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Aims Health literacy (HL) is the main factor shows health literate level of people in a certain
society. Discovering and understanding affective factors on HL level could lead experts to
improve these factors in the target community. This study aimed to Health Literacy classification
of population and find a major component with data mining approaches.

Instruments and Methods In this paper, we have acquired more details about major factors
on the health literacy level of target society by assessing evolutionary methods. We benefit
of Particle Swarm Optimization (PSO) and KNN and fuzzy KNN algorithm for classification
and use wrapper technique for feature selection by our model. Feature selection are done as
weighted features and selects the most effective features of health literacy. Our proposed model
evaluates a data set of Health Literacy by two classifiers with /without fuzzy logic. Applied data
setis areal data gathered from a descriptive-analytic cross-sectional study on adult population
include 2133 record with 74 attributes in 2016 at South Khorasan province. We have gained
effective factors on HL level of the population according to regions and total population without
using any statistical analysis tools with the lowest human interference by an evolutionary
method.

Findings Proposed model have found effective factors on the health literacy level of population
in South Khorasan province. Results are obtained 92.02% accuracy for the total population and
97.99% for regions population.

Conclusion Simulations demonstrate the evolutionary method is a suitable way for extracting
results from health data sets and also shows the superiority of the proposed method.

Keywords Health Literacy; Data Mining; Machine Learning; Fuzzy Logic
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Introduction

Health Literacy

Nowadays, it is important a health system has suit
health and treatment facilities but it is not enough.
Actually, having literate individuals which manner in
a healthy way and have a good lifestyle and could
have good functionality in sick situations is more
important. Health awareness level is very effective in
reducing treatment costs, social costs, Psychological
costs and economic costs in sick conditions []. The
ones who are educated in school or university aren't
literate individuals in this area. It is Literacy in health
information and their applications in daily life. This
type of literate named as Health Literacy (HL).
Health Literacy definition is an individual ability to
obtain, interpretation and understanding necessarily
health recommendations and services which all of
them help to suit determination [2]. It is a related
concept to reading and listening ability, educational,
social and governmental agents, individual behavior,
and many others. Adequate HL level in a population
means they could extract required health
information and instruction from health learning
media like pamphlets, newspaper, videos, TV
programs and etc., which is prepared by the health
system. These lead them to the correct decisions and
health services. Also, HL signifies one could or
couldn’t follow the doctor's instructions as well as.
Health Literacy defined first time by Kick Busch in
1997 31,

Cost of low health literacy is for all such as people,
governments, and health system. In a study [l author
estimate low HL cost in American is between $106
billion and $238 annually. In another research
conducted by Klaus Eichler et al. ], it is showed that
the consequences of low Health literacy cost for the
health care system are 3-5% extra cost per year. It
cost for each person with low HL level than high HL
level in the US is $143 to 7,798. The European Health
Literacy Survey (HLS-EU) in a 2011 research showed
that 12% of the population suffer from low health
literacy and about 35% have limited health literacy
6. In Iran, the results of a study of Tehrani
Banihashemi et al. [71 showed the level of health
literacy in 5 provinces. It was adequate HL in 28.1%,
limited in 15.3% and inadequate in 56.5% of the
population.

Data Mining (DM) in Health system

In today’s world, on one hand, a large volume of data
is produced and gathered in various health centers
and hospitals. Knowledge extraction from these data
sets is a complex process. These processes may
change the fate of a population.

On the other hand, data mining techniques are a
process of pattern recognition and knowledge
extraction from data. In many pieces of researches [
131, DM approaches are used in different level of
health care systems. Therefore, these techniques
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could efficient in each of stages such as prevention,
diagnosis, treatment or health education.
Prevention: Data mining could find hidden patterns
of health behaviors and predict the result of these
behavioral patterns [121.

Diagnosis: Data mining techniques assist to discover
a health problem through association rules and
hidden pattern recognition. It is a way for early
detection of special health subjects like diseases [141.
Treatment: In this stage medical data warehouse
which is a collection of previous treatment
approaches and results could select the best therapy
plan.

Health promotion and education: It is serious to
recognize Target community and the impression of
health educations on it. So, data mining is a perfect
way for occurring knowledge about society.

In all cases mentioned above, data mining methods
are applicable [1518]  Implementation of DM
techniques is achievable with artificial intelligence
algorithms, evolutionary algorithms, and machine
learning. Many data scientist researchers around the
world are investigating on health and medical field
[19],

Aims of the study: In this study, we mine a health
literacy data set for discovering extra knowledge
about effective factors on HL level in South Khorasan
province which ordinal statistical approach may
couldn’t find them. We proposed an evolutionary
model that benefits of Particle Swarm Optimization
algorithm (PSO) algorithm and K-Nearest Neighbor
Algorithm (KNN) algorithm as a cost function and
fuzzy logic for improving our model in classification.

Instruments and Methods

The data collection is used from a descriptive-
analytic cross-sectional study on adult population
(Over 18 years of age) in South Khorasan province in
2016. Individuals included referrals to all health
centers covered by health centers in the South
Khorasan cities. We have assigned a code from 1 to
11 in order to Birjand, Boshrooyeh, Tabas, Sarayan,
Zirkouh, Darmian, Khosf, Ferdows, Sarbisheh,
Nehbandan, Qaen. Information was collected using
multi-stage random cluster sampling. The Iranian
health literacy questionnaire was used to collect data.
This research project which already was conducted
by the Ministry of Health with the Health Education
and Health Promotion center in cooperation with the
Modeling Research Center in Health Sciences
University of Medical Sciences Kerman has been
volunteered in seven selected provinces and in some
provinces. We only used collected data in South
Khorasan province.

The questionnaire contains 69 questions in 9
dimensions of health literacy, which includes
questions regarding access to information resources
(Q1:1-5), use of information resources (Q2:6-11),
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ability to read Persian (Q3:12-16), ability to
understand the material (Q4:17 -24), ability to
interpret, judge and evaluate (Q5:25-30), decision-
making and communication ability (Q6:31-38),
health knowledge (Q7:46-53), individual
empowerment (Q8:58-65), and social empowerment
(Q9:66- 69). The final health literacy score was range
from O to 20: Less than 10 were weak, 14-10 average
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and over 14 were adequate. The total sample size was
2133 people. Each city based on their population
have specific sample portion. Samples were
individuals referred to all health centers covered by
the health centers of Birjand University of Medical
Sciences.

Questioner used in descriptive-analytic cross-
sectional study are in the table 1.

Table 1) Data features (Questioner used in descriptive-analytic cross-sectional study) and statistical analysis of

population

Num Question

Mean£SD

Q1
Q2

Q3

Q4

Q5

Q6

Q7

Q8

Q9

Birth date; Sex; Resident city; Education level; Occupation

Type of health information resource accessible in previous month; Physician, internet, radio and TV,
journals and newspapers, pamphlets - brochures-booklets

Type of health information resource used in previous month; Physician, internet, radio and TV, journals
and newspapers, pamphlets or brochures or booklets

Reading ability of health information; Pamphlets- brochures- booklets; Written orders of doctors,
dentists or health personnel; Medical and dental forms; Guidance boards in hospitals or health centers;
Guidance forms before surgery, sonography or radiology

The understanding ability of health information; Guidance boards in hospitals or health centers;
Guidance forms before surgery, sonography or radiology; Health information on the radio and TV;
Health information on the internet or electronic resources; Health information in medical professional
books; Health information in newspapers, booklets, pamphlets and brochures; Written drugs order by
pharmacist or factory; Health personnel recommendations

Interpreting ability of health resources information; Health information in the radio and TV; Health
information on the internet; Health personnel recommendations; Health information in booklets,
pamphlets, and brochures; Health information in newspapers and journals; Health recommendations
of friends and family

Evaluation of ability in:

Filling out medical forms; Explaining health information to others; Using prescribed drugs to the end;
Visiting doctor if diagnosed as cancer in the family; Doing yearly medical check-up; Caring about self-
health; Ask question anymore about health subject if don't understand; Take care about the Nutritional
Value of foods; Having sports activities 3 times each week for 30 minutes; Eating vegetarian and fruits
daily; Eating high-fat and fried foods daily; Eating milk, cheese and yogurt daily; Teeth brushing at least
one time daily; Adding salt to the food when feeding; Measuring weight 2 times monthly

- Is 80-kilogram weight suitable for a person with 40 years old and 165 cm?

- Is 90 milligram/liter fasting sugar suitable for a person with 30 years old?

- Is blood pressure (15/9) normal for a person with 60 years old?

Having information about the normal range of:

Weight; Blood glucose; Blood pressure; How many should 20 milligrams tablets use daily when you
must use 80 milligrams every day; How do you use antibiotic capsules 3 times daily

How much do you do these activities:

Measuring blood pressure;- Measuring blood glucose; Measuring body temperature; Measuring heart
plus; Doing intramuscular injection; Doing perfusion; Doing first aid in emergency; Doing first aid in
the road accident

It is easy for me to membership in the sport clubs; [ will join to the eco-friendly activities; I will join the
meeting about health problems; I will select my political or social candida with respect to the health
priorities

10.7£0.1

9.3+0.2

12.4+0.1

13.6+0.07

13.6+0.08

14.0+0.08

11.4%0.1

5.9+0.1

11.5+0.1

Particle Swarm Optimization algorithm (PSO)

PSO is an evolutionary optimization algorithm (EA).
Evolutionary algorithms take into account a type of
metaheuristic  algorithms inspired biological
evolution. PSO is a population-based algorithm with
outstanding performance. PSO algorithm obeys the
social behaviors of the population. PSO similar to the
other EA has a primary population, mutation, fitness
function, and ending conditions. The population
named swarm. In the swarm are special points be
named particles which are potential solutions [20 211,

Simply, each particle could move in the problem
space with an initial velocity. Velocity in each
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iteration is updated. Particles try to find the best
value of cost function every time. Each particle has a
personal best solution (pBestx}) which recorded it
and all of the particles have a global best solution
(gBest). Generally, particle velocity is a mixed value
of self-velocity (v¥) and personal best velocity and
global best velocity where i is a particle number and
k is an iteration number. Also, particles be shown as
xf =< xf, x5, ..., x¥; where d is dimension space
for each particle in kth iteration. The velocity of the
next iteration obtains of eq.1 [22].

vt = Wokxk + ¢ R, (pBestxf — x[F) + C,R,gBest
(1)
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In eq.1, C;,C,, € R are constants weighting. These
coefficients impact on the local and global best
solutions role, respectively. R,R, ~ U [0, 1] are
random values. W is inertia weight; whose goal is to
supervise the effect of the past velocity of a particle.
After moving a particle in each iteration, cost function
evaluates the new cost of each particle and update
pBestx;and gBest. The algorithm is continued as
long as the stop condition is met. In this situation, PSO
has found the best solution for the problem.
K-Nearest Neighbor Algorithm (KNN)

The KNN algorithm is an instance-based method. This
algorithm is based on that the closest instances have
similar attributes [23]. KNN has a simple structure for
implementation with few algorithm parameters and
runs in an acceptable time. In the training set, the
algorithm process finds k-nearest samples to a
specific instance. Moreover, it assigns an object to a
class by k training samples, where k is the number of
training samples. In the classifying operation, target
instances are included in a class in which the almost
k-nearest samples belong to that class [24],

Fuzzy K-Nearest Neighbor algorithm (FKNN)
Fuzzy K-Nearest Neighbor algorithm is a type of KNN
algorithm. In FKNN is be used fuzzy membership
function as distance function in KNN [25]. KNN
specifies a vector for a special class but FKNN assigns
class membership to a sample vector. FKNN classifies
data by membership function and this assigning
process improves KNN performance. FKNN search
the classes of samples set for the K-nearest neighbors
and then finding k-samples. This process is similar to
the crisp version [26],

Let X = {x¢,xq,...,xy} is instances which belong C
classes. Also, letu;; be the membership in the ith class
of the jth instance and u (x) is membership of x as
defined:

2oy (/o= ) 2)
S @/

Where m is a real number greater than 1.0 that sets
the “strength” of the fuzzy distance function and ||x-
xj|| is the L-norm distance between the set x, and the
x;as the k-th nearest neighbor vector x;.

Proposed model

One of the most popular methods for feature
selection is optimization algorithms. In this study,
effective features on HL dataset are selected by PSO.
Two classification algorithms (KNN and FKNN) is
considered with PSO for finding effective and efficient
features. The accuracy of classification algorithm
determines the value of fitness function which is
Evaluation value for PSO. This process could select
impressive features. In this method, the impact of
every feature in each class is considered too. Features
weights are defined by PSO. So, the chosen features
play the most role in classes. In the following, the
process of the proposed algorithm is explained.
Firstly, for achieving the suitable results, data is
normalized as:

u;(x) =
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X = (x — xmin) (XmMax — XmIN) (3)
Where xpy and xyax are the most and least values of
features.

For finding main health literacy factors in South
Khorasan province and its cities be used the
proposed method. In the database, An instance is a
set of features (fi, f2, ., f» ) and our method select r
features such (f'1, f2, .., fr) where r < n and (w1, wy,
., wr ) is continuous value of PSO, In each PSO
iterations. Then, the data set is altered with f; and w;
(0 £i £ 1). Classification algorithms classify altered
data set with 10-Fold cross-validation.

The pseudocode of proposed model is described as
follows:

1) Preprocess: Data normalization

2) Initialization PSO parameters

3) Generating initial PSO population

4) Evaluation: Evaluating the population with the
training samples and fitness function.

4-1. Selecting features

4-2. features weighting

4-3. classification with KNN and FKNN by cross
validation (10 k-fold)

1) Stop condition: If the optimal model is found, the
algorithm stops else go to step 4 (Figure 1).

Feature selection

‘ Search strategy PSO ‘

accuracy Classifiaction
\ Feature subset

{ A
| DataSet I:j—l Preprocess L™

‘ Weighted Features + KNN/FKNN classifier

Figure 1) Model Diagram of proposed method

The evaluation metrics like accuracy, precision, and
recall are used for measuring performance of model.

These are defined as:
TP+ TN

Accuracy = ————— ®
Precision = et )
TP +FP
Recall = —— (%)
TP + FN

Our used platform for running proposed model was
windows 10 OS and Matlab R2017b software. Where
population sizes are 10 and 15, maximum iterations
are run 50 and 100, W, C1, C2 and Alpha are 1, 2, 2
and 0.065.

Findings

We had evaluated the proposed model with 2
experiments. In the first experiment, introduced data
set was divided into 3 groups of HL level (Inadequate,
borderline, and adequate) and we had acquired the
most effective attributes (Q1-Q9) on the health
literacy level of all population with the highest
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accuracy. In the second experiment, the data set was
divided into 3 groups based on the geographic region
(12 cities). Our proposed model had acquired the
most effective attributes (Q1-Q9) on the health
literacy level of all population with the highest
accuracy for each city too.

Two experiments are done with 50, 100 iterations
and 10, 15 agents. Data set had classified by 2
algorithms PSO-KNN and PSO-FKNN (Table 2).

Table 2) Simulation results of data set in 3 groups with
PSO-KNN and PSO-FKNN

Agent Iteration Accuracy Precision Recall
PSO-KNN

10 50 89.78 78.26 86.07
100 89.22 75.22 84.65
15 50 89.50 73.48 81.43
100 89.74 77.39 78.76

PSO-FKNN
10 50 92.02 78.72 92.50
100 91.31 54.54 92.31
15 50 91.55 77.42 92.31
100 91.78 70.59 92.31

Experiment 1:

The goal of experiment 1 is identification of main
factors (Q1-Q9) on health literacy level in South
Khorasan province. Simulation results are showed in
table 2. It is considerable in all algorithm runs which
PSO-FKNN has had better outcomes than PSO-KNN.
The best accuracy was obtained with PSO-KNN
89.78% and this value for PSO-FKNN has been
92.02%. It shows improvement in PSO-KNN with
fuzzy logic used in the KNN cost function. Selected
domain by our proposed model is like this:

1) PSO-KNN: Q1 (2, 3, 5), Q7 (46, 47, 49, 50, 52, 53),
Q8 (59, 61, 62, 63, 64)

2) PSO-FKNN: Q1 (2, 3, 5), Q7 (46, 49, 50, 51, 53), Q8
(59, 60, 61)

These results demonstrate exact question number of
each category selected by proposed model. These
question numbers selected because they were the
most frequent questions in the selected domains.
Experiment 2:

The aim of experiment 2 is identifying major factors
(Q1-Q9) on health literacy level in each city of South
Khorasan province. Table 3 represents average and
best accuracy of PSO-KNN and PSO-FKNN algorithm
for each of 11 cities in the South Khorasan province
(Table 3).

Finally, selected attributes based on cities are
extracted. These major categories selected with two
different runs of algorithm: PSO-KNN and PSO-FKNN.
In the most cases, the features selected are joined by
both methods. Table 3 display features selected for
each city.

Furthermore, Statistical analysis of this study was
performed using SPSS 22 software. Descriptive
statistics including relative and absolute frequency
distribution, mean and standard deviation were used.
The result Using t-test (Either Mann-Whitney),
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ANOVA (Kruskal-Wallis), and Chi-square tests at the
level of 0.05, A=0, has been analyzed.
Generally, statistical results of this study show HL
level in South Khorasan province is inadequate and
high percent of the population have had low access to
the information resource.

Table 3) Simulation accuracy results of data set with PSO-
KNN and PSO-FKNN for 11 cities in South Khorasan
province

Cit PSO-FKNN PSO-KNN
Co?ile Accuracy Features Accuracy Features
Mean Max Selected Mean Max Selected
Q2,Q4, Q5, Q1,Q3,Q4,
1 93.96 95.30 Q7, Q9 91.07 91.68 Q8
2 94.30 95.30 Q2, %?9 Q7, 90.57 91.15 Q5,Q7, Q9
Q2,Q3,Q5, Q2,Q3,Q5,
3 95.30 95.97 Q7, Q9 92.18 93.16 Q9
4 96.48 97.99 Q2, %?; Q7, 92.79 93.97 Q2,Q3,Q5
Q1,Q6,Q7, Q1,Q3,Q7,
5 95.3097.32 Q8 92.15 92.61 Q8, Q9
Qz, Q5, Q6, Q5,Q6,Q7,
6 94.80 9597 Q7 92.85 93.42 Q8
Q2,Q3,Q5, Q2,Q3,Q5,
96.31 97.32 Q6, Q7 92.05 92.48 Q7
94.80 95.97 Q2,Q4,Q6 92.13 93.02 Q2,Q4, Q6
95.47 95.97 QL %Aé’ Qs5, 91.61 91.95 Q2,Q4,Q7
Qz, Q4, Q6, Q4,Q6,Q7,
10 96.31 97.99 Q7, Q9 92.12 92.62 Q8, Q9
Q2,Q4, Q6,
11 94.13 95.30 Q7. Q8 91.58 92.20 Q2,Q5,Q8
Discussion

Mostly, outcomes of health literacy researches were
presented by statistical analysis. For example in a
study, authors investigated health literacy status of
diabetic patients by analytical approaches [27].

In contrast, machine learning techniques are used
rarely. In 2011, Kandula et al. have presented an
adaptive testing algorithm for classification of health
literacy data [28l. They applied principles of
measurement decision theory and Shannon’s
information theory. They used two data sets which
include 52 participants and 60 questions in the first
data set and 165 participants, 8 questions in the
second data set. Moreover, our proposed method
could detect major factors on health literacy status.
The results obtained are showed domains Q1, Q7, Q8
are the most effective domains on HL level of the
studied population. According to the statistical
results, weakness in access to the information
resources (Mean=10.7), ability to interpret, judge and
evaluate (Mean=11.4), individual empowerment
(Mean=5.9) are cause of coming down health literacy
level in the South Khorasan province. In other word
statistical analysis supported model results too.

By paraphrasing outcomes of our model, below facts
could have been achieved correspondent to the
obtained question numbers of proposed model:
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1) Low level of access to the information resources
like internet, radio, TV, booklets, pamphlets, and etc.
have been attained a weak score of level HL in this
population (Question numbers 2, 3, 5 in Q1 domain).
2) Lak of popular health information such as
awareness of natural weight range, normal glucose
range and using drugs in a right way is restrictions in
domain Q7 which is the ability to interpret, judge, and
evaluate in this study (Question numbers 46, 49, 50,
53 in Q7 domain).

3) Individual empowerment domain has had the
lowest average in the studied region. Inadequate
knowledge and practical experiments about some
self-health aids like measuring blood glucose, body
temperature, heart plus, doing profusion, and first aid
is a problem in it (Question numbers 59, 60, 61, 63,
64 of Q8 domain).

All of cases mentioned above are areas that must
promote for health literacy promotion. Discussion
about health literacy promotion in the South
Khorasan province cities based on consequence of
model outcome is possible, too.

Note: Extracting more details by evaluating the
results of the model could be achievable. This is by
using finding question numbers in each city and then;
acquiring their meanings by Questionnaire.

Conclusion

Today, optimization algorithms have an important
role in finding effective factors in a certain data set. In
this study, we have used the PSO algorithm for
selection of major factors and have used KNN and
FKNN classifier on HL data set. In our proposed
method, the algorithm identify weighed features that
have the main role in classes. According to data have
height dimensions, feature selection by traditional
analytical methods is complex and difficult. So, the
proposed model could achieve this aim by artificial
techniques.

Recognizing main agents on Health literacy level of a
society basis on geographic regions and finding
relationships between these provide a suitable
background for improving HL level and lead health
scope to use fast and reliable data mining techniques.
These could discover hidden knowledge in the health
data which is in the hidden level for health experts.
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