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Rhythmic accuracy in two young adults with Down Syndrome and hearing loss: what can we learn from them about 
using rhythmic music activities to support speech perception?
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• Perceptual and Productive difficulties are evident in speech and music 
domains

• Digit Span and Hearing Acuity may explain difficulties and differences 
between individuals as well as motor abilities

• Musical ability closer to nonverbal Mental Age than verbal Mental Age

What can we learn from them about using rhythmic music activities to 
support speech perception?

• Hearing impairment and low digit span may limit perception of 
temporal changes through rhythmic activities: non-verbal support 
needed to support development.  

• Further research is needed to learn about the links, and to assess the 
extent to which rhythmic music-making may influence speech 
perception

Each participant took part in rhythmic motor-movement tasks: 

• Beat entrainment: the participants listened for four bars (16 beats), 
then tapped on a small hand-drum in time to the beat for five bars 
(30 beats). They tapped at 3 tempi: 104 bpm; 120 bpm; 132 bpm. 
Accuracy was measured in terms of stability of timing between tap, 
and synchronisation to the beat. 

• Rhythm entrainment: two binary rhythms of half and quarter notes 
were looped to create a 10-bar pattern and were joined together to 
form a 20-beat sequence. Participants were instructed to listen to 
the first two bars of Rhythm 1 and to join in on the drum after a 
verbal cue of 1,2,3, go.

• Rhythm 1: Tee-tee, Tee-tee, Ta, Ta; 

• Rhythm 2: Ta Tee-Tee Ta Ta;

• No advance warning was given about the change to Rhythm 2, 
but…

• Visual cues were given if the participant struggled to match 
aurally.

This study aimed to find out:

• How accurately do the participants tap in time to a metronome beat 
at 3 tempi (104 bpm, 120 bpm, 132 bpm)?

• How accurately do they tap to a non-isochronous rhythm? 

• Which factors from their profile might explain their abilities or 
difficulties?

In people without Down Syndrome, training in rhythm can improve 
aspects of speech perception, even in children with hearing 
impairments (e.g. Cason et al., 2015; Hidalgo, Falk & Schön, 2017). This 
makes music a potentially valuable means to support speech perception 
in people with Down Syndrome. However, it is unclear how their 
developmental, sensory or cognitive factors may affect temporal 
perception or production in music or speech. This study examined 
aspects of speech and rhythmic abilities in 2 young adults with Down 
Syndrome. It hoped to understand if and how their rhythmic abilities are 
connected in speech and music domains.

PARTICIPANT PROFILES

The participants had previously been assessed against aspects of:
• Speech perception (Minimal pairs) and Speech errors (DEAP)
• Verbal and nonverbal mental age (BPVS I, Draw-A-Person test)
• Auditory verbal memory (Digit Span, Children’s Test on Nonword 

Repetition)
• Reading accuracy
• Accuracy in imitating gross-motor movements to music, and their 

ability to clap speech rhythm (TRaCOL)
• Accuracy in imitating prosody of words of up to 3 syllables
• Hearing acuity and speech (details from SALT files, where known)

Beat entrainment: 
• The male participant did not match beats at any tempo, even 

with visual cues. He played slowly: at 72-78% of the tempo at 104 
bpm and 132 bpm; at 90% at 160 bpm. He played after the beat 
by 32%, 24% and 53%.

• The female participant was least accurate at 160 bpm: 6% too 
fast; up to 20% too ahead of the beat. She was  most accurate at 
132 bpm, less than 7% ahead of the beat (Figure 1).

Rhythm Entrainment. 
• The male participant did not spontaneously reproduce changes 

in duration in Rhythm 1 or 2. With visual cues, he began to vary 
duration between beats in Rhythm 2 (Figure 2). 

• The female participant played Rhythm 1 accurately. In Rhythm 2, 
she began to play the  beat then corrected herself and played the 
rhythm (Figure 2, from her beat 5).

Comparison to Profile

AUDIOGRAM: LEFT EAR 

40dB@250 Hz

60-65dB @500-4000Hz

AUDIOGRAM:  RIGHT EAR

AUDIOGRAM: RIGHT EAR 

50-60dB @250-1000Hz, 
4000Hz

46dB@2000Hz

Hearing loss – no hearing aid

SPEECH PERCEPTION 

Minimal Pairs: 60% consonants & 
80% vowels correct

SPEECH  IMITATION ACCURACY

Rhythm Imitation (TRaCOL): 7%

Words <3 syllables: No. Syllables 

(74%) , intensity of syllables (22%), 
pitch contour (78%)

SPEECH PRODUCTION 

DEAP: 41% (phonemes correct)

Poor intelligibility; key words

READING ACCURACY

0%: unable to read the 
passage

GROSS MOTOR

Moving to a beat: 33%; 

needs to look at his feet

Verbal age : 3y

Nonverbal Age : 4y, 3m

Digit Span:  2

CToNWR: 0/10

MALE: Down Syndrome, Age 23y, 10 m
Down Syndrome: Low 

muscle tone, reduced 

proprioception 

(hypermobility); 

Down Syndrome: possible auditory 

processing  difficulties (APD)deficits

Developmental delays suggest motor delay

Hearing loss affects balance, 

motor co-ordination

Hearing loss exacerbates APD

Atypical timing: poor auditory-

proprioceptive integration

Low Digit Span (2): reduced ability to perceive 

rhythm template

Better rhythmic timing at fast speed: result of Digit 

Span, not motor coordination

Music skills align to nonverbal MA

Atypical anticipation time at 
104bpm: can indicate central 
timing deficit in people who 

stutter

Accuracy in reading, good prosodic 
imitation+ accurate motor timing: 
good perception of rapid temporal 

change in speech and music

Effects of hearing 

acuity unknown

Digit Span (3) does not affect 

temporal template for slow 

tempo; does limit rhythm 
perception for speech (TRACOL 

& imitation)

Developmental delay limits 
accuracy moving to a beat using 

gross motor skills

Previous practice and 

experience may be 

significant

Rhythm entrainment 

develops c 10 years: 
Nonverbal MA reflects or 
underestimates musical 

abilities

• A low digit span and hearing loss limit accuracy in beat and 
rhythm tasks – adding to motor delays/difficulties (Grahn & 
Schuit, 2012). 

• Atypical (early) synchronisation suggests poor Auditory-Motor 
integration and/or Auditory Processing difficulties (Thaut, 2008).

• Self-correction and some accurate synchronisation indicates good 
perception of rapid auditory changes: reflected in reading accuracy (e.g. 
Flaugnacco et al., 2014).

• Imitation of prosody in words of <3 syllables not matched in 
entrainment: motor control?

• Dysfluency may manifest as early synchronisation: possible central 
timing deficit in speech and music (Sares et al., 2019).

Verbal age (BPVS): 3y 1m

Nonverbal Age (DAP): 7y, 3m

FEMALE: Down Syndrome, Age: 

23y, 4m
Digit Span:  3

CToNWR: 10/10 (58% accurate 
phonemes): limit of 3 syllables

Hearing loss – unknown

SPEECH PERCEPTION

Minimal Pairs: 40% consonants & 

80% vowels correct

SPEECH PROSODY IMITATION 

ACCURACY

Rhythm Imitation (TRaCOL): 28%

Words <3 syllables: No. Syllables 

(67%) , intensity of syllables (70%), 
pitch contour (89%)

SPEECH PRODUCTION 

DEAP 62% (phonemes correct)

Severe Dysfluency

READING ACCURACY

93% words correct

GROSS MOTOR ACCURACY 
moving to a beat: 67%

Severe myopia – wears glasses

Previous teaching on drumkit


