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Introduction

Autism is a developmental disorder which is diagnosed on three main features:

deficits in social interaction, communication, and stereotyped or restricted behavior.

Numerous studies have investigated motor coordination of children with autism by

using standard motor coordination assessments. They have shown that children with

autism had not only high rate of motor coordination problem, but also poor

performance of fine motor coordination (Freitag, Kleser, Schneider, & von Gontard,

2007; Ghaziuddin& Butler, 1998; Manjiviona & Prior, 1995; Miyahara et al., 1997;

Noterdaeme, Mildenberger, Minow, & Amorosa, 2002). However, standard motor

coordination assessments which only provided scores according to the complete time

of movement couldn’t quantify the process of movement.

The hand skills were strongly associated with our daily life, we usually needed to

use hands to operate every kind of daily routine work (e.g., using cups to drink,

holding spoons to eat, using pens to write, and etc.) Reach-to-grasp movement was a

foundation of hand manipulations, and most of the time we found it from individuals

with motor coordination problem, such as stroke (Fasoli, Trombly, Tickle-Degnen, &

Verfaellie, 2002; Wu, Trombly, Lin, & Tickle-Degnen, 2000), Parkinson’s disease

(Alberts, Saling, Adler, & Stelmach, 2000), trauma brain injury (McCrea, Eng, &

Hodgson, 2002), children with cerebral palsy (Chang, Wu, Wu, & Su, 2005), and
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children with developmental coordination disorders (Smyth, Anderson, & Churchill,

2001). Up to this point, however, there was very limited study on the reach-to-grasp

movement in autistic subjects. Compared to age-matched normal controls, the

autistic people had longer movement time, longer deceleration time, lower peak

velocity, and longer time to peak velocity (Glazebrook, Elliott, & Lyons, 2006; Mari,

Castiello, Marks, Marraffa, & Prior, 2003). The problems in motor planning and

dysfunction in motor coordination may be features of autism, and it was significant

in autistic people who have lower IQ or lower verbal ability (Glazebrook et al., 2006;

Mari et al., 2003).

Furthermore, performing reach-to-grasp movement needed well sensorimotor

processing and sensory integration, but children with autism usually had abnormal

characteristics in some sensory processing (Baranek, Parham, & Bodfish, 2005;

Tomchek, 2003). Thus, here we explored visual reliance of the reach-to-grasp

movement in children with autism compared to controls under two experimental

conditions: one with visual feedback and the other with non-visual feedback. The

purpose of this pilot study was to examine the kinematic performance of the

reach-to-grasp movement in high functioning autistic children, and also investigate

the effects of visual condition and target size.
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Methods

Participants

Two groups were recruited in this study: high-function autism (HFA, n = 5; 5

male), and controls (n = 5; 3 male, 2 female). Controls were matched according to age

and handedness (all participants: right). Subjects of HFA have been diagnosed as

autism according to DSM-IV by child psychiatrists, and who confirmed by Gilliam

Autism Rating Scale—2nd edition (GARS-2). GARS-2 could be rated by parent,

teacher, or other related professional persons who get in touch with the subject

frequently. Its content consistency showed that Crobach’s α coefficient are .86 ~ .91.,

and its predictive outcome analysis showed that sensitivity, specificity, and positive

predictive value all are above .84 ( > .75).

All participants passed the following procedures: (1) Peabody Picture Vocabulary

Test—Revised (PPVT-R) (standard score above 85), its coefficients correlated to

Wechsler intelligence scales are among .44~.69 which can be applied to test cognition

function and screen intelligence; (2) Visual Perception Test from The Berry-Buktenica

Developmental Test of Visual-Motor Integration; (3) Physical examination to check

the muscle tone, range of motion, and proprioception. It avoids low cognitive function,

incomprehension to experimental instructions, significantly visual perception problem,

and obviously musculoskeletal impairment to influence reach-to-grasp performance.
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Exclusion criteria of all participants in present study were: epilepsy; limbs,

neurological, visual and hearing impairments; and other definite medical diagnosis

(e.g. attention deficit hyperactivity disorder) or genetic disorders (e.g. Fragile X

disorder).

This study was approved by human experiment and ethics committee of Cheng

Kung University Hospital. All subjects or their guardians in this study have received

complete explanation, and accepted the participation. Written informed consents of all

participants were obtained.

Apparatus

Qualisys motion capture system (Qualisys, Partille, Sweden) was used to

recorded reach-to-grasp movement by five infrared light emitting diodes (IRED)

cameras to capture the light reflected from three passive markers (diameter 1 cm)

placed on the testing hand (preferred hand). One of the three markers was placed on

lateral styloid process of wrist to record reaching kinematic variables, and another two

were placed on the nails of thumb and index finger to record grasping kinematic

variables. The sampling rate was 100 Hz. Low pass filtered raw data by Butterworth

filter with a second order and a cut-off frequency of 6 Hz.

Procedure

Subjects were asked to face the testing table and sat on the height-adjustable
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chair to let the elbow of testing hand flex 90°. Non-testing hand placed on ipsilateral

knee in comfortable way. The object was placed on the midline of the subject’s body,

and the distance between starting position and object was 60 % arm length (AL, the

length from acromion to lateral styloid process). Targets were cylinders, and the

height of them were all 10 cm. Sizes of targets were large versus small, referring to

design of Kuhtz-Buschbeck et al. (1998a, 1998b), diameter of the large one was 25 %

finger span (FS, the maximal length between thumb to index fingertips while thumb

and index are opening) and diameter of the small one was 10 % FS. As shown in

Table 1, the relationships of target distance with AL, and target size with FS were

designed in present study. The target design was based on AL and FS values of our

sampling 189 school-age children (96 male, 93 female; age range: 5y11m ~ 13y4m)

which refer to the design of Kuhtz-Buschbeck et al. (1998a, 1998b).

Two visual testing conditions: visual-feedback (eyes open) and non-visual

feedback (eyes open but using 30 cm × 30 cm shroud to shelter vision, and to avoid

tactile defense of autism, the shroud didn’t touch the subject’s face) divided into two

experimental blocks, and the testing order was arranged in counterbalanced way. In

non-visual feedback condition, the subjects could see the target about 4 seconds at

beginning, then to shelter their vision. The size testing order was also divided into two

experimental blocks by random sortition in each visual condition. So there were four
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experimental blocks in this study, each block consisted of five trials, and there were

20 trials in total.

The subject would hear the instruction ‘Ready! Go!’ during performing each

reach-to-grasp movement. While hearing ‘Ready’, the thumb and index pad should

touch each other and the hand was on the starting position; until hearing ‘Go’, the

subject should start the reach-to-grasp movement. The subject was asked to perform

in his comfortable pace just as the way he grasps ordinarily. The subject practiced two

trials in each block to make sure the understanding of task requirement. Appropriate

rest due to fatigue was allowed in the whole testing process.

Kinematic Variables

The data of movement (the position of x, y, z) was converted into kinematic

variables by using computer program, Matlab 7.1. Following variables were used in

this study: (1) reaching component: movement time (MT), peak velocity (PV), time to

PV (TPV), percentage of TPV (PPV), normalized jerk score (NJS), and movement

unit (MU); (2) grasping component: maximal grip aperture (MGA), normalized MGA

(NMGA), time to MGA (TMGA), and percentage of TMGA (PMGA).

Movement onset is defined as the velocity exceed 5 % of peak velocity of that

movement (Schettino et al., 2006). Movement end is defined as the velocity is below

5 % of peak velocity and grip aperture should stay consistent to represent the subject
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has grasped the target. PV is the maximal velocity of reaching which is the point from

acceleration phase transferred to deceleration phase (Kuhtz-Buschbeck et al., 1998a;

1998b; Marteniuk, MacKenzie, Jeannerod, Athenes, & Dugas, 1987) which relates to

the force. While PV is larger, it means the larger force induced by executing

movement (Chang et al., 2005; Fasoli et al., 2002). TPV is defined as the time from

movement onset to peak velocity, the acceleration time (Fasoli et al., 2002;

Kuhtz-Buschbeck et al., 1998b). PPV is defined as the percentage of time to peak

velocity (i.e. acceleration time) in total movement time. When PPV is larger, it

represents the smaller percentage of deceleration time. Deceleration time means

movement strategy, we correct movement trajectory to grasp object accurately by

instantaneous feedback in deceleration time (Chang et al., 2005; Fasoli et al., 2002;

Marteniuk et al., 1987). So when deceleration time is shorter, it suggests the shorter

correctional time and better movement strategy.

Indicators of movement smoothness and facileness are following variables: NJS

and MU. NJS is derived from the three order differentiation of position to represents

the smoothness of movement trajetory. When normalized jerk score is larger, it means

worse smoothness and poorer coordination (Alberts et al., 2000; Chang et al., 2005).

A movement unit is defined as an acceleration time plus a deceleration time, in this

way it can represent the facileness of movement (Fasoli et al., 2002). While there are
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more numbers of movement units, it means the larger number of correctional times

and poorer motor coordination.

Maximal grip aperture is the maximal distance between thumb and index

fingertips during the prehension process that should be adjusted according to target

size. NMGA is the ratio of MGA to each subject’s finger span. TMGA is the time

from movement onset to MGA, and its percentage in movement time is PMGA

(Kuhtz-Buschbeck et al., 1998b). Smyth et al. (2001) stated when the degree of task

difficulty is higher, PMGA would be smaller, which means MGA occurs earlier.

Data analysis

SPSS12.0 statistic software was used to analysis our data. Descriptive statistics

of all variables were performed, and Mann-Whitney U tests were used to examine the

differences of age, arm length, finger span, PPVT-R, visual perception and the

kinematic variables of each experimental block between two groups.

Results

As shown in Table 2, there were no significant differences on age, arm length,

finger span, verbal comprehension (i.e. PPVT-R), and visual perception between two

groups.

Mean values of kinematic variables were calculated for each experimental block
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in each subject (Table 3). Every mean value consisted of at least three trials due to

some trials failing in capturing the movement onset or movement end.

The following results were our data of the reach-to-grasp movement: as shown in

Table 4, HFA had significant longer MT than normal in VS (visual feedback condition

with small target) and NS (non-visual feedback condition with small target) blocks,

but no significant differences were found between two groups in VL (visual feedback

condition with large target) and NL (non-visual feedback condition with large target)

blocks (see Figure 1). HFA had significant larger NJS (see Figure 2) and MU (see

Figure 3) than normal in all experimental blocks, especially in non-visual feedback

conditions and small target blocks. In addition, HFA had larger MGA in visual

feedback condition, but there were no significant differences between two groups in

non-visual feedback condition (see Figure 4). However, no other significant

differences between two groups were found on PV, TPV, PPV, NMGA, TMGA, and

PMGA in all experimental blocks.

Discussions

In this study, children with autism exhibited longer MT, larger NJS, larger MU

than normal controls, especially in non-visual feedback condition and small target

blocks. Children with autism seemed to have the problems of motor coordination



ACMR 10-1

- 10 -

during performing the reach-to-grasp movement, as children with CP (Chang et al.,

2005) who had obvious motor problems.

In Mari et al. (2003) study, the authors mentioned that autism had longer

deceleration time and longer TMGA of the reach-to-grasp movement, however, the

ratio of deceleration time or TMGA to the total movement duration was not taken into

consideration when analyzing. Also relative time seemed more suitable to interpret

this — when MT was long, their TPV and TMGA may be long. Therefore, we

considered the relative time as important variables. The relative time (i.e. PPV and

PMGA) from two groups did not differ in all experimental blocks. These results

suggested that the movement strategy of both groups were similar.

Children with autism also had larger MGA in visual feedback conditions, but

there were no significant differences between two groups. However, no significant

differences between two groups were found on NMGA. Larger grip aperture may be

due to low accuracy for reaching, so larger grip aperture could possibly increase

grasping accuracy (Kuhtz-Buschbeck et al., 1998a; 1998b). Furthermore, maximal

grip aperture may be restricted by finger span, so regardless of visual and non-visual

feedbacks, children with autism used almost largest MGA to grasp. But the sample

size in this pilot study was small, we will need to explore larger sample in the future

study.
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With limited visual information during reach-to-grasp movement, we needed to

apply our learned motor planning, somatosensory and proprioceptive information to

perform the movement. In present study, children autism who performed less motor

smoothness and poorer coordination than controls in non-visual feedback condition

may revealed that children with autism could not well integrate limited sensory inputs

and learned motor program to execute the reach-to-grasp movement. One possible

reason for this phenomenon could be children with autism had poor body schema and

poor awareness of body position, so they had poor coordination in non-visual

condition (Baranek et al., 2005; Bundy, Lane, & Murray, 2002; Huebner & Lane,

2001; Shumway-Cook & Woollacott, 2001).

From the viewing of contemporary theories of motor behavior, before movement

began, the anticipatory information was generated (i.e. feedforward) in open-loop

movements (Reeves & Cermak, 2002). The subject could see the target at beginning

in non-visual condition of this study, and meanwhile the subject should generate the

feedforward. However, the children with autism seemed to perform poorly in

non-visual condition and this may indicate that children with autism had deficits in

the tasks which required feedforward.

The cerebellum plays an important role in motor planning and motor

coordination, and this area is considered as the place where sensory inputs were
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integrated. Furthermore, the cerebellum relates to motor learning which stores skillful

movement program (Tyldesley & Grieve, 2002). Children with autism had

abnormality in the cerebellum. Consistent findings were fewer Purkinje cells and

smaller volume of cerebellar lobules VI-VII in autism by autopsy and some

neuroimaging methods (Eigsti & Shapiro, 2003; Huebner & Lane, 2001). In this study,

children with autism seemed to have motor coordination problems and not to execute

learned movement well with limited sensory inputs. It possibly correlated to the

neuropsychological function of autism.

In conclusion, this study provided the pilot evidence for motor incoordination

during the process of the reach-to-grasp movement in children with autism, and there

was more visual reliance of children with autism than the normal children. However

in this study, the children with autism we worked with were only those who were high

functioning autism, and the sample size was small. The larger population of autism

will need to explore in the future research.
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Table 1: The relationships of target distance with arm length, and target size with

finger span

Target diameter

(cm)Arm length

(cm)

Target distance

(cm)

Finger span

(cm) Small Large

30.0~39.9 21 9.0~12.9 1.1 2.75

40.0~49.9 27 13.0~16.9 1.5 3.75

50.0~59.9 33 17.0~20.9 1.9 4.75

Table 2: Demographic summary of two groups

HFA

Mean (SD)

Control

Mean (SD) U p

Age (month) 80.00 (7.52) 82.00 (7.42) 11.500 .834

Arm length (cm) 38.50 (2.35) 36.80 (2.97) 7.500 .292

Finger span (cm) 12.38 (1.01) 11.60 (.41) 7.000 .248

PPVT-R standard score 99.80 (18.01) 111.40 (3.58) 6.000 .160

Visual perception standard score 95.40 (7.37) 105.80 (20.12) 10.000 .599
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Table 3: Mean (Standard Deviation) of kinematic variables between two groups

HFA（n = 5） Control（n = 5）

Visual Non-visual Visual Non-visual

Variables Large Small Large Small Large Small Large Small

MT (s) 1.06 (.24) 1.30 (.15) 1.49 (.34) 1.73 (.32) .91 (.21) .99 (.25) 1.09 (.34) 1.16 (.29)

PV (mm/s) 729.16 (267.30) 606.88 (167.72) 609.60 (175.61) 566.69 (181.12) 712.77 (234.72) 639.54 (165.06) 630.91 (159.79) 655.51 (144.72)

TPV (s) .40 (.10) .46 (.17) .40 (.07) .48 (.22) .30 (.10) .32 (.10) .31 (.12) .30 (.08)

PPV (%) 38.84 (6.53) 35.32 (12.25) 27.71 (6.90) 26.89 (10.40) 33.36 (6.60) 32.83 (7.19) 28.84 (4.40) 26.13 (3.85)

NJS 133.49 (43.30) 184.32 (53.55) 301.75 (123.62) 579.28 (342.10) 72.71 (17.31) 102.46 (28.96) 139.21 (69.62) 127.47 (60.16)

MU 3.18 (.48) 3.87 (.62) 5.20 (1.03) 6.29 (1.57) 1.76 (.33) 2.22 (.65) 2.71 (.89) 2.58 (1.11)

MGA (mm) 96.74 (14.87) 88.73 (16.77) 98.58 (13.15) 96.38 (17.79) 77.71 (4.46) 66.89 (7.10) 102.29 (7.85) 93.23 (11.23)

NMGA (%) 78.59 (13.54) 72.29 (16.67) 79.74 (9.54) 78.11 (14.44) 67.08 (4.91) 57.83 (7.53) 88.20 (6.45) 80.59 (11.52)

TMGA (s) .63 (.16) .67 (.13) .63 (.11) .72 (.17) .54 (.18) .56 (.15) .54 (.17) .56 (.13)

PMGA (%) 60.50 (7.34) 51.81 (11.04) 44.85 (9.04) 43.02 (12.11) 59.05 (11.35) 56.90 (9.96) 50.04 (6.00) 49.33 (5.20)

MT: movement time, PV: peak velocity, TPV: time to peak velocity, PPV: percentage of time to peak velocity, NJS: normalized jerk score, MU: movement unit, MGA:

maximal grip aperture, NMGA: normalized maximal grip aperture, TMGA: time to maximal grip aperture, and PMGA: percentage of time to maximal grip aperture.
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Table 4: Mann-Whitney U tests for the kinematic variables of reach-to-grasp

movement between two groups.

U (p)

Variables VL VS NL NS

MT (s) 6.00 (.175) 3.00 (.047)* 6.00 (.175) 3.00 (.047)*

PV (mm/s) 12.00 (.917) 11.00 (.754) 12.00 (.917) 9.00 (.465)

TPV (s) 5.00 (.117) 5.00 (.117) 5.00 (.117) 4.00 (.076)

PPV (%) 6.00 .175) 12.00 (.917) 10.00 (.602) 9.00 (.465)

NJS 2.00 (.028)* 1.00 (.016)* 2.00 (.028)* 2.00 (.028)*

MU .00 (.008)** .00 (.009)** .00 (.009)** .00 (.009)**

MGA (mm) 3.00 (.047)* 3.00 (.047)* 10.00 (.602) 12.00 (.917)

NMGA (%) 5.00 (.117) 6.00 (.175) 7.00 (.251) 10.00 (.602)

TMGA (s) 9.00 (.465) 7.00 (.251) 6.00 (.175) 5.00 (.117)

PMGA (%) 12.00 (.917) 10.00 (.602) 7.00 (.251) 9.00 (.465)

* p < .05; ** p < .01

1. VL: visual feedback condition with larger target, VS: visual feedback condition with small target,

NL: non-visual feedback condition with large target, and NS: non-visual feedback condition with

small target.

2. MT: movement time, PV: peak velocity, TPV: time to peak velocity, PPV: percentage of time to

peak velocity, NJS: normalized jerk score, MU: movement unit, MGA: maximal grip aperture,

NMGA: normalized maximal grip aperture, TMGA: time to maximal grip aperture, and PMGA:

percentage of time to maximal grip aperture.
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Figure 1: Mean and SD of MT (movement time, sec) in each condition between two

groups.

VL: visual feedback condition with large target

VS: visual feedback condition with small target

NL: non-visual feedback condition with large target

NS: non-visual feedback condition with small target

* p < .05
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Figure 2: Mean and SD of NJS (normalized jerk score) in each condition between two

groups.

VL: visual feedback condition with large target

VS: visual feedback condition with small target

NL: non-visual feedback condition with large target

NS: non-visual feedback condition with small target

* p < .05

* *

*
*



ACMR 10-1

- 22 -

0

1

2

3

4

5

6

7

8

9

VL  VS  NL  NS

M
U Normal

Autism

Figure 3: Mean and SD of MU (movement unit) in each condition between two

groups.

VL: visual feedback condition with large target

VS: visual feedback condition with small target

NL: non-visual feedback condition with large target

NS: non-visual feedback condition with small target

** p < .01

**
**

**
**



ACMR 10-1

- 23 -

0

20

40

60

80

100

120

VL  VS  NL  NS

M
G

A
 (

m
m

)

Normal

Autism

Figure 4: Mean and SD of MGA (maximal grip aperture, mm) in each condition

between two groups.

VL: visual feedback condition with large target

VS: visual feedback condition with small target

NL: non-visual feedback condition with large target

NS: non-visual feedback condition with small target

* p < .05

*
*


