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Abstract Rope skipping is a comparatively simple and easy exercise for people to perform solitarily anywhere. There are four
stages for mastering double-under. The first two stages involve training the segmental motion, while the last two enhance the inte-
gration of the segmented motion mastered earlier. In the case of plyometrics like rope skipping, a learner may face tough challenges,
requiring a fine adjustment of segmented motion at a faster pace and accurately in a short period of time. Therefore, this paper pro-
poses a realignment of stage-organization with an additional step to address this challenge. We develop a supporting system so that
learners can comprehend the essence and image of the target motion independently. The evaluation results indicate the effectiveness

of our proposal.
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1. Introduction

People are in constant pursuit of acquiring new
skills in various domains. The purpose is to engage in
some activity like sports, music, dance and so on. In
every case, there are some easy as well as arduous tasks.
In the latter case, long term practice is generally neces-
sary. During the process, a new technique or ability to
execute the tasks is gradually accumulated. This paper
deals with such techniques in exercise as a motor skill.
It requires an advanced skill to execute the difficult
tasks smoothly". After acquiring primitive motor skills,
people can attempt integrated motor skills that combine
and coordinate the primitive motor skills.

There are some studies on creating an environment
for acquiring motor skills. Gotoda et al.?) analyze a
wide array of tricks in rope skipping and reveal their
relationship on a skill map. This study supports the map
tricks that have characteristics of both basic and
advanced skills in rope skipping. An advanced skill
combines and coordinates certain basic skills. When
learners accomplish an advanced trick, they mainly treat
two pieces of information as feedback. One is internal
feedback, that is the performance results with trial and
error, which is arrived at independently. The other is an
external feedback, which is the performance evaluation
observed by experts. Employing these responses, learn-
ers can modify their performance or recognize any mis-

*Tokushima University, Japan
**Kagawa University, Japan

44

representation regarding the goal. The latter is based on
an expert's subjectivity, which is composed of some
experiences and it tends to be tacit knowledge, because
the experience is developed and stored as a model inter-
nally as a result of training for a long time. It suggests
that once some parts of their performance are under
consciousness with successful memory, the integrated
skill is still under subconsciousness. Hence, the experi-
ence in the latest condition upgrades the didactic mem-
ory using the successful memory. Therefore, an instruc-
tion based on an expert who can perform special
movements subconsciously after several attempts or tri-
als may cause gaps in understanding during the learning
process.

Gibson and Gibson® describe perceptual learning
as something a person can perceive that could not be
perceived earlier. It is a way of thinking under which
learning is to discover and focus on what could not be
perceived previously. Specifically, it is to acquire a new
variable®. Therefore, it is essential that learners not
only try to improve what experts recommend but also
discover its essence and how to learn it independently®.
Toward this end, it is imperative that a learner grasps the
modification in both movement and overall performance
in the case of an integrated motor skill. Hence, the pres-
ent study applies asynchronous support for learners to
confirm their own movement objectively®. The support
is to provide learners with visible information:

(1) the quintessence that an expert executes
(2) difference between the learner and an expert on a
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video.

After observing them, the learner decides on a
modified goal on a finer scale for the next training.
Here, one needs to consider the differences among indi-
viduals because not all models of experts conform to a
target learner since there are differences of performance
even among experts. Hence, a goal set for a learner is
determined by the analysis which calculates the perfor-
mance parameter for a goal statistically in advance
when experts’ performances are digitized.

A learning process is crucial to achieve a goal. It is
possible that learning many aspects for a short period of
time or learning them simultaneously could result in
amateurs not being able to understand or adapt to them.
Consequently, their motivation will decline, or it could
take a long time to accomplish the goal. The present
study organizes several learning stages for successfully
realizing a goal by controlling the number of learning
points. There are four stages that are organized for step-
by-step learning. The first two stages involve the train-
ing of segmental motion and the last two enhance the
integration of the segmented motion mastered previ-
ously. However, while organizing these stages, some
learners may face difficulties in mastering the third
stage, because of the major step of integration from the
second stage. Therefore, the study suggests a minor step
that was originally introduced to bridge or reduce the
large gaps between stages in preceding studies” ¥,

2. Learning Process

2.1 Motor Skill

Skill can be defined in various contexts. Guthrie
defines skill “as the ability to bring about some end
result with maximum certainty and minimum outlay of
energy or of time and energy”®. Initially, maximum
certainty is to adjust to the end result decided in
advance, specifically, it depends on what degree a player
can imitate target motion. Skill consists of several fun-
damental movements. The imitation is completed by
understanding the structure and execution through trial
and error. Accordingly, a player can express maximum
certainty. Secondly, to execute with minimum energy
implies saving their energy. The purpose is to make the
best use of limited body resources, build muscle and
range of motion. Consuming energy varies by the size
of the muscle used during an exercise. Rope skipping
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requires a gross motor skill with greater movement.
Finally, at the time of performing an exercise, rope skip-
ping is classified as a plyometrics; one cannot stop exe-
cution in between because it is quick movement. Hence,
in the case of plyometrics, a player prepares an exercise
plan before execution.

2.2 Integrated Motor Skill

The present study defines integrated motor skill as
an ability in which a player coordinates his/her body
parts for controlling objects"”). The related studies are
as follows. Sasaki et al.'" provide learners with an
environment to identify and address problems on their
own. The environment consists of taking a video while
performing target motion, processing it, and providing
instructions to learners with the help of the processed
video in order to acquire lay-up shot in basketball. This
method can be applied to this study since a lay-up shot
is an exercise of including an integrated motor skill.
Kato et al.!'?) reveal the characteristics of an exercise by
focusing on the relationship between body parts. One of
the characteristics is that there is higher correlation
between body parts for experts than amateurs on ball-
lifting in soccer. This analysis method can be applied to
rope skipping since ball-lifting is also an exercise that
includes an integrated motor skill. The present study
supports rope skipping as an exercise that includes an
integrated motor skill adapting these methodologies.

2.3 Rope Skipping

Rope skipping is considered a life-long sport and a
popular one because everyone from children to adults
can perform it. One of the characteristics of the game is
repetitive exercise which duplicates a segmented motion
unit. This study considers the number of jumps or the
execution time while observing the exercise. The other
characteristic is to be able to regulate the intensity inde-
pendently since there are both easy and advanced tricks.
According to the skill map®, rope skipping tricks can
be classified into two groups: single and double bounce.
This indicates that the trick, single-under has a relation-
ship with double-under as a fundamental trick in each
group. Effectively, it is difficult for amateurs who can
perform single-under to acquire double-under skills.
One of the reasons is that amateurs have no idea how to
move their body parts and how to coordinate them for
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double-under. The other reason is that it is difficult for
them to adjust the rope timing. In double-under, the
wrists should be rotated twice per jump. In addition, a
player needs to control the speed because the cycle is
different between the first and second rotation.
Therefore, the present study focuses on a trick on per-
forming double-under.

In this regard, the other related study is as follows.
Yoshioka et al.'® analyze hand motion for double-
under. In addition, the system of learning support pro-
vides beginners with visible information based on the
image processing application. The information includes
certain variations between a beginner’s motion and the
target motion. This study applies this learning environ-
ment to help beginners understand the difference.
Yoshikawa et al.'¥ developed a system supported by
sound worn by a learner for double-under. The purpose
is that a learner estimates the difference of timing
between body parts in order to remain stable. The
research contends that learners remain stable in execu-
tion and move rhythmically by employing this system.
Conversely, this study states that it is difficult for some
players executing it in real time to recognize the timing
of hand rotation accurately. In case of beginners in dou-
ble-under, one needs to develop the timing. Therefore,
the present study provides amateurs with a supporting
system asynchronously.

2.4 Method Proposal

In this section, the study proposes learning method-
ology for double-under. Johnson!> classifies skill into
four elements: speed, accuracy, form, and adaptability. It
is desirable for beginners who learn motor skills to
acquire form, accuracy, speed, and adaptability in that
order. Two related studies by Yoshioka et al.'® and
Sugawara et al.®) are corresponded with acquiring the
form in double-under. Therefore, this study considers
the accuracy and speed in addition to acquiring the
form.

Ohta!® discusses strategies to promote motor skills
based on the dynamics of the human body or an operat-
ing object. It is a way of conveying a skill by a potential
format or an appealing one, not a manifest one, such as
verbalization or visualization of a motor skill. Double-
under has an aspect of plyometrics. If a player cannot
execute it, the exercise is terminated. Meanwhile, it has
another aspect of a repetitive exercise, so that a learner
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can train without failing by repeating a series of motion
units decided in advance. The present study proposes a
training schedule considering the dynamics and both
sides in double-under. Under this, a learner trains with
an arranged rope that is cut into two and with an appro-
priate weight attached at the top of two ropes. A learner
can execute double-under artificially with the rope. The
present study defines this training as a small-bridging
step in double-under.

ARSA, which stands for Australian Rope Skipping
Association, introduces learning stages for a trick of
rope skipping. ARSA does not act extrinsically with its
original name, but its document is still open and avail-
able for access!. Figure 1, which illustrates the structure
of learning stages, inserted a middle stage (3') based on
the learning model of ARSA. Stage 1 and 2 are funda-
mental stages where a learner practices certain primitive
movements independently in each stage without a rope.
Stage 3, 3', and 4 are advanced stages where a learner
practices to coordinate primitive movements by combin-
ing hand and jump motion. A learner practices without a
rope in Stage 3, with an arranged rope in Stage 3’ and
with a rope in Stage 4.

In the proposed Stage 3', learners do not mind get-
ting entangled in the rope and feel free to try the inte-
gration of multiple body movements simultaneously.
This stage has a criterion to estimate whether or not the
goal is achieved. The performance is judged by monitor-
ing the movement of the top of the rope. If it passes

Stage 1 Hand motion
without a rope

Stage 2 Jum p m otion
without a rope

Stage 3 Hand & Jump motion

without a rope

Stage 4 Hand & Jump motion
18 with a rope
Figure 1. Arranged Learning Stages for Double-under.

"Double-under stages described in the manual
https://www.sports-media.be/links/Coaching-Manual-Rope-
Skipping.pdf (last accessed 2020.6.5)
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through the foot at the time of landing, the system sets it
as successful, otherwise it is recorded as a failure (see
Figure 2).

3. System Environment

3.1 Overview of the System

VC++.Net is used to develop a prototype system
which incorporates OpenCV library for image process-
ing technology applying on the captured video. The con-
figuration of the system is illustrated in Figure 3. There
are three major modules in this system: (a) feature point
detection, (2) analysis and estimation associated with
the database, and (3) output generation.

3.2 Supporting Functions

In the concrete sequence of system usage, a begin-
ner uploads a captured video file to the system through
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Figure 2. Success/Failure at Landing.
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Figure 3. System Configuration.
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the user interface, whose acronym is “UI” in Figure 3.
S/he prepares his/her movie file made previously by a
video-camera which monitored his/her rope-skipping.
Capturing the motion into the video file is performed by
a camera set at the side of the body. One side camera
does not matter because the target trick is double-under,
where it is unnecessary for cross motion of arms, at this
time. When the learner completes uploading the opera-
tion, the movie file is processed by an image processing
application and some features are automatically detected
by using color-markers. In terms of component tech-
nique regarding feature points detection, Karungaru et
al. proposed the integration of particle filter for estimat-
ing rope skipping motions!”. Through the process, we
can verify the motion trajectory of the hands and arms,
for instance.

3.3 Analysis and Estimation

Rope-skipping is composed of roughly two major
movements, which are skipping in the vertical direction
and swinging motion of arms in an orbicular way.

Since double-under movement does not need cross-
over action of the arms, we can monitor the arm-swing
in approximately two dimensions. In addition, both
arms synchronize mutually in many cases, only one-side
recording is enough to capture the movements as
already mentioned. Tracing the two-dimensional move-
ment of the arm is performed with smoothing technique
in image-processing by an original application using
OpenCV library. Smoothing includes linear-approxima-
tion, moving-average and Region of Interest (ROI)
functionality. Therefore, the system identifies four parts
of local maximum point of the acceleration as shown in
Figure 4. Since there is a variety of styles depending on
the learner, we have asked eight experts to play double-
under and collected 188 sets of data thereof in total.
Furthermore, the detection of four local maximum
points of acceleration is not always performed, yet there
were approximately four segments of time measured by
frame counts in a skip. Since a cycle of a skip is differ-
ent at each skip, we have converted the four frame
lengths into ratio. As a result, mean values of such per-
centage are 22.26, 24.00, 24.01, and 29.55, respectively.
Using the segmentation in such a way, we can detect the
local maximum within each segmentation in a relatively
easy manner. The higher acceleration indicates the tim-
ing of empowering to gain in velocity to the rope. In this
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v Tracing arm-swing

— Approximate Line

Skipping Period
( nearly 0.5sec )

Figure 4. Tracing Movement Trajectory of Arm-swing and
its Approximate Line.

Table 1. C.IL of Criteria by Experts.
Item Lowest of C.I. Highest of C.I.
H1 0.05593 [m] 0.07932 [m]

(Radius of arm
swing trajectory)
H2

(Period of wrist-
movement cycle)

J1

(Duration in the
jumping)

12

(Relative size of the
body in landing)

13
(Relative size of the
body in the air)

16.25 [frames] 17.88 [frames]

27.97 [frames] 31.38 [frames]

90.75 [%] 92.45 [%]

81.69 [%] 89.52 [%]

manner, the radius, the speed and the rhythm of the cir-
cular orbit of arm-swing can be measured.

Tracking the jump is much simpler. The player
wears color markers on the tips of the toes, for instance.
As image processing technique can be applied here to
detect the marker easily and the result is converted to
the wave form in a time line. Detecting height and pos-
ture of the foot in both landing and jumping are avail-
able to use for estimation. Therefore, overall, six items
including rhythm in addition to items in Table 1 are
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adopted.

The indicator H1 demonstrates the estimated radius
which is the mean value of the distance from centroid to
the tracking point. Both H2 and J1 are measured as
length of frames. Both J2 and J3 are ratios which is the
relative size against the natural size under a normal
standing condition. When a learner is 170 centimeters
tall, the pixel size from the head to toe should be 100%.
When s/he jump and the length from the top of the body
to the bottom is 80 [%] in pixel length, the system iden-
tifies the relative length of the body to 0.8, specifically
80 [%].

Using these items, the system can identify whether
the learner has succeeded or not. Especially in Stage 3,
Figure 2 of Section 2.4 is applied in an implementation.

In order to prepare the acceptable range of referen-
tial values of experts, we obtained data of ten trials by
experts. The number of experts were six who tried dou-
ble-under and succeeded ten times simultaneously.
Using the data obtained, we calculated the confidence
interval, C.I., of 95 [%] in a statistical manner (see
Table 1). As for the rhythm, Fourier transformation is
used to check if two peaks of frequencies appeared. In
the experiment, we use these values for judging success
or failure of the trials by the learners. The system counts
up the successful number of jumps from these perspec-
tives and calculating the rate against the total number of
jumps is used for actual judging. For instance, when six
times is counted as successful, that is within the C.I.
values against a total ten jumps, the estimation is per-
formed with 0.6. The values in H2 and J1 are the
detected number of frames whose frame rate is 60 [fps].
Judging from the monitored values shown in the table,
500 [msec] is the approximate average period of one
jumping movement.

Correlation coefficient is calculated independently
among values in any combination of items. The highest
correlation coefficient is recorded in the combination of
H2 and J1, whose score is 0.8812. Therefore, in the
experiment, we mainly use either of the items, specifi-
cally H2, as a period indicator.

3.4 System Interface

An effective prototype system presents a user inter-
face only in Japanese, a snapshot of which is seen in
Figure 5. The figure illustrates six area-blocks as fol-
lows;
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Figure S. A Snapshot of the System.

(1) Main menu
It is used for selecting the content and profile data of a
learner. The upper area provides the menu with some
profile information input by a learner. Here, for exam-
ple, placing a button prompts a system to start the analy-
sis. It is also possible to adjust the replaying speed of a
video that is shown below the menu.
(2) Model movie of a referential expert
The system needs model movies to show a learner.
Therefore, we collected movies of experts successively
for reference and stored their information associated
with the video materials into the system in advance. A
learner can select one of them after referring to the
information or reviewing the material. Subsequently, a
selected item appears assigned at the middle right. There
are individual specificities in both physicality and the
way of skipping. Therefore, a learner must select an
appropriate one for the reference.

A system provides three kinds of analyzed infor-
mation of a learner as follows:
(3) Analyzed Movie of a learner
(4) Analyzed Result (Graph area)
(5) Analyzed Result (Data and messages)
The analysis of a movie, which is the input by a learner,
is carried out by revealing the path of a movie to the
system. When completing the processing, a frame on the
area (3) begins its processed movie with remarkable
symbols superimposed. In parallel, several types of
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analysis provide graphic representation in area (4) with
associated numeric data in area (5) whose concrete
method of analysis is described in the next section.

The actual data shown as (4) in Figure 4 is the
radius represented in a line graph style which connects
the measured radius value at each jump. The system
determines whether or not it is a success by verifying
whether the values ranged from 5.59 [cm] to 7.93 [cm]
calculated in C.I. (see Section 3.3). A total of 10 points
are considered to be within the accepted range in 16
jumps overall.

The data shown in (5) is the counts of success in
five categories of indicators, which include the radius of
the arm-swing trajectory, period of wrist movement
cycle, duration in the jumping, relative size of the body
in landing, relative size of the body in the air. The mes-
sage is “Let’s practice focusing on ##### which is a rel-
atively low rate of success.” where ##### is replaced
with one of the five categories described above.

(6) Guide and direction messages

A set of detected information are associated with a mes-
sage within a fixed list of types. The selection indicates
that the system assesses the current learner and therefore
the next challenge of training for a learner is also
decided. As a result, the message shown here in area (6)
involves the key points for the current trial and direction
for the next. The messages shown here are previously
defined with the stored model video. The concrete mes-
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Table 2. Messages associated with the items in Table 1. -
I Pre-trial |
Item in Table 1 | Messages translated into English from —1 -
Experimental grou ~— Control group }—
original Japanese (Case stage 3). /—I b group h grop
1stday | 1stday |
H1 Refer to the model video, which is a good
? st i st +ri
example regarding the radius of arm-swing 1% trial 1% trial
trajectory. When you get the clear picture, 2nd trial 2nd trial
practice without a rope. — —
0 Learn th oo timing b ; Decision of Decision of
earn the appropriate timing by way o . ;
ing- n stepping-up/not
rotating your wrist quickly at the time you stepping-up/not pping-up/
identify a luminous shape of estimated 2 day 2nd day
human pose. When you get the clear pic- (Stage 4 (Stage 4
ture, practice without a rope. or the same as 1t day) or the same as 1st day)
A Become strongly conscious of height in : :
. . - . : J\ : J
jumping. When you get the clear picture, ¥ ¥
practice without a rope. [ Post-trial
12 Refer to the model video, which is a good . o .
example regarding the relative size of the Figure 6. Organization of the Experiment.
body in the air. When you get the clear pic- . . .
ture, practice without a rope. . The overall struf:ture of the experiment is shown in
) — Figure 6. All the subjects were asked to perform the tri-
13 Refer to the model video, which is a good als at beginning and answer a questionnaire regarding
example regarding the relative size of the . . s .
. their experiences about rope-skipping at that time. They
body at landing. When you get the clear . n
. S were also asked to perform post-trial for verifying the
picture, practice without a rope.

sages are originally in Japanese but the translation into
English is listed in Table 2.

4. Trial Use and Evaluation

4.1 Organization and Procedure of the
Experiment

We conducted an experiment with 14 volunteer sub-
jects in their 20s who had already mastered skills in
Stages 1 and 2. Therefore, they did not require these two
stages in terms of experimental tasks assigned. They wore
markers on the top of the head, wrist, and instep with dif-
ferent colors. They also used two types of rope; normal
one at Stage 4 and a pair of special-cut ones for Stage 3'.
The duration of the experiment was three weeks and each
subject could try with enough space where the camera
recording had no stress with any ambiguous background.
The number of jumps in one trial was eight on average,
but we picked up five consecutive sets, excluding the first
and the last jump in order to avoid noise which were a
different movement in a jumping style. Despite the num-
ber of jumps, the subjects neither complained nor had dif-
ficulties of physical fitness.
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effects without a system support. They trained them-
selves between these processes and were asked to
answer the questionnaire for verifying the explicit rec-
ognition for success at each instance. The experimental
group used a proposed system with Stage 3’ and the
control group used the normal system without Stage 3.
We evaluated the performance each day in order to
decide whether the target subject could proceed to the
next advanced stage or not. Six training days were dis-
tributed to every subject within three weeks.

A pre-phase questionnaire asked experiences of
rope-skipping, and pre-trial was used for forming two
homogeneous groups in the experimental (named group
A) and control (named group B) ones. Pre-trial included
single-bounce with a rope, double-bounce without a
rope and with a rope. The difference between the groups
was only at Stage 3', which pertained to information
such as text-based summary and suggestions of the
next-time training in addition to the different graph rep-
resentation.

In the decision, we set an average score of succeed-
ing items, which is within the values of C.I. described in
Table 1. using eq. (1), where i is the label in six items, j
is the index of trials, n is the total number of jumps, and
Ok) is 1 if the item i at k is within the C.I., otherwise it
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sets 0.
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The value Q,; can be regarded as the indicator of the
performance score with respect to the item 7 at trial ;.
We successfully made homogeneous groups using this
value from a statistical viewpoint. The actual mean
value and standard deviation of success in each group
were 25.55 (N=7, s.d. 10.32) and 2539 (N=7, s.d.
10.78), respectively, at the pre-trial phase.

4.2 Evaluation of Obtained Data as the
Result

(1) Successful attempts

Initially, continuous success was registered in both
the groups. At the pre-trial phase, the number of players
achieving double-under more than once was three in
both groups, totaling seven members. The number of
successful players was similar in both the groups and the
time of continuing was one by each player. After the
experiment at post-trial, the number of achievements was
seven in group A and six in group B. However, the distri-
bution of continuing times varied. We tested the continu-
ing times of each group using the Brunner-Munzel’s test,
which did not assume normal distribution nor homosce-
dasticity. As a result, we obtained a p-value of 0.057
(<.10), which indicates a significant difference of 10%.
(2) Effect of a new step

Since the system offered Stage 3' for only group A,
we verified the difference of performance scores at the
pre-phase and post-phase stage in that group. We
obtained a p-value of 0.026 (<.05) by employing the
Welch’s test, which indicated a significance level of 5%.
(3) Comparison of each item

The system presents feedback information on each
item as described in Table 1. Here we checked the per-
formance scores of each item by comparing them within
the two groups. There we found two interesting results
in J2 and H2. J2 is the performance score of the relative
body size in landing where normal height at stable pos-
ture is set as 1.00. When the improvement from pre-
phase to post-phase was compared as the effect of the
training, we found a p-value of 0.060 (<.10) through the
Welch’s test. Next is H2, which is a score for the period
of the wrist movement cycle. The wrist movement needs
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relatively more training than others because it is a kind
of plyometric exercise. Based on this belief, we verified
the improvement score by the system support. It implies
that the comparison is made for the main training phase.
Thereafter, we obtained the difference in performance
score significantly, p-value 0.013 (<.05) by the Welch’s
test.
(4) Questionnaire

The results of the questionnaires asking the recog-
nition at the training phase were examined. Both the
scores before the training and after the training were
almost the same from a statistical perspective. The
scores of recognitions for performance improvement
were not significantly different, although some actual
performance scores indicated significance.

4.3 Discussion

With respect to the difference of recognition, the
results of questionnaire (4) of the former section indi-
cates almost the same score between groups. It suggests
that they intended to play rope-skipping in a better way
from their own perspectives. However, there were sig-
nificant differences in the two criteria described in (3) of
Section 4.2. At the outset, the posture at landing was
improved to match with the experts. It is a relatively
easy challenge for learners by performing consciously.
Therefore, we should recommend designing the posture
based on the expert’s position. Next, we found improve-
ments in H2 during the training supported by the sys-
tem. As the speed of the wrist movement was higher
than other body parts, system support was very useful
for immediate reflection with improvement.

According to (1) in Section 4.2, overall improve-
ment was recorded in the experimental group, which
was identified successively in times of consecutive dou-
ble-under. Six members could successfully play double-
under with more than one jump in the experimental
group, compared to only in a control group.

We received subjective comments from learners in
this experiment. A learner from group B claimed that he
had experienced difficulty in rope handling rather than
the expectation from the rope-less training phase, Stage
3. This was actually one of our motivations to reduce
the gap between such stages gradually. We also received
another comment from a subject in group B. He
believed that he performed involuntary movement with
different styles between stages with a rope and without a



ANEW STEP TOWARD MASTERING DOUBLE-UNDER SKILL WITH SUPPORTING APPLICATION OF IMAGE

PROCESSING

rope. This interrelates another motivation of our pro-
posal for improvement.

5. Conclusions

The study proposed incorporating a small new step
for the double-under training of the ARSA model. When
a beginner experiences difficulty in approaching one
training stage from another, a kind of scaffolding between
the two stages with a high gap contributes to the interpo-
lation. In the actual implementation of the new stage
inserted, we designed and implemented the technical
solution for analysis and feedback. Our project evaluated
the prototype focusing on the double-under in this context
and received several findings described in Section 4.3.

As for future implications, we should apply this
method to other tricks in rope skipping or other similar
movements.
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