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Abstract

Rope jumping enhances coordination, and doing joint rope jumping successfully
requires precise temporal and spatial coordination. The aim of this study was to
investigate the kinematic parameters in rope jumping and predict the interpersonal
coordination among students. In this applied study, the sample was 12 rope jumping
elite girls (13-18 years old), selected using available sampling. The participants
practiced various rope jumping tasks (individual and joint rope jumping in different
distances with online landing) for one month until they could do them properly and
without online feedback (Seeing or hearing each other). The researcher used a the
Vicon motion analysis device with six infrared cameras capable of 120 frames per
seconds to record three-dimensional movements of the legs and rope whirling.

The results of one- way ANOVA showed that with enough practice, even in the
absence of feedback, hand-foot deviation time and timing variation in rope whirling
in joint groups had no significant differences while their movement time, jump height
and landing position represented significant differences. The rope jumping, angular
momentum and body vertical displacement are combined together. In the other hand,
placement and timing are important. So, with increasing difficulty and demand of
joint task, the intra- and interpersonal coordination level will enhance as well as
coupling and anticipation power will be varied based on joint and individual task
constraints.
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Extended Abstract
Background and Purpose

Coordination is a basic trait of all movements and essential to achieve the goal of
actions. The more coordination, the more information processing will be required.
In many situations, the goal is intra- and interpersonal coordinations (1). Rope
jumping enhances both types of coordination and its joint tasks require precise
temporal and spatial coordination to success. The aim of this study was to
investigate the kinematic characteristics in rope jumping, predict the interpersonal
coordination among students and examine the engagement level of each student
in joint tasks based on spatial and temporal prediction. The meaning of kinematic
characteristics was the spatial and temporal parameters. Spatial parameters
consisted of the jump height while rope jumping and landing position (one of the
criteria for measuring spatial accuracy) on the marked lines, as well as the
temporal accuracy included movement time, hand-foot deviation time and timing
variation in rope whirling (2).

The present purpose-based research was applied, and its design was a one-step
case. In this study, 12 elite girls playing jumping rope (13-18 years old) for at least
3 years and successfully doing 1-5 level skills were selected using available
sampling (3). At first, to determine the dominant leg, the students filled Edinburgh
questionnaire and then participated in a course of familiarity with the various rope
jumping tasks. The variables of the current study included two independent ones
consisting of tasks (pair rope jumping and joint rope jumping) and different rope
jumping distances (30, 60 and 90 cm) as well as five dependent variables consisted
of jump height, landing position, movement time, hand-foot deviation time and
timing variation in rope whirling. The court map had two determined lines for the
beginning and end of each rope jumping task (2). The exam had two parts: A)
Each student performed the paired rope jumping alone and B) Both students
performed the joint rope jumping. In joint tasks, the participants should not
receive any information (online feedback) from each other and had to do rope
jumping to land simultaneously (2). The scholar used the British-made Vaikan
motion analyzer with six infrared cameras to collect information about the
position of markers (on big toe of foot, rope handles, middle and distal ends of
ropes), and in order to eliminate the noise, a fourth-order low-pass Butterworth
filter with zero phase and a cut-off frequency of 10 Hz was used (¥). The Shapiro-
Wilk test was applied to determine the data normality, and the parametric tests
were utilized, too. The Levin test was applied to examine the equality of variances,
one-way ANOVA was used to compare the data and to study interpersonal
coordination at different distances, and finally the Tukey post-hoc test was utilized
to describe the significance levels.
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The results of one-way ANOVA showed that there was a significant difference
between jump height, movement time and landing position at different distances
with a degree of freedom of 2 (P = 0.001).

The results of Tukey post-hoc test indicated that there was no significant
difference between the jump height of individuals in the rope jumping task with a
distance of 30 cm for one subject and 60 cm for another one (P= 0.077).
Comparing the jJump height between the same task at a distance of 30 cm for the
one subject and 90 cm for the another one, as well as between the jump height of
individuals with a distance of 60 cm for one subject and a distance of 90 cm for
the another one, there was a significant difference (P = 0.001, P = 0.015). In other
words, if there was a greater difference between partners in the jump distance from
the rope, the difference between their jump heights increased more, meaning that
the partner who jumped the rope at a shorter distance jumped higher than the other
person.

According to the results of Tukey post-hoc test, there was significant between
both parameters consisting of movement time and landing position of individuals
in the rope jumping task with a distance of 30 cm for one student and 60 cm for
another girl, as well as between the same task at a distance of 30 cm for one subject
and 90 cm for another one. Finally, both movement time and landing position
suggested a significant difference in the rope jumping task with a distance of 60
cm for one subject and a distance of 90 cm for another (P = 0.001). That is, the
difference between two parameters (movement time and landing position) of the
two students enhanced more with increasing the difference in jump distance
between two partners.

In the following, the results of one-way ANOVA demonstrated that there was no
significant difference between rest of temporal parameters including hand-foot
deviation time and timing variation in rope whirling at different distances with a
degree of freedom of 2 (P =0.18 and P = 0.14).

Overall, the results illustrated that with enough practice even in the absence of
online feedback, hand-foot deviation time and timing variation in rope whirling
in joint tasks had no significant differences while movement time, jump height
and landing position represented significant differences.

Rope jumping is a ballistic task that has two phases such as preparation and
execution (Wriessnegger, 2016 #125)(5). The rope angular motion and body
vertical displacement are combined together, in other words, the placement and
timing are necessary parameters. Thus, even in reducing or absence of continuous
perceptual information, the proper execution of joint tasks is possible and so
individuals reduce variability in joint performance. Hence, if the difficulty and
demand of joint tasks elevated, the interpersonal coordination level increased
more, meaning that the greater the difference in distance between two people, the
more harmonious they will be when landing at the same time. According to the
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constraints of individual and joint tasks, the individuals' joint power will be varied
and they are more likely to anticipate each other's performance. Therefore
coordination is influenced by the nature of the task and imposed constraints (6).
In fact, being aware of the other partner's performance is a necessary condition for
progressing in teamwork (7-9).

Keywords: Kinematics parameters, Prediction, Interpersonal coordination, Rope
jumping
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1. Vicon Motion Analyzer, (Mxt40s «Oxford Metrics Ltd)
2. Butterworth Fourth Order Zero Phase Lag Filter

3. Cut-Off Frequency
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