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Abstract: The use of AR technology applications in museums has increased over recent years, but the
metrics used for evaluating their impact on the museum public is often based on qualitative analyses alone.
This approach can yield results biased by the “interpretation” of the perception made by each user
depending on his/her culture, tradition, adherence to social consensus, attitude to the use of technology,
etc., rather than the actual psycho-physiological response induced by the immersion in a synthetically
enriched environment. The study of impact assessment detected through the tools of qualitative and
quantitative research can offer a higher margin of reliability and permit ulterior verifications through data
comparison. The first private chapel for which the Pope granted permission in the middle of the fifteenth
century, has recently become the setting for an experience of guided perception with the support of
multimedia technologies and augmented reality in the workshop “Procession in time through to the splendour
of the interior epiphany”. The research detects the psycho-physiological responses induced by immersion in
an enriched environment, with visitors being involved in an impact assessment detected through qualitative
and quantitative tools.
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Fig. 1 – The Chapel of the Magi in Palazzo Medici Riccardi, Florence during the Workshop

Preface: multimedia at the time of the Medici
The Medici attracted to themselves all the forms of knowledge and artistic expression that were available
within their range of action, setting them at the hub of a potent phenomenon that even now continues to
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influence Western culture. The enlightened Medici patronage of works of intellect, poetry, painting, music,
architecture and scenic design fostered an astute use of the arts, which have always also been a means of
communication. The Medici were extremely adept in employing the different languages of communication,
and at gauging the tone to be used in proposing them: strong and clear for illustrious foreign guests and for
political adversaries, carefully woven into the civic apparatus for powerful families and for the people. .
Currently, in addressing the multimedia transmission of information we can exploit contemporary studies on
the cognitive sciences, with the support of psychology and neurophysiology. Instead, at that time the Medici
court attracted the best minds of the period, intellectuals of all types as well as artists who, working in liaison
on human cognition and perception, gave rise to the Renaissance. The multimedia apparatus of the Medici
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was exploited to exemplary effect on the occasion of the famous visit of Galeazzo Maria Sforza, and
2

transforming it into an integrated cognitive experience of a sensory-motor nature. The finely-orchestrated
ceremony of welcome in Palazzo Medici envisaged sequential encounters with the different generations of
the family and with the different parts of the palace that we could now define as a sort of integrated psycho3

physiological experience which the guests were invited to take part in. This also took bodily movements
during the experience in the palace into consideration; indeed, according to psycho-physiological studies
“space […] does not exist in itself but is the product of an active process of organisation of all the
sensory information.”
We can therefore see
“how space derives from posture and how posture is organised in relation to a series of spatial,
structural operations, such as the organisation of the visual space. […so that…] the organisation of
the sensorial experiences is connected in a circular manner with the organisation of posture and [...]
the concreteness of sensory-perceptive events does not relate solely to corporeal events but to
events proper to a body in spatial relation.”

4

Thus, the important guests would enter first the courtyard then traverse the eastern side of the loggia and
ascend the staircase to reach the first floor. Here, they would be met by the sons of the head of the family,
who accompanied them to the door of the chapel, where the master of the household would be waiting for
them. As recorded, this was the route followed by Galeazzo Maria Sforza when he visited Florence in 1459
and was received at the top of the staircase by Piero il Gottoso who introduced him into the chapel and into
the presence of Cosimo il Vecchio. At the time the chapel was the heart of the palazzo, the first private

______
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Celebrations in honour of Galeazzo Maria Sforza, son of Francesco, Duke of Milan, and Sigismondo Malatesta who, along with other

princes and lofty prelates, had come to Florence to join the retinue of Pope Pius II Piccolomini who was on his way to a council in
Mantua summoned to organise a new crusade to liberate the Holy Sepulchre.
2

“… when knowledge is derived through the sensory-motor channel, there is no passage through a conscious mind that has to

reassemble it: it is made available without us realising it [ ...] the processing is extremely rapid [...] and takes place without strain”
Francesco Antinucci, Parola e immagine, storia di due tecnologie. Ed. Laterza 2011- see Howard Gardner ..
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See Damasio,1994; Gardner, 1993; Goleman, 2006; Ruggieri,1997.
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Vezio Ruggieri, L’esperienza estetica, fondamenti psicofisiologici per una esperienza estetica. Armando editore 1997
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chapel for which the Pope granted permission in the middle of the fifteenth century, chosen as the point of
arrival for the most illustrious guests and a worthy introduction to the powerful Medici family and the city of
Florence. Normally a series of different performances was offered by the city to the important guests. On this
occasion a special equestrian display was set up in the evening in front of Palazzo Medici. From the
windows of the Palazzo, Cosimo il Vecchio and Galeazzo Maria Sforza watched the parade, followed by a
magnificent display by a group of armed knights on horseback accompanied by youths on foot, in a triumph
of costumes, animals, jewels, harness, standards and sundry trappings. The road was covered in sand and
lit by torches and candelabra hung from hooks at the windows and the spectacular scenography of the
celebrations had echoes in different countries of Europe. This kind of event was connected with the
Confraternita dei Magi, known as the Compagnia della Stella, which was under the protection of the Medici
who were themselves members of the confraternity. The main task of this company, was to organise the
Feast of the Magi celebrated on the day of the Epiphany. Through the beauty of the visual forms and of the
music the magnificence of the cortege induced a perceptive engagement which became emotional, exalting
the members of the confraternity and especially the Medici family in an evocative and self-celebrating
manner. These displays, which were the multimedia performances of the time, established the symbolic
association between the Medici and the Magi in the collective imagination of fifteenth-century Florence.

The chapel today
Today the chapel of Palazzo Medici is one of the most evocative sites of the Florentine Renaissance.
However, traumatic operations were carried out on the wall structure in the seventeenth century that altered
5

its character and led to loss of portions of the frescoes. The area is divided into two practically square
rooms; the walls of the main room are covered with frescoes by Benozzo Gozzoli portraying the Procession
of the Magi and the wooden choir stalls are attributed to Giuliano da Sangallo. The scarsella is at a higher
6

level and contains the altar with a panel painting of the Adoration of the Child. The Medici had a special
predilection for the Magi, and a significant resonance with the spectacular celebrations in honour of
Galeazzo Maria Sforza can be found in the Procession of the Magi frescoed in the chapel from the summer
of that same year of 1459. We can indeed recognise portraits of the Medici and of their illustrious guests,
allies and associates which transport us from the sacred subject to the reality of fifteenth-century Florence.

______
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In 1659 the palazzo became the property of the Riccardi family, the renovation and expansion of the residence which was undertaken

involved demolishing part of the chapel to create a monumental staircase designed by Giovan Battista Foggini. To gain the space for
the landing at the top of the staircase on the first floor, the western front of the vestibule was knocked down and the wall structure of the
chapel was altered. Part of the frescoed plaster from the western wall (comprising the hindquarters of Melchior’s horse and several
squires) was transferred to the new wall. The portions of the fifteenth-century fresco that were lost were replaced by a pictorial
integration by an unknown artist who imitated the landscape portrayed by Benozzo Gozzoli.
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The Adoration of the Child that can be referred to the workshop of Filippo Lippi, a contemporary copy of the original altarpiece by

Filippo Lippi himself, now in the State museums of Berlin.
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Fig. 2 – The Chapel today

Fig. 2 – The original shape

Detail of the fresco.

The project: design and evaluation with cognitive technologies
The project “Procession in time through to the splendour of the interior epiphany” is essentially oriented
towards two objectives. The first is to enhance as far as possible the relation between visitors and this work
of art, in keeping with both the site and with contemporary multimedia technology and scientific media. The
second is to find new methods for measuring this relationship, embodiment and cognition in augmented
reality environments. Benozzo Gozzoli’s work acts as a diachronic and synchronic time machine in a guided
perception of the chapel that explores the uniqueness of the relation between the different subjects
perceiving the work of art and the way in which they become an integral part of its meaning. The participants
were invited to make contact with this space, each in his or her way. The revocation of the original
7

dimensions also takes into consideration psycho-physiological aspects of the bodily movements favoured
during the experience: the original symmetrical structure of the chapel and the clockwise rotation as
suggested by Benozzo in the main aula. The procession of the Magi indeed develops over three walls from
left to right with a linear, temporal progression. On the second day, during the last part of the workshop,

______
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See: Vezio Ruggieri, L’esperienza estetica, fondamenti psicofisiologici per una esperienza estetica. Armando editore 1997
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when we reach the area of the scarsella the dimension changes and everything happens at once. The choirs
of angels are facing towards the altar and celebrating the Epiphany; here we are in the dimension of the
spirit and there is neither itinerary nor cause-effect. Synchronous and one.
Contemporary studies on cognitive processes have been precious in the design of a perceptual itinerary with
8

multimedia technologies. Howard Gardner decoded multiple intelligences: musical, visual-spatial, verbal
linguistic, logical-mathematical, bodily-kinesthetic, interpersonal, intrapersonal, naturalistic, existential;
interacting in a complex manner, these allow us to relate to the external world in various ways. Daniel
9

Goleman connects intelligence with the emotions, considering the latter to be intelligent, capable of
registering indispensable information which is then recorded and processed and becomes a crucial resource
in relational life and the learning sphere. “Emotions produce changes in parts of our brain that mobilize us to
deal with what has set off the emotion, as well as changes in our automatic nervous system which regulates
our heart rate, breathing, sweating and many other bodily changes […] Emotions also send out signals,
changes in our expressions, face, voice and bodily posture. We don’t choose these changes; they simply
happen.”
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Joseph LeDoux
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observes that when an emotional trigger is consolidated new neuron

connections are established in the brain. These contain the physiological recording of what we have learnt, a
sort of emotional database that he calls “cellular assemblages”.

The workshops
12

The research took place through a series of workshops carried out over two days. The first day began with
a general introduction to the Palazzo and the chapel of Benozzo Gozzoli and its history through an initial
cognitive approach of a traditional type. The introduction was supported by narrative multimedia
contributions: the history of the palazzo and its treasures from its foundation, presentation of the route used
of old by the Compagnia dei Magi, virtual 3D reconstructions showing the architectural transformations of the
palazzo and the chapel performed during the Baroque period. This session was followed by the individual
immersive virtual visit to the chapel in the Chamera of Lorenzo il Magnifico, a multimedia room.
The aim of this project was to supplement aesthetic-historic-philological studies relating to the artistic product
and its genesis, directing attention at the response of the observer to the aesthetic experience. The work is
oriented towards the mental and physical readiness to give oneself up to a phenomenological experience

______
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Howard Gardner, psychologist, lecturer in Cognition and Education at Harvard, he has identified at least ten different types of

intelligence for different sectors of human activity.
9

Daniel Goleman, cognitive psychologist and Professor of Psychology at Harvard, writer and author of numerous books, with two

nominations for the Pulitzer Prize, he has elaborated the theory of a different cultural attitude to the emotions.
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Paul Ekman, psychologist, the leading expert on non-verbal communication and emotions. Emotions Revealed , Times Books, New

York 2003
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Joseph LeDoux, psychologist. Scholar of the brain and emotions, The Emotional Brain, Simon and Schuster, New York 1996
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promoted by Perla Gianni Falvo, Studi Uniti, together with Tempo Reale in collaboration with the Florence Provincial Authority and the

multidisciplinary working group pr eviously set up for In the Mirror of the Wonder of Luca Giordano
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within a protected context, in which the use of multimedia technologies is integrated in line with
contemporary studies in the cognitive field. This was followed by a gradual opening-up towards other
intelligences stimulated both by the multimedia tools and by the physical experience in the museum context.
The entire second day was spent in the Chapel. The participants were accompanied by repeated
experiences of augmented reality, passing from direct observation of the fresco to focus on the details
photographed, blown up and reproduced in 4k Raw video format in a sort of double vision. These were
produced by VideoDocumentazioni, Antonio Bartoli and Silvia Folchi. They work with 4K Raw cinema
technology and deal with stimulating knowledge of the cultural heritage, history of science and anthropology.
The continual cross-references between the general and the different scales of detail made it possible to
perceive the fresco in its fractal nature. It is a unicum with different levels of perceptive contact. This makes it
possible to add information from both a strictly cognitive aspect (details of the fresco positioned at a distance
from the spectator, pictorial technique, richness of background detail, other narrative itineraries etc.) and
from an emotional-sensory aspect.

13

Fig. 3 – Virtual Chapel

Fig. 3 – Virtual visit in the Chamera of Lorenzo

______
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“Every work of art has its own morphic field – made up of systems of relations between elements, nodes, formal and semantic

structures on different planes of storytelling – which tends to set up a subject/object relation. We can move through the work of art,
following the movement that guides us in that field, coming into contact with the elements that allow us to “recognise” something and stir
our emotions, triggering a cognitive process” Perla Gianni Falvo, La forza dei campi morfici, Ed Tecniche Nuove, 2013
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Perception is realised through the visual channel with the painting, kinaesthetically in the itinerary between
the different stages, intra-personally in the path of a symbolic representation of the individual experience of
each human being, and through the auditory channel in the form of the soundtrack. Lelio Camilleri from the
Centro Tempo Reale composed five soundtracks specially for the Chapel, and another for the meditative
itinerary leading to the entrance. The five musical tracks are divided into three profane and two sacred,
following the pictorial cycle itself, each being proposed during fruition of the part it refers to. The recent
discovery of mirror neurons

14

is also particularly illuminating in observation of the phenomenon of relation

between the subject and the observed datum. We can therefore replicate the posture, the expressions and
the looks of the work that we are contemplating and “...this comprehension appears to be devoid of any
reflexive, conceptual and/or linguistic mediation, since it is based solely on that dictionary of actions and
motor knowledge on which our very capacity for action depends.

15

Emotions “immediately permit us to

assess the more or less unexpected changes in the environment and to react to them in an efficacious and
advantageous manner [...] irrespective of whether they translate into a conscious feeling […] or solely
produce interior physiological reactions, emotions offer our brains an essential tool for getting our bearings in
the midst of multiple sensory information…[ibid.]” The phenomena are therefore inextricably tied up with our
point of view, and set themselves as starting blocks, individual tests extracting the essential characteristics
of the experience. The operational protocol for the research deriving from In the Mirror of the Wonder of Luca
Giordano,

16

joined by new specialists and availed of more advanced systems of scientific-cognitive analysis,

supported by technological innovations that make it possible to detect biological parameters and brain
mapping in real time.

Data research
Psychological data.
(Andrea Bonacchi and Alessandro Toccafondi Centro Studi e Ricerca Synthesis, Firenze; Francesca Chiesi,
Dipartimento NEUROFARBA-Sezione di Psicologia Università degli Studi di Firenze, Italy.)
The data suggested that the experience had a positive impact on wellbeing and in particular on
psychological wellbeing. To assess wellbeing we used an analogical visual scale with scores from 1 to 10 in
which wellbeing is broken down into psychological, physical, relational and spiritual wellbeing, and that

______
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Mirror neurons are a class of neurons that are selectively activated both when we perform an action and when we observe it being

performed by someone else. The neurons of the observer “mirror” what is taking place in the mind of the person being watched, as if the
observer himself were performing the action, the motor areas corresponding to those muscles are activated in our brain. In 1995, using
transcranial magnetic stimulation, Luciano Fadiga, Leonardo Fogassi, Giovanni Pavesi and Giacomo Rizzolatti demonstrated that the
motor cortex of man is stimulated by observing the actions and movements of other people.
15

See: Giacomo Rizzolatti, Corrado Sinigaglia. So quel che fai. Raffaello Cortina Editore, 2006

16

See: International Congress Digital Heritage 2012, 18th International Conference on Virtual System and Multimedia "In the mirror of

the Wonder of Luca Giordano", author Perla Gianni Falvo, proceedings VSMM2012 IEEE Catalog Number: CFP12137-PRT, ISBN
9781-4-4673-2562-2 on the IEEE portal http://ieeexplore.ieee.org. indexed on Scopus (http://www.scopus.com)
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provides a measurement of overall wellbeing at the present time. The participants filled in the scale at the
beginning and end of the seminar. Paired sample t-tests indicated significant differences both for general
wellbeing (t(22) = -4.13,p < .001; pre: M = 7.11, SD = 1.90; post: M =7.72, SD = 1.67) and psychological
wellbeing (t(22) = -3.42,p < .01; pre: M = 7.17, SD = 1.88; post: M =8.04, SD = 1.58). On the other hand
there was no significant difference (t(22) = -0.26,p =.80) in the pre- and post- scores of physical wellbeing
(pre: M = 7.28, SD = 1.68; post: M =7.35, SD = 1.85); it is however important to note that the participants
spent practically the entire day standing up with their heads turned upwards, and in such conditions physical
wellbeing would normally be expected to deteriorate. The fact that it remained constant appears interesting.
Indeed, at the end of the experiment some people said that they felt ... a pleasant tiredness! Social
relationship wellbeing (t(22) = -1.76,p =.09; pre: M = 7.43, SD = 1.98, post: M =7.83, SD = 1.64), and
spiritual wellbeing (t(22) = -1.81,p =.08; pre: M = 7.43, SD = 2.07; post: M =7.91, SD = 1.95). To measure the
emotional impact we used a scale designed for self-assessment of the emotions perceived, constructed on
the basis of similar scales used for the evaluation of the emotional state in both clinical and non-clinical
18

ambits. The participants filled in the scale at the beginning and end of the seminar. Comparing the state of
the participants’ moods we found a pre-/post- difference (t(22) = -2.29,p < .05; pre: M = 156.70, SD = 39.77;
post: M =166.04, SD = 38.35) indicating an increase in the positive mood.

Psychophysiological data.
(Giampiero Cicalini Prof. V. Ruggieri collaborator, Psicofisiologia Clinica-Università degli Studi La SapienzaRome, Italy.)
The data collected reveal that a specific aspect of the aesthetic experience consists in the modulation of
“concrete oscillations of bodily tensions” evoked by the stimulus. These tensions are of a muscular nature –
tonic-static and dynamic – and appear to confirm the realisation of the phenomena which we have called
“imitative decoding”.

19

This process consists of an analogical reproduction of the figure-stimulus. The central

hypothesis is that during the “vision of a painting sequences of motor events (oscillations of tonic tensions)
are generated in the observer that follow the progression of the tensions portrayed in the painting that the
subject is progressively observing.”

20

The research, which is still in progress, suggests that pedagogical work

in the field of art can be extremely concrete and centred on the modulation of corporeal experience. The
clinical and pedagogical experience at our disposal demonstrates how such work can substantially modify
the modes of contact and relation with the environment. Through a modulation of the contact the ego can
acquire greater freedom in perceiving, experiencing and feeling. Above all it can bring the universe of the

______
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This assessment tool was adapted from a scale which we had previously developed for use in the clinical field, ref.

18

For example Positive And Negative Affects Schedule - PANAS ref A

19

Ruggieri, 1997 “imitative decoding” prefigures what is expressed in the mirror neuron studies.

20

See Ruggieri, Fiorenza, Sabatini, 1986
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work of art to life again within the self, re-inventing it together with the artist in the play of projections.

21

Further, analysis of the non-verbal communication indicated a remarkable frequency of more relaxed
expression and brighter eyes following the visit.

Neurophysiological data.
In collaboration with Antonello Grippo (Careggi University Hospital, Florence), Tiziana Atzori (Fondazione
Don Carlo Gnocchi IRCCS) Irene Roma (Bionen SAS, Florence) it was possible to assess the
electroencephalographic activity (EEG) of certain visitors during the itinerary of images in order to discern the
reaction of the brain during the visit. In this experimental protocol we assessed whether the persons
performing the guided itinerary can achieve a state of wellbeing during certain phases of the tour.

Fig. 4 – Blu-Net Module and wireless EEG precabled headcaps. - Fig. 5 video-EEG recording in the aesthetic experience in the
Chapel

The cerebral activity was recorded using BluNet modules (Bionen S.A.S, Florence) and wireless EEG precabled caps (Fig. 4) that allowed the subjects to move freely during the visit to the chapel (Fig. 5). Electrodes
were arranged according to the 10–20 International System. Recordings were initially extra-cerebrally
referred to and then converted to an average reference offline. We collected the EEG activity at a sampling
rate of 256 Hz and the impedances were kept below 5 kΩ. Each EEG tracing was then converted into EDF
format to perform signal preprocessing such as artefact detection, filtering and segmentation. The EEG
signals were band pass filtered at 2–30Hz and purified of ocular artefacts by using the independent
component analysis (ICA). The EEG data were re-referenced by calculating the common average reference
(CAR). Individual alpha frequency (IAF) was calculated for each subject. By analysing the cerebral indices of
Memorisation, Interest and Emotion for the various phases of visit, we observed a different pattern of
activation between the phases of observation and walking around the room, as shown in Fig. 6.

______
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Ruggieri, 1997
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Fig. 6 – EEG raw activity and quantitative analysis (Fast Fourier transformation) in a subject during the visit. Note on the left
desyncronized EEG (top left) during visual inspection of picture, compared with the increase of EEG syncronization (right panels) during
the phase of concentration on the fresco.

More specifically, in all subjects the z-score increased significantly (z-score from 0 to 2.5 to 3) during
observation of a single scene in the fresco, but there was no homogenous trend, which means that for each
subject a different part of the fresco induced major changes in the f z-score. Overall, the biometric EEG
recordings yielded neurometric indices linked to the variation in the memorisation, interest and emotional
involvement of the subjects. The variation of such EEG activity during the adopted time segments provided
information about the perception, image by image, of the total sample of recorded subjects and of
subsamples of the same group. The memorisation index expressed by z score may be analysed to provide
interesting indications about the efficacy of the different picture or to derive original insights related to
cognitive effects.

Conclusions
Despite the complex nature of the project, the research demonstrated the feasibility of the working model
and the possibility of detecting qualitative and quantitative data.
We should like to conclude with some significant contents drawn from the participants:
“On the second day, at the end of the experience, suddenly during my last look at the frescoes a
very strange and extraordinary thing happened: everything had assumed a dimension of depth and
the rocks the trees and the horses were no longer flattened on the wall but emerged from it as if I
were watching a film in 3D […] I would have liked to stay a bit longer to enjoy this sensation of depth
which suddenly brought the entire fresco to life!”
“… an activation of the imagination and intuition; of meanings previously not perceived in the work
(despite the theoretical knowledge at my disposal) and not necessarily congruous with the historic
facts or the “message” of the artist or commissioners, but rather consistent and in harmony with my
interior world.”
“I have so many things that I carry with me which were really stimulating in gaining experience of
myself. And they related both to the symbolic aspects of existence that can be read in the work and
the experiences of interaction with the other.”
Gadamer said that art is an extra-methodical experience of truth. I think he was right.
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Fig. 7 – Workshop in the Chapel of Magi, in the scarsella near the altar, where the angels are celebrating the Epiphany
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