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Abstract 

In this article assessment of morningness of individuals has been performed using fuzzy reasoning approach. The 
responses are quantified using fuzzy numbers. Based on experts’ opinion a fuzzy rule-base is prepared. The model 
is validated by considering responses of some students, selected randomly, and assessing their degree of 
morningness. The achieved results are compared with that of existing classical method. Results show that proposed 
approach outperforms the existing classical approaches by capturing the inherent ambiguity and vagueness of 
morningness study. 

Keywords: Reduced version of Morningness-Eveningness Questionnaire; preference scale; fuzzy numbers; fuzzy 
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1. Introduction 

Fuzzy logic is a precise logic of imprecision and 
approximate reasoning1,2. One of the most important 
contributions of fuzzy logic is its high power of 
precision which enable it to serve as a co-intensive 
model of reality, especially in human-centric fields such 
as economics, law, linguistics and psychology3-5. Most 
of human knowledge is reflected using natural language. 
Natural languages are pervasively imprecise in the sense 
that in natural language almost everything is a matter of 
degree. 

The proficiency of fuzzy sets in formalizing 
mathematically imprecise valuations and the ability of 
mathematical computations with them are exploited in 
designing questionnaires used to assess many domains 
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of psychology-related issues, such as perceptions, 
opinions, emotional states, etc. In contrast to the 
conventional integer scale based questionnaires, for 
which responses to questions are constrained to 
choosing one within a list of prefixed labels, the 
flexibility and expressiveness questionnaires based on 
the fuzzy rating scale allow us to properly describe the 
answers to many questions involving psychological 
measurement6. Over the last few years, several 
comparative studies have been conducted to verify 
statistically some immediate intuitive benefits obtained 
by using the fuzzy rating method in designing 
questionnaires to collect human ratings, valuations, 
perceptions, judgments, etc7,8. 

1.1. Morningness 

Individual differences in circadian rhythm, popularly 
known as morning-evening orientation of individuals,   
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affect our physiological and psychological functioning, 
not only in health, but also in disease9. Several studies 
have shown that there exists a strong relationship 
between physiological measures and morningness, as 
well as differences in phase position between the two 
extreme types10,11. Several research works have been 
performed to investigate the morning-evening 
orientation of individuals in order to identify the time of 
best performance in different fields like sports12, 
education13, shift-work14, etc. Though the circadian 
period may be determined experimentally in human 
beings, most feasibly through the forced desynchronized 
protocol15, it is costly, intrusive, and time-consuming, 
and thus not a feasible option for large-scale human 
phenotype. A more practical proxy for such studies is 
diurnal preference or chronotype, a self-reported 
questionnaire-based instrument that yields an integer 
score (crisp) on a scale ranging between extreme 
morning preference and extreme evening preference. 
Among the several types questionnaires, like 
Morningness-Eveningness Questionnaire (MEQ)16, 
Circadian Typology Questionnaire (CTQ)17, Composite 
Morningness Questionnaire (CMQ)18, etc., used to 
measure circadian rhythms and chronotypes, reduced 
version of MEQ (rMEQ)19 has proven to be a quick and 
reliable measure, with adequate inter-item correlation 
and validity20. 

1.2. Fuzzy logic in morningness studies 

The questionnaires, used in assessing morningness of 
individuals, frequently involve linguistic terms whose 
meanings are vague/fuzzy in nature. Moreover, the 
items, asked to fill up in the questionnaire, may have the 
complex nonlinear relationship with individual 
differences in circadian rhythm. Conventional statistical 
approaches11,12,13 (classical approaches) are unable to 
capture the vagueness/fuzziness associated with 
morningness study and hence may not provide the 
satisfactory result. Milia, et al.21, emphasize the 
methodological limitations that exist in morningness 
study. 

In order to overcome these limitations, a very few 
study of morningness using fuzzy logic have been made 
in the recent past.  Biswas et al.22, conducted the 
morningness study by developing a fuzzy expert system 
and an Adaptive Neuro Fuzzy Inference Systems 
(ANFIS) with the aim of capturing the impreciseness or 
vagueness associated with the frequently used linguistic 

terms in rMEQ. In 2014, some research works was 
performed to generate different types of hybrid fuzzy 
inference systems like Adaptive Neuro Fuzzy Inference 
Systems (ANFIS)23, Genetic Algorithm  Based 
Mamdani Fuzzy Inference System (GAMFIS)24, for 
assessing morningness of people using rMEQ. Despite 
the advantages of these hybrid fuzzy systems, the 
conventional integer scoring scale of rMEQ has several 
weaknesses. 

1.3. Motivation of the present study 

The rMEQ, the most frequently used questionnaire in 
morningness study, comprises five questions based on 
the original version of the MEQ. Questions 1, 3 and 4 
ask subjects to indicate the time they prefer to get up, 
the time they prefer to go to bed and the time of the day 
when they feel best. Question 2 is related to the degree 
of tiredness perceived in the first half hour after waking 
up in the morning. Finally, in question 5, subjects are 
asked to indicate their morningness or eveningness 
preferences. All the questions are associated with a set 
of pre-fixed categories which are usually coded by 
means of integer numbers from a scale usually ranging 
from 1 to 4, or from 1 to 5, or from 1 to 6. The 
responses of these questions of rMEQ are traditionally 
viewed as values of linguistic variables, but still 
encoded by means of integer numbers, in spite of the 
many concerns associated with such an encoding. This 
study addresses some neglected issues in morningness 
research using rMEQ.  
• Firstly, in rMEQ, the first, third, and fourth 

questions are related to the time of preference of an 
individual for performing his/her daily activities. 
Now, to give response to those questions, it is 
difficult for any individual to identify precisely a 
specific time of a day for those activities. As a 
result, they generally prefers to give the response of 
those questions either as an interval of time or in 
natural languages, like between 5:00 a.m. and 5:30 
a.m., around 10:00 p.m., before 6:00 a.m., after 
5:30 p.m., etc. The scoring was done on the range. 
Since, most of these responses may not indicate 
precise time of a day and sometimes those 
responses may also be in natural languages, 
vagueness and/fuzziness are inherent with those 
responses. Hence, at the time of assessing 
morningness if those responses are expressed by a 
precise (or crisp) score on a preference range may 
not be able to capture the vagueness 
and/uncertainties associated with those responses.  
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• Secondly, the responses of first, third, and fourth 
questions in rMEQ, may not match with any 
particular option in the questionnaire rather may be 
in between any two consecutive options out of the 
available options of that particular question. For 
example, an individual may reach his/her “feeling 
best peak” between 7:30 a.m. and 8:30 a.m. which 
actually fall in between the first two options 
corresponding to the fourth question in rMEQ. As a 
result, either he/she will be bound to leave the 
fourth question without giving any response or 
he/she might choose only one option out of first 
two options. Eventually, in both cases, the study of 
morningness will be affected due to the lack of 
actual response. 

• Thirdly, in rMEQ, second and fifth questions are 
related to an individual’s own feelings and his/her 
self-assessment. When those questions are asked to 
an individual he will feel comfort to express his/her 
feelings and self-assessment either by using 
qualitative terms, viz., “tired”, “fairly tired”, 
“refreshed”, “very refreshed” etc. or in natural 
languages like “definitely morning”, “rather 
morning than evening”, “rather morning than 
evening” etc. whose interpretation are not 
straightforward. It completely depends on human 
perception. However, human perception is not 
precise and may vary over time; one’s intuitions 
and cognition of a concept highly depends on the 
context, domain knowledge, individual senses, etc. 
Hence, different individuals may perceive the same 
concept differently25,26. So, different individuals 
may use same qualitative descriptors to express 
different state of feelings; on the other hand, they 
may use different qualitative descriptors to express 
same state of feelings. Thus, natural languages are 
pervasively imprecise in the sense that in a natural 
language almost everything is a matter of degree. 
Imprecision of natural languages is an issue of 
central importance. Unfortunately, despite its 
importance, the issue of imprecision has not been 
studied earlier in the context of assessing 
morningness. 

• Fourthly, the duration of “feeling best peak” may 
vary from person to person. For example, one 
individual may reach his/her “feeling best peak” 
between 10:30 a.m. and 11:30 a.m. whereas other 
may reach his/her “feeling best peak” between 
10:30 a.m. and 12:30 p.m. In such cases, though 
both of them will choose the third option of the 
fourth question but the duration of “feeling best 
peak” for first individual is one hour whereas for 

second individual it is two hours and hence, quite 
naturally, these two different responses should have 
different impact on morning-evening orientation. 
But, unfortunately, in present rMEQ, both are 
treated equally and getting same score in preference 
scale which is quite unnatural. 

• Lastly, the responses corresponding to each of the 
five questions of rMEQ might not have equal effect 
on morning-evening orientation and hence may 
have some non-linear relationship with 
morningness. As a result, total scores may not be an 
appropriate measure of circadian rhythms and 
chronotypes as multidimensional constructs. Thus, 
relationship of five items of rMEQ with 
morningness is important issue in the study of 
morningness. Unfortunately, this issue also remains 
ignored in the literatures of morningness study. 

In artificial intelligence, the relation between fuzzy 
logic and natural languages is two-sided. On one side, 
fuzzy logic draws on natural languages in the formalism 
of the linguistic variables and the calculi of fuzzy if–
then rules. On the other side, being logic of imprecision 
and approximate reasoning, fuzzy logic has a greater 
contribution to the formalization of natural languages, 
especially in the realm of semantics. So it plays an 
essential role in mechanization of natural language 
understanding3. 

In this paper, a novel preference scale based on 
fuzzy sets theory has been proposed. After collecting 
the responses from the respondents through 
questionnaire in the form of quantitative as well as 
qualitative manners, the preference scales based on 
fuzzy numbers are used to measure the responses. Since 
the fuzzy numbers are defined on some continuous 
universe of discourse, most of the time the scales are 
unbalanced in nature. Also the respondents are free to 
exert their responses without any bound stipulated by 
the questionnaire. 

Moreover, a new methodology for assessing 
morningness of individuals has been developed using 
fuzzy reasoning approach (FRA). This method differs 
from the previous approaches viz., ANFIS and 
GAMFIS methods, because in both approaches crisp 
values are used for the input-output parameters of the 
fuzzy inference system (FIS); whereas in the proposed 
method fuzzy numbers are used not only to capture the 
inexactness associated with the data provided by the 
individuals but also to cope up with fuzzy terms 
associated with answers given by different individuals. 
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2. Methodological Development 

In the present study, a new methodology has been 
developed for assessing morningness of individuals on 
the basis of responses given to the rMEQ using FRA as 
described in the following sub-sections. 

2.1. Data collection 

In order to get better demonstration, a proper discussion 
on the items of the questionnaire as well as all details 
about the study need to be clarified before filling up the 
questionnaire by the individuals. The better 
understanding of all five questions of rMEQ will help 
an individual to correctly express his/her responses. For 
the present study, responses are collected from 
university students after discussing all the details about 
the study. In view of the motivation of the present study, 
responses of 10 individuals are taken into consideration 
for the demonstration of the proposed methodology as 
well as to illustrate how the proposed methodology can 
address those neglected issues in morningness study. 

2.2. Input parameters selection 

In the present study, input parameters are selected on 
the basis of items in rMEQ. In this context, Average 
Rising Time for Feeling Best (𝑋1), Feelings within First 
Half an Hour after waken up in the morning (𝑋2), 
Sleeping Time (𝑋3), Feeling Best Time in a Day (𝑋4) 
and Self-Assessment about Morningness (𝑋5) are are 
considered as input parameters to measure the output 
parameter Morningness (𝑍). 

2.3. Development of a fuzzy rule base 

A fuzzy rule base consists of a set of fuzzy if-then 
rules27 which are used to capture the complex or 
nonlinear relationship between variables of different 
real life problems. These fuzzy rules can be derived by 
several ways such as data driven method, experts’ 
judgment and knowledge acquisition.  In this study, 
experts’ judgment and knowledge acquisition 
techniquesare used to derive the fuzzy rules which are 
generally expressed in terms of qualitative descriptors 
of input and output variables. The qualitative descriptors 
are characterized by fuzzy sets those are derived by 
membership functions (MFs). Among the several types 
of MFs, linear type MFs is widely used due to its simple 
linear characteristic. However, trapezoidal type MFs can 
capture the property of all other types of linear MFs, 

viz., triangular MFs, Z-shaped MFs, S-shaped MFs, etc. 
From that view point, trapezoidal type MFs is used here 
to determine the different qualitative descriptors of 
input and output parameters. 

2.4.  FRA for morningness assessment 

Morningness of an individual is generally assessed on 
the basis of his/her responses corresponding to the 
questions of different types of questionnaires. Since, it 
is difficult for an individual to provide answer to those 
questions in a precise manner due to the uncertainties 
involved in his/her responses to different questions or 
due to presence of some quantitatively immeasurable 
parameters in the morningness assessment process. The 
process of assessment thus frequently faces the 
circumstances where the data are imprecise and 
sometimes uncertain also. In such situation, it is 
conformable to consider the input values as a range of 
numerical values or fuzzy numbers or linguistic terms to 
express their responses. In this paper, trapezoidal fuzzy 
numbers (TFNs), as a general form of linear type fuzzy 
numbers, are used to capture responses of the 
individual. A TFN is expressed in the form 𝐹 =
〈𝑎1, 𝑎2, 𝑎3, 𝑎4〉 with its membership function  

𝜇𝐹(𝑥) =

⎩
⎪
⎨

⎪
⎧

𝑥−𝑎1
𝑎2−𝑎1

, 𝑎1 ≤ 𝑥 ≤ 𝑎2
1,           𝑎2 ≤ 𝑥 ≤ 𝑎3
𝑥−𝑎4
𝑎3−𝑎4

,   𝑎3 ≤ 𝑥 ≤ 𝑎4
0,            𝑜𝑜ℎ𝑒𝑒𝑒𝑒𝑒𝑒

  (1) 

In the current morningness assessment process, the 
following TFNs, as described in Table 1, are used 
corresponding to different imprecise expressions to 
represent imprecise opinion on the parameters of the 
proposed model. The remaining part of the sub-section 
demonstrates the process of morningness assessment 
corresponding to the responses of an individual. 

Let 𝐹𝑋1, 𝐹𝑋2, 𝐹𝑋3, 𝐹𝑋4and 𝐹𝑋5 be five TFNs derived 

from the responses of an individual corresponding to 

five input parameters 𝑋1, 𝑋2, 𝑋3, 𝑋4 and 𝑋5.Then the 

corresponding MFs of those TFNs can be given by 

𝜇𝐹𝑋1(𝑢1), 𝜇𝐹𝑋2(𝑢2), 𝜇𝐹𝑋3(𝑢3), 𝜇𝐹𝑋4(𝑢4) and 𝜇𝐹𝑋5(𝑢5) 

where 𝑢1, 𝑢2, 𝑢3, 𝑢4 and 𝑢5 are variables in the 

universe of discourses 𝑈1, 𝑈2, 𝑈3, 𝑈4 and 𝑈5 

corresponding to 𝑋1, 𝑋2, 𝑋3, 𝑋4 and 𝑋5. 
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Table 1. Linguistic terms with their associated TFNs. 

Inexact expressions 
Fuzzy 
Inputs Input types TFNs 

"...is a" 𝑎 A numerical value 〈𝑎,𝑎, 𝑎,𝑎〉 
"…between a and b" [𝑎, 𝑏] A range of number 〈𝑎, (𝑎 + 𝑏)/2, (𝑎 + 𝑏)/2,𝑏〉 
"…is between a and c and most likely to be b" 〈𝑎,𝑏, 𝑐〉 Triangular fuzzy numbers 〈𝑎,𝑏,𝑏, 𝑐〉 
"…is between a and d and most likely between b and c" 〈𝑎,𝑏, 𝑐,𝑑〉 Trapezoidal fuzzy numbers 〈𝑎,𝑏, 𝑐,𝑑〉 
"…is Odd" 〈𝑎, 𝑏, 𝑐,𝑑〉 A linguistic term Odd MF 〈𝑎, 𝑏, 𝑐,𝑑〉 

 
FRA evaluation process on the basis of Mamdani 

method28 has been employed here to determine relevant 
rules in the current situation for mapping the input 
parameters 𝑋1, 𝑋2, 𝑋3, 𝑋4 and 𝑋5 with the output 
parameter 𝑍. Subsequently, the rules are used to find the 
membership grades of output parameter 𝑍 of that 
individual as follows. 

If the 𝑖𝑡ℎ rule 𝑅𝑖 is in the form of 

𝑅𝑖: 𝑖𝑖 𝑋1 𝑖𝑖 𝐴̃𝑋1
𝑖 𝑎𝑎𝑎 𝑋2 𝑖𝑖 𝐴̃𝑋2

𝑖 𝑎𝑎𝑎 𝑋3 𝑖𝑖 𝐴̃𝑋3
𝑖  

𝑎𝑎𝑎 𝑋4 𝑖𝑖 𝐴̃𝑋4
𝑖 𝑎𝑎𝑎 𝑋5 𝑖𝑖 𝐴̃𝑋5

𝑖 , 𝑡ℎ𝑒𝑒 𝑍 𝑖𝑖 𝐴̃𝑍𝑖  (2) 

where 𝐴̃𝑋1
𝑖 , 𝐴̃𝑋2

𝑖 , 𝐴̃𝑋3
𝑖 , 𝐴̃𝑋4

𝑖 , 𝐴̃𝑋5
𝑖  and 𝐴̃𝑍𝑖   are the 

respective qualitative descriptors of  𝑋1, 𝑋2, 𝑋3, 𝑋4, 𝑋5 

and 𝑍 for the 𝑖𝑡ℎ rule, then the firing strength 𝛼𝑖 of the  

𝑖𝑡ℎ rule corresponding to the fuzzy inputs 𝐹𝑋1, 𝐹𝑋2, 𝐹𝑋3, 

𝐹𝑋4 and 𝐹𝑋5 derived from the responses of an individual 

is calculated using fuzzy intersection operation as  

𝛼𝑖 = 𝑚𝑚𝑚

⎣
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎡ℎ𝑒𝑒𝑒ℎ𝑡 �𝜇𝐹𝑋1(𝑢1) ∧ 𝜇𝐴�𝑋1𝑖

(𝑢1)� ,

ℎ𝑒𝑒𝑒ℎ𝑡 �𝜇𝐹𝑋2(𝑢2) ∧ 𝜇𝐴�𝑋2𝑖
(𝑢2)� ,

ℎ𝑒𝑒𝑒ℎ𝑡 �𝜇𝐹𝑋3(𝑢3) ∧ 𝜇𝐴�𝑋3𝑖
(𝑢3)� ,

ℎ𝑒𝑒𝑒ℎ𝑡 �𝜇𝐹𝑋4(𝑢4) ∧ 𝜇𝐴�𝑋4𝑖
(𝑢4)� ,

ℎ𝑒𝑒𝑒ℎ𝑡 �𝜇𝐹𝑋5(𝑢5) ∧ 𝜇𝐴�𝑋5𝑖
(𝑢5)�

⎦
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎤

. (3) 

where 𝜇𝐹𝑋1(𝑢1), 𝜇𝐹𝑋2(𝑢2), 𝜇𝐹𝑋3(𝑢3), 𝜇𝐹𝑋4(𝑢4) and 

𝜇𝐹𝑋5(𝑢5) are respective MFs corresponding to fuzzy 

inputs 𝐹𝑋1, 𝐹𝑋2, 𝐹𝑋3, 𝐹𝑋4 and 𝐹𝑋5 associated with the 

responses of that individual and 𝜇𝐴�𝑋1𝑖
(𝑢1), 𝜇𝐴�𝑋2𝑖

(𝑢2), 

𝜇𝐴�𝑋3𝑖
(𝑢3), 𝜇𝐴�𝑋4𝑖

(𝑢4) and 𝜇𝐴�𝑋5𝑖
(𝑢5) are respective MFs 

corresponding to qualitative descriptors 𝐴̃𝑋1
𝑖 , 𝐴̃𝑋2

𝑖 , 𝐴̃𝑋3
𝑖 , 

𝐴̃𝑋4
𝑖 , 𝐴̃𝑋5

𝑖  of 𝑋1, 𝑋2, 𝑋3, 𝑋4 and 𝑋5 for the 𝑖𝑡ℎ rule. The 

output of the 𝑖𝑡ℎ rule is obtained as follows. 

𝜇𝑂𝑂𝑂𝑖 (𝑣) = 𝑚𝑚𝑚 �𝛼𝑖, 𝜇𝐴�𝑍𝑖 (𝑣)� .  (4) 

where 𝛼𝑖 is the firing strength of the 𝑖𝑡ℎ rule, 𝜇𝐴�𝑍𝑖 (𝑣) 

represents the MF, written in terms of the variable 𝑣 

within the universe of discourse 𝑉 of 𝑍, corresponding 

to the qualitative descriptor of the output parameter Z 

associated with consequent of the 𝑖𝑡ℎ rule. 𝜇𝑂𝑂𝑂𝑖 (𝑣) 

represents the MF of fuzzy output corresponding to the 

𝑖𝑡ℎ rule. 

The aggregated fuzzy output (𝐴𝐴𝐴) corresponding 
to the responses of that individual is calculated using 
fuzzy union operation as 

𝜇𝐴𝐴𝐴(𝑣) = ⋁ 𝜇𝑂𝑂𝑂𝑖 (𝑣)𝑛
𝑖=1  .  (5) 

where 𝜇𝐴𝐴𝐴(𝑣) represents the MF of the 𝐴𝐴𝐴 in the 
universe of discourse 𝑉 of 𝑍 for that particular 
individual. The determination of  𝐴𝐴𝐴 by the proposed 
FRA is shown in Fig 1. 

The 𝐴𝐴𝐴 is then defuzzified to a crisp number 𝑧∗ 
that represents the morningness score corresponding to 
that particular individual using the centroid of area 
method as follows. 

𝑧∗ =
∑ 𝜇𝐴𝐴𝐴�𝑣𝑗�∙𝑣𝑗
𝑠
𝑗=1
∑ 𝜇𝐴𝐴𝐴�𝑣𝑗�
𝑠
𝑗=1

 .   (6) 

where 𝑣𝑗 ∈ 𝑉 (𝑗 = 1,2,⋯ , 𝑠) are ‘𝑠’ quantization of  
𝑉, 𝜇𝐴𝐴𝐴�𝑣𝑗� are their membership grades corresponding 
to the fuzzy set 𝐴𝐴𝐴 in the universe of discourse 𝑉 of 𝑍 
and 𝑧∗ is the crisp value of 𝑍 for that individual. 
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Fig. 1. Pictorial description of fuzzy input, antecedent and consequent operations for two rules. 

3. Morningness assessment of a group of 
students in the University of Kalyani: A case 
study 

An illustrative case example on morningness assessment 
of a group of students of an Indian University, viz., 
University of Kalyani, Kalyani, West Bengal, India has 
been considered to demonstrate the proposed 
morningness assessment methodology. Five input 
parameters (𝑋1, 𝑋2, 𝑋3, 𝑋4 and 𝑋5) as defined in sub-
section 2.2 are taken into account. The outputs (𝑍) are 
measured on a scale ranging between 0 to 6. The 
morningness of an individual is categorized into three 
chronotypes, viz., ‘Morning type (M)’, ‘Intermediate 
type (I)’ and ‘Evening type (E)’. 

The qualitative descriptors of five input and one 
output parameters have been developed for the group of 
students of the said University and the FRA is employed 
to estimate the output of each individual in terms of 
input parameters. The first input parameter (𝑋1) 
describes the rising time of an individual required for 
his/her own feeling best rhythm and is measured  on a 
scale ranging from 0 to 5. Higher score implies earlier 
rising time of an individual required for his/her own 
feeling best rhythm. The qualitative descriptors of 𝑋1 

are defined as ‘Early’, ‘Moderate’ and ‘Late’ and their 
descriptions are presented in Table 2. 

The second input parameter (𝑋2) expresses the 
feelings within first half an hour after waken up in 
morning which is measured on a scale ranging between 
0 to 4. In this study, the qualitative descriptors are used 
as ‘Good’, ‘fair’ and ‘Bad’. Table 3 shows the 
evaluation criteria of 𝑋2 and the corresponding 
qualitative descriptors. 

The third input parameter (𝑋3) describes the 
sleeping time of an individual when he/she is free 
without any scheduling task throughout the day. On the 
basis of his/her response scoring has been given on a 
scale ranging between 0 to 5. Higher score implies 
earlier sleeping time of an individual. The qualitative 
descriptors of 𝑋3 are defined as ‘Early’, ‘Moderate’ and 
‘Late’ and their descriptions are presented in Table 4. 

The fourth input parameter (𝑋4) expresses the time 
of the day at which an individual thinks that he/she 
reaches his/her feeling best peak and on the basis of 
his/her response scoring has been assigned on a scale 
ranging between 0 to 5. Higher score implies earlier 
time to reach feeling best peak of an individual. The 
qualitative descriptors of 𝑋4 are described as ‘Early’, 
‘Moderate’ and ‘Late’ and their descriptions are 
presented in Table 5. 
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The fifth input parameter (𝑋5) defines the morning-
evening orientation that an individual assesses 
himself/herself on a scale ranging from 0 to 6. In this 
study, individuals might often use qualitative 
descriptors as ‘Morning Type’, ‘Rather Morning than 
Evening’, ‘Rather Evening than Morning’, and ‘Evening 
Type’. Table 6 shows the evaluation criteria of 𝑋5 and 
the corresponding qualitative descriptors. 

The qualitative descriptors of the output parameter 
(𝑍) are characterized as ‘Morning type (M)’, 

‘Intermediate type (I)’ and ‘Evening type (E)’. Their 
definitions are listed in Table 7. The morningness score 
is defined in a manner that the lowest score is 0, 
whereas the highest score is 6. Similar to the input 
qualitative descriptors the trapezoidal MFs are used to 
describe the morningness score 𝑍. 

All the qualitative descriptors used in this case study 
are characterized by trapezoidal type MFs whose 
parameters are written with the form (𝑎, 𝑏, 𝑐,𝑑). 

 

Table 2. Representation of qualitative descriptors of Average Time for Feeling Best (𝑋1). 

Index Qualitative descriptors Description Scores in preference scale (0-5) Parameters of MFs 
(Trapezoidal) 

1 Early  Before 6:30 a.m. > 3 (3, 4, 5, 5) 
2 Moderate Between 6:30 a.m. to 8:00 a.m. 1-3 (1, 2, 3, 4) 
3 Late After 8:00 a.m. <1 (0, 0, 1, 2) 

Table 3. Representation of qualitative descriptors of Feelings within First Half an Hour after waken up in the morning (𝑋2). 

Index Qualitative descriptors Description 
Scores in 
preference scale 
(0-4) 

Parameters of MFs 
(Trapezoidal) 

1 Good Feels very fresh and energetic for doing something >3 (2.5, 3, 4, 4) 
2 Moderate Feels only fresh enough for doing something 1-3 (1, 1.5, 2.5, 3) 
3 Bad Feels lazy for doing something. <1 (0, 0, 1, 1.5) 

Table 4. Representation of qualitative descriptors of Sleeping Time (𝑋3). 

Index Qualitative descriptors Description Scores in preference 
scale (0-5) 

Parameters of MFs 
(Trapezoidal) 

1 Early  Before 10:30 p.m. >3 (3, 4, 5, 5) 
2 Moderate Between 10:30 p.m. to 2:00 a.m. 1-3 (1, 2, 3, 4) 
3 Late After 2:00 a.m. <1 (0, 0, 1, 2) 

Table 5. Representation of qualitative descriptors of Feeling Best Time of a Day (𝑋4). 

Index Qualitative descriptors Description Scores in 
preference scale 

Parameters of MFs 
(Trapezoidal) 

1 Early  Before 12:30 p.m. >3 (3, 4, 5, 5) 
2 Moderate Between 12:30 p.m. to 10:30 p.m. 1-3 (1, 2, 3, 4) 
3 Late After 10:30 p.m. <1 (0, 0, 1, 2) 

Table 6. Representation of qualitative descriptors of Self-Assessment about Morningness (𝑋5). 

Index Qualitative descriptors Description Scores in 
preference scale 

Parameters of MFs 
(Trapezoidal) 

1 Morning type Self-assessment is definitely morning type >4 (4,5, 6, 6) 
2 Neither Morning nor Evening Self-assessment is between morning and evening 2-4 (1, 2, 4, 5) 
3 Evening type Self-assessment is definitely evening type <2 (0, 0, 1, 2) 
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Table 7. Representation of qualitative descriptors of Morningness (𝑍). 

Index Qualitative descriptors Description Parameters of MFs 
(Trapezoidal) 

1 Morning type Morningness score is high (4,5, 6, 6) 
2 Intermediate  Morningness score is medium (1, 2, 4,5) 
3 Evening type Morningness score is low (0, 0, 1, 2) 

Since, the five input parameters are used to 
determine the morningness score of individual, the rule 
base is consisting of 243 if-then rules for this study. 
Table 8 depicts those rules inform 27 rule matrices in 
which each matrix consists of 9 rules which are 
generated by keeping the index of the qualitative 
descriptors of 𝑋3, 𝑋4 and 𝑋5 fixed and varying those of 
𝑋1 and 𝑋2 in between 1 and 3.  

For example, the first rule corresponding to the first 
matrix has been generated as follows: 

IF  𝑋1 = 1 (i.e., Early) and 𝑋2 = 1 (i.e., Good) and 
𝑋3 = 1 (i,e., Early) and 𝑋4 = 1 (i.e., Early) and 𝑋5 = 1 
(i.e., Morning type), then 𝑍 is Morning Type. 

Similarly, other rules are generated by considering 
all possible combinations. 

Table 9 reflects the responses of 10 individuals 
corresponding to five input parameters 𝑋1, 𝑋2, 𝑋3, 𝑋4 
and 𝑋5. Responses of those individuals are then 
measured on preference scale on the basis of experts’ 
knowledge. Since, the scores given by the experts are 
expressed using linguistic terms, the scores are then 
converted into corresponding TFNs as defined in Table 
1. Based on the derived TFNs and the qualitative 
descriptors, the firing strength of each rule is then 
calculated using Eq. (3). The fuzzy implication is 
applied to obtain resulting fuzzy sets of the fired rules. 
The MFs of those output fuzzy sets corresponding to the 
fired rules are obtained using Eq. (4). Those MFs are 
then aggregated using Eq. (5) to form a single fuzzy set 
which represents the fuzzy output of Morningness. 
Finally, on the basis of the aggregated fuzzy set, the 
defuzzified value is calculated using Eq. (6).  

To illustrate the FRA process of Morningness 
assessment, the calculation for the first individual has 
been discussed elaborately below. 

The responses given by the first individual 
corresponding to 𝑋1, 𝑋2,𝑋3, 𝑋4 and 𝑋5 are Between 5:00 
a.m. and 5:30 a.m., Very refreshed, Around 9:30 p.m., 
Between 7:00 a.m. and 9:00 a.m., Self-assessment is morning, 
respectively. These responses are measured on fuzzy 
preference scale based on experts’ knowledge as 

Between 3.85 and 4.25, Between 3 and 4, Almost 4, Between 
3.95 and 4.45, and Almost 4, respectively. 

The given scores are then converted into TFNs using 
Table 1 and are obtained as 𝐹𝑋1 = 〈3.85,4.05,4.05,4.25〉, 
𝐹𝑋2 = 〈3,3.5,3.5,4〉, 𝐹𝑋3 = 〈3.75.4,4,4.25〉, 𝐹𝑋4 =
〈3.95,4.2,4.2,4.45〉 and 𝐹𝑋5 = 〈5.5,5.75,6,6〉, respectively. 

When these TFNs are injected in the proposed FRA 
model, only following 8 rules of the rule base are to be 
significant for this response.  
𝑅1: IF  𝑋1 = 1 (i.e., Early) and 𝑋2 = 1 (i.e., Good) and 

𝑋3 = 1 (i,e., Early) and 𝑋4 = 1 (i.e., Early) and 
𝑋5 = 1 (i.e., Morning type), then 𝑍 is Morning 
Type. 

𝑅2: IF  𝑋1 = 2 (i.e., Moderate) and 𝑋2 = 1 (i.e., Good) 
and 𝑋3 = 1 (i,e., Early) and 𝑋4 = 1 (i.e., Early) 
and 𝑋5 = 1 (i.e., Morning type), then 𝑍 is 
Morning Type. 

𝑅10: IF  𝑋1 = 1 (i.e., Early) and 𝑋2 = 1 (i.e., Good) and 
𝑋3 = 2 (i,e., Moderate) and 𝑋4 = 1 (i.e., Early) 
and 𝑋5 = 1 (i.e., Morning type), then 𝑍 is 
Morning Type. 

𝑅11: IF  𝑋1 = 2 (i.e., Moderate) and 𝑋2 = 1 (i.e., Good) 
and 𝑋3 = 2 (i,e., Moderate) and 𝑋4 = 1 (i.e., 
Early) and 𝑋5 = 1 (i.e., Morning type), then 𝑍 is 
Morning Type. 

𝑅28: IF  𝑋1 = 1 (i.e., Early) and 𝑋2 = 1 (i.e., Good) and 
𝑋3 = 1 (i,e., Early) and 𝑋4 = 2 (i.e., Moderate) 
and 𝑋5 = 1 (i.e., Morning type), then 𝑍 is 
Morning Type. 

𝑅29: IF  𝑋1 = 2 (i.e., Moderate) and 𝑋2 = 1 (i.e., Good) 
and 𝑋3 = 1 (i,e., Early) and 𝑋4 = 2 (i.e., 
Moderate) and 𝑋5 = 1 (i.e., Morning type), then 
𝑍 is Morning Type. 

𝑅37: IF  𝑋1 = 1 (i.e., Early) and 𝑋2 = 1 (i.e., Good) and 
𝑋3 = 2 (i,e., Moderate) and 𝑋4 = 2 (i.e., 
Moderate) and 𝑋5 = 1 (i.e., Morning type), then 
𝑍 is Morning Type. 

𝑅38: IF  𝑋1 = 2 (i.e., Moderate) and 𝑋2 = 1 (i.e., Good) 
and 𝑋3 = 2 (i,e., Moderate) and 𝑋4 = 2 (i.e., 
Moderate) and 𝑋5 = 1 (i.e., Morning type), then 
𝑍 is Intermediate Type. 
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Table 8. Fuzzy rule-base matrices. 
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The firing strength 𝛼1 of the rule 𝑅1 is calculated using 
Eq. (3) as follows 

𝛼1 = 𝑚𝑚𝑚

⎣
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎡ ℎ𝑒𝑒𝑒ℎ𝑡 �𝜇𝐹𝑋1(𝑢1) ∧ 𝜇𝐸𝐸𝐸𝐸𝐸(𝑢1)� ,

ℎ𝑒𝑒𝑒ℎ𝑡 �𝜇𝐹𝑋2(𝑢2) ∧ 𝜇𝐺𝐺𝐺𝐺(𝑢2)� ,

ℎ𝑒𝑒𝑒ℎ𝑡 �𝜇𝐹𝑋3(𝑢3) ∧ 𝜇𝐸𝐸𝐸𝐸𝐸(𝑢3)� ,

ℎ𝑒𝑒𝑒ℎ𝑡 �𝜇𝐹𝑋4(𝑢4) ∧ 𝜇𝐸𝐸𝐸𝐸𝐸(𝑢4)� ,

ℎ𝑒𝑒𝑒ℎ𝑡 �𝜇𝐹𝑋5(𝑢5) ∧ 𝜇𝑀𝑀𝑀𝑀𝑀𝑀𝑀 𝑡𝑡𝑡𝑡(𝑢5)�⎦
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎤

 

= 1 
The MF of output fuzzy set corresponding to the 

rule 𝑅1 is obtained using Eq. (4) as follows 

𝜇𝑂𝑂𝑂1 (𝑣) = 𝑚𝑚𝑚 �𝛼1, 𝜇𝑀𝑀𝑀𝑀𝑀𝑀𝑀 𝑡𝑡𝑡𝑡(𝑣)�

= 𝑚𝑚𝑚 �1, 𝜇𝑀𝑀𝑀𝑀𝑀𝑀𝑀 𝑡𝑡𝑡𝑡(𝑣)� 

In the same way, firing strengths and rule outputs of 
the remaining 7 fired rules are respectively obtained 
𝛼2 = 0.125 and 
𝜇𝑂𝑂𝑂2 (𝑣) = 𝑚𝑚𝑚 �0.125, 𝜇𝑀𝑀𝑀𝑀𝑀𝑀𝑀 𝑡𝑡𝑡𝑡(𝑣)� , 𝛼10 = 0.2 

and 𝜇𝑂𝑂𝑂10 (𝑣) = 𝑚𝑚𝑚 �0.2, 𝜇𝑀𝑀𝑀𝑀𝑀𝑀𝑀 𝑡𝑡𝑡𝑡(𝑣)�, 𝛼11 =

0.125 and 𝜇𝑂𝑂𝑂11 (𝑣) = 𝑚𝑚𝑚 �0.125, 𝜇𝑀𝑀𝑀𝑀𝑀𝑀𝑀 𝑡𝑡𝑡𝑡(𝑣)�, 

𝛼28 = 0.4 and 𝜇𝑂𝑂𝑂28 (𝑣) = 𝑚𝑚𝑚 �0.4, 𝜇𝑀𝑀𝑀𝑀𝑀𝑀𝑀 𝑡𝑡𝑡𝑡(𝑣)�, 

𝛼29 = 0.4 and 𝜇𝑂𝑂𝑂29 (𝑣) = 𝑚𝑚𝑚 �0.4, 𝜇𝑀𝑀𝑀𝑀𝑀𝑀𝑀 𝑡𝑡𝑡𝑡(𝑣)�, 

𝛼37 = 0.4 and 𝜇𝑂𝑂𝑂37 (𝑣) = 𝑚𝑚𝑚 �0.4, 𝜇𝑀𝑀𝑀𝑀𝑀𝑀𝑀 𝑡𝑡𝑡𝑡(𝑣)�, 
and 𝛼38 = 0.4 and 
𝜇𝑂𝑂𝑂38 (𝑣) = 𝑚𝑚𝑚 �0.4, 𝜇𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 𝑡𝑡𝑡𝑡(𝑣)�. 

The 𝐴𝐴𝐴 is then evaluated by Eq. (5) as follows: 

𝜇𝐴𝐴𝑂(𝑣)

= 𝜇𝑂𝑂𝑂1 (𝑣)�𝜇𝑂𝑂𝑂2 (𝑣)�𝜇𝑂𝑂𝑂10 (𝑣)�𝜇𝑂𝑂𝑂11 (𝑣) 

�𝜇𝑂𝑂𝑂28 (𝑣)�𝜇𝑂𝑂𝑂29 (𝑣)�𝜇𝑂𝑂𝑂37 (𝑣)�𝜇𝑂𝑂𝑂39 (𝑣) 

The 𝐴𝐴𝐴 is then defuzzified to a crisp number 
𝑧∗ = 5.0221 by equation (6). 

Similarly, the morningness scores of other 9 
individuals are calculated. The results thus obtained 
from the responses of 10 individuals are summarized in 
Table 9. 

3.1. Results and discussions 

In the similar way, Morningness scores of 10 
individuals are assessed and then individuals are 
categorized as ‘Morning type (M)’, ‘Intermediate type 

(I)’ and ‘Evening type (E)’ by the proposed 
methodology as well as by existing classical technique. 
The proposed methodology not only categorizes the 
individuals but also assigns the degree of belongingness 
corresponding to that category. Due to fuzzy scoring 
technique applied to individual responses, results 
obtained by the proposed methodology are found to be 
more realistic in comparison with that of existing 
techniques, and also addresses some important issues 
like relative importance among the intra-items of the 
questionnaire in the study of morningness. As for 
example, if the responses of Individual 2 and Individual 
3 are compared, then the differences that can be 
observed in their responses as individual 2 feels ‘very 
refreshed’ within first half an hour after waken up in the 
morning where as individual 3 feels ‘fairly refreshed’ 
though their rising time in the morning is same. 
Moreover, Individual 2 prefers to go to bed at night 
earlier than that of Individual 3 and reaches ‘feeling best 
peak” earlier than that of Individual 3 which may be the 
indication of the fact that Individual 3 does not has that 
much of morning orientation compared to Individual 2. 
As a consequence, it is expected that they should not 
have the same morning-evening orientation. But, in the 
conventional approach the difference in morning-
evening orientation of Individual 2 and Individual 3 is 
not clearly reflected through the results since both of 
them are categorized as ‘Morning type (M)’. On the 
other hand, according to the proposed methodology, 
morningness score of Individual 2 is 4.8858 and 
categorized as ‘Morning type (M)’ with membership 
grade 0.8858, ‘Intermediate type (I)’ with membership 
grade 0.1142 and ‘Evening type (E)’ with membership 
grade 0, whereas morningness score of Individual 3 is 
4.2366 and categorized as ‘Morning type (M)’ with 
membership grade 0.2366, ‘Intermediate type (I)’ with 
membership grade 0.7634 and ‘Evening type (E)’ with 
membership grade 0. Since, Individual 2 has higher 
belongingness in ‘Morning type (M)’ than that of 
‘Intermediate type (I)’, he/she is to be treated as 
‘Morning type (M)’. On the other hand, Individual 3 has 
higher belongingness in ‘Intermediate type (I)’ than that 
of ‘Morning type (M)’, he/she is to be treated as 
‘Intermediate type (I)’. 
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Table 9. Assessment of Morningness.  
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Table 9. (Continued).   
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Table 9. (Continued).  
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Again, if the responses of Individual 6 and 
Individual 7 are compared, then the only difference that 
can be observed is in their responses of the item Feeling 
Best Time in a Day (𝑋4). Individual 6 reaches ‘feeling 
best peak” between 7:30 a.m. and 10:00 a.m., whereas 
individual 7 reaches ‘feeling best peak’ between 7:00 
a.m. and 10:00 a.m. and more specifically between 8:00 
a.m. and 9:00 a.m. No such distinction can be made 
between those two Individuals by the conventional 
method, since, both the responses corresponding to that 
item got same score in preference scale. As result, 
according to the conventional approach both the 
individuals got same morningness score (same as 23) 
and thus both are categorized as ‘Morning type (M)’ 
which is  quite unusual in real-world situation. But, 
according to the proposed methodology, morningness 
score of Individual 6 is 4.2141 and categorized as 
‘Morning type (M)’ with membership grade 0.2141, 
‘Intermediate type (I)’ with membership grade 0.7859 
and ‘Evening type (E)’ with membership grade 0; 
whereas morningness score of Individual 7 is 4.1845 
and categorized as ‘Morning type (M)’ with 
membership grade 0.1845, ‘Intermediate type (I)’ with 
membership grade 0.8155 and ‘Evening type (E)’ with 
membership grade 0. Since, both individuals has higher 
belongingness in ‘Intermediate type (I)’ they are to be 
treated as ‘Intermediate type (I)’, but Individual 7 has 
more intermediate orientation than that of Individual 6. 
This result can be justified as Individual 6 may reach 
‘feeling best peak’ earlier than that of individual 7 and 
also the time duration for his/her ‘feeling best peak’ is 
much higher than that of Individual 7.  

Further, if the responses of Individual 9 and 
Individual 10 are compared, then it can be observed that 
the responses corresponding to items Feelings within 
First Half an Hour after waken up in the morning (𝑋2), 
Feeling Best Time in a Day (𝑋4) and Self-Assessment 
about Morningness (𝑋5) are exactly the same for both 
the individuals, whereas responses corresponding to 
other two items differs. The results obtained by the 
proposed method shows that there is no significant 
difference in their morning-evening orientation and thus 
both categorized as ‘Intermediate type (I)’ with higher 
belongingness than that of ‘Morning type (M)’ and 
‘Evening type (E)’.  

From the above comparisons, it is clear that all items 
of the questionnaire are not playing equally important 
role in the assessment process of morningness. The 

results obtained in Table 9 indicate that item 2 and item 
4 are relatively more influential factors than the others 
in the rMEQ. 

4. Conclusions 

This paper presents a new systematic morningness 
assessment model using FRA, which is able to adopt 
both quantitative as well as qualitative data.  Individual 
responses, collected through questionnaires, are 
measured on a preference scale using fuzzy numbers 
which is advantageous over the conventional crisp 
scoring techniques as it can capture the fuzziness of 
individual responses and hence provide more realistic 
categorization of individuals, viz., Morning type (M)’, 
‘Intermediate type (I)’ and ‘Evening type (E)’, along 
with their degree of belongingness. As a consequence, it 
may become an efficient tool to the researchers and 
practitioners to classify individuals in more convenient 
way. 

Comparing with the conventional method, the 
advantages of the proposed morningness assessment 
methodology can be summarized as follows:  
(i) It can handle impreciseness or vagueness associated 

in quantifying the responses through preference 
scale, even if the responses are given in natural 
languages; 

(ii) The morningness can be evaluated directly through 
linguistic expressions which are employed  in the 
morningness assessment; 

(iii) The morningness can be assessed effectively by 
using expert’s knowledge on different complex 
concepts like very tired”, “fairly tired”, “rather 
morning than evening”, whose interpretation are 
not straightforward 

(iv) It provides a more comprehensible but flexible 
structure for combining the information gathered 
through questionnaire in the context of 
morningness assessment. 

(v) Finally, the free format form of questionnaire used 
in the present study provides the better way to 
express more realistic responses of the individuals. 

Moreover, the proposed morningness assessment 
methodology may provide a good platform for in depth 
study of relative importance of the different items of 
several types of questionnaires which usually used in 
morningness study and could be a future scope for 
research. However, future work may include 
development of adaptive learning systems that can 
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update the knowledge base from data when no expert 
knowledge is available. 
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