committee of the Maharishi Markendeshwar University, Mullana. Full
Visual Feedback (FVF): In this condition, the button board and the
participants' arms and hands were fully visible. No Visual Feedback
(NVF): In this condition, the room darkened and only the buttons on
the board were visible. Participants could not see their arms and
hands.

Apparatus
A chair with an armrest at the appropriate height and width, a

wooden table for the placement of the apparatus, a button board
attached to the software and a chart painted with fluorescent paint
(Delhi Science Projects, District center, Janakpuri, New Delhi) were
used. This apparatus can be used to record reaction and movement
times in normal participants, psychiatric patients and neurologically
affected patients. Sixteen buttons were arranged in four columns and
four rows on a square board. Fluorescent paint was applied to the
buttons to ensure visibility in the darkened room.

A picture representing the button board and the sequence of
buttons to be depressed was placed on the wall in front of the
participant. Fluorescent paint was applied to the diagram so that
participants could see the diagram when the room was darkened. A
stopwatch was used to note the time required to perform the sequence
and the time gap between two audible tones was maintained at 0.04
seconds.

Procedure
A closed environment with the least possible distraction was

selected as the site for data collection. The participants performed the
activity after a demonstration and a few practice trials. They were
seated and asked to place their limb in a comfortable position. They
were instructed to switch the start button with the finger of the
dominant hand as soon as they were ready for the response to the
stimulus. After the participant pressed the start button, an auditory
tone was presented, alerting them to perform the sequence. After a gap
of a few seconds, a second tone was emitted and participant was
requested to press a prescribed sequence of five buttons. Once the
second tone was heard, the timer began and each participant removed
his or her hand from the start button, depressed, and released buttons
as quickly and accurately as possible. The digital timer started with the
initiation of the stimulus. Participants were given knowledge of the
results of their total movement time (in seconds) after every five trials.
The entire task was presented as a game, and movement time
information was given as a "score" after each trial. Participants were
also given verbal encouragement throughout the task and an
appropriate rest period between the trials. The participants of both
groups repeated the activity 20 times with variation in the order of
conditions randomly from individual to individual. The effects of
visual information on reaction time and movement time were
observed in the two conditions.

Results
Data was analyzed using SPSS-21 software. The chronological age of

the participants was 12 to 15 years and the majority was right-hand
dominant. After familiarization with the test, each participant carried
out 20 trials with knowledge of their movement time after every five
trials. A paired t-test for within group and an unpaired t-test assuming
equal variance were used to analyze the data.

Reaction time (RT)
The mean RT for the first and 20th trials in the FVF group was

921.67 ± 193.58 and 810 ± 167.41 ms, respectively. There was no
significant improvement at p<0.05. The mean RT for the first and 20th

trials in the NVF group was 1070 ± 271.79 and 941.34 ± 202.52 ms,

Citation: Melam GR, Buragadda S, Alhusaini A, Dhamija P (2014) Reaction and Movement Time in Down syndrome Children under Different
Visual Feedback Conditions. J Nov Physiother 4: 222. doi:10.4172/2165-7025.1000222

Page 2 of 4

J Nov Physiother
ISSN:2165-7025 JNP, an open access journal

Volume 4 • Issue 4 • 1000222

http://dx.doi.org/10.4172/2165-7025.1000222


respectively. No significant difference was observed at p<0.05. There
was also no significant difference in RT between the groups.

Movement time (MT)
The mean MT for the first and 20thtrials in the FVF group was 7440

± 1260.72 and 6513.4 ± 1110.25 ms, respectively. In the NVF group it
was 8013.34 ± 1754.13 and 6613.34 ± 1513.22 for the 1st and 20th
trials, respectively. Within the groups, a significant improvement in
MT was observed, but there was no significant difference between the
groups at p<0.05. DS children were less affected by the elimination of
visual feedback. The results of this study showed that reaction and
movement times were prolonged in DS children regardless of visual
condition. However, MT can be improved given knowledge of results.

Variables First trial (M
± SD)

20th trial (M ±
SD)

t value p-value

(P≤0.
05)

Full visual feedback
(FVF)

921.67 ±
193.58

810±167.41 1.689 0.102*

No visual feedback
(NVF)

1070 ±
271.79

941.34±202.52 1.47 0.153*

t-value −1.721 −1.935

P value((P ≤ 0. 05) 0.096* 0.063*

*No significant differences in the reaction time

Table 2: Pre and post values of the reaction time

Variables First trial (M ±
SD)

20th trial (M ±
SD)

t value p-value

(P≤0.
05)

Full visual feedback
(FVF)

7440 ± 1260.72 6513.4 ±
1110.25

2.136 0.04**

No visual feedback
(NVF)

8013.34 ±
1754.13

6613.34 ±
1513.22

2.34 0.02**

t-value −1.028 −0.206

p-value(P ≤ 0. 05) 0.312* 0.838*

*No significant differences in the movement time between the groups

**Significant differences in movement time within the groups

Table 3: Pre and post values of the Movement time

Discussion
In the present study, reaction time and movement time were

analyzed while DS children performed a movement sequence with
knowledge of the results. Our results indicate that there was no
significant variation in reaction time or movement time variables in
the different visual feedback conditions. By offering appropriate
feedback after every five trials, children in both groups improved their
movement time after 20 trials but no substantial differences in reaction
time were found. The possible explanation for improvement in
movement time is proprioceptive feedback provides sufficient

information to coordinate goal directed movements. There is
improvement in the RT but not statistical significant difference
observed. In this study, verbal feedback and encouragement toward
goal-directed improvement helped participants to act better in
successive trials irrespective of differing visual feedback. The results
showed that a goal-directed movement sequence involving multi-joint
movement with appropriate feedback and learning of a motor task can
enhance motor learning irrespective of different visual feedback
conditions.

There is evidence that individuals with DS present a deficit in
performing tasks that have predominance in perception requirements,
mainly in tasks that demand time synchronization because of atypical
patterns of brain organization that can be partially attributed to
structural characteristics of the brainstem and cerebellum [7]. Several
investigators have noted that children with DS tend to treat a
movement sequence as a series of separate tasks, causing their
movements to appear jerky and hesitant [18]. This awkward form of
movement can add to feelings of frustration, as movement and
movement sequences during action become inefficient and thus
ineffective as related to the task. The execution of a simple task differs
from a more complex one, which presumably depends on the
functioning of association cortex in the cognitive domain. Recent work
has suggested that both pre motor and supplementary motor areas
may be involved in the performance of a sequential task [19].
Knowledge of results is one important form of extrinsic feedback that
supplements intrinsic feedback, providing terminal feedback about the
outcome of the movement. Motor learning in adolescents with DS
suggest that random practice is not superior to blocked practice in this
group of learners [20,21] .The keys to successful motor training are
repetition, correctly performed practice of functional skills, and
sufficient learning time to facilitate skill retention and transfer.

In a study examining the processing of visual feedback in goal-
directed movements in adults with DS, we showed that participants
with DS exhibited longer movement times than participants without
DS, suggesting that people with DS are either more dependent on
response-produced feedback, or that they require more time to process
feedback [15,22]. Individuals with DS have much greater variability in
the timing of the onset of muscle activation, such that distal muscle
activation often precedes proximal muscle activation, and deficiencies
in proprioception could be probable explanations for longer
movement and reaction times [23,24]. Research has shown that this
may also be because of short-term auditory memory deficits [25].
Language supported by visual and/or symbolic movements does help
children with DS. Further, there is some evidence to suggest that
people with DS may consolidate visual information, such that positive
transfer is seen when they are switched from a visual to a verbal mode
of learning [26]. Moreover, improvement in the acquisition of this
movement sequence with knowledge of the results can facilitate the
implementation of other motor skills.

The study demonstrates the influence of cognitive rehabilitation in
the learning abilities of children with DS. Participants were chosen
based on their gross disability, but individual features that may have
affected their performance were not taken into consideration and
small sample size forms the limitation of the study.

Future Research
Continued research is needed to determine the interaction between

motor performance, feedback and practice in learning-impaired
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children with DS. Future research is needed to understand multi-joint
sequences of movement within a functional context, and will directly
examine the different types of feedback that are most useful to
individuals with DS.

Acknowledgements
The authors extend their appreciation to the Deanship of Scientific

research at King Saud University for funding this work through
research group no RGP-VPP-256.

References
1. Ghosh S, Bhaumik P, Ghosh P, Dey SK (2010) Chromosome 21 non-

disjunction and Down syndrome birth in an Indian cohort: analysis of
incidence and aetiology from family linkage data. Genet Res (Camb) 92:
189-197.

2. Isaac GS, Krishnamurty PS, Reddy YR, Ahuja YR (1985) Down's
syndrome in Hyderabad, India. Acta Anthropogenet 9: 256-260.

3. Verma IC, Anand NK, Kabra M, Menon PSN, Sharma N (1998) Study of
malformations and Down syndrome in India (SOMDI): Delhi Region.
Indian J Hum Genet 4: 84-87.

4. Kaur A, Singh JR (2010) Chromosomal Abnormalities: Genetic Disease
Burden in India. Int J Hum Genet 10: 1-14.

5. Aditya Dev (2010) You need not be down over Down's syndrome. The
Times of India, TNN Mar 21, 03.19am IST

6. Presson AP, Partyka G, Jensen KM, Devine OJ, Rasmussen SA, et al.
(2013) Current estimate of Down Syndrome population prevalence in the
United States. J Pediatr 163: 1163-1168.

7. Torriani-Pasin C, Bonuzzi GM, Soares MA, Antunes GL, Palma GC, et
al. (2013) Performance of Down syndrome subjects during a coincident
timing task. Int Arch Med 6: 15.

8. Virji-Babul N, Lloyd JE, Van Gyn G (2003) Performing movement
sequences with knowledge of results under different visual conditions in
adults with Down syndrome. Downs Syndr Res Pract 8: 110-114.

9. Frith U, Frith CD (1974) Specific motor disabilities in Down's syndrome.
J Child Psychol Psychiatry 15: 293-301.

10. Sacks B, Buckley S (2003) What do we know about the movement
abilities of children with Down syndrome? Down syndrome News and
Update 2:131-141.

11. Welsh TN, Elliott (2000) Preparation and control of goal-directed limb
movements in persons with Down syndrome. In D.J. Weeks, R. Chua &
D. Elliott (Eds.) Perceptual-motor behavior in Down syndrome 49-70.
Champaign, IL: Human Kinetics.

12. Inui N, Yamanishi M, Tada S (1995) Simple reaction times and timing of
serial reactions of adolescents with mental retardation, autism, and Down
syndrome. Percept Mot Skills 81: 739-745.

13. Robertson SD, Van Gemmert AW, Maraj BK (2002) Auditory
information is beneficial for adults with Down syndrome in a continuous
bimanual task. Acta Psychol (Amst) 110: 213-229.

14. Timothy NW, Digby Elliott (2001) The Processing Speed of Visual and
Verbal Movement Information by Adults With and Without Down
syndrome. Adapt Phys Activ Q 18: 156-167.

15. Hodges NJ, Cunningham SJ, Lyons J, Tracey L Karr, Digby Elliott (1995)
Visual feedback processing and goal-directed movement in adults with
Down syndrome. Adapt Phys Activ Q 12:176-86.

16. Meegan S, Maraj BK, Weeks D, Chua R (2006) Gross motor skill
acquisition in adolescents with Down syndrome. Downs Syndr Res Pract
9: 75-80.

17. Mahoney G (2007) Cognitive Rehabilitation Therapies and
Rehabilitation in Down syndrome.Edited by Rondal JA :90-91

18. Virji-Babul N, Brown M (2004) Stepping over obstacles: anticipatory
modifications in children with and without Down syndrome. Exp Brain
Res 159: 487-490.

19. Mushaiake H, Inase M, Tanji J (1991) Neuronal activity in the primate
premotor, supplementary and precentral motor cortex during visually
guided and internally determined sequential movements. J Neurophysiol
66:705-718.

20. Edwards JM, Elliot D, Lee TD (1986) Contextual interference effects
during skill acquisition and transfer in Down syndrome adolescents.
Adapt Phys Activ Q 3:250-258.

21. Cook AS, Woollacott MH (2007) Motor control: translating research into
clinical practice. Motor learning and recovery of function.2nd edition,
Chapter 2: 42

22. Chiviacowsky S, Wulf G, Machado C, Rydberg N (2012) Self-controlled
feedback enhances learning in adults with Down syndrome. Rev Bras
Fisioter 16: 191-196.

23. Almeida GL, Corcos DM, Hasan Z (2000) Horizontal-plane arm
movements with direction reversals performed by normal individuals
and individuals with down syndrome. J Neurophysiol 84: 1949-1960.

24. Hinnell C, Virji-Babul N (2004) Mental rotation abilities in individuals
with Down syndrome--a pilot study. Downs Syndr Res Pract 9: 12-16.

25. Jarrold C, Baddeley AD, Phillips CE (2002) Verbal short-term memory in
Down syndrome: a problem of memory, audition, or speech? J Speech
Lang Hear Res 45: 531-544.

26. Maraj BKV, Hillman LLR, Jeansonne JJ (2003) Verbal and Visual
Instruction in Motor Skill Acquisition for Personswith and Without
Down syndrome. Adapt Phys Activ Q 20: 57-69

 

Citation: Melam GR, Buragadda S, Alhusaini A, Dhamija P (2014) Reaction and Movement Time in Down syndrome Children under Different
Visual Feedback Conditions. J Nov Physiother 4: 222. doi:10.4172/2165-7025.1000222

Page 4 of 4

J Nov Physiother
ISSN:2165-7025 JNP, an open access journal

Volume 4 • Issue 4 • 1000222

http://www.ncbi.nlm.nih.gov/pubmed/20667163
http://www.ncbi.nlm.nih.gov/pubmed/20667163
http://www.ncbi.nlm.nih.gov/pubmed/20667163
http://www.ncbi.nlm.nih.gov/pubmed/20667163
http://www.ncbi.nlm.nih.gov/pubmed/2967078
http://www.ncbi.nlm.nih.gov/pubmed/2967078
http://www.ncbi.nlm.nih.gov/pubmed/23885965
http://www.ncbi.nlm.nih.gov/pubmed/23885965
http://www.ncbi.nlm.nih.gov/pubmed/23885965
http://www.ncbi.nlm.nih.gov/pubmed/23618314
http://www.ncbi.nlm.nih.gov/pubmed/23618314
http://www.ncbi.nlm.nih.gov/pubmed/23618314
http://www.ncbi.nlm.nih.gov/pubmed/14502838
http://www.ncbi.nlm.nih.gov/pubmed/14502838
http://www.ncbi.nlm.nih.gov/pubmed/14502838
http://www.ncbi.nlm.nih.gov/pubmed/4282089
http://www.ncbi.nlm.nih.gov/pubmed/4282089
http://www.ncbi.nlm.nih.gov/pubmed/8668429
http://www.ncbi.nlm.nih.gov/pubmed/8668429
http://www.ncbi.nlm.nih.gov/pubmed/8668429
http://www.ncbi.nlm.nih.gov/pubmed/12102106
http://www.ncbi.nlm.nih.gov/pubmed/12102106
http://www.ncbi.nlm.nih.gov/pubmed/12102106
http://www.ncbi.nlm.nih.gov/pubmed/16869378
http://www.ncbi.nlm.nih.gov/pubmed/16869378
http://www.ncbi.nlm.nih.gov/pubmed/16869378
http://www.ncbi.nlm.nih.gov/pubmed/15243731
http://www.ncbi.nlm.nih.gov/pubmed/15243731
http://www.ncbi.nlm.nih.gov/pubmed/15243731
http://www.ncbi.nlm.nih.gov/pubmed/22499403
http://www.ncbi.nlm.nih.gov/pubmed/22499403
http://www.ncbi.nlm.nih.gov/pubmed/22499403
http://www.ncbi.nlm.nih.gov/pubmed/11024088
http://www.ncbi.nlm.nih.gov/pubmed/11024088
http://www.ncbi.nlm.nih.gov/pubmed/11024088
http://www.ncbi.nlm.nih.gov/pubmed/15332435
http://www.ncbi.nlm.nih.gov/pubmed/15332435
http://www.ncbi.nlm.nih.gov/pubmed/12069005
http://www.ncbi.nlm.nih.gov/pubmed/12069005
http://www.ncbi.nlm.nih.gov/pubmed/12069005
http://dx.doi.org/10.4172/2165-7025.1000222

	Contents
	Reaction and Movement Time in Down syndrome Children under Different Visual Feedback Conditions
	Abstract
	Keywords:
	Introduction
	Subjects and Methods
	Participants
	Apparatus
	Procedure

	Results
	Reaction time (RT)
	Movement time (MT)

	Discussion
	Future Research
	Acknowledgements
	References


