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Manipulation Optimized with the Theory of Motor

Learning
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Abstract—This study developed a method for teaching
acupuncture manipulation in small groups optimized with the
theory of motor learning. Sixty acupuncture students and their
teacher participated in our research. Motion videos were recorded
of their manipulations using the lifting-thrusting method. These
videos were analyzed using Simi Motion software to acquire the
movement parameters of the thumb tip. The parameter velocity
curves along Y axis was used to generate small teaching groups
clustered by a self-organized map (SOM) and K-means. Ten groups
were generated. All the targeted instruction based on the comparative
results groups as well as the videos of teacher and student was
provided to the members of each group respectively. According to
the theory and research of motor learning, the factors or technologies
such as video instruction, observational learning, external focus and
summary feedback were integrated into this teaching method. Such
efforts were desired to improve and enhance the effectiveness of
current acupuncture teaching methods in limited classroom teaching
time and extracurricular training.

Keywords—Acupuncture, group teaching, video instruction,
observational learning, external focus, summary feedback.

I. INTRODUCTION

AS an alternative or complementary medical treatment,

acupuncture has been accepted globally for itits low

complication rate and minimal side effects. Therefore,

acupuncture education has gradually spread across the world;

its teaching institutions have also been established in many

countries, including China, [1] Japan, [1], [2] South Korea,

[1], [3] the United States, [4] Germany, Australia, [5]

and others. The systematic teaching content of acupuncture

includes meridian theory, acupuncture manipulations and

clinical practice. Basic acupuncture manipulations can be

divided into lifting-thrusting and twisting, which refers to

controlling the up-and-down and rotational motion of the

needle using the thumb and forefinger, respectively [6]. As

the main approach of acupuncture stimulation, acupuncture

manipulation has been proven to have a crucial impact on its

clinical efficacy; this idea has been supported by many modern

studies [7]-[10]. However, manipulations is often regarded

as difficult because it is challenging to be both skilled and

proficient.

The learning of acupuncture manipulations can be regarded

as a kind of motor learning. Numerous studies of motor

learning has reported factors or technologies that have been
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proved to optimize learning in the cognitive or motor domain,

such as the use of video instruction, [11] observational

learning, [12] external focus [13] or summary feedback, [11]

have already demonstrated their utility for medical training.

For instance, the study of Xeroulis GJ et al. showed that

video instruction can be as effective as summary expert

feedback in the instruction of basic technical skills to medical

students, and provides evidence supporting an increased role

of summary feedback to effectively train novices in technical

skills [11]. However, to date, no acupuncture education

institution has introduced the theory of motor learning

into teaching and training of acupuncture manipulations.

Traditional oral instruction and observation of teacher’s

manipulation were used consistently from ancient time [6]. In

addition, another two shortcomings of classroom teaching also

exist. First, the lack of quantitative approaches for assessing

the manipulations. Our previous work focused on solving this

problem with motion-video analysis, and several kinematic

parameters have also been proposed [14]. Second, the lack

of feedback for students. With the increasing popularity of

acupuncture, the number of students recruited by acupuncture

education institutions has accordingly increased each year.

Teachers do not have sufficient time in the classroom to give

each student summary feedback or targeted instructions during

the teaching process. Due to differences in the understanding

of different students, distinctions in the operation of the

same manipulation method among students were found in

some studies [15], [16]. Therefore, it is particularly important

for teachers to seek approaches that reduce the deviation in

student understanding and enhance the teaching effect using

the methods of other disciplines such as motor learning.

In this study, a small-group teaching method was developed

in order to provide the possible solution for the problems

listed above. Each group was received targeted instructions

optimized with the theory of motor learning after quantitative

assessment. All groups were based on clustering results of the

quantized data (the velocity curves for thumb operation of the

acupuncture needle derived from the motion video analysis

system) using a self-organized map (SOM) and K-means.

We hope such efforts can be used to improve and enhance

the effectiveness of current acupuncture teaching methods in

limited classroom teaching time and extracurricular training.
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II. METHOD

A. Participants

This study was approved by the Ethics Committee of

Yueyang Hospital, in affiliation with Shanghai University of

Traditional Chinese Medicine (reference no. 2016-108). One

class with Sixty students and their teacher were selected

from the Acupuncture-Moxibustion and Tuina School of

Shanghai University of Traditional Chinese Medicine as the

study participants. All students received measurements of

the basic acupuncture manipulation lifting-thrusting method

one-week after they finished the lifting-thrusting chapter in the

acupuncture and moxibustion techniques and manipulations

course [6] and had hands-on needling experience with the

human body.

B. Measurement Environment Configuration for
Quantitative Data

Prior to the measurement, an operation table was placed on

a level floor. After adjusting the legs of a tripod to a specified

length of 79 cm and the maximum angle, the tripod was placed

at a specified location on the floor. A camera was connected

to the positioned tripod; level adjustment was performed using

the system’s built-in leveling control within the camera to

ensure horizontal alignment of the lens. The distance from

the center of the lens to the floor was 84 cm, and the vertical

distance from the lens to the front edge of the experimental

operation table was 33 cm. The camera and the fill light were

both switched on. The camera parameters were set as follows:

aperture F7.1; shutter speed 1/1000 s; ISO 6400; auto white

balance; and optical zoom 33 mm.

C. Measurement Methods

Video Capture Method: (1) A small two-dimensional (2D)

calibration frame was placed vertically on the horizontal axis

of the operation table to permit the 2D calibration operation

of Simi Motion 3D version 7.5 (Simi Reality Motion Systems

GmbH, Unterschleissheim, Germany).

(2) All participants were seated on the right side of the

operation table, and a volunteer was positioned on the other

side to expose the acupuncture point LI11 (Quchi), located

at the lateral end of the transverse cubital crease connecting

acupuncture point LU5 (Chize) with the lateral epicondyle of

the humerus on the right arm.

(3) One trace mark was labeled using a thin marker on the

right thumb of each participant (Fig. 1 (A)). This mark was

located on the ulnar side of the thumb tip 0.1 inches superior

to the nail root corner and was defined as the thumb right

(TR).

A 0.3050 mm disposable stainless-steel acupuncture needle

(Shenli Medical & Health Material Co., Ltd. Wujiang, China)

was inserted at LI11 and was used to test the lifting-thrusting

method with video acquisition of the basic acupuncture

manipulation.

Video Processing: The same TR trace mark was established

in Simi Motion 3D. The 2D calibration frame was overlapped

with the real video in Simi Motion, and a rigid structural layout

of the fingers was established automatically (Fig. 1A).

After conducting analysis with Simi Motion, the velocity

along the Y axis for the TR of each participant was acquired;

a typical curve is shown in Fig. 1 (B).

Fig. 1 Configuration of the trace mark and velocity curves along the Y axis
of TR, as derived from Simi Motion 3D during the lifting-thrusting method.

Panel A shows an illustration of 2D calibration overlapping and the TR
trace mark. Panel B shows the velocity curves along the Y axis. A typical
single-cycle curve was fetched between adjacent crests or troughs and is

shown in green

D. Data Processing

Fetching a Typical Single-Cycle Curve: A typical

single-cycle curve for every participant was manually

fetched from the original continuous velocity curve. The

configurations of a single cycle were as follows. First, the

curves between two crests were selected (Fig. 1B). Based

on the data for the single-cycle curve, the average velocities,

cycles and time course for lifting (T1) and thrusting (T2) were

calculated for each group.

SOM Clustering: The single-cycle curves were then

grouped using a clustering analysis based on the SOM

algorithm first developed by Kohonen [17]. As a unsupervised

neural learning algorithm, SOM also represents a clustering

concept by grouping similar data together after an iterative

train. The raw data of the curves are mapped to 50 SOM

nodes on a 2D hexagonal grid. Each node is represented by

a n-dimensional weight vector m = [m1, ...,md], where d is

equal to the dimension of the input vector.

The steps of SOM algorithm are listed as follow:

1) A vector is chosen at random from the set of training

data.

2) Every node is examined to calculate which weights are

most such as the input vector x using some distance

measure. The winning node is commonly known as the

Best Matching Unit (BMU), denoted here by c:

||x−mc|| = min
i
{||x−mi||}, (1)

where ||.|| is the distance measure.

3) The neighborhood of the BMU is then calculated. The

number of neighbors decreases over time.

4) The winning weight is rewarded by becoming more such

as the sample vector. The neighbors also become more

such as the sample vector. The SOM update to the rules

for the weight vector of unit i is:

mi(t+ 1) = mi(t) + α(t)hci(t)[x(t)−mi(t)], (2)
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where t denotes time. The x(t) is an input vector that is

randomly drawn from the input data at time t, hci(t) is

the neighborhood kernel around the winner unit c and

α(t) is the learning rate at time t.

When the node is closer to the BMU, the more its weight

gets altered; conversely, when a neighbor is farther away

from the BMU, the less it learns.

5) Repeat step 1 for N iterations

The SOM clustering was completed when all iterations had

finished. Two evaluation criteria are used for evaluating the

SOM quality, namely, data representation accuracy and data

set topology representation accuracy. There are many ways

to measure these criteria. The implemented measurement

methods described below were chosen for their simplicity.

1) Qe: Average distance between each data vector and its

BMU. Measures data representation accuracy.

Qe =

n∑

i=1

||x−mc(x)||
n∑

i=1

||x||
, (3)

2) Te: Topographic error, the proportion of all data

vectors for which the first and second BMUs are not

adjacent units. Measures data set topology representation

accuracy.

Te =
1

n

n∑

i=1

u(x), (4)

where n denotes sample size.

Smaller values for these two indicators denote a higher quality

of SOM clustering.

K-Means Clustering: K-means [18] was performed for

secondary clustering by zoning the grids of the SOM; it

classified the data into k clusters. The main idea is to define k

centers, one for each cluster. Table 1 shows the algorithm. To

select the best k among different clusters, each cluster can be

evaluated using some kind of validity index. In our work, we

used the Davies-Bouldin index [19], which minimizes the ratio

between within-cluster distance and between-cluster distance,

thus indicating good clustering results for spherical clusters

with low values. The Davies-Bouldin index was calculated by

specifying the desired small teaching group number over an

interval from 5 to 10; the best clustering result was obtained

by identifying the minimal Davies-Bouldin index.

Programming: In this work, SOM and K-means clustering

were conducted using the SOM toolbox in MATLAB[19]. The

SOM was trained using sequential versions of the algorithm

for the data in two phases: a rough training with a large initial

neighborhood width and a fine-tuning phase with a small initial

neighborhood width. The training lengths of the two phases

were both 10 epochs. The generated clusters were defined as

small teaching groups.

III. RESULT

The sample sizes, average velocities, cycles, and T1 and T2

values of each group are shown in Table II. Ten groups were

generated, with Qe = 5.375 and Te = 0. As shown in Fig.

2, Groups 4, 6, 7, 9, and 10 showed a relatively high degree

of feature concentration. In contrast, with the large standard

deviation of kinematic parameters found in all the samples

and in our previous study, [14] low dispersions were found for

most of the groups, especially in the ones including more than

five samples, providing additional evidence of high-quality

clustering.

The manipulation data of the teacher was classified into

cluster four, which also included nine students. Therefore,

group 4 can be regarded as the standard group for this method.

Compared with the other groups, Groups 1, 2, 3, 5 and 8

featured a lower velocity and a correspondingly longer cycle.

Groups 7 and 9 showed a higher velocity and shorter cycle.

Groups 6 and 10 showed a higher velocity and a longer cycle,

indicating that greater motion amplitude was generated.

In terms of T1 and T2, the standard group featured similar

time intervals for lifting and thrusting; this characteristic was

also found in Groups 2, 3, 7, 8, 9, and 10. Thus, the members

of these groups showed better temporal control ability. T2 was

much greater than T1 in Groups 5 and 6; the opposite result

was found only in Group 1.

Based on the above findings, several targeted instructions

for adjusting manipulation can be summarized for each group,

except Group 4, as shown in Table III. All the targeted

instruction as well as the videos of teacher and student will

be provided to each group respectively. During the classroom

and extracurricular practice, students were required to reach a

certain period of video observation simultaneously.

IV. DISCUSSION

According to the theory and research of motor learning,

some optimizing factors or technologies were integrated into

this small group teaching method. First, instruction and

quantitative assessment based on motion video analysis. To

our knowledge, this technology was used in instructing and

assessing the acupuncture manipulation for the first time. But it

has been widely applied to the teaching of finger-related skills.

For instance, the baseball pitching [20] and piano playing[21].

Studies has proved that video instruction can make efficient

use of faculty time and serve as a useful pedagogic adjunct for

basic skills training [11]. With the help of video instruction,

fewer face-to-face teaching is required, and fewer geographic

and temporal constraints are placed on both teachers and

students [22]. Furthermore, It’s reported that learning can

be enhanced when learners have the opportunity to make

decisions about aspects of practice conditions such as skill

demonstrations, [23], [24] even small or incidental choices

that do not have direct task relevance can provide sufficient

performance enhancement [25], [26]. Video instruction allows

learners to progress at their preferred pace, the teacher’s video

can be repeated, interrupted or resumed at will of students,

which may provide additional autonomy support for students.

Second, observing the videos combined with manipulation

practice can be considered as a typical observational practice.

Compared with single physical practice, previous findings

showed it is typically not effective, [27] but research has
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TABLE I
PROCEDURE OF THE K-MEANS ALGORITHM

No. Procedure
1 Initialize the number of clusters, k, and k means vectors, μ1, μ2..., μk .
2 Classify the input vectors according to the closest means vectors, μi.
3 Re-compute μi.
4 If there are any changes in each μi for all input vectors, return procedure 2.

Otherwise stop.

Fig. 2 Clustering result for the lifting-thrusting method. (A) Clustering result after SOM; all the samples were clustered into a regular two-dimensional grid.
(B) Secondary clustering result of K-means; different colors represent different clusters. (C)-(L) Separate illustrations of the velocity curves of Groups 1-10
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TABLE II
SAMPLE SIZE AND MOTION PARAMETERS FOR EACH CLUSTER OF THE LIFTING-THRUSTING METHOD

Group Sample size (n) Average velocity (cm/s) Average cycle (s) T1 (s) T2 (s)
All 61 1.2950.713 1.4840.678 0.7300.352 0.7540.389
1 2 3.320.448 0.8620.251 1.5340.185 1.0670.240
2 2 2.6360 0.4110.078 1.5840.259 1.7340.188
3 11 0.7880.263 1.7550.322 0.8120.160 0.9430.345
4* 10 1.1220.295 1.1210.065 0.5930.136 0.5270.132
5 2 0.9090.415 2.3680.235 1.0010.047 1.3670.283
6 7 1.2740.223 1.2910.076 0.5760.146 0.7140.169
7 9 2.7410.368 0.8670.044 0.4330.057 0.4330.072
8 2 0.5290.241 2.9690/802 1.5010.141 1.4670.660
9 6 1.2980.408 0.7610.140 0.3940.049 0.3660.094
10 9 1.4970.096 1.4840.678 0.7300.087 0.7670.104

This group included the manipulation data of the teacher and was defined as the standard group.

TABLE III
TARGETED INSTRUCTIONS FOR EACH SMALL TEACHING GROUP WITH THE LIFTING-THRUSTING METHOD

Group Targeted instructions
1 Significantly increase the manipulation velocity, especially the lifting

velocity, and shorten the operating cycle.
2 Slightly increase the manipulation velocity and significantly reduce the

motion amplitude to shorten the operating cycle.
3 Slightly increase the manipulation velocity and shorten the operating cycle.
5 Slightly increase the manipulation velocity, especially the thrusting

velocity, and significantly reduce the motion amplitude to shorten the
operating cycle.

6 Slightly reduce the manipulation velocity and motion amplitude to shorten
the operating cycle, especially the time intervals of thrusting.

7 Significantly reduce the manipulation velocity and motion amplitude and
extend the operating cycle slightly.

8 Significantly increase the manipulation velocity and reduce the motion
amplitude to shorten the operating cycle.

9 Slightly reduce the manipulation velocity and increase the motion
amplitude to significantly extend the operating cycle.

10 Slightly reduce the manipulation velocity and significantly reduce the
motion amplitude to shorten the operating cycle.

indicated that observational practice offers the learner a chance

to conduct processing that could not occur simultaneously

with physical practice, which provide unique and important

contributions to learning [28], [29]. Shea CH et al. [12]

explained this finding at a behavioural level that observation

may give the learner unique opportunities either to extract

important information concerning appropriate coordination

patterns and subtle requirements of the task or to evaluate

the effectiveness of strategies that would be difficult, if not

impossible, if he or she were to prepare and execute an

impending movement concomitantly. In our method, a certain

amount of observational practice was scheduled for students

to re-examine their own skills and extract more informations

from the video of teacher.

Third, external focus. Our previous work has provided an

advice for teachers that a focus on guiding students to increase

the motion amplitudes along the X axis by training them to

appropriately flex their PIP is advised [14]. However, this

advice induces a typical internal focus of attention according

to the theory of motor leaning. It has been demonstrated in

many studies that internal focus of attention on performers

movements of body parts such as fingers, hands, etc. are

relatively ineffective. On the contrary, directing attention to

the task goal of the individuals movements, (e.g., implement

trajectory, exerting force against the obstruction) will induce

an external focus and generally result in more effective

performance and learning [30]-[32]. Because An external

focus is an important contributor to goal-action coupling [33].

In this method, we adjusted the previous measurement scheme,

only one trace mark on thumb tip was placed for measurement.

Although it was still a part of human body, due to the

connection between the needle handle and the tips of thumb,

forefinger tip, thumb tip, and needle can be regarded as the

different points of same rigid structure, the needle movement

can be represented by TR on kinematic parameters. Therefore,

all the targeted instructions were based on the comparative

results of needle movement between standard group and other

groups, and the external focus was expected to be induced for

more effective and efficient learning.

Finally, the targeted instructions were summary feedbacks.

Many studies have argued the role of feedback in the

performance and learning of medical skills [34]-[36]. Although

the methods and types of feedback have obvious relevance

for medical training and goal setting has been shown to

enhance learning, [37] a caveat of such studies is that the

amount and type of feedback are often confounded. Some

findings indicate that the motivational properties of feedback

can have an important influence on learning. For example,

the research of Kernodle et al. [38] showed motion video

combined with information feedback (eg. correction guidance)

can lead to significant gains in skill acquisition, but studies also

indicatted that performance is above or below expectations

especially when presented repeatedly may have positive or

negative effects on learning [39]-[41]. Although there was no
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better or worse judgement in our teaching method, students in

the standard group might have positive motivations that will

benefit their learning, and the opposite results may also exist

in other groups. Therefore, a control study is necessary for

verifying the role of augmented feedback.
The grouping scheme in our study is designed to cluster the

students with similar manipulation for improving instruction

efficiency, it was similar to homogeneous group teaching, [42]

which provide extra benefits for learning. According to related

research on homogeneous group teaching [42]-[44], we predict

that this type of teaching method will facilitate communication

and interaction among students both between groups and

within groups. For example, students in the standard group

can help train students in other groups during their spare time,

and students within the same group can instruct each other.

This method also contributes to the evaluation of teaching

effectiveness in a relatively simple way, e.g., the observation

of the sample size in the standard group by re-measurement

and clustering analysis after a period of targeted instruction

and training.
There has been no significant breakthrough or improvement

in acupuncture teaching methods for many years; this

study establishes a grouping scheme for basic acupuncture

manipulation optimized with the theory of motor learning.

This is very urgent in our future work that control study

and evaluation of the effectiveness of this teaching method

should be performed. Moreover, after this first attempt at the

most basic manipulation, further efforts is needed to apply

this method to the learning of other single or compound

acupuncture manipulations.
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