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Effectiveness of ontology-based learning material of
acupuncture and moxibustion for visually impaired people
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Summary

In this study we developed learning material of acupuncture - acupoints and meridians - for visually
impaired people. For this learning material, we used ontology to construct the relations between the
concepts in the acupuncture and moxibustion field which also enables tactical understanding similarly as
visual understanding. We then used our learning material in the acupuncture lecture for visually
impaired students, and quantitatively analyzed its efficacy to compare the results with the group which
did not use the learning material. As a result, the students, who used our learning material, scored
significantly higher in the examination than the students of non-use group (P < 0.001), suggesting that

our learning material was effective for learning of acupuncture theory.
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1. Introduction

Acupuncture and moxibustion have long been a career for the independence of visually impaired
people and it has been a part of public policy in Japan since 17th centuryl). In fact, vocational education
to acquire qualification of practitioner in acupuncture and moxibustion, massage practitioner and
acupressure therapist2> 1s carried out for the visually impaired (completely blind or partially-sighted)
people in such educational facilities as special schools for congenital blind people and the National
Rehabilitation Centers for Persons with Disabilities for people who acquired vision loss in their lives. In
these facilities teachers consider the visual handicaps when providing education and attempt to develop
more effective methods. However they only use the learning material for the sighted students which is
then translated in Braille, in the lessons of Oriental medicine theory. In the standard textbooks of
Oriental medicine theory to educate visually impaired people in Japan, we can only find text, namely
braille for visually impaired peop1e3)4). This situation makes it difficult for the students with visual
impairment to understand the theory of Oriental medicine, because it requires logical and systematic
comprehension.

Most of the previous studies on education for acupuncture and moxibustion field discussed clinical
training of acupuncture manipulation techniques and procedures, or focused on the educational system.
In addition, those studies usually intended the sighted students as learners. Some studies intended

" or reports of the use and the efficacy of

visually impaired students, but they were survey studies””
tactile graphics or physical simulation model to understand physical ones such as microorganisms and
human body and its vital signsS)g). There is no study for teaching methodology or learning material for
visually impaired students that would assist logical and systematic comprehension.

Ontology is a fundamental method of knowledge processing to formalize and systematize concepts
and background information, and the relations between them'?. Ontology describes concepts in a specific
domain by means of the relation between their meanings and other concepts. The concepts are
formulated by adding specific instances, properties, hyponymy relations, and part-whole relations to the
corresponding terms. The ontology is then constructed by using is-a relations and/or part-of relations
of the concepts. Is-a relations represent super-sub relations as in the example “a dog is a mammal.”
Part-of relations represent part-whole relations such as “fingers are part of a hand.” The ontology thus

describes, in a systematic fashion, the information known about the domain to which the concepts

belongn). Ontologies in various fields have been reported. For example, the REA (Resource-Event-Agent)
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Enterprise Ontology for economic phenomenalz), the W3C Food Ontology for food descriptionsl3) and the

), ontology for

Gene Ontology for gene function'”. In the field of education, K-12 educational ontology15
profession theory, and Smarties educational scenario authoring tool in OMNIBUS project16) have been
reported. In medicine, Medical Ontology has been reportedm. In the field of Oriental medicine, Japan
Society of Oriental Medicine started to construct an ontology of Kampo domain including crude drugs of
Chinese herbs and a Unified Traditional Chinese Medical Language System (UTCMLS)IB) is being
developed in China.

Ontology describes concepts and the relations between them by using tree diagram. We then
hypothesized that ontology-based learning materials could be useful for learning the theory that
requires logical and systematic comprehension and that it could be adapted for acupuncture and
moxibustion theory. In this study we constructed ontology for the domain of acupuncture and
moxibustion and developed a material for visually impaired people to learn its theory. We especially
focused on acupoints and meridians, that requires systematic comprehension and therefore is difficult
subject to learn for them and examined the efficacy of our method to make such materials. The aim of
study is to clarify the usefulness of ontology-based learning materials for logical and systematic

comprehension.

2. Methods

2.1 Methodology for ontology construction

From among the three methodologies available for ontology construction — TOVE, Enterprise
Model Approach, and METHONTOLOGY — we chose METHONTOLOGY for developing our Kampo
ontology because it is appropriate for academic use and is easy to modify or implement after
construction. Specifically, we constructed the ontology in the following order: (i) specification, (ii)

conceptualization, (iii) formalization, (iv) integration, and (v) implementation.

2.2 Specification and Conceptualization of terminology of acupuncture and moxibustion

First, we extracted terms of acupuncture and moxibustion from textbooks of acupuncture and
moxibustion that are used in National Kobe Rehabilitation Center for the Visually Disabled: “Basic
theory of acupuncture and physical therapy I (fundamental theory of Oriental medicine)”g) and “Basic
theory of acupuncture and physical therapy II (Outline of acupoints and meridians)”4).

After we extracted the terms, we manually determined the corresponding concepts, which are the
meanings of the terms, by using the texts in the source books from which the terms were extracted. We

assigned the same concept to synonyms, which are different terms with an identical meaning. We

prepared multiple concepts for a single polysemic term.

2.3. Definition sentences for concepts and assignment of attributes (Formalization)
After determination of the concepts, we prepared a definition sentence for each concept. We built the

definition sentences and assigned the attributes to the concepts on the basis of the texts in the source
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books. Attributes are constituent elements of a concept that conceptualize the nature of the conceptm) .
Attributes are inherited according to hyponym relations between concepts, and a specific value is set at
the hyponym. For example, the concept “meridian vessel” has attributes such as relevant viscera and
bowels and anatomical sites where the meridian runs along the human body. Its hyponym “lung
meridian” has “lung” as a value for viscera and bowels and “anterolateral of the arm” as a value for
anatomical sites. For relations of the concepts, we used the is-a relation and the part-of relation for

hyponymy relations and part-whole relations, respectively.

2.4 Integration and implementation of ontology

After specification, conceptualization and formalization, we constructed ontology which consists of
22 education items according to the Guideline for Education of Acupuncture and Moxibustion which is
issued by the Ministry of Health, Labour and Welfare, Japan. Our ontology was implemented on a PC
(Intel Core 2 Duo, 2.5 GHz, Windows XP Professional Edition SP3, 4 GB RAM, 250 GB HDD) by using

Hozo ontology editor®.

2.5 Development and use of ontology-based learning material of acupuncture and moxibustion for
visually impaired people

We developed learning materials from our ontology as follows: Four education items - Classification
of meridians, four confluence points and lower sea points of the six bowels, eight meeting points and
confluence points of the eight vessels, and alarm points and transport points - were selected from our
ontology for the learning materials in the scheduled lecture in National Kobe Rehabilitation Center for
the Visually Disabled. Then the selected parts of the ontology were printed out in tactile Braille and in
embossed figures so that the visually impaired students could gain the same comprehension as visual
comprehension by tactile perception (Figure 1) by using special paper and a tactile graphics embosser
(YMT-1, Chiyoda denki kogyo Co., Ltd., Nagano, Japan). We also printed ordinary characters or Kana

and Chinese characters on the same sheets for the students who wished to read by using residual vision.

[The Three Yang Meridians of Hand] 88 3* .8 ** 8 ee 5] 8
Large Intestine Meridian | .8 e» 838 o+ 508 ° g8
Tianshu (ST25) ] 28 .z °% e»
[Triple Energizer Meridian] ° o3 »

Shimen (TE5)] 32 %, 8 .2
Small Intestine Meridian | o* 3 5 oo ° of

[Guanyuan S14)] °, oz * %0 .2

Figure 1. Our ontology-based learning material.

2.6 Lectures of acupoints and meridians by using ontology-based learning material
We then used this learning material in the lectures of acupoints and meridians in order to examine

its efficacy. Total of 17 students of National Kobe Rehabilitation Center for the Visually Disabled (15



Table 1. Condition of the students

Grade of Years from the onset of
disability visual disturbance

Learning with ontology-based learning material

Age Sex Disease

48 M Leber disease 2 8
52 M Retinitis pigmentosa 2 17
35 M Leber disease 3 3
47 M Retinitis pigmentosa 2 8
27 M Retinitis pigmentosa 2 16
62 M Macular degeneration 2 30
56 M Chorioretinal disorder 5 4
31 M Retinitis pigmentosa 5 12
21 F Retinitis pigmentosa 2 20
42 M Glaucoma 2 7
Learning with ordinary textbooks

54 M Retinitis pigmentosa 5 12
31 M Retinitis pigmentosa 2 8
21 M Retinopathy of prematurity 3 20
38 M Retinitis pigmentosa 2 25
29 F  Microphthalmia 2 29
53 M Occludable retinal vasculitis 2 16
50 M Diabetic retinopathy 1 6

=
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Table 2. Definition of the grade of visual disturbance

Grade Definition
Grade 1« The binocular visual acuity =< 0.01
Grade 2 - The binocular visual acuity is between 0.02 and 0.04
« Angle of binocular visual field < 10 degree and
the rate of visual field defect > 95%
Grade 3 - The binocular visual acuity is between 0.05 and 0.08
« Angle of binocular visual field < 10 degree and
the rate of visual field defect is between 90% and 95%
Grade 4 - The binocular visual acuity is between 0.09 and 0.12
« Angle of binocular visual field < 10 degree
Grade 5 -+ The binocular visual acuity is between 0.13 and 0.2
« Binocular visual field defect > 50%
Grade 6  + The monocular visual acuity of one eye = 0.02 and

that of the other eye = 0.6 and
binocular visual acuity = 0.2

males and 2 females; age 38.71£12.92 years; range 19-59) were enrolled in our experiment (Table 1, 2).

First, these students were grouped into two groups according to everyday class at school: 10

students using ontology-based learning material for a

ordinary textbooks in Braille.

certain period of time and 7 students using only

Lectures and total 4 examinations were carried out in the time course as shown in Figure 2. The

style of each lecture of total 45 minutes was repetitive
and the last 20 minutes for the same contents in the
first half. Each examination consisted of 20
questions. Students were asked to select the correct
name of meridian or acupuncture point from 4
choices in each question (Table 3). Question sets were
different for every examination. In the lectures
before the first, second and 3rd examinations, we
used only the ordinary textbooks for both groups to
analyze the difference of the basic academic
achievement between the two groups. After the 3rd
examination, we used our ontology-based material in
the total 8 lectures in consecutive 4 weeks for the
group with ontology-based learning material as
follows: ordinary textbooks in the first 25 minutes
and our learning material in the last 20 minutes for
the same contents in the first half. As for the other
group, we continued the same repetitive lecture using
the ordinary textbooks only.

We then compared the scores of total 4 examinations

for both groups to analyze the students’ proficiency

learning, which consisted of the first 25 minutes

Lectures with ontology-based
learning material

. : Examination for acupoints and meridians

— : Ordinary lectures

Learning with
ontology-based
learning material
(n=10)

Learning with
ordinary textbooks
(n=7)

2012

2011
Apr Jul Nov Jan Feb
L L ]
I L] 1
First Second
semester semester

Figure 2. Lectures and examinations carried out in this study.

Table 3. Some examples of the question in the examination

Which belongs to the Yin meridian of the Eight extra meridians?
1. Dai Meridian 2. Chong Meridian

3. Governor Vessel 4. Yanggiao Meridian

Which is right combination of the connecting point and the source point?
1. Neiguan - Daling 2. Waiguan - Hegu

3. Tongli - Taibai 4. Guangming - Jinggu

Which is right combination of the meridian and its accumulation point?
1. Liver Meridian - Zhangmen
2. Heart Meridian - Danzhong
3. Stomach Meridian - Tianshu
4. Small Intestine Meridian - Guanyuan
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of acupoints and meridians and the effect of ontology-based learning material by statistical analysis. We
also analyzed the effect of ontology-based learning material by the questionnaire for the change of
learning motivation of the students and the relative change of the time for independent learning during
our experiment.

Students in the group with ontology-based learning material were announced after the 3rd
examination that they would use ontology-based learning material for 4 weeks and the take the 4th
examination. The other group was not announced about ontology-based learning material during the
experiment. In addition, both groups were not announced that they would use different materials until
the last examination was finished. This study was performed according to the Basic Act for Persons
with Disabilities (Japan Ministry of Health, Labor and Welfare). All students who participated in this
study were given informed consent for inclusion in the study. The students' personal information was

kept confidential to prevent any potential difficulties.

2.7 Statistical analysis
Statistical analyses were performed with the R software’". Differences in the test scores were tested
by ANOVA with Tukey post-hoc tests. Data are presented as the mean = s.d. A p value <0.05 was

regarded as significant.

3. Results

3.1 Extraction of terms for theoretical knowledge, determination of concepts, and formulation of
definition sentences

For the ontology construction, we extracted 594 terms from “Basic theory of acupuncture and
physical therapy I (fundamental theory of Oriental medicine)” and 615 terms from “Basic theory of
acupuncture and physical therapy II (Outline of acupoints and meridians)”. We then selected 587 terms
and determined corresponding 587 concepts from ”Basic theory of acupuncture and physical therapy I
(fundamental theory of Oriental medicine)” and 672 concepts from “Basic theory of physical therapy II
(Outline of acupoints and meridians)” (Table 4). We then created definition sentences and attributes of
the concepts that were based on these source books. As a result, we found no contradiction in the
definition sentences between the two source books. We then constructed the ontology by using 396

concepts that are common in both books.

Table 4. Document sources, number of extracted terms, and
number of determined concepts.

Document sources of Extracted Common Determined Common
concepts and relations terms terms in concepts for concepts in
two books 587 terms two books

Basic theory of

physical therapy |
(Fundamental theory of 594 587
Oriental medicine) 587 396

Basic theory of

physical therapy Il 615 672
(Outline of acupoints

and meridians)
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3.2 Characteristics of our ontology

Figure 3 shows our ontology. Since the two source books are based on the Guideline for Education of
Acupuncture and Moxibustion, our ontology has 22 subtrees which correspond to the 22 education items
in the Guideline: 14 items of acupoints according to location on the body surface and 8 items according to
meridians in which acupoints are grouped based on Oriental Medicine theory (Table 5).

The attributes which we added to the

Table 5. Classification of acupoints and meridians in the
concepts are as follows: meridians, classification source books.

of acupoints into five phase points and/or five 1) acupoints on the forehead

2) acupoints on the temporal head

transport points, and acupoint locations. Each 3) acupoints on shoulder and back

concept of acupoints was defined as constituent 4) acupoints on breast '
5) acupoints on upper abdomain
of meridians and was described as part-of 6) acupoints on hip and rear femur
. 7) acupoints on lower abdomain and front femur
relations. 8) acupoints on lower leg (inner) and sole
9) acupoints on lower leg (outer) and acrotarsium
a. b 10) acupoints on front surface of upper limb
<owl:Class rdf:ID="Collaterals"> 11) acupoints on rear surface of upper limb
eridians and ollaterals . <rdfslabel>Meridians</rdfs:label> ) ;
[Meridians N <rdfs:subClassOf rdf:resource="#The syatem 12) aCUpOlmS on dermatome (Upper “mb)
P of meridians and collaterals" /> i i
—‘18: Rmeiular Meridians <rdfs:subClassOf> 12; acupo!nts on dhermatomle (|OIWGI' Ilmb)
attribute-of <owl:Restriction> acupoints on the same leve
{The Three Yin Meridians of Hand | I:cardinalit ificati idi
= ZK.'.LEEZL". M:'_"'“"“' Hend e dtatypen hitp v W3.0rg2001/ 15) classification of meridians and collaterals
abutet XMLSchema#nonNegativelnteger'>1 16) classification of meridians
</owl:cardinality> R )
atitbute-of <owl:onProperty rdf:resource="#has_role" /> 17) alarm points and transport points
</owl:Restriction> 1 lef d . . d
e <rdfs:subClassOB> 8) source, cleft, and connecting points an
<sdfs:subClassOf> five transport points
attribute-of <owl:Restriction> .
<owl:onProperty rdf:resource="#has_role" /> 19) four confluence points and
<owl:allValuesFrom rdf:resource="#Any" /> | . t fth . b |
attribute-of </owl:Restriction> ower sea points o € six bowels
</rdfs:subClassOf> 20) extra points
</owl:Class>

21) eight extra meridians
22) eight meeting points and

Fi . Part of t i WL tati f . .
igure 3. Part of tree view (a) and OWL representation o confluence points of the eight vessels

our ontology (b).

3.3 Effect of ontology-based learning material on learning achievement in acupoints and meridians
We compared the scores of the 4 examinations on acupuncture and meridians. As a result, no
significant differences in the scores were observed between the two groups in each examination from the
first to 3rd one, but in the 4th examination, before which we introduced our ontology-based learning
material in the lectures, the group of students with our learning material scored significantly higher
than the group with only ordinary textbooks (Figure 4) (P < 0.001). Comparisons among the 4
examinations in each group were as follows: in the group with our ontology-based learning material, the
scores of the 4th examination were significantly higher than the scores of the first and 3rd examinations
(P < 0.05 and P < 0.01, respectively) and the scores of the second examination was significantly higher
than that of the 3rd one (P < 0.05) (Figure 4). No other significant differences of the scores were observed
among the examinations. In the group with ordinary textbook, there were no significant differences
among the examinations except the scores of the 4th examination which were significantly lower than

that of the second examination (P < 0.01, data not shown).
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. Learning with ontology-based learning material

[ ] Learning with ordinary textbooks
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Examination scores of
acupoints and meridians

Lecture without ontology-based material 4th

1st examination 2nd examination 3rd examination
*, P<0.05; **, P<0.01; ***, P<0.001.

Figure 4. Learning effect of ontology-based learning material.

4. Discussion

In this study, we developed ontology-based learning material for the visually impaired people to
clarify the effectiveness to utilize ontology in the education of acupuncture and moxibustion. Indeed our
ontology-based material was introduced in the lecture of acupoints and meridians for visually impaired
students and evaluated for its learning effects. As a result, no significant differences of the scores were
observed between the two groups until the 3rd examination before which all the students studied with
ordinary textbooks. However in the 4th examination, the scores of the group with ontology-based
learning material was significantly higher than that of the other group. This significant difference may
not be only based on the 4th lecture with the ontology-based learning material, but also the three
consecutive lectures with the ordinary textbook. It may suggest that the students have learnt and
memorized the terms for acupuncture and moxibustion first with the ordinary textbooks and then could
understand the relations or hierarchical structure of the terms with the ontology-based learning
material. Whatever the case, the result suggests that the addition of ontology-based learning material
enhanced learning of acupuncture and moxibustion for the visually impaired students.

We then compared the scores among the 4 examinations in each group. The result showed some
changes of the scores in each group (Figure 4). These changes may be caused by the different question
sets among the examinations and therefore the degree of difficulty of each examination may have
changed.

In our analysis of the examination scores that we compared the 3rd and 4th examination of
acupuncture and meridians, we found that 6 out of 17 students gained their scores by more than 20
points. What the 6 students have in common was that they used our ontology-based learning material
and commented in our questionnaire that they were motivated by our ontology-based material and so
willing to learn independently. There was a significant difference in the increase of the scores of the 4th

examination between the 6 students with 20 points up (24.1£8.0) and the other 4 students (5.0£10.8) out
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of total 10 students in the group with our ontology-based learning material (P < 0.05, data not shown).

The undeniable possibility is that the increases of their independent learning time could be one of
the reasons why the 6 students had the score improvements. We investigated the relative increases of
such time in 5 levels in comparisons between before and after the use of the ontology-based learning
material: the levels are learned “very much” for 5 and “a little”, “not so much”, “no”, “not at all” in
descending order. The result of our questionnaire showed that 7 out of 10 students in our ontology-based
learning material group, which includes the 6 students, stated that their independent learning time was
relatively increased in the level 5 and 2 students stated the level 4. The 10th student stated the level 3
that means the independent learning time was not so much changed. However, in the comparison
between the 3rd and 4th examination, one out of the 7 students with the level 5 scored 10 points lower,
that is from 100 to 90 points and the one student with the level 3 scored 10 points higher, that is from 90
to 100 points. Although their answers are subjective and the data are not the specific number of hours,
this result of our questionnaire suggest that the significant difference of the scores in the 4th
examination between the ontology-based learning group and the ordinary textbook group is not simply
due to the increased independent learning time, but the fact that our ontology-based learning material
developed more detailed understanding of the students toward acupoints and meridians. The limitation
of our experiment was the bias that may have caused by the teacher because the teacher inevitably knew
the use of our ontology-based learning material.

Our questionnaire also asked free comments on our ontology-based learning material to the students
of both two groups. The group with ordinary textbook was given the materials after the 4th
examination to touch and asked the impression on the materials. All of the students commented
favourably except 3 students who commented nothing in particular. Specifically, the students with
ontology-based learning material stated that the novel learning material with tree diagram of ontology
was the reason for the improvement of learning motivation (Table 6). This suggests that the academic
development can be caused by the change of learning method from memorization-only study to the ones
that allow understanding of a logical system as a structure. Our method to use ontology-based material
seemed to work effectively because it used Braille and tactile diagrams to achieve tactile understanding
as well as visual understanding.

Table 6. Comments from the students

The ontology-based learning material was very useful
that | could learn by connecting concepts like a tree diagram.

| felt that this method can be applied to other subjects.
This learning material represented just what | constructed
in my mind.

| prefer white letters with black background for the learning
material.

I would like larger font size.
| would like spaces between letters to be broader.

I would like the Braille dots much harder for long time study.

Some students commented that they preferred black background with white lines and characters in
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our material. Indeed Sashima reported the relation between suitable contrast of learning materials for
the visually impaired people and learning efficiency. They report that the lower contrast sensitivity of
the visually impaired people decreases their eyesight and leaning efficiency22). This points out
improvement point of our learning material. There was another comment from a student that ontology-
based learning material could be applied to other subjects such as anatomy. Some students in National
Kobe Rehabilitation Center for the Visually Disabled engaged voluntarily in the development of other
ontology-based learning material after our experiments.

In conclusion, our ontology-based leaning material of acupuncture and moxibustion was
demonstrated to be effective for the education of visually impaired people. We would like to offer optimal
learning materials for people with acquired vision loss according to their symptoms and severity of

defect in vision, and continue to develop effective learning materials.
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