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Abstract

Traditionally, tongue diagnosis depends solely on personal knowledge and
experience of the practitioner. Lack of scientific verification and manifestation of low
agreement in diagnosis are critical issues frequently debated and challenged by
healthcare providers. The root for causing this skepticism can be traced back to
medical school years when TCM doctors receiving formal training. With no other
options available, the teaching of tongue diagnosis was resorted to traditional
classroom lecture and textbook with a limited number of illustrations. The exemplary
illustrations, usually acquired under poorly controlled lighting environment and
printed with low color quality, were misleading at least. This situation is expected to
change with the development and recent reliability validation of ATDS [16]. If the
knowledge base embedded in ATDS, containing a huge number of high-quality
clinical images along with the corresponding tongue features extracted, can be
demonstrated as a feasible alternative to the traditional teaching methodology of
tongue diagnosis, the major cause for the diagnostic discrepancy can be eliminated. In
light of this observation, this paper investigates the efficacy of applying ATDS to the
training of novice TCM doctors in the tongue diagnosis. Only through the
improvement of diagnostic consistency, can the skepticism surrounding TCM be
lifted.

A two-round experiment composed of pre- and after-training tests was performed.

Two groups of TCM doctors were formed by experienced doctors (ED) and novice
doctors (ND). The intra- and inter-observer agreements for ED and ND groups, and
the inter-observer agreements between ATDS and ED, and ATDS and ND were
derived first. After a one-month training of the novice doctors, the intra- and
inter-observer agreements of the ND group, and the inter-observer agreement between
ATDS and ND were obtained. The kappa value of agreement data for ND after
training is significantly higher than ND before training with a level of p<0.05,
indicating an obvious improvement of intra-observer agreement for ND after training
with ATDS. The inter-observer agreements for ED group, and ND group after training
are significantly higher (Student’s #-test, p<0.05) than the ND group before training.
In contrast, no significance (p>0.05) is observed between the ED group and the ND
group after training, indicating that physicians in the ND group achieve an
inter-observer agreement to the same level as that of experienced doctors after
one-month training. This finding validates the utilization of ATDS as a mean of

education in forging consensus during the learning process of tongue diagnosis.

Keywords: tongue diagnosis, Automatic tongue diagnosis system (ATDS),

Intra-agreement, inter-agreement.
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1. Introduction

Complementary and alternative medicine (CAM) is a medical practice which is not
considered as a formal branch of western medicine. With regard to CAM,
complementary medicine is conducted in conjunction with the practice of western
medicine, while alternative medicine is taken as its substitute [1]. CAM is becoming
popular in high-income countries, such as US and some European countries. It was
estimated that approximate 38% and 12 % of adults and children, respectively, have
been using CAM in the US, and 80% of the people in low-income countries have been
using herbal medicine [2]. Hence, the medical practitioners and students express their
great favors and supports in providing CAM curricula for nursing and medical
students [2-4]. Only when the medical practitioners have a sound knowledge of CAM,
the side effect and adverse drug event can be prevented in the clinical setting that

integrates CAM practice with modern medicine.
1-1 Traditional Chinese Medicine

Among the CAM practices, traditional Chinese medicine (TCM) is the most
popular medical practice. Nicolao et al. (2010) reported that the TCM practices, such
as acupuncture and phytotherapy, are considered as the most popular disciplines
requested by both medical experts and students in Switzerland [4]. It has received
wider acceptance from western medicine in recent years. However, lack of scientific
verification and manifestation of low agreement in diagnosis and treatment are critical
issues frequently debated and challenged by healthcare providers. Its diagnosis is
generally based on four standard but not validated approaches, i.e., observation,
smelling/listening, inquiry, and palpation. Among them, inquiry is the most frequently
used method, which is followed by palpation of radial pulse and observation of tongue
[5]. The low agreement or inconsistency of diagnosis in TCM practices is believed to
be caused by subjective assessment of symptoms appeared in tongues, characterized
by pulses, and learned from patients’ complaints.

Previous studies have conducted on the issue of consistency of TCM diagnosis
[6-16] as well as herbal prescription or treatment [10, 11, 13], indicating that inter-
and intra-observer agreements are low. The inconsistency of subjective diagnosis and
treatment can be improved by the development of validated instruments, such as
standard questionnaire for inquiries [5] and manual for guiding treatments [17].
Recently, intra- and inter-observer agreements of the automatic tongue diagnosis
system (ATDS) and TCM practitioners have been conducted in our laboratory [16].
The results demonstrate that the ATDS is very consistent even in the face of

variations of environmental lighting and extruding tongue with an intra-observer

3
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agreement significantly higher than that of the TCM doctors, while the inter-observer
agreements between the ATDS and a group of TCM doctors and among the TCM
doctors are both moderate [16]. ATDS serves not only as clinical equipment in
providing doctors with consistent tongue features of patients, but also as a feasible
teaching and evaluation means for students learning tongue diagnosis. In this study,
the ATDS developed by our team was utilized to train novice TCM doctors, with
assistance and guidance of a senior physician, to improve skills and consistency in
tongue diagnosis. With the vast amount of tongue images collected, accompanied by
the corresponding features extracted automatically, learning through the knowledge
base of ATDS is expected to be more effective than that guided by senior physicians
only.

1-2 Tongue Diagnosis

Tongue diagnosis plays an important role in TCM [18-24]. It is widely believed
that the tongue is connected to the internal organs through meridians; thus the
conditions of organs, qi, blood, and body fluids, as well as the degree and progression
of disease are all reflected on the tongue [25, 26]. Hence, organ conditions, properties
and variations of pathogens can be revealed through observation of tongue. For
example, changes in the tongue property primarily reflect organ status and the flow of
gi and blood; variations in tongue fur can be employed to determine the impact of
exogenous pathogenic factors and the flow of stomach qi. In clinical practice of TCM,
practitioners observe the characteristics of tongue, such as the color, shape and the
amount of saliva before deducing the primary ailment of a patient. However,
observation diagnosis is often biased by subjective judgment, originating from
personal knowledge, experience, thinking patterns, diagnostic skills, and color
perception or interpretation. There are no precise or quantifiable standards existing.
Different practitioners may pass varying judgments on the same tongue, while a
practitioner may even reach different diagnoses on the identical tongue if examined at
different time. For example, it was reported that the mean intra-observer agreement
reached only 61% and the inter-observer agreement was as low as 18.2% for 30
practitioners observing 10 tongue images [15]. Such inconsistency inevitably leads
many people to be skeptical of TCM, which raised our motivation to develop the
ATDS [22]. It was demonstrated that ATDS can establish reliable diagnoses with
higher intra-observer agreement than the TCM practitioners [16]. To gain the trust of
practitioners and patients and be employed in clinical inspections, the reliability of
ATDS in the face of environmental lighting variations and differences, e.g.,
orientation, forces applied in extruding tongue, etc., for tongue images taken at
different time has been established [16].
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Zhang et al. reported that training through case discussion significantly increased
consensus on diagnosis and prescription of rheumatoid arthritis [28]. Schnyer and
Allen promoted manualization of protocols used in clinical trials to facilitate the
systematic delivery of replicable and standardized, yet individually-tailored
treatments of acupuncture [17]. In light of these reports, it is promising that ATDS
will serve as an effective tool in training the novice TCM doctors by providing them
with standardized procedures as well as objective, reliable and quantified data. The
goal of this study is to investigate the efficacy of ATDS in training the novice TCM
doctors to improve their skills and consistency in tongue diagnosis by comparing the
intra-observer agreements regarding tongue features observed before and after

training.
2. Automatic Tongue Diagnostic System

As shown in Fig. 1(a) (figure illustrating components of the ATDS), the ATDS
was developed to capture tongue images and extract features reliably to assist the
diagnosis of TCM practitioners [16]. Fig. 1(b) demonstrates the steps in the three
major functions, i.e., image capturing and color calibration, tongues area

segmentation, and tongue feature extraction, included in the ATDS [16, 27].
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Image Acquisition
Color Calibration
Skin Removal

Identification of Rectangular Gradient
Region Surrounding Tongue Image

Detection of Tooth and Dark
Regions Surrounding Tongue

Determination of Control
Paints Along Tongue Contour

v
Iterative Correction

of Tongue Contour

Glisten Removal

¥ T v T T v T T v
Tongue Shape Tongue Color Red Dot Ecchymosis Fissure Tooth Mark Tongue Fur Tongue Fur Color Saliva
Detection Detection Detection Detection Detection Detection Detection Detection Detection
(b)
Figure 1: Illustration of (a) the components of the ATDS and (b) the processing steps
of ATDS analysis

Tongue Features
Extraction

S B E OOEE

o

Variations in background lighting may change the color and brightness of the
acquired images, greatly affecting consistency and stability of the extracted tongue
features. The consistency and stability of tongue images captured and features
extracted are achieved by calibrating brightness and color to compensate variations in
intensity and color temperature of the light source and imaging hardware. The ATDS
developed can automatically correct lighting and color deviation caused by the change
of background lighting with a color bar attached in the ATDS. The color bar placed
beside the patient is used for color calibration to make sure the image quality is
consistent even taken at different circumstances. Figures 2 (a) and (b) display the
images taken at 7} before and after color calibration, respectively, whereas (c)
demonstrates the image taken at 7, after calibration. The second and third rows show
the color bars clipped from the tongue images and their corresponding histograms.
ATDS automatically compensates the color deviation of the original image (Figure 2
(a) with a mean gray level 59.5) to allow colors in images taken at different time
intervals consistent with each other (Figures 2 (b) and (c), with a mean gray level 66.1

and 67.3, respectively).
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Average:59.5 Average:66.1 Average:67.3

(a) (b) (c)

Figure 2: Calibration of image color using the color bar accompanied with the ATDS
to make image quality consistent for images taken at difference circumstances.

Tongue images are analyzed by first isolating the tongue region within an image
to eliminate irrelevant lower facial portions and background surrounding the tongue,
thereby facilitating feature identification and extraction; and then extracting the
tongue features by employing criteria such as the aspect ratio, color composition,
location, shape, and color distribution of the tongue, as well as the quantity of
neighboring pixels. Features including tongue color, tongue fissure, fur color, fur
thickness, ecchymosis, tooth mark, red dot, saliva, and tongue shape are extracted to
further generate detailed information regarding length, area, moisture, and number of
fissures, marks, and dots to be employed in tongue diagnosis. As depicted in Figure 3,
nine primary tongue features, including tongue color (slightly white, slightly red, red,
dark red, dark purple), fur color (white, yellow, dye), fur thickness (none, thin, thick),
saliva (none, little, normal, excessive), tongue shape (thin and small, moderate, fat
and large), tongue fissure, red dot, ecchymosis, and tooth marks (the last four features
are divided into categories of none, mild, moderate, and severe), are selected for

tongue diagnosis [16].
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Tongue Fissures

Ecchymosis

Tooth Mark

Tongue Quality

Tongue Shape

Figure 3. Illustration of nine tongue features extracted by ATDS for tongue diagnosis.

2.1 Subjects

Two groups of TCM doctors, including 12 experienced doctors (ED) and 14
novice doctors (ND), from the Chinese medicine department at Changhua Christian
Hospital (CCH) in Taiwan, were invited to participate in this study. The experienced
doctors have been in clinical practice for 3 to 15 years with a mean of 5.5 years, while
the novice doctors are in their first year of resident training. All of them were
educated in Taiwan, each holding a BS degree or higher. The doctors in the ED group
were asked to attend regular weekly meetings in the past two years to examine over
1000 tongue images collected through the outpatients of CCH. The images with the
consensuses reached by this group of doctors were employed as the training data
during the development of the ATDS [16], and for the training of the novice doctors
in the current agreement study.

The physicians in the ED and ND groups were later asked to make tongue
diagnosis by observing the tongue images acquired from newly recruited patients for
the agreement tests. The experiments were conducted in two rounds separated by one
month’s training. The physicians in both the ED and ND groups participated in the
first round observing the same set of 20 newly acquired tongue images, while only the
physicians in the ND group took part in the next round following one month of
training, assessing the second set of tongue images captured from another 20 different
patients. The training protocol is described as follows:

(1) Randomly select 10 images from the tongue image database which contains

1000 images.
(2) Extract the corresponding tongue features from the images selected with the
8
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ATDS.

(3) Ask the physicians in the ND group to observe the selected images with the
assistance of features extracted by ATDS.

(4) Physicians in the ND group discuss their observation, and reach agreements
in diagnosis.

(5) Randomly select 10 alternative images from the database and repeat the

experimental procedure from step (2) to (4) for 5 times.

2.2 Assessment of tongue features

As shown in Figure 4, nine primary features (Figure 3) contained in the
questionnaire were administrated automatically by a computer program. The same set
of tongue images shown to each of the participating physicians were displayed in a

random order.

Doctor Mumber 1
1. Tongue Color

~ Slightly white ~ Red ~ Dark purple
~ Slightly red r Dark red

2. Fur Color Picture No. 2
« White fur ~Yellow fur  ~ Dye fur

3. Fur Thickness
~ None rThin +Thick ~ Erosion

4. Tongue Fissures

~ None ~ Mild ~Moderate - Severe
5. Red Dots
~ None ~ Mild ~Moderater Severe

6. Ecchymosis

~ None ~ Mild ~Moderate~ Severe

7. Tooth Mark

~ None ~ Mild ~Moderate~ Severe

8. Saliva = :

: _ last | Next

~ None ~ Little ~Mormal r Excessive |
9. Tongue Shape Save

~Thinand small «~ Moderate ~ Fat and large

Figure 4: A snapshot of the computerized tongue diagnosis questionnaire

2.3 Experiment Procedure
2.3.1.Image Samples

The tongue images of 40 patients were captured by ATDS first. These 40 tongue
images collected were separated into two image sets, F and R, each containing 20
images. The image set, £ is provided in the first round of testing, while F the
second, as shown in Figure 5. Each round contains two stages served with the same
set of test images, yet in different display order. In the first round, the image set P,

was used to derive the intra- and inter-observer agreements for ED and ND groups,

9
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and the inter-observer agreements between ATDS and ED, and ATDS and ND,

respectively. After a one-month training of the novice doctors, the second round

initiated. Another set of tongue images, F, was employed to obtain the intra- and

inter-observer agreements of the ND group, and the inter-observer agreement between

ATDS and ND. The agreement data of novice doctors obtained before and after

training were compared to assess the efficacy of ATDS as a mean of education in

learning tongue diagnosis.

Experiment Procedure

First Round
ED group 1
12 experienced )(%
r-1---3 doctors L-sf +
Stage 1 i
image set Py
i ATDS
Stage 2 ““‘I"“‘?
image set Py, |
order reshuffled E ND group
i 14 novice
bemee- > doctors

Training by ATDS for one month |

Second Round

Stage 1 i o
image set P; i ATDS i+
Stage 2 ND _group

imageset Pz, -4 N 14 novice e
order reshuffled doctors

R

o e e - e - - o o ]

inter-observer agreement

for ED group

intra-observer agreement

for ED group

inter-observer agreement
between ATDS and ED
inter-observer agreement between
ATDS and ND before training
inter-observer agreement

for ND before training

intra-observer agreement
for ND before training

inter-observer agreement between
ATDS and ND after training

inter-observer agreement
for ND after training

intra-observer agreement
for ND after training

Figure 5: The experimental flow for deriving relevant intra- and inter-observer

agreements.

2.3.2. Training

The 1000 tongue images captured with features extracted by ATDS were used to

train the novice TCM doctors during the week days, two 2-hour sessions every week,

for one month. In addition to inspecting the features extracted by the ATDS for

diagnosis, the novice doctors were also encouraged to make discussion with each

other to reinforce consensus regarding the extracted features of individual tongue

10
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images. A senior TCM physician, Dr. L. C. Lo, was also invited to attend the meeting
to resolving cases which an agreement could not be reached after exhaustive

discussions.

2.3.3. Agreement Test
First Round: Before Training Session

a. Intra-observer agreements for the ED and ND groups

The intra-observer agreements were conducted for both the ED and ND groups. In
the first stage, each of the participating TCM doctors observed the tongue image set
F and filled out the questionnaire. After a week, the TCM doctors were asked to
review the same set of images F presented with a different order, and fill out the
questionnaire again during the second stage. By comparing the answers collected in
the two-stage questionnaires, the intra-observer agreements of the ED and ND groups
were evaluated. The intra-observer agreement reflects the consistency of observations
performed by a group of doctors in two different stages separated by a timespan of
one week.
b. Inter-observer agreements for the ED and ND groups

According to the diagnostic results gathered during the first stage of tongue
diagnosis through the assessment of image set P, the inter-observer agreement
among the members in the ED group, and similarly among those in the ND group can
be derived. The inter-observe agreement among doctors belonging to a certain group
indicates the degree of consensus reached within that specific group during a session
of observation.
c. Inter-observer agreements between ATDS and ED, and between ATDS and ND

According to the diagnostic results of the image set F determined by ATDS, the
ED and ND groups during the first stage, the strength of inter-observer agreement
between ATDS and ED, and between ATDS and ND can be obtained, respectively.
Since ATDS has been validated to possess high degree of agreement [16], the
inter-observer agreement obtained serves as an indicator for the degree of coincidence
between the diagnoses reached by ATDS and doctors.
Second Round: After Training Session
a. Intra- and inter-observer agreements for the ND group after training

Following the training protocol for a month, the ND group was presented with the
second tongue image set £ in a similar two-stage test, each separated by a week.
Based on the assessments gathered from the first stage, the inter-observer agreements
of ND group for nine tongue features can be calculated. According to the observation

data compiled in two stages, the intra-observer agreement of novice doctors after

11
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training can be derived. The intra- and inter-observer agreements of ND group before
and after the training are further compared to evaluate the efficacy of ATDS as an
educational tool in facilitating the learning of tongue diagnosis.
b. Inter-observer agreement between ATDS and ND after training

According to the diagnostic results of the image set F determined by the ATDS,
and novice doctors during the first stage, the strength of inter-agreement between the
ATDS and ND group after training was assessed. Also, the inter-observer agreements
of ND group before and after the training were compared to justify the feasibility of

applying ATDS to facilitate the learning of tongue diagnosis.

2.4 Data Analysis

For tongue and fur color, the intra-agreement and inter-agreement of ATDS, ED
and ND were represented by Cohen’s kappa coefficient [29]. Cohen’s kappa treats all
disagreements equally. The weighted kappa incorporates the magnitude of each
disagreement and provides partial credits for disagreements when complete agreement
is not reached. In fur thickness, tongue fissure, red dot, ecchymosis, tooth mark, saliva,
and tongue shape, agreement is expressed by a quadratic-weighted kappa coefficient
[30]. The inter-agreement among TCM doctors is indicated with Fleiss’ kappa
coefficient [31], which is a statistical measure for assessing the reliability of
agreement between a fixed number of raters when assigning categorical ratings to a
number of items or classifying items. While Cohen's kappa is only applicable to
assessing the agreement between two raters, the measure of agreement proposed by
Landis and Koch [32], on the other hand, is divided into six levels according to the
kappa value: poor (less than 0.00), slight (0.00 to 0.20), fair (0.21 to 0.40), moderate
(0.41 to 0.60), substantial (0.61 to 0.80), and almost perfect (0.81 to 1.00).

In this study, the levels of intra-observer agreements for the ED and ND groups
were measured using Cohen's kappa coefficients. The intra-observer agreements of
the TCM physicians in ED and ND groups were calculated, and then the mean values
and standard deviations (STDs) of individual tongue features were compared.
Inter-observer agreements between ATDS and ED, and between ATDS and ND were
measured using Fleiss' kappa coefficients. Means and STDs of the 9 tongue features
and the mean of 9 tongue features were compared with two-sample r-test. The

significant level is set as p<0.05.

3 Results

Table 1 shows an example of tongue feature, i.e. tongue color, evaluated by 12

TCM doctors in ED group for 20 patients. As shown in Figure 4, the nominal values

12
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corresponds to different characteristics of tongue color with 1, 2, 3, 4, and 5
representing slightly white, red, dark purple, slightly red, and dark red, respectively.
As listed in this table, the observations of tongue color for patients 5, 8, 10, 11, 12,
and 16 by ED group are highly consistent with 100% consensus, while patients 2, 9,
and 19 demonstrates greater difference in opinion. The root for causing this
discrepancy can be traced back to medical school years when TCM doctors receiving
formal training. Traditional teaching methodology, namely, classroom lecture and
textbook with a limited number of illustrations, were usually the major means of
acquiring knowledge relevant to tongue diagnosis. The exemplary illustrations were
usually captured under poorly controlled lighting environment and printed with low
color quality. No other options existed until the development and recent reliability
validation of ATDS [16]. As a clinical device, ATDS can provide tongue diagnosis
results with high degree of consistency. If the knowledge base embedded in ATDS,
containing an ever-increasing collection of high-quality clinical images along with the
corresponding tongue features extracted, can be successfully applied as a means of
education in tongue diagnosis. The major cause for the inconsistency due to
subjective judgment can be eliminated to reach consensus. In light of this observation,
this paper investigates the efficacy of applying ATDS to the training of TCM doctors
in the tongue diagnosis. Only through the improvement of diagnostic consistency, can
the skepticism surrounding TCM be lifted.
Table 1. An example of tongue features, i.e. tongue color, evaluated by 12 TCM

doctors in ED group for 20 patients

Doc.
Pat D1 | D2 | D3 | D4 | D5 | D6 | D7 | D8 | D9 |D10|D11|D12
at.
P1 4 3 3 3 4 3 4 3 3 4 3 3
P2 5 1 1 5 5 2 5 5 5 2 1 1
P3 2 2 2 2 2 2 2 2 2 2 4 3
P4 5 5 3 5 5 5 5 5 3 5 5 5
P5 2 2 2 2 2 2 2 2 2 2 2 2
P6 4 4 4 4 4 4 5 5 4 4 4 4
P7 3 3 2 3 3 3 3 3 3 3 2 2
P8 2 2 2 2 2 2 2 2 2 2 2 2
P9 5 3 3 4 4 3 5 3 5 4 3 3
P10 | 2 2 2 2 2 2 2 2 2 2 2 2
P11 | 2 2 2 2 2 2 2 2 2 2 2 2
P12 | 2 2 2 2 2 2 2 2 2 2 2 2
P13 | 2 2 1 2 2 2 2 1 2 2 2 2
P14 | 2 2 2 3 3 2 2 2 2 2 3 3
P15 | 3 2 2 2 2 2 2 2 2 2 2 3
P16 | 2 2 2 2 2 2 2 2 2 2 2 2
P17 | 3 2 3 3 2 3 2 3 3 3 2 3
P18 | 2 3 2 2 2 2 2 2 3 2 2 2
P19 | 3 2 1 1 2 2 1 1 3 2 2 2
P20 | 2 3 2 2 2 2 2 2 2 2 3 2
13
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3.1 Intra-observer agreement

The results of intra-observer agreement analysis for the ED group, and the ND
group before and after training are listed in Table 2. For the ED group, the kappa
value (0.64+0.13) is significantly higher (Student’s t-test, p<0.01) than that of ND
counterpart before training (0.47£0.11) by considering the mean of 9 tongue features.
By comparing the agreement data of ND before and after training, it can be observed
that the value of ND after training is significantly higher than that of ND before
training with a level of p<0.05, indicating an obvious improvement of intra-observer
agreement for ND after training with ATDS. With respect to individual tongue
features, all the features show improvement after training for ND. Among them, 5
features, i.e., tongue color, fur color, tongue fissure, red dot and tooth mark, are
improved significantly (Student’s #-test, p<0.05). These features correspond to major
subjects of focus in tongue diagnosis starting from formal school education of TCM
practitioners. Criteria to differentiate these tongue features are already established and
deep-rooted, even though they may vary from one to another. On the other hand, there
are no precise or quantifiable standards existing for features such as fur thickness,
ecchymosis, saliva and tongue shape. The concepts of thick v.s. thin, the size
threshold for determining the existence of an ecchymosis, the amount of saliva and
the classification of shape, all require more complicated and relative reasoning.
Taking the tongue shape as an example, whether the classification of a tongue as thin
and small, moderate, or fat and large, as listed in Figure 4, shall be relative to the
width-height ratio or the ratio between the width of the mouth and that of a tongue,
remains arguable and not yet finalized. A short-term intensive training lasting for one
month might be sufficient to forge consensus on features with in-depth understanding
long existing. However, features with delicate details, less-intuitive reasoning and

yet-to-be determined differentiating criteria demand a longer period of education.

Table 2: Comparisons of intra-observer agreements (kappa values) between ED group
and ND group before training with a significant level of 'p<0.05, ~p<0.01, and
***p<0.001, as well as between ND group before and after training with a significant
level of 'p<0.05 and *p<0.01 (Student’s #-test).

ND before ND after

Features ED(N=12) | aining (N=14) | Training (N=14)
Tongue Color 0.39+0.18 0.37+0.13 0.51+0.11*
Fur Color 0.8320.04%** 0.65+0.17 0.77+0.14*
Fur Thickness 0.68+0.27 0.52+0.14 0.63+0.18
Tongue Fissure 0.72+0.18%** 0.53+0.11 0.68+0.14
Red Dot 0.50+0.15 0.38+0.15 0.50+0.16

14
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Ecchymosis 0.71+0.57* 0.31+0.14 0.41+0.13
Tooth Mark 0.59+0.24 0.44+0.19 0.600.17"
Saliva 0.58+0.34 0.46+0.16 0.51+0.19
Tongue Shape 0.81+0.09%** 0.54+0.22 0.59+0.20
Mean' 0.64+0.13** 0.47+0.11 0.57+0.10°

3.2 Inter-observer agreement

As tabulated in Table 3, the results of the inter-observer agreement analyses
(kappa value) between the ATDS and ED group, and between the ATDS and ND
group before and after training range from 0.25 to 0.79 (0.45+0.17), from 0.17 to 0.68
(0.40£0.16) and from 0.18 to 0.75 (0.44+0.17), respectively, indicating moderate
inter-observer agreements. The inter-observer agreements between the ATDS and ND
after training increase for all tongue features tested (0.44+0.17). This can be attributed
to the fact that ATDS is utilized as the means of education throughout the ND training
session. Although higher agreements of several features have been achieved for ND
after training, the inter-observer agreements of some other features remain slightly
falling behind those of ED. This validates the importance of clinical experience.
One-month intensive short-term training cannot compensate the seniority gap between
ND and ED groups in terms of clinical practice. Training sessions with a longer
period are indispensable in acquiring the skills necessary for consistent tongue

features identification.

Table 3: Inter-observer agreements between ATDS and ED, and between ATDS and

ND before and after training

Features Kappa value | Kappa value (ATDS vs. | Kappa value (ATDS

(ATDS v.s. ED) ND Before Training) v.s. ND After Training)
Tongue Color 0.43 0.27 0.40
Fur Color 0.40 0.52 0.55
Fur Thickness 0.55 0.21 0.26
Tongue Fissure 0.79 0.68 0.75
Red Dot 0.34 0.33 0.37
Ecchymosis 0.26 0.17 0.18
Tooth Mark 0.51 0.54 0.57
Saliva 0.25 0.32 0.34
Tongue Shape 0.52 0.52 0.55

Mean 0.45+0.17 0.40+0.16 0.44+0.17

As listed in Table 4, the inter-observer agreements (kappa values) among the
TCM doctors in the ED group, as well as in the ND group before and after training are

ranging from 0.16 to 0.62 (0.41+0.15), 0.07 to 0.52 (0.2940.14), and 0.26 to 0.76
15
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(0.43£0.14), representing moderate inter-observer agreements. As indicated in this
table, the inter-observer agreements for ED group and ND group after training are
significantly higher (Student’s #-test, p<0.05) than the ND group before training. In
contrast, no significance (p>0.05) is observed between the ED group and the ND
group after training, indicating that physicians in the ND group achieve an
inter-observer agreement to the same level as that of experienced doctors after one
month of training. This finding validates the utilization of ATDS in forging consensus

during the learning process of tongue diagnosis.

Table 4: Inter-observer agreements among TCM physicians in ED and ND groups.
Note: Comparison with ND group before training with a significance level of
*p<0.05.

Features Kappa Kappa value of ND Kappa value of
value of ED before training ND after training

Tongue Color 0.50 0.19 0.41
Fur Color 0.62 0.52 0.76
Fur Thickness 0.48 0.32 0.43
Tongue Fissure 0.57 0.46 0.49
Red Dot 0.23 0.21 0.37
Ecchymosis 0.16 0.07 0.26
Tooth Mark 0.35 0.31 0.39
Saliva 0.42 0.26 0.37
Tongue Shape 0.40 0.30 0.40

Mean 0.41+0.15° 0.29+0.14 0.43+0.14°

4 Discussion and Conclusion

In order to integrate the CAM into current healthcare systems and facilitate the
communication between medical doctors and CAM providers, education in CAM is
gaining more intention in the developed countries, such as the United States, the
United Kingdom, Canada, Australia, Germany, and so on [33]. It has been long
argued that the inconsistent diagnosis in TCM practices is mainly caused by
subjective assessment of symptoms. With the advancement of information and
communication technology (ICT), computer-assisted education, such as e-learning
and simulation-based education, has highly elevated the learning efficacy of medical
education because of its high fidelity, duplicability, and repeatability [34-36]. The
ATDS developed in this study takes the advantage of ICT technology for presenting
the tongue images with consistency without being affected by the variations in

background lighting, position of chin, and length, shape, and angle of extruding
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tongue [16]. Furthermore, accompanied with the 9 extracted features as feedback
information, the ATDS can be used as an effective platform for TCM diagnosis and
education. It can also be integrated into the e-learning system to facilitate learning
effectiveness of TCM practices.

The ATDS developed, with a mean kappa value of 0.93 (almost perfect) for
intra-observer agreement, has demonstrated superiority over a team of experienced
TCM practitioners, whose intra-observer agreement shows a mean of 0.64 (substantial)
[16]. To further prove the feasibility of ATDS in clinical practice, the inter-observer
agreement between characteristic information captured and analyzed by the ATDS
and through visual observation by the TCM doctors was also performed [16]. In light
of the high degree of reliability in reaching the same conclusions under diverse
lighting, image-taking angles, and tongue lengths variations, the efficacy of ATDS
serving as a mean of education in learning tongue diagnosis has been verified in this
study.

To this end, a two-round experiment composed of pre- and after-training tests
was performed. Two groups of TCM doctors were formed by experienced doctors and
novice doctors. The intra- and inter-observer agreements for ED and ND groups, and
the inter-observer agreements between ATDS and ED, and ATDS and ND were
derived first. After a one-month training of the novice doctors, the intra- and
inter-observer agreements of the ND group, and the inter-observer agreement between
ATDS and ND were obtained. For the ED group, the kappa value (0.64+0.13) of
intra-observer agreement is significantly higher (Student’s #-test, p<0.01) than that of
ND counterpart before training (0.47+0.11) by considering the mean of 9 tongue
features. The kappa value of ND after training is significantly higher than that of ND
before training with a level of p<0.05, indicating an obvious improvement of
intra-observer agreement for ND after training with ATDS. With respect to individual
tongue features, all the features show improvement after training for ND. The results
of the inter-observer agreement analyses (kappa value) between the ATDS and ED
group, and between the ATDS and ND group before and after training range from 0.25
to 0.79 (0.45+0.17), from 0.17 to 0.68 (0.40+0.16) and from 0.18 to 0.75 (0.44+0.17),
respectively, indicating moderate inter-observer agreements. The inter-observer
agreements between the ATDS and ND increase for all tongue features tested
(0.44+0.17). This can be attributable to the fact that ATDS is utilized as the means of
education throughout the ND training session. The inter-observer agreements (kappa
values) among the TCM doctors in the ED group, as well as in the ND group before
and after training are ranging from 0.16 to 0.62 (0.41£0.15), 0.07 to 0.52 (0.29+0.14),
and 0.26 to 0.76 (0.43+0.14), representing moderate inter-observer agreements. The

inter-observer agreements for ED group and ND group after training are significantly
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higher (Student’s r-test, p<0.05) than the ND group before training. In contrast, no
significance (p>0.05) is observed between the ED group and the ND group after
training, indicating that physicians in the ND group achieve an inter-observer
agreement to the same level as that of experienced doctors after one-month training
by ATDS. This finding validates the utilization of ATDS in forging consensus during
the learning process and providing a feasible alternative to the traditional teaching
methodology of tongue diagnosis.

Other than serving as a clinical instrument in providing TCM doctors with
consistent tongue features of patients during clinical inspection and as a training
system in achieving high degree of agreement during learning process, the ATDS can
also play the part as a dynamic evaluation system. Based on the answering pattern of a
learner in a test, the ATDS can dynamically supply the relevant information for
learning, and subsequently feed the pertinent question targeted on the specific error
made by the learner. Learners of the tongue diagnosis can experience learning path
tailored to the individual’s needs, further supplemented by clinical tongue images and
reference materials in the knowledge base to strengthen weak spots uncovered. With
the help of ATDS in learning, evaluation and clinical practice, hopefully a new
generation of TCM doctors with higher degree of consistency in tongue diagnosis can
be educated. Through the improvement of diagnostic agreement, the skepticism

surrounding TCM can finally be lifted.
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Dear Anonymous Reviewers,

The authors are grateful to your comments and suggestions for improving
the quality and presentation of this paper. All advices are followed. It is our
sincere hope that this revision will enhance readability to satisfy the
requirements of this prestigious journal.

Reviewer 1

Comment 1:
The number of tongue images used in tests is only 20, so it is difficult to
prove the tests were effective.

Answer:

The reviewer's comment is highly appreciated. To the best of our
knowledge, most of the papers surveyed for intra- and inter-observer
agreements are conducted on sample size far less than 20, in terms of the
number of images tested, features extracted, and observers participated.

In this paper, for each of the 20 images selected, 9 tongues features are
extracted. Even though the number of TCM doctors participated (12
experienced doctors (ED) and 14 novice doctors (ND)), tongue images tested,
and features extracted belong to the class of small sample size, yet the
conditions of the statistical measure employed. i.e., Cohen's kappa coefficients,
Fleiss' kappa coefficients and two-sample t-test, are met. The claim that the
utilization of ATDS as a mean of education in forging consensus during the
learning process of tongue diagnosis does exhibit statistical significance.

Comment 2:

In tongue diagnosis system, the lighting affected the quality of tongue
images and the results of automatic analysis to such an extent. Although the
color bar and correction were utilized, light proof enclosure is optimal solution.
ATDS didn’t use light proof enclosure, the tongue images were probably
captured without standard environment.

Answer:
The reviewer's comment is highly appreciated. An earlier paper of the
authors demonstrates that the ATDS, without light proof enclosure, is highly
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consistent even in the face of variations of environmental lighting [16].

L. C. Lo, Y. F. Chen, W. J. Chen, T. L. Cheng, and J. Y. Chiang, “The Study on the
Agreement between Automatic Tongue Diagnosis System and Traditional Chinese
Medicine Practitioners,” Evidence-Based Complementary and Alternative Medicine,
vol. 2012, Article ID 505063, 9 pages.

This desirable characteristic is mainly attributed to the powerful automatic
color calibration implemented in the ATDS. Consistent tongue images are
acquired even in the presence of lighting variations.

Comment 3:

In the education of TCM, automatic tongue diagnosis system is helpful,
but much clinical practices is very necessary and apprentice following master
worker is most important part.

Answer:

You are absolutely right. We totally agree with your point of view. Human
guidance, especially following the clinical practice of a master, is the single
most important factor in education. Even though ATDS proves to be effective,
yet it never intends to replace human guidance during the education process.
Human guidance and ATDS are not mutually exclusive. ATDS serves as an
efficient tool in helping apprentice follow master worker. With the help of ATDS
in learning, evaluation and clinical practice, hopefully a new generation of TCM
doctors with higher degree of consistency in tongue diagnosis can be
educated. Through the improvement of diagnostic agreement, the skepticism
surrounding TCM can finally be lifted.

Reviewer 2

Comment 1:
The rationale of this study should be made clearer to readers.

Answer:

In heed of the reviewer's comment, the rationales of this study,
summarized below, are added in the “Abstract” and “4. Discussion and
Conclusion,” respectively.

Abstract:
“this paper investigates the efficacy of applying ATDS to the training of novice TCM

doctors in the tongue diagnosis. Only through the improvement of diagnostic
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consistency, can the skepticism surrounding TCM be lifted.”

4. Discussion and Conclusion:

“The ATDS developed in this study takes the advantage of ICT technology for
presenting the tongue images with consistency without being affected by the

©CoO~NOUTA,WNPE

variations in background lighting, position of chin, and length, shape, and angle of
extruding tongue [16]. Furthermore, accompanied with the 9 extracted features as
12 feedback information, the ATDS can be used as an effective platform for TCM
diagnosis and education. It can also be integrated into the e-learning system to

15 facilitate learning effectiveness of TCM practices.”
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