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Abstract. The paper presents a novel method and conceptual architecture for
implementation of fuzzy-classification expert system in the domain of rehabili-
tation methods for cerebral palsy. The expert system includes two blocks: Fuzzy
block utilizing fuzzy algorithms for multi-criteria decision making and Machine
learning block based on algorithms for tree classification and KMeans clustering.
The proposed solution is designed for facilitation the learning performance of
university students as well as for professionals who have to make decisions in the
area of cerebral palsy and corresponding rehabilitation methods.

Keywords: Expert system - Learning performance - Cerebral palsy -
Rehabilitation methods - Fuzzy theory - Machine learning

1 Introduction

The term “cerebral palsy” relates to permanent developmental disorders that occurred
early in human biological development or in early childhood. These developmental
disorders primarily refer to conditions of abnormal gross and fine motor functioning.
It also may happen that children do not have proper spatial relationships and notion of
themselves — they are not able to show where is his head, what is his left or right arm or
leg, etc. Therapy of motor skill disorders in children is long-termed and should start as
early as possible. Since cerebral palsy patients significantly differ among themselves,
therapy should be adapted to a particular child. However, therapy may also be tiresome,
uncomfortable or even painful for the child. Therefore, it is essential that the child is
motivated to undergo therapy, which is a challenging therapeutic task.

© The Editor(s) (if applicable) and The Author(s), under exclusive license
to Springer Nature Switzerland AG 2021
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Recent research in the field of robot-assisted therapy for children with cerebral palsy
suggests that a robotic system has a primary role of a facilitator — it may increase
motivation and trigger social interactions between the children and the therapist.

It is a hot topic where researchers are developing a prototypical robotic system
intended to be used as an assistive tool in therapy for children with cerebral palsy. To be
used in such application robot must be able to fulfill some basic requirements: it has to be
able to demonstrate requested exercises, its appearance should be attractive to children
and it should be able to communicate (verbal and non-verbal) with patients. However, in
contrast to other approaches, Prof. Branislav Borovac introduced a conceptual novelty:
the robot’s capacity to engage in a natural language dialogue may be of significant
clinical benefit [1]. The anticipated benefit of the conversational robot is to support
the therapist to conduct specific therapeutic exercises and to contribute to establishing
affective attachment of the child to the robot. Dr. & A/Prof. Zhenli Lu et al. propose a
training system for cerebral palsy rehabilitation that is developed on the human-computer
interaction principles (Fig. 1) [2].

Fig. 1. Technical architecture of speech recognition based expert system in robotic assistant
rehabilitation of cerebral palsy

So, the aim of this paper is to present a novel approach for expert system construction
based on fuzzy theory and machine learning algorithms for educational purposes. It
includes knowledge about rehabilitation methods suitable for applying at different types
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of cerebral palsy and it is a preliminary step for development of a more complex expert
system for usage by therapists and patients.

2 The Expert Systems: State-of-the-Art

The term expert system is related to development of interactive software that collects
expert and users knowledge in a given domain and emulates the human ability of decision
making and problem solving. It could be driven by a pool of cases or based on a set of
rules that together with the knowledge expert domain leads to the appropriate inference.
Different techniques and machine learning algorithms are utilized for simulation the
individual thinking, group brainstorming, reasoning and concluding.

In this section the expert systems are examined according to three criteria: (1) the
domain area that is medicine and a very concrete topic on rehabilitation methods for
cerebral palsy; (2) the used artificial intelligence methods for expert systems realization;
(3) the utilization purpose that is focused on usage in educational settings.

2.1 Expert Systems in Medicine and Cerebral Palsy

An expert system for medical diagnostics of cerebral palsy is proposed by Borgohain
et al. [3]. It works with determined rules and inferences are patients’ diagnose according
to the input symptoms and also classification of cerebral palsy in three groups: mild,
moderate and severe. Its development is based on JESS (Java Expert System Shell).
Another expert system for evaluating the patients with cerebral palsy and giving an
advice about the suitable wheel chairs and devices for body support is created by Ni et al.
[4]. It consists of knowledge base regarding the evaluation of seating and positioning, a
set of rules, inference engine with guidelines pointing out the assistive technologies and
specifications with seating/positioning devices, module with the authors’ research in this
topic and friendly and interactive user interface. A beginning step for implementation
of intelligent expert system is done by Zammouri et al. who assess different reeducative
therapies that could be applied to the children with cognitive difficulties [5]. Their
work is focused on brain-computer interface for evaluation the brain workload during
performance of a cognitive activity. A rule-based expert system for diagnosing patients
with heart diseases and prescription of suitable treatments is proposed by Soltan et al.
[6]. This medical expert system is developed through Visual Prolog.

2.2 Artificial Intelligence Methods in Expert Systems

A survey regarding expert systems in medicine that utilize artificial intelligence meth-
ods is performed by Singla et al. [7]. This work shows that medical expert systems are
developed with purposes of patients’ diagnostics, for giving advices concerning treat-
ment and therapy, for producing guidelines for patients and doctors, and for educational
training. The main technologies behind their implementations are pointed out as: fuzzy
logic, Artificial Neural Networks and neuro-fuzzy approach. Another review done by
Sheikhtaheri et al. reports that expert systems for clinical purposes are focused on:
quality improvement of first aid, disease prediction, disease identification, diagnosing,
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therapy suggestion, giving advice, disease classification and their realization is driven by
fuzzy theory, Artificial Neural Networks, support vector machine, Naive Bayes classifier,
Wavelet neural network [8]. An implemented variant of expert system for recognition
of cerebral palsy at babies and small children and prediction for their future suffering is
presented by Ojo et al. [9]. The input variables are related to the motor skills and out-
put is possibility for cerebral palsy development. It is realized through applying Fuzzy
theory and Fuzzy logic in MATHLAB. Another medical expert system based on Fuzzy
logic, data mining techniques and machine learning algorithms is created in support
of decision making and information delivery regarding diagnosis of vertebral diseases
and appropriate treatment [10]. Its software platform is developed with functionality for
knowledge sharing among doctors and patients through chat, forum and video and also
its knowledge base could be extended with additional modules gathering knowledge
for a wide variety of hospital services. Advantages of creation hybrid expert systems
based on Fuzzy logic and Artificial Neural Networks in context of speech therapy are
revealed in [11]. Such expert systems possess typical characteristics like pointing out
the personalized disease treatment and giving expert opinion, but also possibility for
self-learning.

2.3 Expert Systems for Educational Purposes

A review regarding the usage of expert systems in educational settings is done by
Supriyanto et al. who outline the main purposes that we classify in the following groups:
(1) for improvement teaching and learning — students characteristics analysis, student
performance analysis and prediction, evaluation of student competency, realization of
personalized learning, evaluation of teaching efficiency; (2) for improvement the edu-
cational process at all - eLearning evaluation, evaluation of requirements for technical
education, evaluation of education, improvement the quality of learning lesson plans,
giving an academic advice, academic programs evaluation, evaluation of master level cri-
teria; (3) in support of librarians [12]. The main didactical concepts behind development
of an expert system for purpose of mathematics teaching are presented by Salekhova
et al. [13]. A new module of expert system is introduced Concept-Effect-Relationship
that contains the relationship among subjects and it is used for providing individual
educational strategy to every learner. The main aim of this expert system is to increase
the effectiveness of the teachers’ activities. The enhancement of students’ learning is
achieved through usage of an expert system in the database course that contains hard
concepts for understanding [14]. The students are supported through immediate feed-
back and corrections when they have to decide a problem. Another expert system is
developed to predict students’ performance during the computer science course [15].
The input variables are related to information for students — their attitudes, study habits
and ways for preparation and the output is the predicted outcome.

3 Expert System Construction

The expert system includes knowledge about the cerebral palsy (CP) types: Spastic,
Athetoid, Ataxic and Mixed with their typical symptoms and rehabilitation methods
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(RMs) for cerebral palsy. Six experts from China and Bulgaria (three academic profes-
sionals, one expert is professor and neurologist and two experts are doctors-neurologists)
were asked to vote the importance of 13 rehabilitation methods that are classified in two
groups: approaches without using any equipment (8 RMs) and approaches with using
equipment for each type cerebral palsy (5 RMs). The goal is to select suitable RMs for a
given CP type. The conceptual architecture of the constructed expert system is presented
on Fig. 2. Experts and scientific papers are reliable information sources for knowledge
base building. The collected knowledge in the domain of rehabilitation methods for
cerebral palsy is used for decision making or problems solving by reasoning through
two types of inference engines: fuzzy inference block and machine learning block.
Fuzzy inference block is constructed on FuzzyTOPSISLinear algorithm for group deci-
sion making proposed by Chen [16] and Fuzzy WASPAS method for alternatives ranking
presented by Turskis et al. [17]. The ground of the both methods is creation of aggregated
fuzzy decision matrix D with m alternatives and n attributes:

Experts —) Knowledge base

Scientific production —)

g

Inference engines

Fuzzy block Machine learning block
Fuzzy )
f Defuzzi-

Fuzzification In e?ence fication —p | Classification Clustering |
Engine ‘

M M

4 4 4
Rank lists Decision trees ‘ Clusters ‘

Learners

Fig. 2. Conceptual architecture of constructed expert system

dii coodyj..odipg

B dz]...dzj...dzn 0
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The fuzzy decision matrix contains the aggregated experts’ vote that is in a 5-Likert
scale from 1-this RM is not important for this type of CP to this RM is very impor-
tant for a given CP type, expressed in linguistic variables and fuzzy triangular num-
bers. Table 1 includes input data in linguistic variables before the experts ‘vote aggre-
gation. Table 2 summarizes the experts’ opinion concerning the importance of every
rehabilitation method for each cerebral palsy type.

Table 1. Rating scale and the corresponding triangular fuzzy numbers

Likert scale range | Meaning Linguistic variable | Triangular fuzzy numbers
1 Not important NI 0,1,3)

2 Slightly important SI (1,3,5)

3 Moderately important | MI (3,5,7)

4 Important I (5,7,9)

5 Very important VI (7,9,10)

Linguistic variables and triangular fuzzy numbers concerning the severity level
are as follows: mild (M) — (0.1,0.3,0.5), moderate (MO) - (0.3,0.5,0.7), severe (S)
—(0.5,0.7,0.9). The experts’ opinion related to the severity level of each type CP is
summarized in Table 3.

Then, the experts’ vote aggregation is performed for each RM in fuzzy numbers and
the fuzzy aggregated decision matrix is constructed and normalized. The severity level
of each type CP according to experts is taken as bases for forming the group weights
and for building the weighted normalized fuzzy decision matrix. The fuzzy numbers
(1,1,1) and (0,0,0) are defined as fuzzy positive and fuzzy negative ideal solutions and
the distance from each RM to them is calculated. The closeness coefficients for each
RM are calculated that are used for ranking list creation.

Machine learning block uses all data from Tables 1, 2, 3 and from the Fuzzy block
to analyze them with aim to prepare further classification and clustering of RMs accord-
ing to the CP types. As data mining algorithm J48 is applied for building the pruned
classification tree that is suitable for decision making support [18]. The algorithm Sim-
pleKMeans is used for RMs clusters calculation, because of its proven effectiveness at
solving clustering problems.

4 The Expert System Verification

The working capacity of the Fuzzy block from the proposed expert system is verified
through usage of R software environment and running FuzzyMCDM package [19] with
FuzzyTOPSISLinear and FuzzyMMOORA functions for realization of Multi-Criteria
Decision Making algorithms as it is shown on Fig. 3.

The working capacity of the machine learning block is verified through usage of Weka
software [20] and some of integrated machine learning algorithms for data classification
and clustering (Fig. 4).
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Table 2. Experts rating vote regarding the importance of every rehabilitation method for each
cerebral palsy type

CP type RM Expertl Expert2 Expert3 Expert4 Expert5 Expert6
Spastic RM1 VI I I VI VI VI
RM2 |1 I I VI VI VI
RM3 | VI I VI VI VI VI
RM4 | MI 1 MI I I VI
RM5 |1 1 I VI I SI
RM6 |1 I I VI I VI
RM7 | MI MI MI VI I VI
RM8 |MI MI MI VI I SI
Athetoid | RM1 1 1 I VI VI SI
RM2 |1 I I I VI VI
RM3 |1 1 I VI I I
RM4 |1 I I VI VI MI
RM5S |1 1 I VI I MI
RM6 | MI I I VI I VI
RM7 |1 I I VI I VI
RM8 | MI MI MI VI I SI
Ataxic RM1 1 I VI VI VI VI
RM2 |1 I I I VI VI
RM3 |1 I I VI I VI
RM4 | MI MI MI VI MI I
RM5 |1 I I VI MI SI
RM6 | MI MI MI VI I SI
RM7 |1 I I VI I SI
RM8 | MI I MI VI I SI
Mixed RM1 VI VI I VI VI VI
RM2 | VI VI VI VI VI VI
RM3 | VI VI VI VI VI VI
RM4 |1 1 I VI VI VI
RM5 | MI MI MI VI I VI
RM6 |1 1 I VI I VI
RM7 |1 1 VI VI I VI
RM8 |1 1 I VI I SI




12

M. Ivanova et al.

Table 3. The severity level of different CP types

Expertl | Expert2 | Expert3 | Expert4 | Expert5 | Expert6

Spastic |M MO M M MO M

Athetoid | MO

MO MO MO MO

Ataxic | S

MO S S

Mixed |MO MO

MO S MO

R RGui (64-bit) — o X
File Edit View Misc Packages Windows Help

Type 'contributors()' for more information and ~
‘citation()' on how to cite R or R packages in publications.

Type 'demo()' for some demos, 'help()' for on-line help, or
'help.start()' for an HTML browser interface to help.
Type 'q()' to quit R.

[Previously saved workspace restored]

> library(FuzzyMCDM, lib.loc="d:/software/")

> d<-matrix(c(6.3,8.3,9.6,6,8,9.5,6.6,8.6,9.8,4.1,6.6,8.5,4.6,6.6,8.5,6,7.6,9.35
> w<-c(0.1,0.3,0.5)

> cb<-c('max')

> FuzzyTOPSISLinear (d,w,cb)

Blternatives R Ranking

1 1 0.2863316 1

2 2 0.2793904 2

3 3 0.1952425 7

4 4 0.2514934 5

5 5 0.2591781 3

6 € 0.1748547 8

P 7 0.2317156 €

8 8 0.2524009 4

>

& )V
< >

Fig. 3. The working capacity verification of the Fuzzy block
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a). J48 algoritm for pruned decision tree
construction

b). SimpleKMeans algorithm for clustering

Fig. 4. The working capacity verification of the machine learning block
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5 Conclusions

IR (Intelligent Robotics) and HRI (Human Robot Interaction) related technologies are
essential for expert system development, especially in the application of cerebral palsy
rehabilitation. The novel method and conceptual architecture for implementation of
fuzzy-classification expert system in the domain of rehabilitation methods for cerebral
palsy are presented. Fuzzy block utilizing fuzzy algorithms for multi-criteria decision
making and Machine learning block based on algorithms for tree classification and
SimpleKMeans clustering are adopted to develop the expert system. Using the data
by the surveying process and examined scientific production, the proposed solution
designed for facilitation the learning performance of students, provided the construction
of current expert system. The results of this work can give much help for the design of
intelligent expert system for robotic assistant system in cerebral palsy rehabilitation.
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