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1

µ([SHULHQFH¶� LV� RQH� RI� WKH�PRVW� LPSRUWDQW� FRQVWUXFWV� LQ� WKH� ¿HOG� RI�
tourism and leisure (Mommaas, 2000; Scott, Gao, & Ma, 2017), but 
at the same time it is also one of the most elusive ones. Experience is 
an important construct in that experiential aspects are not only part of 
EDVLF�GH¿QLWLRQV�RI�WRXULVP�DQG�OHLVXUH��.HOO\�	�*RGEH\��������.OHLEHU��
Walker, & Mannell, 2011), also, experiences are suggested as the most 
important thing that people look for when participating in tourism or 
leisure activities (Prebensen, Chen, & Uysal, 2018). When stored in 
memory, experiences form the input for many other processes, such as 
the creation of meaning or changes in thought and behavior (Duerden 
et al., 2018). Also, experiences from tourism and leisure have the 
ability to positively contribute to people’s lives and thus to enhance 
their subjective well-being (Nawijn & Strijbosch, 2021). In addition, 
experiences are perceived as the core product in the tourism and 
leisure industries (Mommaas, 2000). Tourism and leisure providers 
DUH�WKHUHIRUH�¿HUFHO\�FRPSHWLQJ�RQ�R̆HULQJ�KLJK�TXDOLW\�H[SHULHQFHV�
to attract large amounts of tourists and leisure participants (Duerden, 
Ward, & Freeman, 2015; Scott, Gao, et al., 2017). With the general 
TXDOLW\�RI�WKH�H[SHULHQFHV�WKDW�DUH�R̆HUHG�LQ�WRXULVP�DQG�OHLVXUH��WKH�
H[SHULHQFH�OLWHUDWXUH�IURP�RWKHU�GLVFLSOLQHV�IUHTXHQWO\�GUDZV�H[DPSOHV�

1Introduction
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2

from the tourism and leisure industries to illustrate the importance of 
experience in our contemporary economy (Pine & Gilmore, 1999). In 
VXP��H[SHULHQFH�LV�ZKDW�GULYHV�WKH�WRXULVP�DQG�OHLVXUH�¿HOG�±�ERWK�LQ�
commercial and non-commercial ways.

Experience is an elusive construct in the sense that there is remarkably 
little conceptual clarity about what exactly constitutes an experience 
(Bastiaansen et al., 2019; Duerden et al., 2018; Duerden et al., 2015; 
Godovykh & Tasci, 2020; Larsen, 2007; Scott & Le, 2017). Searching 
for the keyword ‘experience’ in the top 25 ISI-rated tourism and 
leisure journals provides an unimaginably long list of over 7000 hits, 
EXW�WKH�GH¿QLWLRQV�RI�H[SHULHQFH�DV�PDLQWDLQHG�LQ�WKHVH�DFFRXQWV�DUH�
hardly ever made explicit. This might partly be due to the idea that, 
intuitively, everyone knows what experience is. In the end, we are all 
¿UVW�KDQG�H[SHUWV�LQ�KDYLQJ�H[SHULHQFHV�RXUVHOYHV��7KH�FRQVHTXHQFH�
of this alleged self-evidence, however, is that experience has become 
like a container concept that denotes everything and nothing at the 
same time. As Scott and Le (2017) describe, this has manifested itself 
in a type of research that seeks to relate antecedents of experience to 
outcomes of experience without considering the intervening process: 
H[SHULHQFH�LWVHOI��$V�VXFK��LQ�WKH�¿HOG�RI�WRXULVP�DQG�OHLVXUH�UHVHDUFK��
the constituents of experience remain largely unstudied (Bastiaansen 
et al., 2019). Luckily, recent accounts have addressed this knowledge 
gap and have proposed various constituent processes of experience as 
a topic for further research, such as perception, schemata and memory, 
attention, involvement, engagement, immersion, cognitive absorption 
and emotions (Bastiaansen et al., 2019; Ellis, Freeman, Jamal, & Jiang, 
������ 6FRWW� 	� /H�� ������ 6NDYURQVND\D� HW� DO��� ������ 6WLHQPHW]�� .LP��
Xiang, & Fesenmaier, 2021). In the present dissertation, I focus on 
one of these constituent processes of experience in particular, namely: 
the role of emotions.

In the remaining sections of this chapter, I elaborate on the thinking 
VWHSV�WKDW�KDYH�OHG�WR�WKH�FHQWUDO�UHVHDUFK�TXHVWLRQ�RI�WKH�GLVVHUWDWLRQ��
Before discussing the role of emotions in experience, establishing a 
GH¿QLWLRQ�RI�H[SHULHQFH�LV�D�QHFHVVDU\�VWHS��JLYHQ�WKH�H[LVWLQJ�FRQFHSWXDO�
XQFODULW\� RI� WKH� H[SHULHQFH� FRQFHSW�� $V� WKH� GH¿QLWLRQ� RI� H[SHULHQFH�
ODUJHO\�GHSHQGV�RQ� WKH� VFLHQWL¿F�GLVFLSOLQH� WKDW� LW� LV� VWXGLHG� IURP�� ,�
¿UVW�H[SODLQ�WKH�PXOWLGLVFLSOLQDU\�SRVLWLRQ�DV�WDNHQ�LQ�WKLV�GLVVHUWDWLRQ��
ZKLFK�LV�D�FRPELQDWLRQ�RI�YLHZV�IURP�FRJQLWLYH�DQG�D̆HFWLYH�SV\FKRORJ\�

Chapter 1
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3

DQG� FRQVXPHU� VFLHQFH�� )URP� WKHVH� SHUVSHFWLYHV�� ,� WKHQ� GH¿QH� WKH�
concept of experience and address its various understandings and 
connotations. Most importantly, I distinguish between experience 
in the form of lived experience and remembered experience. It is the 
UHODWLRQVKLS� EHWZHHQ� WKHVH� GL̆HUHQW� XQGHUVWDQGLQJV� RI� H[SHULHQFH�
WKDW�IRUPV�WKH�EDVLV�IRU�WKLV�GLVVHUWDWLRQ¶V�JHQHUDO�UHVHDUFK�TXHVWLRQ��
In brief, it is argued that the temporal dynamics of the emotions in a 
lived experience have a large role in determining how experiences are 
remembered and evaluated. However, much about this role of emotions 
DQG� LWV� WHPSRUDO�G\QDPLFV� UHPDLQV� ODUJHO\�XQNQRZQ�±�HVSHFLDOO\� LQ�
WKH�¿HOG�RI�WRXULVP�DQG�OHLVXUH��7KHVH�FRQVLGHUDWLRQV�KDYH�FU\VWDOOL]HG�
LQWR�WKH�IROORZLQJ�JHQHUDO�UHVHDUFK�TXHWLRQ��:KDW�LV�WKH�UHODWLRQVKLS�
between the temporal dynamics of emotions in a tourism and leisure 
experience and the way in which this experience is evaluated? Below, I 
HODERUDWH�RQ�WKH�WKLQNLQJ�VWHSV�WRZDUGV�WKLV�UHVHDUFK�TXHVWLRQ�

����&KHHGTGPV�FKUEKRNKPGU��FKHHGTGPV�FGƂPKVKQPU

First and foremost, the various understandings of the experience 
FRQFHSW� GHSHQG� RQ� WKH� VFLHQWL¿F� GLVFLSOLQH� WKDW� LV� XVHG� WR� VWXG\�
them (Carù & Cova, 2003). Experience has been studied from many 
VFLHQWL¿F� DQJOHV�� LQFOXGLQJ� HSLVWHPRORJ\� DQG� SKLORVRSK\� RI� VFLHQFH��
anthropology, sociology, economy, psychology (in particular social 
SV\FKRORJ\�DQG�FRJQLWLYH�DQG�D̆HFWLYH�SV\FKRORJ\���SKHQRPHQRORJ\�
DQG� FRQVXPHU� VFLHQFH� �6FRWW� 	� /H�� ������� )URP� WKHVH� GL̆HUHQW�
DQJOHV�� H[SHULHQFH�KDV�EHHQ�DVVRFLDWHG�ZLWK�YDULRXV�GH¿QLWLRQV��)RU�
H[DPSOH�� HSLVWHPRORJ\� DQG� SKLORVRSK\� RI� VFLHQFH� GH¿QH� H[SHULHQFH�
as objectively observing events or phenomena that can be used as the 
LQSXW�IRU�VFLHQWL¿F�WKHRULHV��-D\���������,Q�DQWKURSRORJ\��H[SHULHQFH�
is denoted by the way in which individuals live their culture and how 
events are perceived by consciousness within this cultural framework 
(Carù & Cova, 2003). For the sociological and socio-psychological 
sciences, experience is a subjective activity that allows an individual 
to develop in terms of roles and social identities (Carù & Cova, 2003; 
.OHLEHU�HW�DO����������,Q�FRJQLWLYH�DQG�D̆HFWLYH�SV\FKRORJ\��H[SHULHQFH�
is related to such concepts as perception, attention, emotion and 
PHPRU\��6FRWW�	�/H���������&RQVXPHU�VFLHQFH�GH¿QHV�H[SHULHQFH�DV�
a personal occurrence that is founded on the interaction with such 
stimuli as consumer products and services (Carù & Cova, 2003). 
)LQDOO\��HFRQRPLF�DSSURDFKHV�WRZDUGV�H[SHULHQFH�GH¿QH�LW�DV�WKH�QH[W�

Introduction
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stage of economic value creation and suggest that experiences can be 
used to enhance products and services to create a better match with 
the needs of the contemporary consumer (Pine & Gilmore, 1999).

7KH� ¿HOG� RI� WRXULVP� DQG� OHLVXUH� VWXGLHV� LV� RIWHQ� FKDUDFWHUL]HG� DV�
interdisciplinary (Darbellay & Stock, 2012). While interdisciplinarity 
comes with great advantages, arguably, one of the disadvantages is that 
VKDUS�QXDQFHV�DQG�GH¿QLWLRQV�WKDW�DUH�VWULFWO\�PDLQWDLQHG�LQ�VLQJXODU�
disciplines may become blurred when intertwined with multiple other 
disciplines (Lélé & Norgaard, 2005). This also holds for the concept 
RI�H[SHULHQFH��6FRWW�	�/H���������$V�VXFK��WKH�GH¿QLWLRQ�RI�H[SHULHQFH�
VHHPV� WR� GL̆HU� IURP� VWXG\� WR� VWXG\� �*RGRY\NK� 	� 7DVFL�� ������� ,Q�
addition, although recent accounts in the tourism and leisure literature 
KDYH�VLJQL¿FDQWO\�FRQWULEXWHG�WR�D�PRUH�FRQFUHWH�DQG�HQFRPSDVVLQJ�
terminology of the experience concept (see e.g., Duerden et al., 2018), 
generally, “experience” is only rarely explicated by the authors of a 
theoretical or empirical work. Arguably, an informed reader can always 
LQIHU�WKH�VFLHQWL¿F�GLVFLSOLQHV�IURP�UHDGLQJ�DQ�HPSLULFDO�RU�WKHRUHWLFDO�
work. However, with the alleged self-evidence of the experience 
concept in mind (“everyone knows what experience is”), explicating 
RQH¶V�ZRUNLQJ�GH¿QLWLRQ�RI�WKH�H[SHULHQFH�FRQFHSW�LV�PXFK�QHHGHG�

In this dissertation, the experience concept is studied from the 
GLVFLSOLQHV�RI�FRJQLWLYH�DQG�D̆HFWLYH�SV\FKRORJ\�DQG�FRQVXPHU�VFLHQFH��
&RJQLWLYH�DQG�D̆HFWLYH�SV\FKRORJ\�ZHUH�FKRVHQ�EHFDXVH�H[SHULHQFHV�
are mental and corporeal phenomena and as such demand to be studied 
from a perspective that takes precisely these phenomena as its object 
of study (Jantzen, 2013; Skavronskaya et al., 2017). Consumer science 
was chosen because most tourism and leisure experiences generally 
take place in a context that is structured by one or more providers (e.g., 
a theme park, a festival, a sports event, a hotel, a restaurant) (Duerden 
et al., 2015; Ellis et al., 2019), in which tourists and leisure participants 
RIWHQ�IXO¿OO�WKH�UROH�RI�D�FRQVXPHU��&DU��	�&RYD���������:KLOH�WKLV�LV�
certainly not true for all tourism and leisure experiences (think about 
lying on a towel on the beach while doing nothing), arguably, almost 
DOO�H[SHULHQFHV�DUH�LQÀXHQFHG�WR�VRPH�GHJUHH�E\�DQ�RXWVLGH�SURYLGHU�
(think of the beach which might be maintained by a local government 
and which is monitored by lifeguards). In studying tourism and leisure 
experiences, consumer science thus forms a proper contextual addition 
WR�WKH�GLVFLSOLQH�RI�FRJQLWLYH�DQG�D̆HFWLYH�SV\FKRORJ\�

Chapter 1
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,Q� WKH� ¿HOG� RI� FRJQLWLYH� DQG� D̆HFWLYH� SV\FKRORJ\�� WKHUH� LV� JHQHUDO�
DJUHHPHQW� WKDW� H[SHULHQFH� FDQ� EH� GH¿QHG� DV� WKH� FRQWHQWV� RI� RXU�
human consciousness (Bastiaansen et al., 2019; Chalmers, 1995; 
Hektner, Schmidt, & Csikszentmihaly, 2007; Jacobs, 2006; Jantzen, 
2013; Mossberg, 2007; Nagel, 1974; Scott & Le, 2017; Searle, 2000). 
Using global workspace theory, Baars (2005) metaphorically describes 
FRQVFLRXVQHVV�DV�D�EULJKW�VSRW�RQ�WKH�VWDJH�RI�D�ÀHHWLQJ�ZRUNLQJ�PHPRU\�
FDSDFLW\�WKDW�LV�DEOH�WR�OLQN�GL̆HUHQW�EUDLQ�IXQFWLRQV�WRJHWKHU�WKDW�DUH�
otherwise separate. The contents within the spotlight are conscious, 
which we can thus be aware of, whereas the rest of the stage is dark 
and unconscious. The contents of consciousness stem from various 
sources, such as perceptions of the world around us, imagination (i.e., 
imagining one’s own actions or perceptions) and internal thinking 
(i.e., thinking ‘in words’ or ‘in images’) (Lormand, 1996). Arguably, 
experience mainly refers to those contents of consciousness that are 
built upon external stimuli, i.e.,: the awareness of sensing and feeling 
the world around us (Jacobs, 2006; Jantzen, 2013). In other words, 
H[SHULHQFH�FDQ�EH�GH¿QHG�DV�D�FRQVWUXFW�RI�RXU�KXPDQ�FRQVFLRXVQHVV�
created upon interaction with external stimuli that are processed by 
RXU�SHUFHSWXDO�DQG�D̆HFWLYH�V\VWHPV��-DFREV��������

In the consumer science literature, experience is generally approached 
IURP�WKUHH�GL̆HUHQW�SHUVSHFWLYHV��WKH�HQYLURQPHQW�FHQWHUHG�DSSURDFK��
WKH� H̆HFW�FHQWHUHG� DSSURDFK� DQG� WKH� HQFRXQWHU�FHQWHUHG� DSSURDFK�
(Snel, 2011). Under the environment-centered approach, experience is 
GH¿QHG�DV�WKH�µH[SHULHQFHG�EHLQJ¶��RU�µZKDW¶�LW�LV�WKDW�LV�H[SHULHQFHG�LQ�
an individual’s environment, such as events, activities and occurrences 
that are manipulated by a provider (Snel, 2011). From this perspective, 
DQ�H[SHULHQFH�LV�DQ�HFRQRPLF�R̆HULQJ�WKDW�FDQ�EH�ERXJKW�RU�VROG��D�QRWLRQ�
which has met with criticism (see e.g., Carù & Cova, 2007; Jantzen, 
�������,Q�WHUPV�RI�WKH�FRJQLWLYH�DQG�D̆HFWLYH�SV\FKRORJLFDO�GH¿QLWLRQ�
of experience, the environment-centered approach mostly refers to the 
aspect of external stimuli. Arguably, using experience to solely refer 
to external stimuli is a misnomer, as experience generally refers to 
a subjective phenomenon situated within an individual, rather than 
LQ� WKH�HQYLURQPHQW��8QGHU� WKH�H̆HFW�FHQWHUHG�DSSURDFK��H[SHULHQFH�
LV� JHQHUDOO\� GH¿QHG� DV� D� FRPSOH[� VXEMHFWLYH� UHVSRQVH�� FRQVLVWLQJ� RI�
HPRWLRQV�DQG�SHUFHSWLRQV��6QHO���������$OWKRXJK�WKLV�GH¿QLWLRQ�VHHPV�
WR�PDWFK�PRUH�FORVHO\�ZLWK�WKH�FRJQLWLYH�DQG�D̆HFWLYH�SV\FKRORJLFDO�
GH¿QLWLRQ� RI� H[SHULHQFH�� IRFXVLQJ� RQ� WKH� H̆HFWV� ZLWKLQ� LQGLYLGXDOV�

Introduction
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DORQH�QHJOHFWV�WKH�LGHD�WKDW�WKHVH�H̆HFWV�DUH�PRVWO\�EDVHG�RQ�D�VWLPXOXV�
setting that is structured by a tourism or leisure provider. In turn, the 
HQFRXQWHU�FHQWHUHG� DSSURDFK� GH¿QHV� H[SHULHQFH� DV� WKH� LQWHUDFWLRQ�
process of an individual with a provider (Snel, 2011). Although this 
approach has been favored because it includes both participant and 
SURYLGHU��3RXOVVRQ�	�.DOH���������WKH�IRFXV�RQ�WKH�LQWHUDFWLRQ�WHQGV�
to overlook the external stimuli that trigger this interaction (i.e., the 
LQSXW��DQG�WKH�H̆HFWV�WKDW�IROORZ�IURP�WKLV�LQWHUDFWLRQ��L�H���WKH�RXWSXW��
(Snel, 2011).

,Q� VXP�� WKH�HQYLURQPHQW��� H̆HFW�� DQG�HQFRXQWHU�FHQWHUHG�DSSURDFK�
all seem to have their shortcomings (Snel, 2011). In this dissertation, I 
thus refrain from solely following either one of these three approaches. 
+RZHYHU�� WKH� FRJQLWLYH�DQG�D̆HFWLYH�SV\FKRORJLFDO� GH¿QLWLRQ� RI�
experience (i.e., experience as a construct of our human consciousness 
built upon interaction with external stimuli which are processed by our 
SHUFHSWXDO�DQG�D̆HFWLYH�V\VWHPV��VHHPV�WR�FRPELQH�WKH�PHULWV�RI�DOO�
three experience approaches in consumer science, as it includes both 
WKH� H̆HFW� �DQ� LQGLYLGXDO�� VXEMHFWLYH� FRQVWUXFW«�� DQG� WKH� HQFRXQWHU�
ZLWK�DQ�HQYLURQPHQW� �«EXLOW�XSRQ� LQWHUDFWLRQ�ZLWK�H[WHUQDO� VWLPXOL�
ZKLFK� DUH� SURFHVVHG� E\� RXU� SHUFHSWXDO� DQG� D̆HFWLYH� V\VWHPV��� ,Q�
further demarcating the experience concept, I will thus maintain the 
GH¿QLWLRQ�RI�H[SHULHQFH�IURP�FRJQLWLYH�DQG�D̆HFWLYH�SV\FKRORJ\�DV�D�
ZRUNLQJ�GH¿QLWLRQ�

1.1.1 A note on experience in the tourism and leisure literature

,Q�WKH�DERYH�VHFWLRQ��,�KDYH�PRVWO\�GHVFULEHG�WKH�¿HOG�RI�WRXULVP�DQG�
leisure as the consumption context in which to study experiences. 
Tourism and leisure studies have their very own tradition of studying 
experience. However, as Mannell and Iso-Ahola (1987) note, this 
tradition carries a great deal of ideological baggage. For example, in the 
¿HOG�RI�OHLVXUH��VFKRODUV�DUH�JHQHUDOO\�QRW�LQWHUHVWHG�LQ�H[SHULHQFHV�WKDW�
are simply derived from leisure activities. Instead, they are interested 
in the properties of experience that characterize an experience of 
“pure” or “unconditional” leisure (Neulinger, 1974). As Mannell and 
,VR�$KROD� ������� REVHUYH�� ³FHUWDLQ� TXDOLI\LQJ� RU� QRUPDWLYH� FULWHULD�
are applied before the experience can be properly viewed as a leisure 
H[SHULHQFH�´� �S�������� ,Q� WRXULVP�� WRR�� WKHUH� VHHPV� WR�EH�D�TXHVW� IRU�
GH¿QLQJ� WKH� XOWLPDWH� WRXULVP� H[SHULHQFH�� LQ� ZKLFK� WRXULVWV� VHDUFK�
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for something less tangible than merely a trip to a destination, such 
as a religious-like pilgrimage or the feeling of authenticity (see e.g., 
Boorstin, 1964; MacCannell, 1976). Although the paper by Mannell 
and Iso-Ahola (1987) has been published more than 30 years ago now, 
the aftertaste of these ventures is still present in recent strands of 
experience research in tourism and leisure (Duerden, 2021). Of course, 
studying experiences such as “pure leisure” or “ultimate tourism” is 
relevant in its own right, but applying normative criteria to a concept 
WKDW� ODFNV� FRQFHSWXDO� FODUL¿FDWLRQ� WR� EHJLQ�ZLWK� GRHV� QRW� EULQJ� RXU�
basic understanding of experience much further. This is a pity, as there 
are many valuable lessons to be learned from the experience-focused 
practices within tourism and leisure that can be applied outside these 
domains as well (Duerden, 2021). As such, this dissertation breaks 
with the tradition of applying normative criteria to tourism and leisure 
H[SHULHQFHV�WR�PDNH�WKHP�TXDOL¿HG�DV�DQ�REMHFW�RI�VWXG\��,QVWHDG��LW�
considers tourism and leisure as a promising context to enhance the 
understanding of experience in general.

1.2 Semantic antics of the word “experience”

Even when demarcating the experience concept by selecting the 
GLVFLSOLQH� RI� FRJQLWLYH� DQG� D̆HFWLYH� SV\FKRORJ\� DQG� FRQVXPHU�
research, within these disciplines, too, the experience concept has 
YDULRXV� GHQRWDWLRQV� DQG� GH¿QLWLRQV�� $� ¿UVW� DVSHFW� RQ� ZKLFK� WKH�
YDULRXV�H[SHULHQFH�GHQRWDWLRQV�GL̆HU�OLHV�LQ�WKHLU�WHPSRUDO�RFFXUUHQFH�
(Bastiaansen et al., 2019; Ek, Larsen, Hornskov, & Mansfeldt, 2008; 
Getz, 2007; Jantzen, 2013; Stienmetz et al., 2021). On the one hand, 
experience is understood as the moment-by-moment lived experience, 
i.e., the continuous stream of present sensing and feeling in the here-
and-now (Bastiaansen et al., 2019; Ellis, Jiang, Freeman, Lacanienta, & 
Jamal, 2020; Jacobs, 2006; Jantzen, 2013). An example of this present 
sensing and feeling is the adrenaline one may feel during an extreme 
sport, such as bungee jumping or parachuting from an airplane. In this 
sense, experience is denoted as a verb: you are experiencing something. 
On the other hand, experience is understood as remembered 
experiences of past sensing and feeling which are stored into memory 
(Bastiaansen et al., 2019). In this understanding, experience is denoted 
as a noun: you have had an experience. An example would be your 
VSHFL¿F�PHPRU\�RI�EXQJHH�MXPSLQJ�R̆�D�VXVSHQVLRQ�EULGJH�GXULQJ�ODVW�
year’s visit to Queenstown in New Zealand.
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The two denotations of experience as a verb and a noun are not 
unrelated, as the former forms the input for the latter (Bastiaansen 
HW�DO���������-DQW]HQ���������7KH\�DUH�GL̆HUHQW��WKRXJK��LQ�WKDW�OLYHG�
H[SHULHQFH�FRQVLVWV�RI�D�FRQWLQXRXV�ÀX[�RI�VHQVLQJ�DQG�IHHOLQJ��ZKHUHDV�
remembered experiences consist of clearly demarcated episodes that 
have a beginning and an end (Bastiaansen et al., 2019). To understand 
KRZ�DQ�RQJRLQJ�ÀX[�FDQ�EH�WUDQVIRUPHG�LQWR�VXFK�HSLVRGHV��RQH�PXVW�
note that our continuous stream of consciousness is being divided 
LQWR�HSLVRGHV�WKURXJK�WKH�XVH�RI�PHQWDO�PRGHOV��.KHPODQL��+DUULVRQ��
& Trafton, 2015; Zacks & Tversky, 2001). The concept of ‘a bungee 
jumping trip’ is an example that the mind uses to segment last summer’s 
EXQJHH�MXPSLQJ�WULS�R̆�IURP�ZKDWHYHU�KDSSHQHG�EHIRUH�RU�DIWHU��,W�LV�
these experiential episodes that form the input for storage into memory 
(Bastiaansen et al., 2019) as will be discussed later in this dissertation 
�VHH�FKDSWHU����VHFWLRQ�����)RU�QRZ��LW�VẊFHV�WR�DFNQRZOHGJH�WKDW�WKH�
term experience can both refer to lived experience and remembered 
H[SHULHQFH�DQG�WKDW�WKLV�GL̆HUHQFH�LV�LPSRUWDQW�WR�PDNH�

Second, the philosophical literature has a long tradition of separating 
Erlebnis-connotations of experience from Erfahrung-connotations 
of experience (Jay, 2005). The English language fails to clearly 
distinguish these denotations, as there is only one word to refer to 
both: “experience”. When translated into German, however, the 
ZRUG� ³H[SHULHQFH´� \LHOGV� WZR� GL̆HUHQW� WUDQVODWLRQV� WKDW� ERWK� KDYH�
D� GL̆HUHQW� FRQQRWDWLRQ�� (UOHEQLV� DQG� (UIDKUXQJ� �-DQW]HQ�� �������
Erlebnis generally refers to experiences that focus on sensations and 
emotions, whereas Erfahrung is generally associated with cognitive 
processing in the context of long-term learning processes (Jantzen, 
������ 0RPPDDV�� ������ 6QHO�� ������� 7KH� GL̆HUHQW� GHQRWDWLRQV� RI�
(UOHEQLV�DQG�(UIDKUXQJ�WKXV�VHHP�WR�LQGLFDWH�D�GL̆HUHQFH�LQ�WKH�LPSDFW�
RI�DQ�H[SHULHQFH��<HW��ZKHUHDV�WKH�GL̆HUHQW�WHUPV�KDYH�D�ORQJ�KLVWRU\�
in philosophical approaches towards experience (Jay, 2005), to date, 
Erlebnis and Erfahrung have only been poorly conceptualized in the 
HPSLULFDO�OLWHUDWXUH��+RZHYHU��MXVW�OLNH�DFNQRZOHGJLQJ�WKH�GL̆HUHQFH�
between lived and remembered experience, acknowledging the idea 
WKDW�H[SHULHQFHV�PD\�KDYH�GL̆HUHQW�OHYHOV�RI�LPSDFW�LV�LPSRUWDQW��DV�
GL̆HUHQW�LPSDFWV�PD\�EH�SDLUHG�ZLWK�GL̆HUHQW�FRQVWLWXHQW�FRPSRQHQWV��
Therefore, I leave the Erlebnis-Erfahrung distinction behind and turn 
to Duerden et al.’s (2018) framework of experience types, in which the 
various experience impact levels are more clearly conceptualized.
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1.3 Experience types: The different impacts of experience

)ROORZLQJ� 'XHUGHQ� HW� DO�¶V� ������� H[SHULHQFH� W\SRORJ\�� D� ¿UVW�
distinction in the level of experience impact can be made between 
ordinary and extraordinary experiences. Ordinary experiences are 
GH¿QHG� DV� WKRVH� H[SHULHQFHV� LQ� ZKLFK� VWLPXOL� FDQ� DWWUDFW� DQG� KROG�
an individual’s attention while not being able to produce strong 
subjective reactions. Extraordinary experiences, on the other hand, 
DUH�GH¿QHG�DV� H[SHULHQFHV� LQ�ZKLFK� VWLPXOL� FDQ�DWWUDFW� DQG�KROG�DQ�
individuals’ attention whereby subjective responses are strong enough 
for the experience to become either 1) memorable, 2) meaningful, or 
3) transformational. Memorable experiences (1) are those experiences 
WKDW�KDYH�EHHQ�VWRUHG�LQ�PHPRU\�DQG�WKXV�UHÀHFW�WKH�DIRUHPHQWLRQHG�
remembered experience construct. Memorable experiences are mostly 
associated with pleasurable impressions of past sensing and feeling 
(Lundberg, Lundberg, Ward, Bowen, & Hill, 2019; Ward et al., 2019) 
and result because of strong emotions during the experience (Duerden 
et al., 2018). Meaningful experiences (2) also involve strong emotions, 
EXW�DOVR�FRQWDLQ� WKH�GLVFRYHU\�RI� VLJQL¿FDQW�DQG�SHUVRQDOO\� UHOHYDQW�
insights (Duerden et al., 2018). This meaning creation usually occurs 
DW� WKH�HQG�RI� WKH�H[SHULHQFH��ZKHQ� ORRNLQJ�EDFN�DQG�UHÀHFWLQJ�RQ� LW�
(Boswijk, Thijssen, & Peelen, 2007) and may result in intra- and/
or extra-personal learning (Taniguchi, Freeman, & Richards, 2005). 
Finally, transformational experiences (3) involve both strong emotions 
DQG�WKH�GLVFRYHU\�RI�VLJQL¿FDQW�DQG�SHUVRQDOO\�UHOHYDQW�LQVLJKWV��DV�ZHOO�
as personal changes in values, beliefs, intentions or self-perceptions 
(Duerden et al., 2018). Furthermore, they are characterized by 
intrinsically motivated, enduring changes in self-perception and 
behavior, thus ensuring a lasting impact on an individual (Duerden et 
al., 2018).

Ward et al. (2019) suggest that the three extraordinary experience types 
form a cumulative framework: transformative experiences are at the 
same time also meaningful and memorable and, likewise, meaningful 
experiences are also memorable. Along these lines, all extraordinary 
experiences (memorable, meaningful and transformational) can 
be categorized as remembered experiences. This suggests that the 
memorability of an experience forms the cornerstone for higher-level 
H[SHULHQFH�LPSDFWV��$W�WKH�VDPH�WLPH��WKLV�LV�QRW�VXUSULVLQJ��DV�UHÀHFWLRQ�
IRU�PHDQLQJIXOQHVV�RU�WUDQVIRUPDELOLW\�UHTXLUHV�WKDW�WKH�H[SHULHQFH�LV�

Introduction

Proefschrift_v2.indd   9Proefschrift_v2.indd   9 30-08-2022   02:1830-08-2022   02:18



10

remembered to begin with. The memorability of an experience thus 
seems the very least that experience providers should aim for. The 
TXHVWLRQ��WKHQ��LV��ZKDW�FRQVWLWXHQW�FRPSRQHQWV�RI�H[SHULHQFH�HQKDQFH�
its memorability?

Several constituent components of experience that may be related to 
its memorability have been proposed in the literature. In the theory of 
structured experience, it is suggested that experience consists of several 
VXEMHFWLYH�VWDWHV��ZKLFK�LQÀXHQFH�WKH�RYHUDOO�RXWFRPHV�RI�DQ�H[SHULHQFH��
engagement, absorption, immersion and the state of deep structured 
experience (Ellis et al., 2019; Ellis, Jiang, Freeman, Lacanienta, et 
al., 2020). However, the theory does not suggest how these states 
are linked to the memorability of an experience. In addition to the 
subjective states from the theory of structured experience, Scott and 
Le (2017) suggest attention and involvement as two other constituent 
components of an experience. For attention, Scott and Le (2017) state 
WKDW�LW�³LQÀXHQFHV�WKH�ZD\�LQGLYLGXDOV�SHUFHLYH�WKH�HQYLURQPHQW�DQG�
increases the chance of an event being coded into long-term memory,” 
(p. 38), but at the same time they acknowledge that the concept of 
attention itself (and thus its relation with memorability) has received 
little attention in the tourism and leisure literature to date. To the 
best of my knowledge, the relationship between involvement and 
PHPRUDELOLW\�KDV�QRW�UHFHLYHG�PXFK�DWWHQWLRQ�HLWKHU�±�LI�DQ\�DW�DOO�

A growing body of work suggests that the memorability of a leisure 
experience mostly depends on the emotions that are evoked in the lived 
H[SHULHQFH��%DVWLDDQVHQ�HW�DO���������'HO�%RVTXH�	�6DQ�0DUWtQ��������
Duerden et al., 2018). This is supported with strong empirical evidence 
in general psychology that has long studied the relationship between 
HPRWLRQ� DQG�PHPRU\� �VHH� +ROODQG� 	� .HQVLQJHU�� ����� IRU� UHYLHZ���
However, to understand the role of emotions in the memorability of 
an experience, one must start by noting experience as a temporally 
dynamic phenomenon.

1.4 Experience as a temporally dynamic phenomenon

As mentioned above, all types of experience are based on some form 
of sensing and feeling, either in terms of lived experience or as a 
remembered experience. Presumably, the input that we receive for 
this sensing and feeling is hardly ever the same. The world around 
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us is constantly changing and our senses are constantly modulated by 
VWLPXOL�ZLWK�GL̆HUHQW�HQHUJ\�OHYHOV��H�J���SKRWRQV�DW�YDU\LQJ�ZDYHOHQJWKV�
IURP� FKDQJHV� LQ� OLJKW�� DLU� YLEUDWLQJ� DW� YDULRXV� IUHTXHQFLHV� IURP�
changes in sound, etc.). Especially in settings of tourism and leisure, 
providers go to great lengths to provide participants with stimulant 
surroundings and environments (Pizam & Tasci, 2019). This implies 
that in the context of tourism and leisure, our stream of consciousness 
can be highly dynamic as well, with temporal successions of various 
sensations that result from interaction with various external stimuli 
(Bastiaansen et al., 2019). Experience is thus not a static phenomenon, 
but temporally dynamic in nature. This is supported by the fact 
that episodic memory (i.e., the memory storage of past experiential 
episodes) is the only memory type that is associated with a temporal, 
episodic structure (Tulving, 2002).

Various tourism and leisure accounts have taken the temporal 
characteristics of experiences as their object of study. In the leisure 
literature, a large stream of research is devoted to time-budget studies. 
Time-budget studies serve the purpose of recording how much time is 
DOORFDWHG�WR�WKH�GRPDLQV�RI�OHLVXUH��ZRUN�DQG�RU�FDUH��.OHLEHU�HW�DO���
2011). Some researchers have combined this approach with experience 
sampling methodology, which seeks to capture the psychological states 
that are associated with these domains (Hektner et al., 2007). In the 
tourism literature, tourism experiences are often cut into temporal 
segments based on tourists’ travelling mode. In the 1960s, for example, 
&ODZVRQ� DQG� .QHWVFK� ������� GLVVHFWHG� WKH� WRXULVP� H[SHULHQFH� LQWR�
¿YH�H[SHULHQFH�SKDVHV��DQWLFLSDWLRQ��WUDYHO�WR��RQ�VLWH��WUDYHO�EDFN�DQG�
recollection). This idea has been followed up by various other studies 
that also dissect tourism and leisure experiences in various temporal 
units (Aho, 2001; Arnould, Price, & Zinkhan, 2002; Cutler & Carmichael, 
2010; Godovykh & Tasci, 2020; Hammitt, 1980; Stewart, 1998). Work 
E\�+DPPLWW��������VKRZV�WKDW�WRXULVWV�H[SHULHQFH�GL̆HUHQW�PRRGV�LQ�
GL̆HUHQW�SKDVHV�� IURP�ZKLFK�RQH�FDQ�GHGXFW� WKH� LGHD� WKDW�HPRWLRQV�
DUH� DOVR� GL̆HUHQW� GXULQJ� WKH� GL̆HUHQW� H[SHULHQFH� SKDVHV�� (PRWLRQV�
thus seem to follow the temporal dynamics of experience.

Another strand of research has more explicitly evaluated the temporal 
patterns of emotion during vacations by using diary studies and pre/
SRVW�TXHVWLRQQDLUHV��0LWDV��<DUQDO��$GDPV��	�5DP��������1DZLMQ��������
Nawijn, Marchand, Veenhoven, & Vingerhoets, 2010; Nawijn, Mitas, 
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/LQ��	�.HUVWHWWHU���������)LQGLQJV�DFURVV�VWXGLHV�VKRZ�WKDW�HPRWLRQV�
DUH�VLJQL¿FDQWO\�GL̆HUHQW�EHWZHHQ�GL̆HUHQW�VWDJHV�RI�D�YDFDWLRQ��DJDLQ�
supporting the idea that emotions follow the temporal dynamics of an 
experience. In particular, Mitas et al. (2012) proposed the peak model 
of positive emotions, which holds that positive emotions increase 
as leisure travel nears, maintain the highest level during the travel 
experience and decrease again upon return.

The aforementioned studies demonstrate that the temporal dynamics 
of emotions in tourism and leisure experiences take on various 
patterns. Outside the tourism and leisure literature, extensive 
research has shown that it is not necessarily emotions themselves, but 
the patterns of these emotions over time that determine the extent to 
which these experiences are evaluated from memory (for a review, see 
Fredrickson, 2000). From these studies, it follows that the emotions 
DW�WKH�HPRWLRQDOO\�PRVW�LQWHQVH�DQG�¿QDO�PRPHQWV�RI�DQ�H[SHULHQFH�
determine how an experience will be remembered: the peak-and-end 
theory (Fredrickson, 2000). However, most of these studies have been 
applied in contexts that are rather homogeneous, such as in the context 
of lab experiments or clinical pain. Generalizations from these studies 
WR� WKH� ¿HOG� RI� WRXULVP� DQG� OHLVXUH� LV� WKHUHIRUH� QRW� VWUDLJKWIRUZDUG��
Surprisingly, most of the studies that have investigated the temporal 
dynamics in tourism and leisure experiences have not related these 
dynamics to overall evaluations of that experience. Nonetheless, 
although peak-and-end theory has only recently gained attention in 
WKH� WRXULVP� DQG� OHLVXUH� ¿HOG�� HDUO\� UHVXOWV� VKRZ� WKDW� WKH� WHPSRUDO�
dynamics of tourism and leisure experiences relate to measures of 
RYHUDOO� HYDOXDWLRQ� TXLWH� GL̆HUHQWO\� �%DVWLDDQVHQ�� 2RVWHUKROW��0LWDV��
+DQ��	�/XE��������*HQJ��&KHQ��/DP��	�=KHQJ��������.HPS��%XUW��	�
)XUQHDX[��������.LP�	�.LP��������/L��������/L��:DOWHUV��3DFNHU��	�
Scott, 2019; Park, Hahn, Lee, & Jun, 2018). Presumably, this is due 
to the more heterogeneous nature of tourism and leisure experiences 
compared to the homogenous nature of experiences that have 
previously been studied in a peak-and-end framework. However, as 
the relationship between the temporal dynamics of tourism and leisure 
experiences and overall evaluations remains largely understudied, 
more research to investigate this explanation is much needed.

In sum, there is evidence of a strong relationship between the 
temporal dynamics of the emotions in an experience and its overall 
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evaluations in literature outside the tourism and leisure domain. 
Studying these phenomena within the tourism and leisure context, in 
which experiences are considered to be a core construct, thus forms 
a promising approach towards a better understanding of experience. 
From a practical perspective, studying the temporal dynamics of 
emotions in a tourism or leisure experience provides rich and detailed 
information for tourism and leisure providers on exactly when and 
where to optimize their experience, so as to enhance their experiential 
R̆HULQJV�� 7KXV�� LQ� DGGLWLRQ� WR� WKH� DFDGHPLF� UHOHYDQFH�� D� EHWWHU�
understanding of the temporal dynamics of emotions in a tourism or 
leisure experience comes with societal merits as well. Therefore, the 
major goal of this dissertation is to address the paucity of studying the 
temporal dynamics of emotions in tourism and leisure experiences in 
relation to their overall evaluation. This results in the following general 
UHVHDUFK� TXHVWLRQ�� :KDW� LV� WKH� UHODWLRQVKLS� EHWZHHQ� WKH� WHPSRUDO�
dynamics of emotions in a tourism and leisure experience and the way 
in which this experience is evaluated?

1.5 Outline of the dissertation

This dissertation consists of two major parts: a theoretical part and 
an empirical part. In the theoretical part (chapter 2), I present a 
review of the constituents of the experience concept, so as to better 
demarcate what temporal dynamics of emotion can be related to 
overall evaluations of an experience. These temporal dynamics are then 
linked to an appropriate methodology in chapter 3 and are subjected 
to further study in the empirical chapters (chapter 4, 5, 6 and 7). The 
¿QDO�FKDSWHUV� �FKDSWHU���DQG����SURYLGH�D�VXPPDU\�DQG�FRQFOXVLRQ�
RI�WKH�PDLQ�¿QGLQJV�LQ�WKH�HPSLULFDO�VHFWLRQV��ZKLFK�DUH�WKHQ�XVHG�WR�
discuss to which extent they answer the dissertation’s central research 
TXHVWLRQ�
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2
7KH� SUHYLRXV� FKDSWHU� LGHQWL¿HG� WKH� WHPSRUDO� G\QDPLFV� RI� WKH�
emotions in an experience as a potentially strong predictor for how 
an experience will be remembered and thus evaluated. To get an 
idea of how to study the temporal dynamics of the emotions in an 
H[SHULHQFH��,�¿UVW�GHFRPSRVH�WKH�H[SHULHQFH�FRQVWUXFW�LQWR�LWV�YDULRXV�
constituent components, so as to contextualize the role of emotions 
along other constituent components of experience. In doing so, I 
present a chronological overview of the various psychological processes 
pertaining to experience from stimulus to experience outcome. This 
section is largely based on the experience model from Bastiaansen et 
al. (2019) (also referred to as the Breda model of experience (Bergs, 
Mitas, Smit, & Nawijn, 2019)), which synthesizes the state-of-the-art 
of various psychological conceptualizations of experience with insights 
from the tourism and leisure literature.

In brief, Bastiaansen et al. (2019) conceptualize experience as 
a continuous stream of consciousness, which is based upon a 
combination of external and internal stimuli that have been processed 
E\�SHUFHSWXDO��FRJQLWLYH�DQG�D̆HFWLYH�V\VWHPV��8VLQJ�PHQWDO�PRGHOV��
this continuous stream of consciousness is being cut into experiential 
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episodes, which have a clear beginning and ending. The emotions 
within such an experiential episode then determine if, and how, that 
episode will be stored into long-term memory. Below, I describe the 
individual elements in the model in detail.

2.1 Stimuli in the context of tourism and leisure 
experiences

According to Bastiaansen et al.’s (2019) model of experience, experience 
is based on both internal and external stimuli. Internal stimuli may 
consist of bodily sensations, such as warmth or hunger, as well as 
cognitions, such as thinking in words, fantasizing or mind-wandering 
(Bergs et al., 2019). External stimuli come from the world around us. 
As previously mentioned, most tourism and leisure experiences take 
place in a context that to some extent is structured or organized by a 
tourism or leisure provider. Stimuli are therefore likely to originate 
from this organized setting (Bergs et al., 2019).

Drawing upon the servicescape literature (Bitner, 1992), Pizam and 
7DVFL��������LGHQWLI\�¿YH�FRPSRQHQWV�RI�WKH�H[SHULHQVFDSH�IURP�ZKLFK�
stimuli may give rise to a tourism or leisure experience: a sensory, 
functional, social, natural and cultural component. The sensory 
component refers to the sensory dimensions of the organized tourism 
DQG�OHLVXUH�VHWWLQJ�WKDW�FDQ�EH�SLFNHG�XS�E\�RXU�¿YH�VHQVHV��7KLQN�RI�WKH�
sights, sounds and smells that are explicitly designed for in a theme park 
environment. The functional component refers to utilitarian aspects, 
such as the layout, signage and functionality of the organized tourism 
and leisure setting. The social component refers to the interaction with 
other agents in the tourism and leisure setting, ranging from the number 
and type of fellow tourists or leisure participants to the interaction 
with service employees. The natural component refers to the natural 
landscape in which the tourism and leisure setting is embedded. The 
cultural component refers to the sociocultural context which a tourism 
and leisure setting is part of. Finally, Godovykh and Tasci (2020) note 
that stimuli may also originate from a provider’s marketing practices, 
information collection, co-creation and self-service.

The extent to which tourism and leisure providers organize their 
H[SHULHQVFDSH�ODUJHO\�GL̆HUV�EHWZHHQ�SURYLGHUV��'XHUGHQ�HW�DO����������
Local beaches, for example, are rather loosely structured. Structuring 
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practices in such contexts are usually limited to providing parking 
areas, access routes, lifeguards and several food and beverage facilities. 
Theme parks, on the other hand, apply structuring practices to a much 
larger extent. The Walt Disney Company, for example, is famously 
NQRZQ� IRU� RUFKHVWUDWLQJ� LWV� WKHPH� SDUN� HQYLURQPHQWV� WR� WKH� ¿QHVW�
detail. Sightlines, decors, music, scents, textures and other sensory 
properties are all designed to evoke an intended experience that is 
thought through from start to end (Baker, 2018; Younger, 2016).

Regardless of the extent to which tourism and leisure settings are 
structured, the experience as intended by a tourism or leisure provider 
is hardly ever copied one-to-one onto its visitors to create identical 
responses for each tourist or leisure participant (Duerden et al., 2015; 
.LP� 	� )HVHQPDLHU�� ������ 6PLW�� 0HOLVVHQ�� )RQW�� 	� *NULW]DOL�� ������
Tussyadiah, 2013). Nonetheless, as noted by Smit et al. (2020), the 
H[SHULHQVFDSH�FDQ�LQ�IDFW�EH�GHVLJQHG�WR�FUHDWH�UHODWLYHO\�VLPLODU�H̆HFWV�
on each consumer with respect to experience impact (memorability, 
meaningfulness or transformation) and downstream behavior, such as 
repeat visitations or recommendations. Although not every provider of 
WRXULVP�DQG�OHLVXUH�RSSRUWXQLWLHV�KDV�D�¿QDQFLDO�RU�FRPPHUFLDO�LQWHUHVW�
ZLWK�UHJDUGV�WR�WKHLU�R̆HULQJV��D�ODUJH�SDUW�RI�WKH�WRXULVP�DQG�OHLVXUH�
industries capitalize on the experience outcomes for large groups of 
visitors. With the large amounts of capital that are involved in most 
WRXULVP�DQG� OHLVXUH� LQYHVWPHQWV�� D� WHQWDWLYH� LGHD�RI� WKH� H̆HFW�RI� DQ�
organization’s investment is indispensable (Cornelis, 2017). For non-
commercial providers, having an idea of the impact of their experience 
DOORZV� IRU�RSWLPL]LQJ� WKHLU�R̆HULQJV� WR� WKH�H[WHQW� WKDW� LW�GHOLYHUV�DQ�
DFFRXQWDEOH�OHYHO�RI�H[SHULHQFH�LPSDFW��&UXFT�7R̆ROR�	�0H\V��������

To understand how experiences are not identical among tourism and 
OHLVXUH�SDUWLFLSDQWV��EXW�KRZ�VLPLODU�H̆HFWV�FDQ�EH�UHDFKHG��RQH�PXVW�
comprehend how stimuli are processed by individuals in order to 
have an experience. Following Bastiaansen et al. (2019), this process 
involves two core elements: mental models and emotions.

2.2 Mental models: The perceptual component of 
experience

To grasp the idea of mental models, one should begin by noting that 
we do not perceive the world directly as it is. Our senses are not like a 
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camera in the sense that they project our sightings one-to-one into our 
mind. Instead, we perceive the world through packages of energy that 
come forth from physical objects in the world around us and which 
impinge upon or senses. Light, for example, consists of photons that 
vibrate at varying wavelengths. The kinetic energy of these photons 
LV�SLFNHG�XS�E\�WKH�URGV�DQG�FRQHV�LQ�RXU�UHWLQD�DQG�LV�VXEVHTXHQWO\�
transduced into an electrical signal, which is then being sent to the 
brain through our optic nerve. Likewise, sound reaches our ears in the 
form of tiny vibrations in the air, which are picked up by our eardrums. 
Through a series of interacting mechanisms, the kinetic energy from 
WKH� WLQ\� YLEUDWLRQV� LQ� WKH� DLU� LV� VXEVHTXHQWO\� WUDQVGXFHG� LQWR� DQ�
electrical signal, which is then being sent to the brain through our 
auditory nerve. Signals resulting from touching, smelling and tasting 
reach the brain in a similar way. In fact, all the brain receives is an 
extensive set of electrical signals of which it needs to make sense to 
understand the world around us.

7KH�SURFHVV�RI�VHQVLQJ� WKH�ZRUOG�DURXQG�XV� WKURXJK�RXU�¿YH�VHQVHV�
is referred to as sensation (Jacobs, 2006). The way in which we 
interpret these sensations and make sense of the world is referred to 
as perception (Jacobs, 2006). In that sense, sensation can be referred 
to as uninterpreted information from our external environment. To 
change this uninterpreted information into meaningful information of 
(i.e., the change from sensation to perception), the brain makes use 
of so-called mental models (Howard, 1987). Mental models form an 
internal representation of a category which sorts stimuli into instances 
and non-instances, so as to discriminate between stimuli in such a way 
that recognition in possible (Howard, 1987; Jacobs, 2006). While there 
is no universal taxonomy for mental models in the human brain, there 
is agreement that mental models are organized in schemata, which is a 
mental representation of a network of related mental models (Howard, 
1987). Schemata can be divided into a number of types, such as scenes, 
events, actions, persons and stories (Howard, 1987). Figure 2.1, for 
example, illustrates how the various properties in a theme park area 
can be sensed by an individual to make up for concepts that together 
¿W�WR�WKH�VFKHPD�RI�D�VFHQH�

3HUFHSWLRQ�LV�DOZD\V�PHGLDWHG�E\�SUH�H[LVWHQW�PHQWDO�PRGHOV��.ULHJHO��
2004). Jantzen (2013) refers to this idea as the impurity of experience: 
although experience implies contact with the raw material from the 
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world out there (i.e., external stimuli), our perception of that raw 
material is always modulated by mental models resulting from previous 
experiences. Note, however, that mental models do not necessarily 
UHÀHFW�UHDOLW\��7R�LOOXVWUDWH�WKLV�H[DPSOH��FRQVLGHU�)LJXUH������$OWKRXJK�
you might have never seen these particular objects, some of the sensory 
properties of these objects are picked up by the pre-existing concept of 
“faces”. The concept of faces has been found to have strong top-down 
features, “whereby sensory input with even the slightest suggestion 
of a face can result in the interpretation of face” (Liu et al., 2014,  
p. 60), perhaps even so before we recognize the objects as what they 
truly are. Perception thus always takes place based on pre-existent 
mental models, both consciously and unconsciously, and whether we 
want it or not (e.g., try to unsee the faces in Figure 2.2). In addition, 
note that mental models are highly individual and therefore experience 
is highly individual as well, but that there is likely to be an overlap 
LQ� FRQFHSWV� EHWZHHQ� GL̆HUHQW� LQGLYLGXDOV� ZKR� EHORQJ� WR� WKH� VDPH�
culture (Jacobs, 2006). This explains the idea that while experiences 
DUH�KLJKO\�LQGLYLGXDO��VLPLODU�H̆HFWV�FDQ�EH�UHDFKHG�DPRQJ�GL̆HUHQW�
people by one and the same experience design (as suggested by Smit 
et al., 2020).

In sum, our brain employs mental models and schemata to make sense 
of stimuli from world around us and although there are similarities in 
PHQWDO�PRGHOV�EHWZHHQ�SHRSOH�RI�D�GL̆HUHQW�FXOWXUH��LQ�EDVLV��PHQWDO�
models are highly individual. This perceptual processing gives rise to 

FIGURE 2.2 | Although these images depict various objects (i.e., a 
monitoring well, a box and a downspout), we tend to perceive these 
objects as faces, as the pre-existing concept of “faces” has a strong match 
with the sensory input from the images (shapes in the form of two eyes and 
a mouth). Copyrights of the images belong to both Wikimedia and to Filip 
�>����Û�Ň��ivÌ®]�	�ÃÌÜ�V�i�>Ì�À���``�i®�>�`��Li�}iÀ�À�}�Ì®Æ�ÕÃi`�Õ�`iÀ�
Ì�i�

�	9�-Ƃ�Ó°ä]�

�	9�-Ƃ�Î°ä�>�`�

�	9�-Ƃ�{°ä���Vi�ÃiÃ]�ÀiÃ«iVÌ�Ûi�Þ°
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our conscious experience of ourselves in the world around us and thus 
forms the cornerstone for the experience concept. However, following 
Bastiaansen et al. (2019), perceptual processing of stimuli is only one 
VLGH�RI�WKH�FRLQ��,Q�DGGLWLRQ��VWLPXOL�DUH�DOVR�SURFHVVHG�E\�RXU�D̆HFWLYH�
systems to give rise to the experience of emotion.

2.3 Emotions: The affective component of experience

What is emotion? While there is a plethora of emotion models in a 
long history of emotion literature, generally, emotion scientists tend to 
DJUHH�WKDW����HPRWLRQV�UHÀHFW�WKH�VLJQL¿FDQFH�RI�D�SHUFHLYHG�VWLPXOXV��
2) emotions consist of various components (appraisal, expression, 
autonomic reaction, action tendency and feeling), 3) emotions are 
not just a response, they are also elicited and 4) emotions have a brief 
GXUDWLRQ�DV�FRPSDUHG�WR�RWKHU�D̆HFWLYH�SKHQRPHQD��VXFK�DV�PRRGV��
�6DQGHU�� ������� $ORQJ� WKHVH� OLQHV�� 6DQGHU� ������� GH¿QHV� HPRWLRQV�
as “an event-focused, two-step [elicitation vs. response], fast process 
consisting of (1) relevance-based emotion elicitation mechanisms 
that (2) shape a multiple emotional response (i.e., action tendency, 
autonomic reaction, expression, and feeling)” (p. 23). What theories 
DQG�PRGHOV� RI� HPRWLRQ� WHQG� WR� GL̆HU� DW�� LV� WKH� IRFXV� RQ� H[SODLQLQJ�
either one or more of the components of emotion and thus putting 
GL̆HUHQW�SURFHVVHV�LQ�WKH�IRUHJURXQG�

Early theories of emotion have suggested that a stimulus leads to a 
certain bodily response (i.e., the innervation of the viscera and muscles), 
which then elicits an emotion (James, 1894). This hypothesis, often 
UHIHUUHG� WR� DV� WKH� -DPHV�/DQJH� K\SRWKHVLV�� KDV� ODUJHO\� LQÀXHQFHG�
more recent accounts on the processing of emotion (Damasio, 1994; 
Prinz, 2004). Reacting to James’ (1894) focus on bodily responses 
as a source for emotion, Cannon (1927) suggested that not the body, 
EXW�WKH�EUDLQ�LV�UHVSRQVLEOH�IRU�WKH�TXDOLWLHV�RI�HPRWLRQ��$OWKRXJK�WKH�
ensuing suggestions of emotion circuits in the limbic parts of the brain 
(see e.g., MacLean, 1952; Papez, 1937) have been met with criticism 
(see e.g., LeDoux, 1991), the notion that the brain is highly involved 
in the elicitation of emotions remains part of the contemporary 
understanding of emotions (Sander, 2013).

In addition to the role of bodily responses in emotion, James (1894) 
furthermore suggested that several distinct emotions could be assumed 
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WR�KDYH�VSHFL¿F�ERGLO\�UHVSRQVHV�DQG�H[SUHVVLRQV��7KLV�HDUO\�VXJJHVWLRQ��
too, is recurrent in streams of contemporary research on basic 
emotions (see e.g., Ekman, 1999). Basic emotion theory suggests that 
RXU�HPRWLRQV�FRQVLVW�RI�D�VHW�RI�FOHDUO\�LGHQWL¿DEOH��GLVFUHWH�HPRWLRQV�
that distinguish from one another in terms of their antecedent events, 
physiology, subjective experience and resulting expression (Ekman, 
1999). Although the number of suggested basic emotions seems to 
GL̆HU�DFURVV�VWXGLHV��UHFXUULQJ�H[DPSOHV�DUH�WKH�HPRWLRQV�RI�DQJHU��MR\��
sadness, fear, disgust and surprise (Ortony & Turner, 1990). Tomkins 
������� DUJXHV� WKDW� VXFK� EDVLF� HPRWLRQV� DUH� SDUW� RI� LQQDWH� D̆HFW�
SURJUDPV�WKDW�LQVWUXFW�WKH�ERG\�WR�EHKDYH�LQ�XQLTXH�ZD\V�WR�VWLPXOL�
ZLWK� VSHFL¿F� FKDUDFWHULVWLFV��:RUN� RQ� EDVLF� HPRWLRQV�PRVWO\� VWHPV�
IURP�VWXGLHV�RQ�IDFLDO�H[SUHVVLRQV��DOWKRXJK�QHXURORJLFDO�¿QJHUSULQWV�
of basic emotions have also been studied (see Sander, 2013 for review). 
The idea of basic emotions has recently been criticized, both in terms 
of the experimental paradigms and in terms of inconsistencies across 
studies. Most studies on basic emotions through facial expression have 
used paradigms that ask participants to categorize pictures in terms 
of emotion categories. Such pictures generally depict actors who were 
DVNHG�WR�H[SUHVV�D�FHUWDLQ�SUH�GH¿QHG�HPRWLRQ��$V�VXFK��WKHVH�VWXGLHV�
IRFXV�RQ�UHFRJQLWLRQ�RI�SUH�GH¿QHG�EDVLF�HPRWLRQV��UDWKHU�WKDQ�RQ�WKH�
expression of basic emotions (Feldman Barrett, 2017a). Also, although 
YDULRXV� VWXGLHV�KDYH� LGHQWL¿HG� WKH� LQYROYHPHQW�RI� VHOHFW� IHDWXUHV� RI�
the autonomic nervous system in distinct basic emotions, generally, 
FRQVHQVXV�DFURVV�VWXGLHV�LV�ODFNLQJ��.UHLELJ��������6LHJHO�HW�DO����������
Emotions should thus be conceived of in another way than by limiting 
them to a restricted set of distinct, basic emotions (Feldman Barrett, 
2017a).

Later understandings of emotion consider both bodily responses and 
the brain as the elicitors of emotion. Based on empirical evidence, 
Schachter and Singer (1962) suggested a two-factor theory of 
emotion. In this model, a stimulus leads to a certain bodily response 
of physiological arousal, which is then interpreted by an individual 
in light of the context. For example, someone might label a series of 
bodily responses while bungee jumping as signals of fear, because 
bungee jumping is interpreted to be dangerous. Along these lines, 
various appraisal mechanisms have been suggested, which suggest 
that a stimulus is appraised both consciously and unconsciously on 
a number of dimensions, such as relevance, implication, coping and 
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QRUPDWLYH�VLJQL¿FDQFH�RI�D�VWLPXOXV� �VHH�H�J���6DQGHU��*UDQGMHDQ��	�
Scherer, 2005). Appraisal theory suggests that it is the result of this 
appraisal cascade that gives rise to an emotion. This is in line with 
the suggestions made by Jacobs (2006) that stimuli are processed by 
WKH�HPRWLRQDO�DSSUDLVDO�PHFKDQLVP�ZKLFK�LQ�WXUQ�OHDGV�WR�DQ�D̆HFWLYH�
experience.

Recent developments in the literature (see e.g., Feldman Barrett, 2017a), 
KRZHYHU��KDYH�FKDOOHQJHG�WKLV�PRGHO��$�UHFHQW�LQÀXHQWLDO�DFFRXQW�LQ�
the study of emotions is that of the theory of constructed emotion 
(Feldman Barrett, 2017b). Although the theory of constructed emotion 
is not completely out of line with the two-factor approach, the former 
LV�GL̆HUHQW�IURP�WKH�ODWWHU��WKH�WKHRU\�RI�FRQVWUXFWHG�HPRWLRQ�DUJXHV�
that emotions do not occur as a response, but as a prediction based on 
pre-existent concepts of emotion (note that concepts are used here in a 
similar fashion as mental models in the chapter on perception). Feldman 
%DUUHWW������E��DUJXHV�WKDW�IRU�D�EUDLQ�WR�H̆HFWLYHO\�UHJXODWH�LWV�ERG\�
in the world (the process of allostasis), it maintains an internal model 
of that body in the world based on pre-existing concepts. This model is 
based on both extrapersonal, environmental information (i.e., external 
stimuli), as well as intrapersonal information from an individual’s 
internal milieu (mental and bodily states; i.e., internal stimuli). While 
environmental information is available through perception of the 
outside world; internal information is available through interoception 
of bodily sensations. Perception and interoception both employ 
concepts to become available to consciousness. Previously, I described 
how concepts (or mental models) are employed to make sense of 
external stimuli, which then give rise to a perceptual experience in 
FRQVFLRXVQHVV�� $̆HFWLYHO\� VSHDNLQJ�� WKH� LQWHURFHSWLRQ� RI� LQWHUQDO�
stimuli is available to consciousness through two dimensions: valence 
and arousal. Valence refers to a dimension of pleasure vs. displeasure 
and arousal refers to a dimension of activation vs. de-activation 
(Russell, 2003). Previously stored concepts of emotion then allow for 
an interpretation of these dimensions in terms of emotions in light of 
the context, much like in the two-factor approach to emotions. Note, 
however, that although the dimensions of valence and arousal are 
heavily involved in the experience of emotion, valence and arousal are 
QRW�XQLTXH�WR�LQVWDQFHV�RI�HPRWLRQ�DORQH��EXW�DUH�FRQVWDQWO\�DYDLODEOH�
to consciousness (Feldman Barrett, 2017b).
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Instead of being reactive (i.e., a stimulus comes in and concepts are 
mapped onto sensory information to make sense of it), Feldman 
Barrett (2017b) argues that the brain’s model of its body in the world 
is predictive: the brain provides top-down simulations of our body in 
the world around us based on pre-existent concepts. This notion is 
drawn from the literature on predictive coding, which has suggested 
the brain as a prediction machine rather than as a response machine 
WR� PRUH� H̆HFWLYHO\� GHDO� ZLWK� WKH� ERG\¶V� HQHUJ\� UHVRXUFHV� �)ULVWRQ��
2010). Instead of mapping models onto sensory information, the brain 
simultaneously simulates top-down what the sensory information is 
most likely to be, given earlier experiences in the same context. In 
addition to the predictive nature of the brain’s body-in-the-world 
model, this model is anticipatory too: it simulates the world around 
us even before sensory information has entered the body through our 
¿YH� VHQVHV� DQG� LW� SUHGLFWLYHO\� UHJXODWHV� WKH� LQWHUQDO�PLOLHX� WR� FRSH�
with this anticipated sensory information based on prior experience. 
To illustrate how past experience colors the anticipation of sensory 
information, Feldman Barrett (2017b) provides the following thought 
experiment:

³�«�� LQ� WKH� SDVW�� \RX� KDYH� H[SHULHQFHG� GLYHUVH� LQVWDQFHV� RI�
KDSSLQHVV��PD\� EH� O\LQJ� RXWGRRUV� RQ� D� VXQQ\� GD\�� ¿QLVKLQJ� D�
strenuous workout, hugging a close friend, eating a piece of 
delectable chocolate or winning a competition. Each instance is 
GL̆HUHQW�IURP�HYHU\�RWKHU��DQG�ZKHQ�WKH�EUDLQ�FUHDWHV�D�FRQFHSW�
of happiness to categorize and make sense of the upcoming 
sensory events, it constructs a population of simulations (as 
potential actions and perceptions) according to the rules of 
%D\HV¶� 7KHRUHP�� ZKRVH� SULRUV� UHÀHFW� WKHLU� VLPLODULW\� WR� WKH�
current situation (before the evidence is taken into account). The 
similarity need not be perceptual—it can be goal-based. So the 
brain constructs an on-line concept of happiness, not in absolute 
terms, but with reference to a particular goal in the situation (to 
be with friends, to enjoy a meal, to accomplish a task), all in the 
service of allostasis.” (Feldman Barrett, 2017b, pp. 9-10)

When simulations based on such prior experiences are in line with 
the sensory information that eventually enters the body, the mental 
concepts that relate to these prior experiences are maintained and give 
rise to the experience of an emotion. When the sensory information 
is not in line with the simulation (so-called prediction error), pre-
existing concepts are modulated to minimize the error between sensory 
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information and simulation. When prediction error is minimized, a 
prediction then turns into a conscious experience of emotion through 
a combination of perception and interoception. From this theory of 
constructed emotion, it thus follows that we mostly live our brain’s 
constructed simulations and that we only live the world around us 
when our brain makes a wrong prediction and sensory information is 
used to adjust and modulate our pre-existing concepts based on prior 
experiences. As an illustration, I now provide an example from the 
FRQWH[W�RI�WRXULVP�DQG�OHLVXUH��RQH¶V�¿UVW�H[SHULHQFH�RI�ULGLQJ�D�UROOHU�
coaster with an inversion (e.g., a looping or a corkscrew).

When you have never been on a 
roller coaster with an inversion, 
your brain does not have a 
concept of how it feels to go 
upside down in a roller coaster. 
Using your own layman’s logic, 
you know that when you are 
in a vehicle that turns upside 
down, there is a danger of 
falling out. Standing in front 
of the roller coaster you are 
going to ride, you furthermore 
perceive that the looping of the 
roller coaster is positioned at a 
great height (see Figure 2.3). 
As such, the brain uses the pre-
existing concept of “falling out 
from a vehicle at great height” 
to predict what it might feel 
like to ride through a looping 
and it prepares the body’s 
internal milieu for dealing with 
a dangerous situation (i.e., 
ZKHQ�TXHXHLQJ�IRU�WKH�UROOHU�FRDVWHU��\RXU�KHDUW�UDWH�PLJKW�JR�XS��\RX�
might start to sweat a little bit and you feel highly unpleasant with the 
current situation). Based on your pre-existing emotion concepts, in 
light of the present context you might interpret these bodily sensations 
as the emotion of fear. These sensations might even continue up to the 
point where you are already riding the roller coaster and the train is 

FIGURE 2.3 | Goudurix at Parc Astérix 
(France): an example of a roller coaster 
with several inversions. Photo is taken 
by the author.
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about to enter the looping. While going through the looping, however, 
\RX�QRWLFH� WKDW� WKH� VHQVDWLRQ� LV�GL̆HUHQW� WKDQ�\RX�H[SHFWHG� LW� WR�EH�
and that there is not even the slightest feeling of falling out due to 
the centrifugal forces at hand. The emotional experience of fear fades 
away and perhaps you might even start to feel your stomach tickling 
in a pleasant way. In light of the current circumstances, you interpret 
your bodily sensations as being aroused. Using the prediction error in 
terms of going through a looping as a dangerous experience, your brain 
has adjusted the concept of “roller coasters are dangerous” to “roller 
FRDVWHUV�DUH�H[FLWLQJ´��7KH�QH[W�WLPH�\RX�TXHXH�XS�IRU�D�UROOHU�FRDVWHU�
with inversions, you will notice that the feelings of fear are absent, as 
your brain now predicts that you will not fall out of the roller coaster 
train when going upside down but are likely to have an exciting ride 
instead.

In sum, according to the most recent developments in the theory of 
emotion (Feldman Barrett, 2017b), emotions are not a response to an 
external stimulus, but a simulated anticipation of what that external 
stimulus is going to be and how, given prior experience, the internal 
milieu (i.e., mental and bodily states) can best respond to this in terms 
of body budget. Through interoception, these mental and bodily states 
are available to consciousness through the dimensions of valence 
and arousal. Previously stored concepts of emotion then allow for an 
interpretation of these dimensions in terms of discrete emotions as 
used in daily language, such as anger, fear, excitement and joy.

2.3.1 The temporal dynamics of emotion

In the introductory chapter of this dissertation, it was argued for 
that the temporal dynamics of emotions might be of particular 
LQWHUHVW�ZKHQ�VWXG\LQJ�WRXULVP�DQG�OHLVXUH�H[SHULHQFH��7KH�TXHVWLRQ��
then, is how emotions can be temporally dynamic. As mentioned 
afore, emotion scientists agree that emotions are relatively short in 
GXUDWLRQ�DV�FRPSDUHG�WR�RWKHU�D̆HFWLYH�SKHQRPHQD��6DQGHU���������
In addition, it is agreed upon that emotions are always related to 
H[WHUQDO�VWLPXOL��6DQGHU��������±�ZKHWKHU�UHVSRQGHG�WR�RQ�WKH�EDVLV�
of incoming sensory information or anticipated for on the basis of 
predictive coding. Given the highly dynamic input of stimuli over time 
in tourism and leisure settings, one can thus also expect a temporally 
KLJKO\�G\QDPLF�SUR¿OH�RI�WKH�HQVXLQJ�HPRWLRQV�±�WKDW�LV��LI�WKH�VWLPXOL�
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in these settings are excitatory enough to evoke strong emotions to 
EHJLQ�ZLWK� �%DVWLDDQVHQ�HW�DO���������� ,W� LV� WKHVH�G\QDPLF�SUR¿OHV� LQ�
particular that have been studied in relating lived to remembered 
experience. Attempts to study emotions during a lived experience and 
relating them to such experience outcomes as the overall evaluation or 
the memorability of an experience, however, have only recently been 
introduced to the tourism and leisure literature.

In the general psychological literature, the temporal dynamics of 
emotion in relation to overall evaluations from memory have been 
extensively studied. These studies have led to the development of the 
peak-and-end theory, which holds that the overall evaluation of an 
experience is mostly determined by the emotions at the emotionally 
PRVW� LQWHQVH� PRPHQW� DQG� WKH� ¿QDO� PRPHQW� RI� DQ� H[SHULHQFH�
�)UHGULFNVRQ�� ������ )UHGULFNVRQ� 	� .DKQHPDQ�� ������� $IWHU� LWV�
introduction in 1993, several follow-up studies have examined the 
peak-and-end theory in a variety of contexts, from lab experiments 
to experiences of clinical pain (Ariely, 1998; Ariely & Carmon, 2000; 
Ariely & Zauberman, 2000; Chajut, Caspi, Chen, Hod, & Ariely, 2013; 
.DKQHPDQ��)UHGULFNVRQ��6FKUHLEHU��	�5HGHOPHLHU��������5HGHOPHLHU�
	�.DKQHPDQ�� ������5HGHOPHLHU��.DW]��	�.DKQHPDQ���������$OVR� LQ�
PRUH�TXRWLGLDQ�H[SHULHQFHV��VXFK�DV�OLVWHQLQJ�WR�VRQJV��ZDWFKLQJ�YLGHR�
advertisements and playing short games, the peak-and-end theory has 
been assessed, leading to corroborating results (Baumgartner, Sujan, 
& Padgett, 1997; Gutwin, Rooke, Cockburn, Mandryk, & Lafreniere, 
2016; Rozin, Rozin, & Goldberg, 2004). The peak-and-end theory 
has therefore been regarded as a robust mechanism to couple lived 
to remembered experience (Fredrickson, 2000). Recently, however, 
the peak-and-end theory has also been criticized. While more details 
RI�WKLV�FULWLTXH�DUH�SURYLGHG�LQ�FKDSWHU����D�UHWXUQLQJ�SRLQW�RI�FULWLTXH�
is the strong similarity between the experiences that have been 
examined in peak-and-end studies (Fredrickson, 2000). The common 
denominator among the experiences that have been used to study the 
peak-and-end theory is that they are relatively short and homogeneous 
in nature. While the peak-and-end theory seems to be robust for 
such experiences in particular, recent work using more complex and 
heterogeneous experiences have challenged the peak-and-end theory 
(Cojuharenco & Ryvkin, 2008). Interestingly, most of the evidence 
that gives reason to reject the peak-and-end theory comes from the 
context of tourism and leisure (Bastiaansen, Oosterholt, et al., 2020; 
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&KDUN�� .LQJ�� 	� 7DQJ�� ������*HQJ� HW� DO��� ������*RGRY\NK�	�+DKP��
������*XWZLQ�HW�DO���������.HPS�HW�DO���������/L��������/L�HW�DO���������
Schäfer, Zimmermann, & Sedlmeier, 2014). The peak-and-end theory 
does not necessarily best account for the relationship between the 
temporal dynamics of emotions in tourism and leisure experiences 
and the overall evaluation of these experiences. This observation thus 
begs for further research. Therefore, this topic forms the inspiration 
IRU�WKH�¿UVW�WZR�HPSLULFDO�FKDSWHUV�LQ�WKLV�GLVVHUWDWLRQ��&KDSWHU���DQG�
5), in which the robustness of the peak-and-end theory is examined for 
two stereotypical tourism and leisure experiences.

2.4 From lived experience to remembered experience

In the previous sections, I have discussed how experiences are built 
upon interaction with external stimuli that have been processed by our 
SHUFHSWXDO�DQG�D̆HFWLYH�V\VWHPV��)LJXUH�����IRUPV�D�YLVXDO�ZUDS�XS�RI�
WKHVH�GLVFXVVLRQV��ZKLFK�LV�URXJKO\�HTXDO�WR�WKH�¿UVW�KDOI�RI�%DVWLDDQVHQ�
et al.’s (2019) model of experience. However, whereas Bastiaansen et 
al. (2019) draw a straight line from stimuli to the continuous stream 
of consciousness, based on the above discussion, I add perceptual and 
emotional concepts/mental models as an intermediate step, as stimuli 
do not directly impinge upon our stream of consciousness but are 
modulated by perceptual and emotional concepts.

As mentioned in the introductory chapter of this dissertation, 
experience does not only refer to lived experience, but also to a form of 
experience that is stored in memory: remembered experience. In the 
previous sections, I have already argued that emotions play a large role 
in the encoding of an experience into memory. In the remainder of this 
chapter, I describe how experiences are stored into memory as well as 
how remembered experience is related to other experience outcomes.

Given the highly dynamic nature of both the external environment and 
internal and bodily states, our continuous stream of consciousness 
(i.e., our lived experience), can be extremely rich. To understand 
how a continuous stream of lived experience can be managed and 
stored into memory as distinct experiences, one should note that the 
psychological literature has argued that our continuous stream of lived 
experience is being divided into episodes by employing concepts or 
PHQWDO�PRGHOV� �.KHPODQL� HW� DO��� ������ =DFNV� 	� 7YHUVN\�� ������� %\�
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employing the concept of “a vacation” or “a museum visit”, the mind 
LV�DEOH�WR�FXW�R̆�ODVW�\HDU¶V�YDFDWLRQ�RU�\HVWHUGD\¶V�PXVHXP�YLVLW�IURP�
whatever happened before or after (Bergs et al., 2019). Bastiaansen 
et al. (2019) refer to such segmented pieces of consciousness as 
experiential episodes. Depending on the underlying concept, such 
H[SHULHQWLDO� HSLVRGHV� RFFXU� RQ�GL̆HUHQW� WLPH� VFDOHV�� IURP�D�GHVFHQW�
of only a few seconds in a roller coaster ride and a scene of a couple of 
minutes in a theatre play to a stay at a destination for a couple of weeks 
in a summer vacation. According to Bastiaansen et al. (2019), cutting 
the continuous stream of consciousness into experiential episodes 
LV� WKH�¿UVW� VWHS� WRZDUGV� WKH� HQFRGLQJ� OLYHG�H[SHULHQFH� LQWR� HSLVRGLF�
memory.

Cutting the stream of consciousness into experiential episodes has 
been observed as the guiding mechanism that organizes the structure 
of episodic memory (Ezzyat & Davachi, 2011). Nonetheless, one 
should realize that not every experiential episode is automatically 
VWRUHG�LQ�PHPRU\��.DKQHPDQ�	�5LLV���������,Q�WKH�HQG��WKHUH�LV�RQO\�
so much storage space available, so the mind needs to be critical in 
which experiential episodes need to be stored in memory and which 
not. While experiential episodes guide the structure of experiences 
in memory, there is widespread agreement in the literature that 
emotions serve as the key factor in determining the memorability of an 
H[SHULHQFH��%DVWLDDQVHQ�HW�DO���������'XHUGHQ�HW�DO���������.HQVLQJHU��
������ .HQVLQJHU� 	� 6FKDFWHU�� ������ /D%DU� 	� &DEH]D�� ������ 3DOOHU�
& Wagner, 2002). Furthermore, the tourism and leisure literature 
suggests that novelty plays an important role in the memorability 
RI�H[SHULHQFHV��.LP��5LWFKLH��	�0F&RUPLFN��������3DOOHU�	�:DJQHU��
2002). Empirical work, however, has suggested that novelty is a source 
for strong emotions (Ma, Gao, Scott, & Ding, 2013; Ma, Scott, Gao, & 
Ding, 2017; Mitas & Bastiaansen, 2018). The notion that novelty is a 
determinant of the memorability of an experience might thus lie in a 
PHGLDWLRQ�H̆HFW�RI�HPRWLRQ��0LWDV�	�%DVWLDDQVHQ��������

In sum, mental models cut an experience into experiential episodes 
and the emotions within those episodes form a key determinant for 
the memorability of an experiential episode. This conceptualization is 
visually represented in Figure 2.5, which is a slightly extended model 
of Bastiaansen et al. (2019) due to the aforementioned changes in 
Figure 2.4. In prospect to the empirical work within this dissertation, 
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the current line of thought implies that for studying the role of the 
temporal dynamics of emotion in the memorability of an experience, 
emotions should be studied within the limits of an experiential episode.

2.4.1 The fallibility of remembered experience

Remembered experiences form the sources of input for many other 
processes, such as the creation of meaning or changes in thought and 
behavior. Also, they form the basis for experience outcomes such as 
overall evaluations. Remembered experience thus has a pivotal role 
in guiding people’s lives. However, remembered experiences are not 
completely infallible. Our memory does not work like a tape recorder 
in that it records everything precisely as it occurs in our stream of 
consciousness. Although our remembering self has been noted to 
EH�TXLWH�VWDEOH�RYHU�WLPH��.DKQHPDQ�	�5LLV���������LQ�IDFW��HSLVRGLF�
memory has been observed to be rather imprecise, with certain 
aspects of the lived experience being omitted while other aspects tend 
to be overemphasized (Berntsen & Rubin, 2012). This is because the 
encoding of memory depends on a large amount of factors that not only 
pertain to stimulus characteristics (i.e., emotional and novel stimuli), 
EXW�DOVR�WR�KRZ�DWWHQWLRQ�LV�DOORFDWHG�WR�GL̆HUHQW�VWLPXOXV�IHDWXUHV�DQG�
WR�GL̆HUHQW�HQFRGLQJ�VWUXFWXUHV�LQ�WKH�EUDLQ��3DOOHU�	�:DJQHU���������
Also, memory is not stored in one place, but is deconstructed into 
YDULRXV�PHPRU\�WUDFHV�DFURVV�WKH�EUDLQ�WKDW�FDQ�VXSSRUW�TXDOLWDWLYHO\�
GL̆HUHQW�PHPRU\�SKHQRPHQD��3DOOHU�	�:DJQHU��������

,Q�DGGLWLRQ��PHPRU\�LV�QRW�VWDWLF�DQG�FDQ�EH�LQÀXHQFHG�E\�YDULRXV�RWKHU�
VRXUFHV�EHVLGHV�WKH�OLYHG�H[SHULHQFH�DORQH��:LUW]��.UXJHU��1DSD�6FROORQ�
and Diener (2003) have demonstrated that the anticipated experience 
LV� RI� ODUJHU� LQÀXHQFH� RQ� WKH� HYHQWXDO� UHPHPEHUHG� H[SHULHQFH� WKDQ�
the actual, lived experience itself. In addition, stories from other 
individuals with similar experiences may also modify a remembered 
experience, as well as other external sources of information (Braun-
LaTour, Grinley, & Loftus, 2006; Braun-LaTour, LaTour, Pickrell, 
& Loftus, 2004). Furthermore, it has been demonstrated that 
UHFROOHFWLQJ�D�UHPHPEHUHG�H[SHULHQFH�FDQ�OHDG�WR�PRGL¿FDWLRQ�RI�WKH�
very same remembered experience as well (Paller & Wagner, 2002). 
In conclusion, although lived experience forms the most important 
source for a remembered experience (Jantzen, 2013), remembered 
experience should not be regarded as a static recording of the former.
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2.5 Conclusion

In this chapter, I have discussed the experience process in chronological 
order, from being triggered by stimuli up to the encoding of an 
experience into memory. Tourism and leisure providers organize an 
experienscape that gives rise to various stimuli, which can be picked 
up by tourists or leisure participants. Our brain then maps pre-existent 
mental models and schemata on the sensory information resulting from 
these stimuli to make sense of the world around us. Mental models 
are highly individual and therefore experience is highly individual as 
well, but there is likely to be an overlap in mental models between 
GL̆HUHQW�LQGLYLGXDOV�ZKR�EHORQJ�WR�WKH�VDPH�FXOWXUH��,Q�DGGLWLRQ�WR�WKLV�
perceptual processing of external stimuli, the brain also employs the 
D̆HFWLYH�SURFHVVLQJ�RI�WKH�VDPH�VWLPXOL�WKURXJK�WKH�XVH�RI�HPRWLRQV��
According to the most recent developments in the theory of emotion, 
emotions are not a response to an external stimulus, but a simulated 
anticipation of what that external stimulus is going to be and how, given 
prior experience, the internal milieu (i.e., mental and bodily states) can 
best respond to this in terms of body budget. Through interoception, 
these mental and bodily states are available to consciousness through 
the dimensions of valence and arousal. Previously stored mental 
models of emotion then allow for an interpretation of these dimensions 
in terms of discrete emotions as used in daily language, such as anger, 
fear, excitement and joy. Together with the output from the perceptual 
SURFHVVLQJ� RI� WKH� VWLPXOXV�� WKLV� D̆HFWLYH� SURFHVVLQJ� JLYHV� ULVH� WR�
our lived experience: the present sensing and feeling of the world 
around us. For lived experience to be stored into memory, our mind 
uses another set of mental models to cut our continuous stream of 
consciousness into smaller experiential episodes. However, whether 
an experience will be stored in memory is mostly determined by the 
emotions in an experiential episode. Experiential episodes containing 
strong emotions are likely to be stored in memory, whereas episodes 
containing weak or no emotions at all are irretrievably lost.

In addition, the temporal dynamics of emotions over the course of an 
experience have been demonstrated to have a large impact on the way 
in which experiences are remembered. However, these relationships 
KDYH�RQO\�UHFHQWO\�EHHQ�DGGUHVVHG�LQ�WKH�¿HOG�RI�WRXULVP�DQG�OHLVXUH�
and early evidence suggests that the emotional dynamics in tourism 
DQG�OHLVXUH�H[SHULHQFHV�UHODWH�GL̆HUHQWO\�WR�RYHUDOO�HYDOXDWLRQV�IURP�
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memory than those in the experiences that are traditionally studied in 
WKLV�IUDPHZRUN��7KH�SUHVHQW�UHVHDUFK�WKHUHIRUH�VSHFL¿FDOO\�IRFXVHV�RQ�
studying the temporal dynamics of emotions in the context of tourism 
and leisure experiences. In the following chapter, I provide an outline 
of the methodological approaches that enable us to achieve this.

Chapter 2

Proefschrift_v2.indd   34Proefschrift_v2.indd   34 30-08-2022   02:1830-08-2022   02:18



35

Modelling experience

Proefschrift_v2.indd   35Proefschrift_v2.indd   35 30-08-2022   02:1830-08-2022   02:18



36

3

Proefschrift_v2.indd   36Proefschrift_v2.indd   36 30-08-2022   02:1830-08-2022   02:18



37

3
In the previous chapter, I argued that for studying the role of the 
temporal dynamics of emotion in the memorability of an experience, 
these emotions should be studied within the limits of an experiential 
HSLVRGH��,Q�RWKHU�ZRUGV��RQH�VKRXOG�VWXG\�WKH�SUR¿OH�RI�HPRWLRQV�RYHU�
time from the start of an experiential episode to its end. In this chapter, 
I discuss the various methodological approaches that have previously 
been used to study emotions over time. I distinguish between methods 
that study phenomenological, behavioral and physiological aspects of 
emotion, as these have been argued to be the ways at which emotions 
are expressed (Sander, 2013). For every way of expression, I address 
the main research instruments that have been used to study emotions, 
as well as their advantages and disadvantages. 

Emotions have been the object of study in a long history of psychological 
literature (Armony & Vuilleumier, 2013). As such, they have been 
measured in various ways using various experimental paradigms. It 
goes beyond the scope of this chapter and dissertation to provide a 
comprehensive review of all available methods to measure emotion. 
Rather, I limit myself to the methods that have previously been used 
to study tourism and leisure experiences, thereby arguing whether 

Measuring the temporal 
dynamics of emotion
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and how they allow for studying the temporal dynamics of emotion 
in particular. If available, I present several examples of tourism and 
leisure studies using these methods.

3.1 Self-report measures

Among the various methodological approaches to measuring emotions, 
self-report methods still form the most widely used research instrument 
LQ�WKH�¿HOGV�RI�WRXULVP�DQG�OHLVXUH��%DVWLDDQVHQ�HW�DO���������/L��6FRWW��
	�:DOWHUV���������8VLQJ�TXDQWLWDWLYH�PHDVXUHV�RI�HPRWLRQ��HPRWLRQV�
in the context of tourism and leisure have been studied through 
various research designs, both cross-sectional (Nawijn & Fricke, 2015; 
1DZLMQ�HW�DO���������DQG�ORQJLWXGLQDO��/LQ��.HUVWHWWHU��1DZLMQ��	�0LWDV��
2014; Mitas et al., 2012; Nawijn et al., 2012). To this purpose, various 
TXHVWLRQQDLUH�VFDOHV�KDYH�EHHQ�GHYHORSHG�WR�VWXG\�WKH�HPRWLRQV�LQ�DQ�
experience, such as the Consumption Emotion Scale (CES; Richins, 
1997), the Destination Emotion Scale (DES; Hosany & Gilbert, 2009) 
DQG�D�PRGL¿HG�YHUVLRQ�RI�LW��WKH�0'(6��+RVDQ\��3UD\DJ��'HHVLODWKDP��
Cauševic, & Odeh, 2015), the Scale of Positive And Negative Experience 
�63$1(��'LHQHU�HW�DO���������DQG�¿QDOO\�WKH�'L̆HUHQWLDO�(PRWLRQ�6FDOH�
�'(6��,]DUG��������DQG�D�PRGL¿HG�YHUVLRQ�RI�LW��WKH�P'(6��)UHGULFNVRQ��
7XJDGH��:DXJK��	� /DUNLQ�� ������� 7KH� DIRUHPHQWLRQHG� VFDOHV� DOO� ¿W�
in the framework of basic emotion theory, as participants are asked 
to indicate to what extent they felt either one or more from a battery 
of emotion items during an experience (Li et al., 2015). Under the 
dimensional approach towards emotion, tourism and leisure scientists 
have mostly used the items of emotional valence and arousal from 
Bradley and Lang (1994) or the PANAS scale as developed by Watson, 
Clark and Tellegen (1988), which measures positive and negative 
valence along separate dimensions. Note however, that separating 
these dimensions in the PANAS scale has been widely criticized, as the 
dimensional theory of emotions states that both positive and negative 
valence are part of one and the same dimension (for an overview of 
WKLV�FULWLTXH��VHH�'DYHUQ�	�&XPPLQV���������,Q�VXP��ZKHQ�XVLQJ�VHOI�
reported measures for emotion, there is much to choose from.

3.1.1 Advantages and disadvantages of self-report measures

Overall, self-report methods to measure emotions in an experience 
KDYH�ERWK�DGYDQWDJHV�DQG�GLVDGYDQWDJHV��$�EHQH¿W�RI�XVLQJ�VHOI�UHSRUW�

Chapter 3

Proefschrift_v2.indd   38Proefschrift_v2.indd   38 30-08-2022   02:1830-08-2022   02:18



39

methods is that they generally are inexpensive and that they can be 
used to collect data from large numbers of participants in a relatively 
convenient way. Using self-report methods to measure emotions over 
the course of an experience, however, has several disadvantages. First, 
VHOI�UHSRUW�PHWKRGV� UHO\� RQ� FRQVFLRXV� UHÀHFWLRQ��ZKLFK�PD\� OHDG� WR�
validity issues as emotions consist of many subprocesses that are not 
necessarily available to consciousness (Bastiaansen et al., 2019; Li et 
al., 2015). In addition, self-report forces people into an evaluative, 
cognitive appraisal mode (Bastiaansen et al., 2019). At best, self-report 
data thus consist of a cognitive appraisal of the processes of interest, 
rather than of emotions themselves. A cognitive appraisal mode 
can also subject participants to such notions as social desirability or 
political correctness (Li et al., 2015). In sum, self-report methods come 
with various factors that together cause a common method bias (for a 
UHYLHZ��VHH�3RGVDNR̆��0DF.HQ]LH��/HH��	�3RGVDNR̆��������

Second, participants are often surveyed after their participation in 
an experience, thereby measuring participants’ memory of their 
emotions rather than real-time emotions. This hampers to measure 
emotions throughout the lived experience both in terms of reliability 
DQG� YDOLGLW\�� DV� PHPRU\� LV� QRW� RQO\� GL̆HUHQW� IURP� H[SHULHQFH�
�.DKQHPDQ�	�5LLV���������EXW�DOVR�OLNHO\�WR�FKDQJH�RYHU�WLPH��3DOOHU�
& Wagner, 2002). Furthermore, post-experience self-report is subject 
to aggregation processes, in which respondents are asked to provide 
one overall report for their full experience. To come to this overall 
UHSRUW��SDUWLFLSDQWV�PXVW�FRPELQH�WKHLU�ÀX[�RI�HPRWLRQV�WKURXJKRXW�
the experience in some nontransparent manner, thereby obscuring 
WKH� WHPSRUDO� ÀXFWXDWLRQV�� $V� WKLV� GLVVHUWDWLRQ� LV� DLPHG� DW� VWXG\LQJ�
the temporal dynamics of these processes throughout the experience, 
aggregative self-report methods thus seem not very useful.

A solution to the retrospective bias of post-experience self-report would 
be to survey participants’ emotions real-time by employing Experience 
Sampling Methods (ESMs; Hektner et al., 2007). ESMs consist of 
YDULRXV� DSSURDFKHV�� VXFK� DV� XVLQJ� D� SDJHU� WKDW� QRWL¿HV� SDUWLFLSDQWV�
ZKHQ�WR�¿OO�LQ�VKRUW��SULQWHG�VHOI�UHSRUW�IRUPV��RU�PRELOH�DSSOLFDWLRQV�
WKDW�DOORZ� IRU�ERWK�QRWL¿FDWLRQV�DQG�GLJLWDO� VHOI�UHSRUW� IRUPV�� ,W�KDV�
been noted, though, that consciously providing information on one’s 
H[SHULHQFH� ZKLOH� WKH� H[SHULHQFH� LV� RQJRLQJ� PD\� LQÀXHQFH� WKH� ZD\�
in which overall evaluations are constructed (Ariely, 1998; Ariely & 
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=DXEHUPDQ��������/LHUVFK�	�0F.HQ]LH���������0RUH�IXQGDPHQWDOO\��
ESMs might disrupt and at the very worst transform the experience 
that you are trying to measure. Also, the number of moments on which 
SDUWLFLSDQWV� ¿OO� LQ� D� VHOI�UHSRUW� IRUP�PD\� EH� LQVẊFLHQW� WR� FDSWXUH�
WKH�WHPSRUDO�SUR¿OH�RI�DQ�H[SHULHQFH�LQ�IXOO�GHWDLO��,Q�VXP��KRZHYHU�
convenient, measuring emotions in the lived expierence by using self-
UHSRUW�EULQJV�YDULRXV�ELDVHV�WR�WKH�WDEOH�WKDW�PD\�QHJDWLYHO\�D̆HFW�ERWK�
reliability and validity of the measurement instruments.

3.2 Behavioral measures

Behavioral expressions have been understood as one of the core 
properties of an emotion (Sander, 2013). In particular, the face has 
EHHQ�VXJJHVWHG�DV� WKH�SULPDU\�VLWH�RI�D̆HFW� �7RPNLQV�� �������)DFLDO�
expressions have therefore been an important topic in the study of 
emotion. To this purpose, Ekman and Friesen (1978) have introduced 
the Facial Action Coding System [FACS], which divides the face in 28 
action units related to underlying face muscles involved in changing 
one’s facial expression. Patterns across these action units are then 
studied in relation to expressions that are coupled to basic emotions 
(Ekman, 1999; Ekman & Friesen, 1978). Applying the FACS by hand is 
a labor-intensive procedure. Recent innovations in software, however, 
have made the study of facial expressions more accessible by making 
it possible to apply facial coding software to video recordings on a 
computer (Bastiaansen et al., 2019). In doing so, an algorithm maps 
a mesh onto the recorded footage of a face, which is used to calculate 
the position of a number of action units frame-by-frame over the 
full length of the video. The computer then automatically relates the 
patterns of the action units to a certain basic emotion. Recently, using 
the software package of Noldus FaceReader, tourism scholars have 
used this facial coding procedure to decipher the emotional responses 
RI� SDUWLFLSDQWV� WR� WRXULVP� DGV� �+DGLQHMDG�� 0R\OH�� 6FRWW�� 	� .UDOM��
������ DQG� WR� LQWHUDFWLRQV�ZLWK� HPSOR\HHV� LQ� D� WRXULVW� ṘFH� �0LWDV��
Bastiaansen, & Boode, 2022).

3.2.1 Advantages and disadvantages of behavioral measures

Facial coding procedures have been argued to be less subjective to bias 
as compared to conventional methods to measure emotion, such as 
VHOI�UHSRUW�TXHVWLRQQDLUHV��+DGLQHMDG�HW�DO���������6FRWW��=KDQJ��/H��	�
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Moyle, 2017). Furthermore, facial coding can non-disruptively measure 
traces of emotion over time with sub-second precision (Bastiaansen 
et al., 2019). As such, this method seems useful for the purpose of 
the current dissertation. A disadvantage, however, is that recent 
applications of facial coding make use of camera footage which is easily 
D̆HFWHG�E\�RYHUH[SRVXUH�GXH�WR�HQYLURQPHQWDO�OLJKW��+DGLQHMDG�HW�DO���
2018; Scott, Zhang, et al., 2017). Overexposure causes the software 
to fail its mapping procedures due to a lack of clearly visible anchor 
points. Finally, although facial coding is considered to be less biased, 
facial expressions are under conscious control of a participant, which 
may introduce social desirability and other participant biases that in 
WXUQ�QHJDWLYHO\�D̆HFW�WKH�YDOLGLW\�RI�WKH�PHWKRG�

3.3 Physiological measures

As mentioned before, emotions are supported by bodily processes that 
may occur beyond our conscious awareness. That they occur beyond 
our awareness (that is, as physical activity in our bodies and brains), 
does not mean that these processes cannot be measured. Research 
XVLQJ� SK\VLRORJLFDO� PHDVXUHV� DQG� QHXURLPDJLQJ� WHFKQLTXHV� KDYH�
successfully linked various types of bodily and brainly activity to the 
concept of emotion. These physiological aspects of emotion have been 
studied from two perspectives (both from the central and peripheral 
nervous system), in line with emotion theories that suggest that the 
TXDOLW\�RI�HPRWLRQV�LV�SURYLGHG�IRU�E\�ERWK�ERGLO\�UHVSRQVHV�DQG�WKH�
EUDLQ��,Q�WKH�IROORZLQJ�VHFWLRQ��,�EULHÀ\�GLVFXVV�VHYHUDO�RI�WKHVH�ERGLO\�
and brainly responses from electroencephalographical research on the 
brain (event-related potentials and oscillatory neuronal dynamics), as 
well as from psychophysiological studies on the peripheral nervous 
system (facial electromyography, skin conductance response and heart 
rate variability).

3.3.1 Emotions measured directly from the brain: On EEG and 
other neuroimaging techniques

*HQHUDOO\��WKH�¿HOG�RI�QHXURVFLHQFH�XVHV�WKUHH�PDMRU�PHWKRGRORJLFDO�
approaches to study neural correlates of psychological 
processes: functional magnetic resonance imaging [fMRI], 
magnetoencephalography [MEG] and electroencephalography [EEG]. 
fMRI is based on the fact that an increase in brain activity in particular 
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DUHDV�RI�WKH�EUDLQ�LV�SDLUHG�ZLWK�DQ�LQFUHDVH�LQ�R[\JHQDWHG�EORRG�ÀRZ�
in those same areas (Mumford, Poldrack, & Nichols, 2011). Studying 
WKH� UDWLR� EHWZHHQ� KLJKO\� DQG� ORZO\� R[\JHQDWHG� EORRG� ÀRZ� WKURXJK�
the blood oxygenation level dependency (the BOLD measure), fMRI 
can thus indicate which areas of the brain are more or less active 
GXULQJ�D�VSHFL¿F�WDVN��(0*�LV�EDVHG�RQ�WKH�IDFW�WKDW�WKH�ÀRZ�RI�LRQV�
through the dendrites of pyramidal neurons in the cortex creates a 
PDJQHWLF� ¿HOG��ZKLFK� FDQ� EH� SLFNHG� XS� E\� D�PDJQHWRPHWHU� �:HLVV��
Weiss, & Silver, 2015). EMG mostly measures the electrical activity in 
the cortex. It can thus indicate which cortical areas are more or less 
DFWLYH�GXULQJ�D�VSHFL¿F�WDVN��EDVHG�RQ�WKH�¿ULQJ�RI�JURXSV�RI�QHXURQV�
WKDW�\LHOG�D�PDJQHWLF�¿HOG�WKDW�LV�ODUJH�HQRXJK�WR�EH�SLFNHG�XS�E\�WKH�
magnetometer. Finally, EEG uses the same principle of picking up the 
HOHFWULFDO�DFWLYLW\�IURP�JURXSV�RI�¿ULQJ�S\UDPLGDO�QHXURQV��+RZHYHU��
EEG measures this activity by applying electrodes to the scalp, which 
UHFRUG�SRWHQWLDO�GL̆HUHQFHV�EHWZHHQ�VHYHUDO�SRLQWV�RI�WKH�VFDOS�DQG�D�
reference electrode (usually on the mastoid) (Luck, 2014).

Although fMRI and MEG are useful approaches to study brain activity, 
these methods are not suited to study experiences in a tourism or 
leisure context. fMRI and MEG are prohibitively expensive and 
impose many constraints on research participants (i.e., sitting/lying 
still in a scanner, not moving and in the case of fMRI compared 
ZLWK�DQQR\LQJO\�ORXG�QRLVHV���ZKLFK�KLJKO\�D̆HFWV�HFRORJLFDO�YDOLGLW\�
(Bastiaansen et al., 2019). Therefore, fMRI and MEG are not used in 
this dissertation. Compared to the methods of fMRI and MEG, EEG 
HTXLSPHQW�LV�UHODWLYHO\�DFFHVVLEOH��DV�LW�GRHV�QRW�UHTXLUH�D�PDJQHWLFDOO\�
shielded room or large amounts of helium for cooling of machinery. 
While EEG lacks the spatial resolution that is reserved for fMRI, EEG 
allows for studying neuronal activity at high temporal resolution 
with sub-second precision (Ariely & Berns, 2010). As the goal of this 
dissertation is to study the temporal dynamics of emotion, EEG thus 
seems a useful approach. Because raw EEG recordings are not very 
LQIRUPDWLYH�ZLWK�UHVSHFW�WR�VSHFL¿F�H[SHULPHQWDO� WDVNV�RU�SURFHVVHV��
DSSO\LQJ� ZHOO�HVWDEOLVKHG� VLJQDO�SURFHVVLQJ� WHFKQLTXHV� DOORZV� IRU�
more precisely linking the resulting EEG signal to psychological 
SURFHVVHV�RI� LQWHUHVW� �%DVWLDDQVHQ�HW�DO���������� ,�EULHÀ\�GLVFXVV� WZR�
of the analytical approaches to the EEG signal: studying oscillatory 
neuronal activity and event-related potentials.
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3.3.1.1 EEG oscillations and emotion

$V�((*�UHFRUGV�SRWHQWLDO�GL̆HUHQFHV�IURP�WKH�VFDOS��E\�QDWXUH��((*�
FDSWXUHV� DQ� DJJUHJDWH� VLJQDO� RI� RVFLOODWLRQV� DW� GL̆HUHQW� IUHTXHQFLHV�
IURP�GL̆HUHQW�SDUWV� RI� WKH�EUDLQ� �%DVWLDDQVHQ��0D]DKHUL��	�-HQVHQ��
2012). It has been demonstrated that after applying various 
SURFHVVLQJ�WHFKQLTXHV�WR�GHFRQYROXWH�WKH�UDZ�((*�VLJQDO�LQWR�LVRODWHG�
IUHTXHQFLHV�� RVFLOODWLRQV� DW� GL̆HUHQW� IUHTXHQF\� EDQGV� DUH� FDUULHG� E\�
VSHFL¿F�QHWZRUNV�LQ�WKH�EUDLQ�ZKLFK�KDYH�VRPH�GHJUHH�RI�IXQFWLRQDO�
specialization (Bastiaansen et al., 2012; Buzsáki & Draguhn, 2004; 
Varela, Lachaux, Rodriguez, & Martinerie, 2001).

2I�WKH�RVFLOODWRU\�QHXURQDO�G\QDPLFV�DW�YDULRXV�IUHTXHQF\�EDQGV��DOSKD�
oscillations have previously been coupled to processes of emotion. 
6SHFL¿FDOO\�� LW� KDV� EHHQ� VXJJHVWHG� WKDW� IURQWDO� DOSKD� DV\PPHWU\� LV�
UHÀHFWLYH� RI� WKH� HPRWLRQDO�PRWLYDWLRQDO� IHDWXUHV� RI� DSSURDFK� DQG�
avoidance tendencies (Harmon-Jones, Gable, & Peterson, 2010). Along 
these lines, increased activity in the alpha band over left front brain 
areas indicates approach tendencies, whereas increased activity in the 
DOSKD�EDQG�RYHU�ULJKW�IURQW�EUDLQ�DUHDV�UHÀHFWV�DYRLGDQFH�WHQGHQFLHV��
However, interpretations of the various studies supporting the frontal 
alpha asymmetry phenomenon are relatively clouded (Harmon-Jones 
et al., 2010). Questions on the origins of frontal alpha asymmetry and 
WKH�SURFHVVHV�LW�UHÀHFWV�FDQQRW�EH�¿UPO\�DQVZHUHG�ZLWK�WKH�GDWD�WKDW�
have been presented to date (Smith, Reznik, Stewart, & Allen, 2017).

3.3.1.2 Event-related potentials (ERPs) and emotion

,Q� DGGLWLRQ� WR� VWXG\LQJ� RVFLOODWLRQV� DW� VSHFL¿F� IUHTXHQFLHV�� D� ODUJH�
SDUW�RI� WKH�((*� OLWHUDWXUH� LV�GHYRWHG� WR� VWXG\LQJ� VSHFL¿F�SHDNV�DQG�
troughs in the EEG signal that are phase-locked to the presentation 
of a stimulus and thus always occur at relatively stable latencies: so-
FDOOHG�(53�FRPSRQHQWV��/XFN�	�.DSSHQPDQ���������(53�FRPSRQHQWV�
are generally named after their latency, i.e., the positive peak occurring 
at 100 ms post-stimulus onset is referred to as the P100 or P1 (Luck, 
2014). The ERPs related to individual stimuli within individual 
participants have a relatively low signal-to-noise ratio. As such, ERP 
analyses mostly include some 20-40 stimuli from one and the same 
FDWHJRU\��ZKLFK�DUH�WKHQ�DYHUDJHG�ZLWKLQ�LQGLYLGXDOV�DQG�VXEVHTXHQWO\�
across individuals. As this averaging procedure separates the signal 
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from the noise, ERP components become detectible for both visual 
and statistical interpretation (Bastiaansen et al., 2019). Across a 
long history of ERP research, these components have been reliably 
coupled to various psychological processes (see Luck, 2014; Luck & 
.DSSHQPDQ�������IRU�DQ�RYHUYLHZ���1RWH�WKDW�(53V�DUH�JHQHUDOO\�RQO\�
IRXQG� LQ� WKH�¿UVW� VHFRQG�SRVW�VWLPXOXV�RQVHW��:KLOH�RVFLOODWLRQV�DUH�
indicative of processes occurring across longer latencies, ERPs thus 
mostly indicate the markers of psychological processes that occur 
shortly after stimulus presentation (Bastiaansen et al., 2012).

(53V� KDYH� IUHTXHQWO\� EHHQ� VWXGLHG� LQ� UHODWLRQ� WR� WKH� SURFHVVHV�
pertaining to emotion (Hajcak, Weinberg, MacNamara, & Foti, 2012). 
As a result of this body of research, various ERP components have 
been coupled to aspects of emotional valence and arousal (Hajcak et 
al., 2012). As Luck (2014) notes, the emotional salience of a stimulus 
LV�OLNHO\�WR�D̆HFW�WKH�SURFHVVHV�WKDW�KDYH�EHHQ�DVVRFLDWHG�WR�DOPRVW�DOO�
ERP components. In particular, though, previous research has largely 
focused on the N2/P2 and the LPP components (see Hajcak et al., 2012 
for an overview). The N2/P2 have been coupled to emotional valence/
salience, whereas the LPP has been coupled to emotional arousal 
(Luck, 2014). Along these lines, Bastiaansen and colleagues have 
XVHG�WKH�3��DQG�/33�FRPSRQHQWV�WR�VWXG\�WKH�H̆HFWLYLW\�RI� WRXULVP�
marketing materials in evoking emotional responses (Bastiaansen et 
al., 2018; Bastiaansen, Straatman, Mitas, Stekelenburg, & Jansen, 
�������,W�ZDV�IRXQG�WKDW�(53V�FRXOG�GHWHFW�D�GL̆HUHQFH�LQ�HPRWLRQDO�
responses to pictures of a destination after having seen a destination-
UHODWHG�FRPPHUFLDO��EXW�WKDW�WKLV�GL̆HUHQFH�FRXOG�QRW�EH�GHWHFWHG�E\�
self-reported measures of emotion (Bastiaansen, Straatman, et al., 
2020). This suggests that the P2 and LPP components are useful in 
GHWHFWLQJ� GL̆HUHQFHV� LQ� HPRWLRQDO� UHVSRQVHV� WR� VWLPXOL� IURP� WKH�
tourism domain.

3.3.2 Peripheral measures of emotion: fEMG, SCR and HRV

In addition to methods that are able to record emotion-related responses 
directly from the brain, methods that capture bodily responses have 
also been use in the study of emotion: facial electromyography [fEMG], 
skin conductance response [SCR] and heart rate variability [HRV]. 
Below, I describe these measures in some detail.
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First, fEMG has been used to study the physiological counterpart of 
facial coding by measuring the electrical activity resulting from facial 
muscle movement. Using this technology, Li and colleagues have 
successfully studied emotional responses to tourism advertising (Li, 
Walters, Packer, & Scott, 2018b; Li et al., 2019).

A physiological measure that has recently gained attention in the 
tourism literature, is that of SCR. SCR refers to the skin’s ability to 
conduct electricity either slower or faster, based on the amount of 
sweat that is produced by sweat glands. Sweat glands are related 
to the peripheral nervous system, which is activated by emotional 
arousal (Boucsein, 2012). Using this principle, among others, SCR 
has been used to study emotional responses to tourism advertising in 
the lab (Li et al., 2018b). Recently, SCR has been increasingly used to 
study the emotions over the course of tourism or leisure experiences 
through the use of ambulatory wristbands that are able to record data 
LQ�WKH�¿HOG��%DVWLDDQVHQ��2RVWHUKROW��HW�DO���������.LP�	�)HVHQPDLHU��
������.LUFKEHUJ�	�7U|QGOH��������/L��������0LOODU�HW�DO���������0LWDV��
0LWDVRYD��HW�DO���������7U|QGOH��*UHHQZRRG��.LUFKEHUJ��	�7VFKDFKHU��
2012). Given the temporal resolution of such recordings, SCR is able 
WR�SURYLGH�D�WHPSRUDOO\�¿QH�JUDLQHG�SUR¿OH�RI�WKH�HPRWLRQDO�G\QDPLFV�
in a tourism and leisure experience over time.

More recently, HRV has also been introduced to the tourism and 
OHLVXUH�OLWHUDWXUH��+59�FRUUHVSRQGV�WR�WKH�UDWH�RI�¿ULQJ�RI�WKH�YDJXV�
nerve, which relates to an individuals’ ability to return the body to low-
arousal state after the perception of an emotional stimulus (Appelhans 
& Luecken, 2006). Mitas, Cuenen, Bastiaansen, Chick and Van den 
Dungen (2020) have successfully used HRV to study the emotions to 
movies presented in a museum on the Second World War. Like SCR, 
HRV recordings consist of high temporal resolution, which provides 
UHVHDUFKHUV�ZLWK�D�WHPSRUDOO\�GHWDLOHG�SUR¿OH�RI�SDUWLFLSDQWV¶�HPRWLRQV�
over the course of a tourism or leisure experience. 

3.3.3 Advantages and disadvantages of physiological measures

I have now discussed various physiological measures that have 
been used to study the concept of emotion. In general, physiological 
PHWKRGV�KDYH�YDULRXV�DGYDQWDJHV�DQG�GLVDGYDQWDJHV��ZKLFK�,�EULHÀ\�
outline below.
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Undoubtedly, the advantage of physiological measures is their high 
temporal resolution (Bastiaansen et al., 2019; Birenboim, Dijst, 
Scheepers, Poelman, & Helbich, 2019; Li et al., 2015), which makes them 
a promising tool for studying the temporal dynamics of experiences 
in the context of the present dissertation. In addition, physiological 
PHDVXUHV�FDQQRW�EH�FRQVFLRXVO\�LQÀXHQFHG�E\�UHVHDUFK�SDUWLFLSDQWV��
which removes such biases as social desirability from the experiment 
(Birenboim et al., 2019). Furthermore, to some extent, physiological 
measures are able to record the proxies of an individual’s experience 
in a non-obtrusive way, which gives physiological measures an 
advantage over such approaches as experience sampling (Birenboim 
et al., 2019). Finally, physiological measures are also able to capture 
bodily properties that are not available to consciousness, but which 
PLJKW�VWLOO�EH�RI�LQÀXHQFH��/L�HW�DO���������

Physiological measures have various disadvantages, too. When 
measuring electrophysiological correlates of the processes of interest 
from the brain (i.e., EEG), researchers are bound to the lab, where 
SHRSOH�DUH�VLWXDWHG�LQ�VRXQG�DWWHQXDWLQJ�URRPV�WR�¿OWHU�RXW�DV�PDQ\�
H[WUDQHRXV�VRXUFHV� WKDW�DOVR�D̆HFW� WKH�((*��:KLOH� WKHVH�FRQGLWLRQV�
provide a rigorous sense of experimental control, at the same time 
WKH\� VHYHUHO\� D̆HFW� WKH� HFRORJLFDO� YDOLGLW\� RI� VWXG\LQJ� WRXULVP� DQG�
leisure related experiences in particular (Bastiaansen et al., 2019). 
Furthermore, EEG recordings are easily susceptible to measurement 
artifacts that result from motion, either through interference of electrical 
muscle activity or through movement of the electrodes relative to the 
scalp. During EEG experiments, participants should thus try to sit as 
VWLOO�DV�SRVVLEOH��ZKLFK�DJDLQ�D̆HFWV�HFRORJLFDO�YDOLGLW\�ZKHQ�VWXG\LQJ�
WRXULVP�DQG� OHLVXUH�H[SHULHQFHV��$PEXODWRU\�HTXLSPHQW� WR�PHDVXUH�
peripheral nervous activity (i.e., SCR and HRV) can be studied in more 
ecologically valid situations, as the complexity of the respective signals 
LV�VLJQL¿FDQWO\� ORZHU� WKDQ�WKDW�RI� WKH�VLJQDOV�UHVXOWLQJ� IURP�DQ�((*�
UHFRUGLQJ��1RQHWKHOHVV��6&5�DQG�+59�HTXLSPHQW�UHPDLQ�VXVFHSWLEOH�
to measurement artifacts as well (Taylor et al., 2015). Furthermore, 
HQYLURQPHQWDO�FRQWURO�UHPDLQV�GL̇FXOW�WR�PDLQWDLQ�DQG�LQWHUSUHWDWLRQ�
of the results therefore can be challenging (Birenboim et al., 2019). 
However, the latter issue can be reduced by selecting tourism and 
leisure experiences that are relatively structured over time and 
space, such as theme park rides or musical theatre shows (see e.g., 
Bastiaansen, Oosterholt, et al., 2020).
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����&GƂPKPI�VJG�OGVJQFQNQIKECN�VQQNDQZ

In sum, emotions can be studied using self-report measures, behavioral 
measures and physiological measures of both the central and peripheral 
nervous system. Given the purpose of the present dissertation to 
study the temporal dynamics of experience, physiological measures 
VHHP�SDUWLFXODUO\�VXLWHG��DV�WKH\�DUH�DEOH�WR�UHFRUG�D�GHWDLOHG�SUR¿OH�
of emotions over time with sub-second precision. Behavioral methods 
as discussed in this chapter also allow for non-obtrusively recording 
D� WHPSRUDO� SUR¿OH� RI� WKH� YDULRXV� SURFHVVHV� RI� LQWHUHVW�� +RZHYHU�� D�
disadvantage of behavioral methods is that they are subject to such 
biases as social desirability and cognitive appraisal. Finally, self-report 
does generally not allow for capturing the constituents of experience at 
the utmost detail without being intrusive to the object of measurement 
DQG�DOVR�VX̆HUV�IURP�VXFK�ELDVHV�DV�VRFLDO�GHVLUDELOLW\�DQG�FRJQLWLYH�
DSSUDLVDO�� 7KLV� QHJDWLYHO\� D̆HFWV� WKH� YDOLGLW\� DQG� UHOLDELOLW\� RI� WKH�
processes that I intend to measure. Therefore, I mostly attend to 
physiological measures as the leading tools to observe the patterns and 
the dynamics of experience’s constituent emotion processes over time.

At the same time, fully discarding self-reported measures of emotion 
GRHV� QRW� VHHP� WR� GR� MXVWLFH� WR� KRZ� H[SHULHQFH� LV� GH¿QHG� LQ� WKLV�
GLVVHUWDWLRQ�� ,Q� WKH� SUHYLRXV� FKDSWHUV�� ,� KDYH� GH¿QHG� H[SHULHQFH� DV�
the contents of consciousness. Physiological measures, however, 
RQO\� FDSWXUH� ERGLO\� SURFHVVHV�� ZKLFK� DUH� RI� D� GL̆HUHQW� QDWXUH� WKDQ�
the contents of consciousness that give rise to experience (Jacobs, 
2006). Indeed, it has been noted that there is a limited magnitude of 
convergence between phenomenological and physiological measures 
of emotion (Mauss & Robinson, 2009). To account for the fact that 
experience most of all refers to the contents of consciousness, for 
this dissertation, I thus also include measures of self-report in my 
toolbox of measures. However, in order to use self-report for studying 
temporal dynamics, a work-around is needed to tackle the aggregative 
aspect of recording post-experience self-report measures. Therefore, I 
took inspiration from the Day Reconstruction Method as developed by 
.DKQHPDQ��.UXHJHU��6FKNDGH��6FKZDU]�DQG�6WRQH��������WR�GHYHORS�
a novel research method: the Experience Reconstruction Method. 
%HORZ��,�EULHÀ\�HODERUDWH�RQ�WKH�SULQFLSOHV�RI�WKLV�PHWKRG�DQG�WKH�WZR�
ÀDYRUV�LQ�ZKLFK�LW�FDQ�EH�XVHG�
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3.4.1 Developing the Experience Reconstruction Method

The Day Reconstruction Method (DRM) combines features from 
time-budget studies and experience sampling methods to study how 
people spend their time in a day and how they experience the various 
DFWLYLWLHV� WKDW� D�GD\� FRQVLVWV� RI� �.DKQHPDQ�HW� DO��� �������7KH�'50�
asks participants to think about their previous day and to list all the 
activities that have been done from the start of the day till the end. 
Then, they are asked to indicate the duration of each listed activity. 
Finally, they are asked to evaluate these activities in terms of experience 
utility, i.e., how pleasant or unpleasant they found each of the activities. 
Using the durations of the various activities, an experimenter can then 
UHFRQVWUXFW�D�WHPSRUDO�SUR¿OH�RI�H[SHULHQFHG�XWLOLW\�RYHU�WKH�FRXUVH�RI�
one day.

For the development of the Experience Reconstruction Method (ERM), 
we used the same principle of cutting a given time frame into various 
VHJPHQWV�� ZKLFK� DUH� VXEVHTXHQWLDOO\� HYDOXDWHG� LQ� WHUPV� RI� VHYHUDO�
experiential aspects. However, instead of taking one full day as the 
starting point, the ERM takes a singular experience as a starting point. 
Also, to bring any experience-memory distortions down to a minimum, 
participants are asked to segment their experience immediately after 
WKH� H[SHULHQFH� KDV� HQGHG�� UDWKHU� WKDQ� RQ� WKH� VXEVHTXHQW� GD\�� ,Q�
WKH� VHJPHQWDWLRQ� RI� WKHLU� H[SHULHQFH�� SDUWLFLSDQWV� DUH�¿UVW� DVNHG� WR�
describe their experience from start to end as elaborately as possible. 
An experimenter then pays special attention to the conjunction words 
that are used in the retelling of this experience. These conjunction words 
are used as hard cuts to segment the full experience into experiential 
episodes. For each experiential episode extracted from participants’ 
retelling of the experience, participants are then asked to indicate 
to what extent they felt positive or negative (emotional valence) and 
calm or aroused (emotional arousal), in line with the dimensional 
approach to emotions. Using the durations of the individual episodes, 
DQ�H[SHULPHQWHU�FDQ�WKHQ�UHFRQVWUXFW�D�SUR¿OH�RI�HPRWLRQDO�YDOHQFH�
and arousal over the time course of the entire experience.

Another approach within the ERM is to not ask participants to segment 
their experience, but to let the tourism or leisure providers segment 
the experience based on how they approached the experience design. 
Participants are then merely asked to provide ratings for emotional 
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YDOHQFH� DQG� DURXVDO� IRU� WKH� DOUHDG\� SUH�GH¿QHG� VHJPHQWV� RI� WKH�
experience. Although this does not segment the experience according 
to the mental models of individual participants, at the very least, a 
provider-based experience segmentation allows for more convenient 
between-subject comparisons, which can then be used by the provider 
to optimize the experience design underlying the experience. The 
principle of transforming per-episode evaluations to a temporal 
SUR¿OH�DFURVV�WKH�HQWLUH�H[SHULHQFH��KRZHYHU��GRHV�QRW�GL̆HU�IURP�WKH�
participant-based approach within the ERM. In both approaches, the 
ERM allows for using measures of self-report over time, which solves 
the aggregation issues that self-report is usually characteristic of. ERM 
thus forms a promising method to be included in the toolbox of this 
dissertation.

3.5 Prospect to the empirical chapters

,Q�WKH�SUHYLRXV�FKDSWHUV��,�KDYH�GH¿QHG�D�WKHRUHWLFDO�DQG�PHWKRGRORJLFDO�
framework for an investigation of the temporal dynamics of emotions 
LQ� WRXULVP� DQG� OHLVXUH� H[SHULHQFHV�� ,Q� WKH� VXEVHTXHQW� VHFWLRQV�� ,�
integrate the foregoing reasoning and set the stage for the ensuing 
empirical chapters.

3.5.1 The temporal dynamics of emotion in relation to overall 
evaluations

The focus of this dissertation lies on studying the relationship between 
the temporal dynamics of the emotions in an experience and how that 
experience is remembered and thus evaluated. As mentioned before, 
the most established account to explain this relationship is formed by 
the peak-and-end theory. The peak-and-end theory postulates that 
the overall evaluations of an experience are mostly determined by 
the emotions during the emotionally most intense moment and the 
¿QDO� PRPHQW� RI� DQ� H[SHULHQFH� �)UHGULFNVRQ�� ������ )UHGULFNVRQ� 	�
.DKQHPDQ���������2I�QRWH��KRZHYHU�� LV�D�JURZLQJ�ERG\�RI�ZRUN�WKDW�
seems to challenge this robustness for experiences in the domain of 
WRXULVP� DQG� OHLVXUH� LQ� SDUWLFXODU�� ,Q� WKH� ¿UVW� HPSLULFDO� FKDSWHU��ZH�
argue that this is mostly due to the heterogeneous nature of tourism and 
leisure experiences compared to the rather simple and homogenous 
types of experience as studied in previous assessments of the peak-
and-end theory. We test this argumentation by using the ERM to study 
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a virtual reality movie that is characterized by an emotionally complex 
DQG�KHWHURJHQHRXV�HPRWLRQ�SUR¿OH��7KH�NQLIH�FXWV�DW�ERWK�VLGHV��WKLV�
study not only allows for examining the peak-and-end theory but also 
allows for putting the newly developed ERM approach to the test.

%DVHG�RQ�WKH�¿QGLQJV�LQ�WKH�¿UVW�HPSLULFDO�FKDSWHU��ZH�WDNH�RXU�DUJXPHQW�
WKDW�WKH�KHWHURJHQHLW\�RI�DQ�H[SHULHQFH�D̆HFWV�WKH�UREXVWQHVV�RI� WKH�
peak-and-end theory one step further. In addition to the heterogeneity 
of an experience, we argue that the robustness of the peak-and-end 
WKHRU\�LV�DOVR�D̆HFWHG�E\�ZKHWKHU�DQ�H[SHULHQFH�LV�UHJDUGHG�DV�VLQJOH�
episodic or multi-episodic (i.e., whether an experience should be 
considered as one experiential episode, or as consisting of multiple 
sub-episodes). In the second empirical chapter, we therefore study the 
emotions over the course of an experience that can clearly be segmented 
into episodes: a musical theatre show consisting of 17 scenes. Following 
Mauss & Robinsons (2009) argument that more measures of emotions 
provide a more encompassing picture of the dynamics that are at 
play, in this study, we complement the ERM with the physiological 
measure of skin conductance. Including skin conductance allows for 
triangulation with ERM data and physiological data for gaining a more 
FRPSOHWH�SUR¿OH�RI�WKH�HPRWLRQV�RYHU�WKH�FRXUVH�RI�WKH�H[SHULHQFH�DQG�
furthermore allows for doing so with sub-second precision.

3.5.2 The temporal dynamics of emotion as evaluated by an 
experience provider

,Q� WKH� ¿UVW� WZR� HPSLULFDO� FKDSWHUV�� WKH� (50� DQG� WKH� SK\VLRORJLFDO�
measure of skin conductance is linked to evaluations from participants. 
+RZHYHU�� SDUW� RI� WKH� GH¿QLWLRQ� RI� H[SHULHQFH� DV�PDLQWDLQHG� LQ� WKLV�
dissertation is the interaction of participants with an environment that 
is thoughtfully designed by a tourism or leisure provider. Therefore, 
the emotional dynamics of the lived experience of participants can 
also be evaluated from a provider point of view. In particular, a 
SURYLGHU�PLJKW� EH� LQWHUHVWHG� LQ� VHHLQJ�ZKHWKHU� WKH� HPRWLRQ� SUR¿OH�
RI�SDUWLFLSDQWV¶�H[SHULHQFHV�LV�LQ�DFFRUGDQFH�ZLWK�WKH�HPRWLRQ�SUR¿OH�
as intended by the experience design. To see whether both the ERM 
and the physiological measure of skin conductance have this practical 
relevance as well, in the third empirical chapter, the emotions during 
a musical theatre show were compared with the intended emotions as 
provided by the show’s creative development team. In addition, to see 
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whether the ERM and the physiological measure of skin conductance 
can be used as a tool for experience optimalization, it was studied to 
what extent both measures were able to detect design manipulations 
to improve the show experience.

3.5.3 The temporal dynamics of an event-driven emotional 
response

*RLQJ�EDFN�WR�WKH�GH¿QLWLRQ�RI�HPRWLRQV��LW�LV�JHQHUDOO\�DJUHHG�XSRQ�WKDW�
emotions are event-focused (Sander, 2013). Based on the idea that the 
surrounding environment in tourism and leisure experiences is highly 
dynamic, it was argued that the perception of continuously changing 
stimuli (i.e., multiple events) would lead to multiple emotions over 
WLPH��WKXV�FUHDWLQJ�D�KLJKO\�G\QDPLF�SUR¿OH�RI�HPRWLRQV�RYHU�WLPH�DV�
ZHOO��7KH�¿UVW�WKUHH�HPSLULFDO�FKDSWHUV�IDOO�ZLWKLQ�WKLV�OLQH�RI�WKRXJKW��
as the temporal dynamics of emotions in these studies are examined 
RYHU� WKH� FRXUVH� RI� DQ� HQWLUH� H[SHULHQFH� ±� ZKHWKHU� IRU� D� ���PLQXWH�
virtual reality video or for a 1.5-hour musical theatre show. However, 
to get a thorough understanding of the temporal dynamics of emotion, 
it is just as relevant to examine the temporal dynamics of an emotional 
response pertaining to just one event, rather than a complex series 
of undistinguishable events. Therefore, the fourth empirical chapter 
of this dissertation focuses on the temporal dynamics of emotion 
for one event: the aesthetic emotion of ‘being moved’ as a result of 
seeing an artwork. In studying the temporal dynamics of emotion 
for this particular experience, we recorded the EEG for participants 
while they were presented with some 150 stimuli, which they were 
VXEVHTXHQWO\�DVNHG� WR�HYDOXDWH� LQ� WHUPV�RI� WKH�H[WHQW� WR�ZKLFK� WKH\�
were aesthetically moved by it. Like skin conductance, EEG is able to 
record bodily processes with sub-second precision. However, whereas 
skin conductance is mostly a proxy of emotional arousal, EEG is able 
to study more processes beyond emotional arousal alone. EEG thus 
allows for extensively exploring the psychological processes underlying 
the emotional evaluation of being aesthetically moved, thus further 
enhancing our understanding of the temporal dynamics of experience.

3.6 Conclusion

In sum, the empirical chapters in this dissertation examine a variety 
RI� WRXULVP� DQG� OHLVXUH� H[SHULHQFHV� DW� GL̆HUHQW� WLPHVFDOHV�� IURP� DQ�
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experience in its entire length and the individual episodes within an 
experience all the way to the individual events that are the ignitors 
of an emotional response to begin with. In addition, several research 
methods are used in tandem to get a more encompassing picture of 
WKH�HPRWLRQDO�G\QDPLFV�DW�SOD\��IURP�D�QHZO\�GHYHORSHG�(50�WR�¿QH�
grained physiological measures that can measure emotions with sub-
second precision from both body and brain. Using this variety of cases, 
timescales and measures, this dissertation thus aims to get a more 
encompassing understanding of the role of emotions in tourism and 
leisure experiences.
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4
ABSTRACT | Memory forms the input for future behavior. 
Therefore, how individuals remember a certain experience 
may be just as important as the experience itself. The 
peak-and-end rule (PE-rule) postulates that remembered 
experiences are best predicted by the peak emotional valence 
and the emotional valence at the end of an experience in 
the here and now. The PE-rule, however, has mostly been 
assessed in experimental paradigms that induce relatively 
simple, one-dimensional experiences (e.g., experienced 
pain in a clinical setting). This hampers generalizations of 
the PE-rule to the experiences in everyday life. This chapter 
evaluates the generalizability of the PE-rule to more complex 
and heterogeneous experiences by examining the PE-rule in 
a virtual reality (VR) experience, as VR combines improved 
ecological validity with rigorous experimental control. 
Findings indicate that for more complex and heterogeneous 
experiences, peak and end emotional valence are inferior 

From experience to memory: 
On the robustness of the peak-
and-end rule for complex, 
heterogeneous experiences1

1 7KLV�FKDSWHU�LV�D�VOLJKWO\�PRGL¿HG�YHUVLRQ�RI�D�SDSHU�ZLWK�LGHQWLFDO�WLWOH�E\�6WULMERVFK�HW�DO��
(2019) which has been published in Frontiers in Psychology, volume 10, issue 1705.
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to other measures (such as averaged valence and arousal 
ratings over the entire experiential episode) in predicting 
UHPHPEHUHG� H[SHULHQFH�� 7KHVH� ¿QGLQJV� VXJJHVW� WKDW� WKH�
PE-rule cannot be generalized to ecologically more valid 
experiential episodes. �

4.1 Introduction

$FFRUGLQJ� WR� .DKQHPDQ� DQG� 5LLV� �������� WKH� RQO\� WKLQJ� WKDW� ZH�
keep from our experiences are the memories of those experiences. It 
is therefore not surprising that the relationship between experience 
DQG� PHPRU\� KDV� IUHTXHQWO\� EHHQ� DGGUHVVHG� LQ� WKH� SV\FKRORJLFDO�
literature (e.g., see Talarico & Rubin, 2017 for a review on Flashbulb 
PHPRULHV�DQG�H[SHULHQFH���$�PDMRU�¿QGLQJ�KDV�EHHQ� WKDW� HPRWLRQV�
play an important role in shaping the memory of an experience. 
Compared to non-emotional experiences, experiential episodes that 
include emotions are remembered more vividly and in more detail 
�.HQVLQJHU��������������.HQVLQJHU�	�6FKDFWHU���������)XUWKHUPRUH��
the emotions that are experienced during a certain episode are crucial 
in determining whether an individual will either repeat or avoid such 
VLPLODU�DFWLYLWLHV�DQG�HYHQWV�LQ�WKH�IXWXUH��.DKQHPDQ��:DNNHU��	�6DULQ��
1997). Therefore, how individuals remember the emotions from their 
experiences may be just as important as the experienced emotions 
WKHPVHOYHV�LQ�JXLGLQJ�VXEVHTXHQW�EHKDYLRU�

What then is the relationship between immediate experience and 
how experiences are remembered and which role do emotions play in 
WKLV� UHODWLRQVKLS"�2QH� LQÀXHQWLDO� DFFRXQW� RI� WKLV� UHODWLRQVKLS� LV� WKH�
SHDN�DQG�HQG� UXOH� �)UHGULFNVRQ�� ������ )UHGULFNVRQ� 	� .DKQHPDQ��
1993), which postulates that how we remember our experiences is 
determined by the emotions associated with the most intense moment 
of an experience [the peak] and the emotions associated with the end of 
an experience [the end]. The peak-and-end rule (henceforth: PE-rule) 
has been evaluated in many studies and has added substantial insights 
to the literature. Yet, as we argue, most of these studies have employed 
YHU\�VSHFL¿F�H[SHULPHQWDO�SDUDGLJPV� WKDW� LQGXFH�KRPRJHQHRXV�DQG�
TXLWH�XQLGLPHQVLRQDO�H[SHULHQFHV��7KLV�OLPLWDWLRQ�RI�H[LVWLQJ�VWXGLHV�
TXHVWLRQV�WKH�JHQHUDOL]DELOLW\�RI�WKH�3(�UXOH�WR�WKH�PRUH�FRPSOH[�DQG�
heterogeneous experiences that make up everyday life. In the present 
work, we address this issue by assessing the predictive power of the PE-
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rule in a virtual reality (VR) experience, since VR has been proposed 
as an excellent way to combine acceptable levels of ecological validity 
with rigorous experimental control in lab environments (Diemer, 
Alpers, Peperkorn, Shiban, & Muhlberger, 2015; Parsons, 2015).

4.1.1 The peak-and-end rule

7KH� 3(�UXOH� ZDV� LQLWLDOO\� SURSRVHG� E\� )UHGULFNVRQ� DQG� .DKQHPDQ�
(1993), see also Fredrickson (2000). Earlier studies already suggested 
that the end of an experience could be relatively more important for 
how it would be remembered as compared to the entire duration of 
the experience (Fredrickson, 1990; Hsee & Abelson, 1991; Hsee, 
6DORYH\��	�$EHOVRQ��������9DUH\�	�.DKQHPDQ���������,W�ZDV�RQO\� LQ�
1993, however, that the relative importance of both peaks and ends 
for memories of experience was explicitly tested. Fredrickson and 
.DKQHPDQ��������KDG�SDUWLFLSDQWV�ZDWFK�VKRUW��SORWOHVV�PRYLH�FOLSV�
that were either negatively or positively valenced. While watching the 
PRYLH�FOLSV��SDUWLFLSDQWV�SURYLGHG�DQ�RQJRLQJ�UDWLQJ�RI�WKHLU�D̆HFWLYH�
experience by continuously indicating their emotional valence (the 
extent to which people feel emotionally positive or negative) through a 
slider on a response device. Afterward, they provided a rating through 
self-report for how they remembered their overall emotional valence 
IRU�WKH�PRYLH�FOLSV�DV�D�ZKROH��$OWKRXJK�)UHGULFNVRQ�DQG�.DKQHPDQ�
(1993) noted that the results would not necessarily exhaust the factors 
that govern remembered overall emotional valence, it was found that 
the remembered emotional valence was predicted best by taking the 
most extreme emotional valence rating [peak] and the emotional 
YDOHQFH�H[SHULHQFHG�GXULQJ�WKH�¿QDO�PRPHQWV�RI�WKH�H[SHULHQFH�>HQG@��
as well as computing a weighted average of both peak and end.

0XFK� H̆RUW� KDV� EHHQ� VXEVHTXHQWO\� GHYRWHG� WR� UHSOLFDWLQJ� DQG�
H[WHQGLQJ� WKRVH� LQLWLDO� ¿QGLQJV�� 6HYHUDO� IROORZ�XS� VWXGLHV� XVHG�
the same approach of providing a continuous rating of experienced 
emotional valence on the one hand and remembered overall valence 
on the other hand. Paradigms included watching advertising videos, 
undergoing colonoscopy, listening to classical/pop music and hearing 
DQQR\LQJ�VRXQGV��%DXPJDUWQHU�HW�DO���������5HGHOPHLHU�	�.DKQHPDQ��
������5R]LQ�HW�DO���������6FKUHLEHU�	�.DKQHPDQ���������2WKHU�VWXGLHV�
were conducted in clinical settings and involved experiences such as 
bone marrow transplants and giving birth (Ariely, 1998; Chajut et al., 
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2013). These studies measured ongoing emotional valence through 
an experience sampling approach (see Hektner et al. (2007) for an 
overview). Results supported the predictive value of either peaks 
�%DXPJDUWQHU�HW�DO���������&KDMXW�HW�DO���������5HGHOPHLHU�	�.DKQHPDQ��
1996; Rozin et al., 2004), ends (Ariely & Carmon, 2000; Baumgartner 
HW�DO���������&KDMXW�HW�DO���������5HGHOPHLHU�	�.DKQHPDQ��������5R]LQ�
et al., 2004), or the average of peaks and ends (Chajut et al., 2013).

Another strand of follow-up studies did not include ratings of ongoing 
emotional valence, but only included remembered overall valence, or 
PHDVXUHV�VXFK�DV�FKRLFH�EHKDYLRU��.DKQHPDQ�HW�DO���������5HGHOPHLHU�
et al., 2003). In these studies, ongoing emotional valence was assumed 
WR�EH�GHWHUPLQHG�E\�VWLPXOXV�SDUDPHWHUV��VXFK�DV�KROGLQJ�RQH¶V�¿QJHU�
in a closing vise (i.e., yielding increasing negative emotional valence) 
(Ariely, 1998). As such, changes in stimuli were taken as a proxy for 
ongoing emotional valence. In these studies, endings in particular have 
EHHQ� IRXQG� WR� VLJQL¿FDQWO\�SUHGLFW� UHPHPEHUHG�RYHUDOO� YDOHQFH� DQG�
VXEVHTXHQW�EHKDYLRU��$ULHO\��������$ULHO\�	�=DXEHUPDQ���������VXFK�
as whether participants would choose to repeat one experience over 
DQRWKHU� RU� QRW� �.DKQHPDQ� HW� DO��� ������� )XUWKHUPRUH�� LW�ZDV� IRXQG�
that adding a less painful episode to the end of an already painful 
procedure (such as holding one’s hand in ice water or undergoing a 
colonoscopy) would make memories of these painful procedures less 
QHJDWLYH��.DKQHPDQ�HW�DO���������5HGHOPHLHU�HW�DO����������$ULHO\�DQG�
colleagues (Ariely, 1998; Ariely & Zauberman, 2000) found changes 
LQ�¿QDO�PRPHQWV�RI�SDLQIXO�DQG�DQQR\LQJ�H[SHULHQFHV�WR�EH�VLJQL¿FDQW�
predictors of remembered evaluations.

In sum, the available evidence supports the notion that peaks and 
endings are crucial in shaping overall memories of emotional valence. 
In reviewing early PE-studies, Fredrickson (2000) concludes that the 
PE-rule is a robust predictor for how experiences are remembered 
HPRWLRQDOO\��DV�ZHOO�DV�IRU�VXEVHTXHQW�FKRLFH�EHKDYLRU��,Q�DGGLWLRQ��WKH�
3(�UXOH�R̆HUV�VXEVWDQWLDO�LQVLJKWV�LQ�WKH�FRQWH[W�RI�FOLQLFDO�H[SHULHQFHV�
that may help to mitigate memories of painful experiences, as found by 
the colonoscopy studies of Redelmeier et al. (2003). As such, the PE-
rule has been found to be an established heuristic in closing the gap 
between the emotions in immediate and remembered experiences.
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4.1.2 Challenges for the peak-and-end rule

More recent studies have challenged the robustness of the PE-rule in 
YDULRXV�ZD\V��&RMXKDUHQFR�	�5\YNLQ��������*HQJ�HW�DO���������.HPS�HW�
DO���������/LHUVFK�	�0F.HQ]LH��������0LURQ�6KDW]��������6FKQHLGHU��
Stone, Schwartz, & Broderick, 2011; Seta, Haire, & Seta, 2008; 
6WRQH�� %URGHULFN�� .DHOO�� 'HOHV3DXO�� 	� 3RUWHU�� ������� 7KH� H[LVWLQJ�
criticism and limitations of the PE-rule can be broadly divided into 
WKUHH�GL̆HUHQW�FDWHJRULHV��)LUVW��WKH�H[SHULPHQWDO�SDUDGLJPV�XVHG�WR�
LQGXFH�H[SHULHQFHV�KDYH�EHHQ�TXLWH�VLPSOH�DQG�DV�D�UHVXOW�WKH�LQGXFHG�
experiences lack heterogeneity. Second, existing studies have mainly 
EHHQ� VHHNLQJ� WR� FRQ¿UP� WKH� 3(�UXOH� DQG� KDYH� QRW� V\VWHPDWLFDOO\�
included other potential predictors of remembered emotional valence. 
Third, there is a limited understanding of the robustness of the PE-rule 
over time. Below, we address each of these criticisms in some detail.

4.1.2.1 Lack of heterogeneous experiences as the object of study

As noted earlier (Fredrickson, 2000), many studies assessing the PE-
rule have used rather short, monotonous experiences in a laboratory 
setting (Ariely, 1998; Ariely & Zauberman, 2000; Baumgartner et al., 
������%UDQLJDQ��0RLVH��)UHGULFNVRQ��	�.DKQHPDQ��������)UHGULFNVRQ�
	�.DKQHPDQ��������5R]LQ�HW�DO����������2WKHU�VWXGLHV�IRFXVHG�RQ�WKH�
experience of physical pain (Ariely, 1998; Ariely & Carmon, 2000; 
$ULHO\� 	� =DXEHUPDQ�� ������ .DKQHPDQ� HW� DO��� ������ 5HGHOPHLHU� 	�
.DKQHPDQ�� ������ 5HGHOPHLHU� HW� DO��� ������ 6FKQHLGHU� HW� DO��� ������
6FKUHLEHU�	�.DKQHPDQ�� ������ 6WRQH� HW� DO��� ������ 6WRQH�� 6FKZDUW]��
%URGHULFN��	�6KL̆PDQ���������$V�D�FRQVHTXHQFH��)UHGULFNVRQ��������
QRWHV�WKDW�³�«��GHVSLWH�WKLV�VWURQJ�HYLGHQFH�>IRU�WKH�3(�UXOH@��LW�EHDUV�
underscoring that these supportive data come from episodes that 
VKDUH� VSHFL¿DEOH� IHDWXUHV´� �S�� ������:LWK� VRPH� H[FHSWLRQV�� VXFK� DV�
listening to music and watching advertisement videos (Baumgartner 
HW�DO���������5R]LQ�HW�DO����������LW�FDQ�EH�DUJXHG�WKDW�WKHVH�VSHFL¿DEOH�
features are too unidimensional and too homogeneous in nature to 
be representative of the rich diversity of the experiences that make 
up our everyday life. Generalizations from the early PE-contexts to 
experiences that lie closer to those we encounter in our everyday lives 
should therefore be made with caution.

Peak-and-end for complex, heterogeneous experiences
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$�VXJJHVWLRQ�WKDW�VXFK�JHQHUDOL]DWLRQV�PD\�EH�SUREOHPDWLF�LV�R̆HUHG�
by Cojuharenco and Ryvkin (2008). They noted in a meta-analysis 
that peak, end, peak-end and average scores of immediate emotional 
valence are often highly correlated. In addition, these correlations 
become stronger as experiences become more heterogeneous in 
nature. According to Bastiaansen et al. (2019), experiences can be 
GH¿QHG�DV�D�¿QH�JUDLQHG�WHPSRUDO�VXFFHVVLRQ�RI�HPRWLRQV�WKDW�RFFXU�
during episodes that we abstract from our human consciousness. 
The heterogeneity of an experience, then, refers to the richness of 
an experience, in that it may involve both positively and negatively 
YDOHQFHG� HPRWLRQV� DQG� WKDW� LW� PD\� LQYROYH� TXDOLWDWLYHO\� GL̆HUHQW�
HPRWLRQV� �VXFK�DV�DQJHU�� IHDU�RU� MR\���+ROGLQJ�RQH¶V�¿QJHU�RQ�D�KRW�
stove is a less heterogeneous experience as compared to watching a 
movie, for instance, as movies generally allow for a multitude of positive 
and negative emotions. Heterogeneity also means that experiences 
FDQ�GL̆HU�ERWK�EHWZHHQ�LQGLYLGXDOV�DQG�ZLWKLQ�LQGLYLGXDOV�RYHU�WLPH�
(Cojuharenco & Ryvkin, 2008). This depends on characteristics 
of individuals (e.g., personality, mood, attitude), as well as on 
FKDUDFWHULVWLFV�RI�WKH�VWLPXOXV�FRQ¿JXUDWLRQV�

Arguably, our experiences in everyday life are more heterogeneous 
in nature compared to the rather simple experiences that have been 
studied in the PE-context and this may limit the generalizability of 
the PE-rule. This suggestion is supported by a study employing an 
ecologically highly valid setting (students going on a 1 week vacation) 
�.HPS� HW� DO��� ������� EXW� DOVR� LQ� RWKHU� FRQWH[WV�ZKHUH� H[SHULHQFH� LV�
measured over entire days, which involve high heterogeneity (Miron-
Shatz, 2009).

4.1.2.2 The use of predictors other than peak and end valence

$V�VDLG��PRVW�H[LVWLQJ�VWXGLHV�KDYH�VRXJKW�WR�FRQ¿UP�WKH�3(�UXOH�DQG�DV�
such have only focused on the extent to which emotional peak and end 
valence predict remembered emotional valence. More recent studies 
have addressed the predictive value of other measures of immediate 
experience besides peaks and ends only (Ariely, 1998; Ariely & Carmon, 
2000; Ariely & Zauberman, 2000; Baumgartner et al., 1997; Chajut 
et al., 2013; Cojuharenco & Ryvkin, 2008; Hargreaves & Stych, 2013; 
.HPS�HW�DO���������0LURQ�6KDW]��������5R]LQ�HW�DO���������6FKQHLGHU�
et al., 2011; Seta et al., 2008; Stone et al., 2000; Stone et al., 2005). 
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Like peak and end emotional valence, these measures are typically 
extracted from ratings provided during the experience: the average 
of all emotional valence ratings [average valence], the variability of 
the ratings [valence variability], the slope of ratings over time [valence 
slope], the time it takes from the beginning of an experience to its peak 
rating [valence peak latency] and the time it takes from its peak rating 
to the end of the experience [valence end-after-peak latency]. Where 
PRVW�RI�WKH�VWXGLHV�GR�LQGHHG�¿QG�SHDN��HQG�DQG�DYHUDJH�RI�SHDN�HQG�
WR�EH�VLJQL¿FDQW�SUHGLFWRUV�RI�UHPHPEHUHG�RYHUDOO�YDOHQFH��D�KDQGIXO�
of studies suggests that average valence could be a better predictor 
for remembered overall valence (Miron-Shatz, 2009; Schneider et al., 
2011; Seta et al., 2008). Furthermore, as suggested by Cojuharenco 
and Ryvkin (2008) from a meta-analysis, average valence tends to 
FRUUHODWH�TXLWH�KLJKO\�ZLWK�SHDN��HQG�DQG�WKH�DYHUDJH�RI�SHDN�HQG�

In addition, a number of potential candidate measures for predicting 
remembered experience has been overlooked in the literature. First, 
assuming that the majority of everyday life experiences is likely to be 
heterogeneous in nature and may include both positive and negative 
emotions, one should consider not only the peaks in immediate 
emotional valence, but also the troughs. Second, given its history from 
the framework of utility studies (for an explanation on the concept of 
XWLOLW\��SOHDVH�UHIHU�WR�.DKQHPDQ���������VWXGLHV�RQ�WKH�3(�UXOH�KDYH�
only included the dimension of emotional valence to operationalize 
H[SHULHQFHG� D̆HFW�� 7KLV� RSHUDWLRQDOL]DWLRQ� RI� D̆HFWLYH� H[SHULHQFH�
links back to the dimensional approach to emotions (Feldman Barrett 
	�5XVVHOO���������2ULJLQDOO\��KRZHYHU��WKLV�DSSURDFK�QRW�RQO\�GH¿QHV�
emotions in terms of emotional valence but also in terms of emotional 
activation or arousal (Feldman Barrett & Russell, 1999). One can 
easily see that in certain settings, such as riding a roller coaster, 
white water rafting or watching a horror movie, emotional arousal 
would potentially have at least as much predictive value in overall 
evaluations of the experience as emotional valence. Furthermore, it 
has been shown in the psychological literature that emotional valence 
HQKDQFHV�PHPRU\�LQ�D�GL̆HUHQW�ZD\�DQG�YLD�GL̆HUHQW�EUDLQ�VWUXFWXUHV�
WKDQ�HPRWLRQDO�DURXVDO��.HQVLQJHU���������������,Q�VXP�� LQ�IXUWKHU�
establishing the robustness of the PE-rule, we will therefore include 
measures of both emotional arousal as well as emotional valence and 
we will include measures of positive and negative valence (both peaks 
and troughs, rather than peaks or troughs only).
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4.1.2.3 Robustness of the PE-rule over time

A third shortcoming of the PE-rule that limits its generalization to 
experiences in our everyday life, is that its robustness over time is only 
marginally studied. Many studies on the PE-rule have only studied 
remembered overall emotions directly after the experience, or at a 
single point in time only. In daily life, evaluations and decisions are 
often made long after the initial experience. An example would be 
that one evaluates one’s summer holiday not only as one gets home, 
but also at later moments in time, when discussing the holidays with 
friends and relatives, or even 6 months later, when booking the next 
vacation. To the best of our knowledge, only one study addressed the 
robustness of the PE-rule over various moments in time, in the context 
of vacations (Geng et al., 2013). They found that peaks, ends and peak-
ends could only predict remembered overall valence on the short and 
medium term (the day after the experience had ended and 3 weeks 
after the experience had ended) but not on the longer term (7 weeks 
after the experience had ended). Given the importance of memory at 
later moments in time for experiences that are ecologically more valid, 
the lack of empirical data on the robustness of the PE-rule over time is 
a substantial gap in present knowledge that limits the generalization of 
this rule to experiences that lie closer to those of everyday life.

4.1.3 The present study

We argue that the literature on the PE-rule is subject to three 
shortcomings that limit the current understanding of how the PE-rule 
generalizes to experiences in everyday life. The present work addresses 
these shortcomings in a study that combines enhanced ecological 
validity of the induced experience with the rigorous experimental 
control of a lab environment (Diemer et al., 2015; Parsons, 2015), by 
using VR to induce an experience. As VR is a medium that leads to high 
presence in the virtual environment it creates, emotions as experienced 
in the virtual environment may be closer to emotions experienced 
in real life situations as compared to traditional media for stimulus 
presentations. Through a VR device, participants watched a short 
����PLQ��95�PRYLH�DQG�ZHUH�VXEVHTXHQWO\�DVNHG�WR�UHWHOO�WKH�PRYLH��
Based on their reconstruction, the movie was segmented into episodes 
and for each episode measures of emotional valence and arousal were 
obtained. We then used peaks, troughs, ends, averages and other 
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values for valence and arousal ratings to predict the overall emotional 
valence and arousal ratings, both immediately after the end of the VR 
movie and 1 week later. Our study addresses all three shortcomings 
previously outlined. First, it induces a heterogeneous experience 
±� D� YLUWXDO� UHDOLW\�PRYLH� WKDW� DOORZV� IRU� ERWK� SRVLWLYH� DQG� QHJDWLYH�
HPRWLRQV�GXH�WR�D�FOHDUO\�GH¿QHG�PRYLH�SORW��6HFRQG��LW�LQFOXGHV�DOO�RI�
WKH�SUHGLFWRUV�WKDW�KDYH�SUHYLRXVO\�EHHQ�LGHQWL¿HG�LQ�VWXGLHV�WR�DVVHVV�
the PE-rule, rather than peaks, ends and the average of peaks and ends 
only. Furthermore, to have a more complete dimensional approach 
WR�D̆HFWLYH�H[SHULHQFH��ZH�LQFOXGH�PHDVXUHV�RI�HPRWLRQDO�DURXVDO�LQ�
addition to the commonly used measures of emotional valence. This 
PDNHV�WKH�SUHVHQW�ZRUN�WKH�¿UVW�3(�VWXG\�WR�LQFOXGH�HPRWLRQDO�DURXVDO�
besides emotional valence. Third, our study not only includes just one 
moment for assessing remembered emotional valence and arousal, but 
an additional second moment 1 week later to assess the robustness of 
the PE-rule over time. As such, our study puts the PE-rule to a broader 
empirical test, in an attempt to evaluate its robustness to the listed 
challenges.

4.2 Materials and methods

4.2.1 Participants

3DUWLFLSDQWV�FRQVLVWHG�RI����¿UVW�\HDU�VWXGHQWV�IURP�7LOEXUJ�8QLYHUVLW\��
who received study credits for their participation within the study. The 
group consisted of 16 males and 24 females with age ranging from 19 
to 30 (M = 21.7; SD� �������$OO�SDUWLFLSDQWV�ZHUH�ÀXHQW�LQ�(QJOLVK�DQG�
had normal or corrected-to-normal vision and hearing. They gave their 
written informed consent in line with the Declaration of Helsinki. As 
the study included two versions of the VR movie, participants were 
randomly assigned to one of two groups. One group (n = 20) watched 
the standard version of the movie (regular-version group) and another 
group (n� �����ZDWFKHG�D� VOLJKWO\�GL̆HUHQW�YHUVLRQ�RI� WKH�PRYLH�� LQ�
ZKLFK�WKH�NH\�VFHQH�ZDV�VOLJKWO\�H[WHQGHG�LQ�WLPH�DQG�LQWHQVL¿HG�LQ�
terms of key actions (extended-version group) (see description of the 
movie below). This manipulation was implemented to see whether 
suspending and intensifying the main actions in the key scene would 
elicit stronger emotions and hence stronger peaks and troughs in 
reported emotional valence and arousal.

Peak-and-end for complex, heterogeneous experiences
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4.2.2 Stimulus materials

The stimulus materials consisted of two relatively similar versions of 
the same VR movie entitled XSTNCE (Zuijdgeest et al., 2016), which 
has distinct positively valenced as well as distinct negatively valenced 
scenes. In the movie, a male and a female scientist are working on the 
XSTNCE project, which focuses on digitalizing human consciousness so 
that it can be uploaded into android bodies. In the movie, they succeed 
LQ�ZDNLQJ�WKHLU�¿UVW�ZRUNLQJ�DQGURLG�ZLWK�KXPDQ�FRQVFLRXVQHVV��D�UROH�
ZKLFK�LV�IXO¿OOHG�E\�WKH�YLHZHUV�RI�WKH�PRYLH��7KH�VFLHQWLVWV�DSSURDFK�
the viewer and start to communicate enthusiastically with him/her, 
realizing that they have just created a major breakthrough [positively 
valenced part of the movie]. After a while, it appears that the male 
scientist has a hidden agenda. He wants to delete the consciousness 
of the android so that he can use it to upload the consciousness of his 
recently deceased mother, in order to bring her back to life. When the 
female scientist wants to warn the police, the male scientist kills her 
by knocking her down [negatively valenced part of the movie]. He then 
approaches the viewer in order to delete (i.e., kill) its consciousness. 
As he pulls out a plug, the movie ends with a black screen, followed by 
the title and credits.

7KH�WZR�VWLPXOXV�PDWHULDOV�GL̆HU�LQ�WHUPV�RI�WKH�NH\�VFHQH�LQ�ZKLFK�
the male scientist knocks the female scientist down. In the regular 
movie (which lasts 13 min and 14 s) the male scientist knocks the 
female scientist down and she passes out. In the extended movie 
(which lasts 14 min and 26 s), the male scientist knocks her down, 
after which she screams for help. The male scientist then repeatedly 
hits her until she stops moving. For the remainder of the two movies, 
WKH�VFHQHV�IURP�WKH�WZR�GL̆HUHQW�YHUVLRQV�DUH�LGHQWLFDO�WR�HDFK�RWKHU��
Half of the participants saw the regular version of the movie and the 
other half saw the extended version. Valence and arousal ratings 
IRU�ERWK�SUHGLFWRU�DQG�RXWFRPH�YDULDEOHV�GLG�QRW�GL̆HU�EHWZHHQ�WKH�
two versions of the movie (see Table 4.1). As the participants in the 
WZR�JURXSV�DOVR�GLG�QRW�GL̆HU�LQ�WHUPV�RI�EDFNJURXQG�YDULDEOHV��DJH� 
(t38 = 0.448; p = 0.657); gender (t38� �í�������p = 0.849)), we concluded 
WKDW� WKLV�PDQLSXODWLRQ�ZDV� QRW� H̆HFWLYH� DQG�GHFLGHG� WR� FROODSVH� DOO�
data across the two versions of the movie for further analysis.
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Predictor Descriptives for valence Outcomes t-tests for valence

M(SD)regular M(SD)extended t38 p

Immediate 

Overall 

Valence

6.050 (1.356) 5.700 (1.490) 0.777 .442

Later Overall 

Valence

5.400 (2.037) 4.750 (2.124) 0.988 .330

Peak 7.400 (1.046) 7.200 (1.056) 0.922 .362

Trough 2.400 (1.142) 2.400 (1.095) 0.276 .784

End 3.450 (1.731) 4.100 (1.943) -0.952 .347

Peak-End 5.425 (1.016) 5.650 (1.226) -0.358 .722

Trough-End 2.925 (1.248) 3.250 (1.303) -0.571 .581

Average 4.961 (0.690) 4.916 (0.947) 0.566 .574

Variance 3.379 (2.640) 3.277 (2.466) 0.061 .952

Slope -0.004 (0.002) -0.003 (0.002) -0.855 .398

Predictor Descriptives for arousal Outcomes t-tests for arousal

M(SD)regular M(SD)extended t38 p

Immediate 

Overall 

Arousal

4.400 (2.202) 4.300 (2.227) 0.149 .882

Later Overall 

Arousal

5.900 (1.619) 5.450 (1.820) 0.826 .414

Peak 7.300 (1.261) 6.450 (1.877) 1.777 .084

End 5.450 (2.235) 4.700 (2.080) 1.032 .309

Peak-End 6.375 (1.621) 5.575 (1.859) 1.457 .155

Average 5.370 (1.222) 4.694 (1.741) 1.564 .126

Variance 2.395 (1.726) 1.832 (1.149) 1.516 .138

Slope 0.002 (0.003) 0.002 (0.002) -0.219 .828

TABLE 4.1 | Comparison of measures based on valence and arousal ratings 
between regular-version and extended-version groups
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4.2.3 Design and procedure

Participants were invited to the lab and were informed that they 
would watch a movie through a Samsung Gear VR. Having given their 
informed consent, they were familiarized with the lab environment and 
WKH�95�GHYLFH��7KH\�ZHUH�WKHQ�VHW�XS�ZLWK�WKH�95�HTXLSPHQW�DQG�ZHUH�
seated in a sound attenuating room so as to be isolated from outside 
distractions. An experimenter started the movie and left the room. 
During the watching of the VR movie, contact between participant and 
experimenter was maintained through a camera and, if necessary, an 
intercom. At the end of the movie, the experimenter entered the room 
DQG�WRRN�R̆�WKH�95�GHYLFH�

Directly afterward, participants were asked to retell what they had 
just experienced from the beginning of the movie to the end and 
were encouraged to be as detailed as possible. The experimenter 
simultaneously copied the answers on an answer sheet and was 
trained to pay attention to conjunction words such as “and then”, 
“thereafter”, “next”, etc. (see Figure 4.1). Every time the participant 
used a conjunction word, the experimenter started to write on a new 
line. In this way, the story of the participant was divided into segments 
!

First, I saw a virtual brain, floating 
in the sky like in a hyperspace and 
then I woke up in the lab where I 
saw two scientists, a male and a 
female. Then, the male scientist 
walked to the radio to listen a 
message about protests about their 
experiments and then he started to 
have a conversation about his 
recently died mother. Then the 
female scientist finds out that there 
are brain signals from the robot and 
then they discover that I am 
conscious, so they start talking to 
me. Then, they start doing some 
tests with me where they ask me all 
kinds of questions and ask me to 
move my left and right arm. 

Step 1 Step 2 

Segment Valence Arousal Start time End time 
     
A virtual brain, floating in the sky 
like in a hyperspace  

5 1 00:00 00:50 

I woke up in the lab where I saw 
two scientists  

5 1 00:50 00:55 

The male scientist walked to the 
radio to listen to message on 
protests  

4 3 00:55 01:20 

Conversation about  recently died  
mother  

2 3 01:50 02:10  

She finds out that there are brain 
signals from the robot  

8 7 02:10 03:50 

Step 3 

The y discover that I am conscious,  
start talking to me  

7 6 03:50 

Step 4 

FIGURE 4.1 | An overview of the segmentation process. Step 1: 
participants retell their movie experience. Step 2: the experimenter 
divides this retelling into segments, based on conjunction words used 
by participants (underlined in Step 1). Step 3: the experimenter asks 
participants to provide a rating for both emotional valence and arousal 
and to base the rating on how they felt while watching the segment. Step 
4: both experimenter and participant rewatch the movie, with participants 
asked to indicate beginning and ending times of the individual segments.
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each and every time a conjunction word occurred. This approach, 
rather than a priori segmenting the movie, takes into account that the 
H[SHULHQFH�RI�WKH�PRYLH�PLJKW�EH�GL̆HUHQW�IRU�HDFK�SDUWLFLSDQW�

In order to extract measures for ongoing experience from participants’ 
retelling, we used a method inspired by the Day Reconstruction Method 
�.DKQHPDQ�HW�DO����������$IWHU�SDUWLFLSDQWV�KDG�¿QLVKHG�WKH�UHWHOOLQJ��
WKH\�ZHUH�¿UVW�DVNHG�WR�SURYLGH�DQ�RYHUDOO�HYDOXDWLRQ�RI�KRZ�WKH\�KDG�IHOW�
while watching the movie by rating their overall emotional valence and 
arousal on a 9-point scale, using the assessment procedure described 
by Bradley and Lang (1994) (for valence: 1 = negative, 5 = neutral, 9 = 
positive, for arousal: 1 = calm, 9 = aroused). These measures served as 
the overall evaluations from memory.

Next, the experimenter asked participants to rate each segment 
separately using the same assessment procedure, with the segments 
EHLQJ�GH¿QHG�RQ� WKH�EDVLV�RI� FRQMXQFWLRQ�ZRUGV� LQ� WKH�SDUWLFLSDQW¶V�
retellings. After this procedure, the experimenter rewatched the movie 
together with the participant. Participants were asked to indicate 
WKH�H[DFW�RQVHW�DQG�R̆VHW�WLPHV�IRU�HDFK�RI�WKH�VHJPHQWV�IURP�WKHLU�
retelling, using a time indicator provided on the screen. Combining 
WKH�LQGLYLGXDO�VHJPHQWV¶�RQVHW�DQG�R̆VHW�WLPHV�ZLWK�WKH�YDOHQFH�DQG�
DURXVDO� UDWLQJV� IRU� HDFK� VHJPHQW�� D� WHPSRUDO� SUR¿OH� RI� HPRWLRQDO�
valence and arousal during the experience was reconstructed (see 
)LJXUH� ������ 7KHVH� SUR¿OHV� VHUYHG� DV� D� UHSUHVHQWDWLRQ� RI� WKH� DFWXDO��
immediate experience.

Approximately 7 days later (M = 8.70; SD = 3.25), participants were 
invited back to the lab, to assess their overall evaluations at a second 
point in time. They were asked to provide overall evaluations of the 
movie again, using the same scales as mentioned above. Finally, 
participants were asked to indicate the most memorable moment of 
the movie and to rate this moment on valence and arousal.

4.2.4 Data analysis

From the reconstructed experience, we calculated the following 
parameters (see Table 4.2 for an operationalization scheme): for 
valence: peak, trough, end, an average of peak and end [peak-end 
valence], an average of trough and end [trough-end valence], valence 
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FIGURE 4.2 | Ý«iÀ�i�Vi�«À�w�iÃ�v�À���i�«>ÀÌ�V�«>�Ì����ÌiÀ�Ã��v�Û>�i�Vi�
and arousal (above), as well as the grand average over all participants 
Li��Ü®°� �Ìi�Ì�>Ì�Ì�i���`�Û�`Õ>��iÝ«iÀ�i�Vi�«À�w�iÃ]�ÃÕV��>Ã�Ì�i���i�
«ÀiÃi�Ìi`����Ì�i�Ì�«�w}ÕÀi]�Ã��Ü���}�iÀ�>�`���ÜiÀ�À>Ì��}Ã�v�À�L�Ì��Û>�i�Vi�
and arousal, but that these cancel out in the grand average. 
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TABLE 4.2 | Operationalization and descriptive statistics for the different 
valence and arousal measures

Variable Operationalization M (SD)

Per-segment valence ratings

Positive peak Most positive valence rating 7.300 (1.043)

Negative peak Most negative valence rating 2.400 (1.105)

End 6>�i�Vi�À>Ì��}�`ÕÀ��}�w�>��Ãi}�i�Ì 3.775 (1.847)

Peak-End Average of peak and end valence 5.538 (1.117)

Trough-End Average of trough and end 3.088 (1.270)

Average Average of valence ratings across 

segments

4.938 (0.819)

Variance Variance of valence ratings across 

segments

3.328 (2.522)

Slope (valence/second) Linear trend of valence ratings over 

segments

-0.003 (0.002)

Overall valence ratings

Immediate overall valence Scale 5.875 (1.418)

Later overall valence (one 

week later)

Scale 5.075 (2.080)

Per-segment arousal ratings

Peak Most intense arousal rating 6.875 (1.636)

End ƂÀ�ÕÃ>��À>Ì��}�`ÕÀ��}�w�>��Ãi}�i�Ì 5.075 (2.165)

Peak-End Average of peak and end arousal 5.975 (1.768)

Average Average of all arousal ratings 5.032 (1.524)

Variance Variance in all valence ratings 2.115 (1.429)

Slope (arousal/second) Linear trend of arousal ratings 0.002 (0.003)

Overall arousal ratings

Immediate overall arousal Scale 4.350 (2.095)

Later overall arousal (one 

week later)

Scale 5.675 (1.716)
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at the most memorable moment [MMM valence], average valence, 
valence variability and valence slope; for arousal: peak, end, an average 
of peak and end [peak-end arousal], arousal at the most memorable 
moment [MMM arousal], average arousal, arousal variability and 
arousal slope. As the method of segmentation did not deliver valence 
and arousal ratings in terms of single time points, but ratings that 
ZHUH�VPHDUHG�RXW�RYHU�D�IXOO�VHJPHQW��LW�ZDV�GL̇FXOW�WR�SRLQW�RXW�RQH�
moment in time from which peak latency and end-after-peak latency 
could be calculated. Peak latency and end-after-peak latency were 
therefore not included in the analysis.

3HU�SDUDPHWHU��DQ�RUGLQDU\�OHDVW�VTXDUHV�UHJUHVVLRQ�DQDO\VLV�ZDV�WKHQ�
performed in order to predict overall experience evaluations. Each 
parameter served as a predictor variable; the outcome variables were 
the overall evaluations of valence and arousal as measured directly 
after having seen the video [immediate remembered valence and 
immediate remembered arousal]. Separate regression analyses were 
used in a similar fashion, to predict overall evaluations of valence 
and arousal approximately 7 days later [later remembered valence 
and later remembered arousal] as outcome variables. To reduce the 
family-wise error rate, we used a Bonferroni correction in assessing 
WKH�VLJQL¿FDQFH�RI�WKH�GL̆HUHQW�UHJUHVVLRQ�PRGHOV��\LHOGLQJ�FULWHULD�IRU�
VLJQL¿FDQFH�RI�ĮFW� �������IRU�YDOHQFH�SUHGLFWRUV�DQG�ĮFW = 0.007 for 
DURXVDO�SUHGLFWRUV��EDVHG�RQ���DQG���RUGLQDU\�OHDVW�VTXDUHV�UHJUHVVLRQV�
in one family of tests, for valence and arousal, respectively). In order to 
FRPSDUH�WKH�SUHGLFWLYH�YDOXH�RI�WKH�GL̆HUHQW�SUHGLFWRUV��ZH�UHSRUW��IRU�
HDFK�UHJUHVVLRQ��WKH�VLJQL¿FDQFH��p-values) of the F-statistic and the 
FRḢFLHQW�RI�GHWHUPLQDWLRQ��R2-values).

4.3 Results

4.3.1 Ratings and segmentation

On average, participants segmented the movie into 11.03 segments 
(SD = 2.54; min = 7; max = 18). Across participants, segments had an 
average duration of 57.25 s (min = 1; max = 373). Descriptive statistics 
for all valence and arousal ratings are presented in Table 4.2. For the 
per-segment ratings, valence ranged from 1 to 9 and the average rating 
of all ratings across segments and participants was very close to the 
neutral score of 5 (M = 4.94; SD = 0.82). Per-segment arousal ratings 
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ranged from 1 to 9 and the average across segments and participants 
was moderately arousing (M = 5.04; SD = 1.52). Note that although the 
JUDQG�DYHUDJH� LQ�)LJXUH�����VKRZV�WKDW�H[SHULHQFH�SUR¿OHV�DYHUDJHG�
across participants yield moderate valence and arousal ratings, the 
H[SHULHQFH�SUR¿OHV�RI�LQGLYLGXDO�SDUWLFLSDQWV�VKRZ�YDOHQFH�DQG�DURXVDO�
UDWLQJV�ZLWK�VXEVWDQWLDO�GHÀHFWLRQV�IURP�WKH�QHXWUDO�YDOHQFH�DQG�DURXVDO�
SRLQWV��7KHVH�GHÀHFWLRQV�FDQFHO�RXW�LQ�WKH�PHDQ�H[SHULHQFH�SUR¿OH�GXH�
to the process of averaging, which underlines the individual nature of 
experiences. Remembered valence immediately after watching the VR 
movie was mildly positive (M = 5.88; SD = 1.42), but approximately 1 
week later this dropped back to neutral levels (M = 5.08; SD = 2.08). 
7KH� GL̆HUHQFH� ZDV� VLJQL¿FDQW� �t39 = 3.035; p = 0.004). Somewhat 
surprisingly, immediately remembered arousal was lower (M = 4.35; 
SD = 2.09) than remembered arousal approximately 1 week later  
(M = 5.68; SD� ��������7KLV�GL̆HUHQFH�SURYHG�WR�EH�VLJQL¿FDQW�DV�ZHOO�
(t39� �í�������p < 0.001). As such, immediately remembered valence 
and arousal and later remembered valence and arousal prove to be 
GL̆HUHQW�IURP�HDFK�RWKHU��\HW�LQ�GL̆HUHQW�GLUHFWLRQV�

4.3.2 Analyses on emotional valence

Results from the regression analyses for valence are presented in 
7DEOH������7KH�DQDO\VHV�LQGLFDWH�WKDW�WKH�H̆HFWV�DUH�RI�VXEVWDQWLDO�VL]H�
with R2-values ranging from 0.23 to 0.46. The results further show 
WKDW� LPPHGLDWH� RYHUDOO� YDOHQFH� FDQ� EH� VLJQL¿FDQWO\� SUHGLFWHG� IURP�
peak valence, average valence and valence variance. Peak valence 
was the best predictor, as it accounted for 41.9% of the variance in 
immediate overall valence, whereas average valence and variance of 
valence predict only 29.3 and 23.8%, respectively. Trough, end, peak-
HQG��WURXJK�HQG��000�DQG�VORSH�ZHUH�QRW�VLJQL¿FDQW�

For overall valence 1 week later, the results show that this can be 
VLJQL¿FDQWO\� SUHGLFWHG� IURP� SHDN� YDOHQFH�� SHDN�HQG� YDOHQFH��000�
valence and average valence. Average valence was the best predictor, 
as it accounted for 46.2% of the variance in later overall valence. This 
is higher than the variance accounted for by MMM valence (36.2%), 
peak valence (24.2%) and peak-end valence (29.1%). Trough, end, 
WURXJK�HQG�� YDULDQFH� DQG� VORSH� GR�QRW� VLJQL¿FDQWO\� DFFRXQW� IRU� DQ\�
variance in overall valence as measured 1 week later. 
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We also analyzed whether both direct and remembered valence could 
be predicted by arousal predictors (peak arousal, end arousal, peak-end 
arousal, MMM arousal, average arousal, arousal variance and arousal 
slope). As presented in Table 4.4, the results show that neither direct 
remembered valence nor later remembered valance can be predicted 
from emotional arousal parameters.

Predictor Outcome: Direct overall valence Outcome: Later overall valence

R2 F p R2 F p

Peak 0.419 27.435 <.001 0.242 12.115 .001

Trough 0.006 0.220 .641 0.051 2.027 .163

End 0.000 0.005 .946 0.136 5.968 .019

P-end 0.099 4.153 .049 0.291 15.576 <.001

T-end 0.001 0.026 .874 0.134 5.877 .020

MMM 0.043 1.631 .210 0.362 20.430 <.001

Average 0.293 15.770 <.001 0.462 32.673 <.001

Variance 0.238 11.897 .001 0.027 1.071 .307

Slope 0.000 0.012 .913 0.049 1.937 .172

TABLE 4.3 | Results of linear regression analyses for valence

Predictor Outcome: Direct overall valence Outcome: Later overall valence

R2 F p R2 F p

Peak 0.091 3.821 .058 0.002 0.069 .794

End 0.098 4.148 .049 0.016 0.624 .434

P-end 0.110 4.679 .037 0.009 0.361 .551

MMM 0.003 0.121 .730 0.000 0.003 .958

Average 0.079 3.256 .079 0.001 0.037 .848

Variance 0.076 3.123 .085 0.009 0.338 .564

Slope 0.012 0.448 .507 0.008 0.289 .594

TABLE 4.4 | Results of linear regression analyses for valence with arousal 
predictors

Note. �Õi�Ì��>�	��viÀÀ����V�ÀÀiVÌ���]�Į��Ã�ÃiÌ�>Ì�ä°ääÈ°�-�}��wV>�Ì�«Ài`�VÌ�ÀÃ�>Ài��>À�i`����grey.

Note. �Õi�Ì��>�	��viÀÀ����V�ÀÀiVÌ���]�Į is set at 0.007.
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4.3.3 Analyses on emotional arousal

Results from the regression analyses for arousal are presented in Table 
�����$JDLQ��WKH�DQDO\VHV�LQGLFDWH�WKDW�WKH�H̆HFWV�DUH�RI�VXEVWDQWLDO�VL]H�
with R2-values ranging from 0.21 to 0.47. It can be seen that peak 
arousal, end arousal, peak-end arousal, MMM arousal and average 
DURXVDO� VLJQL¿FDQWO\� SUHGLFW� LPPHGLDWH� RYHUDOO� DURXVDO��:LWK� ������
of the variance accounted for, average arousal was the best predictor, 
followed by MMM accounting for 41.0% variance in immediate overall 
arousal. Peak, end and peak-end only explained 21.6%, 24.2% and 
������� UHVSHFWLYHO\�� ,PPHGLDWH�RYHUDOO� DURXVDO�ZDV�QRW� VLJQL¿FDQWO\�
predicted by variance of arousal and arousal slope.

With regards to arousal as measured 1 week later, the results also 
suggest that peak arousal, end arousal, peak-end arousal, MMM 
DURXVDO�DQG�DYHUDJH�DURXVDO�VLJQL¿FDQWO\�SUHGLFW�ODWHU�RYHUDOO�DURXVDO��
Again, average arousal is the best predictor, accounting for 44.3% of 
the variance in later overall arousal. Note, however, that the explained 
portions of variance for peak arousal (43.6%) and peak-end arousal 
(44.2%) are fairly close to that of average arousal. End arousal and 
MMM arousal explain 34.7% and 27.1% of variance in later overall 
arousal, respectively. Variance of arousal and arousal slope did not 
VLJQL¿FDQWO\�SUHGLFW�ODWHU�RYHUDOO�DURXVDO�

Predictor Outcome: Direct overall valence Outcome: Later overall valence

R2 F p R2 F p

Peak 0.216 10.439 .003 0.436 29.384 <.001

End 0.242 12.129 .001 0.347 20.196 <.001

P-end 0.265 13.692 .001 0.442 30.117 <.001

MMM 0.410 25.041 <.001 0.271 13.352 .001

Average 0.472 33.941 <.001 0.443 30.170 <.001

Variance 0.045 1.809 .187 0.078 3.211 .081

Slope 0.002 0.076 .784 0.010 0.387 .537

TABLE 4.5 | Results of linear regression analyses for arousal

Note. �Õi�Ì��>�	��viÀÀ����V�ÀÀiVÌ���]�Į��Ã�ÃiÌ�>Ì�ä°ääÇ°�-�}��wV>�Ì�«Ài`�VÌ�ÀÃ�>Ài��>À�i`����grey.
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We also analyzed whether both direct and remembered arousal could 
be predicted by valence predictors (peak valence, trough valence, 
peak-end valence, trough-end valence, end valence, MMM valence, 
average valence, valence variance and valence slope). As presented 
in Table 4.6, the results show that direct remembered arousal can be 
VLJQL¿FDQWO\�SUHGLFWHG� IURP�WURXJK�YDOHQFH�� WURXJK�HQG�YDOHQFH�DQG�
valence variance. Trough valence is the best predictor, accounting 
for 24% of the variance in direct overall arousal, followed by trough-
end valence (21%) and valence variance (18.7%). Later remembered 
arousal, however, could not be predicted from emotional valence 
parameters.

4.4 Discussion

This study assessed the robustness of the PE-rule in relating immediate 
H[SHULHQFH�WR�UHPHPEHUHG�H[SHULHQFH��6SHFL¿FDOO\��ZH�DGGUHVVHG�WKH�
robustness of the PE-rule 1) for ecologically more valid, heterogeneous 
experiences and 2) for predicting not only immediately remembered, 
but also later remembered experience (here 1 week later). In addition, we 
explored the predictive power of parameters of immediate experience 
other than peak, end and an average of peak and end valence, namely: 

Predictor Outcome: Direct overall valence Outcome: Later overall valence

R2 F p R2 F p

Peak 0.037 1.454 .235 0.098 4.150 .049

Trough 0.240 12.023 .001 0.138 6.102 .018

End 0.111 0.087 .036 0.084 3.464 .070

P-end 0.035 1.386 .246 0.009 0.339 .564

T-end 0.210 10.122 .003 0.140 6.197 .017

MMM 0.134 5.550 .024 0.003 0.108 .744

Average 0.045 1.809 .187 0.001 0.036 .851

Variance 0.187 8.768 .005 0.128 5.594 .023

Slope 0.039 1.549 .221 0.049 1.976 .168

TABLE 4.6 | Results of linear regression analyses for arousal with valence 
predictors

Note. �Õi�Ì��>�	��viÀÀ����V�ÀÀiVÌ���]�Į��Ã�ÃiÌ�>Ì�ä°ääÈ°�-�}��wV>�Ì�«Ài`�VÌ�ÀÃ�>Ài��>À�i`����grey.
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peak arousal, end arousal, peak-end arousal, trough valence, trough-
end valence, average valence and arousal, valence and arousal at the 
most memorable moment, valence and arousal variance and valence 
and arousal slopes. Participants watched a virtual reality movie, after 
which they were asked to retell what they had just experienced in detail. 
From their reconstructed experience, the above-listed parameters 
were then used to predict immediately and later remembered valence 
and arousal. Results indicate that immediately remembered overall 
valence and arousal are best predicted by peak emotional valence and 
by average emotional arousal, while remembered overall valence and 
arousal after 1 week are best predicted by average emotional valence 
and average emotional arousal. Thus, our results contrast with the 
predictions based on the PE-rule.

4.4.1 Average is a better predictor than peaks and ends

,Q� RXU� VWXG\�� DYHUDJH� D̆HFW� VHHPV� WR� EH� WKH� EHVW� SUHGLFWRU� IRU�
remembered overall valence and arousal. Only for immediately 
remembered overall valence, peak valence proves to be the strongest 
predictor. In all other cases, average valence and arousal prove to be 
the best predictor for overall evaluations of an experience. These data 
suggest that for emotionally rich, heterogeneous experiences, the PE-
rule is not the best measure for explaining the relationship between 
H[SHULHQFH�DQG�PHPRU\��7KLV�REVHUYDWLRQ�LV�LQ�OLQH�ZLWK�¿QGLQJV�IURP�
several other studies that evaluated more heterogeneous experiences 
�&RMXKDUHQFR�	�5\YNLQ��������.HPS�HW�DO���������0LURQ�6KDW]��������
Schneider et al., 2011; Seta et al., 2008). Together, the available 
evidence converges onto the notion that the PE-rule does not apply 
for more heterogeneous and ecologically valid experiences, such as the 
current VR experience, or the experiences that make up everyday life.

As said, however, the majority of extant studies, in which more 
homogeneous and/or negatively valenced (e.g., undergoing 
colonoscopy) experiences were studied (e.g., Ariely, 1998; Chajut et al., 
������5HGHOPHLHU�	�.DKQHPDQ��������KDYH�SURYLGHG�VXSSRUW�IRU�WKH�3(�
UXOH��7KLV�EHJV�WKH�TXHVWLRQ�RI�ZK\�WKH�UHODWLRQVKLS�EHWZHHQ�LPPHGLDWH�
H[SHULHQFH�DQG� UHPHPEHUHG�H[SHULHQFH� LV� VR�PDUNHGO\�GL̆HUHQW� IRU�
emotionally homogeneous versus emotionally richer, heterogeneous 
experiences. A possible answer may be that more complex experiences 
are not easily captured by focusing only on two selected moments of 
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the experience (the peak and the end), because there are many more 
moments that contribute to the overall remembered experience. 
Another possibility may be that peak and end measures work well 
when only positive or negative valence is experienced, but that this 
relationship gets disrupted when both positive and negative emotions 
are induced during the experience, yielding both peaks and troughs 
LQ�HPRWLRQDO�YDOHQFH��$V�RXU�GDWD�GR�QRW�GL̆HUHQWLDWH�EHWZHHQ�WKHVH�
alternatives, this issue may be addressed in future work.

4.4.2 The PE-rule loses its predictive power over time

$QRWKHU�¿QGLQJ�LV�WKDW�SHDN�YDOHQFH�EHVW�SUHGLFWV�LPPHGLDWH�RYHUDOO�
valence, but not later overall valence (measured 1 week later). We 
observed that instead of peak valence, average valence is a better 
predictor for later overall valence. In fact, average valence more 
strongly predicts later remembered valence than immediately 
remembered valence (46.2% versus 29.3%, respectively). Moreover, 
average arousal showed to be the best predictor both for immediate and 
for later overall arousal. These data suggest that the PE-rule loses its 
predictive power when time elapses away from the actual experience. 
2XU�GDWD�DUH� LQ� OLQH�ZLWK�¿QGLQJV� IURP�*HQJ�HW�DO�� ��������DOWKRXJK�
these authors report the PE-rule to lose its predictive power between 
3 and 7 weeks after the experience. However, in the study of Geng et 
al. (2013) experiences consisted of holiday breaks extending over one 
WR�VHYHUDO�ZHHNV��VR�WKH�GL̆HUHQFH�LQ�WLPH�IUDPH�RI�WKH�H[SHULHQFH�PD\�
KDYH�KDG�DQ�LQÀXHQFH�RQ�WKH�HVWLPDWHG�WLPH�IUDPH�IRU�WKH�3(�UXOH�WR�
hold. Apart from those details, however, the evidence suggests that 
the predictive power of peaks and ends is relatively short-lived, which 
limits the value of the PE-rule in many practical situations.

4.4.3 Emotional arousal versus emotional valence

7KLV�VWXG\�LV�WKH�¿UVW�3(�VWXG\�WR�LQFOXGH�HPRWLRQDO�DURXVDO�EHVLGHV�
HPRWLRQDO�YDOHQFH��)LQGLQJV�VKRZ�WKDW�DURXVDO�ZDV�QRW�RQO\�GL̆HUHQW�
IURP� YDOHQFH� ZLWK� UHJDUGV� WR� LWV� VLJQL¿FDQW� SUHGLFWRUV� IRU� RYHUDOO�
HYDOXDWLRQV��IRU�DURXVDO��WKH�3(�UHODWHG�SUHGLFWRUV�ZHUH�DOO�VLJQL¿FDQW��
whereas for valence, only peak and peak-end were observed to be 
VLJQL¿FDQW� SUHGLFWRUV��� ,Q� DGGLWLRQ�� HPRWLRQDO� DURXVDO� ZDV� PRUH�
persistent in its predictive value over time than emotional valence. Also, 
in cross-dimensional analyses, it was shown that arousal parameters 
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GR� QRW� VLJQL¿FDQWO\� SUHGLFW� LPPHGLDWHO\� DQG� ODWHU� UHPHPEHUHG�
valence. However, a selective amount of valence parameters do 
VLJQL¿FDQWO\� SUHGLFW� LPPHGLDWHO\� UHPHPEHUHG� DURXVDO� �L�H��� WURXJK�
valence, trough-end valence and valence variance). In our data, later 
remembered arousal cannot not predicted by valence parameters. 
([DFWO\�KRZ�YDOHQFH�DQG�DURXVDO�GL̆HUHQWO\�D̆HFW�WKH�PHPRU\�WUDFH�RI�
an experience remains to be studied more systematically, but our data 
show at the very least that emotional arousal is a factor that should 
EH�HQWHUHG�LQWR�WKH�HTXDWLRQ�ZKHQ�VWXG\LQJ�WKH�UHODWLRQVKLS�EHWZHHQ�
experience and memory.

4.4.4 Further considerations

In this study, we invoked a more heterogeneous experience through 
the use of a VR movie that evokes a succession of both positive and 
negative emotions. This study, however, did not directly compare 
this heterogeneous experience to the more homogeneous experiences 
from earlier studies on the PE-rule. A suggestion for further research 
could be to introduce a factor of homogeneity or heterogeneity 
as one of the experimental manipulations. Also, we attempted to 
create an ecologically more valid experience, while still maintaining 
experimental control through the use of a virtual reality environment. 
The reason for doing so was to induce an experience type that would 
lie closer to the experiences in everyday live. Although virtual reality 
can enhance such ecological validity in an experimental setting 
(Diemer et al., 2015; Parsons, 2015), virtual reality is still “virtual” and 
not “real” and as such we only approach ecological validity to some 
extent. Furthermore, the presentation of a movie is only one of the 
many experiences that can occur in everyday life, with a particular 
level of heterogeneity. Generalizing our results to the wide variety 
of experiences that make up everyday life is therefore a hazardous 
enterprise and studies that address the issue of ecological validity with 
a larger variety of experiences would therefore be very welcome.

One substantial limitation in our current work is that we make use 
of a retrospective method to collect information about ongoing 
experience. This retrospective approach was adopted to avoid the 
PHWKRGRORJLFDO� SUREOHPV� RI� H[SHULHQFH� VDPSOLQJ� WHFKQLTXHV��ZKLFK�
have been used in earlier studies (Ariely, 1998; Ariely & Zauberman, 
2000). Experience sampling has the disadvantage that the process 
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of measurement interferes with the process to be measured, i.e., that 
experience sampling at regular time intervals disrupts, or at least 
transforms the experience. However, a disadvantage of the currently 
used retrospective approach is that although the time between the 
actual experience and our surveying of the participants was kept 
to a strict minimum, our measure of ongoing experience was still 
reconstructed from retrospective data. This has several implications. 
$�¿UVW�LPSOLFDWLRQ�LV�WKDW��VWULFWO\�VSHDNLQJ��WKH�UHWURVSHFWLYH�DSSURDFK�
measures remembered experience instead of actual real-time lived 
experience. As the PE-rule is meant to describe relationships between 
experience and memory, it is not ideal to reconstruct ongoing experience 
measures from memory itself. In our view, though, the approach in this 
chapter is the closest possible way to measuring self-reported, lived 
experience without disrupting the experience itself, as is the case with 
traditional experience sampling methods. Nonetheless, it is known 
WKDW� H[SHULHQFH� DQG�PHPRU\� DUH� TXLWH� GL̆HUHQW� LQ� QDWXUH� �VHH� H�J���
.DKQHPDQ�	�5LLV��������DQG�KHQFH�PD\�SUHGLFW�RYHUDOO�HYDOXDWLRQV�
GL̆HUHQWO\�� )XUWKHU� UHVHDUFK� WR� FRPSDUH� UHWURVSHFWLYH� DSSURDFKHV�
with real-time approaches to measure immediate experience is 
therefore much recommended. A second implication is that rather 
than extracting predictors from an ongoing, real-time measure of 
lived experience, predictors are now based on an experience that is 
VHJPHQWHG� LQWR� HSLVRGHV�� 7KH� UHVXOWLQJ� SUHGLFWRUV�PD\� EH� GL̆HUHQW�
from those that are based on real-time measures, because of the 
aggregation within segments of an episode. For example, it may be 
that actual valence varies within such a segment between positive and 
negative values, which is obscured when participants are asked to 
give a single rating for the whole segment. Another drawback of our 
VHJPHQWDWLRQ�SURFHGXUH�LV�WKDW�LW�UHTXLUHG�DGGLWLRQDO�SURFHVVLQJ�IURP�
WKH�SDUWLFLSDQWV��ZKLFK�PD\�D̆HFW�WKH�H̆HFW�RI�WLPH��LPPHGLDWH�RYHUDOO�
ratings versus 1 week-later overall ratings).

With the predictors currently used, the maximum proportion of 
variance in remembered overall evaluations lies between 40% and 
50%. Although this is rather substantial, this leaves us with around 
���� WR� ���� RI� XQH[SODLQHG� YDULDQFH�� 7KLV� UDLVHV� WKH� TXHVWLRQ� RI�
whether there are other experience proxies that might explain more 
variance, in addition to the currently used predictors. The vast majority 
of PE-studies makes use of emotional responses measured through 
self-report (either verbally, in print or through a response device). 

Chapter 4
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%H\RQG�WKH�¿HOG�RI�VHOI�UHSRUW�LV�D�ZKROH�¿HOG�RI�SV\FKRSK\VLRORJLFDO�
measurement, in which physiological measures such as heart rate, skin 
conductance or facial electromyography are thought to yield reliable 
LQGLFHV�RI�D̆HFWLYH�HQJDJHPHQW��H�J���%DVWLDDQVHQ�HW�DO���������.UHLELJ��
2010; Mauss & Robinson, 2009), without being as disruptive to the 
experience as using self-report. Recently, wearable measurement 
devices have been introduced that enable researchers to measure 
changes in physiology over time in truly ecologically valid settings, such 
DV�FLW\� WULSV�DQG�ZDONV��.LP�	�)HVHQPDLHU��������6KRYDO��6FKYLPHU��
& Tamir, 2018a). Further research could explore whether using such 
psychophysiological indices may further improve our understanding 
RI�WKH�UHODWLRQVKLS�EHWZHHQ�D̆HFW��H[SHULHQFH�DQG�PHPRU\�

4.5 Conclusion

In conclusion, we show that the predictive value of the PE-rule, which 
describes a possible relationship between experience and memory, is 
limited for experiences with a rich and heterogeneous nature that are 
closer to everyday life experiences compared to the experiences that 
have been used in previous studies. Furthermore, the PE-rule loses its 
power to predict the evaluation of an experience with time. Our results 
suggest that average experience may be a better predictor to describe 
the relationship between the emotions in our experiences and how they 
are remembered. Additionally, we show that measuring emotional 
arousal in addition to emotional valence may improve prediction of the 
PHPRU\�RI�DQ�H[SHULHQFH��$V�VXFK��LW�PD\�EH�EHQH¿FLDO�WR�LQFRUSRUDWH�
emotional arousal in further studies on emotional experiences and 
how they will be remembered.

Peak-and-end for complex, heterogeneous experiences
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5
ABSTRACT | Emotions are a key component of tourism 
experiences, as emotions make experiences more valued and 
more memorable. Peak-and-end theory states that overall 
experience evaluations are best predicted by the emotions 
DW� WKH�PRVW� LQWHQVH� DQG� ¿QDO�PRPHQWV� RI� DQ� H[SHULHQFH��
This theory has mostly been studied for relatively simple 
experiences. However, recent insights suggest that peak-
and-end theory does not necessarily hold for tourism 
experiences, which tend to be more heterogeneous and 
multi-episodic in nature. Through the novel approach of 
using electrophysiological measures in combination with 
experience reconstruction, the applicability of the peak-and-
HQG�WKHRU\�WR�WKH�¿HOG�RI�WRXULVP�LV�DGGUHVVHG�E\�VWXG\LQJ�
a musical theatre show in a theme park resort. Findings 
indicate that for a multi-episodic tourism experience, 

When the parts of the sum 
are greater than the whole: 
Assessing peak-and-end theory 
for a heterogeneous, multi-
episodic tourism experience1

1 7KLV� FKDSWHU� LV� D� VOLJKWO\�PRGL¿HG� YHUVLRQ� RI� D� SDSHU�ZLWK� LGHQWLFDO� WLWOH� E\� 6WULMERVFK� HW�
al. (2021b) which has been published in Journal of Destination Marketing & Management, 
volume 10.
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hypotheses from the peak-and-end theory are rejected for 
the experience as a whole, but supported for individual 
episodes within the experience. Furthermore, it is shown 
that electrophysiology sheds a new light on the temporal 
dynamics of experience. �

5.1 Introduction

Experience is one of the most important and prevalent concepts 
LQ� WKH�¿HOG�RI� WUDYHO�DQG�WRXULVP��6FRWW��*DR��HW�DO����������1RW�RQO\�
GRHV� H[SHULHQFH� LQIRUP� GH¿QLWLRQV� RI� WRXULVP� DQG� OHLVXUH� �.HOO\� 	�
Godbey, 1992), also, experiences are considered to be the core product 
of the tourism industries (Mommaas, 2000). Tourism suppliers are 
WKHUHIRUH�¿HUFHO\� FRPSHWLQJ� RQ�SURYLGLQJ� WRXULVWV�ZLWK�KLJK�TXDOLW\�
experiences. There are various perspectives on what elements make for 
an optimal experience, ranging from lived experience elements such as 
immersion, absorption and engagement (Ellis et al., 2019) to overall 
experience impacts of transformation and meaningfulness (Boswijk 
et al., 2007; Duerden et al., 2018). Numerous tourism scholars adopt 
the perspective that experiences are most optimal when they are 
memorable, because only when experiences are memorable they can 
EH�UHPHPEHUHG�DQG�DFFHVVHG�LQ�WKH�IXWXUH�LQ�WKH�¿UVW�SODFH��.DKQHPDQ�
& Riis, 2005; Zajchowski, Schwab, & Dustin, 2017). Several accounts 
in the tourism literature have suggested that the memorability of an 
experience is largely determined by the extent to which emotions are 
WULJJHUHG�GXULQJ�WKDW�H[SHULHQFH��%DVWLDDQVHQ�HW�DO���������'HO�%RVTXH�
	�6DQ�0DUWtQ���������7KLV�LV�LQ�OLQH�ZLWK�JHQHUDO�SV\FKRORJLFDO�WKHRULHV�
of episodic memory, which propose that emotions have memory-
HQKDQFLQJ�SURSHUWLHV��.HQVLQJHU��������.HQVLQJHU�	�6FKDFWHU���������
,Q�DGGLWLRQ��HPRWLRQV�DUH�NQRZQ�WR�VLJQL¿FDQWO\�LQFUHDVH�WKH�SHUFHLYHG�
value of an experience (Bigné, Andreu, & Gnoth, 2005; González-
5RGUtJXH]�� 'RPtQJXH]�4XLQWHUR�� 	� 3DGGLVRQ�� ������ DV� ZHOO� DV� WKH�
intent to revisit and recommend (Lee, 2015). For tourism providers, 
customer or visitor emotions thus form a crucial ingredient in both 
the memorability, evaluation and appreciation of their experience 
products. As such, over the last decade, the study of emotions has 
become a hot topic in tourism research (Hosany, Martin, & Woodside, 
2020; Joo, Cho, Woosnam, & Suess, 2020; Volo, 2021).

Chapter 5
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In addition to acknowledging the relationship between emotions and 
the memorability of an experience, it is just as important to understand 
how these emotions relate to its evaluation and appreciation (Stienmetz 
HW�DO����������2QH�LQÀXHQWLDO�DFFRXQW�IRU�WKLV�LV�R̆HUHG�E\�WKH�SHDN�DQG�
HQG�WKHRU\��KHQFHIRUWK��3(�WKHRU\���)UHGULFNVRQ�	�.DKQHPDQ���������
The PE-theory states that the evaluation of an experience is determined 
by the emotions associated with the most intense moment and with the 
¿QDO�PRPHQW�RI�DQ�H[SHULHQFH��)UHGULFNVRQ�	�.DKQHPDQ���������7KH�
PE-theory has proved to be a robust heuristic to close the gap between 
experience and memory (Fredrickson, 2000). Recent studies, however, 
suggest that the PE-theory does not necessarily hold for experiences 
that are emotionally more rich and varied (Cojuharenco & Ryvkin, 
2008), or which consist of multiple experiential episodes (Miron-Shatz, 
2009; Strijbosch et al., 2019). Arguably, emotional heterogeneity and 
a multi-episodic nature are some of the core characteristics of tourism 
experiences (Hammitt, 1980; Mitas et al., 2012; Nawijn et al., 2012). 
Work on the PE-theory in a tourism context, however, is rather limited 
to date (Bastiaansen, Oosterholt, et al., 2020; Chark et al., 2020; Geng 
HW�DO���������.HPS�HW�DO���������.LP�	�.LP��������/L��������3DUN�HW�DO���
2018), which hampers generalizations of the PE-theory to experiences 
LQ�WKH�¿HOG�RI�WRXULVP��)XUWKHUPRUH��PRVW�RI�WKH�ZRUN�RQ�WKH�3(�WKHRU\�
employs experience sampling methods to measure lived experience 
(i.e., methods which employ immediate, real-time self-reported 
measures of lived experience as it is taking place (e.g., Hektner et al., 
2007)), or retrospective approaches to reconstruct experience from 
memory. This may be problematic, as experience sampling methods 
disrupt the experience itself and experience reconstruction methods 
make use of memory rather than lived experience. Lived experience 
DQG�PHPRU\�KDYH�IUHTXHQWO\�EHHQ�IRXQG�WR�EH�GL̆HUHQW�IURP�RQH�DQG�
DQRWKHU��.DKQHPDQ�	�5LLV���������$SSURDFKHV�WKDW�UHFRQVWUXFW�OLYHG�
H[SHULHQFH�IURP�PHPRU\�PD\�WKXV�QHJDWLYHO\�D̆HFW�WKH�YDOLGLW\�DQG�
reliability of the measures used (Larsen & Fredrickson, 1999). This 
chapter tests the PE-theory using state-of-the-art electrophysiological 
WHFKQLTXHV� WR� QRQ�GLVUXSWLYHO\� PHDVXUH� UHDO�WLPH� HPRWLRQV� LQ� WKH�
lived experience of a highly visited tourism setting: a large musical 
theatre show in a theme park resort in northwestern Europe that is 
oriented towards attracting an international audience.

Peak-and-end for heterogeneous, multi-episodic experiences
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As noted by Scott and Le (2017) in their review on tourism experience, 
WRXULVP�H[SHULHQFH�LV�JHQHUDOO\�DSSURDFKHG�E\�WZR�GL̆HUHQW�WHPSRUDO�
units of analyses: 1) the trip or vacation as a whole and 2) individual 
activities that are part of a larger trip or vacation. The present case 
serves as a representation of the latter category, as the musical theatre 
show in this study is generally part of a larger trip to the theme park 
resort. Much like in the present case, grand musical theatre shows and 
other large scale forms of stage entertainment are important assets 
of renowned international tourism destinations, such as major theme 
park areas (Greater Orlando), city districts (West-End in London, 
Broadway in New York City) or entire cities, such as Las Vegas and 
Macau (Moss, 2010). The musical theatre show in the present study 
runs in a theme park resort which attracts an international audience that 
often stays overnight in the theme park resort’s own lodging facilities 
(i.e., two hotels and two holiday villages). Although the musical theatre 
show is performed in a theatre located within the boundaries of the 
WKHPH�SDUN��DGGLWLRQDO�WLFNHWV�DUH�UHTXLUHG�IRU�DWWHQGLQJ�WKH�VKRZ��,W�
LV�WKXV�R̆HUHG�DV�D�VXSSOHPHQWDU\�DWWUDFWLRQ�LQ�DGGLWLRQ�WR�WKH�UHVRUW¶V�
main attraction (the theme park), targeted towards both visitors that 
stay at the resort’s lodging facilities (i.e., visitors mainly from the 
1HWKHUODQGV��*HUPDQ\��%HOJLXP��)UDQFH�RU�WKH�8QLWHG�.LQJGRP��DQG�
to visitors who visit the theme park resort in the context of a day-trip. 
Importantly, as part of the resort destination’s strategy to increase 
the number of international visitors, the show is completely language 
free (see section 5.2.2 for a detailed description of the contents of the 
show). Therefore, it is argued that this large scale musical theatre show 
provides a suitable case to study the workings of the PE-theory in the 
context of an internationally-oriented resort destination. Of course, 
attending the musical theatre show only provides the experience 
of a single activity alone in the context of a more complex and 
encompassing destination experience. In the end, however, the overall 
destination experience is formed by uniting together the experiences 
of its individual components (Cetin & Bilgihan, 2016). Understanding 
the experience of a destination’s individual components is therefore 
just as important as understanding the overall destination experience 
DV� D� ZKROH�� )XUWKHUPRUH�� IRU� DGHTXDWHO\� VWXG\LQJ� WKH� PHFKDQLVPV�
RI�WKH�3(�WKHRU\�LQ�D�¿HOG�VHWWLQJ��WKLV�OLPLWDWLRQ�LV�DFWXDOO\�D�VWURQJ�
point of the present resarch design as it contributes to the ecological 
YDOLGLW\�RI�WKH�¿QGLQJV�FRQFHUQLQJ�WKLV�VSHFL¿F�HOHPHQW�RI�D�GHVWLQDWLRQ�
experience.

Chapter 5
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5.1.1 The PE-theory in tourism and leisure experiences

The PE-theory dates back to an experiment conducted by Fredrickson 
DQG�.DKQHPDQ���������ZKHUH�WKH\�VWXGLHG�WKH�HPRWLRQDO�H[SHULHQFH�
of participants in the lab who watched short, plotless movie clips 
that were either positively or negatively valenced. Participants were 
DVNHG� WR� FRQWLQXRXVO\� LQGLFDWH� WKHLU� D̆HFWLYH� H[SHULHQFH� E\�PRYLQJ�
a slider on a scale that went from “very negative feelings” to “very 
positive feelings”. They found that participants’ overall evaluations of 
the movie clips were predicted best by the most extreme rating given 
GXULQJ� WKH�FOLSV� >SHDN@��DV�ZHOO� DV� WKH� UDWLQJV�JLYHQ�GXULQJ� WKH�¿QDO�
moments of the clips [end]. Also, a weighted average of peak and 
HQG� >SHDN�HQG@� ZDV� DEOH� WR� VLJQL¿FDQWO\� SUHGLFW� RYHUDOO� HYDOXDWLRQV�
of the movie clips. These results led to the formulation of the PE-
theory, which in turn incited a cascade of follow-up studies to assess 
the robustness of the PE-theory for various other experiences. Many 
of these studies were based on evoking feelings of pain in laboratory 
settings, such as hearing annoying sounds, submerging one’s hand in 
LFH�ZDWHU��RU�KROGLQJ�RQH¶V�¿QJHU�LQ�D�FORVLQJ�YLVH��$ULHO\��������$ULHO\�
	�=DXEHUPDQ��������.DKQHPDQ�HW�DO���������6FKUHLEHU�	�.DKQHPDQ��
2000). Clinical experiences have also been extensively studied from 
a PE-theory perspective (Ariely & Carmon, 2000; Chajut et al., 2013; 
5HGHOPHLHU�	�.DKQHPDQ��������5HGHOPHLHU�HW�DO����������)URP�WKHVH�
studies, the PE-theory has been found to be a robust mechanism in 
explaining overall evaluations from properties of the lived experience 
(Fredrickson, 2000).

The tourism literature, too, has a history of studying peaks and ends 
during experiences (Mitas et al., 2012; Nawijn, 2010; Nawijn et al., 
2010; Nawijn et al., 2012). In these studies, however, peaks and ends 
KDYH�PRVWO\�EHHQ�VWXGLHG�WR�HYDOXDWH� WKH�HPRWLRQDO�HEE�DQG�ÀRZ�RI�
vacation experiences, without necessarily relating them to overall 
experience evaluations. It is only recently that the PE-theory, which 
exactly aims at studying the relationship between experience and 
RYHUDOO�HYDOXDWLRQV��KDV�DOVR�EHHQ�DSSOLHG�WR�WKH�¿HOG�RI�WRXULVP�DQG�
leisure. Most of the PE-studies on tourism have been conducted in the 
FRQWH[W�RI�YDFDWLRQV��&KDUN�HW�DO���������*HQJ�HW�DO���������.HPS�HW�DO���
������.LP�	�.LP��������3DUN�HW�DO����������&RQWH[WV�RI�OHLVXUH�LQFOXGH�
watching videos (Baumgartner et al., 1997; Li et al., 2019; Müller, 
Witteman, Spijker, & Alpers, 2019), listening to music (Rozin et al., 
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2004; Schäfer et al., 2014), playing games (Gutwin et al., 2016), riding 
a roller coaster (Bastiaansen, Oosterholt, et al., 2020) and engaging 
with virtual reality (Strijbosch et al., 2019). Yet, although the PE-theory 
has been corroborated by some of these studies (Baumgartner et al., 
������.LP�	�.LP��������0�OOHU�HW�DO���������3DUN�HW�DO���������5R]LQ�
et al., 2004), just as many studies report that peaks and ends are not 
always the best predictors of overall evaluations of tourism and leisure 
experiences (Bastiaansen, Oosterholt, et al., 2020; Chark et al., 2020; 
*HQJ�HW�DO���������*XWZLQ�HW�DO���������.HPS�HW�DO���������/L��������/L�
et al., 2019; Schäfer et al., 2014; Strijbosch et al., 2019). How emotions 
in tourism and leisure experience relate to relevant outcome variables 
is therefore not necessarily best accounted for by the PE-theory.

:H� VXJJHVW� WZR� GL̆HUHQW� \HW� UHODWHG� H[SODQDWLRQV� IRU� ZK\� WKH� 3(�
theory has had limited predictive value in studies on tourism and 
leisure experiences. First, the PE-theory has predominantly been 
FRQ¿UPHG�LQ�FRQWH[WV�WKDW�\LHOG�VKRUW�DQG�XQLIRUP�H[SHULHQFHV��ZKLFK�
cannot straightforwardly be extrapolated to experiences in the context 
of tourism, which are emotionally richer and more multidimensional in 
nature (also referred to as heterogeneity). Second, tourism and leisure 
experiences mostly consist of multiple phases, or episodes. The multi-
episodic nature of these experiences has not been taken into account 
during the development of the PE-theory or in most of its previous 
DVVHVVPHQWV��EXW�DUJXDEO\�OHDGV�WR�GL̆HUHQW�HYDOXDWLRQ�SURFHGXUHV�RQ�
the one hand and to even further heterogeneity of the experience on 
the other. Below, these issues are elaborated on in some detail.

5.1.1.1 The heterogenic and multi-episodic nature of tourism 
experiences

As mentioned above, the studies that initially led to the formulation of 
the PE-theory and the ensuing studies that corroborated it, have used 
empirical paradigms that induce relatively short, uniform experiences. 
Studies on leisure experiences that share these characteristics, such as 
watching short video clips (Baumgartner et al., 1997; Müller et al., 2019) 
and listening to music (Rozin et al., 2004), have also found support 
for the PE-theory. Yet, as most tourism and leisure experiences are 
FKDUDFWHULVWLF�IRU�WKHLU�HPRWLRQDO�KHWHURJHQHLW\��&ODZVRQ�	�.QHWVFK��
������+DPPLWW��������6WHZDUW���������LW�LV�D�TXHVWLRQ�ZKHWKHU�WKH�3(�
theory holds for all tourism and leisure experiences.

Chapter 5
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In a meta-analysis on the PE-theory, Cojuharenco and Ryvkin (2008) 
suggest that for richer and more heterogeneous experiences, emotions 
at the peak and end moments are often highly correlated with the 
average of all emotional responses during the experience. In such 
cases, the average of all emotional responses might therefore be just 
as good a predictor of the overall evaluation of the experience as 
traditional peak-and-end predictors (Cojuharenco & Ryvkin, 2008). 
In some cases the average of emotional responses is even found to be 
a better predictor than peaks and ends (Chark et al., 2020; Li, 2020; 
Li et al., 2019; Miron-Shatz, 2009; Schneider et al., 2011; Seta et al., 
2008; Strijbosch et al., 2019).

In addition to the experiential heterogeneity, the multiphasic or 
multi-episodic nature of most tourism experiences might also limit 
the applicability of the PE-theory. Arguably, tourism and leisure 
experiences consist of various experiential episodes (Bastiaansen et 
al., 2019), that may vary in duration from a chorus of only seconds 
in an audio track, to scenes of a couple of minutes in a movie or a 
theatre play, or the individual rides and attractions in a full day visit to 
a theme park. Ariely and Zauberman (2000) suggest that “once such [a 
multi-episode] experience is over, its representation [in memory] no 
ORQJHU�FRQWDLQV�LWV�SDWWHUQ�EXW�UDWKHU�RQO\�LWV�RYHUDOO�HYDOXDWLRQ��«���
In addition, [they] argue that the evaluation of multiple episodes relies 
on their overall evaluations but not on the hedonic [temporal emotion] 
SUR¿OH�RI�WKRVH�RYHUDOO�LQWHQVLWLHV�´��S��������,W�LV�VXJJHVWHG��WKHQ��WKDW�
the best predictor for the overall evaluation of the experience as a 
whole consists of the average of the emotion ratings for all individual 
episodes (henceforth: average emotion rating). This is supported by 
VWXGLHV� ZKHUH� H[SHULHQFH� LV� PHDVXUHG� RYHU� VHTXHQFHV� RI� DYHUVLYH�
sounds (Ariely & Zauberman, 2000), over a virtual reality experience 
ZLWK�GL̆HUHQW�VFHQHV��6WULMERVFK�HW�DO����������DV�ZHOO�DV�RYHU�HQWLUH�GD\V�
¿OOHG�ZLWK�DFWLYLWLHV��0LURQ�6KDW]���������,W�LV�DOVR�LQ�OLQH�ZLWK�UHVXOWV�
that suggest average emotion rating as a better predictor than peaks 
and ends, as mentioned previously. It seems unlikely, though, that all 
HSLVRGHV� LQ� DQ� H[SHULHQFH� DUH� JLYHQ� HTXDO�ZHLJKW� LQ� FRPSXWLQJ� WKLV�
average emotion rating. Imagine you visit a pop festival for 12 hours, 
where in the evening your absolute idol will perform as a headliner for 
2 full hours. Does the value of this 2-hour headliner performance then 
get a similar weight as the other 10 hours of the festival experience, or 
is the headliner given more weight in computing the average emotion 
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rating for that festival experience? Also, it remains unstudied whether 
the PE-theory still holds for the individual episodes in an experience, 
regardless of its limitations for the multi-episode as a whole. Finally, 
one could argue that with an increase in episodes, heterogeneity will 
DOVR�ULVH��ZKLFK�RQ�LWV�WXUQ�PLJKW�DOVR�D̆HFW�WKH�ZRUNLQJV�RI�WKH�3(�
theory.

5.1.2 Measuring heterogeneous and multi-episodic tourism 
experiences

5.1.2.1 Traditional approaches to measuring tourism experiences

As mentioned above, the heterogeneous and multi-episodic nature 
RI�WRXULVP�H[SHULHQFHV�EHJV�WKH�TXHVWLRQ�RI�KRZ�WKH�OLYHG�H[SHULHQFH�
GXULQJ� HDFK� RI� WKH� GL̆HUHQW� HSLVRGHV� FRQWULEXWHV� WR� WKH� RYHUDOO�
HYDOXDWLRQ� RI� WKH� H[SHULHQFH� DV� D�ZKROH�� (PSLULFDOO\�� LQ� WKH� ¿HOG� RI�
WRXULVP�DQG�OHLVXUH�VWXGLHV�WKLV�KDV�EHHQ�DSSURDFKHG�LQ�WKUHH�GL̆HUHQW�
ways: 1) by manipulating the contents of the experience and measuring 
the experience outcomes; 2) by retrospectively reconstructing lived 
experience and 3) by using immediate, real-time measures of lived 
experience.

7KH� ¿UVW� HPSLULFDO� DSSURDFK� WR� PXOWL�HSLVRGLF� WRXULVP� DQG� OHLVXUH�
experiences entails using an experimental design in which experience 
LV� PDQLSXODWHG� RYHU� GL̆HUHQW� H[SHULPHQWDO� JURXSV� �*XWZLQ� HW� DO���
2016; Müller et al., 2019; Park et al., 2018). These studies do not 
include an ongoing measure of the emotions in an experience, but 
only measure overall evaluation variables which are then related to the 
experimental manipulation, rather than to extracted peaks and ends 
from the ongoing experience measure. Park et al. (2018), for example, 
manipulated the endings of guided tours. For the control group, the end 
of the guided tour was a simple bus ride back to the airport, but for the 
experimental group, this part was changed into a river tour. Müller et 
DO���������DOVR�PDQLSXODWHG�WKH�¿QDO�SDUWV�RI�WKH�H[SHULHQFH��RI�D�KRUURU�
PRYLH��DQG�*XWZLQ�HW�DO���������R̆HUHG�YDULRXV�JDPLQJ�H[SHULHQFHV�
with manipulated peaks and ends. All tourism and leisure studies that 
use an experimental study design have found that peaks and ends are 
indeed related to overall experience evaluations. This is in line with 
other PE-studies that employ an experimental study design outside the 
domain of tourism and leisure (Ariely, 1998; Ariely & Carmon, 2000; 
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$ULHO\�	�=DXEHUPDQ��������.DKQHPDQ�HW�DO���������5HGHOPHLHU�HW�DO���
2003). A limitation of this procedure, though, is that only a limited 
number of episodes within the experience can be manipulated to be 
able to interpret the results (in the works mentioned, only peaks or 
ends have been manipulated), rather than other parameters such as 
the average emotion rating.

A second empirical approach to multi-episodic tourism and leisure 
experiences is that of retrospectively reconstructing lived experience 
through what we term experience reconstruction methods (ERMs). 
ERMs make use of self-report to reconstruct experiences in two ways: 
participants are either asked to report on the full experience after it 
KDV�HQGHG��&KDUN�HW�DO���������.LP�	�.LP��������/L��������6WULMERVFK�
et al., 2019), or participants are asked to report on the aforegoing 
PRPHQWV��VXFK�DV�LQ�*HQJ�HW�DO���������DQG�.HPS�HW�DO����������ZKHUH�
vacationers are asked every evening to complete a brief, retrospective 
survey on their experience of the whole day. Some of the studies that 
employ a retrospective approach have found support for the PE-theory 
LQ�WRXULVP�H[SHULHQFHV��*HQJ�HW�DO���������.LP�	�.LP���������EXW�RWKHUV�
KDYH�FKDOOHQJHG�WKH�3(�WKHRU\�WKURXJK�¿QGLQJ�QRQ�VLJQL¿FDQW�UHVXOWV�
RU� ¿QGLQJ� RWKHU� SUHGLFWRUV� WKDW� KDYH� PRUH� H[SODQDWRU\� YDOXH� WKDQ�
those related to the PE-theory (Chark et al., 2020; Geng et al., 2013; 
.HPS�HW�DO���������/L��������6WULMERVFK�HW�DO����������*HQJ�HW�DO���������
found support for the PE-theory for evaluations made directly after 
the experience, but not for evaluations made 3 and 7 weeks after the 
experience. Results based on retrospectively reconstructing experience 
are therefore mixed with respect to validating the PE-theory.

Retrospective methods know various limitations. First, a retrospective 
approach measures remembered experience rather than real-time 
H[SHULHQFH��([SHULHQFH�DQG�PHPRU\�DUH�NQRZQ�WR�EH�TXLWH�GL̆HUHQW�
LQ�QDWXUH��VHH�H�J���.DKQHPDQ�	�5LLV��������DQG�KHQFH�PD\�SUHGLFW�
RYHUDOO� HYDOXDWLRQV� GL̆HUHQWO\�� 6HFRQG�� UHWURVSHFWLYH�PHWKRGV� RIWHQ�
use single ratings for longer periods of time. For example, participants 
are asked to give ratings for full days in a week of vacation (Geng et al., 
������.HPS�HW�DO���������WKDW�DUH�WKHQ�UHSUHVHQWDWLYH�IRU�WKLV�HSLVRGH�
ZLWKLQ� WKH�H[SHULHQFH��7KH� UHVXOWLQJ� UDWLQJV��KRZHYHU��PD\�EH�TXLWH�
GL̆HUHQW�IURP�WKRVH�WKDW�DUH�EDVHG�RQ�UHDO�WLPH�PHDVXUHV��EHFDXVH�RI�
the aggregation within the experiential episodes (Newman, Schwarz, 
& Stone, 2021). For example, it may be that vacationers experience 
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both positive and negative emotions on a day of vacation, which are 
then obscured when being asked to give a single rating for the full day. 
,Q�DGGLWLRQ��LW�FDQ�EH�DUJXHG�WKDW�D�GD\�GRHV�QRW�QHFHVVDULO\�UHÀHFW�RQH�
episode within a vacation, but that the true experiential episodes of a 
vacation consist of its activities and attractions. As there are several 
limitations to this empirical approach, it might be useful to complement 
retrospective data with data collected during the experience itself.

A third empirical approach to multi-episodic tourism and leisure 
experiences is that of devising immediate, real-time measures of lived 
experience: experience sampling methods (ESMs). ESMs consist of 
YDULRXV�DSSURDFKHV��VXFK�DV�D�SDJHU�WKDW�QRWL¿HV�SDUWLFLSDQWV�ZKHQ�WR�
¿OO�LQ�VKRUW��SULQWHG�VHOI�UHSRUW�IRUPV��RU�PRELOH�DSSOLFDWLRQV�WKDW�DOORZ�
IRU�ERWK�QRWL¿FDWLRQV�DQG�GLJLWDO�VHOI�UHSRUW�IRUPV��VHH�+HNWQHU�HW�DO��
(2007) for an overview). Most of the PE-studies in tourism and leisure 
employing ESMs do so through the use of a slider on a response device on 
ZKLFK�SDUWLFLSDQWV�FDQ�FRQWLQXRXVO\�UHSRUW�WKHLU�D̆HFWLYH�H[SHULHQFH��
PXFK� OLNH� LQ� WKH� RULJLQDO� )UHGULFNVRQ� DQG�.DKQHPDQ� VWXG\� ��������
Experiences studied using this self-reported experience sampling 
include listening to music and watching videos (Baumgartner et al., 
1997; Rozin et al., 2004; Schäfer et al., 2014). All of these studies have 
found that peaks and ends are indeed related to overall evaluations. It 
has been noted, though, that consciously providing experience ratings 
ZKLOH�WKH�H[SHULHQFH�LV�RQJRLQJ�PD\�LQÀXHQFH�WKH�ZD\�LQ�ZKLFK�RYHUDOO�
evaluations are constructed (Ariely, 1998; Ariely & Zauberman, 2000; 
/LHUVFK�	�0F.HQ]LH���������0RUH�IXQGDPHQWDOO\��H[SHULHQFH�VDPSOLQJ�
might disrupt the experience that you are trying to measure. Although 
such self-reported experience sampling methods provide a real-time 
measure of the experience, their generalizability to experience without 
H[SHULHQFH�VDPSOLQJ�LV�WKHUHIRUH�TXHVWLRQDEOH�

In sum, in order to examine the validity of the PE-theory in the context 
of heterogeneous and multi-episodic tourism experiences, one must 
LGHDOO\�GHYLVH�PHDVXUHPHQW�WHFKQLTXHV�WKDW�DOORZ�IRU�VDPSOLQJ�OLYHG�
experience that may or may not be complemented with retrospective 
approaches, but that are also able to sample experience in a non-
disruptive way. A solution might lie in state-of-the-art methods 
WKDW� KDYH� RQO\� EHHQ� UHFHQWO\� LQWURGXFHG� WR� WKH� ¿HOG� RI� WRXULVP��
electrophysiological approaches that unobtrusively measure aspects 
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of the experience in real-time with sub-second precision (Bastiaansen 
et al., 2019; Godovykh & Tasci, 2020; Li et al., 2015; Stienmetz et al., 
2021).

5.1.2.2 Electrophysiological approaches to measuring tourism 
experiences

It has been argued previously that electrophysiological measurements 
are prime candidates for experience sampling with great temporal 
precision, as they allow for non-disruptively measuring the emotions 
during lived experience from start to end (Bastiaansen et al., 2019; 
Li et al., 2015). According to Birenboim et al. (2019), the use of 
DPEXODWRU\� HTXLSPHQW� WR� FROOHFW� HOHFWURSK\VLRORJLFDO� GDWD� LQ� WKH�
¿HOG� KDV� YDULRXV� DGYDQWDJHV� RYHU� WUDGLWLRQDO� PHWKRGV� WR� PHDVXUH�
H[SHULHQFH�� (OHFWURSK\VLRORJLFDO� HTXLSPHQW� LV� DEOH� WR� UHFRUG� UHDO�
time physiological signals (such as heart rate, body temperature and 
skin conductance) that form a more objective measure of emotional 
experience than self-reported assessments. Furthermore, it is able to 
measure these physiological signals continuously at high temporal 
resolution, yielding a detailed measure of emotional experience with 
sub-second precision. Another advantage is that electrophysiological 
HTXLSPHQW� IDFLOLWDWHV� LQYHVWLJDWLRQ� RI� SHRSOH¶V� SK\VLRORJLFDO� VLJQDOV�
LQ�WKH�¿HOG� LQ�D�FRPSOHWHO\�QRQ�GLVUXSWLYH�ZD\��ZKLFK�R̆HUV�JUHDWHU�
ecological validity as compared to studying physiological signals in a 
lab. Electrophysiological experience sampling is therefore proposed as 
a viable alternative to traditional, self-reported experience sampling.

Electrophysiological measurement, however, also carries limitations 
RI�LWV�RZQ��%LUHQERLP�HW�DO����������0HDVXULQJ�SK\VLRORJ\�LQ�WKH�¿HOG�LV�
DVVRFLDWHG�ZLWK�UHGXFHG�GDWD�TXDOLW\�EHFDXVH�RI�QRLVH�DQG�HUURU�LQ�WKH�
form of motion artifacts. Motion artifacts are high peaks in the recorded 
signal that result from the movement of sensors relative to the skin and 
ZKLFK�GR�QRW�UHÀHFW�DFWXDO�SK\VLRORJ\��VHH�7D\ORU�HW�DO�� ������� IRU�D�
GHWDLOHG�GHVFULSWLRQ���$OVR��WKHUH�LV�OHVV�FRQWURO�RYHU�GL̇FXOW�WR�UHFRUG�
environmental factors such as conversations between participants and 
LQGLYLGXDO�GL̆HUHQFHV�LQ�UHDFWLRQ�WR�VSHFL¿F�HQYLURQPHQWDO�FXHV��ZKLFK�
are crucial for interpreting the results. Data interpretation of such 
VWXGLHV� LV� WKHUHIRUH�TXLWH�GHPDQGLQJ��1RQHWKHOHVV�� WRXULVP�VFKRODUV�
KDYH� VXFFHVVIXOO\� VWDUWHG� WR� XVH� HOHFWURSK\VLRORJLFDO� HTXLSPHQW� WR�
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study emotions in tourism experiences such as city walks (Birenboim 
HW�DO���������.LP�	�)HVHQPDLHU��������2VERUQH�	�-RQHV��������3D�O�L�
$JXVWt��5XWOODQW��	�/DVDOD�)RUWHD��������6KRYDO�HW�DO�������D������E��
DQG�PXVHXP�YLVLWV��.LUFKEHUJ�	�7U|QGOH��������7U|QGOH�HW�DO���������
DQG� UHYLHZLQJ� WRXULVP� PDUNHWLQJ� PDWHULDOV� �*XHUUHUR�5RGUtJXH]��
6WHSFKHQNRYD�� 	� .LULOHQNR�� ������ .LP�� .LP�� 	� %ROOV�� ������ /L��
Walters, Packer, & Scott, 2018a; Li et al., 2018b, 2019). Thus far, three 
of these studies have used electrophysiological measures to assess the 
PE-theory (Bastiaansen, Oosterholt, et al., 2020; Li, 2020; Li et al., 
2019). Within these relatively recent accounts, however, the multi-
episodic and heterogeneous nature of the tourism experience remained 
uncovered.

5.1.3 The present study

In the present work, the validity of the PE-theory is evaluated for a 
heterogeneous and multi-episodic tourism experience consisting of 
a 75-minute musical theatre show in a large internationally-oriented 
theme park resort in northwestern Europe. A musical theatre show was 
selected due to its nature as a structured experience (Duerden et al., 
2015). During the whole experience, people are continuously seated 
LQ�D�WKHDWUH�ZKLOH�ZHDULQJ�SK\VLRORJLFDO�HTXLSPHQW��WKXV�UHGXFLQJ�WKH�
presence of motion artifacts in the data. Environmental controllability 
is maintained due to the heavily scripted nature of the theatre show 
over several clearly delimited scenes, so that all participants are 
SHUFHLYLQJ� WKH� VDPH� H[WHUQDO� VWLPXOL� DW� WKH� VDPH�ZHOO�GH¿QHG� WLPH�
intervals. A further advantage of the clear division over scenes is that 
single episodes that together comprise the total experience can easily 
EH�LGHQWL¿HG��7KLV�DOORZV�IRU�DGGUHVVLQJ�WKH�PXOWL�HSLVRGLF�QDWXUH�RI�
a highly heterogeneous experience using non-disruptive, real-time 
SK\VLRORJLFDO�PHDVXUHV�RI�D̆HFWLYH�H[SHULHQFH��0RUH�VSHFL¿FDOO\��WKH�
electrophysiological measure of skin conductance is used to serve as a 
well-supported proxy for emotional arousal: the extent to which people 
are emotionally engaged or aroused (Boucsein, 2012). Comparing 
the approach of electrophysiological experience sampling against 
the previously used approach of experience reconstruction in earlier 
studies on the PE-theory, the present chapter thus aims to evaluate the 
robustness of the PE-theory for a heterogeneous and multi-episodic 
tourism experience.
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5.2 Materials and methods

5.2.1 Participants

Participants were selected from the research panel of the theme park 
resort. Panel members received an email with information about 
the study, for which they could sign up. From all subscriptions, 67 
SDUWLFLSDQWV�ZHUH�VHOHFWHG�VR�DV�WR�FRPSRVH�D�TXRWD�VDPSOH�WKDW�ZRXOG�
match with the target group of the show, based on age and family 
composition. The target group, and hence the population for this 
study, was families with 2 adults and 2 children above the age of 6, as 
determined by the theme park. Families from both the Netherlands 
(national visitors) and Germany (international visitors) were then 
invited to visit the show on a set date in January or February 2019, 
IRU�ZKLFK�WKH�WKHPH�SDUN�UHVRUW�ZRXOG�R̆HU�WKHP�IUHH�WLFNHWV��2I�WKH�
participating families, only the adults were selected to take part in 
the experiment. They were informed both orally and in writing about 
WKH�VHW�XS�RI�WKH�VWXG\�DQG�VXEVHTXHQWO\�JDYH�WKHLU�ZULWWHQ�LQIRUPHG�
consent in accordance with the Declaration of Helsinki.

In total, 67 participants took part in the experiment. Although small 
samples are common in studies of psychophysiological measures 
(Li et al., 2019), the number of participants in the present study is 
substantially larger than the typical n� ���±���DV�XVHG�LQ�WUDGLWLRQDO�
laboratory studies on psychophysiology. Of all 67 participants, the 
physiological data of 10 participants turned out to be either missing due 
WR�HTXLSPHQW�IDLOXUH�RU�XQXVDEOH�GXH�WR�H[FHVVLYH�DUWLIDFWV��VHH�VHFWLRQ�
5.4.1). These participants were excluded from all further analyses, 
WKXV�UHVXOWLQJ�LQ�D�¿QDO�VDPSOH�RI����SDUWLFLSDQWV��2Q�DYHUDJH��WKHVH�
57 participants were 40.50 years old (SD = 8.16) and consisted of 30 
males and 27 females across 33 national (Dutch) and 24 international 
visitors (Germans).

5.2.2 Staged experience

The staged experience consisted of a musical theatre show that was 
performed on a weekly basis in a large-scale theatre that serves as an 
individual facility within a larger theme park resort. The theme of the 
show was oriented around the idea of a carousel of life. On average, 
the show lasted 4470 s (SD = 36 s) over 7 performances and consisted 
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RI����GL̆HUHQW�VFHQHV��IRU�DQ�RYHUYLHZ�RI�DYHUDJH�VFHQH�GXUDWLRQV�RYHU�
all performances, see Table 5.1). Before the beginning of the show, two 
show hosts pick an (informed) guest out of audience who becomes the 
protagonist of the show (scene 1). To start the show, the show hosts 
then magically transform the stage into a big carousel of time, which 
takes the protagonist back to his childhood to the time where he meets 
his soon-to-be girlfriend and wife (scene 2). In the following scenes 
they play children’s games with each other (scene 3 and scene 4) and as 
the carousel of time turns, the protagonist and his female friend grow 
up (scene 5). The protagonist, now in his puberty, wants to travel the 
world, whereas his female friend desires to stay home. They separate 
and the protagonist sets out on a journey in which he travels across 
GL̆HUHQW�FXOWXUHV��VFHQH�����$IWHU�KDYLQJ�IHG�RQ�WKH�IRUELGGHQ�IUXLWV�RI�

Scene #
Duration in 

seconds
Self-reported 

valence
Self-reported 

arousal
Average SCR Peak SCR

M (SD) M (SD) M (SD) M (SD) M (SD)

1 666 (38) 3.456 (0.781) 2.737 (0.955) 0.042 (0.065) 0.299 (0.476)

2 775 (8) 3.912 (0.606) 3.000 (0.824) 0.028 (0.044) 0.374 (0.525)

3 113 (3) 4.088 (0.808) 3.526 (0.908) 0.035 (0.091) 0.158 (0.371)

4 132 (4) 3.386 (0.750) 2.789 (0.750) 0.027 (0.025) 0.157 (0.266)

5 301 (4) 4.491 (0.539) 3.579 (0.981) 0.025 (0.045) 0.223 (0.397)

6 416 (2) 4.000 (0.732) 3.491 (0.848) 0.044 (0.068) 0.244 (0.390)

7 206 (2) 3.895 (0.724) 3.684 (0.736) 0.064 (0.144) 0.467 (0.820)

8 215 (2) 3.737 (0.856) 3.544 (0.803) 0.038 (0.070) 0.259 (0.451)

9 212 (4) 3.421 (0.844) 3.018 (0.954) 0.030 (0.051) 0.217 (0.412)

10 404 (2) 4.316 (0.686) 3.912 (0.830) 0.029 (0.056) 0.232 (0.380)

11 342 (7) 3.719 (0.796) 3.281 (0.861) 0.036 (0.069) 0.205 (0.332)

12 169 (7) 3.281 (0.861) 3.491 (0.848) 0.039 (0.110) 0.227 (0.450)

13 280 (13) 3.333 (1.272) 3.772 (1.035) 0.024 (0.038) 0.208 (0.298)

14 317 (16) 4.088 (1.057) 3.807 (1.043) 0.035 (0.060) 0.302 (0.487)

15 284 (15) 4.000 (0.732) 3.439 (0.866) 0.040 (0.057) 0.292 (0.396)

16 72 (4) 3.737 (0.669) 3.193 (0.743) 0.071 (0.221) 0.221 (0.588)

17 234 (2) 4.368 (0.616) 3.912 (0.714) 0.097 (0.243) 0.472 (0.968)

TABLE 5.1 | Scene durations and per-scene variables
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exotic realms, he receives several letters from his female friend back 
home (scene 7 and scene 8). He realizes he misses her and he returns 
home where they meet up and start seeing each other (scene 9). After 
the carousel of time has turned again, they get married (scene 10) and 
one scene later the woman gives birth to a little baby girl (scene 11). 
As the carousel of time turns a bit further, they all grow older and end 
up in the busy grind of parenting and working life (scene 12). At one 
point, the woman cannot keep up with her husband and child anymore 
and she falls to the ground. After a dramatic scene in which she dances 
with the Death, she eventually dies (scene 13), leaving her husband 
and child behind. In the next scene, the father and his child work 
their way out of their sadness through a dance under a magical water 
curtain (scene 14). As they both pick up their life and as the carousel 
of time turns again, the now grown-up child gets a baby boy of her 
own and the protagonist grows into a grandfather. They grow older as 
a happy family with the protagonist as a content grandfather (scene 
���DQG�VFHQH������$V�WKH�FDURXVHO�RI�WLPH�WXUQV�IRU�D�¿QDO�URXQG��WKH�
audience is taken to the childhood period of the baby boy, in which he 
meets a female friend of his own, thus starting his very own ride on the 
FDURXVHO�RI�OLIH��7KH�VKRZ�HQGV�ZLWK�D�¿QDOH�ZKHUH�DOO�DFWRUV�HQWHU�WKH�
VWDJH��DFFRPSDQLHG�E\�¿UHZRUNV��ERPEDVWLF�PXVLF�DQG�DSSODXVH�IURP�
the audience (scene 17).

So as to accommodate for international visitors, the show was almost 
entirely performed without spoken language. The show heavily drew 
on mimicry, music and visual spectacle that is understandable for a 
multinational audience. If any language was used, it was based on a 
¿FWLRQDO�IDQWDV\�ODQJXDJH�PRVWO\�VSRNHQ�E\�WKH�VKRZ�KRVWV�

5.2.3 Design and procedure

Data were collected during 7 performances of the show over a four-
week period in January and February 2019. After having briefed the 
participants in their own language and having obtained their written 
informed consent, the experimenter put an Empatica E4 wristband 
on the wrist of the participants’ non-dominant hand (see section 
5.2.4.1). Participants were instructed to sit in the theatre as relaxed as 
possible and to not touch or move the wristband during the show. The 
participants then entered the theatre and watched the theatre show, 
amidst other, non-participating audience members so as to create an 
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ecologically valid setting. After the show, researchers met participants 
LQ�D�TXLHW�VSDFH�LQ�WKH�WKHDWUH��7KH�H[SHULPHQWHU�UHPRYHG�WKH�(PSDWLFD�
wristband and participants were given a 60-item post-experience 
TXHVWLRQQDLUH�LQ�WKHLU�RZQ�ODQJXDJH��L�H���'XWFK�RU�*HUPDQ���EDVHG�RQ�
validated translations.

Approximately 2 weeks after their visit to the show, all participants 
UHFHLYHG� DQ� HPDLO�ZLWK� D� ��LWHP�TXHVWLRQQDLUH� LQWHQGHG� WR�PHDVXUH�
ORQJ�WHUP�PHPRUDELOLW\�RI�WKH�VKRZ��7KLV�TXHVWLRQQDLUH�ZDV�FRPSOHWHG�
by 62 of the 67 participants.

5.2.4 Data collection

5.2.4.1 Physiological data

Physiological data were recorded with Empatica E4 wearable wristbands 
(Empatica Inc., USA) that records, amongst others, skin conductance, 
which is considered to be a reliable index of emotional engagement or 
arousal (Boucsein, 2012). Skin conductance was continuously sampled 
DW� D� IUHTXHQF\� RI� ��+]� DQG� ZDV� VWRUHG� RQ� WKH� (PSDWLFD� GHYLFH� IRU�
IXUWKHU� R̆�OLQH�SURFHVVLQJ��0HDVXUHPHQW� RI� SK\VLRORJLFDO� UHVSRQVHV�
started at the moment the participants received the Empatica and 
FRQWLQXHG� XQWLO� WKH\� ZHUH� WDNHQ� R̆� E\� WKH� H[SHULPHQWHU� DIWHU� WKH�
show. In order to obtain an indicative time alignment between the 
SK\VLRORJLFDO�UHFRUGLQJV�DQG�RQVHW�R̆VHW�RI�HDFK�VFHQH�RI� WKH�VKRZ��
WKH�H[SHULPHQWHU�ZRXOG�ZULWH�GRZQ�WLPH�VWDPSV�RI�WKH�RQVHW�DQG�R̆VHW�
of each of the show’s performances, as well as around the onset times 
RI�WKH����GL̆HUHQW�VFHQHV�DV�GHVFULEHG�LQ�VHFWLRQ��������7R�GR�VR��WKH�
onsets of all 17 scenes were ascribed to clearly observable events in the 
show. During the show, the experimenter used a mobile telephone with 
the time-zone-synchronized Alarm Clock Pro app (iHandy Ltd., Hong 
.RQJ���$V�VRRQ�DV�HDFK�HYHQW�UHODWHG�WR�WKH�VFHQH�RQVHWV�ZRXOG�RFFXU��
the experimenter wrote down the exact time that was simultaneously 
displayed on the mobile phone.

5.2.4.2 Post-experience questionnaire

7KH�SRVW�H[SHULHQFH�TXHVWLRQQDLUH�FRQVLVWHG�RI�WZR�W\SHV�RI�TXHVWLRQV��
TXHVWLRQV� RQ� SHU�VFHQH� HYDOXDWLRQV� DQG� TXHVWLRQV� RQ� RYHUDOO�
evaluations of the show. First, participants were asked to evaluate how 
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they had generally felt while watching the show, using two dimensions 
of emotional valence and emotional arousal adapted from Bradley 
and Lang (1994). Emotional valence, the extent to which people feel 
positive or negative, was measured by a 5-point scale ranging from 
³9HU\� QHJDWLYH´� WR� ³9HU\� SRVLWLYH´�� IROORZLQJ� WKH� TXHVWLRQ� ³&DQ� \RX�
indicate to which extent you felt positive or negative during the whole 
show in general?” Emotional arousal was measured by a 5-point scale 
UDQJLQJ� IURP� ³9HU\� FDOP´� WR� ³9HU\� H[FLWHG´�� IROORZLQJ� WKH� TXHVWLRQ�
“Can you indicate to which extent you felt calm or excited during the 
whole show in general?”

Second, participants were asked to evaluate their emotional valence 
and arousal for each of the 17 scenes on the show. The scenes were 
prompted using a picture that was representative for the whole scene, 
IROORZHG� E\� WKH� TXHVWLRQV� ³7R� ZKDW� H[WHQW� GLG� \RX� IHHO� SRVLWLYH� RU�
negative during the scene as depicted by the photo?” and “To what 
extent did you feel calm or excited during the scene as depicted by 
the photo?” using the same 5-point scales as mentioned above. 
Pictures rather than verbal descriptions were explicitly chosen so as 
WR�QRW�SULPH�SDUWLFLSDQWV�ZLWK�LQWHUSUHWDWLRQV�WKDW�PLJKW�D̆HFW�WKHLU�
answering (i.e., labelling scene 13 as “the death scene” might prime 
participants to evaluate the scene as negatively valenced because of 
associations with the word “death”).

Third, participants were asked to grade the show on a 10-point scale 
(“How would you grade the show?”), with 1 being a very low grade 
and 10 being a very high grade. Participant’s intent to recommend 
was also measured using the 11-point scale Net Promotor Score (NPS) 
(Reichheld, 2003).

5.2.4.3 Long-term memory questionnaire

Two weeks after their visit to the show, participants received an 
HPDLO�ZLWK�D�85/�WKDW� OHG� WR�D� VKRUW�ZHE�EDVHG�TXHVWLRQQDLUH��7KLV�
TXHVWLRQQDLUH�FRQWDLQHG�WKH�WZR�RYHUDOO�HYDOXDWLRQ�TXHVWLRQV�IURP�WKH�
¿QDO�SDUW�RI�WKH�SRVW�H[SHULHQFH�TXHVWLRQQDLUH��JUDGLQJ�WKH�VKRZ�DJDLQ�
on a 10-point scale and indicating their intent to recommend using the 
11-point scale NPS.

Peak-and-end for heterogeneous, multi-episodic experiences
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5.2.5 Data analysis

5.2.5.1 Pre-processing of physiological data

The skin conductance data were extracted from the Empatica 
wristbands, stored on a PC and imported into MATLAB (MathWorks, 
USA) for further analysis. First, skin conductance data were precisely 
WLPH�V\QFKURQL]HG� ZLWK� WKH� RQVHW� DQG� R̆VHW� RI� WKH� VKRZ�� XVLQJ�
the time denotations made by the experimenter during the show. 
Skin conductance segments of 4757 s were then extracted from 
the recordings, corresponding to the length of the shortest of the 7 
performances (performances slightly varied in duration with a range 
of 103 s (min = 4757 s, max = 4860 s)). Motion artifacts, typically 
resulting from pressure on the device or from movement of the built-in 
sensors relative to the skin, were detected and removed using a simple, 
supervised method for detecting and correcting the skin conductance 
signal for motion artifacts. Artifacts were detected by applying a 
z-transform to a moving time window (here 10 s) and visualizing the 
signal in that time window whenever a z-value exceeded a threshold of 
±3. The experimenter then decided whether or not the detected peak 
or trough was a motion artifact to be corrected. These decisions were 
made by comparing the shape of the detected artifact to physiologically 
plausible skin conductance response shapes (i.e., a sharp rise followed 
by a gradual decline over multiple seconds (Boucsein, 2012)). In the 
case of a clear and unambiguous motion artifact, it was removed 
from the signal by linearly interpolating the signal from the left-hand 
border of the spike to its right-hand border. In case of ambiguity, the 
signal was not altered in order to avoid the possibility that true skin 
conductance responses were removed from the data. The data from 
10 participants were excluded from further analysis because their 
physiological data contained too many artifacts. Of the remaining 57 
participants, each participant’s skin conductance data were subjected 
to a continuous deconvolution in order to split the signal into a tonic 
and a phasic component, using the open-source MATLAB toolbox of 
/HGDODE��%HQHGHN�	�.DHUQEDFK���������7KH�SKDVLF�FRPSRQHQW�RU�WKH�
phasic skin conductance responses (henceforth: SCRs) were then used 
as a basis for statistical analysis.

Per participant, for each scene, the peak SCR (i.e., the maximum SCR 
value) as well as the average of the SCR values were calculated for 
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WKDW�VFHQH��XVLQJ�WKH�RQVHW�DQG�R̆VHW�WLPHV�RI�WKH����GL̆HUHQW�VFHQHV��
For most of the scenes, peak and average SCR were based on the skin 
conductance signal from the entire scene. Some of the scenes, however, 
would either ask for audience participation (i.e., the audience would 
stand up and dance in scene 6) or would consistently evoke long-
lasting episodes of applause (to accompany a song in scene 8, 11 and 
���DQG�GXULQJ�WKH�¿QDOH�LQ�VFHQH������WKXV�JHQHUDWLQJ�H[FHVVLYH�PRWLRQ�
artifacts during these scenes for all participants across all performances 
of the show. For these particular scenes, the time segments containing 
such motion artifacts were left out when calculating peak and average 
SCR, so as to avoid contamination of peak and average SCR measures 
(for a visual representation of this procedure, see Figure 5.1). Peak and 
average SCR measures per scene then served as the input for further 
statistical analysis. Furthermore, from these measures, the following 
parameters were calculated for the show as a whole (see Table 5.2 for 
an overview of the operationalization): for the average SCR over each 
scene: show peak, show end, show peak-end and the mean of the 17 
average SCRs of all scenes; for peak SCR over each scene: show peak, 
show end, show peak-end and the mean of the 17 peak SRCs of all 
scenes.

5.2.5.2 Pre-processing of per-scene self-report evaluations

7KH�SRVW�H[SHULHQFH�TXHVWLRQQDLUH�UHVXOWHG�LQ����SHU�VFHQH�HPRWLRQDO�
valence and arousal ratings (for an overview of the average self-
reported valence and arousal per scene, see Table 5.1), based on 
ZKLFK�D�WHPSRUDO�H[SHULHQFH�SUR¿OH�RI�HPRWLRQDO�YDOHQFH�DQG�DURXVDO�
UDWLQJV�ZDV�UHFRQVWUXFWHG��VHH�)LJXUH����$���7KHVH�SUR¿OHV�VHUYHG�DV�
a representation of the experience as measured through self-report. 
)URP�WKHVH�SUR¿OHV�� WKH� IROORZLQJ�SDUDPHWHUV�ZHUH�FDOFXODWHG�DV�DQ�
input for the statistical analysis as well (see Table 5.2 for an overview 
of the operationalization): for valence: peak, trough, end, an average of 
peak and end [peak-end], an average of trough and end [trough-end] 
and the average valence ratings over time; for arousal: peak, trough, 
end, peak-end, trough-end and the average arousal ratings over time.

5.2.5.3 Statistical analyses

In this study, it is examined how various experience predictors relate 
to overall experience evaluations of the musical theatre show. The 
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Parameter Operationalization M(SD)

Full-show valence ratings

Peak valence Most positive valence rating of all scenes 4.825 (0.384)

Trough valence Most negative valence rating of all scenes 2.526 (0.782)

End valence 6>�i�Vi�À>Ì��}�`ÕÀ��}�w�>��ÃVi�i 4.368 (0.616

Peak-end valence Average of peak and end valence 4.596 (0.427)

Trough-end valence Average of trough and end valence 3.447 (0.450)

Average valence Average of valence ratings across all scenes 3.837 (0.333)

Full-show arousal ratings

Peak arousal Most intense arousal rating of all scenes 4.632 (0.522)

Trough arousal Most calm arousal rating of all scenes 2.053 (0.692)

End arousal ƂÀ�ÕÃ>��À>Ì��}�`ÕÀ��}�w�>��ÃVi�i 3.912 (0.714)

Peak-end arousal Average of peak and end arousal 4.272 (0.527)

Trough-end arousal Average of trough and end arousal 2.982 (0.481)

Average arousal Average of arousal ratings across all scenes 3.422 (0.461)

Full-show average SCR values

Peak average SCR Highest average SCR value of all scenes 0.135 (0.248)

End average SCR ƂÛiÀ>}i�-
,�Û>�Õi�`ÕÀ��}�w�>��ÃVi�i 0.097 (0.243)

Peak-end average SCR Average of peak and end average SCR 0.116 (0.243)

Average of average SCR Average of average SCR values across all scenes 0.041 (0.077)

Full-show peak SCR values

Peak peak SCR Highest peak SCR value of all scenes 0.820 (1.083)

End peak SCR *i>��-
,�Û>�Õi�`ÕÀ��}�w�>��ÃVi�i 0.472 (0.968)

Peak-end peak SCR Average of peak and end peak SCR 0.646 (1.001)

Average of peak SCR Average of peak SCR values across all scenes 0.268 (0.392)

TABLE 5.2 | Operationalization of variables used under the full show 
approach

VWDWLVWLFDO� DQDO\VHV� IROORZ� WZR� GL̆HUHQW� DSSURDFKHV�� ��� DQ� DSSURDFK�
that considers the show as a non-segmented, single-episode experience 
in line with traditional studies on the PE-theory (henceforth: the 
full-show approach) and 2) an approach that considers the show as 
a multi-episode experience, in which the show scenes are considered 
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Calculation of peak and average SCR
for a scene with an applause segment
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FIGURE 5.1 | Calculation of peak and average SCR for scenes with and 
Ü�Ì��ÕÌ�>««�>ÕÃi�Ãi}�i�ÌÃ°�/�i�Ì�«�w�}ÕÀi�`�Ã«�>ÞÃ�Ì�i�«�>Ã�V�V��«��i�Ì�
�v�Ì�i�vÕ���Ã��Ü�v�À���i�«>ÀÌ�V�«>�Ì°�/�i�L�ÌÌ���w�}ÕÀiÃ�>Ài�ÃiVÌ���Ã�vÀ���
this phasic component that correspond to the onsets and offsets of scene 
6 (bottom left) and scene 10 (bottom right). Scene 10 has no applause 
segments and peak and average SCRs are therefore based on the full 
phasic component of scene 10. Scene 6, however, ends with a segment 
of applause (marked with the dashed grey line). In calculating peak and 
average SCRs, the applause segment was left out and peak and average 
were calculated from the remaining signal for this scene.
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to be individual episodes that together make up the show as a whole 
(henceforth: the per-scene approach). In this framework, the multi-
episode show thus consists of 17 individual episodes, corresponding to 
the 17 scenes of the show.

8QGHU� WKH� IXOO�VKRZ� DSSURDFK�� D� VLPSOH� RUGLQDU\� OHDVW� VTXDUHV�
regression analysis (OLSR) with one predictor was performed for any 
combination of the individual 20 experience predictors (see Table 
5.2) and the 6 outcome variables of overall experience evaluations 
(overall valence, overall arousal, immediate grade, 2-week-later grade, 
immediate NPS, 2-week-later NPS). This resulted in 36 OLSRs for 
valence predictors (6 predictors × 6 outcomes), 36 OLSRs for arousal 
predictors (6 predictors × 6 outcomes), 24 OLSRs for average SCR 
predictors (4 predictors × 6 outcomes) and 24 OLSRs for peak SCR 
predictors (4 predictors × 6 outcomes). To reduce the family-wise 
error rate, a Bonferroni correction was applied, yielding criteria for 
VLJQL¿FDQFH� RI� ĮFW = 0.008 for the family of self-reported valence 
DQG� DURXVDO� SUHGLFWRUV� DQG� ĮFW = 0.013 for the family of average 
and peak SCR predictors (based on 6 and 4 OLSRs in one family of 
tests, respectively). In order to compare the predictive value of the 
GL̆HUHQW� SUHGLFWRUV�� IRU� HDFK� UHJUHVVLRQ�� WKH� VLJQL¿FDQFH� �p-values) 
of the F�VWDWLVWLF�DQG�WKH�FRḢFLHQW�RI�GHWHUPLQDWLRQ��R2-values) per 
regression analysis are reported.

Under the per-scene approach, a multiple OLSR was performed in 
which the experience predictors from all 17 scenes were included as 17 
predictors within one regression model. The regression models were 
based on any combination of the 4 predictors suited for these analyses 
(self-reported valence per scene, self-reported arousal per scene, 
average SCR per scene and peak SCR per scene) with the 6 outcome 
variables of overall experience evaluations (see above). This resulted 
in 6 OLSRs for valence predictors per scene (4 predictor types × 6 
outcomes), 6 OLSRs for arousal predictors per scene (4 predictor types 
× 6 outcomes), 6 OLSRs for average SCR per scene (4 predictor types 
× 6 outcomes) and 6 OLSRs for peak SCR per scene (4 predictor types 
× 6 outcomes). As the regression models were not part of the same 
family of tests, in the per-scene approach, a Bonferroni correction was 
deemed unnecessary. In order to compare the predictive value of the 
GL̆HUHQW�W\SH�RI�SHU�VFHQH�SDUDPHWHUV��IRU�HDFK�UHJUHVVLRQ�PRGHO�WKH�
VLJQL¿FDQFH��p-values) of the F-statistic are reported. Given the large 
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number of predictors in each model (i.e., 17), adjusted R2-values (R2
adj) 

are reported as compared to regular R2-values, as this statistic adjusts 
R2 for the number of explanatory terms in a regression model (Theil, 
�������,I�WKH�UHJUHVVLRQ�PRGHO�SURYHG�WR�EH�VLJQL¿FDQW��WKH�QXPEHU�RI�
SUHGLFWRUV�LQ�WKH�PRGHO�ZLWK�D�UHJUHVVLRQ�FRḢFLHQW�WKDW�LV�VLJQL¿FDQWO\�
GL̆HUHQW�IURP���DUH�DOVR�UHSRUWHG�

5.3 Results

7KH� JUDQG� DYHUDJH� WHPSRUDO� SUR¿OH� RI� VHOI�UHSRUWHG� YDOHQFH� DQG�
arousal over all participants can be found in Figure 5.2A. For the 
per-scene ratings, valence ranged from 1 to 5 and the average of all 
ratings across segments and participants indicated an experience of 
neutral to positive valence (M = 3.810; SD = 0.331). Per-scene arousal 
ratings ranged from 1 to 5 as well and the average across scenes 
and participants indicated a moderate level of arousal (M = 3.34;  
SD� ���������7KH�JUDQG�DYHUDJH�WHPSRUDO�SUR¿OH�RI�6&5�LV�SUHVHQWHG�
in Figure 5.2B.

Immediately after the performance, respondents indicated that, in 
general, they experienced the show as highly positively valenced  
(M = 4.54; SD = 0.538) and moderately arousing (M = 3.21;  
SD = 0.868). Immediately after the performance, respondents 
evaluated the show with a high grade (M = 8.70; SD = 1.085) and 
HYDOXDWHG� WKH� VKRZ� ZLWK� DQ� HTXDOO\� KLJK� JUDGH� WZR� ZHHNV� ODWHU� 
(M = 8.69; SD = 0.928, t53 = 0.594; p = 0.617). Also, based on the NPS-
item, respondents indicated that they were very likely to recommend 
WKH� VKRZ� WR� FROOHDJXHV� RU� DFTXDLQWDQFHV�� JLYLQJ� DQ� DYHUDJH� RI� ����� 
(SD = 1.649) directly after the performance and an average of 8.37 
after 2 weeks (SD� ���������ZLWK�WKH�WZR�RFFDVLRQV�DJDLQ�QRW�GL̆HULQJ�
from each other (t53 = 1.990; p = 0.052).

5.3.1 Analyses under the full-show approach

Results from the regression analyses in which overall experience 
evaluations were predicted from full-show self-reported valence and 
arousal are presented in Table 5.3 and Table 5.4. Findings show that 
YDOHQFH�SUHGLFWRUV�\LHOG�PRUH�VWDWLVWLFDOO\�VLJQL¿FDQW�UHJUHVVLRQ�PRGHOV�
(12 in total) than arousal predictors (3 in total). For valence predictors, 
the predictor with the highest explanatory value is not consistent over 
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FIGURE 5.2 | 2A (top): The grand average of the self-reported emotional 
Û>�i�Vi�>�`�>À�ÕÃ>��«À�w�iÃ��ÛiÀ�>���«>ÀÌ�V�«>�ÌÃ°���Ì���>��Û>�i�Vi��Ã�
��`�V>Ìi`����L�>V�]�i��Ì���>��>À�ÕÃ>���Ã���`�V>Ìi`����Ài`°�Ó	�L�ÌÌ��®\�/�i�
grand average of the phasic component over all participants, as well as 
the grand average of the average SCRs per scene and the peak SCRs per 
scene. The sections that are not included in the calculation of the average 
>�`�«i>��-
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the various overall evaluation variables. Overall valence and 2-wk-later 
NPS are predicted best by peak valence, whereas immediate grade is 
SUHGLFWHG�HTXDOO\�ZHOO�E\�SHDN�HQG�DQG�DYHUDJH�YDOHQFH�DQG�LPPHGLDWH�
NPS is predicted best by average valence. Trough valence and trough-
HQG�YDOHQFH�GLG�QRW�VLJQL¿FDQWO\�SUHGLFW�DQ\�RI�WKH�RYHUDOO�HYDOXDWLRQ�
variables. For the arousal predictors, average arousal consistently leads 
to the highest portions of explained variance amongst three of overall 
evaluation variables (overall arousal, immediate grade and immediate 
NPS). Overall valence, 2-wk-later grade and 2-wk-later NPS are not 
VLJQL¿FDQWO\�SUHGLFWHG�IURP�DURXVDO�SUHGLFWRUV�DW�DOO��$OO�RWKHU�DURXVDO�
predictors (peak, trough, end, peak-end and trough-end) did not yield 
DQ\�VLJQL¿FDQW�UHJUHVVLRQ�PRGHOV�

Results from the regression analyses in which overall experience 
evaluations were predicted from full-show average SCR and full-
show peak SCR are presented in Table 5.5 and Table 5.6. The analyses 
indicate that none of the outcome variables (overall valence, overall 
arousal, immediate grade and NPS and 2-week-later grade and NPS) 
FRXOG�EH�VLJQL¿FDQWO\�SUHGLFWHG�IURP�IXOO�VKRZ�DYHUDJH�6&5�DQG�IXOO�
show peak SCR values.

5.3.2 Analyses under the per-scene framework

Results from the regression analyses in which overall experience 
evaluations were predicted from self-reported per-scene valence and 
arousal values are presented in Table 5.7. Findings show that overall 
DURXVDO�� LPPHGLDWH� JUDGH� DQG� LPPHGLDWH� 136� FDQ� EH� VLJQL¿FDQWO\�
predicted from self-reported arousal per scene, self-reported valence 
per scene, or both. Self-reported arousal per scene, then, yields 
regression models with higher portions of explained variance as 
FRPSDUHG� WR� VHOI�UHSRUWHG� YDOHQFH� SHU� VFHQH�� ,Q� DGGLWLRQ�� ¿QGLQJV�
show that the portions of explained variance from both self-reported 
valence and arousal are higher under the per-scene approach than 
under the full-show approach (for details, see Table 5.7 as compared 
to Table 5.3, Table 5.4). Overall valence, 2-wk-later grade and 2-wk-
later NPS, then, could not be predicted from per-scene valence and 
arousal ratings.

Peak-and-end for heterogeneous, multi-episodic experiences
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Results from the regression analyses in which overall experience 
evaluations were predicted from per-scene average and peak SCR 
values are presented in Table 5.7 as well. Findings show that both 
RYHUDOO�YDOHQFH�DQG�LPPHGLDWH�JUDGH�DUH�VLJQL¿FDQWO\�SUHGLFWHG�IURP�
average SCR per scene as well as peak SCR per scene. Both for overall 
valence and the immediate grade, peak SCR per scene consistently 
yields the highest portions of explained variance. Much like self-
reported values per scene, the portions of explained variance from both 
average SCR and peak SCR under the per-scene approach are higher 
than those under the full-show approach. Also, per scene models 
using SCR predictors show higher percentages of explained variance 
as compared to per scene valence and arousal reports. Finally, 2-wk-
later grade and 2-wk-later NPS could not be predicted from per-scene 
average SCR and peak SCR values.

5.4 Discussion

This study assessed the applicability of the PE-theory to relating 
immediate experience to remembered experience during a musical 
WKHDWUH�VKRZ�R̆HUHG�LQ�DQ�LQWHUQDWLRQDOO\�RULHQWHG�WKHPH�SDUN�UHVRUW��
0RUH�VSHFL¿FDOO\��WKH�UREXVWQHVV�RI�WKH�3(�WKHRU\�ZDV�DGUHVVHG�XVLQJ�
VWDWH�RI�WKH�DUW� HOHFWURSK\VLRORJLFDO� HTXLSPHQW� WKDW� LV� DEOH� WR� QRQ�
disruptively measure lived experience and was compared against 
traditional experience reconstruction methods. In addition, the validity 
of the PE-theory was explored in the context of a heterogeneous and 
multi-episodic tourism experience by not only applying the PE-theory 
to the experience as a whole, but also to the individual episodes that 
it consists of. Results indicate that multi-episodic models using per-
scene predictions yield higher portions of shared variance with overall 
experience evaluations than models which consider the full show as a 
whole. This is consistent across both self-reported and physiological 
measures of lived experience. In addition, while predictors related to 
the PE-theory are not always the best under the full-show approach, in 
the multi-episode approach, peak does prove to be the predictor that 
yields the highest portion of shared variance with overall experience 
evaluations. These results shed a new light on the workings of the PE-
theory for heterogeneous, multi-episode experiences, such as those in 
WKH�¿HOG�RI�WRXULVP�

Peak-and-end for heterogeneous, multi-episodic experiences
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5.4.1 Per-episode predictions work better than full-experience 
predictions

Previously used approaches to multi-episode experience evaluation (in 
the present study: the full-show approach) extract measures of peaks, 
troughs, ends and averages from start to end of the full experience. 
,Q�WKH�SUHVHQW�VWXG\��WKLV�DSSURDFK�\LHOGV�VLJQL¿FDQW�UHVXOWV��ZLWK�DOO�
overall experience evaluations (except for the grade as provided two 
ZHHNV� ODWHU�� EHLQJ� VLJQL¿FDQWO\� SUHGLFWHG� IURP�SHDN�� HQG�� SHDN�HQG�
and average ratings for valence predictors and average ratings for 
arousal predictors. This observation is thus in line with the PE-theory, 
as also found in several other studies that employed this approach 
(Ariely & Zauberman, 2000; Miron-Shatz, 2009; Strijbosch et al., 
2019). In addition to the full-show approach, a per-scene approach was 
also used. In this approach, the fact that each individual episode in an 
H[SHULHQFH�PD\�GL̆HUHQWO\�FRQWULEXWH�WR�RYHUDOO�H[SHULHQFH�HYDOXDWLRQV�
was accounted for. Under this approach as well, almost all overall 
experience evaluations (except for the grade and NPS as provided two 
ZHHNV� ODWHU��ZHUH� VLJQL¿FDQWO\�SUHGLFWHG� IURP�VHOI�UHSRUWHG�YDOHQFH��
self-reported arousal, average SCR and peak SCR. More importantly, 
though, the per-scene approach consistently accounts for more 
variance in the outcome variables than the full-show approach. This 
suggests that in the case of a heterogeneous, multi-episode tourism 
experience, per-episode predictions work better than full-experience 
predictions.

7KLV�KDV�VHYHUDO�LPSOLFDWLRQV��)LUVW��WKH�¿QGLQJV�LOOXVWUDWH�WKDW�QRW�DOO�
HSLVRGHV�ZLWKLQ�DQ�H[SHULHQFH�HTXDOO\�FRQWULEXWH�WR�RYHUDOO�H[SHULHQFH�
evaluations. At most, only 8 of the 17 scenes within the theatre 
VKRZ� VLJQL¿FDQWO\� FRQWULEXWHG� WR� SUHGLFWLQJ� RXWFRPH� PHDVXUHV�
(for the immediate grade being predicted from peak SCR per scene,  
npredictors  ����VHH�7DEOH�������,Q�DGGLWLRQ��WKH�¿QGLQJV�LQGLFDWH�WKDW�KLJKHU�
emotional arousal does not always correspond with more positive 
RYHUDOO� HYDOXDWLRQV� RI� WKH� VKRZ�� 6RPH� RI� WKH� VLJQL¿FDQW� UHJUHVVLRQ�
FRḢFLHQWV� VKRZ� D� SRVLWLYH� FRUUHODWLRQ� EHWZHHQ� HPRWLRQDO� DURXVDO�
in a scene and overall experience evaluations. Some of the regression 
FRḢFLHQWV��KRZHYHU��DOVR�GHPRQVWUDWH�D�QHJDWLYH�FRUUHODWLRQ�EHWZHHQ�
the two. Thus, an increase in emotional arousal during some of the 
VFHQHV� KDV� D� SRVLWLYH� H̆HFW� RQ� WKH� RYHUDOO� HYDOXDWLRQ�� \HW� IRU� RWKHU�
scenes less emotional arousal would be better. This is in line with recent 
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work in the tourism literature, which suggests that more emotion is 
not always better (see e.g., Mitas, Mitasova, et al., 2020; Nawijn & 
Fricke, 2015).

,Q� VXP�� WKH� ¿QGLQJV� LPSO\� WKDW� WKH� WHPSRUDO� G\QDPLFV� RI� D� OLYHG�
tourism experience carry more information than peaks, ends and 
averages of the overall experience and that segmentation of a tourism 
experience into experiential episodes is a worthwile endeavour. 
This is in line with recent conceptualizations of tourism and leisure 
experiences as multi-episodic (Bastiaansen et al., 2019; Stienmetz et 
al., 2021). Traditionally, tourism experiences are mostly segmented 
into pre-, direct and post-exposure phases (see Godovykh and Tasci 
(2020) for a recent review). In addition to this broad division into 
H[SHULHQFH�SKDVHV��WKH�FXUUHQW�¿QGLQJV�LPSO\�WKDW�LW�PD\�EH�EHQH¿FLDO�
WR�LQFRUSRUDWH�HYHQ�PRUH�GHWDLOHG�DQG�¿QH�JUDLQHG�SHU�HSLVRGH�WLPH�
information within these phases of tourism experiences as well.

5.4.2 The PE-theory for full experiences versus individual 
episodes

$QRWKHU�¿QGLQJ�LV�WKDW�SUHGLFWLRQV�IURP�DYHUDJH�YDOHQFH�DQG�DURXVDO�
SHUIRUP�HTXDOO\� RU� HYHQ�EHWWHU� WKDQ�SHDNV� DQG�HQGV�XQGHU� WKH� IXOO�
show approach, but that peak SCRs consistently outperform average 
SCRs under the per-scene approach. For individual episodes, the 
¿QGLQJV�DUH�WKXV�LQ�OLQH�ZLWK�WKH�3(�WKHRU\��EXW�QRW�IRU�WKH�IXOO�VKRZ�
approach. This is in line with suggestions from Ariely and Zauberman 
(2000) and Miron-Shatz (2009) that the evaluation of individual 
episodes follows the PE-theory, but that the overall evaluations of 
multi-episode experiences follow other heuristics that connect lived 
experience to overall evaluations.

5.4.3 Physiological measures of emotion only work for individual 
episodes

As said, the continuous recording that is inherent to physiological 
measurement opens up new paths of studying the temporal dynamics 
of experience. In this study, per-episode physiological measures of 
emotion yield the highest portions of explained variance when predicting 
overall experience evaluations. In contrast, none of the physiological 
measures of emotion could predict overall evaluations when peaks, 
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ends and average emotion ratings were computed for the entire 
experience (see Tables 5.5 and 5.6), which is in accordance with earlier 
electrophysiological PE-studies in the tourism literature (Bastiaansen, 
Oosterholt, et al., 2020; Li, 2020). Under the full-experience framework, 
VHOI�UHSRUWHG� YDOHQFH� DQG� DURXVDO� GR� VLJQL¿FDQWO\� SUHGLFW� RYHUDOO�
experience evaluations. The abovementioned results are in line with 
Ariely and Zauberman’s (2000) suggestion that evaluations of multi-
episode experiences rely more on the evaluation of individual episodes 
than on the temporal pattern of emotions within these episodes. This 
YLHZ� DSSDUHQWO\� FRQWUDVWV� ZLWK� ¿QGLQJV� IURP� �/L� HW� DO��� ������� ZKR�
UHSRUW� VLJQL¿FDQW� UHODWLRQVKLSV�EHWZHHQ�SHDN�� HQG�DQG�DYHUDJH�6&5�
and experience outcomes for tourism advertising videos. However, 
WKH�DGYHUWLVLQJ�YLGHRV�XVHG�LQ�WKHLU�VWXG\�DUH�UDWKHU�VKRUW����±���V��
and therefore can be viewed as individual episodes, rather than as a 
multi-episode experience. Exactly how multi-episodic natures of an 
H[SHULHQFH�D̆HFW�WKH�ZRUNLQJV�RI�WKH�3(�WKHRU\�IRU�SK\VLRORJLFDO�GDWD�
remains to be studied more systematically, but the present data show 
at the very least that for per-episode approaches physiological data 
yield higher portions of explained variance for such overall experience 
evaluations as overall valence and the grade immediately provided 
after the show. As suggested previously, physiological measures of 
emotion are thus a promising way to study experiences in tourism and 
leisure (Bastiaansen et al., 2019; Godovykh & Tasci, 2020; Li et al., 
2015).

5.4.4 Further considerations

In this study, a heterogeneous, multi-episodic tourism experience 
was studied that, due to its staged and theatrical nature, was easy to 
dissect into individual episodes, following the scene division from 
the experience provider. The reason for doing so is that in this way 
experiential episodes are similar across participants, which reduces 
EHWZHHQ�VXEMHFW�GL̆HUHQFHV�WKDW�RWKHUZLVH�IRUP�D�VRXUFH�RI�HUURU�WR�
the necessary within-subject analyses. A provider-based segmentation 
LV�QRW�QHZ�WR�WKH�¿HOG�RI�WRXULVP�UHVHDUFK��LQ�ZKLFK�H[SHULHQFHV�KDYH�
long been dissected into “stages” or “phases” from an experience 
SURYLGHU�SRLQW�RI�YLHZ��VHH�H�J���&ODZVRQ�	�.QHWVFK���������([SHULHQFH��
however, is highly personal, based on individual memories and frames 
of reference, and it is thought that people segment their experiences 
according to their own mental models of the world (Bastiaansen et al., 
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2019). For destination management, too, it is suggested that in studies 
on experience the demand-side should be taken more into account than 
the supply-side alone (Volgger, Erschbamer, & Pechlaner, 2021). This 
RSHQV�XS�WKH�TXHVWLRQ�RI�ZKLFK�DSSURDFK�IRU�VHJPHQWLQJ�H[SHULHQFHV�
into episodes works best. Further research into multi-episodic 
tourism experiences that compares producer-based with visitor-based 
segmentation is therefore much recommended.

The electrophysiological experience sampling approach to assessing 
the PE-theory asks for two considerations. First, as mentioned 
EHIRUH��RQH�RI� WKH�GUDZEDFNV�RI�PHDVXULQJ�SK\VLRORJ\� LQ� WKH�¿HOG� LV�
the introduction of noise and error in the form of motion artifacts 
(Birenboim et al., 2019). This issue was addressed as much as possible 
by selecting a tourism experience that asks for a minimal amount of 
movement: sitting down for a 75-minute musical theatre show. In 
addition, small yet unavoidable motion artifacts have carefully been 
removed from the data. Still, the theatre show included substantial 
parts that contained too much motion artifacts due to the nature of the 
show, which therefore had to be deleted from the data, particularly for 
��VFHQHV��7KLV�PLJKW�D̆HFW�DQ�DFFXUDWH�UHSUHVHQWDWLRQ�RI�WKHVH�VFHQHV�
in the eventual analyses, but at the least, it is still able to explain 32% 
of the variance. This is an increase of roughly 25% as compared to 
FRḢFLHQWV�RI�GHWHUPLQDWLRQ�WKDW�ZHUH�UHSRUWHG�LQ�HDUOLHU�ZRUNV�RQ�WKH�
PE-theory using skin conductance measures (Bastiaansen, Oosterholt, 
et al., 2020; Li et al., 2019).

A second consideration of using physiological measures of emotion in 
studying tourism experiences relates to the still unresolved connection 
between the physiological and phenomenological dimensions of 
emotion. Physiological measures of emotion capture bodily processes, 
ZKLFK�DUH�RI�D�GL̆HUHQW�QDWXUH�WKDQ�WKH�FRQWHQWV�RI�RXU�FRQVFLRXVQHVV�
that are consulted for self-report (Jacobs, 2006). They are hence 
DVVRFLDWHG�ZLWK�XQLTXH�VRXUFHV�RI�YDULDQFH��ZKLFK�OLPLWV�WKH�PDJQLWXGH�
RI�FRQYHUJHQFH�DFURVV�WKH�WZR�GL̆HUHQW�PHDVXUHV��0DXVV�	�5RELQVRQ��
2009). In a review on measures of emotion, Mauss and Robinson 
(2009) conclude that both physiological and self-reported measures 
are relevant to understanding emotion as a whole and should not 
necessarily be assumed to be interchangeable. Combining physiology 
and self-report opens up new pathways to a more complete view on 
how emotions relate to the overall evaluation of experiences in tourism.

Peak-and-end for heterogeneous, multi-episodic experiences
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$�¿QDO�SRLQW�RI�DWWHQWLRQ�UHODWHV�WR�WKH�JHQHUDOL]DWLRQ�RI�WKH�UHVXOWV�WR�
tourists in general. The sample in this study included both national 
visitors and international visitors. The characteristics of this sample 
UHÀHFW�WKRVH�RI�WKH�YLVLWRU�SUR¿OH�RI�WKHPH�SDUN�UHVRUWV�LQ�JHQHUDO��ZKLFK�
in addition to the tourist market for a large part depend on the local 
resident market as well (Anton Clavé, 2007). While the results from 
this study can thus be generalized to a mixed audience of both tourists 
and local residents, generalizations to tourists in general should 
be made with care. Follow-up research could be aimed at studying 
GL̆HUHQFHV�LQ�WKH�PHFKDQLVPV�RI�WKH�3(�WKHRU\�EHWZHHQ�JURXSV�ZLWK�
GL̆HUHQW�EDFNJURXQG�FKDUDFWHULVWLFV��$V�DUJXHG�E\�/L���������KRZHYHU��
the framework of the PE-theory is mostly used to theorize, rather than 
WR�JHQHUDOL]H��$V�VXFK��JHQHUDOL]DWLRQ�LVVXHV�GR�QRW�IRUP�D�VLJQL¿FDQW�
issue for the theoretical conclusions as made in this chapter.

5.5 Practical implications

7KH�¿QGLQJV�UHSRUWHG�LQ�WKLV�VWXG\�FRQ¿UP�WKDW�HPRWLRQDOO\�HQJDJLQJ�
tourism and leisure participants is a key factor in determining overall 
experience evaluations. Emotions can be evoked by various factors 
that are part of the experience designer’s toolbox, such as providing 
interaction, multi-sensory settings and objects, a clear structure or 
program for the experience, accommodating for the relationships of 
visitors (i.e., keeping the party composition in mind) and sustaining 
the action throughout the experience following an animation program 
(Rossman & Schlatter, 2015). Ma et al. (2017) found that visitors 
who attach importance to, are interested in and pay attention to 
an experience feel more positive emotions than visitors who show 
little interest or involvement. Besides allocating resources to create 
emotionally enhancing experience designs, tourism and leisure 
managers should thus also devote more resources to marketing and 
SXEOLF� UHODWLRQ� H̆RUWV� WKDW� SRVLWLYHO\� LQÀXHQFH� VXFK� IDFWRUV� DV� WKH�
attached importance and interest in an experience. Also, as suggested 
E\� 0D� HW� DO�� �������� WRXULVP� DQG� OHLVXUH� PDQDJHUV� FRXOG� R̆HU�
opportunities for visitors to celebrate special events or occasions in 
their facilities, as those visitors are generally more interested in having 
a salient and memorable experience to begin with.

1RWH�� WKRXJK�� WKDW� WKH�¿QGLQJV� LQ� WKLV�VWXG\�DOVR� LPSO\� WKDW�YLVLWRUV�
should and will not constantly be emotionally engaged throughout 
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WKH� H[SHULHQFH�� (PRWLRQDO� DURXVDO� ZDV� VLJQL¿FDQWO\� UHODWHG� WR� WKH�
overall experience evaluation indeed, but only for 8 of the 17 scenes. 
Furthermore, some of these 8 scenes were negatively related to the 
overall experience evaluation. This indicates that for some scenes, an 
LQFUHDVH� LQ�HPRWLRQDO�HQJDJHPHQW�FDQ�HYHQ�QHJDWLYHO\�D̆HFW�RYHUDOO�
experience evaluations. In line with suggestions from Bastiaansen 
et al. (2019), tourism and leisure providers should thus carefully 
GHWHUPLQH� ZKLFK� HPRWLRQV� VKRXOG� EH� IHOW� ZKHQ� DQG� VXEVHTXHQWO\�
evaluate which segments of the experience are most strongly related 
to overall experience outcomes and why. Findings can then be used 
to redesign the respective experience segments in order to enhance 
the emotional responses in case of a positive correlation with overall 
experience evaluations and to mitigate the emotional responses in 
case of a negative correlation. Arguably, for this evidence-based 
procedure of experience management and design, methods that 
allow for capturing the temporal dynamics of the experience (e.g., 
experience reconstruction or electrophysiological measures such as 
skin conductance) are indispensable.

5.6 Conclusion

,Q� VXP�� WKH� ¿QGLQJV� LQ� WKH� SUHVHQW� VWXG\� VXSSRUW� WKH� QRWLRQ� WKDW�
HPRWLRQV� IRUP� D� FRUH� IDFWRU� LQÀXHQFLQJ� HYDOXDWLRQV� RI� WRXULVP�
experiences. More particularly, it is shown that overall experience 
evaluations mostly depend on the pattern of these emotions over time. 
Using both reconstructed and physiological measures of emotion, it 
is demonstrated that overall evaluations of a tourism experience are 
better predicted from the peak and end emotions that are felt during 
individual episodes of the experience, than from peaks and ends of 
the experience as a whole. Therefore, further development of the 
3(�WKHRU\�LQ�WKH�¿HOG�RI�WRXULVP�VKRXOG�PRUH�FDUHIXOO\�FRQVLGHU�WKH�
multi-episodic nature of real-life tourism experiences. Physiological 
measures of emotion seem to be particularly suited to study these 
temporal dynamics of tourism experiences.
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6
ABSTRACT | Structured experience (SE) providers 
continuously evaluate and improve their experiential 
R̆HULQJV� WR� PDNH� WKHP� PRUH� PHPRUDEOH�� $UJXDEO\�� WKH�
temporal dynamics of the emotions in an experience have 
D� FUXFLDO� LQÀXHQFH� RQ� LWV�PHPRUDELOLW\�� 7UDGLWLRQDO� SRVW�
experience evaluation procedures tend to ignore these 
WHPSRUDO� G\QDPLFV�� WKXV� R̆HULQJ� LPSUHFLVH� IHHGEDFN� IRU�
providers on exactly when and where to optimize their 
H[SHULHQWLDO�R̆HULQJV��,Q�WKLV�FKDSWHU��ZH�XVH�WZR�PHWKRGV�
as a tool for evaluating how closely the lived experience of a 
SE follows the experience as intended by the provider: real-
time skin conductance (SC) and experience reconstruction 
measures (ERMs). We demonstrate that both SC and ERMs 
DUH� VLJQL¿FDQWO\� UHODWHG� WR� LQWHQGHG� H[SHULHQFH��7KLV� OLQN�
was found to be stronger for later sections of the experience 
than for earlier sections. In addition, SC and ERMs appear 

Evaluating the temporal 
dynamics of a structured 
experience: Real-time skin 
conductance and experience 
reconstruction measures1

1 7KLV�FKDSWHU�LV�D�VOLJKWO\�PRGL¿HG�YHUVLRQ�RI�D�SDSHU�ZLWK�LGHQWLFDO�WLWOH�E\�6WULMERVFK�HW�DO��
(2021a) which has been published in Leisure Sciences.
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WR� EH� XVHIXO� WRROV� WR� DVVHVV� WKH� H̆HFWLYHQHVV� RI� GHVLJQ�
interventions, thus providing valuable feedback for SE 
providers. �

6.1 Introduction

From the experiential perspective, leisure is often seen as a 
FRQYHUJHQFH� RI� UHODWLYH� IUHHGRP� DQG� LQWULQVLF� PRWLYDWLRQ� �.OHLEHU�
et al., 2011). Along these lines, leisure providers are seeking to 
improve and enhance experiences of leisure participants through 
carefully structuring their experience products (Scott, Gao, et al., 
2017). Duerden et al. (2015) conceptualize structured experiences 
(henceforth: SEs) as the objective encounters between participant 
and provider as well as the resulting subjective participant outcomes. 
0RUH�VSHFL¿FDOO\��6(V�DUH�FKDUDFWHUL]HG�DV�DQ�RQJRLQJ�SURFHVV�RI�FR�
creation between participant and provider, for which participants 
bring their relationships, thoughts, emotions, values, memories of 
past experiences and personal characteristics and for which providers 
PDQLSXODWH� VSHFL¿F� GHVLJQ� HOHPHQWV�ZLWK� WKH� LQWHQWLRQ� WR� HYRNH� DQ�
experience that is thought through from start to end (Duerden et al., 
2015). Ellis and colleagues (2019) have extended the conceptualization 
of SEs by building the theory of structured experience (TSE), which 
has been revised into TSE 2.0 following several empirical assessments 
(Ellis, Jiang, Freeman, & Lacanienta, 2020; Ellis, Jiang, Freeman, 
Lacanienta, et al., 2020). In TSE, SEs are considered as “a planned 
invitation by an experience provider (i.e., a ‘manipulated framework’) 
for a heightened subjective state of motivation, attention and emotion 
to occur,” (Ellis et al., 2019, p. 99). This invitation may then evoke two 
types of outcomes: immediate conscious experience and after-the-fact 
evaluations (Ellis et al., 2019; Ellis, Jiang, Freeman, Lacanienta, et al., 
2020). Immediate conscious experience refers to several subjective 
states, such as immersion, absorption, engagement, or deep structured 
experience (DSE) (Ellis et al., 2019). Experience evaluations refer 
WR� DIWHU�WKH�IDFW� HYDOXDWLRQV� VXEVHTXHQW� WR� GLVHQJDJHPHQW� IURP� WKH�
H[SHULHQFH� LWVHOI�� ZKLFK� PD\� FRQVLVW� RI� YDOXH� MXGJPHQWV�� D̆HFWLYH�
responses, satisfaction/delight and proclivity to recommend (Ellis et 
al., 2019; Ellis, Jiang, Freeman, Lacanienta, et al., 2020).

As Duerden et al. (2015) suggest, the SE framework is particularly 
XVHIXO�IRU�6(�SURYLGHUV�WR�¿UVW�WKLQN�DERXW�WKH�RXWFRPHV�WKH\�KRSH�WR�
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DFKLHYH�DQG� WR�VXEVHTXHQWLDOO\� VWUXFWXUH� WKH� LQGLYLGXDO�6(�HOHPHQWV�
with these outcomes in mind. At the same time, Duerden and colleagues 
(2015) acknowledge that the SE framework is not likely to account for 
all experiences of all leisure participants. Smit et al. (2020) note that 
experiences cannot be designed to create identical behavioral and 
neurological responses within each consumer. At best, a provider can 
structure the settings and surrounding with the intention to create 
VLPLODU�H̆HFWV�RQ�HDFK�FRQVXPHU��6PLW�HW�DO����������+RZHYHU��WR�WKH�
best of our knowledge, the extent to which the actual experience of 
leisure participants can be in line with the intended experience of a 
provider has not been empirically evaluated in the literature to date.

1RWZLWKVWDQGLQJ��WKH�OLWHUDWXUH�R̆HUV�D�ZLGH�YDULHW\�RI�PHDVXUHPHQW�
scales to empirically evaluate experiences on a number of dimensions. 
For example, De Geus et al.’s (2016) Event Experience Scale measures 
WKH� H[WHQW� WR� ZKLFK� HYHQW� YLVLWRUV� H[SHULHQFH� D̆HFWLYH�� FRJQLWLYH�
and physical engagement, as well as newness. Lee & Smith’s (2015) 
Visitor Experience Scale measures the extent to which museum 
visitors experience entertainment, escapism, education, relationship 
development and culture identity-seeking. In the context of 
FRQVXPSWLRQ� H[SHULHQFH�� .ODXV� 	� 0DNODQ¶V� ������� (;4� PHDVXUHV�
consumers’ peace-of-mind and outcome focus and asks consumers 
to evaluate moments-of-truths and various product features. In a 
similar vein, Parasuraman et al.’s (1988) SERVQUAL asks consumers 
to evaluate a service provider on its tangible products, reliability, 
responsiveness, assurance and empathy. Finally, for the context of 
SEs in particular, several scales have been developed to measure TSE-
related constructs of engagement, absorption, immersion and DSE 
(see Ellis, Jiang, Freeman, Lacanienta, et al., 2020 for review). Using 
these scales, participants are typically surveyed after-the-fact and are 
then asked to aggregately evaluate their experience across the entire 
duration of their participation in a SE from start to end.

While the abovementioned scales could be a starting point for explicitly 
comparing intended experience with actual experience, a disadvantage 
of aggregative after-the-fact methods is that they disregard how 
experiences evolve over time. Recent accounts in the literature 
conceptualize experience as a temporally dynamic phenomenon of 
SHUFHSWXDO��FRJQLWLYH�DQG�D̆HFWLYH�SURFHVVHV��%DVWLDDQVHQ�HW�DO���������
Stienmetz et al., 2021). The pattern and shape of these temporal 

Evaluating temporal dynamics of structured experience

Proefschrift_v2.indd   121Proefschrift_v2.indd   121 30-08-2022   02:1830-08-2022   02:18



122

G\QDPLFV�KDYH�D�VWURQJ� LQÀXHQFH�RQ�KRZ�H[SHULHQFHV�DUH�HYDOXDWHG�
and remembered (Fredrickson, 2000). Due to their aggregative nature, 
the abovementioned experience scales fail to capture the crucial 
LQIRUPDWLRQ�WKDW�OLHV�LQ�WKLV�WHPSRUDO�ÀX[�RI�HPRWLRQV�DQG�SHUFHSWLRQV�
�%DVWLDDQVHQ�HW�DO���������6WLHQPHW]�HW�DO����������$V�D�FRQVHTXHQFH��
VXFK�PHWKRGV�R̆HU� DQ� LQFRPSOHWH�XQGHUVWDQGLQJ�RI� H[SHULHQFH� DQG�
LPSUHFLVH�IHHGEDFN�IRU�SURYLGHUV�RQ�H[DFWO\�ZKHQ�6(V�LQÀXHQFH�RYHUDOO�
evaluations. In the present chapter, we address these shortcomings 
by evaluating the SE of a musical theatre show in a theme park in 
northwestern Europe through two types of measures that allow for 
capturing temporal dynamics: real-time measures of skin conductance 
and self-reported experience reconstruction measures.

6.1.1 Between lived and remembered experience

In the SE framework, SE refers to both the physical encounters 
between providers and participants, as well as the subjective states 
and outcomes on the side of the participant (Duerden et al., 2015). 
-DQW]HQ� �������� KRZHYHU�� DUJXHV� WKDW� H[SHULHQFH� E\� GH¿QLWLRQ� LV� D�
psychological phenomenon, i.e., the subjective states under the SE 
framework. At best, the physical encounter between participant and 
provider provides the stage or context for these subjective states to 
take place and should not be considered as part of the psychological 
phenomenon itself. Separating the context from the psychological 
SKHQRPHQRQ� LV� XVHIXO� IRU� VXEVHTXHQW� GLVFXVVLRQV�� DV� WKH� WHUP�
“experience” links together several other psychological concepts (i.e., 
lived and remembered experience; see below). For clarity, we henceforth 
thus refer to physical participant-provider encounters as structured 
experience (SE) and to the resulting psychological phenomenon simply 
as experience. Following Bastiaansen et al. (2019), the latter term has 
two components that are distinguished by their temporal occurrence: 
lived experience and remembered experience. Lived experience can be 
GH¿QHG�DV�DQ�RQJRLQJ�VWUHDP�RI�FRQVFLRXVQHVV��EDVHG�RQ�VWLPXOL�WKDW�
DUH�SURFHVVHG�E\�RXU�SHUFHSWXDO�DQG�D̆HFWLYH�V\VWHPV��-DFREV���������
This continuous stream of experiencing is segmented into experiential 
episodes that have a clear beginning and ending through the activation 
of so-called mental models (Bastiaansen et al., 2019). An example is 
that the concept of ‘playing soccer’ segments your weekly soccer match 
R̆�IURP�ZKDWHYHU�KDSSHQHG�EHIRUH�RU�DIWHU�
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Occasionally, an experiential episode will be stored into memory to form 
D�UHPHPEHUHG�H[SHULHQFH��.DKQHPDQ�	�5LLV���������1RW�HYHU\WKLQJ�
we experience is automatically stored in memory (Zajchowski et 
al., 2017). Memorability, however, is an important asset for leisure 
SURYLGHUV�� DV� H[SHULHQFHV� QHHG� WR� EH� UHPHPEHUHG� LQ� WKH� ¿UVW� SODFH�
before they can develop into experiences with stronger impacts (i.e., 
meaningfulness or transformability) (Duerden et al., 2018) and before 
they lead to downstream behavior such as proclivity to recommend or 
UHYLVLW��%DUQHV��0DWWVVRQ��	�6¡UHQVHQ���������7KLV�EHJV�WKH�TXHVWLRQ�RI�
which elements in an experience make it more memorable.

A growing body of work suggests that the memorability of a leisure 
experience mostly depends on the emotions that are evoked in 
WKH� OLYHG� H[SHULHQFH� �%DVWLDDQVHQ� HW� DO��� ������ 'HO� %RVTXH� 	� 6DQ�
0DUWtQ�� ������'XHUGHQ� HW� DO��� �������7KLV� KDV� EHHQ� VXSSRUWHG�ZLWK�
VRXQG�HPSLULFDO�HYLGHQFH� LQ�WKH�¿HOG�RI�JHQHUDO�SV\FKRORJ\�WKDW�KDV�
studied the relationship between emotion and memory (see Holland 
	�.HQVLQJHU�������IRU�UHYLHZ���,Q�6(V�LQ�SDUWLFXODU��HPRWLRQ�KDV�EHHQ�
found to play an important role in determining engagement (Ellis, 
Jiang, Freeman, & Lacanienta, 2020), which in turn has been argued 
WR�D̆HFW�PHPRUDELOLW\�DV�ZHOO��6FRWW��*DR��HW�DO����������7KHUHIRUH��ZH�
argue that emotionally engaging leisure consumers should be a core 
consideration in the design and development of SEs. As such, they can 
be of relevance in evaluating and optimizing SEs as well. For evaluation 
and optimization procedures of SEs, Bastiaansen et al. (2019) suggest 
WKDW�SURYLGHUV�VKRXOG�¿UVW�IRFXV�RQ�GHWHUPLQLQJ�ZKLFK�HPRWLRQV�VKRXOG�
EH�IHOW�ZKHQ��WKH�LQWHQGHG�H[SHULHQFH��DQG�VXEVHTXHQWO\�FRPSDUH�WKH�
intended experience to the emotions that are actually experienced.

6.1.2 Emotions and how to measure them

In the emotion literature, emotions are generally understood as brief 
UHVSRQVHV� WR� VWLPXOL� WKDW� DUH� VHHQ� DV� SHUVRQDOO\� VLJQL¿FDQW� �)ULMGD��
1986). However, according to the most recent developments in the 
theory of emotion (Feldman Barrett, 2017b), emotions are not a 
response to a stimulus, but a simulated anticipation of what that 
stimulus is going to be and how, given prior experience, the internal 
milieu (i.e., mental and bodily states) can best respond to this stimulus 
in terms of body budget. Through interoception, these mental and 
bodily states are available to consciousness through the dimensions 
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RI�HPRWLRQDO�YDOHQFH�DQG�DURXVDO�� WRJHWKHU�UHIHUUHG�WR�DV�FRUH�D̆HFW�
(Russell, 2003). Previously stored mental models then allow for an 
interpretation of these dimensions in terms of discrete emotion labels 
used in daily language, such as anger, fear and joy. While mental 
models of emotions are culturally determined, dimensions of emotional 
valence and arousal are a human universal (Feldman Barrett, 2017b).

Emotions are expressed phenomenologically, behaviorally and 
physiologically and can hence be measured along these dimensions 
as well (Mauss & Robinson, 2009). In the leisure literature, emotions 
are most commonly measured phenomenologically through the use 
of self-report (Li et al., 2015), either by tapping into the dimensions 
of valence and arousal or by asking participants to report on discrete 
emotions. This approach has been criticized, as it generally measures 
participant’s cognitive evaluation of an emotion, rather than the 
emotion itself. Also, self-report is generally conducted after-the-fact, 
thus measuring remembered emotion rather than lived emotion (Li 
HW�DO����������$V�QRWHG�E\�.DKQHPDQ�DQG�5LLV���������OLYHG�H[SHULHQFH�
XVHV� GL̆HUHQW� VRXUFHV� RI� LQSXW� WKDQ� UHPHPEHUHG� H[SHULHQFH�� /LYHG�
experience is based on (un)conscious sources of input in the here 
and now, whereas remembered experience is based on after-the-fact 
LQWHUSUHWDWLRQV�WKURXJK�VHYHUDO�KHXULVWLFV��VXFK�DV�UHFHQF\�H̆HFWV�DQG�
peak-and-end mechanisms (see e.g., Strijbosch et al., 2021b).

Several recent accounts in the literature suggest electrophysiological 
measures as a promising tool for studying the emotions over the 
course of an experience (Bastiaansen et al., 2019; Li et al., 2015). 
$FFRUGLQJ�WR�%LUHQERLP�HW�DO����������HOHFWURSK\VLRORJLFDO�HTXLSPHQW�
can advantageously record real-time physiological signals (such as 
heart rate, body temperature and skin conductance) that form a more 
objective measure of emotions than phenomenological or behavioral 
DVVHVVPHQWV�� ,Q� DGGLWLRQ�� HOHFWURSK\VLRORJLFDO� HTXLSPHQW� DOORZV� IRU�
measuring these signals with sub-second precision, resulting in a detailed 
WHPSRUDO� SUR¿OH� RI� WKH� HPRWLRQDO� UHVSRQVHV� GXULQJ� DQ� H[SHULHQFH��
Electrophysiology is able to capture emotions unobtrusively, thereby 
QRW� D̆HFWLQJ� WKH� H[SHULHQFH� LWVHOI�� (OHFWURSK\VLRORJLFDO� PHDVXUHV�
have certain drawbacks, too (Birenboim et al., 2019). First, the rather 
VHQVLWLYH�HTXLSPHQW�LV�SURQH�WR�PHDVXUHPHQW�DUWLIDFWV��L�H���SHDNV�LQ�
the recorded signal that result from sources other than from bodily 
responses). Also, electrophysiology asks for maximal experimental 
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controllability, so as to control for environmental factors that are crucial 
for data interpretation. Furthermore, while experience is essentially a 
product of human consciousness (Jacobs, 2006), electrophysiological 
measures of emotion capture bodily processes, which are of a 
GL̆HUHQW� QDWXUH� DQG� QRW� QHFHVVDULO\� FRQYHUJHQW�ZLWK�PHDVXUHV� WKDW�
tap into consciousness (Mauss & Robinson, 2009). To obtain a more 
comprehensive measurement of emotions, it is therefore advisable to 
use electrophysiology together with additional phenomenological or 
behavioral methods (Hosany et al., 2020). Suggested phenomenological 
methods that are able to capture temporal dynamics as well are 
experience sampling methods or experience reconstruction methods. 
Experience sampling methods use immediate, real-time, self-reported 
measures of lived experience as it is taking place (see e.g., Hektner et al., 
2007). Experience reconstruction methods retrospectively reconstruct 
lived experience from memory by recording self-reported measures on 
segments of the lived experience directly after it has ended (Strijbosch 
et al., 2019; Strijbosch et al., 2021b).

An electrophysiological measure that has gained particular interest 
in the leisure literature is that of skin conductance (SC), which after 
applying the proper mathematical procedures forms a temporally well-
aligned proxy for emotional arousal to be measured in SEs (Bastiaansen, 
Oosterholt, et al., 2020; Bendegom, Mitas, Boode, Rooij, & Bastiaansen, 
������%LUHQERLP�HW�DO���������.LP�	�)HVHQPDLHU��������/L��������0LWDV��
Mitasova, et al., 2020; Strijbosch et al., 2021b). SC does not discriminate 
between positively or negatively valenced emotions (Boucsein, 2012). 
However, much like other electrophysiological measures, SC has the 
advantage of precisely indicating when participants are experiencing 
an emotionally arousing response. In maximally controlled settings, 
these responses can be linked to environmental cues, such as the 
touchpoints in SEs. In the studies mentioned above, SC has been used 
to give an idea of the emotional arousal during SEs that are both highly 
structured (such as roller coasters, theme parks, guided museum 
tours and theatre shows, (see e.g., Bastiaansen, Oosterholt, et al., 
2020; Li, 2020; Mitas, Mitasova, et al., 2020; Strijbosch et al., 2021b; 
Van Bendegom et al., 2021)) and less structured (such as city walks 
�VHH�H�J���%LUHQERLP�HW�DO���������.LP�	�)HVHQPDLHU����������,Q�WKHVH�
contexts, SC has been studied in relation to such evaluation measures 
as proclivity to recommend (Mitas, Mitasova, et al., 2020; Strijbosch 
et al., 2021b), appreciation (Strijbosch et al., 2021b) and assessments 
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of overall emotional valence and arousal (Strijbosch et al., 2021b; Van 
Bendegom et al., 2021). In the present work, we use SC to compare the 
time course of emotional arousal over the lived experience of leisure 
participants with the time course of emotional arousal as intended by 
WKH�GHVLJQHUV�RI�D�6(��:H�WKXV�DGGUHVV�WKH�TXHVWLRQ�ZKHWKHU�6&�FDQ�EH�
used to evaluate how closely the lived experience follows the intended 
experience. 

6.1.3 The present study

In the present chapter, we explore SC as a tool for evaluating the SE 
of a musical theatre show in a theme park in northwestern Europe. 
To address the phenomenological nature of experience as a product 
of human consciousness, we complement this method with an 
experience reconstruction method adapted from Strijbosch et al. 
(2019). This method surveys participants directly after the experience 
RQ�WKHLU�HPRWLRQDO�YDOHQFH�DQG�DURXVDO�GXULQJ��HLWKHU�SUHGH¿QHG�RU�
SDUWLFLSDQW�GH¿QHG�� HSLVRGHV� ZLWKLQ� WKH� OLYHG� H[SHULHQFH�� 5DWLQJV�
of valence and arousal during each segment are then used to create 
WHPSRUDO�SUR¿OHV�RI� HPRWLRQDO� YDOHQFH� DQG�DURXVDO�GXULQJ� WKH� OLYHG�
H[SHULHQFH��WKXV�FRPSOHPHQWLQJ�WKH�6&�SUR¿OHV�FDSWXUHG�GXULQJ�WKH�
lived experience real-time.

The 75-minute musical theatre show was selected to ensure high 
environmental controllability and to address the susceptibility of the 
HOHFWURSK\VLRORJLFDO� HTXLSPHQW� WR� PRWLRQ� DUWLIDFWV� WKDW� RWKHUZLVH�
result from excessive movement of participants. Also, due to its tightly 
scripted nature, the show provides very precise temporal information 
about which stimuli are experienced at which moment in time. This 
makes the show an excellent setting for comparing the lived experience 
of participants with the intended experience. The show meets the 
GH¿QLWLRQ� RI� D� OHLVXUH� H[SHULHQFH�� DV� LW� LV� IUHHO\� FKRVHQ� DQG� R̆HUV�
participants no other explicit rewards besides attending the show itself.

To assess the usefulness of SC and experience reconstruction measures 
(ERMs) (for clarity, we henceforth refer to SC and ERMs together as 
lived experience measures) as tools for evaluating SEs, we compare 
them against the intended experience as established by the provider. 
As SEs are designed to deliver experiences in an intentional manner, 
we hypothesize that:
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H1 The time course of lived experience measures during the 
musical theatre show is related to the time course of the 
intended experience for that same show.

In addition, to see whether our lived experience measures can be used 
as a tool for SE optimization, we examined whether they would co-
YDU\�ZLWK�PRGL¿FDWLRQV�WR�WKH�GHVLJQ�RI�WKH�WKHDWUH�VKRZ��7KHUHIRUH��
WKH� VKRZ� ZDV� R̆HUHG� LQ� WZR� YHUVLRQV�� DQ� RULJLQDO� DQG� DQ� DGDSWHG�
version in which 2 of the 17 original show scenes (scene 1 and 7) were 
redesigned. Scene 1 was redesigned by letting a show host interact 
with the audience while walking through the seating area instead of 
IURP�WKH�FHQWUDO�VWDJH��6FHQH���ZDV�UHGHVLJQHG�E\�FKDQJLQJ�D�VHTXHQFH�
RI� K\SQRVLV�� GDQFH� DQG� S\URWHFKQLF� H̆HFWV� LQWR� DQ� LQWHQVH� VFHQH�
ZKHUH�DOO�WKHVH�WKLQJV�KDSSHQHG�DW�RQFH��LQVWHDG�RI�LQ�VHTXHQFH��%RWK�
interventions were based on creative decisions by the show’s creative 
development team to make the scenes emotionally more arousing, so 
as to better align the respective scenes with the intended experience. 
Particularly, the role of these interventions in the current study was 
to see whether our lived experience measures could establish the 
H̆HFWLYHQHVV�RI�WKH�LQWHUYHQWLRQV��7KHUHIRUH��ZH�K\SRWKHVL]H�WKDW�

H2 The time course of lived experience measures during the 
adapted version of the musical theatre show more closely 
follows the time course of the intended experience, than the 
time course of lived experience measures during the show’s 
original version.

H3 Scene 1 of the adapted show induces more emotional arousal 
than in the original show.

H4 Scene 7 of the adapted show induces more emotional arousal 
than in the original show.

6.2 Materials and methods

6.2.1 Participants

Participants were selected from the research panel of the theme 
park hosting the musical theatre show. Panel members received an 
email with information about the study, for which they could sign up 
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voluntarily. From all subscriptions, 89 participants were selected to 
FRPSRVH�D�TXRWD�VDPSOH�PDWFKHG�ZLWK�WKH�WDUJHW�JURXS�RI�WKH�VKRZ��
EDVHG�RQ�DJH�DQG�IDPLO\�FRPSRVLWLRQ��7KH�WDUJHW�JURXS�ZDV�GH¿QHG�
as families with two adults and two children above the age of 6. These 
families were invited to visit the show on a set date in either January-
)HEUXDU\�RU�0D\�-XQH�������IRU�ZKLFK�WKH�WKHPH�SDUN�R̆HUHG�WKHP�IUHH�
tickets as an incentive to stimulate participation. Of the participating 
families, only adults were selected to take part in the experiment. They 
were informed about the set-up of the study and gave written informed 
consent in accordance with the Declaration of Helsinki.

The 89 participants were divided over two groups: one group that 
watched the original version of the show in January or February  
(n = 39) and one group that watched an adapted version of the show 
in May or June (n�  � ����� 3DUWLFLSDQWV�ZHUH� XQDZDUH� RI� GL̆HUHQFHV�
between the two versions and subscribed based on their availability 
in the mentioned periods. Of the 39 participants for the original 
show, the physiological data of 6 participants turned out to be either 
PLVVLQJ�GXH� WR�HTXLSPHQW� IDLOXUH�RU� WR�FRQWDLQ�H[FHVVLYH�PRYHPHQW�
artifacts in the physiological signal (see section 6.2.4.1 for details). 
These participants were excluded from further analysis, resulting in 
D�¿QDO�JURXS�RI����SDUWLFLSDQWV��Mage = 43.09; SDage = 7.26; 17 males/ 
16 females). Similarly, of the 50 participants for the adapted show,  
��SDUWLFLSDQWV�ZHUH�H[FOXGHG��UHVXOWLQJ�LQ�D�¿QDO�JURXS�RI����SDUWLFLSDQWV�
(Mage = 45.21; SDage = 8.04; 17 males/26 females). This group consisted 
RI�PRUH�IHPDOHV�FRPSDUHG�WR�WKH�¿UVW�JURXS��EXW�WKLV�GL̆HUHQFH�ZDV�QRW�
VLJQL¿FDQW��ǒ2

1 = 1.084; p� ���������QHLWKHU�ZDV�WKH�GL̆HUHQFH�LQ�DJH�
(t73 = -1.174; p = 0.244). All participants were Dutch nationals. Note 
that although small sample sizes are common in psychophysiological 
VWXGLHV��RXU�¿QDO�VDPSOH�RI����SDUWLFLSDQWV�LV�VXEVWDQWLDOO\�ODUJHU�WKDQ�
the typical n = 20-25 in traditional psychophysiological laboratory 
studies (Bastiaansen, Oosterholt, et al., 2020).

6.2.2 Structured experience

The SE consisted of a 75-minute musical theatre show that was 
performed weekly in the theme park resort. The show’s concept was 
drawn from the theme of a carousel of life. Relying mostly on mimicry, 
music and visual spectacle, the show was almost entirely performed 
without spoken language. Before the beginning of the show, two show 
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hosts select an (informed) guest from the audience who becomes the 
protagonist of the show (scene 1). The stage is then magically changed 
into a carousel of time. The hosts take the protagonist back to his 
childhood, where he meets his prospective girlfriend and wife (scene 
2, 3, 4 and 5). As the show hosts make time go faster, the protagonist 
wants to travel the world and sets out on a voyage to explore foreign 
and exotic cultures (scene 6, 7 and 8). After receiving several letters 
from his female friend back home, the protagonist returns home, 
where the two meet up again (scene 9). They get married (scene 10) 
and become parents of a baby girl (scene 11). As the young parents 
grow older, they end up in the hassles of parenting and working life 
(scene 12). At one point, the woman cannot keep up with her husband 
and child anymore, suddenly faints and eventually dies (scene 13), 
leaving her husband and child behind. Eventually, the child’s resilience 
drags her father out of depression as their sorrows are washed away 
by a magical water curtain (scene 14). Both pick up their life and the 
protagonist grows into being a grandfather as his daughter gives birth 
to a baby boy (scene 15, 16). The baby boy grows up to the same age 
as his grandfather in scene 2 and meets a female friend of his own, 
starting his own ride on the carousel of life. The show ends with all 
DFWRUV� RQ� VWDJH�� DFFRPSDQLHG� E\� ERPEDVWLF�PXVLF�� ¿UHZRUNV� DQG� D�
round of applause (scene 17).

7KH�WZR�YHUVLRQV�RI�WKH�VKRZ�GL̆HUHG�LQ�WHUPV�RI�VFHQH���DQG�VFHQH����
Originally, scene 1 consisted of one of the show hosts calling various 
audience members to the stage to select the protagonist through a 
series of playful assignments. In the adapted version, the host walked 
through the audience and conducted those assignments in the seating 
area, creating a more arousing experience by limiting the distance 
between the host and the audience members. Scene 7 originally 
consisted of a fakir that hypnotized the protagonist for a dance with a 
VQDNH��IROORZHG�E\�VHYHUDO�S\URWHFKQLF�H̆HFWV��)RU�WKH�DGDSWHG�YHUVLRQ��
WKLV�VFHQH�ZDV�PRGL¿HG�VR�WKDW�WKH�K\SQRVLV��GDQFH�DQG�S\URWHFKQLF�
H̆HFWV�KDSSHQHG�DOO�DW�RQFH�WR�LQFUHDVH�WKH�LQWHQVLW\�RI�WKH�VFHQH��)RU�
the remainder of the show, the two versions were identical.

6.2.2.1 Establishing the intended experience

Before collecting data from the participants, four members of the 
theatre show’s creative development team (two producers, the director 
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and the composer) were individually interviewed to determine how 
they intended visitors’ emotional arousal to evolve over the time 
FRXUVH� RI� WKH� VKRZ�� XVLQJ� D� VHPL�VWUXFWXUHG� LQWHUYLHZ� WHFKQLTXH��
First, interviewees were asked to talk about their role in developing 
the show. Then, they were asked to talk through the timeline of the 
ZKROH�VKRZ�DQG�WR�UHÀHFW�RQ�ZKDW�HPRWLRQV�WKH\�LQWHQGHG�IRU�JXHVWV�
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FIGURE 6.1 | /�i�Ì�«�«>ÀÌ��v�Ì�i�w}ÕÀi����ÕÃÌÀ>ÌiÃ���Ü�Ì�i��>�`�
drawn intended experience from the interview with one of the creative 
developers was transformed into a digital version. The bottom part of the 
w}ÕÀi�Ã��ÜÃ�`�vviÀi�Ì���Ìi�`i`�iÝ«iÀ�i�ViÃ�vÀ���Ì�i���`�Û�`Õ>��VÀi>Ì�Ûi�
developers and the average intended experience over that of the four.
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to feel during each of the 17 scenes. Near the end of the interview, the 
interviewees were provided with a diagram with the timeline of the 
show on the horizontal axis and emotional arousal on the vertical axis, 
using a 9-point scale for emotional arousal (Bradley & Lang, 1994) 
�VHH�)LJXUH�������7KH\�ZHUH�WKHQ�DVNHG�WR�GUDZ�D�WHPSRUDO�SUR¿OH�RI�
the intended emotional arousal for the whole show (for clarity, we 
KHQFHIRUWK�UHIHU�WR�WKLV�WHPSRUDO�SUR¿OH�DV�WKH�LQWHQGHG�H[SHULHQFH���
We chose to determine the intended experience in terms of emotional 
arousal, as emotional arousal is a prominent element in the dramatic 
arc, a tool often used in story-driven experiences such as the current 
theatre show (Calvi & Hover, 2016). The dramatic arc is a storytelling 
structure that follows an increase in emotional tension or suspense as 
the story unfolds, peaking at the climax and then returning to normal 
as the story ends (Calvi & Hover, 2016). Also, arousal is the dimension 
of emotion that is often linked to SC (Boucsein, 2012).

The four “analogue” time series of emotional arousal provided by the 
members of the creative development team were digitized and linked 
WR�WKH�RQVHW�R̆VHW�RI�WKH�HYHQWV�DQG�VFHQHV��VHH�)LJXUH�������:KHQ�DQ�
³DQDORJXH´�SUR¿OH�H[FHHGHG�WKH���SRLQW�VFDOH�DV�RULJLQDOO\�SURYLGHG��
WKH� ZKROH� SUR¿OH� ZDV� ¿UVW� GLJLWL]HG� DQG� WKHQ� UHFDOFXODWHG� LQWR� D�
��SRLQW�VFDOH��7KH�IRXU�LQGLYLGXDO�SUR¿OHV�ZHUH�DYHUDJHG�WR�HVWDEOLVK�
the intended experience for the creative team as a whole, which was 
then used for further analyses.

6.2.2 Design and procedure

Data were collected over 11 performances of the show (6 original in 
January-February 2019; 5 adapted in May-June 2019). After having 
obtained written informed consent, the experimenter put an Empatica 
E4 wristband on the wrist of the participants’ non-dominant hand. 
Participants were instructed to sit in the theatre as relaxed as possible 
and to not touch or move the wristband during the show. They were then 
seated in the theatre and watched the show together with other non-
participating audience members so as to create an ecologically valid 
setting. To guarantee independence of each individual’s experience, 
couples were seated so as to be physically separated. After the show, 
wristbands were removed from the participants, who were then given 
D�SRVW�H[SHULHQFH�TXHVWLRQQDLUH�

Evaluating temporal dynamics of structured experience

Proefschrift_v2.indd   131Proefschrift_v2.indd   131 30-08-2022   02:1830-08-2022   02:18



132

6.2.3 Data collection

6.2.3.1 Physiological data

SC data were recorded with Empatica E4 wristbands (Empatica Inc., 
USA). While various alternatives exist (e.g., the Shimmer3 GSR+ 
(Shimmer Research Ltd, Ireland) and the EdaMove 4 (movisens 
GmbH, Germany)), Empatica E4s were chosen for their user-
friendliness (both for participant and experimenter), the inclusion of 
a button to mark a temporal event (e.g., the beginning of the show) 
as well as the fact that the user has access to the raw, untreated data. 
3K\VLRORJLFDO� GDWD� ZHUH� FRQWLQXRXVO\� VDPSOHG� DW� D� IUHTXHQF\� RI� ��
+]�DQG�ZHUH�VWRUHG�RQ� WKH�(PSDWLFD� IRU� IXUWKHU�R̆�OLQH�SURFHVVLQJ��
Measurement started when participants began to wear the Empaticas 
and continued until the experimenter removed the wristbands. Time 
was also recorded on the Empaticas. In order to obtain an indicative 
WLPH�DOLJQPHQW�EHWZHHQ�WKH�UHFRUGLQJV�RI�6&�GDWD�DQG�RQVHWV�R̆VHWV�
of each of the scenes, the experimenter wrote down time stamps of 
WKH�RQVHW�R̆VHW�RI�HDFK�RI�WKH�VKRZ¶V�SHUIRUPDQFHV��DV�ZHOO�DV�DURXQG�
WKH�RQVHW�RI�WKH����GL̆HUHQW�VFHQHV��)RU�WKLV��WKH�H[SHULPHQWHU�XVHG�D�
mobile telephone with the time-zone-synchronized Alarm Clock Pro 
DSS��L+DQG\�/WG���+RQJ�.RQJ���$V�VRRQ�DV�HDFK�HYHQW�UHODWHG�WR�WKH�
scene onsets occurred, the experimenter noted the exact time that was 
displayed on the phone.

6.2.3.2 Post-experience questionnaire

,Q� WKH� SRVW�H[SHULHQFH� TXHVWLRQQDLUH�� SDUWLFLSDQWV� ZHUH� DVNHG� WR�
indicate their emotional valence and arousal for each of the 17 show 
scenes, using 5-point scales adapted from Bradley and Lang (1994). 
Scenes were referred to through the use of a picture that was considered 
YLVXDOO\�UHSUHVHQWDWLYH�IRU�WKH�ZKROH�VFHQH��IROORZHG�E\�WKH�TXHVWLRQV�
“To what extent did you feel positive or negative during the scene 
as depicted by the photo?” and “To what extent did you feel calm or 
excited during the scene as depicted by the photo?” using the same 
5-point scales as mentioned above. We explicitly chose to use pictures 
UDWKHU� WKDQ� YHUEDO� ODEHOV�� VR� DV� WR� QRW� LQÀXHQFH� SDUWLFLSDQWV� ZLWK�
LQWHUSUHWDWLRQV�WKDW�PLJKW�D̆HFW�WKHLU�DQVZHUV��L�H���ODEHOOLQJ�VFHQH����
as “the stress scene” might prime participants to evaluate the scene as 
negatively valenced because of associations with the word “stress”). 
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6.2.4 Data analysis

6.2.4.1 Pre-processing of skin conductance data

SC data were extracted from the Empaticas, stored on a PC and 
imported into MATLAB (MathWorks, USA) for further analysis. 
)LUVW��6&�GDWD�ZHUH�SUHFLVHO\�WLPH�V\QFKURQL]HG�ZLWK�WKH�RQVHW�R̆VHW�
of the show, using the time denotations from the experimenter. SC 
data corresponding to the length of the shows were extracted from 
the recordings and analyzed according to the procedure proposed in 
Bastiaansen, Oosterholt, et al. (2020) as described below. Data from 13 
SDUWLFLSDQWV�ZHUH�H[FOXGHG�IURP�IXUWKHU�DQDO\VLV�EHFDXVH�RI�HTXLSPHQW�
failure or because their physiological data contained too many 
artifacts. In the remaining 76 participants, we removed any evident 
motion artifact detected by Bastiaansen, Oosterholt, et al.’s (2020) 
artifact detection and removal algorithm. SC data were then subjected 
to a continuous deconvolution analysis to separate the signal into its 
tonic (slow long-term changes) and phasic (rapid short-term changes) 
drivers. The phasic driver most accurately corresponds with emotion-
related central nervous system responses, thus serving as a proxy for 
emotional arousal (Boucsein, 2012). Continuous deconvolution was 
performed with the open-source MATLAB toolbox Ledalab (Benedek 
	� .DHUQEDFK�� ������� 7KH� UHVXOWLQJ� SKDVLF� GULYHU� ZDV� VWDQGDUGL]HG�
using a z-transformation for comparability across participants.

To translate the continuous phasic driver into per-scene values, per 
participant, for each scene we took the maximum phasic value for 
that scene (henceforth: peak SCR) as well as the average of the phasic 
YDOXHV�IRU�WKDW�VFHQH��KHQFHIRUWK��DYHUDJH�6&5���XVLQJ�WKH�RQVHW�R̆VHW�
WLPHV�RI� WKH� ���GL̆HUHQW� VFHQHV��)RU�PRVW� VFHQHV��SHDN�DQG�DYHUDJH�
SCR were calculated from the phasic driver of the entire scene. Some of 
the scenes, however, included intense physical audience participation 
(scene 6) or consistently evoked long-lasting episodes of applause 
(scene 8, 11, 15 and 17). These movements generated excessive motion 
artifacts for all participants across all performances of the show. 
For these particular scenes, time segments containing such motion 
artifacts were omitted when calculating peak and average SCR to avoid 
contamination of these measures (for a visual representation of this 
procedure, see Figure 6.2). Peak and average SCR per scene served as 
the input for further analysis.
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FIGURE 6.2 | Calculation of the peak and average SCR for scenes with 
>�`�Ü�Ì��ÕÌ�V��Ã�ÃÌi�Ì���Ì����>ÀÌ�v>VÌÃ°�/�i�Ì�«�w�}ÕÀi�`�Ã«�>ÞÃ�Ì�i�
«�>Ã�V�V��«��i�Ì��v�Ì�i�vÕ���Ã��Ü�v�À���i�«>ÀÌ�V�«>�Ì°�	�ÌÌ���w�}ÕÀiÃ�>Ài�
sections from this driver that correspond to the onsets and offsets of scene 
6 (bottom left) and scene 13 (bottom right). Scene 13 has no applause 
segments and peak and average SCR are therefore based on the full signal 
of scene 13. Scene 6, however, ends with a segment of applause (marked 
with the dashed grey line). For this scene, the applause segment was left 
out and peak and average SCR were calculated from the remaining signal.
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6.2.4.2 Pre-processing of reconstructed experience measures

7KH�SRVW�H[SHULHQFH�TXHVWLRQQDLUH�UHVXOWHG�LQ����SHU�VFHQH�HPRWLRQDO�
YDOHQFH�DQG�DURXVDO�UDWLQJV��RQH�IRU�HDFK�VFHQH��8VLQJ�WKH�RQVHW�R̆VHW�
WLPHV�RI�WKH�LQGLYLGXDO�VFHQHV��D�WHPSRUDO�SUR¿OH�RI�HPRWLRQDO�YDOHQFH�
DQG�DURXVDO�UDWLQJV�ZDV�UHFRQVWUXFWHG��VHH�)LJXUH�������7KHVH�SUR¿OHV�
were used as a representation of the lived experience as measured 
through self-report.

6.2.4.3 Statistical analyses

To test hypotheses H1 and H2, we used Singer & Willett’s (2003) 
multilevel model for change. This approach uses a multilevel model 
framework to see how repeated measures (level 1) nested within 
participants (level 2) change over time. A level-1 predictor modeling 
WLPH�LV�LQFOXGHG�DV�D�PDLQ�H̆HFW��ZLWK�UDQGRP�LQWHUFHSWV�IRU�H[DPLQLQJ�
GL̆HUHQFH�LQ�LQLWLDO�VWDWXV�LQ�WKH�RXWFRPH�YDULDEOH�DQG�D�UDQGRP�VORSH�
IRU�HYDOXDWLQJ�ZKHWKHU�WKHUH�DUH�GL̆HUHQFHV�LQ�FKDQJH�WUDMHFWRULHV�RYHU�
time between participants. Hypothesized covariates are then entered 
LQWR�WKH�PRGHO�WR�VHH�ZKHWKHU�GL̆HUHQFHV�LQ�LQLWLDO�VWDWXV�DQG�FKDQJH�
trajectories between participants can be explained by level-2 predictors 
such as age, gender or an experimental manipulation.

In our approach, we used Stata (StataCorp LLC, USA) to estimate the 
multilevel models following the strategy as described above, using Full 
0D[LPXP�/LNHOLKRRG� WR�¿W� WKH�PRGHOV�� ,Q� FRUUHVSRQGHQFH�ZLWK� WKH�
���GL̆HUHQW�VKRZ�VFHQHV�� LQ�WKLV�VWXG\��UHSHDWHG�PHDVXUHV�FRQVLVWHG�
of 17 values within a participant for each of the four lived experience 
measures (self-reported valence, self-reported arousal, average SCR 
and peak SCR). In our models, the level-1 predictor of time thus 
consisted of the scene numbers ranging from 1 to 17. To see whether 
UDQGRP�VORSHV�RI�WKLV�SUHGLFWRU�ZRXOG�LPSURYH�WKH�PRGHO�¿W��ZH�WHVWHG�
the model with random slopes for the time predictor against a model 
LQ�ZKLFK�VORSHV�IRU�WKH�WLPH�SUHGLFWRU�ZHUH�¿[HG�WR�]HUR�

Our model-building strategy is as follows. H1 states that intended 
experience predicts the lived experience measures. For testing H1, in 
D�¿UVW�PRGHO��0RGHO�����ZH�LQFOXGHG�WZR�OHYHO���SUHGLFWRUV�WR�SUHGLFW�
the four lived experience measures: scene number (our time predictor) 
and intended experience; the latter as a time-varying covariate that 
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is nested within participants. Much like the time predictor, intended 
experience consisted of 17 values (1 value per scene), as derived from 
WKH� GLJLWL]HG� WHPSRUDO� SUR¿OH� LQ� )LJXUH� ��� :H� LQFOXGHG� WKH� FURVV�
product between the intended experience and scene number and 
DOORZHG� WKH� H̆HFW� RI� WKH� LQWHQGHG�H[SHULHQFH�SUHGLFWRU� WR� YDU\�RYHU�
WLPH�� 7KLV� \LHOGV� WKH� IROORZLQJ�PDLQ�PRGHO� �� HTXDWLRQ� IRU� DOO� OLYHG�
experience measures:

LIVED.EXPij  �>Ǆ00���Ǆ10SCENE.NUMBER ��Ǆ20INTENDED.EXP 
��Ǆ30SCENE.NUMBER × INTENDED.EXP] 
��>ǅ0i���ǅ1iSCENE.NUMBER���İij]

ZLWK�Ǆ00 being the initial lived experience when intended experience 
HTXDOV� ��� Ǆ10� EHLQJ� WKH� H̆HFW� RI� VFHQH� QXPEHU� RQ� OLYHG� H[SHULHQFH�
ZKHQ� LQWHQGHG� H[SHULHQFH� HTXDOV� ��� Ǆ20� EHLQJ� WKH� H̆HFWRI� LQWHQGHG�
H[SHULHQFH�RQ�OLYHG�H[SHULHQFH�ZKHQ�VFHQH�QXPEHU�HTXDOV���DQG�Ǆ30 
EHLQJ�WKH�H̆HFW�RI�LQWHQGHG�H[SHULHQFH�RQ�OLHG�H[SHULHQFH�DV�WKH�VFHQHV�
SURJUHVV�GXULQJ�WKH�VKRZ��ǅ0i�DQG�ǅ1i are between-person residuals in 
OLYHG�H[SHULHQFH�DW�WKH�EHJLQQLQJ�RI�WKH�VKRZ�DQG�RI�WKH�H̆HFW�RI�VFHQH�
number, respecitvely, which are assumed to be bivariate normal with 
PHDQ����XQNQRZQ�YDULDQFHV�ı2

0�DQG�ı2
1�DQG�XQNRZQ�FRYDULDQFH�ı2

01��İij 
is the within-person residual variance which is assumed to be normally 
GLVWULEXWHG�ZLWK�PHDQ���DQG�XQNQRZQ�YDULDQFH�ı2

İ.

To test H2, we expanded our main Model 1 by adding the level-2 
covariate of show version (original versus adapted), both as a direct 
H̆HFW�RQO\�ZKLOH�FRQWUROOLQJ�IRU�RWKHU�YDULDEOHV�LQ�WKH�PRGHO��0RGHO�
2) or in interaction with intended experience and scene number (i.e., 
a model with two-way and three-way interactions), yielding Model 
��� 0RGHO� �� DOORZHG� XV� WR� LQYHVWLJDWH� ZKHWKHU� GL̆HUHQFHV� EHWZHHQ�
participants were directly due to the show’s interventions and Model 
�� WR� VHH� ZKHWKHU� WKH� WLPH�YDU\LQJ� H̆HFW� RI� LQWHQGHG� H[SHULHQFH� RQ�
OLYHG�H[SHULHQFH�ZDV�GL̆HUHQW�EHWZHHQ�VKRZ�YHUVLRQV��)RU�K\SRWKHVHV�
H3 and H4, we used the same outcome variables as those under the 
analysis strategy for H1 and H2. As the hypotheses predict that the 
OLYHG� H[SHULHQFH� LV� GL̆HUHQW� IROORZLQJ� LQWHUYHQWLRQV� LQ� WZR� VFHQHV��
in this model, we included scene numbers over time as our main 
level-1 predictor and show version as our level-2 (between-persons) 
predictor. To see whether the lived experience for scene 1 and scene 7 
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ZDV�GL̆HUHQW�IRU�WKH�DGDSWHG�DV�FRPSDUHG�WR�WKH�RULJLQDO�YHUVLRQ�RI�WKH�
show, we employed two planned comparisons.

)RU�DOO�PRGHOV��ZH�UHSRUW�WKH�XQVWDQGDUGL]HG�UHJUHVVLRQ�FRḢFLHQWV��
standard errors and p�YDOXHV�RI�WKH�¿[HG�H̆HFWV��DV�ZHOO�DV�WKH�HVWLPDWHV�
DQG� VWDQGDUG� HUURUV� RI� WKH� UDQGRP� H̆HFWV�� /LNHOLKRRG� 5DWLR� 7HVWV�
(LRTs) and the Bayesian Information Criterion (BIC) are reported for 
HYDOXDWLQJ�ZKHWKHU�PRGHO�¿W�LPSURYHG�ZKHQ�FRYDULDWHV�ZHUH�DGGHG�IRU�
H[SODLQLQJ�GL̆HUHQFHV�LQ�OLYHG�H[SHULHQFH�RXWFRPHV��&RQFHUQLQJ�H̆HFW�
size measures, we follow Lorah (2018) and report Cohen’s f2 (Cohen, 
1992), which is based on Snijders and Bosker’s R2 related to variance 
explained at the within-person level for the overall model (Snijders & 
Bosker, 2012). For the planned comparisons, we report the contrast-
VSHFL¿F�ǒ2-values and accompanying p-values.

6.3 Results

*UDQG�DYHUDJH�WHPSRUDO�SUR¿OHV�RI�VHOI�UHSRUWHG�YDOHQFH�DQG�DURXVDO�
across all participants are reported in Figure 6.3. On average, self-
reported valence across all per-scene ratings and all participants 
was mildly positive for both the original (M = 3.857, SD = 0.771) and 
the adapted version of the show (M = 3.759, SD = 0.790). Likewise, 
participants reported the show as being mildly arousing, on average, 
for both the original (M = 3.346, SD = 0.925) and the adapted version 
(M = 3.400, SD = 0.814). For both versions of the show, self-reported 
valence and arousal ranged from the lowest (1) to the highest (5) ratings. 
7KLV�¿QGLQJ�LQGLFDWHV�WKDW�DSDUW�IURP�WKH�JUDQG�DYHUDJHV��VRPH�RI�WKH�
scenes could trigger the extremes of emotional valence and arousal.

$OWKRXJK� SHU�VFHQH� 6&5� YDOXHV� R̆HU� VRPH� LGHD� RI� WKH� GLVWULEXWLRQ�
of these physiological measures, they cannot be compared against 
an absolute scale as with self-reported valence and arousal. For 
the physiological data, the temporal patterns and between-scene 
GL̆HUHQFHV� DUH� WKHUHIRUH�PRUH�PHDQLQJIXO� WKDQ� WKH� LQGLYLGXDO� 6&5�
values. For an interpretation of these patterns, we refer to Figure 6.4, 
which displays the grand averages across participants of average and 
peak SCR per scene.
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FIGURE 6.3 | The grand average of the self-reported emotional valence 
��}ÕÀi�È°ÎƂ]�Ì�«®�>�`�>À�ÕÃ>��«À�w�iÃ���}ÕÀi�È°Î	]�L�ÌÌ��®��ÛiÀ�>���
participants for both the show’s original (indicated in blue) and adapted 
ÛiÀÃ������`�V>Ìi`����Ài`®°�-�>`i`�>Ài>Ã�ÀiyiVÌ�Ì�i�ÃÌ>�`>À`�iÀÀ�À��v�Ì�i�
�i>�°���Ì���>��Û>�i�Vi�>�`�>À�ÕÃ>��«À�w�iÃ�v����Ü�Ì�i�Þ�>Ý�Ã����Ì�i��ivÌ°�
Intended experience (indicated with a dashed line) follows the y-axis on 
the right.
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FIGURE 6.4 | The grand average of average SCR (Figure 6.4A, top) and 
«i>��-
,�«iÀ�ÃVi�i���}ÕÀi�È°{	]�L�ÌÌ��®��ÛiÀ�>���«>ÀÌ�V�«>�ÌÃ�v�À�L�Ì��
the show’s original (indicated in blue) and the adapted version (indicated 
���Ài`®°�-�>`i`�>Ài>Ã�ÀiyiVÌ�Ì�i�ÃÌ>�`>À`�iÀÀ�À��v�Ì�i��i>�°�ƂÛiÀ>}i�
>�`�«i>��-
,�«À�w�iÃ�v����Ü�Ì�i�Þ�>Ý�Ã����Ì�i��ivÌ°���Ìi�`i`�iÝ«iÀ�i�Vi�
(indicated with a dashed line) follows the y-axis on the right.

time (s)

Sh
ow

 o
ns

et
Sc

en
e 

1

Sc
en

e 
2

Sc
en

e 
3

Sc
en

e 
4

Sc
en

e 
5

Sc
en

e 
6

Sc
en

e 
7

Sc
en

e 
8

Sc
en

e 
9

Sc
en

e 
10

Sc
en

e 
11

Sc
en

e 
12

Sc
en

e 
13

Sc
en

e 
14

Sc
en

e 
15

Sc
en

e 
16

Sc
en

e 
17

Sh
ow

 o
ffs

et

4A

time (s)

Sh
ow

 o
ns

et
Sc

en
e 

1

Sc
en

e 
2

Sc
en

e 
3

Sc
en

e 
4

Sc
en

e 
5

Sc
en

e 
6

Sc
en

e 
7

Sc
en

e 
8

Sc
en

e 
9

Sc
en

e 
10

Sc
en

e 
11

Sc
en

e 
12

Sc
en

e 
13

Sc
en

e 
14

Sc
en

e 
15

Sc
en

e 
16

Sc
en

e 
17

Sh
ow

 o
ffs

et

4B

�ȝ
6
�

�ȝ
6
�

Evaluating temporal dynamics of structured experience

Proefschrift_v2.indd   139Proefschrift_v2.indd   139 30-08-2022   02:1830-08-2022   02:18



140

6.3.1 Predicting lived experience from the intended experience

As seen in Figure 6.3, the intended experience followed a steep, ramp-
like pattern, whereas average self-reported arousal increased more 
VORZO\�RYHU�WLPH�DQG�VHOI�UHSRUWHG�YDOHQFH�PHUHO\�ÀXFWXDWHG�DURXQG�
a level of mildly positive valence. Figure 6.4 shows that unlike the 
intended experience, average and peak SCR followed a more wave-like 
pattern that begins relatively high, goes up and down in 2 or 3 waves 
and eventually ends with a high value. 

H1 states that the time course of the intended experience is related 
to the time course of the lived experience measures. The evidence 
in Table 6.1 shows that all four lived experience measures could be 
VLJQL¿FDQWO\�SUHGLFWHG� IURP�WKH� LQWHQGHG�H[SHULHQFH�DW� WLPH� ����DV�
LQ�0RGHO� �� LQWHQGHG� H[SHULHQFH�ZDV� IRXQG� WR� EH� D� VLJQL¿FDQW�PDLQ�
H̆HFW� IRU� VHOI�UHSRUWHG� YDOHQFH� DQG� DURXVDO� DQG� DYHUDJH� DQG� SHDN�
SCR. Also, for all four lived experience measures, intended experience 
IRUPHG�D�VLJQL¿FDQW�SRVLWLYH�LQWHUDFWLRQ�H̆HFW�ZLWK�VFHQH�QXPEHU��RXU�
predictor of time), indicating that intended experience was a time-
YDU\LQJ� FRYDULDWH��7KLV�PHDQV� WKDW� WKH�SUHGLFWLRQ� H̆HFW� RI� LQWHQGHG�
experience on the lived experience measures becomes stronger as the 
VKRZ� SURJUHVVHV� RYHU� WLPH�� ,Q� RWKHU�ZRUGV�� WKH� H̆HFW� ZDV� VWURQJHU�
for later as compared to earlier scenes of the show. Guidelines for 
interpretation of Cohen’s f2 (Cohen, 1992) indicate that for the overall 
model with scene number, intended experience and the interaction 
EHWZHHQ�WKHVH�YDULDEOHV��H̆HFW�VL]H�LV�VPDOO�PHGLXP�IRU�VHOI�UHSRUWHG�
valence, medium for self-reported arousal and small for both average 
and peak SCR. Together, these results provided support for H1.

To test H2, stating that the lived experience measures of the adapted 
show follow the intended experience more closely than those of the 
original show, we expanded Model 1 by adding show version as a 
SUHGLFWRU�WR�WKH�PRGHO��ERWK�DV�D�GLUHFW�FRQWUROOHG�H̆HFW��0RGHO����DQG�
in interaction with other predictors (Model 3). Adding show version 
WR�WKH�PDLQ�PRGHO��KRZHYHU��GLG�QRW�OHDG�WR�D�EHWWHU�PRGHO�¿W�IRU�DQ\�
of the lived experience measures (for Model 2: self-reported valence:  
ǒð1 = 1.66, p� ��������VHOI�UHSRUWHG�DURXVDO��ǒð1 = 0.51, p = 0.524; average 
6&5��ǒð1 = 0.41, p� ��������SHDN�6&5��ǒð1 = 0.15, p = 0.703; for Model 
���VHOI�UHSRUWHG�YDOHQFH��ǒð4 = 4.22, p = 0.378; self-reported arousal: 
ǒð4 = 2.67, p� ��������DYHUDJH�6&5��ǒð4 = 2.07, p = 0.722; peak SCR: 
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ǒð4 = 0.46, p = 0.978). This indicates that there was neither a main 
H̆HFW�RI�VKRZ�YHUVLRQ��QRU�DQ�LQWHUDFWLRQ�H̆HFW�RI�VKRZ�YHUVLRQ�ZLWK�
WKH� WLPH�YDU\LQJ� H̆HFW� RI� LQWHQGHG�H[SHULHQFH�� ,QWHQGHG�H[SHULHQFH�
predicted the outcome measures in the show’s adapted and original 
version in the same way. We thus rejected H2.

6.3.2 Differences in lived experience following design interventions

7R�DVVHVV�ZKHWKHU�WKH�LQWHUYHQWLRQV�WR�VFHQH���DQG���D̆HFWHG�WKH�OLYHG�
experience of these scenes in particular, we performed two planned 
comparisons (see Table 6.2 for the results). H3 states that scene 1 
induces more emotional arousal in the show’s adapted version than in 
the original version. Results show that scene 1 in the show’s adapted 
version was reported as slightly more arousing and more positively 
YDOHQFHG�DV�FRPSDUHG�WR�WKH�RULJLQDO�YHUVLRQ��6LPLODU�GL̆HUHQFHV�ZHUH�
found for average and peak SCR, which were also slightly higher for 
WKH�VKRZ¶V�DGDSWHG�DV�FRPSDUHG�WR�WKH�RULJLQDO�YHUVLRQ��'L̆HUHQFHV��
KRZHYHU��ZHUH�QRW�VLJQL¿FDQW��:H�WKXV�IRXQG�QR�VXSSRUW�IRU�+��

H4 states that scene 7 induces more emotional arousal in the adapted 
version of the show as compared to the original version of the show. 
6FHQH����KRZHYHU��ZDV�VLJQL¿FDQWO\�OHVV�DURXVLQJ�LQ�WKH�VKRZ¶V�DGDSWHG�
version than in the original version. Compared to the original version 
of scene 7, the adapted version is also reported as less positively 
YDOHQFHG�� EXW� WKH� GL̆HUHQFH� ZDV� QRW� VLJQL¿FDQW�� $YHUDJH� DQG� SHDN�
SCR also show a decrease for scene 7 in the show’s adapted version 
DV� FRPSDUHG� WR� WKH� RULJLQDO� YHUVLRQ�� EXW� WKHVH� GL̆HUHQFHV�ZHUH� QRW�
VLJQL¿FDQW�HLWKHU��:H�WKXV�UHMHFWHG�+��

6.4 Discussion

This study explored the usefulness of SC and ERMs as tools for 
evaluating how closely the lived experience of leisure participants 
follows the intended experience from a leisure provider. We thus 
compared four lived experience measures of a musical theatre show 
(self-reported valence and arousal, average and peak SCR) against 
the intended experience from the show’s creative development team. 
$OVR��ZH� H[SORUHG�ZKHWKHU� OLYHG� H[SHULHQFH�PHDVXUHV�ZHUH� D̆HFWHG�
by employing design interventions to two of the show’s scenes (scene 
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1 and 7), so as to establish whether an attempt of bringing the lived 
experience more in line with the intended experience was successful.

5HVXOWV�LQGLFDWH�WKDW�WKH�LQWHQGHG�H[SHULHQFH�VLJQL¿FDQWO\�SUHGLFWHG�DOO�
four lived experience measures. The prediction became stronger as the 
show progressed over time. In addition, there were no interpretable 
GL̆HUHQFHV�EHWZHHQ�WKH�DGDSWHG�DQG�WKH�RULJLQDO�YHUVLRQV�RI�VFHQH���
and 7 across all lived experience measures and the intended experience 
did not predict the lived experience measures of the adapted show any 
GL̆HUHQWO\�WKDQ�WKRVH�RI�WKH�RULJLQDO�YHUVLRQ�RI�WKH�VKRZ�

������+PVGPFGF�GZRGTKGPEG�UKIPKƂECPVN[�RTGFKEVU�NKXGF�GZRGTKGPEG�
measures

2XU�GDWD�VKRZ�WKDW�ERWK�6&�DQG�(50V�DUH�VLJQL¿FDQWO\�SUHGLFWHG�IURP�
WKH� LQWHQGHG� H[SHULHQFH�� 7KHVH� ¿QGLQJV� IRUP� SRVLWLYH� HYLGHQFH� IRU�
H1, which states that the time course of lived experience measures is 
related to the time course of the intended experience. This suggests 
that in a SE, the experience design can indeed trigger the designed-
for emotional responses. Results also show that the correspondence 
between intended experience and lived experience increases in 
VWUHQJWK�DV�WKH�PXVLFDO�WKHDWUH�VKRZ�SURJUHVVHV�RYHU�WLPH��7KLV�H̆HFW�
has not been described in previous literature. We suggest two possible 
interpretations, together with suggestions to further evaluate the 
JHQHUDOL]DELOLW\�RI�WKLV�QHZO\�IRXQG�H̆HFW�WR�6(V�LQ�JHQHUDO�

$�¿UVW� LQWHUSUHWDWLRQ�UHODWHV�WR�KHWHURJHQHLW\�RI�WKH� OLYHG�H[SHULHQFH�
during the beginning of the show. Although the leisure experience of 
visiting a musical theatre show encompasses more than seeing the 
show alone, a shortcoming in this study is that the interviews used to 
establish the intended experience were too much focused on the story 
of the show itself. As such, the intended experience did not account for 
HPRWLRQDO�UHVSRQVHV�WKDW�DUH�UHODWHG�WR�QRQ�VWRU\�DVSHFWV��$�¿UVW�W\SH�
of such non-story related responses might originate in impressions 
such as being excited for the theatre show to begin, being overwhelmed 
by the overall ambiance of the theatre, or feeling energized because 
of being together hundreds of other people in the audience. Such 
impressions are likely to be heterogeneous across show visitors and 
are mostly present during the earlier parts of the show. The fact that 
the variability in peak SCR seems to be larger during the early scenes 
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of the show (see Figure 6.4B) supports this interpretation. Once initial 
excitement is settled and visitors get the grip of the show’s story more 
and more, their experience may become more homogeneous and more 
in line with the intended experience. The ‘initial excitement’ hypothesis 
is supported by the observation that self-reported measures of arousal 
as well as average and peak SCR for earlier scenes of the show are 
larger (indicating more excitement) than the intended experience, 
ZKHUHDV�WKHVH�GL̆HUHQFHV�EHFRPH�VPDOOHU�IRU�ODWHU�VFHQHV�RI�WKH�VKRZ�
(see Figures 6.3 and 6.4).

Other non-story related emotional responses might result from carry-
RYHU� H̆HFWV� RI� H[SHULHQFH� SKDVHV� SUHFHGLQJ� WKH� VWDUW� RI� WKH� VKRZ��
Leisure experiences generally consist of multiple phases, such as 
anticipation, travel to, on-site, travel back and recollection phases 
�&ODZVRQ� 	� .QHWVFK�� ������� 3UHYLRXVO\�� LW� KDV� EHHQ� VXJJHVWHG� WKDW�
emotions from earlier phases of an experience might carry-over onto 
WKH�EHJLQQLQJ�VHFWLRQV�RI�VXEVHTXHQW�H[SHULHQFH�SKDVHV��&RMXKDUHQFR�
& Ryvkin, 2008). Varying levels of anticipation, for example, have 
EHHQ�GHPRQVWUDWHG�WR�VLJQL¿FDQWO\�D̆HFW�WKH�HPRWLRQV�LQ�VXEVHTXHQW�
H[SHULHQFH�SKDVHV��'L[RQ��9LFWRULQR��.ZRUWQLN��	�9HUPD���������0XFK�
like initial excitement, we expect preceding experience phases to be 
KLJKO\�KHWHURJHQHRXV�DFURVV�SDUWLFLSDQWV�DV�ZHOO��$�FDUU\�RYHU�H̆HFW�
could therefore also explain why the lived experience measures in the 
beginning of the show are subject to greater heterogeneity too, thus 
having a weaker link with the intended experience than lived experience 
measures in later sections of the show. Our analysis strategy, however, 
only focused on the on-site experience from the beginning to the end of 
the show. Preceding experience phases, such as anticipation, travelling 
WR�WKH�WKHDWUH��SDUNLQJ�WKH�FDU�RU�TXHXHLQJ�IRU�WKH�ZDUGUREH��ZHUH�QRW�
included. To establish whether early sections of an experience phase 
FDQ�EH�VXEMHFW�WR�D�FDUU\�RYHU�H̆HFW�IURP�SUHFHGLQJ�SKDVHV��IRU�IXWXUH�
research, we recommend including experience phases that come 
before the phase of interest as well. Another suggestion would be to 
record pre-event or resting state measurements before the start of the 
show, to as to examine participants’ initial level of emotional arousal.

A second interpretation, which is not necessarily incompatible with 
the former, is related to the contents of the musical theatre show. 
First, chances of being picked from the audience as a protagonist for 
the show is a highly unconventional as compared to general theatrical 
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productions. It could be that this unconventionality triggered 
participants’ emotional arousal in addition to the emotions as 
induced by the story of the show’s beginning. Second, all participants 
in this study were roughly at the same stage of the family life cycle 
(i.e., being an adult with two children over the age of 6). The show, 
which is about the carousel of life, addressed this particular family life 
cycle stage mostly during later scenes. Contents of these later scenes 
could therefore possibly be experienced as more familiar and more 
emotional by all participants, leading to a stronger homogeneity of the 
lived experience across visitors and a better correspondence between 
lived and intended experience for these scenes in particular. Future 
UHVHDUFK�VKRXOG�EH�DLPHG�DW�GHWHUPLQLQJ�ZKHWKHU�VSHFL¿F�VHJPHQWV�
RI� D� 6(� WULJJHU� VLPLODU� HPRWLRQDO� UHVSRQVHV� DFURVV� VSHFL¿F� WDUJHW�
audiences based on the recognizability of the SE’s contents and how 
this compares to other target audiences.

Although the exact correspondence between the temporal dynamics of 
lived and intended experience has yet to be established more clearly, 
DW�WKH�YHU\�OHDVW��RXU�¿QGLQJV�FRQ¿UP�WKDW�PHDVXUHV�ZKLFK�FDSWXUH�WKH�
temporal dynamics of an experience uncover processes that remain 
invisible to overall evaluation methods. SC and ERMs therefore appear 
to be useful tools to further advance our understanding of experiences.

6.4.2 Evaluating the effectiveness of design interventions

The design interventions in scene 1 and 7 were intended to increase the 
induced levels of emotional arousal and in doing so to create a better 
alignment between the lived experience measures and the intended 
experience. Against the suggestions of H2, though, lived experience 
measures of the adapted show were not predicted any better from the 
intended experience than those of the show’s original version. Also, 
we reject H3 and H4, which state that the adapted versions of scene 1 
and 7 would induce more emotional arousal. For scene 1, we observed 
higher levels of arousal for the adapted version of the show across all 
IRXU� OLYHG�H[SHULHQFH�PHDVXUHV��EXW�WKHVH�GL̆HUHQFHV�IDLOHG�WR�UHDFK�
VLJQL¿FDQFH��7KLV�VXJJHVWV�WKDW�WKH�LQWHUYHQWLRQ�WR�VFHQH���FKDQJHG�WKH�
lived experience into the desired direction, but that the intervention 
was not strong enough to produce robust changes. For scene 7, self-
reported arousal measures indicated that the adapted version of this 
scene was emotionally less arousing than the original version. For 
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the three other lived experience measures we also observed lower 
emotional arousal and lower positive valence levels in the adapted 
YHUVLRQ� RI� VFHQH� ��� EXW� GL̆HUHQFHV� ZHUH� QRQ�VLJQL¿FDQW�� 7RJHWKHU��
WKHVH�¿QGLQJV�VXJJHVW�WKDW�WKH�LQWHUYHQWLRQ�WR�VFHQH���ZDV�LQH̆HFWLYH�
at best.

In this case, lived experience measures showed that both of the 
redesigns did not work any better than the original designs. As the 
interventions to the show were not theoretically informed but based 
on creative decisions by the show’s creative development, it is 
GL̇FXOW� WR� DUJXH�ZK\�RXU�K\SRWKHVHV�ZHUH� UHMHFWHG��$V� HVWDEOLVKLQJ�
WKH� H̆HFWLYHQHVV� RI� VSHFL¿F� GHVLJQ� LQWHUYHQWLRQV� WR� D� 6(� LV� RI� YLWDO�
importance for experience designers, we argue that future work should 
attempt to inform (re)design of show elements based on evidence 
IURP�TXDQWLWDWLYH�RU�TXDOLWDWLYH�UHVHDUFK��$UJXDEO\��FORVLQJ� WKH� ORRS�
between research and creative design is a productive way forward in 
RSWLPL]LQJ�H[SHULHQFH�GHVLJQ��$W�WKH�YHU\�OHDVW��RXU�¿QGLQJV�VKRZ�WKDW�
SC and ERMs are promising research tools for doing so.

6.4.3 Skin conductance versus experience reconstruction 
measures

In this study, we used both physiological measures (SC) and 
phenomenological measures (ERMs) of lived experience. Both types 
RI�PHDVXUH�ZHUH�VLJQL¿FDQWO\�SUHGLFWHG�IURP�WKH�LQWHQGHG�H[SHULHQFH��
Nonetheless, the exact relation between the intended experience and 
WKH� OLYHG�H[SHULHQFH�PHDVXUHV�ZDV�GL̆HUHQW�EHWZHHQ�6&�DQG�(50V��
)XUWKHUPRUH��WKH�GL̆HUHQW�PRGHOV�VKRZHG�GL̆HUHQW�H̆HFW�VL]HV��ZLWK�
Cohen’s f2 for ERMs prevailing over those for SC. Our observations 
are in line with the work by Mauss and Robinson (2009), who 
conclude that physiological and self-reported measures of emotion are 
DVVRFLDWHG�ZLWK�XQLTXH�VRXUFHV�RI�YDULDQFH�DQG�DUH�WKXV�QRW�QHFHVVDULO\�
convergent. As such, the two types of measures are not simply 
interchangeable, nor should one be considered as the gold standard. 
For future research, we suggest that lived experience measures should 
be related to experience impact, intent to recommend/revisit, or other 
relevant experience outcomes, so as to establish which measures have 
the most explanatory value for which experience outcome. Initial 
UHVXOWV�VKRZ�WKDW�6&�VLJQL¿FDQWO\�SUHGLFWV�GL̆HUHQFHV�LQ�SURFOLYLW\�WR�
recommend (Mitas, Mitasova, et al., 2020). Comparing SC and ERM 
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measures, Strijbosch et al. (2021b) found that intent to recommend 
is predicted best by reconstructed measures of emotional valence per 
scene; appreciation by peak SCR measures per scene; overall emotional 
valence by both average and peak SCR measures per scene and overall 
emotional arousal by reconstructed measures of emotional arousal 
per scene. In contrast, Van Bendegom et al. (2021) could not predict 
overall emotional valence and arousal from SC measures. However, 
while results seem mixed, empirical work on this matter is only at its 
dawn. Further research is therefore much needed.

6.4.4 Further considerations

In this study, we selected an experience reconstruction approach to 
address the phenomenological nature of experience as a complementary 
method to skin conductance. We used this approach to avoid the 
methodological issues related to phenomenological approaches 
that capture the lived experience in real-time, such as experience 
sampling. Experience sampling bears the disadvantage of disrupting 
the experience at regular time intervals. In the context of a theatre 
show, this undoubtedly transforms the experience of watching the 
show. A limitation of experience reconstruction methods, however, is 
that they employ a retrospective approach to reconstruct measures of 
OLYHG�H[SHULHQFH��/LYHG�H[SHULHQFH�DQG�PHPRU\�KDYH�IUHTXHQWO\�EHHQ�
IRXQG� WR� EH� GL̆HUHQW� IURP� RQH� DQRWKHU� �.DKQHPDQ� 	� 5LLV�� �������
ZKLFK�PLJKW�D̆HFW�WKH�YDOLGLW\�RI�UHFRQVWUXFWHG�H[SHULHQFH�PHDVXUHV��
7R�PLQLPL]H�DQ\�H[SHULHQFH�PHPRU\�GLVWRUWLRQV�WKDW�ZRXOG�D̆HFW�WKH�
validity of our reconstructed experience measures, we thus kept the 
time between the experience and the surveying to a strict minimum 
(i.e., immediately after the show).

Another consideration is that in our participant instructions, we 
asked participants to relax as much as possible in order to minimize 
measurement artifacts in particular. In hindsight, this might have 
D̆HFWHG� DURXVDO� OHYHOV�� HVSHFLDOO\� LQ� WKH� HDUOLHU� SDUWV� RI� WKH� VKRZ��
Refraining from such instructions is recommended for future research.

$�¿QDO�SRLQW�RI�DWWHQWLRQ�LV�WKDW�IRU�WKHPH�SDUNV��WKH�ELJJHVW�SRUWLRQ�
of their target groups tends to consist of families with children 
(Anton Clavé, 2007). To ensure that the results of this study would 
have maximal impact for the theme park hosting the musical theatre 
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show, we therefore used a homogenous sample that matched with this 
particular subset of the target group. Of the participating families, 
we only subjected the adult family members to our measurement 
procedures, as recording and storing biometric data from participants 
under the age of 18 comes with legal constraints. Strictly speaking, this 
PHDQV�WKDW�WKH�¿QGLQJV�LQ�WKLV�VWXG\�FDQ�RQO\�EH�JHQHUDOL]HG�WR�DGXOWV�
in families with children. Especially given the fact that traditional 
family structures have drastically changed over the last years (OECD, 
2011), generalizations to broader theme park audiences should be 
made with care.

6.5 Conclusion

We demonstrate that intended experience predicts the lived experience 
of a SE as measured with SC and ERMs. The relationship between 
intended and lived experience increased in strength as the SE unfolded 
over time. Findings indicate that methods that capture the temporal 
dynamics of lived experience are useful for evaluating SEs. In addition, 
SC and ERMs are useful for evaluating SE design interventions, thus 
constituting a useful feedback tool for SE designers.
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7
ABSTRACT |� $HVWKHWLF� H[SHULHQFHV� KDYH� DQ� LQÀXHQFH� RQ�
many aspects of life. Interest in the neural basis of aesthetic 
experiences has grown rapidly in the past decade and fMRI 
VWXGLHV� KDYH� LGHQWL¿HG� VHYHUDO� EUDLQ� V\VWHPV� VXSSRUWLQJ�
aesthetic experiences. Work on the rapid neuronal 
dynamics of aesthetic experience, however, is relatively 
VFDUFH��7KH�SUHVHQW�VWXG\�DGGV�WR�WKLV�¿HOG�E\�LQYHVWLJDWLQJ�
the experience of being aesthetically moved by means 
RI� (53� DQG� WLPH�IUHTXHQF\� DQDO\VLV�� 3DUWLFLSDQWV¶� ((*�
was recorded while they viewed a diverse set of artworks 
and evaluated the extent to which these artworks moved 
them. Results show that being aesthetically moved is 
associated with a sustained increase in gamma activity 
over centroparietal regions. Also, alpha power over 
right frontocentral regions was reduced in high and low 
moving images, compared to artworks given intermediate 
UDWLQJV�� :H� LQWHUSUHW� WKH� JDPPD� H̆HFW� DV� DQ� LQGLFDWLRQ�

On the neuronal dynamics of 
aesthetic experience: Evidence 
from electroencephalographic 
oscillatory dynamics1

1 7KLV�FKDSWHU�LV�D�VOLJKWO\�PRGL¿HG�YHUVLRQ�RI�D�SDSHU�ZLWK�LGHQWLFDO�WLWOH�E\�6WULMERVFK�HW�DO��
(2022) which has been published in Journal of Cognitive Neuroscience.
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for sustained savoring processes for aesthetically moving 
artworks compared to aesthetically less moving artworks. 
7KH�DOSKD�H̆HFW�LV�LQWHUSUHWHG�DV�DQ�LQGLFDWLRQ�RI�LQFUHDVHG�
attention for aesthetically salient images. In contrast to 
SUHYLRXV�ZRUNV��ZH� REVHUYHG�QR� VLJQL¿FDQW� H̆HFWV� LQ� DQ\�
of the established ERP components, but we did observe 
H̆HFWV�DW�ODWHQFLHV�ORQJHU�WKDQ���V��:H�FRQFOXGH�WKDW�((*�
WLPH�IUHTXHQF\�DQDO\VLV�SURYLGHV�XVHIXO�LQIRUPDWLRQ�RQ�WKH�
neuronal dynamics of aesthetic experience. �

7.1 Introduction

The concept of aesthetic experience has a long tradition within 
VFLHQWL¿F� DQG� KXPDQLVWLF� OLWHUDWXUH�� ZLWK� HDUO\� DFFRXQWV� JRLQJ� EDFN�
WR�SKLORVRSKHUV�VXFK�DV�%DXPJDUWHQ���������.DQW� �������DQG�+XPH�
�������� 7KLV� LV� QRW� VXUSULVLQJ�� DV� DHVWKHWLF� DSSHDO� KDV� DQ� LQÀXHQFH�
on many aspects of life, from making purchasing decisions to the 
enhancement of subjective well-being (see e.g., Cuypers et al., 2012). 
An aesthetic experience is generally understood as “a perceptual 
H[SHULHQFH� WKDW� LV� HYDOXDWLYH�� D̆HFWLYHO\� DEVRUELQJ� DQG� HQJDJHV�
comprehension (meaning) processes” (Vessel, 2022, p. 1). Aesthetic 
experiences often have a conceptual component, such as deciphering 
an abstract work of art. They are typically associated with feelings of 
pleasure and/or beauty (see e.g., Brielmann & Pelli, 2018; Brielmann 
& Pelli, 2019), but may encompass more complex responses as well, 
VXFK�DV�IHHOLQJV�RI�WKH�VXEOLPH�RU�RI�EHLQJ�PRYHG��%HO¿�HW�DO���������
Menninghaus et al., 2015).

7KH�¿HOG�RI�QHXURDHVWKHWLFV�LV�LQYROYHG�ZLWK�H[DPLQLQJ�WKH�QHXUDO�DQG�
behavioral basis of aesthetic experiences in particular (Chatterjee, 
2011; Marin, 2015; Pearce et al., 2016; Vessel, 2022). Studies using 
IXQFWLRQDO� PDJQHWLF� UHVRQDQFH� LPDJLQJ� �I05,�� KDYH� LGHQWL¿HG� D�
number of brain systems that are involved with aesthetic experiences. 
This circuitry includes sensory and motor pathways, subcortical reward 
circuitries, the ventromedial prefrontal cortex and the default-mode 
network (DMN) (for a detailed review, see Vessel (2022)). In addition 
to the spatial structure of the aesthetic experience circuitry, the fast 
temporal dynamics of neural responses to aesthetic experiences have 
also been examined using both electroencephalography (EEG) and 
magnetoencephalography (MEG). With respect to the EEG literature 
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in particular, most studies have examined event-related potentials 
(ERPs) evoked by aesthetically appealing (versus unappealing) stimuli 
DQG�KDYH�VRXJKW�WR�OLQN�VSHFL¿F�(53�FRPSRQHQWV�WR�YDULRXV�VWDJHV�RI�
DHVWKHWLF�SURFHVVLQJ��7KHVH�H̆RUWV��UHYLHZHG�EHORZ��KDYH�UHVXOWHG�LQ�
substantial insights into the neuronal dynamics of aesthetic experiences, 
both in terms of their constituent processes (i.e., perception, attention 
and emotion) and the order in which these processes occur.

Yet beyond these valuable insights from ERP work, other properties 
of the EEG signal may provide crucial insights for understanding 
aesthetic experiences as well. This is particularly likely given two 
key properties of aesthetic experiences: they unfold over a relatively 
long timescale relative to other cognitive processes (with peak 
SOHDVXUH�RFFXUULQJ�DV�ODWH�DV�����VHFRQGV�DIWHU�RQVHW��%HO¿�HW�DO���������
Brielmann, Vale, & Pelli, 2017)) and can be highly idiosyncratic, with 
GL̆HUHQW�SDUWLFLSDQWV� UHVSRQGLQJ� LQ�YHU\�GL̆HUHQW�ZD\V� WR� WKH�VDPH�
stimulus (Vessel, Maurer, Denker, & Starr, 2018). It is therefore likely 
that some constituent processes are spread out over longer timescales 
and not timelocked to stimulus onset. We argue that oscillatory 
neuronal activity forms a promising approach to better understand 
the neural basis of aesthetic experiences, as oscillatory dynamics have 
EHHQ�H̆HFWLYHO\�UHODWHG�WR�WKH�FRXSOLQJ�DQG�XQFRXSOLQJ�RI�IXQFWLRQDO�
networks in the brain (Bastiaansen et al., 2012; Varela et al., 2001) 
and can be examined over longer timescales. To date, work on the 
oscillatory activity related to aesthetic experience remains minimal. 
In the present study, we thus aim to extensively explore the neuronal 
dynamics that underly appealing aesthetic experiences. To do so, we 
ask participants to view visual artworks and to indicate the extent 
to which they feel aesthetically moved. We then compare the neural 
UHVSRQVHV� EHWZHHQ� WKUHH� GL̆HUHQW� OHYHOV� RI� HYDOXDWLRQV�� QRW� EHLQJ�
moved at all, being moderately moved and being highly moved

7.1.1 EEG and visual aesthetic experience: ERP research

The EEG work on neuroaesthetics has mostly covered visual and 
auditory stimulus domains. In the current chapter, we focus on the work 
on visual aesthetic experiences. Most EEG studies on visual aesthetic 
experiences have studied the concept with an event-related approach 
using a variety of stimuli (e.g., from paintings and abstract patterns to 
household items and websites) and task designs (e.g., passive viewing, 
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forced-choice, dual-task and oddball paradigms). Although this 
variety in paradigms hampers a straightforward comparison of results 
across the sheer variety of neuroaesthetic ERP studies, various well-
established ERP components have been consistently linked to aspects 
of aesthetic experiences. 

One ERP component that has been consistently found to be larger 
for stimuli that are evaluated as aesthetically pleasing is the posterior 
P2 (Noguchi & Murota, 2013; Righi, Gronchi, Pierguidi, Messina, & 
Viggiano, 2017). Although its functional properties remain largely 
unknown (Luck, 2014), the posterior P2 has been previously associated 
with higher-order perceptual processing modulated by attention (Liu, 
Meng, Wu, & Huang, 2012; Luck & Hillyard, 1994; Omoto et al., 
2010). In this light, an increased posterior P2 for aesthetically pleasing 
VWLPXOL�PD\� VXJJHVW� WKDW� DHVWKHWLF� DSSHDO� SURPSWV� D�PRUH� H̆HFWLYH�
allocation of selective attentional resources in the processing of visual 
information (Righi et al., 2017). In turn, it could also be that attention 
drives aesthetic appeal top-down, or that a third factor is driving both.

The N2 and P3 components have been found to be consistently larger 
IRU�DHVWKHWLFDOO\�DSSHDOLQJ�LPDJHV�DV�ZHOO��%|OWH��+|VNHU��+LUVFKIHOG��
& Thielsch, 2017; De Tommaso et al., 2008; Ma, Hu, & Wang, 2015; 
2OLYHU�5RGUtJXH]��*XDQ��	�-RKQVWRQ�� ������5LJKL�HW�DO����������%RWK�
components have often been found to correlate with one another 
and have been associated with recognizing target features in stimuli 
following an experimental task (Luck, 2014). In the neuroaesthetics 
OLWHUDWXUH��1�� DQG�3�� H̆HFWV� KDYH� RQO\� EHHQ� IRXQG� LQ�SDUDGLJPV� LQ�
which participants were explicitly asked to evaluate stimuli in terms 
of aesthetic appeal. In paradigms where participants were not asked 
WR�GR� VR�� WKHUH�ZDV�QR�GL̆HUHQFH� LQ� WKH�(53V�EHWZHHQ�DHVWKHWLFDOO\�
DSSHDOLQJ�DQG�XQDSSHDOLQJ�LPDJHV��+|IHO�	�-DFREVHQ������D������E���
thus suggesting that aesthetic evaluation is an intentional process that 
does not happen spontaneously.

Nonetheless, the N2 in particular has been used to study the processing 
order of aesthetic evaluations. The onset of the N2 has been described 
as “the time by which there must have been enough information 
available to help the person decide whether or not to respond,” 
�6FKPLWW��0XQWH��	�.XWDV��������S��������$SSO\LQJ� WKLV�SULQFLSOH�� LW�
was found that for artworks, content is processed faster than style and 
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that for faces gender is processed faster than attractiveness (Augustin, 
Defranceschi, Fuchs, Carbon, & Hutzler, 2011; Carbon, Faerber, 
Augustin, Mitterer, & Hutzler, 2018). Righi et al. (2017) found shorter 
latencies of the N2 for aesthetically appealing stimuli as compared to 
aesthetically unappealing stimuli, thus suggesting that the information 
needed to make an aesthetic judgement is earlier at hand when images 
are aesthetically appealing.

,Q�FRQWUDVW� WR� WKH�DERYHPHQWLRQHG�H̆HFWV�� WKH�DQWHULRU�3��KDV�EHHQ�
found to be consistently larger for aesthetically unappealing stimuli 
(Jiang & Cai, 2013; Ma et al., 2015; Righi et al., 2017; Wang, Huang, Ma, 
& Li, 2012). Outside the context of aesthetic experience, the anterior 
P2 has been linked to emotionally negative stimuli as well (Carretié, 
Mercado, Tapia, & Hinojosa, 2001; Huang & Luo, 2006). However, 
several other studies have found larger anterior P2 amplitudes for 
both emotionally positive and negative stimuli compared to neutral 
(see Hajcak et al. (2012) for an overview). Hajcak et al. (2012) thus 
FRQFOXGH�WKDW�WKH�3��UHÀHFWV�WKH�SURFHVVLQJ�RI�HPRWLRQDO�VDOLHQFH�RU�
arousal, rather than the processing of emotionally negative stimuli 
alone. Larger anterior P2s for emotionally negative stimuli have been 
connected with the negativity bias: the notion that individuals are 
especially sensitive to emotionally negative materials, which makes 
them perceived as more salient (Huang & Luo, 2006). 

Results on the P1 and late positive potential (LPP) are less consistent. 
In some studies, the P1 was larger for aesthetically appealing 
stimuli (Righi et al., 2017), whereas in other studies it was larger for 
XQDSSHDOLQJ�VWLPXOL��%|OWH�HW�DO���������RU�HYHQ�LQGL̆HUHQW��1RJXFKL�	�
Murota, 2013). The P1 has been associated with early stages of visual 
perception based on stimulus characteristics such as color or contrast 
(Luck, 2014). With the variety of the stimuli that were used in the three 
aforementioned studies (artworks, websites and everyday objects), it 
FRXOG�WKXV�EH�DUJXHG�WKDW�GL̆HUHQFHV�LQ�WKH�3��ZHUH�PRVWO\�FDXVHG�E\�
low-level stimulus features, rather than by aesthetic appeal.

In some cases, the LPP was reported to be larger for aesthetically 
appealing stimuli (Marzi & Viggiano, 2010; Werheid, Schacht, & 
6RPPHU�� ������� ZKHUHDV� LQ� RWKHU� FDVHV� LW� ZDV� LQGL̆HUHQW� EHWZHHQ�
DSSHDOLQJ�DQG�XQDSSHDOLQJ�VWLPXOL��-DFREVHQ�	�+|IHO��������6FKDFKW��
Werheid, & Sommer, 2008). Schacht et al. (2008), however, found 
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WKDW�ZKLOH� WKHUH�ZDV�QR�GL̆HUHQFH� LQ� WKH�/33�EHWZHHQ�DHVWKHWLFDOO\�
appealing and unappealing stimuli, LPPs for both of the categories 
ZHUH�VLJQL¿FDQWO\�KLJKHU�WKDQ�WKRVH�IRU�LPDJHV�WKDW�ZHUH�HYDOXDWHG�DV�
neutral. The latter is in line with a vast body of work on the LPP (see 
Hajcak et al. (2012) for review), in which it was found that the LPP 
is larger for emotionally arousing stimuli, regardless of the emotional 
YDOHQFH�� 'L̆HUHQFHV� LQ� /33V� EHWZHHQ� DHVWKHWLFDOO\� DSSHDOLQJ� DQG�
unappealing stimuli (Marzi & Viggiano, 2010; Werheid et al., 2007) 
may be explained by the notion that attractive faces are generally 
experienced as more arousing than unattractive faces (North, Todorov, 
& Osherson, 2010).

7.1.2 Oscillatory activity and functional networks related to 
aesthetic experiences

In sum, ERP research has strengthened the notion that aesthetic 
experiencing encompasses subprocesses of perception, attention 
and emotion and that these processes are temporally ordered (e.g., 
perception of contents before style and perception of gender before 
facial attractiveness). Other potentially relevant features of the EEG 
signal, however, have largely been neglected in the research on aesthetic 
experiences. Oscillatory neuronal activity, for example, may reveal 
at least some of the temporal dynamics within the network of brain 
UHJLRQV�WKDW�KDYH�EHHQ�LGHQWL¿HG�WKURXJK�I05,�UHVHDUFK�DV�LPSRUWDQW�
for aesthetic experiences (Munar et al., 2012). We suggest that EEG 
RVFLOODWLRQV� LQ�SDUWLFXODU� IUHTXHQF\�UDQJHV�FDQ�SRWHQWLDOO\�VKHG� OLJKW�
on the temporal dynamics of networks involved in the processes of 
contemplation, attentional allocation and top-down perception.

Activation of the default-mode network (DMN), a network typically 
associated with internally directed mental activity as opposed to 
external focus (Andrews-Hanna, Reidler, Sepulcre, Poulin, & Buckner, 
2010; Fox et al., 2005), has been repeatedly linked to the feeling of 
“being moved” across various aesthetic stimulus domains, ranging 
IURP�DUWZRUNV� WR�QDWXUDO� ODQGVFDSHV� �%HO¿� HW� DO��� ������9HVVHO�� ,VLN��
%HO¿��6WDKO��	�6WDUU��������9HVVHO��6WDUU��	�5XELQ���������������7KH�
DMN generally resides in a suppressed state when perceiving external 
objects, yet as opposed to other external stimuli, highly moving 
aesthetic experiences with visual artwork tend to release the DMN 
IURP�WKLV�VWDWH�RI�VXSSUHVVLRQ�ZLWKLQ�WKH�¿UVW� IHZ�VHFRQGV�IROORZLQJ�
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VWLPXOXV�RQVHW��%HO¿�HW�DO���������&HOD�&RQGH�HW�DO����������$FWLYDWLRQ�
of the DMN can arguably be related to the contemplative and self-
UHÀHFWLYH�QDWXUH�RI�DHVWKHWLF�SURFHVVLQJ��DOWKRXJK�WKH�H[DFW�UROH�RI�WKH�
DMN in aesthetic experiences has yet to be established more clearly 
(Vessel, 2022).

In terms of oscillatory dynamics, activation of the DMN has been 
related to power decreases in theta-band activity over midfrontal 
areas. Simultaneous EEG/fMRI recording during resting state shows 
a negative correlation between midfrontal theta power changes and 
BOLD signal change in the DMN (Scheeringa et al., 2008). Similar 
H̆HFWV�ZHUH�IRXQG�LQ�((*�I05,�VWXGLHV�XVLQJ�D�ZRUNLQJ�PHPRU\�WDVN�
(Meltzer, Negishi, Mayes, & Constable, 2007; Scheeringa et al., 2009). 
Decreases of theta-band power in midfrontal electrodes thus seem to 
index DMN activation. Tracking the time course of changes in theta 
power may therefore be informative for understanding the time course 
of DMN involvement in moving aesthetic experiences.

A second functional network that might be involved in aesthetic 
experiencing relates to attention. The ventral attention network has 
been consistently found to be engaged by aesthetically appealing 
stimuli across various stimulus domains (Brown, Gao, Tisdelle, 
(LFNKR̆��	�/LRWWL���������,Q�WXUQ��DWWHQWLRQDO�QHWZRUNV�KDYH�IUHTXHQWO\�
EHHQ�DVVRFLDWHG�ZLWK�RVFLOODWRU\�DFWLYLW\�LQ�WKH�DOSKD�IUHTXHQF\�EDQG�
�.OLPHVFK�� ������� $WWHQWLRQDO� SURFHVVHV� DUH� RIWHQ� FKDUDFWHUL]HG� E\�
DOSKD� SRZHU� GHFUHDVHV� RYHU� WDVN�UHOHYDQW� FRUWLFDO� DUHDV� �UHÀHFWLQJ�
increased processing in these areas), together with alpha power 
LQFUHDVHV� RYHU� WDVN�LUUHOHYDQW� DUHDV� �UHÀHFWLQJ� WKH� VXSSUHVVLRQ� RI�
irrelevant information) (Handel, Haarmeier, & Jensen, 2011; Jensen, 
%RQQHIRQG��	�9DQ5XOOHQ���������6SHFL¿FDOO\��DFWLYDWLRQ�RI�WKH�YHQWUDO�
visual stream (which corresponds to the processing of stimulus 
contents) has been associated with alpha power decreases over the 
parietal region in particular (Jokisch & Jensen, 2007). As aesthetically 
moving stimuli likely engage attention more strongly than non-moving 
stimuli, we expect that aesthetic appeal corresponds with a decrease in 
alpha activity over parietal areas.

Third, aesthetic experiences often have a strong conceptual component, 
such as making sense of an ambiguous work of art or decoding 
symbolism (Vessel et al., 2019). Arguably, an antecedent of aesthetic 
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evaluation is the active construction of a coherent representation of, say, 
an artwork from its various elements, such as color, scale and depicted 
objects (Leder, Belke, Oeberst, & Augustin, 2004). In the empirical 
aesthetics literature, object recognition has mostly been associated 
with processes of sense-making (Muth & Carbon, 2013). While it has 
been hypothesized that familiar and easy processable artworks should 
EH� SUHIHUUHG� RYHU� PRUH� GL̇FXOW� DOWHUQDWLYHV� �WKH� VR�FDOOHG� ÀXHQF\�
hypothesis; see e.g., Reber, Winkielman and Schwarz (2016)), a growing 
body of work suggests that in fact ambiguous artworks are preferred 
as they provide the pleasurable challenge of deciphering patterns and 
symbols, creating meaning and making sense (Jakesch & Leder, 2009; 
Muth & Carbon, 2013; Muth, Hesslinger, & Carbon, 2015). Processes 
of sense-making and constructing object representations have been 
connected to oscillatory activity in the gamma band (~40 Hz) at longer 
latencies following stimulus onset (Bertrand & Tallon-Baudry, 2000; 
Rodriguez et al., 1999; Tallon-Baudry & Bertrand, 1999). Therefore, 
we expect that gamma power will increase during the presentation of 
aesthetically appealing stimuli.

To date, there are very few EEG studies that have examined oscillatory 
dynamics in a context that comes close to that of an aesthetic experience. 
6RPH� RI� WKHVH� VWXGLHV� KDYH� IRFXVHG� RQ� VSHFL¿F� FKDQQHOV� RQO\� DQG�
have found suppressed beta activity (Herrera-Arcos et al., 2017) and 
increased gamma activity (Lopez-Persem et al., 2020) over frontal 
channels for preferred stimuli compared to non-preferred stimuli. To 
the best of our knowledge, only one study has examined oscillatory EEG 
activity across the full scalp (Lindsen, Jones, Shimojo, & Bhattacharya, 
2010). Lindsen and colleagues (2010) studied the preference of faces 
by presenting participants with face pairs (one presented after the 
RWKHU��DQG�VXEVHTXHQWO\�DVNLQJ�WKHP�WR�FKRRVH�ZKLFK�RI�WKH�WZR�IDFHV�
they would prefer approaching. The analysis window was restricted to 
200-800 ms following stimulus onset for studying oscillatory activity 
LQ�¿YH�IUHTXHQF\�EDQGV��WKHWD������+]��DOSKD�������+]���EHWD��������
Hz), lower gamma (32-40 Hz) and higher gamma (40-60 Hz). Across 
WKH� ERDUG�� WKHUH� ZDV� QR� GL̆HUHQFH� LQ� RVFLOODWRU\� DFWLYLW\� EHWZHHQ�
preferred and non-preferred faces. However, when presentation order 
was taken into account, preferred faces that were presented second 
showed increased theta band activity over the left frontal and fronto-
central parts of the scalp around 500 ms following stimulus onset. For 
SUHIHUUHG� IDFHV� WKDW� ZHUH� SUHVHQWHG� ¿UVW�� LQFUHDVHG� JDPPD� DFWLYLW\�
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was observed over central and left parieto-occipital parts of the scalp 
DURXQG�����PV�SRVW�VWLPXOXV�RQVHW��7KH�JDPPD�H̆HFW�ZDV�LQWHUSUHWHG�
DV�UHÀHFWLQJ�DQ�LQWHUDFWLRQ�EHWZHHQ�D�UHODWLYH�SUHIHUHQFH�IRU�WKH�¿UVW�
face and a retrieval of its attributes from memory for comparison with 
WKH�VHFRQG�IDFH��7KH�WKHWD�H̆HFW�ZDV�LQWHUSUHWHG�DV�UHÀHFWLQJ�SRVLWLYH�
appraisal processes of the chosen face.

Using MEG instead of EEG, Munar and colleagues (2012) studied 
oscillatory neuronal dynamics in the context of artworks and landscapes. 
Participants were presented with pictures of landscapes and artworks 
from various style periods for 3000 ms. For each stimulus, participants 
were asked to indicate whether they found the stimulus beautiful or not 
E\� UDLVLQJ� WKHLU� LQGH[�¿QJHU�GXULQJ� VWLPXOXV�SUHVHQWDWLRQ� IRU�HLWKHU�
one of the two response categories. Oscillatory activity was studied in 
the time window of 0-1000 ms following stimulus onset in the theta 
(4-8 Hz), alpha (8-12 Hz), beta (12-30 Hz) and gamma (30-50 Hz) 
bandwidths. Results showed that from 400 ms onward, there was an 
LQFUHDVH� LQ�DFWLYLW\� LQ�DOO� IRXU� IUHTXHQF\�EDQGV� IRU�VWLPXOL� WKDW�ZHUH�
evaluated as beautiful versus not beautiful. The authors interpreted 1) 
WKH�WKHWD�H̆HFW�WR�UHÀHFW�WKH�FRRUGLQDWLRQ�RI�VHYHUDO�EDQG�QHWZRUNV�����
WKH�DOSKD�H̆HFW�WR�UHÀHFW�WRS�GRZQ�SURFHVVHV��VXFK�DV�H[SHFWDWLRQV�RU�
K\SRWKHVL]LQJ�DERXW�DUWZRUNV������WKH�EHWD�H̆HFW�WR�UHÀHFW�VXSUDPRGDO�
ELQGLQJ�DQG����WKH�JDPPD�H̆HFW�WR�UHÀHFW�SHUFHSWXDO�IHDWXUH�ELQGLQJ��
Overall, the authors suggested that power increases across the full 
IUHTXHQF\� VSHFWUXP� PLJKW� UHÀHFW� WKH� HQJDJHPHQW� RI� DQ� ³DHVWKHWLF�
global neuronal workspace” (Munar et al., 2012, p. 9), in which the 
processing of beautiful stimuli leads to a greater synchronization of 
neural activity than not-beautiful stimuli.

$UJXDEO\�� WKH� ¿QGLQJV� DUH� QRW� FRQFOXVLYH�� WKH� REVHUYDWLRQV� RI�
Lindsen and colleagues (2010) could not be linked to the suggested 
WKHWD� DQG� JDPPD� H̆HFWV� UHODWHG� WR� '01� DFWLYDWLRQ� DQG� WRS�GRZQ�
object representation, as induced theta and gamma activity at longer 
latencies could not be observed due to the analysis window of 200-800 
PV��+RZHYHU��WKH�¿QGLQJV�RI�0XQDU�HW�DO���������DQG�/RSH]�3HUVHP�HW�
al. (2020) seem to be in line with the gamma hypothesis as presented 
in the current study. In addition, Munar et al. (2012) observed a theta 
H̆HFW�FRPPHQFLQJ�DURXQG�����PV�SRVW�VWLPXOXV��DOWKRXJK�WKH\�GLG�
QRW�DWWULEXWH�WKH�H̆HFW�WR�'01�DFWLYLW\��&RQWUDU\�WR�RXU�SUHGLFWLRQV�RI�
a decrease in alpha activity for aesthetically appealing stimuli, Munar 
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et al. (2012) observed an increase. Munar et al. (2012) argue that this 
H̆HFW�PD\�UHÀHFW�WKH�LQKLELWLRQ�RI�WRS�GRZQ�GULYHQ�DWWHQWLRQ�SURFHVVHV��
This suggests that aesthetic experiences mostly encompass bottom-
up features of attention from 400 ms post-stimulus onset onward. 
Nonetheless, in Munar et al.’s (2012) study too, the analysis window 
RI��������PV�GRHV�QRW�DOORZ�IRU�H[DPLQLQJ�KRZ�WKHVH�H̆HFWV�HYROYH�
over longer latencies. At the very least, both accounts demonstrate 
that aesthetically appealing experiences are supported by changes 
LQ�RVFLOODWRU\�DFWLYLW\�DFURVV�YDULRXV�IUHTXHQF\�EDQGV��/LQGVHQ�HW�DO���
2010; Munar et al., 2012). Further studying oscillatory dynamics in 
relation to aesthetic experience thus seems a worthwhile endeavor. In 
particular, examining these dynamics at latencies beyond 1000 ms in 
SDUWLFXODU�VHHPV�WR�EH�D�ODUJHO\�XQFKDUWHG�¿HOG�

7.1.3 Present study

In the present study, we address the paucity in the EEG literature 
regarding oscillatory activity related to aesthetic experiences. To do 
so, we presented participants with various stimuli that are known 
to evoke both aesthetically moving and non-moving experiences 
(Vessel et al., 2019) and prompted them to report on how aesthetically 
moving they found them. Following recent developments in empirical 
aesthetics (Menninghaus et al., 2015), we operationalize aesthetic 
appeal as “being moved” instead of beauty or attractiveness, as 
experiences can be aesthetically appealing for reasons other than 
FRQYHQWLRQDOO\�GH¿QHG�EHDXW\�RU�DWWUDFWLYHQHVV�DV�ZHOO��9HVVHO���������
³%HLQJ�PRYHG´�FDQ�VHUYH�DV�DQ�H̆HFWLYH�VXPPDU\�PHDVXUH�RI�GLYHUVH�
aesthetic experiences (Vessel et al., 2012) and may thus capture a more 
encompassing spectrum of the aspects that are associated with them.

EEG signals were analyzed both in terms of well-established ERP 
components and also by examining oscillatory dynamics in a wide 
IUHTXHQF\�UDQJH�IURP���WR�����+]��WLPH�IUHTXHQF\��7)��DQDO\VLV���,Q�
our ERP analyses, we focused on studying the anterior and posterior 
P2 and LPP components, as these have previously been linked to the 
substages of aesthetic experiencing. Based on previous literature, 
we hypothesized that the anterior and posterior P2 and the LPP 
components would be larger following aesthetically moving images. 
Although the N2 and P3 components have also been studied in the 
context of aesthetic experience, these components have mostly been 
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linked to the experimental paradigm rather than to aesthetic appeal 
�+|IHO�	�-DFREVHQ������D������E���/LNHZLVH��WKH�3��KDV�PRVWO\�EHHQ�
linked to processing visual stimulus characteristics rather than to 
aesthetic appeal (Luck, 2014). Although this hampered the formulation 
of clear hypotheses for these components, we still include them in our 
analysis in an exploratory manner, as they have not been studied in 
terms of being aesthetically moved by artworks, but only in terms of 
aesthetic beauty.

In terms of oscillatory activity, we expect increases in theta and gamma 
power along with decreases in alpha power for highly moving artworks, 
but not (or less so) for less moving artworks. Yet given the paucity of 
existing empirical data, we also explored oscillatory dynamics more 
EURDGO\��LQ�D�ZLGH�UDQJH�RI�IUHTXHQFLHV�IURP���WR�����+]�

7.2 Materials and methods

7.2.1 Participants

���¿UVW�\HDU�VWXGHQWV�IURP�7LOEXUJ�8QLYHUVLW\�����PDOH�����IHPDOH��DJH�
range 18-25) participated in the study and received study credits for 
their participation. All participating students were right-handed, had 
normal or corrected to normal vision and no history of neurological 
disorders. Participants were not asked about whether they had 
UHFHLYHG�DQ\�DUW�VSHFL¿F�WUDLQLQJ��DV�¿UVW�\HDU�SV\FKRORJ\�PDMRUV��ZH�
would generally expect that such training would be only sporadic and 
QRW� GL̆HUHQW� IURP� WKH� OHYHO� RI� WKH� JHQHUDO� SRSXODWLRQ�� 3DUWLFLSDQWV�
gave their written informed consent in line with the Declaration of 
Helsinki. All experimental procedures were approved by the Ethics 
Review Board of the Tilburg School of Social and Behavioral Sciences 
of Tilburg University (EC-2016.48). Several participants were 
excluded from further analysis due to excessive artifacts in the EEG 
recordings (number depending on the respective analysis pipeline; 
see section 7.2.7 for details). Six participants had to be excluded in 
the ERP analysis, resulting in 35 participants (15 male, 20 female, age 
range 18-25). In the TF analysis, 10 participants had to be excluded, 
resulting in the inclusion of 31 participants for this analysis (14 male, 
17 female, age range 18-25). 
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7.2.2 Stimulus materials

Stimulus materials consisted of 148 photographs of visual artworks 
(mostly paintings (141) and some drawings (5) and collages (2)) from 
the Catalog of Art Museum Images Online database (now defunct), as 
used in a previous study by Vessel et al. (2019). Stimulus materials 
UHÀHFWHG�D�YDULHW\�RI�SHULRGV��VW\OHV�DQG�JHQUHV�DQG�ZHUH�UHSUHVHQWDWLYH�
for European, American and Asian cultures. Although part of museum 
collections, the artworks were chosen such that only lesser-known 
artworks were part of the stimulus set. Artist’s signatures were 
removed to avoid recognizability. Furthermore, paintings were scaled 
such that they covered 65% of the screen height while maintaining the 
GL̆HUHQFHV�LQ�DVSHFW�UDWLR�DFURVV�WKH�RULJLQDO�DUWZRUNV�

7.2.3 Procedure

After having read the written instructions and having given their 
informed consent, participants were familiarized with the lab and 
PRXQWHG� ZLWK� WKH� ((*� HTXLSPHQW�� $IWHU� WKH� SUHSDUDWLRQV�� WKH\�
were seated in a dimly lit and sound-attenuating room in front of a 
computer screen. Participants were asked to stay relaxed and to refrain 
from excessive head, body and eye movements so as to keep resulting 
electrical artifacts to a minimum. Participants were instructed to keep 
their head still while focusing on and evaluating the artworks based on 
how aesthetically moving they found each of the images. Participants 
GLG� QRW� QHHG� WR� ¿[� WKHLU� JD]H� GXULQJ� VWLPXOXV� SUHVHQWDWLRQ�� 7KH�
148 images were presented in 10 blocks: 8 blocks with 15 trials and 
2 blocks with 14 trials. At the end of each block, participants could 
take a voluntary mini break. The mini break ended when a participant 
pressed a button on the keyboard in front of them. Three longer breaks 
ZHUH�PDQGDWRU\��DIWHU�EORFN������DQG����� LQ�RUGHU�WR�DYRLG�H̆HFWV�RI�
participant fatigue. On average, participants spent 41.9 (SD = 2.9) 
minutes on the experiment (including breaks). After all blocks had 
been presented, the experimenter entered the room and removed the 
((*�HTXLSPHQW�IURP�WKH�SDUWLFLSDQW�

7.2.4 Design

(DFK�WULDO�EHJDQ�ZLWK�D�¿[DWLRQ�FURVV��EODFN�FURVV�RQ�D�JUH\�EDFNJURXQG��
relative luminance = 21,59%) presented in the center of the screen for 
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1000 ms. The artwork image then appeared for 6000 ms. Stimulus 
presentation time is rather long as compared to standard paradigms 
for EEG experiments and was selected to allow participants to more 
fully absorb the image before coming to an evaluation. After the image 
disappeared, a visual slider bar appeared on the screen and participants 
were asked to indicate to what extent they felt aesthetically moved on a 
continuous interval (marked with the anchors “Not at all moving” and 
“Highly moving” at the left and right ends, respectively). Participants 
had to position the slider according to their judgement by clicking and 
dragging it using the mouse and then click the “Next” button in order 
WR�FRQ¿UP�WKHLU�HYDOXDWLRQ��$�WLPH�RXW�ZDV�VHW�DW������PV��DIWHU�ZKLFK�
the trial was discarded from further analysis. Clicking the “Next” button 
initiated a 3000 ms grey screen that served as the intertrial interval.

7.2.5 EEG recordings

7KH� ((*� VLJQDOV� ZHUH� DPSOL¿HG� LQ� D� IUHTXHQF\� UDQJH� EHWZHHQ� '&�
and 102 Hz and digitized at a sampling rate of 512 Hz. EEG signals 
were recorded from 64 locations on the scalp through active Ag-AgCl 
electrodes (BioSemi, Netherlands), following the extended 10-20 
system (Jasper, 1958). Two additional electrodes were placed at the 
PDVWRLGV� IRU�R̈LQH� UHUHIHUHQFLQJ��$QRWKHU� WZR�HOHFWURGHV� VHUYHG�DV�
an electrical recording reference (CMS active electrode) and ground 
(DRL passive electrode). EOG signals were measured from two bipolar 
derivations, above and below the left eye for vertical EOG and from the 
outer canthi of both eyes for horizontal EOG. Recording parameters 
were similar to those used for the EEG electrodes as mentioned above.

7.2.6 Preprocessing of behavioral data

The behavioral data (stimulus evaluations) were coded in a range 
from -3 for the lower boundary (“not at all moving”) to 3 for the higher 
boundary (“highly moving”) with in-between intervals of 0.01. For 
each participant separately, these 148 stimulus evaluations were used 
WR� JURXS� WKH� WULDOV� LQWR� WKUHH� UHVSRQVH� FDWHJRULHV� �XQLTXH� IRU� HDFK�
participant): images that were lowly moving (the 37 trials forming the 
ORZHVW� TXDUWLOH��� LPDJHV� WKDW�ZHUH�PRGHUDWHO\�PRYLQJ� �WKH���� WULDOV�
around the median) and images that were highly moving (the 37 trials 
FRQVWLWXWLQJ�WKH�KLJKHVW�TXDUWLOH���)RU�FODULW\��ZH�KHQFHIRUWK�UHIHU�WR�
these three categories as LO, MOD and HI, respectively. We selected 
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WKH�ORZHVW�DQG�KLJKHVW�TXDUWLOHV�WR�VHUYH�DV�/2�DQG�+,�WR�HQVXUH�WKH�
PRVW� H[WUHPH� GL̆HUHQFH� SHU� SDUWLFLSDQW� LQ� WHUPV� RI� UDWLQJV�� DV� ZH�
H[SHFW� WKDW�PRUH� H[WUHPH�GL̆HUHQFHV� LQ� HYDOXDWLRQ� UDWLQJV� EHWZHHQ�
UHVSRQVH� FDWHJRULHV�ZLOO� OHDG� WR� FOHDUHU�GL̆HUHQFHV� LQ� WKH�(53V�DQG�
WLPH�IUHTXHQF\� UHSUHVHQWDWLRQV� �7)5V��� 7R� TXDQWLI\� WKH� GHJUHH� RI�
separation between the three categories, for each participant we 
calculated d' measures between the distributions of that participant’s 
evaluation ratings for LO, MOD and HI. A larger d' indicates a larger 
separation between the underlying ratings of a pair of distributions.

7.2.7 EEG data analysis

EEG data were analyzed using Brain Vision Analyzer (Brain Products 
GmbH, Germany) and the open-source MATLAB-based toolbox 
)LHOG7ULS��2RVWHQYHOG��)ULHV��0DULV��	�6FKR̆HOHQ���������7KH�UHFRUGHG�
VLJQDOV�ZHUH� UHUHIHUHQFHG� R̈LQH� WR� DQ� DYHUDJH� RI� WKH� OHIW� DQG� ULJKW�
PDVWRLG� FKDQQHOV�� $� ]HUR� SKDVH�VKLIW� %XWWHUZRUWK� EDQGSDVV� ¿OWHU�
of the 8th order (0.01-100 Hz) was then applied to the data. When 
individual channels showed excessive artifacts within an otherwise 
relatively artifact-less recording, these channels were reconstructed 
using a spherical spline-based topographic interpolation. Data 
were then subjected to an ocular correction procedure based on an 
independent component analysis (ICA), in order to clean the EEG 
signals from noise originating from eye movements. From this point 
RQZDUG��SUHSURFHVVLQJ�ZDV�VSOLW�XS�LQWR�WZR�GL̆HUHQW�SURFHGXUHV��RQH�
for the ERP analysis and one for the TF analysis, respectively.

For the ERP analysis, data were segmented into trials of 200 ms 
prestimulus to 6000 ms poststimulus and were baseline-corrected, 
using the average of the -200-0 ms window. All segments were 
then visually inspected for eye movement, muscle activity or other 
artifacts, following a semi-automatic artifact detection procedure. 
Eight participants were discarded from further ERP analysis because 
their data contained too many artifacts. Of the remaining participants  
(n = 35, 15 male, 20 female, age range 18-25), only segments containing 
excessive artifacts were discarded from further analysis (16.2% of 
all the segments on average). Recordings were then averaged time-
locked to stimulus presentation onset (separate averaging for the 
WKUHH�GL̆HUHQW�UHVSRQVH�FDWHJRULHV��L�H���/2��02'�DQG�+,���:KHQHYHU�
a segment did not fall into one of these categories, it was omitted from 
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IXUWKHU� DQDO\VLV�� 7KH� QXPEHU� RI� UHPDLQLQJ� VHJPHQWV� GLG� QRW� GL̆HU�
between the three response categories (repeated-measures ANOVA 
between response categories: F2, 60 = 2.080; p = 0.134). This resulted in 
ERPs at 64 electrode positions for each response category and for each 
participant. Participant averages were used as input for the statistical 
analyses (see below). The data were averaged across participants to 
serve as the input for the graphical representation in Figures 1 and 2.

)RU�WKH�7)�DQDO\VLV��GDWD�ZHUH�¿UVW�VXEMHFWHG�WR�D�VHFRQG�]HUR�SKDVH�
VKLIW�%XWWHUZRUWK�EDQGSDVV�¿OWHU���th order, 1-100 Hz). Then, data were 
segmented into trials of 8500 ms around stimulus onset, consisting of 
a 1500 ms prestimulus interval and a 7000 ms poststimulus interval. 
The 500 ms prior to stimulus onset served as a baseline. All segments 
were then visually inspected for artifacts, following a semi-automatic 
artifact rejection procedure. 10 participants were discarded from 
further TF analysis because their data contained too many artifacts. 
Of the remaining participants, (n = 31, 14 male, 17 female, age range  
18-25), only segments containing excessive artifacts were discarded 
from further analysis (14.5% of all the segments on average). As the 
relatively longer trials for TF analysis increase the chance of detecting 
artifacts, the artifact rejection procedure was slightly more liberal as 
compared to the artifact rejection procedure for the ERP analysis, 
leading to a lower percentage of discarded segments. Using the 
FieldTrip toolbox in MATLAB (Oostenveld et al., 2011), the remaining 
artifact-free segments were then subjected to two partially overlapping 
WLPH�IUHTXHQF\� WUDQVIRUPDWLRQV�� RQH� IRU� ORZHU� IUHTXHQFLHV� �L�H���
�����+]��DQG�RQH� IRU�KLJKHU� IUHTXHQFLHV� �L�H����������+]���7)5V� IRU�
ORZHU�IUHTXHQFLHV�ZHUH�FRPSXWHG�XVLQJ�D�����PV�+DQQLQJ�ZLQGRZ��
DSSOLHG� LQ� IUHTXHQF\� VWHSV� RI� �� +]� DQG� WLPH� VWHSV� RI� ��� PV�� 7)5V�
IRU� KLJKHU� IUHTXHQFLHV� ZHUH� FRPSXWHG� XVLQJ� D�PXOWLWDSHU� DSSURDFK�
(Mitra & Pesaran, 1999), using a 400 ms time-smoothing and a ±5 Hz 
IUHTXHQF\�VPRRWKLQJ�ZLQGRZ��DSSOLHG�LQ�IUHTXHQF\�DQG�WLPH�VWHSV�RI�
2.5 Hz and 10 ms, respectively. Per participant, the resulting single-
WULDO� 7)5V� ZHUH� WKHQ� DYHUDJHG� DFURVV� WULDOV� IRU� WKH� WKUHH� GL̆HUHQW�
response categories (LO, MOD, HI). Whenever a trial did not fall into 
one of the three categories, it was omitted from further analysis. The 
QXPEHU�RI�UHPDLQLQJ�7)5V�GLG�QRW�GL̆HU�EHWZHHQ�WKH�WKUHH�UHVSRQVH�
categories (repeated-measures ANOVA between response categories: 
F2, 60 = 1.444; p = 0.244). Power changes in the post-stimulus interval 
were expressed as the relative change to the baseline interval (-500-

Neuronal dynamics of aesthetic experience

Proefschrift_v2.indd   165Proefschrift_v2.indd   165 30-08-2022   02:1830-08-2022   02:18



166

�� PV�� RQ� SHUFHQWDJH� VFDOH� IRU� HDFK� WLPH�IUHTXHQF\� ELQ� VHSDUDWHO\��
Participant averages were used as input for the statistical analyses. 
In addition, grand averages across participants were computed for 
display purposes (see Figure 7.3 and 7.4).

7.2.8 Statistical analysis

7.2.8.1 Testing for differences between response categories

7R� WHVW� IRU� VLJQL¿FDQW� GL̆HUHQFHV� LQ� (53� FRPSRQHQW� DPSOLWXGHV�
between LO,  MOD and HI, we used a cluster-based random 
permutation test (Maris & Oostenveld, 2007) for each of the ERP 
components of interest (anterior and posterior P2 and LPP). In order 
WR�H[SORUH�EHWZHHQ�FDWHJRU\�GL̆HUHQFHV�LQ�(53�DPSOLWXGHV�DW�ORQJHU�
ODWHQFLHV��ZH� SHUIRUPHG� D� WHVW� IRU� HDFK� VXEVHTXHQW� VHFRQG� �L�H��� IRU�
����V��IRU�����V��«������V��RQ�WKH�DYHUDJHG�WLPH�FRXUVH�RI�WKH�(53��7R�
WHVW� IRU�VLJQL¿FDQW�GL̆HUHQFHV� LQ�7)5V��ZH�DOVR�XVHG�D�FOXVWHU�EDVHG�
random permutation approach. Tests were performed for the full, 
QRQ�DYHUDJHG�WULDO��ERWK�LQ�WHUPV�RI�WLPH������V��DQG�IUHTXHQFLHV����
���+]�IRU�ORZHU�DQG��������+]�IRU�KLJKHU�IUHTXHQFLHV��

Cluster-based random permutation analysis was used here because it 
LGHQWL¿HV�FOXVWHUV�RI�VLJQL¿FDQW�GL̆HUHQFHV�EHWZHHQ�UHVSRQVH�FDWHJRULHV�
LQ� WLPH�� VSDFH� DQG� IUHTXHQF\� DQG� LW� HOHJDQWO\� KDQGOHV� WKH�PXOWLSOH�
comparison problem (see Maris and Oostenveld (2007) for a detailed 
description). For every data point (electrode × time for ERP data; 
electrode × time × frequency for TF data) of two response categories, a 
dependent-samples t-test is performed, yielding uncorrected p-values. 
&OXVWHUV�RI�QHLJKERULQJ�GDWD�SRLQWV�WKDW�H[FHHGHG�WKH�SUHVHW�Į�OHYHO�RI�
0.05 are then grouped into clusters. For each cluster thus obtained, a 
FOXVWHU�OHYHO�WHVW�VWDWLVWLF�LV�WKHQ�GH¿QHG�DV�WKH�VXP�RI�WKH�t-statistic 
in that particular cluster. Then, a null distribution is generated by 
randomly permuting response categories across participants 1000 
times and retaining the largest cluster-level test statistic for each 
randomization. Finally, the actually observed cluster-level t-statistics 
are compared against this null distribution and clusters falling in the 
highest or lowest 2.5th�SHUFHQWLOH�DUH�FRQVLGHUHG�VWDWLVWLFDOO\�VLJQL¿FDQW�
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Ç°Ó°n°£�,i�>Ì��}�Li�>Û��À>��`>Ì>�Ì��,*��>�`�/��L>Ãi`�V�>ÃÃ�wV>Ì����
accuracy

7KH�GLVWULEXWLRQ�RI�WKH�HYDOXDWLRQ�UDWLQJV�ZDV�KLJKO\�GL̆HUHQW�EHWZHHQ�
LQGLYLGXDO�SDUWLFLSDQWV�±�VRPH�SDUWLFLSDQWV�H[SUHVVHG�VWURQJ�RSLQLRQV�
about the stimuli, resulting in bimodal distributions of responses 
near the ends of the slider, while other participants gave less extreme 
evaluations, generating unimodal distributions near the neutral point 
on the slider. As such, the relative distances between the three response 
FDWHJRULHV��/2��02'�DQG�+,��ZHUH�DOVR�GL̆HUHQW�DFURVV�SDUWLFLSDQWV��
To test whether participants exhibiting more extreme discrimination 
in self-report between response categories showed more extreme 
GL̆HUHQFHV�LQ�(53V�DQG�7)5V�EHWZHHQ�UHVSRQVH�FDWHJRULHV��ZH�WHVWHG�
ZKHWKHU�WKH�GL̆HUHQFH�LQ�VHOI�UHSRUWHG�HYDOXDWLRQ�UDWLQJV�EHWZHHQ�WKH�
WKUHH�UHVSRQVH�FDWHJRULHV�FRXOG�SUHGLFW�WKH�FODVVL¿FDWLRQ�DFFXUDF\�RI�
the response categories for the ERP and TFR data. We calculated d' 
measures for each participant between the distributions of evaluation 
ratings for LO, MOD and HI (i.e., three contrasts in total). d'-scores 
ZHUH�WKHQ�FRUUHODWHG�ZLWK�WKH�FODVVL¿FDWLRQ�DFFXUDF\�RI�WKH�UHVSRQVH�
FDWHJRULHV�ERWK�IRU�WKH�(53�DQG�7)�GDWD��&ODVVL¿FDWLRQ�ZDV�GRQH�XVLQJ�
DQ�690�EDVHG�FODVVL¿FDWLRQ�DOJRULWKP�ZLWK�D�¿YH�IROG�FURVV�YDOLGDWLRQ�
approach, which was fed with all individual trials per participant 
(timelocked for the ERP data and timelocked and TF-transformed for 
WKH�7)�GDWD���&ODVVL¿FDWLRQV�ZHUH�GRQH�IRU�ERWK�WKH�IXOO�WULDO������V���DV�
ZHOO�DV�IRU�HDFK�VHSDUDWH�VHFRQG�LQ�WKH�WULDO��L�H���IRU�����V��IRU�����V��«��
����V���&ODVVL¿FDWLRQ�DFFXUDF\�ZDV�GH¿QHG�DV�WKH�SHUFHQWDJH�RI�WULDOV�
WKDW�ZHUH�FRUUHFWO\�FODVVL¿HG��7R�WHVW�ZKHWKHU�FODVVL¿FDWLRQ�DFFXUDFLHV�
were above chance level, we performed a single-sample t-test of the 
DYHUDJH�FODVVL¿FDWLRQ�DFFXUDF\�SHU� FDWHJRU\� �LQGLYLGXDO� VHFRQGV�DQG�
WKH�IXOO�WULDO��DJDLQVW������)RU�WKH�FODVVL¿FDWLRQ�DFFXUDFLHV�WKDW�ZHUH�
VLJQL¿FDQWO\� KLJKHU� WKDQ� FKDQFH� OHYHO� ZH� SHUIRUPHG� D� FRUUHODWLRQ�
DQDO\VLV�� UHSRUWLQJ� 3HDUVRQ¶V� FRUUHODWLRQ� FRḢFLHQW� �r) and the 
accompanying p-values. As these analyses are secondary to the main 
DQDO\VHV�RQ�GL̆HUHQFHV�LQ�(53V�DQG�7)5V�EHWZHHQ�GL̆HUHQW�UHVSRQVH�
FDWHJRULHV�RI�EHLQJ�DHVWKHWLFDOO\�PRYHG��UHVXOWV�RI�WKHVH�FODVVL¿FDWLRQ�
analyses are presented in appendices of the original publication in the 
Journal of Cognitive Neuroscience and are omitted in this dissertation.
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7.3 Results

7.3.1 Behavioral results

For the trials that remained after artifact correction in the ERP 
analyses, evaluation ratings ranged from -3 to 0.43 for LO (M = -1.73; 
SD = 0.92), from -2.1 to 1.95 for MOD (M = 0.20; SD = 0.78) and 
from 0.39 to 3 for HI (M = 1.68; SD = 0.68). Averages indicate that 
the evaluation ratings for the MOD category are slightly higher than 
WKH�QHXWUDO�SRLQW� RI� WKH� VFDOH� LWVHOI� �����7KLV� LV� DOVR� UHÀHFWHG�E\� WKH�
behavioral d’ measures, as the average d' for HI vs. MOD (M = 3.13;  
SD = 2.04) is slightly smaller than that for LO vs. MOD (M = -5.42;  
SD = 2.11) as well, indicating a smaller psychological separation 
between HI and MOD response categories than between MOD and LO.

For the trials that remained after artifact correction in the TF analyses, 
evaluation ratings ranged from -3 to 0.46 (M = -1.72; SD = 0.86) for 
LO, from -1.58 to 1.95 for MOD (M = 0.27; SD = 0.72) and from 0.37 
to 3 for HI (M = 1.65; SD = 0.67). For these categories too, averages 
indicate that the evaluation ratings for the MOD category are slightly 
higher than the neutral point of the scale itself (0), which is again 
UHÀHFWHG�E\� WKH�EHKDYLRUDO�d' measures, as the average d' for HI vs. 
MOD (M = 3.21; SD = 2.08) is slightly smaller than that for LO vs. 
MOD (M = -5.23; SD = 2.16).

7.3.2 ERP results

)LJXUH�����SUHVHQWV�WKH�JUDQG�DYHUDJH�(53V�IRU�WKH�¿UVW������PV�DIWHU�
VWLPXOXV�RQVHW��HOLFLWHG�E\�WKH�WKUHH�GL̆HUHQW�UHVSRQVH�FDWHJRULHV�IRU�
latencies 0-1 s. Figure 7.2A presents the grand average ERP waveforms 
IRU� ODWHQFLHV� ���� V�� 7KHUH� ZHUH� QR� VLJQL¿FDQW� GL̆HUHQFHV� EHWZHHQ�
response categories for any of the investigated ERP components. While 
no hypotheses were formulated for the P3, N2 and P1 components, we 
rejected the hypotheses on the anterior and posterior P2 and the LPP, for 
ZKLFK�ZH�H[SHFWHG�D�GL̆HUHQFH�EHWZHHQ�KLJKO\�PRYLQJ�LPDJHV�YHUVXV�
LPDJHV� WKDW� ZHUH� OHVV�PRYLQJ�� +RZHYHU�� GL̆HUHQFHV� ZHUH� REVHUYHG�
IRU� ORQJHU� ODWHQFLHV��+,�JHQHUDWHG�VLJQL¿FDQWO\� ODUJHU�SRVLWLYLW\� WKDQ�
MOD over anterior-central regions in the time windows of 1-2 s  
(p = 0.024), 3-4 s (p = 0.008) and 4-5 s (p = 0.018) after stimulus 
RQVHW�� 1R� VLJQL¿FDQW� GL̆HUHQFHV� ZHUH� IRXQG� LQ� WKH� (53� FRQWUDVWV�
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between LO versus MOD, nor for HI versus LO, although Figure 7.2 
seems to suggest that HI and LO categories consistently elicit larger 
positivity than MOD through the 1-5 s interval after stimulus onset. 
6FDOS�GLVWULEXWLRQV�RI�WKH�REVHUYHG�(53�H̆HFWV�IRU�ODWHQFLHV�!��V�DUH�
shown in Figure 7.2B.

7.3.3 TF results

)RU�WKH�ORZHU�IUHTXHQFLHV�������+]���WKH�FRQWUDVW�RI�+,�YHUVXV�02'�
UHYHDOHG�RQH�VLJQL¿FDQW�FOXVWHU�LQ�WKH�IUHTXHQF\�UDQJH�RI������+]�RYHU�
the right frontocentral region (p = 0.022; see Figure 7.3). This indicates 
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FIGURE 7.1 | Grand average ERP waveforms (n = 31) up to 1000 ms 
after stimulus onset, evoked by the stimuli in the three different response 
categories at representative electrodes. Shaded areas around the 
waveforms indicate standard errors.
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FIGURE 7.2 | (A) Grand average waveforms (n = 35) evoked by the stimuli 
in the three different response categories at representative electrodes. 
-�>`i`�>Ài>Ã�>À�Õ�`�Ì�i�Ü>Ûiv�À�Ã���`�V>Ìi�ÃÌ>�`>À`�iÀÀ�ÀÃ°�	®�-V>�«�
topographies of the HI versus MOD differences at three different latencies. 
�iVÌÀ�`iÃ�Ì�>Ì�>Ài�«>ÀÌ��v�Ì�i�Ã�}��w�V>�Ì�V�ÕÃÌiÀ�>Ài��>À�i`�Ü�Ì��>���°
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FIGURE 7.3 | Time frequency representations of single-trial data. (A) Raw 
TFRs induced by the three response categories in the frequency range of 
Ó�Îä��â°�	®�/�,�V��ÌÀ>ÃÌÃ��v����ÛÃ°��"�]��"�ÛÃ°��"��>�`��"�ÛÃ°��"�]�
with the left panel showing the raw difference, the middle panel showing 
the masked difference based on the statistical threshold of 5% and the 
right panel showing topographic distributions of the observed TFR effects. 
TFRs are displayed for the F4 electrode (white circle in topo plots). Scales 
indicate the percentage of signal changes relative to the baseline period 
�xää�ä��Ã®°��iVÌÀ�`iÃ�Ì�>Ì�>Ài�«>ÀÌ��v�Ì�i�Ã�}��wV>�Ì�V�ÕÃÌiÀ�>Ài��>À�i`�
Ü�Ì��>���°���À�>��>À}iÀ�ÛiÀÃ�����v�Ì�i�w}ÕÀi]�ÀiviÀ�Ì��-ÌÀ��L�ÃV��iÌ�>�°�ÓäÓÓ®°
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FIGURE 7.4 | Time frequency representations of single-trial data. (A) Raw 
TFRs induced by the three response categories in the frequency range of 
Óx�£ää��â°�	®�/�,�V��ÌÀ>ÃÌÃ��v����ÛÃ°��"�]����ÛÃ°��"�>�`��"��ÛÃ°��"]�
with the left panel showing the raw difference, the middle panel showing 
the masked difference based on the statistical threshold of 5% and the 
right panel showing topographic distributions of the observed TFR effects. 
TFRs are displayed for the Cz electrode (white circle in topo plots). Scales 
indicate the percentage of signal changes relative to the baseline period 
�xää�ä��Ã®°��iVÌÀ�`iÃ�Ì�>Ì�>Ài�«>ÀÌ��v�Ì�i�Ã�}��wV>�Ì�V�ÕÃÌiÀ�>Ài��>À�i`�
Ü�Ì��>���°���À�>��>À}iÀ�ÛiÀÃ�����v�Ì�i�w}ÕÀi]�ÀiviÀ�Ì��-ÌÀ��L�ÃV��iÌ�>�°�ÓäÓÓ®°
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WKDW�ZLWKLQ�WKH�IUHTXHQF\�UDQJH�RI������+]�+,�OHG�WR�D�VWURQJHU�GHFUHDVH�
in power than MOD. The contrast of LO versus MOD revealed another 
FRQWUDVW�LQ�WKH�IUHTXHQF\�UDQJH�RI������+]�RYHU�WKH�ULJKW�IURQWRFHQWUDO�
region (p = 0.036; see Figure 7.3). This indicates that within the 
IUHTXHQF\�UDQJH�RI������+]��/2� OHG� WR�D�VWURQJHU�GHFUHDVH� LQ�SRZHU�
WKDQ�02'��1R�GL̆HUHQFHV�ZHUH� IRXQG� IRU� WKH�FRQWUDVW�RI�+,�YHUVXV�
LO. The observed inverted V-shape provides partial support for our 
alpha hypothesis, for which we expected a decrease in alpha activity 
for highly moving images as opposed to images that were less moving.

)RU� WKH� KLJKHU� IUHTXHQFLHV� �������� +]��� WKH� FRQWUDVW� RI� +,� YHUVXV�
/2� UHYHDOHG� RQH� VLJQL¿FDQW� FOXVWHU� LQ� WKH� IUHTXHQF\� UDQJH� RI� ������
Hz over the centroparietal region (p = 0.048; see Figure 7.4). This 
LQGLFDWHV� WKDW� ZLWKLQ� WKH� IUHTXHQF\� UDQJH� RI� ������+]��+,� OHG� WR� D�
stronger increase in power than LO. The contrast of LO versus MOD 
UHYHDOHG�DQRWKHU�VLJQL¿FDQW�FOXVWHU��DOVR�DW�WKH�IUHTXHQF\�UDQJH�RI����
70 Hz and also over the centroparietal region (p = 0.048; see Figure 
����7KLV�LQGLFDWHV�WKDW�ZLWKLQ�WKH�IUHTXHQF\�UDQJH�RI�������+]��02'�
OHG�WR�D�VWURQJHU�LQFUHDVH�LQ�SRZHU�WKDQ�/2��:H�IRXQG�QR�VLJQL¿FDQW�
GL̆HUHQFHV�IRU�WKH�FRQWUDVW�RI�+,�YHUVXV�02'��7KHVH�UHVXOWV�SURYLGH�
support for our gamma hypothesis, for which we expected an increase 
in gamma activity for highly moving images as opposed to images that 
were less moving. 

7.4 Discussion

This study aimed to explore the temporal neuronal dynamics of being 
aesthetically moved by examining the EEG both in terms of oscillations 
and ERPs. Participants were presented with various artworks and 
ZHUH� VXEVHTXHQWO\� DVNHG� WR� LQGLFDWH� KRZ� DHVWKHWLFDOO\�PRYLQJ� WKH\�
found each of the images. Evaluation ratings were grouped into three 
response categories (LO, MOD and HI) that were then used to study 
GL̆HUHQFHV�LQ�RVFLOODWRU\�QHXURQDO�G\QDPLFV�DQG�(53V�DV�DQ�H̆HFW�RI�
being aesthetically highly, moderately or lowly moved. Results indicate 
that there was an increase in gamma activity for HI and MOD as 
compared to LO and that there was a decrease in alpha activity for HI 
and LO as compared to MOD. Contrary to our expectation, we did not 
REVHUYH�GL̆HUHQFHV�LQ�WKHWD�SRZHU��QRU�LQ�DQ\�RI�WKH�(53�FRPSRQHQWV�
reported before in the context of aesthetic processing.
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7.4.1 Increased gamma activity as an indication of sustained 
sense-making

We expected gamma activity to increase for aesthetically highly moving 
compared to less moving artworks. Our data are largely in agreement 
with this hypothesis, as we observed increased gamma activity (50-
70 Hz) over the centroparietal region for HI and MOD as compared 
WR�/2��1RWH� WKDW�ZH�GLG�QRW�REVHUYH� VLJQL¿FDQW�GL̆HUHQFHV�EHWZHHQ�
HI and MOD, which might be due to the fact that the perceived 
GL̆HUHQFH� LQ�DHVWKHWLF�DSSHDO�EHWZHHQ�+,�DQG�02'�ZDV�VPDOOHU��d' 
for the ratings = 3.13) than between MOD and LOW (d' for the ratings 
 ���������7KH�FXUUHQW�¿QGLQJV�DUH�LQ�OLQH�ZLWK�WKH�0(*�ZRUN�RI�0XQDU�
et al. (2012), who reported increased gamma activity for artworks that 
were categorized as beautiful. As increased gamma has been related to 
processes of visual object representation (Bertrand & Tallon-Baudry, 
2000; Tallon-Baudry & Bertrand, 1999), the combined evidence 
suggests that actively creating a mental representation of an artwork 
is an important element of the aesthetic experience, which is closely 
related to evoking feelings of being aesthetically moved.

$Q�DGGLWLRQDO�¿QGLQJ� LQ� UHODWLRQ� WR� WKH� LQFUHDVHG�JDPPD�DFWLYLW\� LV�
that it takes some time to develop. Figure 7.4 shows that for artworks 
that are aesthetically moving, gamma power increase starts to develop 
from approximately 1-2 s post-stimulus onset onward and lasts for 
the full 6 s interval of the analysis window. While the existing studies 
that addressed oscillatory dynamics related to aesthetic experiences 
GLG�QRW�DQDO\]H�WKHLU�GDWD�EH\RQG�WKH�¿UVW�VHFRQG�DIWHU�VWLPXOXV�RQVHW�
�/LQGVHQ� HW� DO��� ������0XQDU� HW� DO��� ������� RXU� ¿QGLQJV� DUH� LQ� OLQH�
with previous accounts on object representation (Bertrand & Tallon-
Baudry, 2000; Rodriguez et al., 1999; Tallon-Baudry & Bertrand, 
�������7KH�VXVWDLQHG�QDWXUH�RI� WKH�H̆HFW�PLJKW�EH�FKDUDFWHULVWLF� IRU�
the aesthetic experience of being moved. In the context of reading 
SRHWU\�� IRU� H[DPSOH�� :DVVLOLZL]N\�� .RHOVFK�� :DJQHU�� -DFREVHQ� DQG�
Menninghaus (2017) found that the feeling of being moved becomes 
stronger over time, as a poem comes to its close. More broadly, the 
sustained feeling of being aesthetically moved might be related to the 
more general concept of savoring: the capacity to attend to, appreciate 
DQG�HQKDQFH� WKH�SRVLWLYH� H[SHULHQFHV� LQ�RQH¶V� OLIH� �%U\DQW�	�9HUR̆��
�������2I�D�YDULHW\�RI�H[SHULHQFH�W\SHV��%U\DQW�DQG�9HUR̆��������KDYH�
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suggested that aesthetic experiences are particularly prone to savoring. 
In particular, we suggest that sense-making might be a prominent 
feature of savoring that relates to aesthetic experience, which is in 
line with previous characterizations of aesthetic experience (Jakesch 
& Leder, 2009; Muth & Carbon, 2013; Muth et al., 2015). Although 
DVVHVVPHQWV�RI�DHVWKHWLF�EHDXW\�KDYH�EHHQ�IRXQG�WR�EH�XQD̆HFWHG�E\�
stimulus duration (Brielmann et al., 2017), the pleasure associated 
ZLWK� EHDXW\� KDV� EHHQ� GHPRQVWUDWHG� WR� UHTXLUH� WKRXJKW� RYHU� WLPH�
(Brielmann & Pelli, 2017), thus suggesting that savoring or extended 
sense-making might be an important aspect of aesthetic experiences. 
The possibility that the presently observed sustained gamma power 
increases might serve as a neurological proxy for extended sense-
making processes corresponding to savoring could form a starting 
point for future neuroaesthetics research.

7.4.2 Alpha decreases for aesthetically salient stimuli

Alpha activity was expected to decrease over parietal areas for 
aesthetically highly moving images compared to less moving images. 
&RQWUDU\� WR� WKHVH� H[SHFWDWLRQV�� ZH� GLG� QRW� REVHUYH� DQ\� VLJQL¿FDQW�
GL̆HUHQFHV�LQ�DOSKD�SRZHU�FKDQJHV�EHWZHHQ�+,�DQG�/2��DOWKRXJK�02'�
yielded higher alpha power than HI and LO. Also, the modulations in 
alpha power were found over the right frontocentral region, instead 
RI� RYHU� SDULHWDO� UHJLRQV��7KH� LQYHUWHG�9�VKDSHG� DOSKD�SRZHU� H̆HFWV�
DV� D� IXQFWLRQ� RI� EHLQJ� DHVWKHWLFDOO\�PRYHG� DUH� GL̇FXOW� WR� LQWHUSUHW��
Arguably, stronger decreases in alpha power for stimuli that are 
perceived as either very moving or not moving at all compared to those 
that are only moderately moving suggest that the inverted V-shaped 
H̆HFW� FDQ� EH� LQWHUSUHWHG� DV� D� VDOLHQFH� H̆HFW�� 7KLV� LQWHUSUHWDWLRQ� LV�
in line with the fact that alpha is commonly associated with active 
processing and with attentional processes (Handel et al., 2011; Jensen 
HW� DO��� ������ .OLPHVFK�� ������� 1RQHWKHOHVV�� UHVXOWV� DUH� GL̇FXOW� WR�
reconcile with existing data on aesthetic experience and attention 
(Brown et al., 2011) or attention-related changes in oscillatory alpha 
power (Munar et al., 2012), both because aesthetic experience has 
tended to be operationalized as the experience of beauty rather than 
as being aesthetically moved and also because non-salient categories 
have generally not been included (i.e., studies focus on beautiful versus 
not-beautiful, not on salient versus non-salient categories). In order to 

Neuronal dynamics of aesthetic experience

Proefschrift_v2.indd   175Proefschrift_v2.indd   175 30-08-2022   02:1830-08-2022   02:18



176

be better able to compare results across studies, we suggest that future 
research in neuroaesthetics should study attention-related changes in 
alpha power more systematically.

7.4.3 No effects found for DMN-related theta activity

:KLOH� WKH�FXUUHQW�GDWD� VKRZ�H̆HFWV� IRU�RVFLOODWRU\�QHXURQDO�JDPPD�
DQG�DOSKD�DFWLYLW\�� LQ� FRQWUDVW�ZLWK�RXU�K\SRWKHVHV��ZH�GLG�QRW�¿QG�
DQ\� GL̆HUHQFHV� LQ� WKHWD� SRZHU� FKDQJHV� EHWZHHQ� WKH� WKUHH� UHVSRQVH�
FDWHJRULHV��0LGIURQWDO�WKHWD�SRZHU�ZDV�H[SHFWHG�WR�UHÀHFW�GL̆HUHQWLDO�
activation of the DMN based on previous fMRI studies that related 
'01�DFWLYLW\�WR�DHVWKHWLF�H[SHULHQFH��%HO¿�HW�DO���������&HOD�&RQGH�HW�
al., 2013; Vessel et al., 2019; Vessel et al., 2012, 2013) and EEG-fMRI 
studies that related DMN activity to midfrontal theta power (Meltzer 
et al., 2007; Scheeringa et al., 2008; Scheeringa et al., 2009). It is 
XQFOHDU�DW�SUHVHQW�ZKHWKHU�WKHUH�ZHUH�LQGHHG�QR�GL̆HUHQFHV�LQ�'01�
activation in the current study, or whether the absence of midfrontal 
WKHWD�H̆HFWV�VXJJHVWV�WKDW�WKHWD�SRZHU�DQG�'01�DFWLYLW\�DUH�RQO\�OLQNHG�
to each other under the previously established circumstances (i.e., 
in resting-state activity (Scheeringa et al., 2008) or during working 
memory tasks (Meltzer et al., 2007; Scheeringa et al., 2009)). Future 
ZRUN�ZRXOG�QHHG�WR�DGGUHVV�WKLV�TXHVWLRQ�PRUH�H[SOLFLWO\�

7.4.4 No differences found for ERP components

Larger anterior and posterior P2 and LPP components were hypothesized 
for aesthetically highly moving stimuli, as these components have 
previously been associated with the saliency of an artwork. This 
K\SRWKHVLV�ZDV�QRW� VXSSRUWHG� E\� WKH� SUHVHQW� ¿QGLQJV��$OVR��ZH� GLG�
QRW�¿QG�DQ\�GL̆HUHQFHV�IRU�WKH�3���1��DQG�3��FRPSRQHQWV��+HQFH�ZH�
ZHUH� QRW� DEOH� WR� UHSURGXFH� DQ\� RI� WKH� ¿QGLQJV� SUHYLRXVO\� UHSRUWHG�
in the neuroaesthetic ERP literature (see section 7.1). However, we 
QRWH� WKDW�0XQDU� HW� DO�� �������� DQDO\]LQJ� HYHQW�UHODWHG�¿HOGV� �(5)V��
IURP�0(*�UHJLVWHUV��DOVR�GLG�QRW�¿QG�VLJQL¿FDQW�GL̆HUHQFHV�EHWZHHQ�
painting stimuli rated as “beautiful” and “not beautiful”. At this point, 
though, it is unclear to what extent ERFs can be directly compared 
to ERPs (Munar et al., 2012). We suggest two explanations for the 
ODFN�RI�(53�H̆HFWV� LQ�WKH�FXUUHQW�VWXG\��)LUVW��ZH�KDYH�XVHG�D�VHW�RI�
varied, complex stimuli (i.e., artworks from various periods, styles 
and genres) in combination with a relatively long response window. 
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Previous studies have mostly focused on shorter response windows for 
less complex sets of stimuli, such as geometric shapes and patterns (De 
7RPPDVR�HW�DO���������+|IHO�	�-DFREVHQ������D������E��-DFREVHQ�	�
+|IHO���������IDFHV��&DUERQ�HW�DO���������/LQGVHQ�HW�DO���������0DU]L�	�
Viggiano, 2010), artworks from only one or two select artists (Augustin 
et al., 2011) or relatively similar stimuli such as webpages or two-piece 
VXLWV� �%|OWH� HW� DO��� ������ -LDQJ� 	� &DL�� ������� $UJXDEO\�� ZKHQ� XVLQJ�
stereotyped, relatively simple stimuli, the evoked mental processes are 
more homogeneous as well. However, for a more varied and complex 
set of stimuli, low-level stimulus features may be more diverse, along 
with the resulting mental processes and their timing. Earlier works on 
ERPs related to aesthetic experience may therefore have inadvertently 
IRFXVHG�RQ�PHQWDO�SURFHVVLQJ�RI�VWLPXOXV�GULYHQ�GL̆HUHQFHV�WKDW�ZHUH�
correlated with aesthetic appeal. To support this explanation, further 
work should aim at systematically comparing the neuronal responses 
to both complex and less complex sets of stimuli. In addition, one 
PLJKW�FRQVLGHU�XVLQJ�JHQHUDOL]HG�PL[HG�H̆HFW�PRGHOV�WR�DYRLG�ORVLQJ�
D�VRXUFH�RI�YDULDELOLW\�ZKHQ�XQLI\LQJ�GL̆HUHQW�YDOXHV�ZLWKLQ�VHSDUDWH�
stimulus categories across participants. However, this type of analysis 
is not straightforward for ERPs as well as TFRs, as these approaches 
DUH�FRPSXWDWLRQDOO\�TXLWH�H[SHQVLYH�GXH�WR�WKH�QDWXUH�RI�WKH�GDWD�

$�VHFRQG�UHDVRQ�IRU�WKH�ODFN�RI�DQ�(53�H̆HFW�FRXOG�EH�WKDW�WKXV�IDU��DOO�
ERP studies on the aforementioned ERP components in the context 
of aesthetics have been conducted in experimental paradigms that 
operationalize aesthetic experience as beautiful/appealing versus 
non-beautiful/unappealing (Jiang & Cai, 2013; Ma et al., 2015; Marzi 
& Viggiano, 2010; Noguchi & Murota, 2013; Righi et al., 2017; Wang et 
al., 2012; Werheid et al., 2007). In line with recent developments in the 
neuroaesthetics literature (Vessel, 2022), we chose to operationalize 
aesthetic experience as “being moved” rather than in terms of beauty 
or attractiveness, as experiences can be aesthetically appealing for 
UHDVRQV� RWKHU� WKDQ� FRQYHQWLRQDOO\� GH¿QHG� EHDXW\� RU� DWWUDFWLYHQHVV��
The operationalization of aesthetic experience in terms of beauty may 
lead participants to focus on perceptual features, rather than on other, 
higher-level features that contribute strongly to being aesthetically 
moved such as emotion, meaning and self-relevance. In addition, 
the long response window in our study may allow for more top-
down processes to be engaged related to these higher-level processes. 
Finally, in reviewing the literature on being moved as an aesthetic 
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emotion, Menninghaus et al. (2019) suggest that being moved is an 
indirect emotion, rather than an emotion that is directly evoked by 
an aesthetic stimulus. This would be commensurate with a pattern 
LQ�ZKLFK�H̆HFWV�LQ�WKH�¿UVW�VHFRQG�SRVW�VWLPXOXV�RQVHW��L�H���WKH�(53�
H̆HFWV��DUH�DEVHQW��EXW�GHYHORS�VXEVHTXHQWO\��L�H���WKH�JDPPD�H̆HFWV�
and the sustained positivity in the long-latency ERP data). Arguably, 
DHVWKHWLF�VWLPXOL�WULJJHU�JHQHUDO�SHUFHSWXDO�SURFHVVHV�¿UVW��ZKLFK�RQO\�
WKHQ� FRQWULEXWH� WR� VXEVHTXHQW� DHVWKHWLF� HPRWLRQV�� RI� ZKLFK� EHLQJ�
moved is an exemplary one. However, with the currently available 
empirical evidence, the above line of reasoning is highly speculative 
at best.

7.5 Conclusion

This study aimed to explore the rapid neuronal dynamics underlying 
aesthetic experiences. Using both ERPs and TF analysis, it was found 
that oscillatory dynamics can be meaningfully linked to aesthetic 
experiences with a diverse set of visual artworks. In particular, 
being aesthetically moved was marked by a sustained increase in 
gamma activity, suggesting that the sustained active construction of 
mental representations of an artwork has an important role in the 
experience of being aesthetically moved. In addition, oscillatory alpha 
power was related to being aesthetically moved through an inverted 
V-shaped function: alpha power decreased for aesthetically salient 
stimuli (being highly moved and not being moved at all) but not for 
QRQ�VDOLHQW� VWLPXOL� �EHLQJ�PRGHUDWHO\�PRYHG���7KH�SUHVHQW�¿QGLQJV�
GR�QRW�VXSSRUW�WKH�K\SRWKHVL]HG�H̆HFWV�RI�'01�UHODWHG�WKHWD�SRZHU�
and posterior and anterior P2 and LPP components, nor do they show 
GL̆HUHQFHV�LQ�RWKHU�SUHYLRXVO\�H[DPLQHG�3���1��DQG�3��FRPSRQHQWV��
In a broader context, the linking of aesthetics to oscillatory brain 
dynamics lays the groundwork for identifying the temporally varying 
component processes of moving aesthetic experiences and enables 
further research in more naturalistic settings.
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The aim of the current research was to study the relationship between 
the temporal dynamics of emotions in a tourism and leisure experience 
and how this experience is evaluated. To this end, a variety of tourism 
DQG�OHLVXUH�H[SHULHQFHV�ZHUH�H[DPLQHG�DW�GL̆HUHQW�WLPHVFDOHV�DFURVV�
four empirical studies: from an experience in its entire length (VR 
movie and musical theatre show) and the individual episodes within 
an experience (musical theatre show) to the individual events that 
are the ignitors of an emotional response to begin with (artworks). 
In addition, several research methods were used in tandem to get a 
more comprehensive picture of the emotional dynamics at play: from a 
newly developed self-report-based Experience Reconstruction Method 
�(50�� WR� ¿QH�JUDLQHG� SK\VLRORJLFDO� PHDVXUHV� WKDW� FDQ� PHDVXUH�
emotions with sub-second precision from both body (skin conductance) 
and brain (EEG). While each empirical study has been individually 
discussed and concluded in the preceding parts of the dissertation, in 
this concluding chapter, I integrate the various results from all four 
studies into a more general discussion and conclusion to the research 
TXHVWLRQ�RI�WKH�FXUUHQW�GLVVHUWDWLRQ��:KDW�LV�WKH�UHODWLRQVKLS�EHWZHHQ�
the temporal dynamics of emotions in a tourism and leisure experience 
and the way in which this experience is evaluated?

8General discussion and 
conclusion
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8.1 The relationship between the temporal dynamics 
of emotional valence, emotional arousal during an 
experience and the evaluation of that experience

8.1.1 Emotional valence and arousal during an experience 
predict the evaluation of that experience

Findings in the current research indicate that the temporal dynamics 
of emotion in an experience are strongly related to how this experience 
is remembered and evaluated. In chapter 4, in the context of a 
virtual reality movie, direct overall valence, later overall valence, 
GLUHFW� RYHUDOO� DURXVDO� DQG� ODWHU� RYHUDOO� DURXVDO� FDQ� EH� VLJQL¿FDQWO\�
predicted from ERM measures of emotional valence and arousal with 
R2-values ranging around 40%. Using Cohen’s (1988) guidelines for 
the interpretation of R2�� WKH� H̆HFW� VL]HV� FDQ�EH� XQGHUVWRRG� WR� EH� RI�
a large magnitude. In chapter 5, in the context of a musical theatre 
show, direct overall valence, direct overall arousal, the immediate 
JUDGH�DQG�136�DQG���ZHHN�ODWHU�136�FDQ�EH� VLJQL¿FDQWO\�SUHGLFWHG�
from ERM measures of emotional valence and arousal as well. In this 
case R2-values range around 20%, which according to Cohen (1988), 
VKRXOG�EH�LQWHUSUHWHG�DV�D�PHGLXP�H̆HFW��7KLV�UHVXOW�LV�GL̆HUHQW�IRU�
skin conductance measures that were used in the same study, which 
VLJQL¿FDQWO\� SUHGLFW� GLUHFW� RYHUDOO� YDOHQFH� DQG� WKH� LPPHGLDWH� JUDGH�
with R2-values ranging around 30%, again indicating a relatively 
ODUJH�H̆HFW��&RKHQ���������7KH�FROOHFWLYH�HYLGHQFH�WKXV�VXSSRUWV�WKH�
hypothesis of a strong relationship between the temporal dynamics of 
emotion in an experience and how it is evaluated from memory.

������0QV�CNN�RCTVU�QH�VJG�VGORQTCN�GOQVKQP�RTQƂNG�CTG�GSWCNN[�
important in predicting the evaluations of an experience

Regardless of this strong relationship, it should be noted that not 
DOO� VHFWLRQV� IURP� WKH� WHPSRUDO� SUR¿OH� RI� HPRWLRQV� WKURXJKRXW� DQ�
experience are strongly related to how the experience is evaluated 
from memory. Findings in chapter 4, 5 and 6 demonstrate that an 
experience can be subdivided into shorter segments of experiential 
HSLVRGHV�±�ERWK�IURP�D�SDUWLFLSDQW�SRLQW�RI�YLHZ��FKDSWHU����DQG�IURP�
a provider point of view (chapter 5 and 6). Findings in chapter 5 show 
that in the context of a musical theatre show, emotion measures during 
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some of the scenes (i.e., experiential episodes) are strongly related to 
overall evaluation measures. In contrast, emotion measures during 
other scenes are not related to overall evaluations at all. In turn, 
emotion measures during some scenes were even negatively related 
to overall evaluation measures (i.e., the stronger the emotions, the 
ZRUVH�WKH�RYHUDOO�HYDOXDWLRQ���6LPLODUO\��DOEHLW�RQ�D�GL̆HUHQW�WLPHVFDOH��
WKH�¿QGLQJV� IURP�FKDSWHU���VKRZ�WKDW�((*�RVFLOODWLRQV� LQ� WKH�DOSKD�
and gamma bandwidth between 1-4 seconds post-stimulus onset are 
VSHFL¿FDOO\� UHOHYDQW� IRU� DQ� DUWZRUN� WR� EH� HYDOXDWHG� DV� DHVWKHWLFDOO\�
PRYLQJ�� ,Q� FRQWUDVW�� WKH�¿UVW� IXOO� VHFRQG�SRVW�VWLPXOXV�RQVHW� VHHPV�
to be of no importance (which is further supported by the fact that 
(53V� GR� QRW� GHIHU� EHWZHHQ� GL̆HUHQW� UHVSRQVH� FDWHJRULHV� RI� EHLQJ�
aesthetically moved). In sum, the collective evidence suggests that not 
DOO�VHFWLRQV�DQG�VXE�HSLVRGHV�RI�DQ�H[SHULHQFH�DUH�HTXDOO\�UHODWHG�WR�
overall evaluations.

The best-known account to suggest that not all parts of an experience 
are included in the overall evaluation of an experience from memory 
is formed by the peak-and-end theory. The peak-and-end theory holds 
that emotions best predict overall experience evaluations at the most 
LQWHQVH� DQG� ¿QDO� PRPHQWV� RI� DQ� H[SHULHQFH� �)UHGULFNVRQ�� ������
)UHGULFNVRQ�	�.DKQHPDQ���������:KLOH�WKH�FXUUHQW�¿QGLQJV�VKRZ�WKDW�
SHDN�DQG�HQG�PHDVXUHV�DUH�VLJQL¿FDQWO\�UHODWHG�WR�H[SHULHQFH�HYDOXDWLRQ�
measures (e.g., immediate and later overall valence, immediate and 
later overall arousal, the immediate grade, immediate NPS and later 
NPS), peaks and ends are not necessarily the best predictors for these 
evaluation measures. Instead, across the board, the average of an 
individual’s emotion ratings over time proves to be a better predictor. 
This conclusion is in line with more recent assessments of the peak-
and-end theory in the general psychology literature (Miron-Shatz, 
2009; Schneider et al., 2011; Seta et al., 2008) as well as in the tourism 
DQG�OHLVXUH�OLWHUDWXUH�VSHFL¿FDOO\��&KDUN�HW�DO���������/L��������/L�HW�DO���
2019), who also found that averages are better predictors than peaks 
and ends. Cojuharenco and Ryvkin (2008) argue that these deviations 
from the peak-and-end theory result from emotional heterogeneity, 
which is a typical characteristic for experiences in the domain of tourism 
DQG�OHLVXUH��&ODZVRQ�	�.QHWVFK��������+DPPLWW��������6WHZDUW���������
Although average ratings of emotional valence and arousal tend to 
be highly correlated with peak and end measures for heterogeneous 
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experiences (Cojuharenco & Ryvkin, 2008), these average ratings 
PLJKW�IRUP�D�EHWWHU�UHÀHFWLRQ�RI�WKH�FRPSOH[LW\�LQYROYHG�ZLWK�WRXULVP�
and leisure experiences (Chark et al., 2020). 

7KH�¿QGLQJ�WKDW�DYHUDJH�HPRWLRQ�UDWLQJV�VHHP�WR�EH�D�EHWWHU�SUHGLFWRU�
than peaks and ends seems to contradict the earlier notion that not all 
VHFWLRQV�IURP�WKH�WHPSRUDO�SUR¿OH�RI�HPRWLRQV�DUH�HTXDOO\�UHODWHG�WR�
experience evaluations. A recent account in the psychological literature 
is proposing a solution that was published after the empirical work 
LQ� WKH� FXUUHQW� GLVVHUWDWLRQ� KDG� EHHQ� FRQGXFWHG� �/LP�� <RRQ�� .ZRQ��
.UDOLN��	�-HRQJ���������,Q�D�ODE�VHWWLQJ��/LP�HW�DO���������SUHVHQWHG�
participants with up to 500 pictures. Immediately after each picture, 
participants were asked to evaluate the attractiveness of the picture 
on a 9-point scale. The ratings were then put in the same order as 
the presentation of the 500 pictures’ presentation so as to create a 
time series of 500 data points. The attractiveness ratings were then 
used to compute the weight of the individual pictures in calculating 
of the average ratings (what Lim et al. (2020) refer to as preference-
dependent models). Combining these preference-dependent models 
with a discounting approach (i.e., assigning those images that are 
further away in the past with a lower weight than those images that 
have been presented more recently) to control for memory loss, Lim et 
al. (2020) yielded Pearson’s correlation values that range between 0.65 
DQG�������ZKLFK� DFFRUGLQJ� WR�&RKHQ� ������� UHSUHVHQW� DQ� H̆HFW� VL]H�
with a large magnitude (following that the respective R2-values would 
range from 0.42 to 0.49%). In sum, while Lim et al. (2020) replicate 
the larger prediction value of average ratings compared to peak and 
end ratings, they present several computational models beyond simple 
averages that yield even better predictions of how experiences are 
evaluated than those in the current dissertation.

:KLOH�WKH�¿QGLQJV�IURP�/LP�HW�DO���������VHHP�SURPLVLQJ��WKH�VWXG\�
context of rating a series of 500 pictures is that of a somewhat abstract 
experience in a lab. Also, the experience is not continuous, but 
constantly cut into smaller segments by asking participants to evaluate 
each picture directly after it is presented. In addition, one might 
TXHVWLRQ� WR� ZKDW� H[WHQW� UDWLQJ� SLFWXUHV� RQ� DWWUDFWLYHQHVV� SURYLGHV�
IRU� DQ� HPRWLRQDOO\� KHWHURJHQHRXV� H[SHULHQFH�� 7KLV� TXHVWLRQV� WKH�
JHQHUDOL]DELOLW\�RI�/LP�HW�DO�¶V��������¿QGLQJV�WR�WKH�¿HOG�RI�WRXULVP�
and leisure. Nonetheless, the work of Lim et al. (2020) suggests that 
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averages that are weighted for preference-dependence and discounting 
H̆HFWV�FDQ�\LHOG�SURPLVLQJ�SUHGLFWLRQV��,W�ZRXOG�EH�LQWHUHVWLQJ�WR�VHH�
KRZ�VXFK�SUHGLFWLRQV�FRXOG�DGG�WR�WKH�FXUUHQW�¿QGLQJV��ZKLFK�VKRZ�
that unweighted averages already have a strong relationship with how 
an experience is evaluated.

8.1.3 Capturing temporal dynamics of emotion: average versus 
peak measures

As mentioned before, average emotion measures consistently 
outperform peak-and-end related predictors in predicting overall 
HYDOXDWLRQV�RI�DQ�H[SHULHQFH��+RZHYHU��RQ�D�GL̆HUHQW� WLPHVFDOH�� WKH�
peak-and-end theory seems to maintain its robustness. The current 
data show that when an experience is regarded as a single whole, average 
ratings of emotional valence and arousal work best to predict experience 
evaluation measures. However, when an experience is regarded as 
consisting of multiple sub episodes, peak measures per episode work 
best to predict experience evaluation measures. In chapter 5, models 
with peak measures of emotion per episode consistently outperform 
average measures of emotion per episode in predicting experience 
evaluation measures. This observation is in line with suggestions from 
Ariely and Zauberman (2000) and Miron-Shatz (2009), which hold 
that while overall evaluations of multi-episode experiences may follow 
other heuristics, the evaluation of individual episodes that such multi-
episode experiences are comprised of may still follow the peak-and-
end theory. However, with the limited evidence to support this notion 
�WKH� FXUUHQW�¿QGLQJV�DQG� WKRVH� IURP�$ULHO\� DQG�=DXEHUPDQ� �������
and Miron-Shatz (2009)), future research is necessary to further 
investigate this nuance of the peak-and-end theory.

8.2 Comparing different types of experience measures

To measure the temporal dynamics of emotions throughout an 
experience, this dissertation employs two main methodological 
approaches: 1) a self-developed ERM that reconstructs a temporal 
SUR¿OH� RI� VHOI�UHSRUWHG� HPRWLRQ� PHDVXUHV� DQG� ��� SK\VLRORJLFDO�
measures that capture aspects of emotions over time as the experience 
is taking place. Both ERM-based measures and physiological measures 
RI� HPRWLRQ� FRXOG� VLJQL¿FDQWO\� EH� UHODWHG� WR� H[SHULHQFH� HYDOXDWLRQV��
,Q� FKDSWHUV� �� DQG� ��� (50�EDVHG� PHDVXUHV� VLJQL¿FDQWO\� SUHGLFWHG�
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direct emotional valence, later emotional valence, direct emotional 
arousal, later emotional arousal, the immediate grade, the immediate 
NPS and the 2-weeks-later NPS. The ERM thus constitutes a valuable 
approach towards experience measurement. In chapter 5, the 
SK\VLRORJLFDO�PHDVXUH� RI� VNLQ� FRQGXFWDQFH�ZDV� VLJQL¿FDQWO\� UHODWHG�
to direct overall valence and the immediate grade. In turn, in chapter 
��� WKH� SK\VLRORJLFDO� PHDVXUH� RI� ((*� VLJQL¿FDQWO\� GL̆HUHQWLDWHG�
various levels of being aesthetically moved. In sum, both ERM-based 
measures and physiological measures of emotion thus have their merit 
in the procedure of relating the temporal dynamics of emotion in an 
experience to evaluations of that same experience.

To compare the prediction power of ERM-based and physiological 
measures of emotion, in chapters 5 and 6, the two methodological 
approaches were explicitly juxtaposed in predicting overall experience 
evaluations in the context of a musical theatre show. Findings of these 
two accounts turned out to be not necessarily reconcilable. In chapter 
5, per-episode skin conductance measures yielded the highest portions 
of explained variance when predicting overall experience evaluations. 
However, none of the skin conductance measures predicted overall 
evaluations when peaks, ends and average emotion ratings were 
computed for the entire multi-episodic experience, whereas ERM-
based measures did. In chapter 6, both ERM-based measures and 
VNLQ� FRQGXFWDQFH� PHDVXUHV� ZHUH� VLJQL¿FDQWO\� SUHGLFWHG� IURP� WKH�
intended experience, although ERM-based measures had a slightly 
ODUJHU� H̆HFW� VL]H� WKDQ� WKRVH� RI� VNLQ� FRQGXFWDQFH� PHDVXUHV�� 1RWH��
KRZHYHU��WKDW�WKH�GLUHFWLRQ�RI�WKH�UHODWLRQVKLS�ZDV�GL̆HUHQW�EHWZHHQ�
VNLQ� FRQGXFWDQFH� DQG� (50�EDVHG�PHDVXUHV�� 7KLV� GL̆HUHQFH� LQ� WKH�
direction of the relationship was held when ERM-based measures and 
skin conductance were used to evaluate the design interventions made 
to the theatre show.

7KH� GL̇FXOW�WR�UHFRQFLOH� ¿QGLQJV� RI� SK\VLRORJLFDO� PHDVXUHV� YHUVXV�
(50�EDVHG�PHDVXUHV�PD\�KDYH�D�FRXSOH�RI�UHDVRQV��$�¿UVW�UHDVRQ�LV�
that, in this dissertation, the comparison of physiological measures 
of emotion and ERM-based measures of emotion is hampered by two 
FRQIRXQGV�� $� ¿UVW� FRQIRXQG� LV� WKDW� SK\VLRORJLFDO� PHDVXUHV� UHÀHFW�
in-the-moment measures of emotion, whereas ERM-based measure 
UHÀHFW�UHWURVSHFWLYH�PHDVXUHV�RI�HPRWLRQ�WKDW�DUH�UHFRUGHG�DIWHU�WKH�
IDFW��,Q�WKLV�GLVVHUWDWLRQ��VHOI�UHSRUW�PHDVXUHV�ZHUH�LQFOXGHG�WR�UHÀHFW�

Chapter 8

Proefschrift_v2.indd   186Proefschrift_v2.indd   186 30-08-2022   02:1830-08-2022   02:18



187

WKH�GH¿QLWLRQ�RI�H[SHULHQFH�DV�WKH�FRQWHQWV�RI�FRQVFLRXVQHVV��+RZHYHU��
as recording self-report measures during the lived experience might 
VLJQL¿FDQWO\� GLVWXUE� RU� HYHQ� WUDQVIRUP� WKH� H[SHULHQFH� LWVHOI�� LW� ZDV�
chosen to work with the ERM instead, which reconstructs the experience 
immediately after-the-fact. Nonetheless, while the time window 
between the lived experience and the reconstruction procedure was 
kept to a strict minimum, ERM-measures are still taken after the fact, 
WKXV�UHÀHFWLQJ�UHPHPEHUHG�H[SHULHQFH�DQG�QRW� OLYHG�H[SHULHQFH��7R�
solve this problem, physiological measures were included, which can be 
taken in the moment without disrupting the experience. In the current 
dissertation, the experience vs. memory confound thus prevents a pure 
comparison of ERM-based measures with physiological measures 
of emotion. For a purer comparison, future research should more 
explicitly compare physiological measures of emotion with self-report 
measures of emotion that are taken in the moment. Possible methods 
to record in-the-moment measures of emotion consist of Experience 
Sampling Methods (ESMs; Hektner et al., 2007), which consist of a 
YDULHW\�RI�DSSURDFKHV��VXFK�DV�D�SDJHU�WKDW�QRWL¿HV�SDUWLFLSDQWV�ZKHQ�
WR�¿OO�LQ�VKRUW��SULQWHG�VHOI�UHSRUW�IRUPV��RU�PRELOH�DSSOLFDWLRQV�WKDW�
DOORZ�IRU�ERWK�QRWL¿FDWLRQV�DQG�GLJLWDO�VHOI�UHSRUW�IRUPV��VHH�+HNWQHU�
et al. (2007) for an overview). Most of the studies in the peak-and-end 
context employ ESMs by using a slider on a response device on which 
SDUWLFLSDQWV�FDQ�FRQWLQXRXVO\�UHSRUW�WKHLU�D̆HFWLYH�H[SHULHQFH��$�SXUH�
comparison of such measures with physiological measures of emotion 
might be hampered by the disruptive nature of ESMs. An intermediate 
step should thus consist of systematically examining to what extent 
VXFK� PHDVXUHV� GLVUXSW� WKH� H[SHULHQFH�� 7KHVH� H̆HFWV� FRXOG� WKHQ� EH�
better controlled for when comparing self-report and physiological in-
the-moment measures.

A second confound that prevents a pure comparison of physiological 
measures of emotion and ERM-based measures of emotion lies in how 
they are derived from the “raw signal”. The physiological measures 
are derived from a highly detailed signal over time with sub-second 
precision. Per episode, the peak or average value of the physiological 
signal is taken as the resulting episode value, such as peak and 
average SCR per scene. For ERM-based measures, these derivation 
procedures are less clear-cut. Participants are asked to provide a 
value of emotional valence and arousal per scene. However, unlike the 
physiological values per episode, it is unclear how these self-reported 
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values per episode are derived from a raw phenomenological “signal”. 
For example, it may be that actual emotional valence varies within an 
episode between positive and negative values, which is obscured when 
participants are asked to give a single rating for the whole segment. 
Asking participants to summarize their experience over time into an 
overall report for each episode thus involves some nontransparent 
aggregation mechanisms, which leaves the underlying derivation 
procedures (whether conscious or unconscious) unexplained. A 
solution could be to work with the ESM method of using a slider on a 
response device on which participants can continuously report their 
D̆HFWLYH� H[SHULHQFH� DW� WKH� VDPH� WHPSRUDO� UHVROXWLRQ� DV� WKDW� RI� WKH�
physiological signal. Per-episode values that are measured after-the-
fact through the ERM can then be compared to the respective episodes 
IURP� WKH� VHOI�UHSRUW� VLJQDO�� WR� ¿QG� RXW� ZKDW� GHULYDWLRQ� SURFHGXUHV�
apply. Similar procedures could then be applied to the physiological 
signal, to make a fairer comparison between physiological measures 
of emotion and self-reported measures of emotion within experiential 
episodes.

$QRWKHU� UHDVRQ� IRU� WKH� GL̇FXOW�WR�UHFRQFLOH� ¿QGLQJV� RI� FRPSDULQJ�
ERM-based measures of emotion and physiological measures of 
HPRWLRQ� LV� WKDW� WKH\�DUH�GL̆HUHQW� LQ�QDWXUH��3K\VLRORJLFDO�PHDVXUHV�
RI� HPRWLRQ� UHÀHFW�ERGLO\� FKDQJHV��ZKHUHDV�(50�EDVHG�PHDVXUHV�RI�
HPRWLRQ� UHÀHFW� WKH� FRQWHQWV� RI� FRQVFLRXVQHVV�� 7KHUHIRUH�� SUHYLRXV�
accounts on the triangulation of emotion measures show mixed results 
as well (see the work of Mauss and Robinson (2009) for review), 
ZKLFK� LV� LQ� OLQH�ZLWK� WKH�¿QGLQJV� LQ� WKH�FXUUHQW�GLVVHUWDWLRQ��0DXVV�
and Robinson (2009) conclude that this is not problematic: given 
WKH�GL̆HUHQW�QDWXUH�RI�WKH�PHDVXUHV��SK\VLRORJLFDO�DQG�VHOI�UHSRUWHG�
PHDVXUHV�RI�HPRWLRQ�DUH�DVVRFLDWHG�ZLWK�XQLTXH�VRXUFHV�RI�YDULDQFH�
and should thus not necessarily be convergent, nor should they be 
considered as interchangeable (Mauss & Robinson, 2009). From this 
point of view, it thus makes no sense to explicitly compare ERM-based 
measures of emotion with physiological measures of emotion. Instead, 
they should be regarded as complementary to one another in creating 
a more complete view on how emotions relate to the overall evaluation 
of experiences.

1RQHWKHOHVV�� LW� FRXOG� EH� WKDW� GL̆HUHQW� PHDVXUHV� VHUYH� FHUWDLQ�
prediction frameworks better than others. Results in chapter 5 show 
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that intent to recommend is predicted best by reconstructed measures 
of emotional valence per scene; appreciation by peak SCR measures 
per scene; overall emotional valence by both average and peak SCR 
measures per scene and overall emotional arousal by reconstructed 
measures of emotional arousal per scene. Thus, while Mauss and 
Robinson (2009) assert that ERM-based measures and physiological 
measures are not necessarily interchangeable, it could be that some 
PHDVXUHV� \LHOG� EHWWHU� SUHGLFWLRQV� IRU� GL̆HUHQW� HYDOXDWLRQ� YDULDEOHV��
To get a better understanding of which measure works best for which 
evaluation variable, in future research, lived experience measures 
should be systematically related to various evaluation variables (e.g., 
appreciation, intent to recommend or revisit), so as to establish which 
measures have the most explanatory value for which evaluation type. 
5HFHQW� UHVXOWV� VKRZ� WKDW�� LQ� FRQWUDVW� WR� WKH� ¿QGLQJV� LQ� WKH� FXUUHQW�
GLVVHUWDWLRQ�� VNLQ� FRQGXFWDQFH� DOVR� VLJQL¿FDQWO\�SUHGLFWV�GL̆HUHQFHV�
in proclivity to recommend (Mitas, Mitasova, et al., 2020). Also in 
FRQWUDVW�ZLWK�WKH�¿QGLQJV�LQ�WKH�FXUUHQW�GLVVHUWDWLRQ��9DQ�%HQGHJRP�
et al. (2021) could not predict overall emotional valence and arousal 
from skin conductance measures. However, while results seem mixed, 
it is important to realize that empirical work on this matter is only 
DW�LWV�GDZQ��)XWXUH�UHVHDUFK�LQ�WKLV�¿HOG�LV�QHFHVVDU\�WR�HQKDQFH�RXU�
understanding of in-the-moment and after-the-fact measures of 
emotion in the context of tourism and leisure experiences. 

In sum, both physiological measures and ERM-based measures of 
emotion have their merit in predicting evaluations of an experience 
from the temporal dynamics of emotion in that same experience, with 
R2�YDOXHV�LQGLFDWLQJ�PHGLXP�WR�VWURQJ�H̆HFW�VL]HG�IRU�ERWK�PHDVXUHV��
Which measure systematically yields higher prediction values asks for 
a strand of follow-up research, thus allowing for a purer comparison 
of physiological measures and ERM-based measures of emotion. 
However, it is important to realize that both measures are associated 
ZLWK� XQLTXH� VRXUFHV� RI� YDULDQFH� DQG� VKRXOG� WKXV� QRW� QHFHVVDULO\�
be seen as interchangeable. Instead, they should be regarded as 
complementary to one another in creating a more complete view on 
how emotions relate to the overall evaluation of experiences.
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8.2.1 Measures that allow for studying the temporal dynamics 
of emotion constitute a useful toolbox to study structured 
experience design

In addition to showing that both physiological and ERM-based 
measures of emotion yield high predictive value in predicting overall 
evaluations, both types of measures were also found to constitute a 
valuable toolbox for studying the design of structured experiences and 
IRU� PHDVXULQJ� WKH� H̆HFWLYHQHVV� RI� H[SHULHQFH� GHVLJQ� LQWHUYHQWLRQV��
Traditionally, experiences are generally measured through aggregative 
after-the-fact measures. A disadvantage of such measures is that 
they fail to capture the crucial information that lies in the temporal 
pattern of emotions throughout an experience. In turn, they only 
allow for imprecise feedback for experience providers on exactly 
when an experience design triggers the intended experience and 
when not. In chapter 5, we addressed that shortcoming by devising 
ERM-based measures and physiological measures of emotion that can 
register the temporal dynamics of emotion. It was demonstrated that 
both measures of emotion allow for identifying which episodes in an 
experience are most strongly related to the overall evaluations of the 
H[SHULHQFH�DV�D�ZKROH��7KLV�¿QGLQJ�SURYLGHV�H[SHULHQFH�GHVLJQHUV�ZLWK�
evidence-based insights into which aspects of an experience design 
work as intended and which aspects of an experience design do not. 
7KH� ¿QGLQJV� RI� VXFK� DVVHVVPHQWV� FDQ� WKHQ� EH� XVHG� WR� UHGHVLJQ� WKH�
respective experience segments to enhance the emotional responses in 
case of a positive correlation with overall experience evaluations and 
mitigate the emotional responses in case of a negative correlation. For 
this evidence-based procedure of experience management and design, 
methods that capture the temporal dynamics of the experience are 
indispensable.

In addition, the present research also demonstrates that ERM-based 
measures and physiological measures of emotion can be used to study 
GLUHFW�GHVLJQ�LQWHUYHQWLRQV��7KH�¿QGLQJV�LQ�FKDSWHU���VKRZ�WKDW�ERWK�LQ�
WKH�PRPHQW�DQG�DIWHU�WKH�IDFW�PHDVXUHV�RI�HPRWLRQ�FDQ�EH�VLJQL¿FDQWO\�
OLQNHG�WR�WKH�LQWHQGHG�H[SHULHQFH�SUR¿OH�DV�HVWDEOLVKHG�E\�WKH�FUHDWLYH�
WHDP�RI�D�PXVLFDO�WKHDWUH�VKRZ��(̆HFW�VL]H�PHDVXUHV�GHPRQVWUDWH�WKDW�
in this approach, ERM-based measures prevail over skin conductance 
PHDVXUHV� ±� ZLWK� WKH� (50�EDVHG�PHDVXUH� RI� VHOI�UHSRUWHG� HPRWLRQ�
arousal yielding the highest portion of explained variance. In addition, 
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both ERM-based measures and skin conductance measures were 
VKRZQ� WR� FRQVWLWXWH� YDOXDEOH� WRROV� WR� DVVHVV� WKH� H̆HFWLYHQHVV� RI�
LQWHUYHQWLRQV�WR�WKH�H[SHULHQFH�GHVLJQ�±�ERWK�IRU�VWXG\LQJ�ZKHWKHU�WKH�
lived experience as a whole is more in line with the intended experience 
DIWHU� WKH� LQWHUYHQWLRQ��EXW�DOVR� IRU�VWXG\LQJ�WKH�GLUHFW�H̆HFWV�RQ�WKH�
emotional engagement throughout the changed experiential episodes 
as a result from the design interventions.

8.3 Practical implications

The current research demonstrates that the emotional engagement 
of tourism and leisure participants over time is a critical factor in 
determining overall experience evaluations. In structuring experiences, 
emotions should thus be treated as a core building block of the 
H[SHULHQFH�GHVLJQ��1RWH��WKRXJK��WKDW�WKH�¿QGLQJV�LQ�WKLV�GLVVHUWDWLRQ�
also imply that visitors should not and will not constantly be emotionally 
engaged throughout the experience, as not all experiential episodes 
DUH�HTXDOO\�UHODWHG�WR�WKH�RYHUDOO�HYDOXDWLRQV�RI�DQ�H[SHULHQFH��'XULQJ�
some of the experiential episodes, the emotional engagement may be 
even negatively related to the overall experience evaluation. In line 
with suggestions from Bastiaansen et al. (2019), tourism and leisure 
providers should thus aim for setting evidence-based experience 
design as a standard for designing for tourism and leisure experiences. 
This means that providers should carefully determine which emotions 
VKRXOG�EH�IHOW�ZKHQ�DQG�VXEVHTXHQWO\�HYDOXDWH�ZKLFK�VHJPHQWV�RI�WKH�
experience are most strongly related to overall experience outcomes 
and why.

The current research demonstrates that two methods are particularly 
suited for doing so. First, this dissertation presents the newly developed 
ERM, which consists of a relatively simple and succinct procedure that 
FDQ�EH�HDVLO\�DGRSWHG�E\�SUDFWLWLRQHUV�LQ�WKH�WRXULVP�DQG�OHLVXUH�¿HOG��
(50V�FDQ�HDVLO\�EH�DGGHG�WR�FXUUHQW�JXHVW�VDWLVIDFWLRQ�VXUYH\V�±�ZKLFK�
DUH�ZLGHO\�XVHG�WKURXJKRXW�WKH�WRXULVP�DQG�OHLVXUH�¿HOG�±�DQG�FDQ�EH�
analysed along similar analytical procedures. Second, this dissertation 
demonstrates that skin conductance too is a promising tool for 
HYDOXDWLQJ�H[SHULHQFHV��7KLV�¿QGLQJ�LV�LQ�OLQH�ZLWK�RWKHU�DFFRXQWV�LQ�
the tourism and leisure literature, in which skin conductance proves to 
be a valuable tool to make such assessments (Bastiaansen, Oosterholt, 
et al., 2020; Mitas, Cuenen, et al., 2020; Mitas, Mitasova, et al., 2020). 
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Skin conductance measures are relatively non-obtrusively collected 
from tourism and leisure participants through wearable measurement 
devices, which is of key importance for practitioners that aim for 
tourism and leisure participants to have a hassle-free experience. 
$OWKRXJK� WKH� GDWD� DQDO\VLV� UHTXLUHV� VRPH� NQRZOHGJH� RI� VLJQDO�
processing, skin conductance thus seems a promising tool for tourism 
and leisure providers to examine which sections of their experiential 
R̆HULQJV�DUH�PRVW�VWURQJO\�UHODWHG�WR�WKHLU�RYHUDOO�HYDOXDWLRQV��,Q�VXP��
both the ERM and measures of skin conductance can easily help in 
establishing evidence-based experience design as the standard for the 
tourism and leisure industries.

8.4 Limitations and further considerations

In sum, the current research shows that the temporal dynamics of 
emotion in an experience are strongly related to evaluations of this 
experience from memory. It is worthwhile to take a methodological 
approach that allows for capturing these temporal dynamics in 
particular, such as physiological measures or ERM-based measures of 
emotion. Nonetheless, like any methodological approach, the current 
DSSURDFK� LV� QRW� ZLWKRXW� ÀDZV�� ,Q� WKH� UHPDLQGHU� RI� WKLV� FKDSWHU�� ,�
discuss several provisos regarding the methodological approach in the 
current dissertation.

8.4.1 Using physiological measures of emotion

In this dissertation, physiological measures such as skin conductance 
and EEG were used as in-the-moment measures of emotion. This 
approach asks for two considerations. First, working with physiological 
PHDVXUHV�±�HVSHFLDOO\�LQ�DQ�HFRORJLFDO�¿HOG�VHWWLQJ�±�LQWURGXFHV�QRLVH�
and measurement error in the form of motion artifacts. In chapters 
5 and 6, this issue was addressed as much as possible by selecting a 
tourism experience that asks for a minimal amount of movement: 
sitting down for a 75-minute musical theatre show. In addition, minor 
yet unavoidable motion artifacts have carefully been removed from the 
data. Still, the theatre show included substantial parts that contained 
too many motion artifacts due to the nature of the show (e.g., during 
episodes of audience participation), which had to be deleted from 
WKH� GDWD�� 7KLV� DSSURDFK�PLJKW� D̆HFW� DQ� DFFXUDWH� UHSUHVHQWDWLRQ� RI�
these episodes in the eventual analyses. In chapter 7, motion artifacts 

Chapter 8

Proefschrift_v2.indd   192Proefschrift_v2.indd   192 30-08-2022   02:1830-08-2022   02:18



193

were addressed by taking a leisure experience that can easily be 
abstracted to the lab: that of attending to artworks. However, the 
ecological validity of this study is lower, as watching artworks in a 
sound-attenuated room is not the same as watching artworks in an 
actual museum, accompanied by friends or relatives. A solution to 
this approach could be to use virtual reality to simulate a museum 
experience with enhanced ecological validity (Diemer et al., 2015; 
Parsons, 2015), while still enjoying the rigorous sense of experimental 
control that comes with a lab environment. However, to date, it 
remains unknown to what extent a virtual experience can actually 
substitute the real experience. Therefore, future research that studies 
to what extent virtual experiences may serve as a vicarious alternative 
to real experiences is urgently needed.

A second consideration of using physiological measures of emotion 
which is more conceptual in nature relates to the still unresolved 
connection between the physiological and phenomenological 
expressions of emotion. Physiological measures of emotion capture 
ERGLO\� SURFHVVHV�� ZKLFK� DUH� GL̆HUHQW� IURP� WKH� FRQWHQWV� RI� RXU�
consciousness that are consulted for self-report (Jacobs, 2006). They 
DUH�KHQFH�DVVRFLDWHG�ZLWK�XQLTXH�VRXUFHV�RI�YDULDQFH��ZKLFK�OLPLWV�WKH�
PDJQLWXGH�RI�FRQYHUJHQFH�DFURVV�WKH�WZR�GL̆HUHQW�PHDVXUHV��0DXVV�
	�5RELQVRQ���������7KLV� FRQWHQWLRQ� LV� VXSSRUWHG�E\� WKH�¿QGLQJV� LQ�
chapters 5 and 6, where skin conductance and ERM-based measures 
\LHOG�GL̆HUHQW�SRUWLRQV�RI�H[SODLQHG�YDULDQFH�LQ�WKH�RXWFRPH�YDULDEOHV�
of interest. In a review on measures of emotion, Mauss and Robinson 
(2009) conclude that both physiological and self-reported measures 
are relevant to understanding emotion as a whole and should not 
necessarily be assumed to be interchangeable. Instead, they should be 
regarded as complementary to one another in creating a more complete 
view on how emotions relate to the overall evaluation of experiences.

8.4.2 Using the Experience Reconstruction Method

Like the physiological in-the-moment measures of emotion, ERM-
based measures of emotion also ask for two considerations. First, 
the ERM can dissect multi-episodic experiences into single episodes 
in two ways: from the participant point of view (as used in chapter 
4) and from the provider point of view (as used in chapter 5 and 6). 
Both versions have their merits. The participant-driven ERM allows 
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for more freedom in segmenting a multi-episodic experience into its 
VLQJOH� HSLVRGHV� DQG�PD\� WKXV� EH� D�PRUH� DXWKHQWLF� UHÀHFWLRQ� RI� WKH�
VXEMHFWLYH� QDWXUH� RI� H[SHULHQFH�� 7KH� EHQH¿W� RI� WKH� SURYLGHU�GULYHQ�
ERM is that experiential episodes are similar across participants. 
This characteristic allows for comparing the same segments across 
participants, which gives providers a general idea of which episodes in 
an experience have the strongest contribution to overall evaluations. 
This procedure, however, neglects the subjective nature of experience 
in that individuals segment their experience into episodes according 
to their personal frames of reference. Further research into multi-
episodic tourism experiences that compares producer-based with 
participant-based segmentation is recommended, so as to examine the 
advantages and disadvantages of each approach.

A second consideration is that the ERM is used to measure experience, 
while in reality it is a retrospective approach that thus taps into 
participants’ memory. This retrospective approach was adopted to 
DYRLG�WKH�PHWKRGRORJLFDO�SUREOHPV�RI�H[SHULHQFH�VDPSOLQJ�WHFKQLTXHV��
which have been used in earlier studies (Ariely, 1998; Ariely & 
Zauberman, 2000). Experience sampling has the disadvantage that 
the measurement process interferes with the process to be measured, 
i.e., that experience sampling at regular time intervals disrupts or at 
least transforms the experience. However, a disadvantage of the ERM 
approach is that although the time between the actual experience and 
our surveying of the participants was kept to a strict minimum, this 
measure was still reconstructed from retrospective data. This limitation 
KDV�VHYHUDO�LPSOLFDWLRQV��$�¿UVW�LPSOLFDWLRQ�LV�WKDW�VWULFWO\�VSHDNLQJ��WKH�
retrospective approach measures remembered experience instead of 
real-time lived experience. In its essence, regardless of the short time 
window between the experience and the survey procedure, ERM thus 
leads to a prediction of overall evaluations from remembered experience 
(i.e., memory) and not from lived experience itself. Experience and 
PHPRU\�DUH�TXLWH�GL̆HUHQW� LQ�QDWXUH��VHH��H�J���.DKQHPDQ�DQG�5LLV��
������DQG�KHQFH�PD\�SUHGLFW�RYHUDOO�HYDOXDWLRQV�GL̆HUHQWO\��$�VHFRQG�
implication is that rather than extracting measures from an ongoing, 
real-time signal of a lived experience, ERM-based measures are 
based on an experience that is segmented into episodes. The resulting 
SUHGLFWRUV�PD\�EH�GL̆HUHQW�IURP�WKRVH�EDVHG�RQ�UHDO�WLPH�PHDVXUHV��
because of the aggregation within segments of an episode. For example, 
it may be that actual valence varies within such a segment between 
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positive and negative values, which is obscured when participants are 
asked to give a single rating for the whole segment. To address both 
implications, further research to compare retrospective with real-time 
approaches to lived experience is therefore recommended as a further 
validation approach towards the ERM.

8.5 Conclusion

What is the relationship between the temporal dynamics of emotions in 
a tourism and leisure experience and the way in which this experience 
is evaluated? The current evidence shows that the temporal dynamics 
of emotion in an experience are strongly related to evaluations of this 
experience. However, this relationship is not straightforward. First, 
not all episodes within an experience are strongly related to its overall 
evaluations: some are positively related to overall experience evaluation, 
some are negatively related and some are not related at all. In capturing 
the temporal dynamics of emotion throughout an entire experience, 
average emotion measures seem a better representation than peak-
and-end related measures of emotion. However, for individual episodes 
within a multi-episode experience, peak measures of emotion form a 
better representation than average measures of emotion. In capturing 
these measures of emotion, both established physiological measures 
of emotion (i.e., skin conductance and EEG) and the newly developed 
approach of the experience reconstruction method have their merits. 
ERM-based measures outperform skin conductance measures for 
evaluating structured experience designs and design interventions, 
yet skin conductance is better than ERM-based measures when 
predicting overall evaluations from the temporal dynamics of the 
emotion throughout an experience. Finally, approaching experience 
as a temporal phenomenon that can be segmented into successive 
experiential episodes allows for better predicting how an experience 
is evaluated compared to approaching experience as a single temporal 
unit. In further enhancing our understanding of experience, it is thus 
wise to keep an eye on the aspect of time.

General discussion and conclusion
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9Summary

Experience is one of the most important constructs in tourism and 
OHLVXUH� DQG� DV� VXFK� KDV� UHFHLYHG� PXFK� DWWHQWLRQ� LQ� WKH� VFLHQWL¿F�
tourism and leisure literature. However, at the same time, in the same 
literature, it is often reiterated that there is remarkably little conceptual 
clarity about what exactly constitutes an experience. The concept of 
experience is met with much-alleged self-evidence and has become 
like a container concept in which it has started to denote everything 
and nothing at the same time. This vision has manifested itself in a 
type of research that seeks to relate antecedents of experience to 
outcomes of experience without considering the intervening process: 
experience itself. As such, the constituent processes of experience 
remain largely understudied. Luckily, recent accounts have tried to 
change this tradition and have suggested various constituent processes 
of experience that have already been picked up by various tourism and 
leisure researchers. Particular prominence is being given to the concept 
of emotions, as emotions have been argued to be a determining factor 
IRU�PDNLQJ�H[SHULHQFHV�PHPRUDEOH��,Q�WKH�¿HOG�RI�WRXULVP�DQG�OHLVXUH��
emotions have mainly been studied statically, as they are generally 
measured through post-experience self-report. This forces research 
participants to summarize their experience over time into an overall 
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report, thereby using some nontransparent aggregation mechanisms. 
7KLV�LV�VXUSULVLQJ��DV�PDQ\�VWXGLHV�IURP�RXWVLGH�WKH�¿HOG�RI�WRXULVP�
and leisure have suggested that the temporal dynamics of emotions in 
SDUWLFXODU�DUH�RI�JUHDW�LQÀXHQFH�RQ�KRZ�H[SHULHQFHV�DUH�UHPHPEHUHG�
and evaluated. While some studies did focus on the temporal 
dynamics of emotions in tourism and leisure experiences, they have 
not connected these dynamics to overall experience evaluations. To 
address this paucity, the current dissertation is aimed at studying the 
relationship between the temporal dynamics of emotions in tourism 
and leisure experiences and how these experiences are evaluated.

In building a theoretical and methodological framework for studying 
the temporal dynamics of emotions in tourism and leisure experiences, 
FKDSWHU� �� ¿UVW� DGGUHVVHV� WKH� FRQFHSWXDO� XQFODULW\� RI� WKH� H[SHULHQFH�
FRQFHSW��8VLQJ�D�FRPELQDWLRQ�RI�FRJQLWLYH�DQG�D̆HFWLYH�SV\FKRORJ\�DQG�
FRQVXPHU�VFLHQFH��H[SHULHQFH�LV�GH¿QHG�DV�WKH�FRQWHQWV�RI�FRQVFLRXVQHVV�
based upon the present sensing and feeling of stimuli as organized by 
WRXULVP�RU�OHLVXUH�SURYLGHUV��0RUH�IRUPDOO\��H[SHULHQFH�LV�GH¿QHG�DV�D�
subjective, individual construct built upon external stimuli processed 
E\�RXU�SHUFHSWXDO�DQG�D̆HFWLYH�V\VWHPV��$�GLVWLQFWLRQ�LV�PDGH�EHWZHHQ�
lived experience, which refers to our consciousness of present sensing 
and feeling at the moment and remembered experience, a memory 
construct based on past episodes of sensing and feeling.

Chapter 2 puts the temporal dynamics of emotions in context of the 
psychology of experience as a whole by elaborating on a cognitive-
D̆HFWLYH�SV\FKRORJLFDO�PRGHO�RI�H[SHULHQFH�WKDW�LV�ODUJHO\�EDVHG�RQ�WKH�
work of Bastiaansen et al. (2019). The chapter describes how tourism 
and leisure providers structure an experienscape that gives rise to 
various stimuli, which can be picked up by the senses of tourists or 
leisure participants. Our brain then maps pre-existent mental models 
and schemata on the resulting sensory information to make sense of 
the world around us. Mental models are highly individual and therefore 
experience is highly individual, but there is likely to be an overlap in 
FRQFHSWV�EHWZHHQ�GL̆HUHQW�LQGLYLGXDOV�ZKR�EHORQJ�WR�WKH�VDPH�FXOWXUH��
In addition to this perceptual processing of external stimuli, the brain 
DOVR� HPSOR\V� WKH� D̆HFWLYH� SURFHVVLQJ� RI� WKH� VDPH� VWLPXOL� WKURXJK�
emotions. According to the most recent developments in the theory 
of emotion, emotions are not a response to an external stimulus, but 
simulated anticipation of what that external stimulus is going to be 
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and how, given prior experience, the internal milieu (i.e., mental 
and bodily states) can best respond to this in terms of body budget. 
Through interoception, these mental and bodily states are available 
to consciousness through valence and arousal dimensions. Previously 
stored mental models of emotion then allow for an interpretation 
of these dimensions in terms of discrete emotions as used in daily 
language, such as anger, fear, excitement and joy. Together with the 
perceptual experience that results from the perceptual processing of 
WKH�VWLPXOXV��WKLV�D̆HFWLYH�SURFHVVLQJ�JLYHV�ULVH�WR�RXU�OLYHG�H[SHULHQFH��
the present sensing and feeling of the world around us. However, lived 
experience is not automatically encoded in memory, as our memory 
has only so much storage space available. For lived experience to be 
VWRUHG�LQ�PHPRU\��RXU�PLQG�¿UVW�XVHV�DQRWKHU�VHW�RI�PHQWDO�PRGHOV�WR�
cut our continuous stream of lived experience into manageable pieces: 
experiential episodes. Whether an experience will be stored in memory 
or not is determined by the emotions within an experiential episode. 
Experiential episodes containing strong emotions are thus likely to 
be stored in memory as a remembered experience, whereas episodes 
containing weak or no emotions at all are irretrievably lost. However, 
it is mostly the pattern of the temporal dynamics of emotion that has 
been connected to the memorability of an experiential episode. The 
role of the temporal dynamics of emotion in the memorability of an 
experience should thus be studied within the limits of an experiential 
episode.

To study the temporal dynamics of emotions within such experiential 
episodes, one must know how to measure them. Chapter 3 presents 
an overview of the methods that have generally been used to study 
emotions in tourism and leisure experiences, together with an outline 
of their advantages and disadvantages. Emotions have primarily been 
PHDVXUHG� WKURXJK� VHOI�UHSRUW� �L�H��� SRVW�H[SHULHQFH� TXHVWLRQQDLUHV���
behavioral measures (facial coding) and physiological measures from 
both the body (fEMG, SCR and HRV) and the brain (oscillatory EEG 
activity in the alpha bandwidth and various ERP components). Given 
the purpose of the present dissertation to study the temporal dynamics 
of these phenomena, physiological measures seem particularly suited 
DV�WKH\�FDQ�UHFRUG�D�GHWDLOHG�SUR¿OH�RI�WKHVH�SKHQRPHQD�RYHU�WLPH�ZLWK�
sub-second precision in a relatively non-obtrusive manner. Behavioral 
PHWKRGV�DOVR�DOORZ�IRU�QRQ�REWUXVLYHO\�UHFRUGLQJ�D�WHPSRUDO�SUR¿OH�RI�
the various processes of interest. However, a disadvantage of behavioral 
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methods is that they are subject to social desirability and cognitive 
appraisal biases. Finally, self-report does not allow for capturing the 
constituent components of experience in detail without being intrusive 
WR� WKH� H[SHULHQFH� LWVHOI� DQG� DOVR� VX̆HUV� IURP� ELDVHV� VXFK� DV� VRFLDO�
GHVLUDELOLW\� DQG� FRJQLWLYH� DSSUDLVDO�� 7KLV� D̆HFWV� WKH� YDOLGLW\� RI� WKH�
PHDVXUHG�SURFHVVHV��1RQHWKHOHVV�� DV� H[SHULHQFHV� DUH�GH¿QHG� DV� WKH�
contents of consciousness, one must note that physiological properties 
PRVWO\�PHDVXUH�ERGLO\�SURFHVVHV�WKDW�DUH�GL̆HUHQW�IURP�WKH�FRQWHQWV�
of consciousness that give rise to experiences. As such, I developed 
a self-report method that allows for measuring temporal dynamics 
without being obtrusive to the experience itself: the Experience 
Reconstruction Nethod (ERM). Using a methodological toolbox that 
combines physiological measures with the ERM, this dissertation aims 
at uncovering the role of the temporal dynamics of emotion in how 
tourism and leisure experiences are remembered and evaluated.

&KDSWHU� �� GHVFULEHV� WKH� ¿UVW� HPSLULFDO� VWXG\� LQ� WKLV� GLVVHUWDWLRQ��
which aimed to study an established theory to link lived experience 
with remembered experience: the peak-and-end theory. The peak-
and-end theory postulates that emotions mainly determine the overall 
evaluations of an experience during the emotionally most intense 
PRPHQW�DQG�WKH�¿QDO�PRPHQW�RI�DQ�H[SHULHQFH��)UHGULFNVRQ��������
)UHGULFNVRQ�	�.DKQHPDQ���������2I�QRWH��KRZHYHU��LV�D�JURZLQJ�ERG\�
of work that seems to challenge this robustness for experiences in 
WKH� GRPDLQ� RI� WRXULVP�DQG� OHLVXUH� LQ� SDUWLFXODU�� 7KH�¿UVW� HPSLULFDO�
chapter argues that this is due mainly to the heterogeneous nature 
of tourism and leisure experiences compared to the relatively 
homogenous and straightforward types of experience as studied in 
previous assessments of the peak-and-end theory. The paradigms 
in which the peak-and-end theory has been examined focus on 
relatively monotonous and unidimensional experiences (such as lab 
experiments or pain in a clinical setting). Furthermore, studies on the 
SHDN�DQG�HQG� WKHRU\� KDYH�PRVWO\� VRXJKW� WR� FRQ¿UP� WKH� SHDN�DQG�
end theory in other contexts, rather than examining alternatives, such 
as average valence or measures of emotional arousal. In this study, 
I therefore examined the generalizability of the peak-and-end theory 
to a complex, heterogeneous virtual reality experience. In doing so, 
I used the ERM to extract an encompassing set of measures for the 
temporal dynamics of emotion (with peak-and-end measures forming 
only a small selection of the complete set of measures). Results show 
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that average measures of emotional valence and arousal were a better 
predictor than peak-and-end measures. Furthermore, it was found 
that measures of emotional arousal are just as predictive of overall 
evaluations from memory as measures of emotional valence, which 
suggests that they form a promising candidate to be included in further 
studies on the role of temporal dynamics of emotion in experience.

&KDSWHU���GHVFULEHV�D�IROORZ�XS�RQ�WKH�¿UVW�VWXG\�LQ�WKDW�LW�WHVWV�D�KRZ�
D�IXUWKHU�HOHPHQW�RI�FRPSOH[LW\�PLJKW�LQÀXHQFH�WKH�UREXVWQHVV�RI�WKH�
peak-and-end theory: the multi-episodic nature of tourism and leisure 
experiences. Furthermore, it compares the ERM with the physiological 
measure of skin conductance. Using these methods, I examined the 
experience of a 90-minute musical theatre show in a theme park 
UHVRUW��LQ�ZKLFK�HSLVRGHV�ZHUH�LGHQWL¿HG�DV�WKH����VFHQHV�RI�WKH�VKRZ��
Findings indicate that for a multi-episodic experience, hypotheses from 
the peak-and-end theory are rejected for the experience as a whole but 
supported for individual episodes within the experience. Furthermore, 
it was found that predictions from skin conductance only work for 
representing individual episodes and not for the experience as a whole, 
whereas ERM measures seem to work for both approaches. These 
results suggest that the evaluations of multi-episode experiences rely 
more on the evaluation of individual episodes than on the temporal 
pattern of emotions within these episodes.

Chapter 6 describes how ERM-based and SCR measures can be used to 
study the relationship between the temporal dynamics of the emotions 
in an experience and the temporal dynamics of the emotions that the 
show’s creative development team intended to evoke amongst its 
audience. Using both methods, the experience of a 90-minute musical 
WKHDWUH�VKRZ�LQ�D�WKHPH�SDUN�UHVRUW�ZDV�H[DPLQHG�DQG�VXEVHTXHQWO\�
FRPSDUHG� WR� WKH� LQWHQGHG� H[SHULHQFH� SUR¿OH� DV� GHYHORSHG� E\� WKH�
theatre show’s creative team. Results show that both ERM-based and 
VNLQ�FRQGXFWDQFH�PHDVXUHV�ZHUH�VLJQL¿FDQWO\�UHODWHG�WR�WKH�LQWHQGHG�
experience. However, this link was stronger for later sections of the 
experience than for earlier sections. In addition, ERM-based and skin 
conductance measures were used to evaluate two design interventions 
E\�H[DPLQLQJ�ZKHWKHU� WKH�HPRWLRQV� LQ� WKH�H[SHULHQFH�ZHUH�D̆HFWHG�
in the desired direction. While the design interventions proved to be 
LQH̆HFWLYH��DW�WKH�YHU\�OHDVW��WKH�(50�DQG�VNLQ�FRQGXFWDQFH�DSSHDU�WR�
EH�YDOXDEOH�WRROV�WR�DVVHVV�WKH�H̆HFWLYHQHVV�RI�WKH�GHVLJQ�LQWHUYHQWLRQV��

Summary
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The two methods thus provide a valuable feedback tool for tourism and 
OHLVXUH�SURYLGHUV�WR�HYDOXDWH�DQG�RSWLPL]H�WKHLU�H[SHULHQWLDO�R̆HULQJV�

Chapter 7 extensively explores the neuronal dynamics of the emotional 
evaluation of an artwork: being aesthetically moved. Using the method 
of EEG, it was examined how oscillatory neuronal correlates of top-
down object representation (gamma-band activity) and attention 
�DOSKD�EDQG� DFWLYLW\�� ÀXFWXDWHG� GXULQJ� WKH� SUHVHQWDWLRQ� RI� YDULRXV�
DUWZRUNV�� ZKLFK� SDUWLFLSDQWV� VXEVHTXHQWO\� KDG� WR� HYDOXDWH� RQ� WKH�
extent to which the artworks made them feel aesthetically moved. 
Results show that being aesthetically moved is associated with a 
sustained increase in gamma activity over centroparietal regions. Also, 
alpha power over right frontocentral regions was reduced in high and 
low moving images, compared to artworks given intermediate ratings. 
7KH� JDPPD� H̆HFW� ZDV� LQWHUSUHWHG� DV� DQ� LQGLFDWLRQ� IRU� VXVWDLQHG�
savoring processes for aesthetically moving artworks compared to 
DHVWKHWLFDOO\� OHVV�PRYLQJ�DUWZRUNV��7KH�DOSKD�H̆HFW�ZDV� LQWHUSUHWHG�
as an indication of increased attention for aesthetically salient images. 
Being aesthetically moved thus seems to be paired with trying to make 
sense of an artwork and an increase in attention.

In conclusion, the current evidence shows that the temporal dynamics 
of emotions in tourism and leisure experiences are strongly related to 
evaluations of these same experiences. However, this relationship is 
not straightforward. First, not all episodes within an experience are 
HTXDOO\�VWURQJO\�UHODWHG�WR�LWV�RYHUDOO�HYDOXDWLRQV��VRPH�DUH�SRVLWLYHO\�
related to overall experience evaluation, some are negatively related 
and some are not related at all. In capturing the temporal dynamics 
of emotion throughout an entire experience, average emotion 
measures seem a better representation than peak-and-end related 
measures of emotion. However, for individual episodes within that 
experience, peak measures of emotion provide a better representation 
than average measures of emotion. In capturing these measures of 
emotion, both established physiological measures of emotion (i.e., 
skin conductance and EEG) and the newly developed ERM have their 
merits. ERM-based measures prevail over skin conductance measures 
for evaluating structured experience designs and design interventions, 
yet skin conductance prevails over ERM-based measures when 
predicting overall evaluations from the temporal dynamics of the 
emotion throughout an experience. Finally, approaching experience 
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as a temporal phenomenon that can be cut into experiential episodes 
allows for better predicting how an experience will be evaluated than 
approaching experience as a single whole. In further enhancing our 
understanding of experience, it is thus wise to keep an eye on the 
aspect of time.

Summary
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