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Summary.—The purpose of the study was to investigate the occurrence of stride 
regulation at the approach phase of the long jump in athletes with normal vision and 
visually deprived Class F12 and F13 athletes. All the athletes exhibited the presence 
RI�D�UHJXODWRU\�PHFKDQLVP��,Q�WKH�QRUPDO�YLVLRQ�JURXS�WKLV�RFFXUUHG�RQ�WKH�ÀIWK�WR�
last stride. In Class F12 athletes regulation commenced on the fourth-to-last stride 
for males and third-to-last stride for females. Class F13 males commenced regula-
WLRQ��OLNH�WKH�FRQWURO�JURXS��RQ�WKH�ÀIWK�WR�ODVW�VWULGH��EXW�IHPDOHV�FRPPHQFHG�RQ�WKH�
fourth-to-last stride. The study demonstrated that reduced vision does not prevent 
Class F12 and F13 athletes from applying a regulatory mechanism similar to that 
observed in sighted athletes. However, the control mechanism of regulation emerged 
earlier in non-visually deprived long jumpers and the least visually impaired Class 
F13 athletes, signifying the importance of visual function in the regulatory stimuli.

Experienced athletes have notable coherence between their actions and 
the demands of their sporting environment. Although their locomotive pat-
terns appear to be reproduced with high stability, even under strong pres-
sure, the pattern of movements is not stereotyped. Instead, they seem to be 
ÀQH�WXQHG�DQG�KDUPRQL]HG�WR�WKH�FRQWLQXRXV�LQSXW�RI� LQIRUPDWLRQ�IURP�
their surroundings (Williams, Davids, & Williams, 1999). Undoubtedly, a 
competitor should achieve an early attainment of the spatio-temporal char-
acteristics of the action environment so that coordination of the musculo-
skeletal system can be coordinated in time. This is mainly accomplished 
E\�YLVLRQ�JXLGHG�LQIRUPDWLRQ�SURFHVVLQJ��)LWFK�	�7XUYH\�������/HH��������
Turvey, 1990), although other sensory inputs are essential as well. Percep-
WLRQ�LV�D�SURFHVV�WKDW�LGHQWLÀHV�DQG�LQWHUSUHWV�ÁXFWXDWLRQV�LQ�WKH�IRUPV�RI�
HQHUJ\�ÁRZLQJ� WKURXJK� WKH� HQYLURQPHQW�� VXFK� DV� OLJKW� UD\V� DQG� VRXQG�
waves through neural activation of a large population of neurons (Bruce, 

© Perceptual & Motor Skills 20132013, 117, 1, 31-45.

1Address correspondence to Apostolos Theodorou, 41 Ethnikis Antistaseos, 17237 Dafni, 
Athens, Greece or e-mail (aptheod@phed.uoa.gr).



A. THEODOROU, ET AL.32

Green, & Georgeson, 1996). However, it is widely accepted that visual per-
ception is the leading source upon which the sport performer relies to meet 
WKH�WDVN�FRQVWUDLQWV��/HH��������&XWWLQJ��������

Long jump is a task that has been extensively used in the investigation 
of motor control, due to the restraints imposed on the actor (athlete). Suc-
FHVV�LQ�WKH�ORQJ�MXPS�LV�SULPDULO\�GHWHUPLQHG�E\�DQ�HͿHFWLYH�FRPSOHWLRQ�
of the approach phase, which in turn profoundly depends on the consis-
tency of the stride length, number of strides, and pattern of speed devel-
opment across all attempts (Hay, 1986). The physiognomy of the event has 
made it popular among researchers exploring the motor behaviour of ath-
OHWHV��/HH��/LVKPDQ��	�7KRPVRQ��������+D\��������+D\�	�.RK��������%HUJ�
	�*UHHU��������6FRWW��/L��	�'DYLGV��������%UDGVKDZ�	�$LVEHWW���������DQG�
as a means to verify the views of Gibson (1979) and ecological psychology 
for the relation between perception and action (Montagne, Cornus, Glize, 
Quaine, & Laurent, 2000). Research evidence suggests that long jumpers 
UHJXODWH�WKH�ÀQDO��²��VWULGHV�RI�WKH�UXQ�XS��XVLQJ�YLVXDOO\�JXLGHG�LQIRUPD-
tion to achieve precise foot placement on the board. The time-to-contact 
HVWLPDWLRQ�RI�WKH�DWKOHWH�DSSURDFKLQJ�WKH�WDNH�RͿ�ERDUG�LV�GRPLQDWHG�E\�
the tau hypothesis, which proposes that a quantity (tau) present in the 
visual stimulus provides the necessary information (Tresilian, 1999).

Nonetheless, the visual trail is not available to all long jumpers. Long 
jump is one of the events of the Paralympics competition, where three 
FODVVHV� RI� DWKOHWHV�ZLWK� GLͿHUHQW� OHYHOV� RI� YLVXDO� ORVV� SDUWLFLSDWH�� &RP-
SHWLQJ�DWKOHWHV�DUH�FODVVLÀHG� LQWR� WKUHH�FDWHJRULHV� �)����)����DQG�)���� LQ�
relation to the level of visual impairment [International Blind Sports Fed-
HUDWLRQ��,%6$�������@��GHÀQHG�E\�DVVRFLDWHG�FKDQJHV�LQ�YLVXDO�DFXLW\�DQG�
RU�YLVXDO�ÀHOG� >:RUOG�+HDOWK�2UJDQL]DWLRQ� �:+2��������S�����@��9LVXDO�
acuity describes the ability of the eye to perceive detail and is usually 
measured using a chart which contains letters decreasing progressively 
LQ�VL]H��,Q�6QHOOHQ
V�QRWDWLRQ��6QHOOHQ���������YLVXDO�DFXLW\�LV�GHÀQHG�DV�WKH�
distance at which the person can recognize a letter, divided by the dis-
tance at which a person with normal eyesight can do this. Thus, a visually 
impaired long jumper, with a Snellen visual acuity of 6/60, can barely see 
an object at a distance of 6 meters (approximately 3 strides from the board) 
WKDW�D�QRQ�YLVXDOO\�LPSDLUHG�ZRXOG�EH�DEOH�WR�VHH�DW����PHWHUV��9LVXDO�ÀHOG�
refers to the ability to detect objects in the periphery of the visual environ-
PHQW��7KH�QRUPDO� IRUZDUG�IDFLQJ�ELQRFXODU�ÀHOG�RI� YLVLRQ� LV� DERXW� ����
and 90 degrees in the horizontal and vertical planes, respectively. Visual 
ÀHOG�ORVV�ZLOO�PDQLIHVW� LWVHOI� LQ� DQ� LQDELOLW\� WR�GHWHFW� SHULSKHUDO� REMHFWV�
and, often, in a reduced ability to avoid obstacles.

Athletes participating in Class F11 have no light perception in 
HLWKHU� H\H�� RU� YLVXDO� DFXLW\� SRRUHU� WKDQ� ����� �,%6$�� ������ ,QWHUQDWLRQDO� 
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Paralympic Committee [IPC], 2011). During competition, F11 athletes 
must wear approved opaque glasses blocking out any light. The visual 
acuity of a Class F12 athlete should range between 2/60 and 6/60, and/or 
WKHLU�YLVXDO�ÀHOG�VKRXOG�EH�FRQVWULFWHG�WR�D�GLDPHWHU�RI�OHVV�WKDQ���GHJUHHV�
�,%6$�������� ,3&�� �������&ODVV�)���DWKOHWHV�KDYH�D�YLVXDO� DFXLW\� UDQJLQJ�
IURP������WR������DQG�RU�D�UHVWULFWHG�YLVXDO�ÀHOG�GLDPHWHU�RI� OHVV�WKDQ�
���GHJUHHV��,%6$��������,3&���������&ODVV�)���ORQJ�MXPS�DWKOHWHV�FRPSHWH�
under the International Amateur Athletics Federation (IAAF, 2012) com-
petition rules as athletes with normal eyesight (IBSA 2011), using a stan-
GDUG�WDNH�RͿ�ERDUG��L�H���D������P�ð������P�ZKLWH�UHFWDQJOH��$�ODUJHU��ZKLWH�
WDNH�RͿ�ERDUG�������P�ð������P��LV�XVHG�IRU�)���DQG�)���FODVVHV��DQG�WKH�
competitors may also use a caller (usually the coach) to provide acoustic 
feedback during the approach run (IPC, 2011).

Theodorou and Skordilis (2012) recently reported that Class F11 long 
and triple jumpers exhibited a regulation pattern during the approach run 
similar to the one observed in sighted athletes, but initiated on the third-
WR�ODVW�UDWKHU�WKDQ�WKH�ÀIWK�WR�ODVW�VWULGH��7KH�DXWKRUV�DGYRFDWHG�WKDW�WKH�
acoustic sensory input provided by the coach probably allowed Class F11 
DWKOHWHV�WR�SHUFHLYH�WLPH�WR�DUULYDO�WR�WKH�SUR[LPDO�WDNH�RͿ�ERDUG�DQG�DFW�
by regulating their strides. This observation suggests that visual informa-
tion may not dominate the regulation-control mechanism for these ath-
letes. The purpose of the study was to test the following hypotheses:

Hypothesis 1. The control mechanism of stride regulation at the 
approach phase of the long jump is present in Class F12 and 
F13 athletes, as in athletes with normal vision.

Hypothesis 2. The control mechanism of regulation emerges on a 
GLͿHUHQW�VWULGH�LQ�&ODVV�)���DQG�&ODVV�)���DWKOHWHV��DQG�LQ�DWK-
letes with no visual impairment.

Method

Participants
7KH�ÀQDOLVWV�LQ�WKH�ORQJ�MXPS�HYHQWV�RI�WKH�,%6$�(XURSHDQ�$WKOHWLFV�

Championship held in June 2009 in Greece participated in the study. The 
)���JURXS�FRPSULVHG�ÀYH�PHQ��M age = 28.5 yr., SD� ������DQG�ÀYH�ZRPHQ�
(M age = 28.0 yr., SD = 6.0), with personal best performances ranging from 
6.62 m to 6.81 m and 5.41 m to 5.85 m for men and women, respectively. 
The F13 group comprised four men (M age = 25.5 yr., SD = 7.0) and six 
women (M age = 24.0 yr., SD = 4.0), with personal best performances rang-
ing from 5.79 m to 7.18 m and 4.96 m to 5.61 m for men and women, 
respectively. The above-mentioned sample was selected because of the 
R΀FLDO�FODVVLÀFDWLRQ�RI�WKH�DWKOHWHV�DV�)���RU�)���E\�,%6$
V�DQG�,3&
V�PHG-
LFDO�ERDUGV��DQG�WKH�FRQÀGHQFH�WKDW�WKH�UHVSHFWLYH�DWKOHWHV�IRUPHG�D�JURXS�
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representative of elite Class F12 and F13 long jumpers. IBSA provided per-
mission for the research. Finally, a group of 7 female long jumpers with no 
visual impairment and personal best performances ranging from 5.20 m 
to 5.92 m (M age = 24.0 yr., SD = 0.7) served as a control group. All partici-
pants had knowledge about the aim of the study and an informed consent 
was obtained according to the University research ethics code.
Procedure

Class F12 and F13 athletes were recorded during the actual competi-
tion of the IBSA 2009 European Athletics Championship, while the con-
trol group's performances were recorded on a separate occasion. The same 
experimental procedures were applied for all groups (F12, F13, and con-
trol). The participants were recorded with a panning digital video cam-
era (SONY HDR-SR10, Sony Electronics, Inc.) operating at 50 frames/sec. 
7KH�FDPHUD�ZDV�À[HG�RQ�D� WULSRG��ZKLFK�ZDV�SRVLWLRQHG�RQ� WKH�VWDQGV�
at a 15 m distance from the midline of the run-up lane and at 3 m height 
from ground level (Fig. 1). The camera was manually panned and it was 
zoomed in on the athletes' feet for recording each participant's entire run-
up. For the execution of the panned, two-dimensional video-analysis, 0.05 
P�ð������P�FXVWRP�UHIHUHQFH�PDUNHUV�ZHUH�SODFHG�RQ�HLWKHU�VLGH�RI� WKH�
OLQHV�GHÀQLQJ�WKH�UXQZD\��DQG�IRUPHG�RQH�PHWHU�]RQHV�DORQJ�WKH�HQWLUH�
UXQZD\��7KH�FDOLEUDWLRQ�RI�WKH�ÀHOG�RI�YLHZ�DQG�WKH�SDQQLQJ�SURFHGXUH�
was conducted following the instructions proposed by Gervais, Beding-
ÀHOG��:URQNR��.ROOLDV��0DUFKLRUL��.XQW]��et al. (1989). The camera position-
ing allowed all markers to be visible on the captured motion of interest. 
The experimental set-up for data collection did not disturb the athletes' 
HͿRUW�WKURXJKRXW�WKH�HYHQW��LQ�WKH�MXGJPHQW�RI�WKH�DXWKRUV�DQG�FRDFKHV�

All participants performed 6 trials each. Every single trial was 
recorded, but the fault attempts were excluded from the analyses. Each 
athlete performed at least 5 legal jumps. In total, 154 legal run-ups were 
included in the analysis (n = 59, n = 55, and n = 40 for F12, F13, and con-
trol groups, respectively). The video frames of each foot touchdown on the 
ground were extracted from the selected video recordings. The method 
suggested by Chow (1987) and adjusted by Hay and Koh (1988) was used 
for the determination of the exact touchdown distance, which was calcu-
lated with respect to the closest marker (toe-marker distance, TMD) and 
WR� WKH�SUR[LPDO� WR� WKH�SLW� HGJH�RI� WKH� WDNH�RͿ�DUHD� �WRH�ERDUG�GLVWDQFH��
TBD). TMD was calculated by projecting the position of the athlete's shoe 
toe at the instant of touchdown onto a line between the two near mark-
ers, through a digitization process using the APAS 2010 software (Ariel 
Dynamics Inc., Trabuco Canyon, CA). TBD was then calculated by the 
addition of the TMD and the marker-board distance (Fig. 1). This proce-
dure was repeated for every footfall in all the analysed run-ups.
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In order to assess the error of the panning recording, the four last foot-
falls of the athlete's run-up were recorded with a stationary digital CASIO 
EX-FX1 (Casio Computer Co. Ltd., Shibuya, Japan) video camera (sam-
pling frequency: 300 frames/sec). The camera was elevated 1.2 m from the 
JURXQG�DQG�À[HG�RQ�D�ULJLG�WULSRG��ZKLFK�ZDV�SRVLWLRQHG����P�IURP�WKH�
midline of the run-up lane and at a distance of 1.0 m before the beginning 
RI�WKH�WDNH�RͿ�DUHD��7KH�RSWLFDO�D[LV�RI� WKH�FDPHUD�ZDV�SHUSHQGLFXODU�WR�
the plane of motion. The recorded area was calibrated by consecutively 
SODFLQJ�D�����P�ð�����P�IUDPH��ZLWK����UHIHUHQFH�PDUNHUV��(DFK�DWKOHWH
V�
toes at every support phase were manually digitized using the APAS 2010 
software (Ariel Dynamics Inc., Trabuco Canyon, CA). The set-up and 
the entire procedure for the execution of the 2D-DLT analysis were done 
according to Kollias (1997). The extracted coordinates of the athlete's shoe 
toe at the instant of touchdown was then compared to the TBD obtained 
IURP�WKH�SDQQLQJ�DQDO\VLV��'LͿHUHQFHV�FRQFHUQLQJ�WKH�7%'�H[WUDFWHG�IURP�
ERWK�DQDO\VHV�ZHUH�IRXQG�WR�EH�QHJOLJLEOH���²�������$GGLWLRQDOO\��WKH�YDOLG-
ity of the method to determine the TBD was assessed by comparing the 
outcome of the above-described procedure, using videos captured with a 
panned motion identical to the one of the actual recordings. These test vid-
eos recorded shoes placed on the runway at known distances (0.10 m, 1.0 
m, 2.0 m, 3.0 m, and every 2.0 m afterwards up to 25.0 m from the front 
HGJH�RI�WKH�WDNH�RͿ�ERDUG���7%'�REWDLQHG�E\�WKH�YLGHR�DQDO\VLV�ZDV�WKHQ�
FRPSDUHG�ZLWK�WKH�DFWXDO�7%'��ZKLFK�UHYHDOHG�DQ�HUURU�RI�������DQ�HUURU�
within range of those found in similar studies (Lee, et al.,���������FP��+D\�	�
.RK��������²��FP�WR�������FP��6FRWW��et al., ������²��FP��*DOORZD\�	�&RQQRU��
�������������%DVHG�RQ�WKHVH�ÀQGLQJV��WKH�GDWD�IURP�WKH�SDQQLQJ�UHFRUGLQJV�
were used for assessing the parameters used in this study.

Fig. 1. Set up of the experimental procedure
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Data Analysis
To identify the incidence of regulatory patterns and make compari-

sons with what is reported in the literature regarding its occurrence (Lee, 
et al.,�������+D\��������+D\�	�.RK��������%HUJ�	�*UHHU��������6FRWW��et al., 
������ %UDGVKDZ�	�$LVEHWW�� ������� DQ� LQWHU�WULDO� DQDO\VLV�ZDV� XVHG�� 7KLV�
analysis takes into account the variability of the distance between the 
athlete's toe and the board (toe-board distance, namely TBD) for a given 
stride across all trials. Foot placement variability for a particular stride 
was expressed by the standard deviation of TBD (TBDSD) for each foot-
fall of a participant, across all of the athlete's trials (Lee, et al.,�������+D\�	�
.RK��������%HUJ��:DGH��	�*UHHU���������7KH�SRLQW�ZKHUH�VWULGH�UHJXODWLRQ�
DSSHDUHG�ZDV�GHÀQHG�DV�WKH�IRRWIDOO�DW�ZKLFK�WKH�PD[LPXP�YDOXH�RI�7%'SD  
(TBDSDmax) was recorded, providing that it represented the peak of an 
ascending trend, followed by an immediate descending trend (Berg,  
et al.,��������7KH�DFFXUDF\�RI�WDUJHWLQJ�WKH�WDNH�RͿ�DUHD�ZDV�UHÁHFWHG�E\�WKH�
TBDSD�RI�WKH�IRRWIDOO�DW�WKH�WDNH�RͿ�DUHD��7%'SDto). For better comprehen-
sion, the point at which stride regulation commenced was also expressed 
DV�WKH�GLVWDQFH�IURP�WKH�WDNH�RͿ�OLQH�

The percentage distribution of adjustment (ADJ�) in each one of the 
regulated strides was calculated for each participant following the method 
suggested by Hay (1988), with the means computed as:

 ADJ TBD TBD
TBD TBD

SDi SDi

SD SDto
%

max
=

−( )
−( ) ×−1 1000  [Equation 1]

where i is the ith-to-last contact.

Results

Toe-board Distance (TBD) Variability by Group
Class F12.—The analysis of the pattern of footfall variability in each par-

ticipant revealed that the TBDSD�SUHVHQWHG�D�V\VWHPDWLF�DVFHQGLQJ²GHVFHQG-
ing trend for all athletes, men and women. The acute decline in footfall 
variability in men commenced as an average on the 4th-to-last stride from the 
WDNH�RͿ�DUHD��WZR�DWKOHWHV�RQ�WKH��th-to-last stride, and three subjects on the 
4th-to-last stride) at a mean distance of 9.09 m (SD = 0.26) after reaching a mean 
value of 0.34 m (SD = 0.057). Likewise in women, this occurred on the 3rd-to-
ODVW�VWULGH�IURP�WKH�WDNH�RͿ�DUHD��RQH�DWKOHWH�RQ�WKH��th-to-last stride, and four 
on the 3rd-to-last stride) at a mean distance of 6.28 m (SD = 0.26) after reach-
ing a mean value of 0.226 m (SD = 0.685). Subsequently, the mean TBDSD was 
ÀQDOO\�UHGXFHG�DW�WDNH�RͿ�WR�D�PLQXWH�7%'SDto of 0.09 m (SD = 0.049) and 
0.08 m (SD = 0.014) for men and women, respectively (Fig. 2).
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Class F13.—Male athletes demonstrated a progressively increased mean 
TBDSD that reached a maximum value of 0.30 m (SD = 0.19) on the 5th-to-last 
stride (one on the 6th-to-last stride, two on the 5th-to-last stride, and one on 
the 4th-to-last stride), at a mean distance of 10.84 m (SD = 0.29) from the take-
RͿ�ERDUG��)HPDOH�DWKOHWHV�DOVR�GHPRQVWUDWHG�WKH�VDPH�WUHQG�DQG�UHDFKHG�D�
maximum mean TBDSD of 0.25 m (SD = 0.14) on the 4th-to-last stride (three 
athletes on the 5th-to-last stride, two on the 4th-to-last stride, and one on the 
3rd-to-last stride), and at a mean distance of 8.24 m (SD = 0.55) from the take-
RͿ�ERDUG��)ROORZLQJ�WKLV�SRLQW��D�GHVFHQGLQJ�WUHQG�ZDV�UHFRUGHG�IRU� WKH�
remaining steps until the mean TBDSD�ZDV�ÀQDOO\�UHGXFHG�WR������P��SD = 
0.06) and 0.08 m (SD = 0.02) for men and women, respectively.

Fig. 2. Trend of mean SD of toe-board distance for Class F12, F13 male and female and 
Control female long jumpers at each support phase. Grey shape in each respective group 
indicates the onset of regulation.

taBle 1
PeRcentage distRiBution of the adjustMent Made foR all PaRticiPants

Gender 4th-to-last  
Stride

3rd-to-last  
Stride

2nd-to-last 
Stride Last Stride

F12 men ��� ��� ��� ���
F12 women ��� ��� ��� ���
F13 men ��� ��� ��� ���
F13 women �� ��� ��� ���
Control women ��� ��� ��� ���
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Control group.—In female athletes of the control group, mean TBDSD 
reached a peak value of 0.22 m (SD = 0.12) on the 5th-to-last stride from 
the board (four athletes on the 5th-to-last stride and two on the 4th-to-last 
stride) at a mean distance of 9.77 m (SD� �������IURP�WKH�WDNH�RͿ�SRLQW��$W�
the last stride mean TBDSD was reduced to 0.04 m (SD = 0.02).
Distribution of Adjustments

The ADJ� for all the participants in all groups is presented in Table 1.

discussion
7KH�ÀUVW�DLP�RI�WKH�FXUUHQW�VWXG\�ZDV�WR�LGHQWLI\�WKH�SUHVHQFH�RI�D�UHJX-

ODWRU\�PHFKDQLVP�LQ�DWKOHWHV�ZLWK�GLͿHUHQW�OHYHOV�RI�YLVXDO�LPSDLUPHQW��DV�
GHÀQHG�E\�,3&��GXULQJ�WKH�ORFRPRWRU�WDVN�RI�WKH�ORQJ�MXPS��7KH�UHVXOWV�RI�
the study cohered with those reported in the literature and supported the 
hypothesis that regulation is present irrespective of the amount of visual 
GHSULYDWLRQ��7ZR�VHJPHQWV�FRXOG�EH�LGHQWLÀHG�GXULQJ�WKH�DSSURDFK�SKDVH�
IRU�DOO�SDUWLFLSDQWV��$W�WKH�ÀUVW�VHJPHQW�WKH�WRH�ERDUG�GLVWDQFH�YDULDELOLW\�
was gradually increased until it reached a peak value. Following this peak, 
a second segment commenced and variability was markedly decreased as 
WKH�WDNH�RͿ�DUHD�ZDV�DSSURDFKHG��7KLV�GHVFHQW�LQ�YDULDELOLW\��DFFRUGLQJ�WR�
WKH�OLWHUDWXUH��+D\��������+D\�	�.RK��������%HUJ�	�*UHHU��������6FRWW��et al., 
������*DOORZD\�	�&RQQRU��������%UDGVKDZ�	�$LVEHWW��������GHQRWHV� WKH�
perception of the board primarily through activation of visual processes 
(optical tau), which supplies the crucial information to the control mecha-
nism to calculate the time to contact. The similarity of the amount of vari-
ability, compared to what has been reported in sighted athletes of various 
levels of expertise (0.37 m in Lee, et al.,�����������²�����P�LQ�+D\�������DQG�
+D\�	�.RK������������²�����P�LQ�*DOORZD\�	�&RQQRU��������� LV�QRW�VXU-
SULVLQJ�DQG�FRQÀUPV�WKH�ÀQGLQJV�RI�7KHRGRURX�DQG�6NRUGLOLV���������ZKR�
reported TBDSDmax values of 0.36 m and 0.38 m for Class F11 long jumpers 
DQG�WULSOH� MXPSHUV��UHVSHFWLYHO\��7KHVH�GDWD�FRQÀUP�WKH�ÀUVW�K\SRWKHVLV�
of the study and demonstrate that visually impaired athletes, although 
severely deprived of the “dominant” optical tau, are able to perceive time-
WR�FRQWDFW�WR�WKH�WDNH�RͿ�DUHD��DQG�DFW�LQ�D�UHJXODWRU\�PDQQHU�

Furthermore, as hypothesised, not all the groups initiated regulation at 
the same instant. In Class F12 athletes, the process of perceiving the error and 
DFWLQJ�IRU�LWV�UHFWLÀFDWLRQ�FRPPHQFHG�RQH��LQ�PHQ��RU�WZR��LQ�ZRPHQ��VWULGHV�
later compared to the control group and to previous reports for sighted ath-
OHWHV��+D\��������+D\�	�.RK��������%HUJ��et al.,�������6FRWW��et al.,�������%HUJ�
	�0DUN��������%UDGVKDZ�	�$LVEHWW���������&ODVV�)���DWKOHWHV��RQ� WKH�RWKHU�
hand, performed regulation like the non-visually impaired participants of the 
control group, with a descending pattern of variability, commencing approx-
LPDWHO\� RQ� WKH� ÀIWK�WR�ODVW� VWULGH� �PHQ�� DQG� IRXUWK�WR�ODVW� VWULGH� �ZRPHQ��



STRIDE REGULATION IN LONG JUMPERS 39

EHIRUH� WKH� WDNH�RͿ� ERDUG�� )RU� DOO� JURXSV�� WKH� KLJKHVW� SURSRUWLRQ� RI� WKH�
adjustment was spread over the last two strides (Table 1). This was compa-
UDEOH�ZLWK�WKH�SDWWHUQ�REVHUYHG�LQ�DWKOHWHV�ZLWKRXW�YLVXDO�LPSDLUPHQW������
LQ�+D\������������LQ�%HUJ�	�*UHHU���������)���SDUWLFLSDQWV��KRZHYHU��VHHPHG�
to perform most of the adjustment on the second-to-last stride rather than on 
the last stride, compared to the F13 and control groups. This process could 
be attributed to the fact that in Class F12 the board is considerably wider and 
WKH�OHQJWK�RI�WKH�MXPS�LV�PHDVXUHG�IURP�WKH�SRLQW�RI�WDNH�RͿ�DQG�QRW�IURP�
the board's proximal edge of the pit, allowing for a constraint-free placement 
RI�WKH�WDNH�RͿ�IRRW��7KH�DFFXUDF\�RI�WKH�WDNH�RͿ�VWULGH�FRQVWLWXWHV�D�FRQVWUDLQW�
indicative of spatial perception, both for sighted athletes and athletes with 
visual impairment. Class F13 long jumpers demonstrated a precision of foot 
placement on the board, comparable with non-visually impaired athletes. 
The SD�RI�WRH�ERDUG�GLVWDQFH�UHFRUGHG�IRU�WKH�WDNH�RͿ�VWULGH�IRU�)���DQG�)���
long jumpers resembled that of the control group and those recorded for 
HOLWH�OHYHO�DWKOHWHV������²�����P��+D\������������²�����P��+D\�	�.RK��������
and was considerably superior to novice long jumpers (0.15 m, Berg & Greer, 
1995) and non-long jumpers (0.25 m, Scott, et al., 1997).

As shown in Table 2, all the participating athletes in this study regu-
ODWHG�WKH�ÀQDO�SRUWLRQ�RI�WKHLU�DSSURDFK�UXQV��$OO�QRQ�YLVXDOO\�LPSDLUHG�
DQG� ���� RI� &ODVV� )��� DWKOHWHV� FRPPHQFHG� UHJXODWLRQ� RQ� WKH� �th-to-last 
VWULGH� RU� HDUOLHU�� DV� FRPSDUHG� WR� ���� RI� &ODVV� )��� ORQJ� MXPSHUV�� &RQ-
VWUXLQJ�WKHVH�ÀQGLQJV�DVLGH�WKH�REVHUYDWLRQV�RI�7KHRGRURX�DQG�6NRUGLOLV�
(2012), that Class F11 long jumpers with no light perception commenced 
their regulation on the 2nd-to-last or 3rd-to-last stride, it is hinted that the 
onset of regulation is de-escalating as the visual impairment increases. 
The source of this variation must be the visual impairment increasing 
from Class F13 to Class F11. Nevertheless, within each group, not all ath-
letes commenced regulation on the same stride. Variations across athletes 
and gender for the onset of regulation have been reported both for non-
visually impaired (Hay, 1988) and Class F11 (Theodorou & Skordilis, 2012) 
athletes. One possible source of this variation in the present study may 
be the magnitude of visual impairment for each athlete within a class. A 
Class F12 or F13 athlete with visual acuity of 6/60, for example, may have 
better estimation of the location of the board compared to an athlete with a 
3x reduced visual acuity of 2/60. Moreover, reduced visual acuity coupled 
ZLWK�YLVXDO�ÀHOG�GHIHFWV�FRXOG�KDYH�D�PDMRU�DͿHFW�RQ�PRELOLW\�DQG�RULHQWD-
tion, since vision provides feedback on the location of targets with respect 
to the body and assists in calibrating subsequent body movements (Rossi-
JQRO��������:DUUHQ��-U���.D\��=RVK��'XFKRQ��	�6DKXF���������7ZR�IRUZDUG�
IDFLQJ�)���ORQJ�MXPSHUV�ZLWK�VLPLODU�YLVXDO�DFXLW\��EXW�GLͿHUHQW�DPRXQWV�
RI�YLVXDO�ÀHOG�GHIHFW��HVSHFLDOO\�LQ�WKH�YHUWLFDO�SODQH��ZLOO�KDYH�HTXDO�DELOLW\ 
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WR�SHUFHLYH�WKH�ERDUG�IURP�D�GLVWDQFH��EXW�PD\�GLͿHU�LQ�WKHLU�VHQVLWLYLW\�WR�
GHWHFW�LW�DV�WKH\�DUH�DSSURDFKLQJ�LW��ZKLFK�LV�H[SHFWHG�WR�DͿHFW�WKH�SDWWHUQ�
of regulation of their strides. However, since the examination and clas-
VLÀFDWLRQ�RI�WKH�DWKOHWHV�LV�SHUIRUPHG�H[FOXVLYHO\�E\�WKH�PHGLFDO�ERDUGV�
of IPC (IPC, 2011), any information regarding the exact visual acuity and 
YLVXDO�ÀHOG�ZDV�QRW�GLVFORVHG�

Another probable source of variation at the onset of regulation could 
be the origin of visual impairment or any previous visual experiences. Lit-
HUDWXUH�VXJJHVWV�WKDW� WKHUH� LV�D�GLͿHUHQFH�EHWZHHQ�DGXOWV�ZLWK�DFTXLUHG�
and congenital deprivation of vision in the way they monitor the location 
of objects, as well as their locomotion, balance, and postural control (Mil-
ODU��������6HPZDO�	�(YDQV�.DPS��������6FKZHVLJ��*ROGLFK��+DKQ��0�O-
ler, Kohen-Raz, Kluttig, et al., 2011). However, this parameter is neither 
PHDVXUHG��QRU�GRHV�LW�FRQVWLWXWH�D�FODVVLÀFDWLRQ�FULWHULRQ�IRU�,%6$�RU�,3&��
DWKOHWHV
�FODVVLÀFDWLRQ�LV�EDVHG�RQ�WKH�FXUUHQW�YLVXDO�LPSDLUPHQW�DQG�QRW�
RQ�LWV�FDXVH�RU�KLVWRU\��$FFRUGLQJ�WR�6KHUULOO���������FODVVLÀFDWLRQ�FRQVWL-
tutes an essential feature in disability sports, ensuring that winning or los-
LQJ�GHSHQGV�RQ�WUDLQLQJ��VNLOO��PRWLYDWLRQ��ÀWQHVV��DQG�WDOHQW��DQG�QRW�RQ�
unevenness among the competitors or a variety of disability-related vari-
ables. The range of disability must be small to ensure that most athletes are 
eligible for viable competition within each class, and that athletes with the 
greatest disability would not be unduly disadvantaged when compared 
to athletes with less disability (Tweedy, 2002). In the current study, it was 
assumed that Class F13 and F12 athletes competing at the 2009 IBSA Euro-
pean Championship constituted homogeneous groups, and were classi-
ÀHG�E\�,3&
V�PHGLFDO�ERDUGV�LQ�WKH�SDUWLFXODU�FODVVHV��WDNLQJ�LQWR�DFFRXQW�
that athletes within a group are not disproportionately advantaged or dis-
advantaged to each other. This poses a limitation in the study, but the 

taBle 2
PeRcentage distRiBution of the onset of Regulation Between and within the gRouPs  

of PaRticiPants

Stride n
Stride Starting Regulation

6th-to-last 5th-to-last 4th-to-last 3rd-to-last
Control women 6 ��� ���
Class F13 10 ��� ��� ���
 Men 4 ��� ��� ���
 Women 6 ��� ��� ��� ���
Class F12 10 ��� ��� ���
 Men 5 ��� ���
 Women 5 ��� ���
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variations observed in some competitors regarding the onset of regulation 
FRXOG�EH�XVHG�WR�LQYHVWLJDWH�WKH�HYHQ�KDQGHGQHVV�RI�WKH�FODVVLÀFDWLRQ�V\V-
tem used by the IPC. Future studies should look into this issue.

Summarising, the current investigation suggests that visually 
impaired long jumpers demonstrate a pattern of foot placement vari-
DELOLW\� DQG� WDNH�RͿ� DFFXUDF\� FRPSDUDEOH� WR� KLJK�OHYHO� VLJKWHG� DWKOHWHV��
during the approach run. Nevertheless, a question is raised concerning 
the processes assisting F12 and F13 athletes to accomplish such accuracy. 
Although vision controls locomotion for humans, self-perception stud-
ies of walking without visual feedback reveal that self-motion perception 
GRHV�QRW�FHDVH�ZKHQ�WKH�H\HV�DUH�FORVHG��7KRPVRQ��������5LHVHU��$VKPHDG��
7DORU��	�<RXQJTXLVW�� ������ /RRPLV��'D� 6LOYD�� )XMLWD��	� )XNXVLPD�� ������
Rieser, Pick, Jr., Ashmead, & Garing, 1995). Durgin, Pelah, Fox, Lewis, 
Kane, and Walley (2005) postulated that the perception of self-motion is 
multimodal, and recalibration of movement may occur in response to dif-
ferences between visual, vestibular, haptic, kinesthetic, and motor estima-
tors. According to Berg and Mark's (2005) multisensory tau hypothesis, 
even without adequate vision, runners can maintain gait through an acute 
sense of limb position and movement, relative to the body and the support 
VXUIDFH��2WKHU� VWXGLHV� �)OHWFKHU�� ������'HVKSDQGH�	� 3DWOD�� ������+DOOH-
mans, Ortibus, Meire, & Aerts, 2010) have reported that visually impaired 
people develop adaptive sensory modalities, in terms of locomotion and 
postural control, functionally equivalent to those without visual impair-
ment. This process takes place by integrating alternative sensory inputs, 
which alternatively decode the spatial information, and allows them to 
XVH�DQ�DGDSWLYH�DSSURDFK�HTXDOO\�HͿHFWLYH�ZLWK�WKDW�RI�WKH�VLJKWHG�SRS-
ulation (Semwal & Evans-Kamp, 2000). For instance, Aydog, Aydog, 
Cakci, and Doral (2006) reported a higher mediolateral postural stability 
in blind people participating in physical activity than sedentary sighted 
people. Sensitivity to exteroceptive cues (spatio-visual) plays a dominant 
role while an individual is learning a new perceptual-motor task. As per-
formance becomes habitual, however, proprioceptive feedback and kin-
esthesis become more important (Fleishman & Rich, 1963). According to 
Williams, et al. (1999), sporting action involves considerably more than the 
aptitude to “see.” The oxymoron of having sight, yet performing success-
fully without being able to see well, has led many researchers (Starkes & 
'HDNLQ�� ������$EHUQHWK\�	�5XVVHOO�� ������:LOOLDPV��'DYLGV��%XUZLW]��	�
Williams, 1992) to support that “perceptual skill is more a function of the 
expertise attained through practice rather than the capacity of the system 
WKDW�UHFHLYHV�WKH�YDULRXV�VLJQDOVµ��S�������7KH�ODWWHU�LV�DOVR�FRQÀUPHG�LQ�WKH�
current study: F12 and F13 long jumpers exhibited less variability in toe-
ERDUG�GLVWDQFH�DQG�QRWDEO\�VXSHULRU�DFFXUDF\�LQ�WDNH�RͿ�IRRW�SODFHPHQW 
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compared to what has been reported for sighted non-long jumpers or nov-
LFHV��%HUJ�	�*UHHU��������6FRWW��et al.,��������,W�LV�DOVR�SRVVLEOH�WKDW�WKH�LQÁX[�
of visual information in this particular class of athletes, although limited, 
was adequate for the completion of the locomotor task at hand. In Class 
F12 for example, although the rules of the event allow for a caller to stand 
next to the board and provide voiced guidance, athletes competing at elite 
levels rarely make use of such an acoustic aid, and none of the participants 
of the present study did. This indicates that, for the particular group, the 
visual input available, although limited, was probably adequate for the 
completion of the locomotor task at hand, and the acoustic cue did not 
RͿHU�DQ\�DGGLWLRQDO�VXFFRXU�

It could be claimed that the visual function of class F12 and F13 ath-
letes, although reduced, is adequate for the spatio-temporal requirements 
of the event. A decisive factor in long jump performance, and an ever-
present feature of the athletes' technique, is the attainment of a proper 
XSULJKW�ERG\�SRVWXUH�WKURXJKRXW�DSSURDFK�DQG�GXULQJ�WDNH�RͿ��&RDFKLQJ 
manuals and scientists stress the importance that athletes avoid gazing 
WRZDUGV�WKH�ERDUG��DV�WKLV�ZRXOG�KDYH�D�GHWULPHQWDO�HͿHFW�RQ�ERG\�SRV-
WXUH�DQG�VSHHG�GHYHORSPHQW��EXW�WR�À[DWH�WKH�JD]H�EH\RQG�LW��6FKPROLQ-
VN\��������%HUJ��:DGH��	�*UHHU��������7DQVOH\��������/LQWKRUQH���������7R�
that purpose, coaches emphasize during training the attainment of an 
DSSURDFK�UXQ�ZLWK�DQ�LQLWLDO�VWHUHRW\SHG�JDLW�SDWWHUQ��ZLWK�LWV�ÀQDO�SRU-
tion regulated using peripheral vision to provide both exteroceptive and 
proprioceptive information. In that sense, sighted athletes, to compete 
successfully in the long jump, need to develop the kinesthetic and pro-
prioceptive skills of their visually impaired counterparts, who can easily 
master, through practice, the stereotyped portion of the run-up. It appears 
the long jump is an event where class F13 athletes could train and compete 
alongside sighted competitors. The world record performance in class F13 
long jump (7.64 m and 5.88 m for men and women, respectively) could 
easily rank, in some countries, among the medallists of a national track 
DQG�ÀHOG�FKDPSLRQVKLS�IRU�VLJKWHG�DWKOHWHV�
Conclusion

7KH�PDLQ�ÀQGLQJ�RI�WKH�VWXG\�ZDV�WKDW�VWULGH�UHJXODWLRQ�LV�D�SURFHVV�
present in sighted as well as in visually disabled Class F12 and F13 long 
jumpers. The control mechanism of regulation emerges earlier in athletes 
with normal vision compared to Class F13 and F12 athletes. Between the 
two groups, Class F13 athletes commence regulation earlier compared 
WR�)���DWKOHWHV��7KLV�VLJQLÀHV�WKH�LPSRUWDQFH�RI�YLVXDO�SHUFHSWLRQ��ZKHQ�
present) as regulatory stimuli. Future research should focus on the nature 
of the sensory inputs employed in the long jump and the manner that 
spatio-temporal parameters, such as velocity, ground contact times, and 
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VWULGH�ÁLJKW�WLPHV�DUH�PDQLSXODWHG�E\�YLVXDOO\�LPSDLUHG�DWKOHWHV�GXULQJ�
WKH�ÀQDO�SRUWLRQ�RI�WKH�DSSURDFK�UXQ�
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