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Abstract 

Objective. Movement slowness, linked to dysfunctional basal ganglia and cerebellum, is prevalent but lacks 

effective therapy in patients with schizophrenia spectrum disorders. This study was to examine immediate effects of 

rhythmic auditory stimulation (RAS) on upper-limb movement speed in patients.  

Methods. Thirty patients and 30 psychiatrically healthy people executed the right-hand task and the both-hand task 

of the Purdue Pegboard Test when listening to RAS with two tempi: normal (equal to the fastest movement tempo 

for each participant without RAS) and fast (120% of the normal tempo). The testing order of the RAS tempi for each 

participant was randomized.  

Results. Patients had lower scores of right-hand and both-hand tasks than did psychiatrically healthy people. Scores 

of right-hand and both-hand tasks were higher in the fast-RAS condition than the normal-RAS condition in 

participants.  

Conclusions. This is the first study to explore the possibility of applying RAS to movement therapy for patients 

with schizophrenia spectrum disorders. The results demonstrated that faster RAS was effective in inducing faster 

upper-limb movements in patients and psychiatrically healthy people, suggesting that manipulating RAS may be a 

feasible therapeutic strategy utilized to regulate movement speed. The RAS may involve alternative neural pathways 

to modulate movement speed and thus to compensate for impaired function of basal ganglia and cerebellum in 

patients. 

   

Keywords: rhythmic auditory stimulation; auditory cue; upper limb movement; schizophrenia   
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Introduction  

Schizophrenia is a devastating and costly neuropsychiatric disease. The symptoms are complicated, 

encompassing positive symptoms (e.g., perceptual and thought distortion), negative symptoms (e.g., reduced 

motivation and social interaction), cognitive impairments, and motor abnormalities [1,2]. The impact of these tricky 

symptoms is large, including the dramatic reduction of productivity in patients and the heavy cost of medical care in 

the society [3]. Schizophrenia has been ranked as one of the most severe diseases leading to heavy global burdens 

[3]. Finding how to effectively alleviate the symptoms and improve function in schizophrenia patients is of critical 

importance to the current healthcare.     

Motor abnormalities, such as motor slowness (i.e., bradykinesia), are prevalent in patients with 

schizophrenia spectrum disorders [4], but lack specialized and effective treatment in the present medical care. About 

80% of chronic patients under long-term healthcare still suffer from motor problems [4], the prevalence of which is 

much higher than that (around one third) of residual positive symptoms [5]. One possible reason for the loss of 

treatment focus on motor problems is that traditionally motor abnormalities are considered by-products of 

antipsychotic medications [6]. However, this traditional notion has been overridden by the current evidence showing 

that aberrant movements have existed in drug-naïve schizophrenia patients [7], meaning that motor abnormalities are 

associated with the illness itself and may be worsened by antipsychotics afterwards [7]. Moreover, research has 

suggested that the motor impairments in patients are linked to dysfunctional basal ganglia [7-11] and cerebellum 

[10-12], both of which play crucial roles in the pathoetiology of schizophrenia [8,12,13]. Therefore, motor 

abnormalities have been emphasized to be a cardinal symptom in patients with schizophrenia spectrum disorders 

[14,15]. Developing effective therapy for motor abnormalities in patients is urgently needed in order to fill up the 

current treatment gap.   

The use of rhythmic auditory stimulation (RAS) has been proved to be an effective therapeutic strategy for 

alleviating bradykinesia resulting from aberrant basal ganglia [16-19]. A typical motor training session associated 

with RAS requires patients to perform a repetitive movement (e.g., walk) and match the movement pace to the 

tempo of the metronome sound or music, which could be gradually increased [18,19]. Before the training, in order to 

understand the performance level in each patient, the movement pace without the aid of RAS (“baseline tempo”) is 

measured [18,19]. In an actual training session, therapists will initially provide RAS with a tempo equal to 100% of 

the baseline tempo (“normal tempo”) for each patient, gradually increase the RAS tempo, and ultimately provide 
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RAS with a tempo of 120% of the baseline tempo (“fast tempo”) [18,19]. Several training sessions could be 

involved in one week. With each training week, both of the normal and fast tempi in one training session could be 

increased by 10% [18,19]. It has been found that humans have neural connections between auditory and motor brain 

areas, such as cerebello-cortical neural circuits and direct neural projections from auditory to motor brain regions 

[20], which explains human innate synchronization of movement rhythm to the regular beat of sounds from the 

environment [17,18,20]. Because of this human neuroanatomical network [20], providing RAS is a feasible way 

used to provide the timing template generated from the environment for human movements and regulate human 

movement speed [17,18,20]. It has been suggested [11,21-24] that aberrant basal ganglia and cerebellum cause a 

failure of timing control over movement execution and thus are linked to bradykinesia. In the case of patients with 

such brain dysfunction, providing RAS remains promising for regulating movement speed because it may still 

activate neural pathways that are alternatives to those of basal ganglia or cerebellum [17,18,20] given rich neural 

connections between auditory and motor brain regions [20]. For patients with impaired basal ganglia, providing 

RAS has been demonstrated to be effective in alleviating bradykinesia [16,18,19]. However, it is surprising that 

earlier studies mainly examined responses of lower-limb movements, such as gait [16,18,19], but not those of upper-

limb movements to RAS although upper-limb movement training also needs practice and repetition of movements. 

In addition, to our best knowledge, no studies have examined effects of RAS on movements in patients with 

schizophrenia spectrum disorders, who have impaired basal ganglia and cerebellum [8,12,13]. In schizophrenia, 

research [23] has shown that another type of sensory stimulation (i.e., visual motion cueing) is useful in modulating 

speed of upper-limb movements. Given the review papers [16,25] reporting that more evidence supports positive 

effects of auditory cueing on movement speed than those of visual cueing in patients with aberrant basal ganglia, it 

is valuable to examine effects of RAS on speed of upper-limb movements in patients with schizophrenia spectrum 

disorders. The results will add new evidence of valid movement therapy for patients.    

To sum up, the purpose of this study was to examine immediate effects of RAS on speed of upper-limb 

movements in patients with schizophrenia spectrum disorders. The hypothesis was that RAS with the fast tempo, 

which was 120% of the baseline tempo, induced faster upper-limb movements than did RAS with the normal tempo, 

which was 100% of the baseline tempo. In order to gain a complete understanding of effects of RAS on different 

types of upper-limb movements, one-hand (right-hand) and both-hand movement tasks were involved in this study 

when RAS effects were tested.  
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Methods 

Study design 

This study used a 2 × 2 mixed design with one between factor (group: patients versus psychiatrically healthy 

people) and one within factor (RAS: normal RAS versus fast RAS). After the measurement of the baseline tempo, 

each participant was randomly assigned to a normal-fast or fast-normal RAS sequence. Speed of the upper-limb 

movements was assessed when participants received the normal RAS and the fast RAS. In addition, although the task 

(right-hand versus both-hand) was not the factor of our major interest, each participant was also randomly assigned to 

a right-both or both-right hand task sequence. 

Participants 

Patients were recruited from community rehabilitation centers. They were included if (a) they were diagnosed 

with schizophrenia or schizoaffective disorder and without any other psychiatric diseases confirmed by psychiatrists 

according to the Diagnostic and Statistical Manual of Mental Disorders- Fifth Edition [26]; (b) they were right-handed, 

which was checked by self-report; (c) they were 18 years old or above; and (d) they had no neurological or 

musculoskeletal problems that affected upper-limb movements. Psychiatrically healthy people were recruited from 

the university and communities. Their inclusion criteria were absence of psychiatric diseases by self-report and 

aforementioned (b) to (d).  

The assessment of upper-limb movements: The Purdue Pegboard Test  

The Purdue Pegboard Test includes the right-hand task, left-hand task, both-hand task, and assembly task 

[27]. This study adopted the right-hand task and the both-hand task considering the research interest in unimanual and 

bimanual movements in participants with right-handedness. The pegboard has pins in the upper-right and upper-left 

cups and has two vertical rows of holes near the midline of the board. For the right-hand task, the examinee was 

required to use the right hand to pick one pin per time from the upper-right cup and insert each pin to a hole in the 

right row top to bottom as quickly as possible within 30 seconds. If a pin drops off the hand during the test, the 

examinee was required to simply ignore it and pick a new pin from the cup immediately. Before the testing, the 

examinee was allowed to insert three pins for practice. In the formal testing, the task score is the number of pins 

inserted in holes within 30 seconds. In this study, the average task score for three trials was used to reflect speed of 

the right-hand movement.  
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For the both-hand task, the examinee was required to use the right hand to pick one pin per time from the 

upper-right cup and insert each pin to a hole in the right row, as well as use the left hand to pick one pin per time from 

the upper-left cup and inset each pin to a hole in the left row simultaneously. The examinee was required to execute 

the task as quickly as possible within 30 seconds. Before the testing, the examinee was allowed to insert three pin 

pairs for practice. In the formal testing, the task score is the number of pin pairs inserted in holes within 30 seconds. 

The average task score for three trials was used to reflect speed of the both-hand movement. The Purdue Pegboard 

Test has great test-retest reliability for the three-trial administration (Right hand task: ICC = 0.82; both hand task: ICC 

= 0.85) [28] as well as satisfactory content and construct validity [29].  

Procedure 

After giving informed consent, each participant was randomly assigned to either do the right-hand task first 

or the both-hand task first and then do the other task second. After receiving the task sequence, each participant was 

further randomly assigned to either do the normal-RAS condition first or the fast-RAS condition first and then do the 

other condition second. The experiments were conducted in a quiet room. For each movement task, the participant 

executed the movement task without RAS first to ascertain his/her baseline task score, which was used to calculate 

the baseline tempo (the task score multiplied by two; unit: the number of pins/pin pairs per minute). The participant 

then executed the movement task when listening to the rhythmic beep sound with a tempo being 100% of the baseline 

tempo (“normal tempo”) first, or with a tempo being 120% of the baseline tempo (“fast tempo”) first according to the 

assigned RAS sequence. The participant was encouraged to insert a pin/pins to a hole/holes when hearing the beep 

sound during the right-hand task and the both-hand task. The rhythmic beep sound, which serves as RAS, was 

generated and adjusted by the Mac computer application- “QuickNome”. For each movement task, three trials under 

the baseline (no-RAS) condition and each RAS condition were required. The mean score of three trials was calculated. 

Statistical analysis 

The two-way repeated measures analysis of covariance (ANCOVA) was used to examine group differences 

(patients versus psychiatrically healthy people) and effects of RAS (baseline/no-RAS versus normal RAS versus fast 

RAS) after controlling effects of covariates. The dependent variables were the right-hand task score and the both-hand 

task score. The alpha level (two-tailed) was set at 0.05. The effect size η2 was calculated. Large, medium, and small 

effect sizes are η2=0.14, η2=0.06, and η2=0.01, respectively [30]. 
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Results  

Demographic data 

A total of 30 patients and 30 psychiatrically healthy people were recruited (Table 1). Five patients (16.67%) 

were on risperidone. Three patients (10.00%) were on olanzapine. Two patients (6.67%) were on each of the 

following antipsychotics: amisulpride, clozapine, and trifluoperazine. One patient (3.33%) was on each of the 

following antipsychotics: aripiprazole, haloperidol, quetiapine, sulpiride, and zuclopenthixol. One patient (3.33%) 

was on each of the following combinations: aripiprazole/paliperidone, aripiprazole/clozapine, 

amisulpride/olanzapine, amisulpride/risperidone, clozapine/paliperidone, and clozapine/zuclopenthixol. Medication 

data of five patients were missing. Significant differences between patients and psychiatrically healthy people were 

found in age and education. 

Group differences 

The two-way ANCOVA was conducted to control confounding effects of age, education, and the gender ratio 

on the right-hand task score and the both-hand task score (Table 2 and Fig. 1). No interaction between groups (patients 

and psychiatrically healthy people) and conditions (baseline/no-RAS, normal RAS, and fast RAS) was found in the 

right-hand task score (P=0.721) and in the both-hand task score (P=0.910). Group differences were found in the right-

hand task score and in the both-hand task. Patients had lower scores on the right-hand task and the both-hand task than 

did psychiatrically healthy people.   

Effects of RAS 

Condition effects were found in the right-hand task score and in the both-hand task score. Scores of the 

right-hand task and the both-hand task were higher in the fast RAS condition than the baseline/no-RAS condition, 

and then in the baseline/no-RAS condition than the normal RAS condition.   

Additional analyses 

In order to provide additional information of the task effect and also increase homogeneity of the patient 

group, we conducted extra three-way ANCOVA to examine group differences (28 patients diagnosed with 

schizophrenia versus 30 psychiatrically healthy people), effects of RAS, and effects of the task (right-hand versus 

both-hand) on scores after controlling confounding effects of age, education, and the gender ratio (Table 3). No 

three-way or two-way interactions were found (P=0.100 to 0.804). Group differences, RAS effects, and task effects 
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were found. Results of group differences and RAS effects were similar to those of the previous two-way ANCOVA. 

In addition, scores of the right-hand task were higher than those of the both-hand task.  

In addition, we specifically targeted 28 patients diagnosed with schizophrenia to conduct two-way 

ANCOVA (main effects: RAS and the task; covariates: age, education, and gender). No interaction (P=0.386) and 

no task effect (F[1,24]=3.55; P=0.072; η2=0.13) were found. Nevertheless, RAS effects remained significant 

(F[2,48]=4.42; P=0.017; η2=0.16). Post hoc tests with the Bonferroni correction for multiple comparisons showed 

that scores were higher in the fast RAS condition than the normal RAS condition, and higher in the baseline/no-RAS 

condition than the normal RAS condition. The difference in scores between the fast RAS condition and the 

baseline/no-RAS condition became non-significant, which may be due to the reduced total sample size (n=58 versus 

n=28). We further conducted the same two-way ANCOVA when chlorpromazine equivalents of antipsychotics were 

also added as a covariate to control for effects of antipsychotics on task scores in patients diagnosed with 

schizophrenia (n=23 due to missing medication data in five patients). Results, similar to those of the two-way 

ANCOVA without chlorpromazine equivalents of antipsychotics as a covariate, showed no interaction (P=0.626) 

and no task effect (F[1,18]=2.33; P=0.144; η2=0.12). RAS effects remained significant (F[2,36]=4.19; P=0.023; 

η2=0.19). Results of post hoc tests with the Bonferroni correction were similar to those of the two-way ANCOVA 

without chlorpromazine equivalents of antipsychotics as a covariate.  

 

Discussion 

This study showed that patients with schizophrenia spectrum disorders had impaired unimanual and bimanual 

movement speed. In addition, RAS with a faster tempo induced faster upper-limb movements, including unimanual 

and bimanual movements, in patients and psychiatrically healthy people, showing that the use of RAS may be effective 

in regulating upper-limb movement speed.  

Patients with schizophrenia spectrum disorders showed impaired unimanual and bimanual movement speed, 

which is consistent with earlier literature [23,24,31]. It has been suggested that the existence of motor problems in 

patients may be jointly explained by schizophrenia itself and possible motor side-effects of antipsychotics [6,7], both 

of which are associated with aberrant or disrupted neural activities in basal ganglia [7-9,32]. In addition, aberrant 

movements in patients are also linked to dysfunctional cerebellum [10-12]. It has been known that basal ganglia and 

cerebellum are responsible for regulating motor signals from the cortical regions and transmitting the integrated signals 
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back to the cortex so that movements could be executed efficiently [8,33-36]. It is reasonable that once basal ganglia 

or cerebellum is impaired, disorganized motor signals result in slow execution of movements. 

The results showed that RAS with a faster tempo induced faster upper-limb movements in participants, 

including patients with schizophrenia spectrum disorders, which corresponds with earlier studies [16,18,19] indicating 

positive effects of RAS on movement speed in populations with aberrant basal ganglia. This study extends earlier 

findings by showing that upper-limb movements also responded to RAS as well as that RAS was also effective for 

patients with schizophrenia spectrum disorders. The profound effects of RAS on movement speed have been explained 

by the auditory-motor entrainment [17,18,20], which means innate synchronization of movement rhythm to the regular 

beat of music/sounds [17,18,20]. Because of this auditory-motor coupling, RAS is able to provide the timing template 

for movements and regulate movement speed [17,18,20]. One neural basis for the auditory-motor entrainment is rich 

neural connections between auditory and motor brain areas in a subcortical level (e.g., through the cerebello-cortical 

neural network) and a cortical level (e.g., direct neural connections between auditory and motor brain regions) in 

humans [20]. Neuroimaging studies have reported that motor cortices are active when people only listen to rhythmic 

sounds without requirements of doing a movement task [37,38], and that the firing pattern of the motor neurons and 

that of auditory neurons activated by RAS are coupled [39], supporting the auditory-motor entrainment. In earlier 

studies examining patients with impaired basal ganglia, such as those with Parkinson’s disease [18,20], explanations 

for auditory-motor entrainment and thus positive effects of RAS on movement speed particularly involved the 

cerebellum. It has been reported [18,20] that the cerebellar-cortical network is activated when movements are guided 

by RAS from the environment, whereas basal ganglia-thalamo-cortical circuits are closely linked to self-paced 

movements. Given differential neural pathways between externally-guided movements versus internally driven 

movements [18,20], RAS is effective in regulating movement speed in patients with Parkinson’s disease. However, it 

is noteworthy that neural connections between auditory and motor brain areas underpinning auditory-motor 

entrainment are not simply the cerebello-cortical neural network [20]. Our findings showed that RAS was also 

effective in regulating movement speed in patients with schizophrenia spectrum disorders, who have been reported to 

have dysfunctional basal ganglia and cerebellum [8,12,13]. These results suggested that other neural pathways linking 

auditory and motor brain regions, such as direct neural routes in a cortical level [20], may be still functional in patients 

with schizophrenia spectrum disorders so as to keep auditory-motor entrainment work and enable positive effects of 
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faster RAS on movement speed. Taken together, RAS may involve alternative neural pathways to modulate movement 

speed [20] and thus to compensate for impaired function of basal ganglia and cerebellum in patients.  

Compared with the baseline no-RAS situation, the normal RAS, which had the baseline no-RAS movement 

tempo, was found to induce slower upper-limb movements in patients. The results concerning upper-limb immediate 

responses to the presence of the normal RAS are inconsistent with previous findings [40,41], which mainly focused 

on immediate responses in gaits. Earlier studies have reported that although mixing the use of normal and fast RAS 

in the training does improve walking speed in patients with aberrant basal ganglia [18,20,42], manipulation of the 

normal RAS itself (presence versus the no-RAS situation) causes no effects on walking speed [40,41]. The 

differential influence of the normal RAS on upper-limb movements and gaits may be due to a difference in task 

difficulty. It has been indicated that more difficult tasks [43,44] or those requiring modulation of more sensory 

inputs simultaneously [45] undermine effects of sensory stimulation on movements in patients with aberrant basal 

ganglia. Compared with walking, upper-limb object-directed movements rely more on visual information to 

correctly touch and place objects [46,47] and thus may demand more complicated sensory integration in patients 

once RAS is provided. In that case, it is possible that effects of the normal RAS, which are neutral on walking speed 

[40,41], become negative on upper-limb movement speed due to increased difficulty across tasks.  

The findings of this study may be of clinical meaning. Our data indicating slow unimanual and bimanual 

movements in patients with schizophrenia spectrum disorders warrant clinical attention to developing tailor-made 

strategies to enhance patients’ movements. In addition, when RAS is applied to movement therapy for patients, 

faster RAS may be beneficial to inducing faster upper-limb movements. Several issues need to be addressed in 

future studies. First, this study examined two RAS tempo speed. In future research, RAS with varying tempo speed 

could be further tested to determine the range of the RAS tempo speed that benefits upper-limb movements and to 

determine which RAS tempo speed, compared with the baseline no-RAS situation, starts to induce faster 

movements. Second, this study examined immediate effects of RAS on upper-limb movements. The next step is to 

investigate efficacy of long-term upper-limb movement training manipulating RAS in patients. Third, this study did 

not aim to and was unable to confirm that the presence of RAS with the fast tempo (120% of the baseline no-RAS 

movement tempo) did induce faster movements than did the absence of RAS. In this study, because the baseline 

movement pace needed to be measured first to ascertain the normal and fast speed of the RAS tempo for each 

participant, movements in response to RAS were always tested after baseline no-RAS movements. Therefore, this 
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normal experimental procedure led to a failure of ruling out a possible explanation that faster movements in the 

situation of the fast RAS compared with the baseline no-RAS were due to movement practice. Future research 

randomly assigning patients to two movement training groups, one of which has the aid of RAS and the other does 

not, will be of use to examine effects of the presence of RAS on upper-limb movements without confounding 

influences of practice. Fourth, this study did not collect data concerning illness duration after diagnosis, duration of 

untreated psychosis, onset age, severity of psychotic symptoms, severity of extrapyramidal symptoms, substance 

abuse, and smoking in patients, which should be collected in future studies to present complete background 

information in patients. In addition, future randomized controlled trials testing effects of long-term movement 

training using RAS in patients need to take these clinical and demographic characteristics in patients into account to 

prevent possible confounding influences on movements. Last, this study only targeted right-handed participants and 

collected right-hand and both-hand task data. Future research may collect right-hand and left-hand task data in 

participants, either right-handed or left-handed, to examine group differences and RAS effects on a hand laterality 

score.  

 

Conclusions 

The major contribution of this study is to demonstrate that upper-limb movements, including unimanual 

and bimanual movements, in patients with schizophrenia spectrum disorders and psychiatrically healthy people 

responded to changes in RAS. We found that faster RAS was effective in inducing faster upper-limb movements, 

which suggests that manipulating RAS may be a feasible therapeutic strategy utilized to regulate upper-limb 

movement speed in patients. Future research is suggested to further test effects of long-term movement training 

applying RAS on patients’ movement speed.     



  Auditory stimulation in schizophrenia
    

12 

 

Compliance with ethical standards 

This study was performed in line with the principles of the Declaration of Helsinki. This study has been reviewed by 

the Institutional Ethics Review Board of Hong Kong Polytechnic University (the approval number: 

HSEARS20170419006). All participants were informed of the research procedure and signed the consent form 

before joining the study. 

 

Funding source 

This research did not receive any specific grant from funding agencies in the public, commercial, or not-for-profit 

sectors. 

 

Conflict of interest 

All authors declare that they have no conflict of interest. 

 

Availability of data and material 

Not applicable 

 

Code availability 

Not applicable 

 



  Auditory stimulation in schizophrenia
    

13 

 

References 

1. Weinberger DR, Harrison PJ (2011) Schizophrenia. Wiley-Blackwell, Hoboken, NJ 

2. Mittal VA (2016) Cross-cutting advancements usher in a new era for motor research in psychosis. Schizophr 

Bull 42: 1322-1325. 

3. World Health Organization (2001) The world health report 2001-Mental health: New understanding, new hope. 

Author, Geneva, Switzerland 

4. Walther S, Strik W (2012) Motor symptoms and schizophrenia. Neuropsychobiology 66: 77-92. 

5. Rössler W, Joachim Salize H, van Os J, Riecher-Rössler A (2005) Size of burden of schizophrenia and psychotic 

disorders. Eur Neuropsychopharmacol 15: 399-409. 

6. Haddad PM, Mattay VS. Neurological complications of antipsychotic drugs. In: Weinberger DR, Harrison PJ, 

editors. Schizophrenia. West Sussex, UK: Wiley-Blackwell; 2011. p. 561-576. 

7. Pappa S, Dazzan P (2009) Spontaneous movement disorders in antipsychotic-naive patients with first-episode 

psychoses: A systematic review. Psychol Med 39: 1065-1076. 

8. Mehler-Wex C, Riederer P, Gerlach M (2006) Dopaminergic dysbalance in distinct basal ganglia neurocircuits: 

Implications for the pathophysiology of Parkinson's disease, schizophrenia and attention deficit hyperactivity 

disorder. Neurotox Res 10: 167-179. 

9. Mittal VA, Walker EF (2007) Movement abnormalities predict conversion to axis I psychosis among prodromal 

adolescents. J Abnorm Psychol 116: 796-803. 

10. Wang SM, Ouyang WC, Wu MY, Kuo LC (2020) Relationship between motor function and psychotic 

symptomatology in young-adult patients with schizophrenia. Eur Arch Psychiatry Clin Neurosci 270: 373-382. 

11. Abboud R, Noronha C, Diwadkar VA (2017) Motor system dysfunction in the schizophrenia diathesis: Neural 

systems to neurotransmitters. European Psychiatry 44: 125-133. 

12. Andreasen NC, Pierson R (2008) The role of the cerebellum in schizophrenia. Biol Psychiatry 64: 81-88. 

13. Walker EF (1994) Developmentally moderated expressions of the neuropathology underlying schizophrenia. 

Schizophr Bull 20: 453-480. 

14. Mittal VA, Bernard JA, Northoff G (2017) What can different motor circuits tell us about psychosis? An RDoC 

perspective. Schizophr Bull 43: 949-955. 



  Auditory stimulation in schizophrenia
    

14 

 

15. Peralta V, Cuesta MJ (2017) Motor abnormalities: From neurodevelopmental to neurodegenerative through 

"functional" (neuro)psychiatric disorders. Schizophr Bull 43: 956-971. 

16. Lim I, van Wegen E, de Goede C, Deutekom M, Nieuwboer A, Willems A, et al. (2005) Effects of external 

rhythmical cueing on gait in patients with Parkinson's disease: A systematic review. Clin Rehabil 19: 695-713. 

17. Sihvonen AJ, Sarkamo T, Leo V, Tervaniemi M, Altenmuller E, Soinila S (2017) Music-based interventions in 

neurological rehabilitation. Lancet Neurology 16: 648-660. 

18. Nombela C, Hughes LE, Owen AM, Grahn JA (2013) Into the groove: Can rhythm influence Parkinson's disease? 

Neurosci Biobehav Rev 37: 2564-2570. 

19. Thaut MH, McIntosh GC, Rice RR, Miller RA, Rathbun J, Brault JM (1996) Rhythmic auditory stimulation in 

gait training for Parkinson's disease patients. Mov Disord 11: 193-200. 

20. Schaffert N, Janzen TB, Mattes K, Thaut MH (2019) A review on the relationship between sound and movement 

in sports and rehabilitation. Frontiers in Psychology 10: 20. 

21. Debaere F, Wenderoth N, Sunaert S, Van Hecke P, Swinnen SP (2003) Internal vs external generation of 

movements: Differential neural pathways involved in bimanual coordination performed in the presence or 

absence of augmented visual feedback. Neuroimage 19: 764-776. 

22. Majsak MJ, Kaminski T, Gentile AM, Flanagan JR (1998) The reaching movements of patients with Parkinson's 

disease under self-determined maximal speed and visually cued conditions. Brain 121: 755-766. 

23. Wang SM, Kuo LC, Ouyang WC, Hsu HM, Ma HI (2013) A fast-moving target in the Valpar assembly task 

improved unimanual and bimanual movements in patients with schizophrenia. Disabil Rehabil 35: 1608-1613. 

24. Wang SM, Kuo LC, Ouyang WC, Hsu HM, Lin KC, Ma HI (2014) Effects of object size on unimanual and 

bimanual movements in patients with schizophrenia. Am J Occup Ther 68: 230-238. 

25. Spaulding SJ, Barber B, Colby M, Cormack B, Mick T, Jenkins ME (2013) Cueing and gait improvement among 

people with Parkinson's disease: A meta-analysis. Arch Phys Med Rehabil 94: 562-570. 

26. American Psychiatric Association (2013) Diagnostic and statistical manual of mental disorders. Author, 

Arlington, VA 

27. Tiffin J, Asher EJ (1948) The purdue pegboard: Norms and studies of reliability and validity. J Appl Psychol 32: 

234-247. 



  Auditory stimulation in schizophrenia
    

15 

 

28. Buddenberg LA, Davis C (2000) Test-retest reliability of the Purdue Pegboard Test. Am J Occup Ther 54: 555-

558. 

29. van de Ven-Stevens LA, Munneke M, Terwee CB, Spauwen PH, van der Linde H (2009) Clinimetric properties 

of instruments to assess activities in patients with hand injury: A systematic review of the literature. Arch Phys 

Med Rehabil 90: 151-169. 

30. Cohen J (1988) Statistical power analysis for the behavioral sciences. Lawrence Erlbaum Associates, Hillsdale 

(NJ) 

31. Wang SM, Kuo LC, Ouyang WC, Hsu HM, Ma HI (2018) Effects of object size and distance on reaching 

kinematics in patients with schizophrenia. Hong Kong J Occup Ther 31: 22-29. 

32. Carlsson A (1988) The current status of the dopamine hypothesis of schizophrenia. Neuropsychopharmacology 

1: 179-186. 

33. Utter AA, Basso MA (2008) The basal ganglia: An overview of circuits and function. Neurosci Biobehav Rev 

32: 333-342. 

34. Rea P (2015) Essential clinical anatomy of the nervous system. Academic Press, Amsterdam, Netherlands 

35. Strick PL, Dum RP, Fiez JA (2009) Cerebellum and nonmotor function. Annu Rev Neurosci 32: 413-434. 

36. Middleton FA, Strick PL (1998) Cerebellar output: Motor and cognitive channels. Trends Cogn Sci 2: 348-354. 

37. Bengtsson SL, Ullen F, Ehrsson HH, Hashimoto T, Kito T, Naito E, et al. (2009) Listening to rhythms activates 

motor and premotor cortices. Cortex 45: 62-71. 

38. Chen JL, Penhune VB, Zatorre RJ (2008) Listening to musical rhythms recruits motor regions of the brain. Cereb 

Cortex 18: 2844-2854. 

39. Large EW, Herrera JA, Velasco MJ (2015) Neural networks for beat perception in musical rhythm. Front Syst 

Neurosci 9: 159. 

40. Rochester L, Hetherington V, Jones D, Nieuwboer A, Willems AM, Kwakkel G, et al. (2005) The effect of 

external rhythmic cues (auditory and visual) on walking during a functional task in homes of people with 

Parkinson's disease. Arch Phys Med Rehabil 86: 999-1006. 

41. Rochester L, Nieuwboer A, Baker K, Hetherington V, Willems AM, Chavret F, et al. (2007) The attentional cost 

of external rhythmical cues and their impact on gait in Parkinson's disease: effect of cue modality and task 

complexity. J Neural Transm 114: 1243-1248. 



  Auditory stimulation in schizophrenia
    

16 

 

42. Ghai S, Ghai I, Schmitz G, Effenberg AO (2018) Effect of rhythmic auditory cueing on parkinsonian gait: A 

systematic review and meta-analysis. Sci Rep 8: 19. 

43. Lohnes CA, Earhart GM (2011) The impact of attentional, auditory, and combined cues on walking during single 

and cognitive dual tasks in Parkinson disease. Gait Posture 33: 478-483. 

44. Morris ME, Iansek R, Matyas TA, Summers JJ (1996) Stride length regulation in Parkinson's disease 

normalization strategies and underlying mechanisms. Brain 119: 551-568. 

45. Suteerawattananon M, Morris GS, Etnyre BR, Jankovic J, Protas EJ (2004) Effects of visual and auditory cues 

on gait in individuals with Parkinson's disease. J Neurol Sci 219: 63-69. 

46. Rose DJ, Christina RW. Visual and vestibular system contributions to action. In: Rose DJ, Christina RW, editors. 

A multilevel approach to the study of motor control and learning. San Francisco, CA: Pearson/Benjamin 

Cummings; 2006. p. 93-126. 

47. Shumway-Cook A, Woollacott MH. Normal reach, grasp, and manipulation. In: Shumway-Cook A, Woollacott 

MH, editors. Motor control: Translating research into clinical practice. Philadelphia, PA: Lippincott Williams & 

Wilkins; 2007. p. 443-467. 



  Auditory stimulation in schizophrenia
    

17 

 

Table 1 Characteristics of participants 

 M±SD or n (%) P-value 

 Patients  

(n=30) 

Psychiatrically healthy people 

(n=30) 

 

Age (years) 47.77±11.54 40.43±14.74 0.036 

Education (years) 9.43±3.32 12.43±3.67 0.002 

Male 17 (56.67) 15 (50.00) 0.605 

Diagnosis    -- 

 Schizophrenia 28 (93.33) --  

 Schizoaffective disorder 2 (6.67) --  

Chlorpromazine equivalents (mg/day)a 537.83±417.84 -- -- 

an=25 due to missing medication data of five patients diagnosed with schizophrenia 
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Table 2 Results of two-way analysis of covariance after controlling confounding effects of age, education, and the gender ratio on the right-hand task score and 

the both-hand task score in a total of 60 participants (30 patients and 30 psychiatrically healthy people) 

 Descriptive data (M±SD)  Main effects  Post hoc tests  

for RAS conditionsa  1. Baseline 2. Normal RAS 3. Fast RAS  

Right-hand task     

Group: F[1,54]=56.05; P<0.001; η2=0.51 

RAS: F[2,108]=3.14; P=0.047; η2=0.06 

 
1vs.2: P<0.001 

1vs.3: P<0.001 

2vs.3: P<0.001 

Patients 11.66±1.78 10.95±1.56 12.28±1.93  

Psychiatrically healthy 

people 

15.06±1.61 14.71±1.68 16.07±1.97  

Both-hand task     

Group: F[1,54]=42.03; P<0.001; η2=0.44 

RAS: F[2,108]=4.55; P=0.013; η2=0.08 

 
1vs.2: P<0.001 

1vs.3: P=0.023 

2vs.3: P<0.001 

Patients 9.04±1.72 8.52±1.70 9.23±1.83  

Psychiatrically healthy 

people 

11.72±1.31 11.28±1.43 12.37±1.58  

RAS, rhythmic auditory stimulation 

aP-values were adjusted using the Bonferroni method for multiple comparisons 
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Table 3 Results of three-way analysis of covariance after controlling confounding effects of age, education, and the gender ratio on the task score in a total of 58 

participants (28 patients diagnosed with schizophrenia and 30 psychiatrically healthy people) 

 Descriptive data (M±SD)  Main effects  Post hoc tests  

for RAS conditionsa  1. Baseline 2. Normal RAS 3. Fast RAS  

Right-hand task     

Group: F[1,52]=57.11; P<0.001; η2=0.52 

RAS: F[2,104]=4.53; P=0.013; η2=0.08 

Task: F[1,52]=6.12; P=0.017; η2=0.11 

 

1 vs. 2: P<0.001  

1 vs. 3: P<0.001   

2 vs. 3: P<0.001   

Patients 11.68±1.84 10.89±1.60 12.25±1.99  

Psychiatrically healthy 

people 

15.06±1.61 14.71±1.68 16.07±1.97  

Both-hand task     

Patients 8.96±1.75 8.39±1.69 9.05±1.75  

Psychiatrically healthy 

people 

11.72±1.31 11.28±1.43 12.37±1.58  

RAS, rhythmic auditory stimulation 

aP-values were adjusted using the Bonferroni method for multiple comparisons 
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Figure captions 

Fig. 1 Performance in the baseline, normal-RAS, and fast-RAS conditions for patients with schizophrenia spectrum 

disorders (n=30) and psychiatrically healthy people (n=30). (A) The right-hand task performance. (B) The both-hand 

task performance. RAS, rhythmic auditory stimulation. Error bars represent one standard deviation  

  



  Auditory stimulation in schizophrenia
    

21 

 

 




