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Abstract— Visual feedback is a crucial factor that impacts
the motor function, and a number of parameters, such as gain,
delay and frequency, all play a role in regulating the motor
output. In this paper, we conduct a behavioral study on 12
volunteers to determine the effects of visual feedback in the
physical movement by measuring the grasp force output under
different visual feedback gain levels. To this end, two force
tracking tasks with different incremental/decremental rates of
the force have been designed, and the force deviation and the
error rate from the 12 participants are recorded when they are
exposed to different visual gains. Further statistical analysis on
the experimental data reveals that the gain of visual stimuli has
a significant influence on the force output. For the same force
tracking task, visual feedback with high gain tends to enhance
the regulation of force production. The results also suggest that
different visual feedback gains may be mapped onto different
cortex function areas governing different motor tasks.

I. INTRODUCTION

The human motor system refers to the many parts of our
bodies that work together to enable us to act and move, and
the motor function is controlled through complicated neural
mechanisms. By adjusting kinematic parameters (range of
movement, speed or acceleration of movement) and kinetic
parameters (force production and force variety), the central-
neuro-system can smoothly and accurately control motor
output. Studies through EEG recordings have suggested that
the amplitude of Movementelated Cortical Potential (MRP)
has a strong correlation with the movement parameters [1],
[2], and force level and force fluctuation can lead to some
changes of cortical electrical activities [3], [4]. External
stimulus, such as haptical sensing and visual sensing, can
influence the motor function significantly. However, up to
date, the mechanisms concerning how the external sense
regulates motor cortex activity have not been well under-
stood, and the role of visual feedback on the execution of
motor function particularly requires to be explored further.
Recently, some results about the effects of the visual feed-
back parameters including gain (scaling displayed on the
screen), delay period, and frequency on the motor output,
have been reported [5]. These research works indicate that
the gain and variable frequency of force can influence the
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motor output significantly, and visual feedback is crucial to
movement skill learning and motor function rehabilitation.

In the literature, force tracking is a typical experiment used
to explore the effects of visual feedback on motor function.
However, there is no systematic research on the visual
feedback effect to force output. This motivates us to conduct
a behavioral study to evaluate the correlation between the
sensory and the motor systems, hereafter referred as the
visual sensory and force production. In specific, we have
designed a special force track experiment, in which the
impacts of the force varying rate and the gain of visual
feedback have been investigated. To reduce the learning
effect, force track curves have been arranged in a pseudo-
random manner.

II. METHOD

A. Subject

Twelve healthy graduate students and staff members
(seven males and five females, mean age 28.5 years) from the
University of Surrey in UK voluntarily participated in this
study. Among these 12 participants, ten claim themselves
right-handed, and the rest two are self-claimed left hand
persons. All participants have either normal or corrected
vision, and none of them has reported history of head
or hand traumas or neurological disorders. Each subject
signed informed consent prior to testing, and all experimental
procedures were conducted in line with the ethic policies and
protocols of University of Surrey. All participants answered
an exit questionnaire after testing.

B. Apparatus

In this experiment, we developed a customized grip force
measuring system which includes a grip bar, a force detection
unit, and a visual feedback display. The grip bar is a
customized wood bar with an embedded FS force sensor
(manufactured by HoneyWell Co. Ltd). When a person grips
the bar, the force produced by hand can be detected by
the force sensor. To sample the force data in real-time, a
commercial multi-function DAQ card (ADLINK Co.), PCI-
9112 has been used. This PCI card provides a 12-bit A/D
resolution, up to 110 ksps sampling rate, 16-CH singleended
or 8-CH differential analog signal inputs, and multi-level
programmable gains. The functional block diagram of this
apparatus is illustrated in Fig. 1.

Detected grip force amplitude will be immediately dis-
played on a monitor, and the data will be also saved
on a hard disk for off-line analysis. In this apparatus,
the software program for data detecting is coded using
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Fig. 1. Functional block diagram of the experimental apparatus
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Fig. 2. Design of experiment sequence

the mixture of Presentation (http://nbs.neuro-bs.com/) and
Matlab (http://www.mathworks.com). When the strength of
the detected grip force varies, the height of the bar on
the screen that indicates the force level would increase or
decrease accordingly in real-time. A typical experimental
scene displayed on the screen illustrated as Fig. 2.

C. Experiment scheme

During the experiment, a participant will be required to
continuously grip the custom-made bar, and he/she needs
to track a pre-designed moving target bar displayed on the
screen (Fig. 2). When the participant tracks this moving
target, his/her grip force output varies with respect to the
visual feedback stimulation in a continuous time fashion.

1) Target Moving Track Design: In this experiment, two
factors, the gain of visual feedback and the force-varying
speed, are examined. The force varying track, which coin-
cides with the target moving route in this experiment, is
illustrated in Figs. 3 and 4. To compare the force levels
among different participants, Maximum Voluntary Contrac-
tion (MVC) of each participant is measured, and the absolute
values of the force fall into the range of 30%MVC to
70%MVC. To keep the initial and final force at a comparable

Fig. 3. Pre-specified track for force-time varied slowly

Fig. 4. Pre-specified track for force-time varied quickly

level in different blocks, the force track starts and ends at
the same force level, 50%MVC.

To reduce the learning effect between different blocks, the
fast force track and the slow force track have been modified
to include four and two modes, respectively, as exemplified
by the two modified force tracks shown as the dashed lines
in Figs. 3 and 4.

2) Experiment Design: In this experiment, there are a
total of 4 conditions to be considered: (i) two factors, the
gain of visual feedback and the force varying speed, and
(ii) two levels defined for each factor, fast (F) and slow
(S) for grip force, whereas high-gain (H) and low-gain (L)
for visual feedback gains. These conditions are respectively
numbered as H F, L F, H S, and L S, in Table I. Each of
these four conditions presents one scenario in each testing
session, and these conditions are ordered randomly. The 1st,
2nd, 3rd and 4th conditions are denoted as C1, C2, C3 and
C4, respectively.

To avoid the fatigue effect experienced by a participant,
between the tests of C1 and C2, a 5-second resting period has
been allowed. A 1-min rest is inserted between C2 and C3,
and another 5-second rest between C3 and C4. The timing
diagram of the four tests is given in Fig. 5. In each of the
4 conditions, there are 8 blocks, denoted as B1, B2, ..., B8,
and each of the 8 blocks has the same visual feedback gain
and force varying speed. Each block lasts 31 seconds, and
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TABLE I

FOUR SPECIFIED EXPERIMENT CONDITIONS

Force varying speed
Fast (F) Slow (S)

Visual High (H) H F H S
feedback gain Low (L) L F L S

Fig. 5. Design of experiment sequence

a 5-second rest period is inserted between any two blocks
(Fig. 5). Altogether, it would take about 20 min. for each
participant to complete the whole test in our experiment.

3) Experiment Procedure: When the experiment is in
session, a subject is allowed to sit comfortably on a chair, and
the distance between the screen and the subject is set to be
50 cm. The participant is required to grip the aforementioned
wood bar with his/her dominant hand, and MVC needs to be
pre-measured before a testing session starts. To increase the
contrast, the screen background has been set to black during
the testing phase, and the moving target has a rectangle shape
made of 80 × 30 pixels (a 17-inch LCD monitor is actually
used in this study).

Test of each condition and each block will be performed
as follows.

• At the beginning of each block (Bi in Fig. 5), the
target bar (Fig. 2) appears in the middle area of the
screen for 1 second, and this would be considered as
the initialization period for the subject.

• After this 1 second, target bar will move vertically
according to the pre-defined force track, and the subject
is now required to adjust his/her force strength to change
the height of force-level bar (Fig. 2) to track the target
bar. When the force output is moderate, the upper half
of force-level bar overlaps within the target bar, and the
target bar turns to green. The target bar becomes red
when force output is too strong or too weak. In this
case, the upper half of force-level bar is outside of the
target bar.

• After the completeness of one condition (8 blocks
in total) and before the start of next condition, an
indication of HF, HS, LF or LS is displayed on the
screen to alert subject about the next condition he/she
will be tested upon.

4) Data Sampling: The data of force strength produced by
subject’s dominant hand has been sampled in real time. Also,

Fig. 6. The comparison of specified force level and actual force output

the force level is displayed as a rectangle with appropriate
height, and the force data are saved for off-line analysis
simultaneously. Beside the force data, the system records
the order of experiment block sequence. The target moving
track is also recorded.

III. EXPERIMENT RESULTS AND BEHAVIOR DATA

ANALYSIS

In the testing session, the participant needs to adjust
his/her force production to track the moving target. An
example that illustrates both the target moving track and
the actual force output is provided in Fig. 6. Here the thick
line in grey represents the target moving track (same as the
predesigned force varying curve), and the thin line in black
is a recorded grip force output.

To evaluate the effects of visual feedback on force pro-
duction, the accuracy of force strength, defined as the ability
to control the force level within the target range, has been
studied. In our experiment, this ability is quantified by
computing the error rate and deviation. The error rate can
be calculated as

Serror−rate =
N∑

i=0

ER(i) (1)

where Serror−rate denotes the sum of error. If sampled force
level F (i) located inside the target force range, the value of
ER(i) is 1; otherwise, the value of ER(i) is 0. The deviation
of force output can be obtained as

Sdeviation =
N∑

i=0

D(i) (2)

where Deviation Sdeviation denotes the sum of deviation, and
D(i) is the absolute value of difference between ith sampled
force output and the mean value of target force range.

According to the experiment session discussed above, a
participant would undergo 4 conditions or equivalently 32
blocks (Fig. 5). We calculate the error rate and the deviation
of each condition for any subject firstly. Then, the averaged
values of error rate and deviation have been computed within
all 12 subjects. Furthermore, we use the statistic software
SPSS to evaluate how the gain of visual feedback and force
varying speed influence the ability of motor control.

From the recorded results, we have found that the devia-
tion of a low gain condition (L S and L F) is less than that

1275



Fig. 7. Comparison of 12-participant force output deviation

Fig. 8. Comparison of 12-participant force output error rate

of a high gain condition (H S and H F), and similar results
have been found for the error rate. In the same gain condition
(low or high), the deviation of fast condition (L F and H F)
is much larger than that of slow condition (L S and H S),
and similar results have been found for error rate as well.
The statistical results are reported in Figs. 7 and 8.

IV. DISCUSSION

By comparing and analyzing the behavior data obtained
from the experiment, a few interesting phenomenon have
been discovered. For the same speed of force varying, differ-
ent gains of visual feedback would cause different effects on
the control accuracy of force strength. Under lower visual
feedback gain, the force output of participants tends to be
more accurate than when they are exposed to higher gains.

On the other hand, the results of SPSS analysis indicate
that, for the slow condition (L S and H S), when subject
receives visual feedback stimulation with different gains,
the deviation and the error rate of force production are
vastly different. The corresponding statistical parameters
are F (1, 11) = 13.09 (p < 0.004) and F (1, 11) = 20.2
(p < 0.001) for deviation and error rate, respectively. For

the fast condition (L F and H F), different gains for visual
feedback stimulation result in different deviations and error
rates as well. The statistical parameters are F (1, 11) = 31.5
(p < 0.001) and F (1, 11) = 55.6 (p < 0.001) for deviation
and error rate, respectively.

As a matter of fact, gain of visual feedback can be used
to strengthen or weaken the effects of visual stimulation
when force strength varies. Take L S and H S conditions
as examples. For the same absolute force change, because of
different visual feedback gains, the force change is amplified
under H S condition, and so is the error of force output.
This can induce subject to adjust his/her force strength
more frequently, and consequently, the error rate of force
output and deviation degree would be exaggerated. Similar
results are obtained for H F and L F conditions. From above
discussion, one can see that the gain of visual feedback is
an important factor for the control of the force output, and
the increased gain can speed up the regulating procedure.

V. CONCLUSION

A few sense stimulations are related to motor function,
and visual feedback is a key factor to control the motor
output. Some researches suggested that visual feedback is
helpful to rehabilitation training on the patient after stoke,
and some behavior parameters induced by visual stimulation
can be used to evaluate the impairment degree of Parkinson
patient [6], [7]. In this study, we have conduct a behavioral
study concerning the effects of visual feedback on the
control of force output, and the results have indicated that
the increased visual gain can improve the ability of force
control. Our future research work is to combine the function
brain imaging and the behavior methods to acquire an even
better understanding of the relationship between the visual
feedback and the motor output.

REFERENCES

[1] S. Slobounov, R. Tutwiler R, R. Simon R, et al. “EEG correlates of
movement kinematics as revealed by averaging techniques and Morlet
wavelet transforms,” Motor Control, vol. 4, no. 3, pp. 349-371, 2000.

[2] M. P. Rearick, J. A. Johnston, and S. M. Slobounov, “Feedback-
dependent modulation of isometric force control: an EEG study in
visuomotor integration,” Cognitive Brain Research, vol. 12, no. 1, pp.
117-130, 2001.

[3] S. Slobounov, W. Ray, and R. Simon R, “Movement related potentials
accompanying unilateral finger movements with special reference to
rate of force development,” Psychophysiolog, vol. 35, no. 1, pp. 1-12,
1998.

[4] S. Slobounov, M. Rearick, and H. Chiang, “EEG correlates of finger
movements as a function of range of motion and pre-loading con-
ditions,” Clinical Neurophysiology, vol. 111, no. 11, pp. 1997-2007,
2000.

[5] A. J. McC. Foulkes and R. C. Miall, “Adaptation to visual feedback
delays in a human manual tracking task,” Exp. Brain Res., vo. 131,
no. 1, pp. 101-110, 2000.

[6] M. Harvey, B. Hood, A. North, and I. H. Robertson, “The effects of
visuomotor feedback training on the recovery of hemispatial neglect
symptoms: assessment of a 2-week and follow-up intervention,” Neu-
ropsychologia, vol. 41, no. 8, pp. 886-893, 2003.

[7] T. Yoshida, T. Warabi, M. Kato, et al., “Visuomotor dependency on an
initial fixation target involved in the disorder of visually-guided manual
movement in Parkinson’s disease,” Neuroscience Research, vol. 51, no.
2, pp. 167-173, 2005.

1276


	MAIN MENU
	Go to Previous Document
	CD-ROM Help
	Search CD-ROM
	Search Results
	Print


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for export to IEEE PDF eXpress. May 2005. PaperCept.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


