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ABSTRACT

In HMI design, several parameters have to be correctly evaluated in order to guarantee a good level of safety and
well-being of users (humans) and to avoid health problems like muscular-skeletal diseases. ISO Standards give us a
good reference on Ergonomics and Comfort: ISO 11228 regulation deals with several parameters for evaluating
Postural Ergonomics in manual loads’ push/pull, in manual loads’ lifting and carrying and in repetitive actions.
Those parameters can be synthesized in a “Postural Load Index” that represents the Ergonomics level of examined
posture. Nothing has be done, by ISO, in order to give a method/criterion for evaluating comfort performances of
products and workplaces. More than 100.000 scientific papers dealing with comfort and discomfort can be easily
found in main scientific databases and most of these speak about relationship between environmental factors (like
temperature, humidity, applied forces etc.) and perceived comfort/discomfort. Several papers follow the assumption
that there is a relationship between self-reported discomfort  and musculoskeletal injuries and that those injuries
affect the perceived comfort; however, the theories relating comfort to products/processes and products/processes’
design  characteristics  are  rather  underdeveloped.  One  of  the  most  recent  and  interesting  paper  about  comfort
perception and its evaluation is the Vink-Hallbeck (2012) one in which the Moes’ comfort perception model (2005)
has been developed and improved. In our paper, a simplified model of comfort perception, that seems to work well
with the Vink-Hallbeck one, has been proposed and takes into account four aspects that strongly affect the global
comfort perception: (B) – User Biomechanics/Posture, (P) - Physiologic factor, (E) – Environment contribute, (C) –
Cognitive factor. Each of these aspects can be split in sub-aspects that have to be taken into account in order to be
evaluated and correlated to subjective comfort perception. This paper want to explain all those sub-aspects, analyze
the  state  of  the  art  about  their  evaluation  and  propose  an  easy-to-use  framework  for  weighing  and  evaluating
contributes coming from cognitive, postural and physiologic comfort perceptions (no environment’s factors have
been studied) to the global comfort perception.
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INTRODUCTION

What are new trend lines of research about comfort evaluation and about the objective and predictive techniques for
quantifying and qualifying the comfort perception by human? As we will explain in next paragraphs, researchers are
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attempting to give answers to this question but in a wide literature overview, it is possible to highlight many partial
aspects that have been studied very well. Just a few researchers (Moes 2005 and Vink-Hallbeck 2012) have studied
the problem of comfort perception and evaluation under a wider point of view. Nevertheless, some aspects seems to
be not still taken into account! In this paper, we try to extend the Vink-Hallbeck model in order to build a comfort
perception/evaluation matrix in which four kinds of comfort, related to different humans’ perception, have been
studied and linked to the whole working environment’s characteristics.

STATE OF THE ART ABOUT COMFORT/DISCOMFORT 
PERCEPTION MODELING AND EVALUATION 

One of the most studied aspect of comfort perception is the one due to postural configuration (Naddeo and Memoli,
2009).  The existing literature  proposes many different  methods for an ergonomics evaluation by assuming that
postural comfort is related to musculoskeletal disease; the most common and well-known evaluation methods are the
following:

1. RULA - Rapid Upper Limb Assessment (Lynn McAtamney and E. Nigel Corlet, 1993);
2. REBA - Rapid Entire Body Assessment (Sue Hignett and Lynn McAtamney, 2000);
3. LUBA - Loading of the Upper Body Assessment (Dohyung Kee, Waldermar Karwowski, 2001).

These  methods are  based on the  measurement  of  anthropometric  parameters.  Generally,  the “Comfort” can  be
defined as the “level of well-being” perceived by humans in a working environment; this level is extremely difficult
to detect and measure because it is affected by individual judgments that can be analyzed using quantitative and
qualitative methods. Some methods, such as the “Rating of Perceived Exertion” (Borg, 1982), have been developed
to “measure” postural  comfort  under exertion conditions, but  this approach seems insufficient  for  decoding the
whole perception. Looking at scientific literature from the past 30 years, it is possible to identify more than 100,000
scientific papers dealing with comfort and discomfort; the majority discuss the relationship between environmental
factors (temperature, humidity, applied forces, etc.) that can affect the perceived comfort or discomfort (Tilley A. R.,
2001).  Several  papers  follow the  assumption  that  there  is  a  relationship  between  self-reported  discomfort  and
musculoskeletal  injuries, with these injuries affecting the perceived comfort  (Holzreiter S. H. and Köhle M. E.,
1993).  However,  the  theories  linking  comfort  to  products  and  product  design  characteristics  are  rather
underdeveloped; the rare papers explaining the concept of comfort include Helander and Zhang, 1997, De Looze et
al., 2003, Kuijt-Evers et al., 2004 and Moes, 2005. Five main topics have been identified as the ones address the
relationship  between  the  subjective  perception  of  comfort  or  discomfort  and  the  factors  of  product,  process,
interaction, environment, and user characteristics: 
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Figure 1. Models of comfort and discomfort perception

1. Sensory input (De Korte, 2012 and Vink et al., 2012);
2. Activities during the measurement that influence comfort (Groenesteijn et al., Ellgast et al., 2012);
3. Different bodily regions (Franz et al., 2012, Kong et al., 2012);
4. Effect of the product contour on the comfort experience (D’oria et al. 2010; Kamp, 2012; Noro et al. 2012);
5. Physical loading (Kee and Lee, 2012; Naddeo and Memoli, 2009; Zenk et al., 2012; Di Pardo et al. 2008).

Considering these factors,  Vink & Hallbeck (2012) provide an interesting schematization of  the mechanism of
comfort/discomfort perception based on Moes’ (2005) model represented in Fig.1A. In this model, the process that
causes  a  discomfort  experience  is  represented  as  five  phases:  interaction  (I),  effect  in  the  internal  body  (E),
perceived effects  (P), appreciation of the effects  (A),  and discomfort  (D).  Moes developed a model of comfort
perception applying it to seat comfort. He highlighted that perception process is “dependent on the person, the object
in work-space (seat), the purpose and why this object is used.” In particular he schematizes the process describing
that if a person uses a seat with a specific purpose, interaction (I) arises. For example, the interaction may involve
the pressure distribution of the contact area between the subject and seat. An interaction results in internal body
effects  (E),  such  as  tissue  deformation  or  the  compression  of  nerves  and  blood vessels.  These  effects  can  be
perceived (P) and interpreted as pain for instance. The next phase is the appreciation (A) of the perception. If these
factors are not appreciated, it can lead to feelings of discomfort (D). 

Moes’ model, modified by Vink and Hallbeck, is depicted in Fig.1B: The interaction (I) with an environment is
caused by the contact (also non-physical contact, like a signal in the study of De Korte et al., 2012 between the
human and the product and its usage). This can result in internal human body effects (H), such as tactile sensations,
body posture change, and muscle activation. The perceived effects (P) are influenced by the human body effects, but
also by expectations (E). These are interpreted as “comfortable” (C) or “you feel nothing” (N), or they can lead to
“feelings of discomfort” (D) (Vink and Hallbeck 2012). 

In this work, we try to expand and detail the Vink-Hallbeck model in order to take into account other new aspects of
the problem. Most part of scientific works deal with relations explained in the Vink-Hallbeck model, but there are
also  papers  that  treated  the  influence  of  the  environment  and  the  effects  of  the  devices  used  for  the  comfort
evaluation. All these factors need to be studied with a higher precision in order to deploy the macro-voices of Vink-
Hallbeck model and to define a fusion rule for all the aspects that affects the comfort perception.

PROPOSAL OF A WIDER MODEL FOR 
COMFORT/DISCOMFORT PERCEPTION

A wider model that seems to work well and include the Vink-Hallbeck one can be easily explained in the following
figure:
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Figure 2. New proposal for comfort perception model

In  this  model,  the  Environment  is  represented  by the logic sum of five main aspects  that  contributes  to  HMI
description and classification: 

1. Person (Pe): represent the whole body geometric and personal characteristics of human involved in tasks;

2. Product (Pr): represent all geometric and non-geometric characteristics that describe the element that come
in contact with the human body during task execution (shape, materials, colour, surfaces’ treatment and so
on…);

3. Task/Usage (T):  represent  all the task or the use that humans can do during HMI experience (kind of
contact, timing, kind of interaction);

4. Working environment (We): represent the set of parameters that characterizes the working environment,
both under climate and under layout point of view (temperature, humidity, lighting, working seat, kind of
workspace);

5. Satisfaction/Gratification  level  (Gl):  represent  the  set  of  work  characteristics  that  contributes  the
satisfaction/dissatisfaction of worker (job position in organization chart, working shifts, gratification, salary
and so on) and is widely related to the general environment.

The Vink/Hallbeck model (2012) is integrated with a relation that directly connects the Working environment with
the expectation through the coding of several pre-conceptual aspects due to not only the same working environment
but also to the cultural/experience background of the analyzed worker.  An aspect that cannot be underestimated
because it  is  always present when a comfort/discomfort  evaluation is performed also integrates this model: the
perception modification due to experimental devices needed to evaluate comfort. These “devices” can modify most
of contributes to the formation of the comfort/discomfort perception.

For example, a HMD (Head mounted display) used for VR (Virtual Reality) application in HMI evaluation can
modify the Postural Comfort Perception (Interaction – I); the use of markers/sensors on the naked body to perform
pressure/temperature/movement data acquisition can change the Physiological Comfort Perception (Human Body
effect – H); the use of questionnaire can annoy the workers and directly modify his Cognitive Comfort perception
(Perceived effects – P).
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COMFORT CONTRIBUTES FUSION RULE

Vink-Hallbeck  framework,  such  as  modified  by  Naddeo  and  Cappetti  (NC-Model  of  perception),  is  able  to
synthetize the concept through which we explain that comfort  and discomfort  are the measure of the degree of
appreciation linked to expectation and due to the perception of the interaction level (I) between person (H) and
Environment (Env).

Our work starts from the definition of the wider number of elements that can be linked to Environment’s aspect and
their classification through two main axioms:

The first axiom asserts that “Each element involved in HMI experience can contribute to one or more kinds among
four types of comfort: Postural, Cognitive, Physiologic and Environmental (Naddeo, 2013). An excellent example of
what  asserted  can  be found in the following figure  in  which the influence  on comfort  and on body effects  is
deployed for personal characteristics (Pe) of the user/person:

This macro-schematization of comfort/discomfort experience allows individuating the most part of the elements that
contributes to comfort/discomfort experience and to classify them in terms of Human body effects related to four
types of comfort/discomfort perception. 

The second axiom asserts that “Each element involved in HMI experience can be classified as primary element or as
modifier element”:  a primary element is defined as an element that  directly contributes to the formation of the
comfort/discomfort perception (such as anthropometric measures for the postural Comfort – Cappetti et al., 2013); a
modifier element is defined as an element that can modify a previously formed perception (such as time of sitting in
physiologic Comfort).

The primary elements are the ones that weigh on the real interaction ability of a person while the secondary elements
(modifier) weigh on the perception ability and are related to person and environment characteristics. The expectation
acts on a person and can sensibly influence the level of threshold between comfort and discomfort.

Figure 3. Deployment of comfort-framework for Personal Characteristics

Thanks to the axioms and the NC-Model, Comfort (C) and Discomfort (D) can be represented by these formulas: 

C i=f i ( I ,H )∗Pi−Ei

Di=gi ( I , H )∗P i+E i

For i∈{Postural ,Cognitive , Physiologic , Environmental }

Immediately it  can be highlighted that the Comfort  rule is different  by the Discomfort  one (the first is not  the
Social and Organizational Factors  (2020)
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negation of the second)

The extended form of formulas can be written by taking into account that modifiers (function mod) can be used as a
scale-factor for perceptions: 

C i ( P )=mod ( P )∗mC ( H )−E=¿

mod ( P )∗mC ( h ( I ) )−E=¿

mod ( P )∗mC¿

In the same way, the Discomfort rule can be written as: 

Di (P )=mod ( P )∗mD ¿

Both  mC and  mD can be written as general  function; in references,  a lot  of studies about the functional  links
between one or few parameters/characteristics have been conducted but it can be found that several aspects are not
taken into accounts. For example, some of them are:

 Systematic definition of all primary and secondary aspects in Pe, Pr, T, We and Gl;
 The interaction analysis between the aspects that affect the perception;
 The standardization of comfort-evaluation scale in order to have just one uniform and rational scale to

measure the four different types of comfort perception.

The first of these open issues is extensively treated in the following paragraph. 

FRAMEWORK FOR COMFORT/DISCOMFORT CODING

The NC-Model has been deployed and detailed. For each kind of interaction (I), one or more human body effects
(H) have been found through a wide research within the ergonomic/comfort bibliography .  Our research work took
life while looking for the most important factors that are related to the comfort and discomfort aspects, including
ones that the ergonomic/comfort bibliography had never taken up. 

Figure 4. The world of comfort/discomfort evaluation

In order to list and classify those factors we proceeded gradually.
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The main step allowed codifying and understanding the domain in which we have to define the comfort/discomfort
perception.  Comfort  domain  can  be  defined  as  the  whole  experience  that  gives  to  human  a  degree/level  of
gratification and this level can be affected both by comfort/discomfort experience and by working environment’s
intrinsic characteristics. 

This comfort experience has to be done in a working environment in which the interaction (I) is performed. In
working environment, human’s experience consists of the human body that react in properly mode while making a
work activity (task/usage) with products and while perceiving (P) an effect.

Accordingly to the fig.4, we have identified five classes, in the world of comfort evaluation, whose characteristics
affect the interactions: 

Class “Human” that contains the characteristics of the individual; these characteristics identify all those features and
information that are proper of the individual and that can affect the comfort perception. 

Class  “Product”  and  Class  “Task”  that  are  useful  to  describe  the  Work  Activity;  Characteristics  of  the  work
activities identify the parameters of tasks and products that humans have to interface which.

Class “Environment” in which these activities are performed; Characteristics of working environment stand for all
those  aspects  that  are  related  with  the  environment,  the  thermal,  visual  and  acoustic  wellness  and  layout  of
workspaces.

Class “Degree of Gratification”, that describe the intrinsic characteristics that affect the whole comfort experience
and  are  related  to  the  content  of  the  work,  the  relationships  between  colleagues  and  the  job-position  in  the
organization chart. 

These classes exactly correspond to the five aspects that contribute to HMI experience: Pe, Pr, T, We and Gl. The
framework has the purpose to explain the connections among the interactions (I) with human body effects (H), in
order to evaluate how and if these effects are perceived(P) and how and if they affect the four identified kind of
comfort/discomfort perception: postural, cognitive, environmental and physiological. 

All data have been organized in a big comfort-matrix that is divided in 5 sections represented in fig. 3, 5, 6, 7 and 8.
Most of matrix rows have been defined through the literary study.

PHYSIOLOGICAL 
COMFORT

Primary 
element 

Modifier 
element

EMOTIONAL-
COGNITIVE COMFORT

Primary 
element 

Modifier 
element

ORGANIZATIONAL-
ENVIROMENTAL COMFORT

Primary 
element 

Modifier 
element

POSTURAL 
COMFORT 

Primary 
element 

Modifier 
element

posture: angles and joints x x x
muscle effort, posture overload, 
muscle complaint x

individual safety equipment: overall 
dimensions and heaviness

tactile sensation, localized 
blood pressure, body 
temperature

x level of perceived safety, lack of 
attention x x muscle effort, posture overload, 

muscle complaint x
type of loads and actuation (lifting, 
pulling, pushing)

localized blood pressure, body 
temperature, heart rate x level of perceived tiredness x x

muscle effort, posture overload, 
muscle complaint x

oparating speed body temperature x work overload,level of perceived 
tiredness, stress x x muscle effort, posture overload, 

muscle complaint x

actions' frequency body temperature x work overload, level of perceived 
tiredness, stress x x muscle effort, posture overload, 

muscle complaint x

rest-pause duration and frequency x
work overload, level of perceived safety, 
aggressiveness and irritability, level of 
perceived tiredness, stress, lack of 
attention

x x muscle effort, posture overload, 
muscle complaint x

level of precision x
 aggressiveness and irritability, level of 
perceived tiredness, stress, lack of 
attention

x x muscle effort, posture overload, 
muscle complaint x

time maintaining of the posture 
with and/or without loads

localized blood pressure, body 
temperature, heart rate x aggressiveness and irritability, level of 

perceived tiredness x x muscle effort, posture overload, 
muscle complaint x

time and duration of work 
activity/tasks x

work overload,aggressiveness and 
irritability, level of perceived tiredness, 
stress, lack of attention

x x muscle effort, posture overload, 
muscle complaint x

work-shifts
muskular exertion, 
aggressiveness, nervousness, 
tiredness

x
 work overload, level of perceived safety, 
aggressiveness and irritability, level of 
perceived tiredness, lack of attention

x level of perceived safety x x

shape x x x muscle effort, posture overload, 
muscle complaint x

weight x x level of perceived safety x muscle effort, posture overload, 
muscle complaint x

relative position between person 
and object/tool x x level of perceived safety x muscle effort, posture overload, 

muscle complaint x
frequency of lifting / pulling / 
pushing

heart rate, localized blood 
pressure, body temperature x level of perceived tiredness x x muscle effort, posture overload, 

muscle complaint x
handling characteristics (grip, grasp, 
pinch, ….) x x x muscle effort, posture overload, 

muscle complaint x
customization of the workstation 
(sitting)

tactile sensation x level of perceived tiredness x level of perceived safety x muscle effort, posture overload, 
muscle complaint x

commands' layout x x muscle effort, posture overload, 
muscle complaint x
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Figure 5. Deployment of comfort-framework for Work/Task Characteristics

PHYSIOLOGICAL 
COMFORT

Primary 
element 

Modifier 
element

EMOTIONAL-
COGNITIVE COMFORT

Primary 
element 

Modifier 
element

ORGANIZATIONAL-
ENVIROMENTAL COMFORT

Primary 
element 

Modifier 
element

POSTURAL 
COMFORT 

Primary 
element 

Modifier 
element

To be eliminated 
through 
standardization 

To be eliminated 
through the control of 
lab-environment

colors x aggressiveness and irritability, level of 
perceived tiredness, lack of attention x x x ×

artificial lightinging conditions x
level of perceived safety, aggressiveness 
and irritability,level of perceived 
tiredness 

x level of perceived safety x muscle complaint x ×

natural lighting conditions x  aggressiveness and irritability, level of 
perceived tiredness x x muscle complaint x

lights' reflection and refraction on 
walls and objects x  aggressiveness and irritability, level of 

perceived tiredness, lack of attention x x muscle complaint x ×

air quality aggressiveness, nervousness x  aggressiveness and irritability x x x ×

odors x  aggressiveness and irritability, lack of 
attention x x x ×

noises x
level of perceived safety, aggressiveness 
and irritability, level of perceived 
tiredness, lack of attention

x level of perceived safety x x ×

vibrations x
work overload, level of perceived safety, 
aggressiveness and irritability, level of 
perceived tiredness, lack of attention

x x muscle effort, posture overload, 
muscle complaint x ×

workspace muskular exertion, 
aggressiveness, nervousness x  level of perceived safety, aggressiveness 

and irritability x level of perceived safety x muscle effort, posture overload, 
muscle complaint x ×

plant-layout x x level of perceived safety x x ×
condition and inclination of the floor 
(only in the case of the standing 
posture)

x x level of perceived safety x muscle effort, posture overload, 
muscle complaint x ×

cleanliness x  aggressiveness and irritability x x x ×

tidiness x work overload, aggressiveness and 
irritability x x x ×

air-temperature
body temperature, 
aggressiveness and 
nervousness

x  aggressiveness and irritability, lack of 
attention x level of perceived safety x x ×

interface temperature
tactile sensation, localized 
blood pressure, body 
temperature 

x lack of attention x x x

humidity localized blood pressure x x x x ×

thermal resistance of clothing
tactile sensation, localized 
blood pressure, body 
temperature 

x x x x ×

persistence in a thermal condition

tactile sensation, localized 
blood pressure, body 
temperature, aggressiveness, 
nervousness x

 aggressiveness and irritability, lack of 
attention x level of perceived safety x x ×

contact pressure tactile sensation, localized 
blood pressure x x x x

air speed body temperature x x x x ×
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Figure 6. Deployment of comfort-framework for Working Environment Characteristics

PHYSIOLOGICAL 
COMFORT

Primary 
element 

Modifier 
element

EMOTIONAL-
COGNITIVE COMFORT

Primary 
element 

Modifier 
element

ORGANIZATIONAL-
ENVIROMENTAL COMFORT

Primary 
element 

Modifier 
element

POSTURAL 
COMFORT 

Primary 
element 

Modifier 
element

rewards and money-grants x aggressiveness and irritability, stress x x x

direct work responsibilities x
work overload, aggressiveness and 
irritability, level of perceived tiredness, 
stress

x x x

growth opportunities x aggressiveness and irritability x x x

collaboration with colleagues x aggressiveness and irritability, stress x x x
rigidity of the regulations and 
procedures x level of perceived safety, aggressiveness 

and irritability, stress x x x

relationship with managements x aggressiveness and irritability, stress x x x
attractiveness of the environments 
and furniture x aggressiveness and irritability x x x

level of tiredness
muskular exertion, 
aggressiveness, nervousness, 
tiredness

x
work overload, aggressiveness and 
irritability, level of perceived tiredness, 
stress, lack of attention

x x x
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Figure 7. Deployment of comfort-framework for Level of Gratification
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Primary 
element 

Modifier 
element

ORGANIZATIONAL-
ENVIROMENTAL COMFORT

Primary 
element 

Modifier 
element

POSTURAL 
COMFORT 

Primary 
element 

Modifier 
element

invasivity x aggressiveness and irritability, lack of 
attention x x x

obstruction x
work overload, level of perceived safety, 
aggressiveness and irritability, lack of 
attention

x x muscle effort, posture overload x

tactile interference tactile sensation, localized 
blood pressure x lack of attention x x x

restriction of movements x
work overload, aggressiveness and 
irritability, level of perceived tiredness, 
lack of attention

x x muscle effort, posture overload, 
muscle complaint x

visual limitation x
level of perceived safety, aggressiveness 
and irritability, level of perceived 
tiredness, lack of attention

x x x

override of action/ position x
level of perceived safety, aggressiveness 
and irritability, level of perceived 
tiredness, lack of attention

x x muscle effort, posture overload, 
muscle complaint x5.
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Figure 8. Deployment of comfort-framework for Evaluation devices
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The first class of factors is related to the human’s characteristics i.e. physical characteristics, mental state, personal
data, lifestyle and expectations. It has been verified that human’s characteristics influence physiological, cognitive
and postural comfort while there is not a correlation between the human’s characteristics and the quality of the work
environment. Each subclass of human’s characteristics has been deployed in order to consider it in all own aspects.
Particularly, the physical characteristics are related to anthropometric measures (Thariq et al., 2010), physique and
physical problems/disease. The mental state takes into account the human personality (Nimbarte et al., 2012) and the
psychological diseases. The personal data are related to age and gender. In the matrix, it has been also considered
the lifestyle such as sport playing, eating habits and personal expectations.

The second class of factors is related to the work’s characteristics. If the comfort is the result of the interaction
between man and the activity that  he does, it  is not possible not to consider the work’s characteristics and the
environment ones. These factors concern aspects related to the work-station/seat characteristics, the type of activity
and the objects’ element with which user has to interfaces himself for the task’s execution. For the work-station/seat,
both the posture that man has to take in order to do the task and the kind of individual safety equipment have been
considered. Both aspects affect the comfort perception: for example, in Alessandro Apostolico et al., 2013, has been
demonstrated that posture configuration can strongly influence the level of comfort perceived. Another aspect of the
work’s characteristics that influences the comfort is the type of task that man has to do. Because of the comfort-
matrix has to be applied for any type of work, we have listed the key features that define a generic work activity and
influence the perceived comfort. Some aspects that we have considered are: level of precision required (Reuben S
Escorpizo et al., 2007), time maintaining of the posture (Dohyung Kee et al., 2001) and work shifts (Anjali Nag et.
al,  2004).  The  last  aspect  is  related  to  the  objects/tools  that  are  used  for  the  task’s  execution.  It  has  been
demonstrated that the shapes of the objects (L.F.M. Kuijt-Evers et al.,  2004) or their careful  positioning in the
workspace (Rolf P. Ellegast et al., 2012) can facilitate the user to execute the task. The result can be an increase of
the level of comfort.

The third class of factors that has to be considered is related to the characteristics of the work environment. If we
consider  that  a  person  has  to  stay  in  a  specific  place  for  several  hours,  we  have  to  consider  that  a  pleasant
environment  may  significantly  affect  the  person’s  well-being.  The  work  environment  is  composed  of:  visual,
olfactory, acoustic and thermal well-being, wellbeing associated to the workspace and wellbeing associated to the
state of maintenance of the environment. The visual comfort is related both to the conditions of lighting inside the
environment and to the colors used. For example in (Eliza Szczepanska-Rosiak et al., 2013), the evaluation of the
visual  comfort  have been made considering  the lighting conditions,  both the artificial  and the natural  one,  the
workspace colors and the effects of light-reflection on the walls. The perceived comfort is, obviously, associated
also to the worker’s satisfaction for the air quality. For this reasons the indoor air quality and the odors have to be
considered  such  as  elements  that  can  affect  the  whole  comfort  perception.  Noises  and  vibrations  have  been
considered when talking about the acoustic wellbeing: unwanted noises and vibrations, in fact, are huge distractions
and can cause stress conditions in the workplace. 

Another aspect that influences the worker’s comfort is the thermal condition: in (F.R.D’Ambrosio et al., 2004). The
thermal aspect is treated as the consequence of influence of factors humidity, temperature and thermal-resistance of
the clothes. The last two aspects we found in literature are the space, interpreted both as workspace in (Cascioli et
al., 2011) and as plant/office layout, and the state of maintenance of the environment. If the worker is obliged to
work in a small area, to do forced movements and to stay in a dirty or in a messy place his level of comfort strongly
decreases. 

The last class of factors that has to be considered is related to the degree of gratification. A job, or in general an
activity, can be more or less satisfying in relation both to the content and to the context of the work. The content of
the work includes several factors i.e. the level of recognition, the direct responsibility of the work and the possibility
to grow up (Lars Goran Wallgren et al., 2007). A work can have a degree of content too high or too low and it can
be the cause of the absence of incentive and the decrease of the level of comfort. In the context of the work, for
example, the relationships with the colleagues and managers or the rigidity of the norms and procedures have been
considered.

The interaction that individual has with these classes of factors causes effects on worker and contributes to the
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development of a comfort perception. The effects are several for each type of comfort among postural, cognitive,
physiological  and environmental.  The comfort  matrix explain and deploy each kind of class  and describes  the
relationships  among causes  (Interactions)  and effects  (Body effects)  for  each  kind of  perceived  comfort.  Some
matrix-reading example are in the following examples:

In matrix, you can find that the most important in the postural comfort are muscular effort and postural overload and
the factor “time of postural keeping with/without load” that belongs to the second class, causes and affects both
effects. It is obvious that if a person remains in a position for long time the muscles are stressed and the posture
becomes uncomfortable. The most important effects on the physiological comfort are body temperature, pulse rate
and  tactile  sensation,  for  example,  these  effects  have  a  different  impact  in  function  of  the  “lifestyle”.
Aggressiveness, nervousness degree of tiredness, stress and distractions have effects on the cognitive comfort and
are mainly related to the characteristics of the working environment and degree of gratification. The main effect
related to the environment comfort is the level of safety that depends by the organization of the layout and the
keeping of the environment.

SEAT COMFORT EXAMPLE

Simply using the whole comfort matrix, we have individuated all factors that affect office-Seat comfort and we have
created a sub-matrix (in Fig.9) in which all the aspects, that have to be studied, have been highlighted.

Using the previously defined fusion rules, we can easily individuate the aspects, the methods and the literature about
issues that characterize the seat comfort problem.

CONCLUSIONS AND FUTURE DEVELOPMENTS

In HMI design, several parameters have to be correctly evaluated in order to guarantee a good level of safety and
well-being of users (humans) and to avoid health problems like muscular-skeletal or psychological diseases. 

Several  papers  follow  the  assumption  that  there  is  a  relationship  between  self-reported  discomfort  and
musculoskeletal injuries and that those injuries affect the perceived comfort and more than 100.000 scientific papers
dealing with comfort and discomfort can be easily found in main scientific databases and most of these speak about
relationship between environmental and perceived comfort/discomfort. However the theories relating comfort to
products/processes and products/processes’ design characteristics are rather underdeveloped.

In  addition,  experimental  devices  are  needed  for  improving  methods  and  for  making  numerical/experimental
correlations. The accuracy and the easiness are the most important characteristics that those methods/devices may
have;  the  integration  of  those  evaluation  methods  in  a  DHM  software  for  ergonomic/comfort  application  can
strongly enhance the product/process prototyping in CAD/CAE environment and can give to designers a powerful
instruments to preventively evaluate the comfort level of a HMI. 

Starting our work from literature analysis, a classification of all the elements that seems to be important in global
comfort evaluation has been done; types of human sensation and perception have been classified and linked to the
human body effects.

Two axioms have been set out:

 “Each element  involved in HMI experience  can contribute to one or more kinds among four types of
comfort:  Postural,  Cognitive,  Physiologic  and  Environmental”,  so  the  Vink-Hallbeck  model  can  be
concurrently  applied  in  four  aspects  that  strongly  affect  the  global  comfort  perception:  (Bi)  –  User
Biomechanics/Posture, (Ph) - Physiologic factor, (En) – Environment contribute, (Co) – Cognitive factor.

 “Each element involved in HMI experience can be classified as a primary element or as modifier element”:
a  primary  element  is  defined  as  an  element  that  directly  contributes  to  the  formation  of  the
comfort/discomfort perception; a modifier element is defined as an element that can modify a previously
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formed perception.
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Figure 9. Seat comfort evaluation sub-matrix

The proposed NC-Model of perception and the Comfort framework can help researchers to evaluate what can be the
trend line of their research and how and in what direction they have to concentrate their efforts to better improve the
results and contribute to study the missing aspects of problems.

An  example  of  application  of  the  framework  to  the  seat-comfort  problem has  been  presented  and  allowed  to
highlight missing and open problems in Seat comfort evaluation.

The  comfort-matrix  analysis  allow  highlighting  that  there  are  some  aspects  of  comfort/discomfort  perception
evaluation that are under-studied or missing. In examined papers, authors cannot identify a homogeneous comfort
rating scale so highlighting an emerging difficult in synthesis of a comfort rating system for the global comfort. No
one, since now, have distinguished the comfort parameters between primary and modifier classes. 

The proposed framework allows to better organize studies about comfort evaluation and to face problems both in
global and in particular way. Furthermore, the elements in the proposed framework suggest us, as a trend-line, to
detect towards which the comfort studies needs to be directed. Up to us, the most important and urgent for which
researchers have to develop methods are: 

 Postural  Comfort  evaluation:  Significance  of  rest  posture  and  of  human  joints’  neutral  position,
gravitational  effect,  arms  support  (like  headrest,  armrest  or  other  rest  surfaces),  postural  equilibrium
(weight distribution and operative spatial conditions), handhold type, repetitive actions’ frequency, Posture-
keeping time, Muscular  fatigue, tools to measures  human joints’ angles both in static then in dynamic
postures.

 Cognitive  Comfort  Evaluation:  Devices  to  evaluate  HMI  tactile  interaction  without  altering  it  during
Social and Organizational Factors  (2020)
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measurement  operation,  devices/methods  to  evaluate  HMI  visual  interaction  during  operation-time,
methods for allowing users/workers to describe and analyze their own sensations during operation/use time
without affecting their perception, a method to integrate the other three senses in the evaluation (hearing,
taste and olfaction).

 Physiologic  Comfort  evaluation:  devices  to  measure  HMI  temperature  without  altering  it  during
measurement  operation,  devices  to  measure  HMI  pressure  without  altering  it  during  measurement
operation,  devices  to  measure  HMI  transpiration  (water-vapor  migration)  without  altering  it  during
measurement operation, a method to correlate the previously described parameters each other, a method to
correlate parameters values and their combination to an accepted level of comfort, a method for taking into
account physiologic condition vs. elapsed time (prolonged postures).
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