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“Odd how the creative power at once
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Introduction

In the present Ph.D. dissertation, an investigation about divergent thinking (DT) abilities in healthy
and pathological aging and related issues such as the impact of psychological symptoms over DT
skills, has been conducted. To date, DT is considered as an index of creative potential, over than a
cognitive process pivotal for the study of creative cognition. The thesis is divided in three sections
which concern (i) the theoretical background; (ii) normal aging and (iii) pathological aging.

Starting from the first section, the first two chapters are dedicated to the theoretical background. More
specifically, the first chapter concerns the description of the construct of DT, its evolution and how
nowadays it is widely used in experimental research as a measure of creative potential (Lubart, 2013;
Mastria et al., 2018; Runco & Acar, 2012). After that, research on cognitive abilities and the
neuroanatomical basis related to DT was further explored. Instead, the second chapter is devoted to
addressing the effect of the aging processes on brain structure and functioning, considering also the
different theoretical models from the cognitive neuroscience literature. In addition, it explores the
neural patterns associated with creative cognition in healthy older subjects and the relationship

between DT and the construct of cognitive reserve (CR).

The second section includes the two studies on normal aging. More specifically, since we have
noticed that the results about DT skills during the lifespan has often been inconsistent, the first study
that we have conducted (Study 1, paragraph 3.1.) is a systematic review performed following the
Preferred Reporting Items for Systematic reviews and Meta-Analyses (PRISMA) guidelines. This
study allowed us to evidence some important findings. Firstly, how the study of DT abilities has
historically suffered from some theoretical and methodological problems. Secondly, trying to
summarize the 16 selected studies’ results, we have also evidenced how older adults seemed to be
able to think as divergently as younger subjects if specific intervening variables such as the time
constraints or speed of elaboration and working memory capacity are considered. This, in line with
the “Compensation-Related Utilization of Neural Circuits Hypothesis” (CRUNCH, Reuter-Lorenz
& Cappell, 2008) which states that when the task demand increases (i.e., giving them time constraints
or a heavy working memory load in the case of DT tasks) older adults can no longer compensate the

aging gap and their performance drops.

Further, we hypothesized that another reason for the inconsistency of the studies’ results on DT

abilities in older adults could also be due to the fact that none of the selected studies have considered
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the possible negative impact of the variance of psychological symptoms (depression, anxiety and
apathy) on DT performances. Psychological symptoms are indeed frequent in the elderly population
and have negative effects on cognitive performace, including creative ones. Paragraph 3.2. is
dedicated to the description of our experimental studies (Study 2) in which 50 older adults have been
evaluated through a DT task (i.e., Abbreviated Torrance Test for Adults) and three questionnaires
that specifically assess apathy, depression and anxiety symptoms. The results showed how
psychological symptoms such as apathy and depression, can effectively have negative effects on
different DT indexes and how this negative correlations might be moderated by other variables, such
as the level of education. Interestingly, the results seem to suggests that people with higher level of
education and therefore hypothetically higher CR, might be more sheltered from the effect of

psychological symptomatology on their cognitive performance.

Finally, the third section is dedicated to pathological aging. The section begins with a brief literature
overview (paragraph 4.1.1) that specifically addressed studies that have evaluated DT in patients with
different types of dementia, highlighting how the evidence about DT abilities in prodromal or early
phase of these diseases are still lacking. Paragraph 4.1.2. is thus devoted to a brief discussion of the
characteristics of Mild Cognitive Impairment (MCI) patients who are the subject of the third
experimental study. Study 3 (paragraph 4.2.) concerns a preliminary observation of DT skills in 25
patients affected by Mild Cognitive Impairment (MCI) by comparing them to 25 (from a random
selection of 50) healthy older participants to observe whether these abilities were spared or altered at
this early stage of the disease. The between-group analyses have evidenced spared verbal DT abilities
which have opened to some practical implication such as the use of verbal DT in the rehabilitation of
these patients to promote CR. On the contrary, the study showed a decline in figural DT, which could
be considered by future studies as an early marker of disease. All these results have been finally

discussed in terms of future directions and practical implications for both researchers and clinicians.



SECTION 1. THEORETICAL BACKGROUND







Chapter 1. Divergent thinking: construct definition and evolution

In 1950 Joy P. Guilford, president of the American Psychology Association (APA), emphasized the
terrible lack of research on creativity, even though this construct could have been fascinating and
above all useful in the psychological field. Since then, research on this topic has increased
exponentially, from 3 articles written in 1950 to 4669 in 2019 (see Figure 1).
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Figure 1: Graphic representation of the great increase of studies on the construct of "creativity' from
1950 to 2019 (Scopus, 01/31/2020).

Notably, even if great accomplishment in this field has been achieved during the last years and
especially during the last decade (Fink & Benedek, 2019), one of the constructs used by recent
experiment dates back to the 50’s; that is the concept of "Divergent Thinking” (DT).

Guilford’s construct of DT indeed, was first proposed in 1956 within his work “The Structure Of the
Intellect”, which has been updated through the years (SOl model, 1957, 1959, 1988) and has remained
an influential concept in the field of creative cognition research until today. Guilford assumed that
the best way to explore the human intellect was through a factorial research design; his analysis
allowed him to outline a complex model composed by several factors. The two main factors identified

were the “thinking” and “memory” factors (see Figure 2).
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Figure 2: Diagram of the major intellectual structure’s factors and their relationships (modified by
Guilford, 1957).

The memory factor concerned different memory abilities with different type of content and things to

be remembered (such as rote memory, auditory or visual memory and so on). Instead, the thinking

factor has a three-fold division in cognition, production and evaluation factors. Particularly:

1. Cognition (or discovery ability) factor concerns the ability of becoming aware of mental items
and tasks in which subjects has to comprehend, recognize or discover something;

2. Production factors have to do with the production of some end result and could be divided
again in two factors, that are divergent or convergent thinking;

3. Evaluation factor is related to the skills involved in assessing the goodness, suitability or

effectiveness of the thinking processes’ results; it is defined as a “judgmental step”.

Going deeper into the production factor, it is possible to observe two different types of tasks that lead,
consequently, to two different ways of thinking. On the one hand, “Convergent Thinking” (CT) is
usually employed when a unique and correct solution is required: thinking is therefore channeled or
controlled in the direction of that specific answer. On the other hand, “Divergent Thinking” (DT) is
essential when an open-ended problem is presented to the examinee. This type of problem requires
more than one solution, the thinking process in not channeled, rather, conversely, involves an actual
divergence of thought, with the exploration of a variety of directions, conceptual spaces, possibilities
and novel possible associative paths (Acar & Runco, 2014, 2015; Guilford, 1957).

It is interesting to note that, in the same article, Guilford also advanced the idea that some
components can be recognized as indices of creative responses, and these would be the indices of
fluidity, flexibility and originality (Guilford, 1957). Hence, most of the DT tasks developed over the
years (e.g., Torrance Test of Creative Thinking, the Alternative Uses Task or Wallach and Kogan,

6
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just to mention the most-widely used) tend to look and measure these qualities during ideas
production. Fluency is described as the ability to produce a great number of ideas meeting certain
requirements; flexibility is usually defined as the ability to switch from a semantic category to another
or the ability that leads to ideas that employ a variety of conceptual categories; originality, is usually
described as the ability to give unusual, un-common, or clever responses, or to make remote
associations or connections; finally, also elaboration was proposed in some of the instruments and
these index is related to the ability to embellish an idea through details.

Even if early research has sometimes confused the concept of DT with a direct assessment of
creative ability (Piffer, 2012), it is now clear that DT is not a synonymous of creativity (Runco, 2004,
2008; Runco & Jaeger, 2012). Consequently, nowadays it is recognized as one of the most important
proxies of creative thinking, essentially a measure of “creative potential” (Lubart, 2013; Mastria et
al., 2018; Runco & Acar, 2012). Notably, the first to advance this idea could be considered Wallach,
in 1970, who described DT tasks as a predictor rather than a criterion of creative performance.
Accordingly, DT tasks are considered as estimates of the potential for creative problem solving and
for creative achievements (Runco & Jaeger, 2012). Some studies have already highlights how DT
seems to predict creative achievement above other important variables such as intelligence (Kim,
2008) or “Openness to Experience” personality trait (Jauk et al., 2014; Vartanian et al., 2018b).

The DT assessment has a long tradition and has been employed in many different contexts
(Forthmann et al., 2019) representing the most widely-used assessment for creative potential (Runco
et al., 2017). Therefore, the concept of DT was and still is attractive for several reasons: the first
reason could be that it is believed to trigger cognitive processes leading to creative responses (Barbot
et al., 2019) and the generation of original ideas (Runco et al., 2017). Secondarily, DT tasks are
essentially easy to be administered and above all, can be easily adapted to the strict constraints of
neuroimaging and neurophysiological research protocol; almost 51% creativity assessments in

neuroscience research employed DT tasks according to Benedek et al. (2019).

1.1. Cognitive processes involved in creative cognition
During the last decades, an increasing body of research around DT has been focused on the
discovering and understanding of the cognitive basis and processes involved in creative cognition.
Basically, the question that researchers are trying to solve is: if creative thinking is based on normal
cognition, what are the processes that intervene and integrate to generate new, original and useful
ideas?

To address this issue, some authors have started from the study of basic mechanisms and

normal brain functioning. What they have highlighted is the fact that there are three basic brain
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mechanisms that allow us, as humans, to respond to environmental request in a quickly and efficient
way: the choice of the path of least resistance, the repetition suppression effect, and the ability of our
brain to form pattern representations. One of the first observations about these basic brain
mechanisms is that during normal cognition we tend to choose “the path of least resistance”
(Eagleman & Brandt, 2017; Hagura et al., 2017). According to the studies, this mechanism leads us
to choose the answer that is available faster or that suits the environment best, allowing us to react
and make choices as quickly as possible.

Another basic brain mechanism is the “Repetition suppression” (RS) effect, that is defined as a
diminished neural activation as consequence of the repeated presentation of a stimulus (Henson,
2003; Henson & Rugg, 2003). For the sake of our survival, we have indeed a great ability to quickly
adapt to the environment and, consequently, to react more rapidly and efficiently to frequent and
usual situations. The adaptation to the new incoming information assures us to make predictions about
the environment and to respond with efficient and automatic behaviors to previously encountered
stimuli (Eagleman & Brandt, 2017).

Finally, a third mechanism is the human ability to form mental representations and to perform what
is called “pattern recognition”. Indeed, when someone encounters an object for the first time, a mental
representation that catches all the main characteristics and properties of this object is formed and
stored in forms of a mental representation so that, when we encounter a new object with the same
characteristics, we have only to reactivate the pattern previously stored in our brains to know what
this object is and to understand its properties.

Summing up, all these basic brain mechanisms help us to deal quickly and efficiently with
information or problems that we have already encountered in the environment and to respond,
accordingly, in an automatic way. As a result, initial responses to stimuli will usually not be the most
creative, as we are programmed to find the quickest, automatic, response. Accordingly, several
research have highlighted that responses’ originality increases during the performance of a DT tasks
(i.e. “time on task effect”; Acar & Runco, 2014; Barbot, 2018; Beaty & Silvia, 2012; Heinonen et al.,
2016; Wang et al., 2017).

Indeed, sometimes, these automatic responses are not enough to deal with environmental requests.
Specifically, during DT tasks people are required to move away, or suppress these automatic
responses to find novel and original answers. These basic brain mechanisms have helped researchers
to formulate hypotheses and experiments which have tried to explain how the brain faces novel
problems and which cognitive functions come into play when a creative response is generated instead
of an automatic one. Different cognitive functions have been reported to be correlated or connected

with DT. In the next paragraphs, an overview of these cognitive functions will be addressed
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separately, even if the interplay of all these functions has always to be considered.

1.1.1. Memory: the role of episodic and semantic information

When a novel or original response is required by a task or by environmental conditions, the first
cognitive function that has to be considered is surely memory and the role of previously acquired
knowledge. Almost every researcher in the field agrees on the fact that nothing is created from
scratch: established knowledge and concepts or representations deposited in our memory archives are
surely the starting point for every idea, normal or creative that is. These notions have been supported
both by behavioral and neuroimaging research showing that DT relies on episodic as well as on
semantic memory (Abraham & Bubic, 2015; Leon et al., 2014; Beaty et al., 2020).

As concern episodic memory, Gilhooly and colleagues in 2007 were the first to propose a link
between this specific cognitive function and DT. They administered an Alternative Uses Task (AUT),
in which a word representing a simple object (i.e., brick, bottle of water, and so on) is given to
participants and they are requested to produce as many alternatives uses as possible (possibly creative
or original) of this specific object. Interestingly, through a thinking-aloud procedure they highlighted
that initial responses were based on a strategy that imply the retrieval of information from long-term
memory (LTM) of pre-known uses. Only later, different strategies could be observed to produce
original responses (e.g., property-use generation, imagined disassembly, scanning broad use). These,
also in line with the previously mentioned “time on task effect”. Subsequent experiments have tried
to prove this connection. Sheldon and colleagues (2011), for example, highlighted how processes
underlying episodic memory, in particular those enabling the retrieval of detail and episodic
simulation, may contribute to open-ended problems such as DT ones. This was confirmed by the
studies performed by Madore and colleagues (2015, 2016) in which they have proved the positive
effects of an "episodic-specificity induction™ (ESI) on DT performances. More specifically, in this
experiment, after the observation of a video during the “ESI” condition, participants were asked
questions about the specific contents of the video with different probes that boosts the number of
accurate details: the goal was to help participants recall an experience event in an episodically specific
way. Interestingly, participants who have received this episodic induction, compared to a control
group, exhibited a selective boost on a DT task (i.e., AUT); these experiments have provided direct

evidence that episodic memory was involved in DT.

It is also worth noting that it’s been many years since some authors agree on the fact that memory is

a reconstructive process (Schacter et al., 1998). Consequently, some studies have advanced the idea
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that DT is strongly associated with future episodic thinking (Addis et al., 2014) and that DT and
future simulation are governed by the same underlying mechanism. This “constructive” mechanism
(Beaty et al., 2018b) might involve the ability to form associations between distinct memory
representations and therefore requires the intervention of executive functions that have to act on these
associations (Roberts & Addis, 2018). According to these proposals, a recent study has proved that
the generation of new and old original ideas showed similar brain activation patterns (Benedek et al.,
2018). The study is of particular interest because the authors highlighted a new subdivision of the
generated idea during an AUT, that is: i) the generation of new uses, ii) the recall of original uses,
and ii) the recall of common uses. This division is based on previous literature findings that have
suggested how highly common, prototypical ideas are likely to be recalled from semantic memory,
whereas previously experienced original object uses are more likely obtained from searches in
episodic memory, which contains autobiographic details on where and how this unusual object use
was encountered (Addis et al., 2016; Gilhooly et al., 2007). Summing up the study results, the authors
found that the generation of new versus recalled original object uses involved both common and
distinct brain processes. They evidenced how the two activities shared a bilateral activation of the
parahippocampal cortex and of the medial prefrontal cortex (mPFC) and they proposed that these
activations might reflect memory-related processes supporting episodic simulations (Mullally &
Maguire, 2014; Schacter et al., 2012). However, creating a novel and original use goes beyond
memory: new ideas involved a specific cluster of activations in the left supramarginal gyrus (SMG)
and postcentral gyrus. The authors proposed that this could mean that creating novel ideas may imply
higher demands on multimodal integration and controlled mental simulation to support the creative
act.

As concern the relationship between semantic processes and DT, it could be stated that this has not
been thoroughly investigated until now (Jung & Vartanian, 2018), but also that it is one of the
increasingly addressed topics in the DT experimental field. Semantic memory is the stores of concepts
and facts, regardless of time or context, and is responsible for the storage of semantic categories
(Budson & Price, 2005; McRae & Jones, 2013; Vallar & Papagno, 2018). The specific nature of
semantic memory remains an open issue in cognitive research (McRae & Jones, 2013). However, the
role of semantic distance in creative cognition is utilized by experimental research through the idea
that the farther one moves from a concept in a semantic space, the more there will be the possibility
to generate an original and creative idea. As it has already mentioned in paragraph 1.1., people usually
follow a path of least resistance, choosing the fastest and automatic response; this implies that when
a person try to create a novel idea and to be creative, has to try to “overcome knowledge constraints”

that refers to the ability to override the influence imposed by semantic knowledge structure (Abraham
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et al., 2012). These ideas have been confirmed in recent studies which have found that high creative
individuals are faster in generating associative responses between distant concepts and provide higher
percentages of unique associative responses (Kenett et al., 2014). Furthermore, it was proposed that
creative individuals may have more associative links in their semantic memory network and can
activate associative relations faster than less creative individuals (Rossman & Fink, 2010). These
hypotheses have been confirmed also by a recent study performed by Kenett and colleagues in 2018
in which they have demonstrated that high creative ability is related to a flexible structure of semantic

memory.

It is also worth noting that these concepts are linked to the concept of “associative processes”.
Associative way of thinking is an automatic and uncontrolled process that has been described as the
process by which a given thought automatically activates another thought that is associated with the
first one in the semantic memory store (Zabelina, 2018). Mednick’s theory (1962) has been the most
influential in highlighting the role of associative abilities in creative thinking. According to this
theory, creative individuals would have a more flexible organization between words or concepts in
their semantic memory which allows them to activate remote ideas and built new ideas by combining
very different ideas. Recent evidence seemed to confirm this hypothesis: highly creative subjects
seemed to give lower estimates of the remoteness of unrelated word pairs (Rossmann & Fink, 2010),
they are faster both in judging the relatedness of concepts (Vartanian et al., 2009) and to accept word
associations and susceptibility to priming (Gruszka & Necgka; 2002). Another evidence involves
associational fluency tasks that require the participants to make free continuous associations with a
cue word, listing synonyms and generating lists of unrelated words. For example, Beaty and Silvia
(2014) showed that associational fluency predicts the creative quality (rather than guantity) of DT
responses in an AUT task, and Benedek and Neubauer (2013) found that higher DT abilities were
associated with greater associative uncommonness. These findings indicate that associative abilities
explored by associative fluency tasks explain a large portion of the variance of DT abilities. Summing
up, all these evidence highlights that remote element of knowledge may be highly interconnected in

highly creative individuals.

In conclusion, creative cognition is believed to be built on both episodic and semantic memory
processes but goes beyond them; some authors have already proposed the idea of a goal-directed
memory retrieval as a fundamental top-down process involved in creative cognition. These ability is
described as “the ability to strategically search episodic and semantic memory for task-relevant
information” (Beaty et al., 2019, pp. 22) highlighting that memory processes has to interact with other

11
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functions such as attention and different types of cognitive control functions to produce novel and

creative ideas.

1.1.2. Attention: leaky, focused or flexible attention processes?

It has been recognized for many years now that attention’s main function is usually to select
information that is useful for the context or for the current tasks (Posner, 1988) and that this cognitive
skill could vary by type (e.g., selective, divided, diffused, focused, etc.), by degree, and by individual
characteristics (Zabelina, 2018). A large body of literature has addressed the role of attention during
DT tasks and therefore in creative cognition with different results (Zabelina, 2018).

Many researchers have already tried to understand what type of attention is the most involved in
creative cognition. Some studies have evidenced that creative people seemed to show diffused or
“leaky” attention; hence, creative people usually show the tendency to notice information and to use
them even if these may not be particularly relevant to the task that they are carrying out (Carson et
al., 2003; Mendelsohn & Griswold, 1964). For example, creative people seem to be more prone to
errors on typical attention tasks, experiencing more intrusions (Rawlings, 1985); this result has been
interpreted as the propensity to introduce unusual pieces of information into cognition and that this,
in turn, might lead to creative responses (Zabelina, 2018). On the contrary, some other studies have
suggested that creative people are more likely to pay attention to details, and thus have a more focused
attention (Nusbaum & Silvia, 2011). It has already been suggested that in order to create novel and
original responses people have to focus and persist, even at a long-term (Zabelina, 2017). Finally, it
is interesting how other evidence exists suggesting that more creative people can switch more easily
between various attention modalities (i.e. focused or broad) and therefore seemed to show a “flexible
attention” (Vartanian et al., 2007; Zabelina & Robinson, 2010) or even a flexible strategy application
in relation to the task demand (Zabelina, 2017). Summing up, it seemed that recent convergent
evidence suggests that different aspects or measures of creativity are associated with different types
of attention. What appears to be quite shared by different authors is that DT tasks, with their focus on
idea generation within a limited amount of time, make people rely more on selective attention and
good cognitive control (Zabelina, 2018) and therefore on the ability to focus and switch attentional
resources instead of having a leaky attention (Benedek & Fink, 2019). Interestingly, several recent
articles have consequently suggested that DT tasks seemed to involve a top-down type of control of
attention and cognition (Beaty et al., 2019). The role of cognitive control and different executive
processes would be addressed in the next paragraph.
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Finally, it is worth considering that neurosciences’ evidence has also pointed to the relevance of what
they called “internally directed attention”. High creative performances have been indeed consistently
associated with increased EEG alpha activity (Fink & Benedek, 2014; Kounios & Beeman, 2014).
This result seems to highlight that creative cognition is often not much concerned with sensory
perception, but rather relies more on imagination and thus requires to direct attention to self-generated
thought processes (Benedek, 2018), this also in line with neuroimaging studies on the role of the
Default Mode Network (see paragraph 1.2).

1.1.3. Cognitive control and executive functions

Behavioral, neuroimaging and lesional data agree on the role of brain areas and cognitive processes
related to cognitive control and suggest that performance in DT tasks involves a top-down control of
attention and cognition (Zabelina, 2018), thus with the intervention of executive functions (EF).
Several research has also been focused on the role of specific executive processes during DT task
(see Palmiero et al., 2022 for a review). Within a general cognitive control framework, EF could be
considered as an “umbrella term” that refers to a set of different control processes that regulate human
cognition and goal-oriented behavior (Gazzaniga et al., 2015). More specifically, they include several
distinct processes where updating, shifting and inhibition functions (Miyake & Friedman, 2012;
Miyake et al., 2000) are the most studied as key cognitive processes during DT tasks. Updating refers
to the constant monitoring and rapid addition/deletion of material in the working memory (WM)
system; shifting allows to switch flexibly between tasks or mental sets and inhibition allows the
voluntary overriding of dominant or prepotent responses (Zabelina et al., 2019).

Accordingly, as concern studies which employed DT tasks, different latent factor analyses have
proved a relationship between DT and different executive processes: updating (Benedek et al., 2014c;
Lee & Therriault, 2013), switch between categories (Nusbaum & Silvia, 2011) and inhibition
processes (Nusbaum & Silvia, 2011; Benedek et al., 2012; Benedek et al., 2014c). Consequently,
several studies have suggested that high cognitive control supports the selection and implementation
of effective task strategies (Gilhooly et al., 2007), facilitating the suppression of interference from
inappropriate stimuli or responses (EdI et al., 2014) and by inhibiting prepotent responses (see
Benedek & Fink, 2019 for a review). Thus, inhibition is particularly involved in order to suppress
obvious responses and common mental sets that prevent the production of original responses (Volle,
2018). Moreover, also flexible regulation supported by cognitive control mechanisms seemed to be

critical for DT performances (Zabelina, 2018).
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However, results demonstrate that different EFs predict divergent thinking performances depending
on their operational definition (Zabelina et al., 2019) and on the different DT index considered. For
example, other studies have found also increased DT performances with decrease inhibition; this
seemed to be true only for the fluency index (Radel et al., 2015) and some other authors have proved
that fluency (but not originality) of DT was uniquely predicted by working memory (WM - Zabelina
etal., 2019). Finally, how it was already mentioned in previous paragraphs, a goal-directed retrieval
seemed to be needed to build ideas that could be considered novel, original but also appropriate to
the request of the task (Beaty et al., 2019). A recent review on the role of the core EFs (working
memory, inhibition and flexibility) in DT have highlighted how the literature is profoundly
fragmented (Palmiero et al., 2022). However, the Authors proposed interesting hypotheses which
seek to account for the mixed and controversial results. They advanced the idea that low inhibition
would allow to broad the focus of attention and collect close and distant information at the beginning
of the divergent process, while, by contrast, high inhibition might be necessary to broad the focus of
attention to filter irrelevant information and construct semantic associations (plausibly remotely)
between concepts at a consequent stage. In addition, they argue that low working memory capacity
would be associated with defocused attention and scarce semantic associative processes, facilitating
mind wandering in the initial phases of DT, whereas high working memory capacity would be
associated with focused attention and semantic association processes, after the mind wandering
(dissociative) phases of DT. Finally, according to them, low cognitive flexibility would contribute to
narrow the focus of attention and the semantic space wherein to find associations, facilitating
persistence, whereas high cognitive flexibility would support DT when attention is shifted across
different categories and more distant semantic associations are formed, facilitating higher originality,

regardless of the specific phase of DT.

Lastly, the importance of executive function processes and cognitive control is also sustained by
neuroimaging studies that have demonstrated the critical role of brain regions that support these
cognitive functions while subjects performed DT tasks; however, this topic will be addressed in the

next paragraph (see paragraph 1.2.).
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1.1.4. The neurocognitive framework and beyond

All this evidence has been summarized and integrated into the neurocognitive framework of creative
cognition proposed by Benedek and Fink in 2019. In this model, the authors highlighted how the
amount of cognitive and neuroimaging evidence has produced valuable insights on the mechanisms
underlying creative cognition, evidencing how creative cognition is supported by three highly
intertwined process: goal-directed and constructive memory processes and internally directed
attention. However, it could be argued that other cognitive functions have been correlated with DT
productions, such as abstraction (Welling, 2007), mental imagery (Palmiero et al., 2016b) and so on.
Moreover, the dominant hypothesis recently strengthened by neuroimaging findings is that creativity
involves both controlled and associative processes (Beaty et al., 2016; Beaty et al., 2018; Volle,
2018). It might be suggested that controlled processes are more related with DT indexes regarding
the quantity of the productions (fluency) or the switching between categories (flexibility), while
associative processes are more involved in the quality of idea generations (i.e., originality, elaboration
- Volle, 2018). Several studies have indeed demonstrated a strong link between two cortical networks
underling exactly automatic (i.e., Default Mode Network) and controlled processes (i.e., Executive

Network); this topic will be addressed in the next paragraph.

Noteworthy, this is only part of the explanation of this complex cognitive ability. Going beyond the
neurocognitive framework, representing the background of this dissertation, several papers and
models have already highlighted that other variables come into play when trying to explain creative
cognition and especially real-life creative behavior. Personality characteristics (i.e. openness to
experience, extroversion) and intelligence (Jauk et al., 2014) constitute the core variables relevant to
real-life creativity across domains. Furthermore, for example, a more comprehensive model proposed
by Jauk (2019) have proposed that interindividual differences in these variables seemed to arise from
variation in the dopaminergic system apart from the default mode and the executive control network
(i.e., bio-psycho-behavioral model). But these variables, along with the impact of environment and

social context and the role of motivation (Amabile, 1983), are beyond the scope of this discussion.

1.2. The neural correlates of divergent thinking and creative cognition
The last paragraph has highlighted how creative cognition and therefore DT is a complex mental
ability, which can be counted among those that are called “higher cognitive ability”. Consequently,

it is not a surprise that divergent thought, as a multi-componential process requires, in turn, many
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parts of our brain to collaborate in supporting it (Goldberg, 2018). Different brain areas have been
surely linked to DT abilities, such as the hippocampus or the prefrontal cortex (PFC). Neuroimaging
and metanalysis studies proved the activation of hippocampus and medial temporal lobe during DT
tasks (Gonen-Yaacovi et al., 2013; Madore et al., 2019; Wu et al., 2015). This is not strange if the
literature about hippocampus’ functions is taken into consideration. This brain area, indeed, has been
described as the central structure in the brain that works to create, update, and juxtapose mental
representations (Cohen & Eichenbaum, 1993; Eichenbaum & Cohen, 2001) and that has the ability
to bind together distinct aspects of experience and to interact with neocortical cortex to support the
integration and flexible use of representations (see Duff et al., 2013); all these functions are
fundamental for DT performances. Moreover, previous studies have also demonstrated that
hippocampus supports at least three dissociable processes during episodic simulation, which are also
involved during DT performances: retrieval of episodic details, recombination of those details, and
the encoding of recombined information (see Addis & Schacter, 2012 and Schacter et al., 2017 for a
review). Accordingly, lesion studies such as the one performed by Duff and colleagues in 2013 have
demonstrated that DT perfomance can be disrupted in amnesic patients who have a specific

hippocampal lesion.

Beyond that, many of the cognitive processes that have already been addressed as involved during
DT performances, such as goal-directed attention, different executive functions (i.e., inhibition,
updating, switching, etc.) rely on the integrity of the prefrontal cortex which plays a critical role in
all the above-mentioned functions (Dietrich, 2004). Several experimental functional Magnetic
Resonance Imaging! (fMRI) studies have already showed the large involvement of the PFC during
DT tasks (Bechtereva et al., 2004; Carlsson et al., 2000; Fink et al., 2009; Howard-Jones et al., 2005;
Kowatari et al., 2009; Seger et al., 2000). In particular, several research has highlighted the role of
the inferior PFC (Abraham et al., 2012; Benedek et al., 2014a; Chrysikou & Thompson-Schill, 2011;
Kleibeuker et al., 2013; Vartanian et al., 2013), a region associated with controlled memory retrieval
(Badre & Wagner, 2007) and central executive processes (Aron, 2007). Accordingly, lesion data

about patients affected by the frontal variant of fronto-temporal dementia (fvFTD) have demonstrated

! Functional Magnetic Resonance Imaging (fMRI) measures brain activity by the detection of changes associated
with blood flow. This technique relies on the fact that cerebral blood flow and neuronal activation are coupled: when a
brain area is in use, blood flow to that region increases providing an indirect measure of brain activity. More specifically,
fMRI signal intensity is due to the difference of blood oxygenation between a “resting state” and an “activity state” (i.e.,
when the subject is performing a task). The difference in blood oxygenation is internally generated and represent an

endogenous contrast: the BOLD (blood oxygenation level dependent) effect (Sacco, 2012).
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a deficit in all the dimensions of DT performances (de Souza et al., 2010; Ruggiero et al., 2019). Also
data from different metanalyses have confirmed the role of these two brain regions (Gonen-Yaacovi
etal., 2013; X. Wu et al., 2015). Interestingly, the metanalysis performed by Boccia and colleagues
in 2015 have highlighted how different brain areas seemed to be activated depending on the type of
DT task that is performed (i.e., verbal versus figural): the authors suggested that creative cognition
might rely on multi-componential neural networks and that different creative domains depend on the

activation of different brain regions.

According to this latest evidence, focusing on single brain areas would certainly underestimate the
complexity of the processes that come into play during DT thought: recent research has been
consequently focused on the study of large-scale networks. These works have evidenced the interplay
between three pivotal networks: the executive network (EN), the default mode network (DMN) and
the Salience Network (SN).

1.2.1 The functional coupling between the Default and the Executive networks and the role

of the Salience Network

Two brain networks have been extensively studied in DT literature: the executive network (EN) and
the Default Mode Network (DMN). EN is a complex constellation of brain hubs in the dorsolateral
prefrontal cortex (DLPFC) and in the posterior parietal cortex (PPC) which are usually activated
when people are challenged with a cognitive task (i.e., “task-positive” network). Thus, it is believed
to be involved when information about the outside world must be processed and to be critical for the
human ability to coordinate behavior in a rapid, accurate, and flexible goal-driven way (Marek &
Dosenbach, 2018). It is sometimes also called “control network™ or Frontoparietal Network (FPN).
On the contrary, DMN is divided into three major subdivisions: the ventral medial prefrontal cortex
(vmPFC); the dorsal medial prefrontal cortex (dmPFC) and the posterior cingulate cortex (PCC) with
the adjacent precuneus and the lateral parietal cortex (approximately Brodmann area 39). Another
area that has been associated with the DMN is the entorhinal cortex (Raichle, 2015).

DMN is believed to be activated when no externally imposed task drives persons’ cognitive
processes: it is therefore engaged in internally directed thought, internally generated inputs (Raichle,
2015) and spontaneous cognition (Andrews-Hanna, 2012); sometimes, literature refers to that as a
“task-negative” network. The interesting thing about these two networks is that usually they are
“anticorrelated”: when one is active, the other one is inactive (Goldberg, 2018): there is a causal
neural mechanism by which the EN negatively regulate the DMN (Chen et al., 2013). However,
intriguingly, they seemed to cooperate during DT tasks (Beaty et al., 2014, 2015, 2016).
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Thus, which is their role during DT thought? During the last decades, thanks to the great improvement
in neuroimaging techniques and data analyses, many articles have improved the understanding about
networks dynamics during this type of tasks. First evidence from Functional Connectivity (FC)
studies have highlighted higher connectivity among default mode network regions (Takeuchi et al.,
2012; Wei et al., 2014) in highly creative individuals. Subsequent studies have underlined a more
complex interplay between different networks. For example, Beaty and colleagues in 2014 have
evidenced how high divergent thinkers showed increased FC between seed regions in inferior
prefrontal cortex (bilateral IFG) in the DMN, with a cluster of voxels in the EN, the left dorsolateral
prefrontal cortex (DLPFC) a region that is associated with controlled attention and working memory
capacity (Curtis & D’Esposito, 2003; MacDonald et al., 2000). The authors suggested that the ability
to come up with creative ideas, involves a cooperation between brain regions associated with
controlled (i.e., EN) and spontaneous cognitive processes (i.e., DMN). These results have been
extended in another study performed by Beaty and colleagues in 2015. In this experimental research
the authors evidenced again, through a seed-based analysis, an increased connectivity between the
EN and DMN (i.e., between DLPFC, PCC, and precuneus) but new information was also added. On
one hand, they proved an increased connectivity between default regions (PCC and precuneus) and
regions that are part of the Salience Network (SN). The SN is a network that includes the anterior
insula and the anterior cingulate cortex (ACC) and it is believed to be involved in the reallocation of
attentional resources to salient environmental events (Bressler & Menon, 2010) and to play a central
role when the switching between networks is required, especially between the DMN and the EN
(Andrews-Hanna et al., 2014; Bressler & Menon, 2010; Goldberg, 2018). On the other side, a
dynamic coupling between these regions at different stages of the DT task was evidenced by a
temporal analysis: PCC was more strongly connected to SN regions (i.e., bilateral insula) at the
beginning of the task, followed by stronger connections with EN regions (i.e., right DLPFC). Early
coupling of the PCC with the SN suggests that creative thinking may require focused internal
attention at a first stage and then SN might provide a mechanism that facilitates the switching and the
later coupling with the EN and thus, the focus on external environment. Indeed, the DLPFC only
showed connectivity with default regions during the second half of the task, pointing to a potential
role of executive processes at a later stage of DT tasks. It was hypothesized that the executive control,
at this stage, might be useful to suppress salient conceptual knowledge (i.e., typical responses),
facilitating flexible switching between semantic categories during memory retrieval (Nusbaum &
Silvia, 2011) or by attenuating sensory input and focusing attention to internally-directed cognitive

processes (Benedek et al., 2016).
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These results are supported also by different recent evidence. A first study, through task and resting-
state fMRI paradigms, revealed that the strength of the connectivity between the posterior DMN and
the right FPN was significantly greater in the creative condition (i.e., alternative uses task) than in the
control condition. Moreover, the anterior DMN and left FPN connectivity strength during the resting-
state was positively correlated with the originality score derived from the DT task (Shi et al., 2018).
This is also confirmed by another study, that highlighted a whole-brain network associated with high-
creative ability that includes cortical hubs within the three previous mentioned networks, suggesting
that highly creative people seemed to be characterized by the ability to simultaneously engage these
large-scale brain networks (Beaty et al., 2018). Interestingly, to conclude and also taking up the results
of the previous sections, the study performed by Chen and colleagues (2018) found that slower
decrease in gray matter density within the left FPN and the right frontotemporal clusters predict
enhanced creative ability. The authors conclude that goal-directed planning and accumulated
knowledge are implemented in the right DLPFC (that is part of the FPN) and temporal areas,
respectively, which in turn support longitudinal gains in creative performances (Chen et al., 2018).
Finally, further data that support the involvement of these networks, come from a recent study of
patients affected by focal frontal lesions that have suggested that damage to specific nodes within the
DMN and FPN led to critical loss of different verbal creative abilities. In particular, a lesion to the
right medial PFC (which damages the DMN) alters the ability to generate remote ideas, whereas a
lesion to the left rostro-lateral PFC (part of the FPN) would alter the ability to appropriately combine

remote ideas (Bendetowicz et al., 2018).

To conclude, however, it is worth noting that a recent study (Takeuchi & Kawashima, 2019) has also
evidenced some implications of the use of large-sample neuroimaging studies of creative cognition
measured by DT tasks. It has been proposed that the effect sizes of all observed correlations were
weak, and that significant and robust interactions between sex and DT were observed, in particular
for structural and functional connectivity analyses. According to these results, the authors suggested
that increased sample sizes or robust statistics and meta-analytic approaches will be important to

reveal a comprehensive picture of the neural bases of individual differences during DT tasks.
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Chapter 2. Divergent thinking and the aging brain

Aging has been defined as the accumulation of morphological and functional changes in cellular and
extracellular components, in regulatory systems and in homeostatic mechanisms, that can be
attributed to the interaction between genetic features, environment and different social factors (Baltes,
1987; Li & Baltes, 2006). Thus, aging is a process that is genetically determined but environmentally
modulated and that, consequently, may manifest with several different outcomes (Berlingeri, 2009).
However, in general, it is usually characterized by a steady decline in various physiological functions
that result in both physical and cognitive impairments (Deary et al., 2009).

In the next paragraphs, the studies related to the structural and functional changes that have been
observed during the aging processes and the main theoretical models and hypotheses that have been
formulated concerning cognitive aging, will be analyzed. At the end of the chapter, the implications
for divergent thinking skills will be drawn and new evidence of its relationship with the cognitive

reserve construct will be highlighted.

2.1. Structural, metabolic and neurochemical changes

During the aging process, many biological changes (i.e., structural, metabolic and neurochemical)
can occur even in healthy subjects’ brain. During the last century, the advent of neuroimaging
techniques like CT? scan and functional Magnetic Resonance Imaging (fMRI, see footnote 1 for an
explanation) have provided the opportunity to observe, in vivo and in a spatially detailed way, brain
differences related to age progression. Thanks to these techniques, several studies have proved that
global changes in gray matter, white matter and ventricular volumes are all hallmarks of normal brain
aging. Moreover, the human brain seems to decrease both in size and weight (De Beni & Borella,
2015; Hof & Morrison, 2004). This decline is due to both neuron atrophy and to the decrease in
synaptic branching and length of dendritic spines (De Beni & Borella, 2015; Harada et al., 2013,
Sydney & Adlard, 2019). However, it is believed that the loss of weight is predominantly due to the
loss of white matter rather than of the neurons (Harada et al., 2013; Pakkenberg et al., 2003) and to

2 The CT scan is an X-ray technique that produces images using a form of tomography which acquires data from body
sections or volumes. The acquired data matrix, through specific algorithms, reconstructs two-dimensional images on

different planes, representative of a body layer and allows its three-dimensional representation (Sacco, 2012).
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the reduction of axon myelination (Fjell & Walhovd, 2010) that therefore impedes axonal signal
transduction and reduces its connection speed.

The studies have also shown that during normal aging various neuroanatomical regions are affected,
but that these structural changes are not identical in all brain regions (Sydney & Adlard, 2019).
Volumetric studies seemed to agree on the fact that the effect of aging on grey matter is localized
more in the dorsolateral prefrontal cortex (DLPFC; Raz et al., 2005), in the orbitofrontal cortex
(OFC), the precentral and inferior frontal cortex, the superior lobe of the parietal cortex (Raz et al.,
1997) and, at a lesser extent, in the mesial temporal regions (Resnick et al., 2013) and in the
hippocampus (Harada et al. 2013). The largest volumetric white matter changes recorded by a study
performed by Fjell and Walhovd (2010) were in the putamen, nucleus accumbens, thalamus and
frontal and temporal cortices; Rogalski et al. (2012) demonstrated reductions also in parahippocampal
regions. Moreover, some DTI® (Diffusion Tensor Imaging) studies have observed that the major
alterations in white matter were in the prefrontal cortex and anterior corpus callosum (Head et al.,
2004). Conversely, however, some other studies have found that white matter changes were more
widespread (Resnick et al., 2013). Summarizing, deterioration seems to be predominant in the
anterior regions, including the PFC and its connections, and in the parietal lobe (Resnick et al., 2013)
while the sensory and primary areas seem to be less sensitive to aging (De Beni & Borella, 2015).
During the aging process, also metabolic (i.e. a decrease metabolic flow and oxygen consumption)
and neurochemical alterations (e.g., a decrease presence of glutamate and alteration of fronto-striatal
dopaminergic pathways) also occur (De Beni & Borella, 2015), but this goes beyond the focus of this
discussion. Clearly, depending on where all these structural alterations arise, they will have different

functional consequences.

As already mentioned, considering that DT is linked to both the anterior cortex and
hippocampal activity (see section 1.2.), some authors have hypothesized a decrease in this capacity
in older subjects (Heilman & Fleischer, 2018). However, as will be highlighted in the following
paragraphs, the picture of changes in divergent thought during adulthood and late age seems to be

more complex.

3 Diffusion tensor imaging (DTI) is used to estimates, in vivo and non-invasively, the properties of the white matter and
to investigate anatomical connectivity by characterizing the magnitude, the degree of anisotropy, and the orientation of

directional diffusion of molecules (i.e. water; Alexander et al., 2007; Sacco, 2012).
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2.2. Patterns of change: the relationship between brain activity, brain

connectivity and cognition

Cognitive aging is often described in the context of loss or decline, however, emerging research
suggested that the picture is more complex than this, with older adults showing both losses and gains

in cognitive ability (Spreng & Turner, 2019).

Authors who have dealt with the study of the aging process and its consequences on cognition
have traditionally divided cognitive abilities (De Beni & Borella, 2015) in the light of Cattel's
bifactorial model (1963). This theory foresees a division into two separate factors: (i) basic
mechanisms or "fluid intelligence" (Gf), that is biologically determined and allow people to adapt to
new situations, to solve problems and is based on reasoning ability; on the contrary, (ii) "crystallized
intelligence™ (Gc), would be culturally determined and refers to the knowledge and skills acquired
through experience, therefore being closely related to culture. The separation of these two factors has
been demonstrated by several studies which have highlighted that these abilities would follow
completely different trajectories during subjects’ lifespan: Gc, typically measured by vocabulary
tests, tends to remain stable throughout life (or even increase during late adulthood), while Gf tends
to decrease linearly (e.g., Grégoire & Van der Linden, 1997). However, several authors have
criticized the oversimplification of this subdivision to capture the real cognitive architecture linked
to the aging processes. Consequently, different studies have tried to assess different cognitive
functions during the lifespan through cross-sectional or longitudinal studies. For example, Reuter-
Lorenz and Park (2009) have evidenced a differential impact of aging on different cognitive abilities
(i.e., speed of processing, WM, long-term memory and world knowledge) though different indexes.
This study, even if it was focused on more than two factors, has substantially confirmed the previously
cited work by evidencing a near-linear decline in the speed of processing, WM, long-term memory
(i.e., fluid intelligence), except for the world knowledge ability (i.e., crystallized intelligence), which
might even show some improvements. Hence, semantic knowledge seemed to be continuously
accumulated and to be preserved well into later life (Park et al., 2001; Verhaeghen, 2003). This has
led some authors to refer to this phenomenon as the “semanticization of cognition” in older adulthood
(Spreng & Turner, 2019).

Moreover, a relatively recent literature review performed by Hedden and Gabrieli (2004) has tried to
summarize evidenced by different longitudinal studies concerning the trajectories of the different

cognitive functions throughout the lifespan. In this article, the authors identified three different types
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of age-related behavioral patterns supporting the idea that aging process would affect different
cognitive functions in diverse ways. The main patterns highlighted by this study were:

1. life-long declines: basic mechanisms of cognitive architecture, such as processing speed,
working memory and encoding of information in episodic memory, tend to decay linearly
along the life span. Following the results of the Seattle Longitudinal Study (Shaie, 1996),
spatial abilities and reasoning have also been added to this category;

2. late-life declines: tasks that involve knowledge or have been performed many times during
the subject's life show little or no decline, at least until the last decade of life. Short-term
memory is one of these abilities. Measures of vocabulary and semantic knowledge are also
stable until late in life, in both cross-sectional and longitudinal studies (Park et al., 2002;
Shaie, 1996). It worth also noting that, according to the semanticization of cognition, it has
already been proposed the hypothesis that older adults might use preserved knowledge and
experience to form more effective cognitive strategies when performing tasks in which
younger, on the contrary, rely on processing ability (Dixon et al., 2001; Hedden et al., 2015);

3. life-long stability: not all abilities decline with advancing age. Autobiographical memory,
emotional processing, "theory of mind" and automatic memory processes such as implicit

memory, would remain stable according to some studies evidence.

Several works have also proved that functional neural networks and their interactions change
during the aging process (Damoiseaux, 2017). The most common evidence from cross-sectional
studies is that older adults showed reduced functional connectivity (FC), especially within the DMN
(Andrews-Hanna et al., 2007; Dennis & Thompson, 2014; Sala-Llonch et al., 2015) and the EN
(Damoiseaux, 2017). Particularly, changes in the DMN seem to involve reduced suppression, as well
as decreased within-network connectivity. On the contrary, increased between-networks connectivity

was observed (e.g., Damoiseaux, 2017; Rieck et al., 2017; Spreng & Schacter, 2012).

Many previously cited studies have revealed how these two networks seemed to be highly
involved during DT tasks (see paragraph 1.2.1.). However, far fewer studies have been conducted to
investigate the neural basis of creative cognition in aging. Before going into depth of this last
statement, the main theoretical models proposed by the cognitive neuroscience of aging that have
tried to summarize the structural and functional changes evidenced during the aging processes will

be addressed.
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2.3.  Theoretical models of cognitive neuroscience of aging

Studies on cognitive neurosciences of aging have highlighted various aspects related to the changes
that occur during brain aging. Different theoretical models were then proposed to explain the different
activation patterns that have been highlighted by the diverse experimental studies. The most important

cognitive models in the field of aging research will be further investigated.

2.3.1. The HAROLD model

The HAROLD model (from Hemispheric Asymmetry Reduction in Older Adults), proposed by
Cabeza in 2002, reports behavioral and neuroimaging evidence about a reduction of hemispheric
asymmetry. This, especially in the prefrontal cortex (PFC) and during the performance of different
tasks such as episodic memory recall, working memory (WM), perception, control and inhibition. In
order to explain the above-mentioned decrease in the lateralization of brain activity, this model has

proposed two different hypotheses:

1. Compensation hypothesis: neurocognitive deficits would be addressed at the cerebral level
through a compensatory process involving the activation of bilateral rather than lateralized
areas as occurs during earlier ages. The hypothesis would be supported, according to the
author, by the positive correlation of this type of brain activity and cognitive performance:
greater brain activity in older subjects would be correlated to a better performance;

2. Dedifferentiation hypothesis: the changes found at the neural level could represent a process
of dedifferentiation, i.e., a process that implies a return to the use of general networks instead
of specialized networks (a process contrary to the differentiation that occurs during

adolescence and that leads to the specialization of neural networks).

It is worth noting that a more recent study performed by Berlingeri and collaborators in 2012,
empirically reassessed the predictions of the HAROLD model. They employed a quantitative
statistical lateralization analysis, the "Statistical Lateralization Map" (SLM)3, based on a voxel-wise

approach, a quantitative approach that was absent in the original studies on which the HAROLD

3 The Statistical Lateralization Map is a method that makes a direct statistical comparison between the activation levels
of each voxel in one hemisphere and its counterparts in the other hemisphere; this technique has the advantage of being
free from the use of a priori regions and allows to estimate the magnitude of the lateralization effects.
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model was based. The results of the study seemed to show that the HAROLD model, in its first

version, fails to grasp the complexity of the changes that occur with aging for many reasons:

=

the HAROLD effect also occurred outside of PFC;

the number of clusters that showed the HAROLD effect increased proportionally as the task
demand increased,

some of the HAROLD effects did not survive a quantitative evaluation of the BOLD response
(i.e., some effects could be explained by a lack of side-independent activation);

the elders continued to maintain extensive hemispheric lateralization in the brain activation

that sometimes also involved PFC.

As a result of this evidence, the authors hypothesized that the HAROLD model could represent a

specific compensatory manifestation among the many that can be expressed during brain aging.

2.3.2. The PASA pattern

The PASA (Posterior-Anterior Shift in Aging) model, proposed by Davis and collaborators in 2008,

highlights a clear reduction in the activity in occipital areas coupled with an increase in the activity

of frontal areas (not due to task difficulty or task confidence effects) in elderly subjects. This result

underlines that:

(1) the pattern might be attributed to a compensatory effect: it was found that the increase in
the activity of the frontal areas is positively correlated with the performance and negatively
with the activity of the occipital areas. This suggests that a higher-level cognitive process
intervenes "online™ in response to the deficits of the occipital areas contributing to the possible

success of the performance of older subjects;

(2) positive correlations were found between PFC activations and parietal areas, a result that
highlights the strong relationship between these two areas. This might indicate a
compensatory activity that transfers brain activity from post-processing to processing in

dorsal parietal areas associated with top-down, attention-driven control processes.

The PASA pattern of activations would be therefore useful for the elderly because they would be able

to maintain high performances by exploiting more anterior activations in order to cope with some

functional deficits.
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2.3.3. The STAC-R model

The STAC (from Scaffolding Theory of Aging and Cognition) model was first proposed by Park and
Reuter-Lorenz in 2009 and try to explain the maintenance of high levels of cognitive performance in
older individuals despite the great changes and consequent deficits that occur at the neural and
functional level. The model suggests that the pervasive increase in frontal activations (Davis et al.,
2008) and the recruitment of bilateral areas (Cabeza, 2002) are important markers of brain adaptation,
which would appear to use a “compensatory scaffolding”. The latter would be understood in terms of
the recruitment of additive, complementary or alternative systems in response to the difficulties
encountered due to the natural neural decline mentioned in the previous paragraphs.

In 2014, Reuter-Lorenz and Park published a revised version of the model (STAC-revised,
STAC-r) based on new longitudinal neuroimaging data on brain aging. Therefore, the STAC-r
incorporated several factors that can occur during the entire lifespan and that underlie the growth or
decrease of neural resources and therefore affect brain structure and functioning (see Figure 3 for an

overview).

Meural resource
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Intervention
Level of
cognitive
Biological function
aging

Brain Structure

. \ Compensatory
Life course I Scaffolding

experiences
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cognitive
change
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Figure 3: STAC-r model modified (and simplified) by Reuter-Lorenz & Park (2014).

Many changes have been brought into the new model:
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in addition to the level of cognitive functions the authors added the “Rate of Cognitive

Change”, which indicates the speed of cognitive decline;

they introduced two new concepts, the "neural resources of enrichment” (i.e., actively
participate in cognitive and social activities, physical activity, and so on) and the "neural
resources of depletion™ (i.e., the role of different factors such as APOE, stress, vascular
disease, depression and so on). These two “factors” would allow to account for the way in
which life course influences can contribute to health or neural dysfunctionality, but above all
to account for the joint contribution of factors such as life experiences, genetic endowments
and environmental influences. According to the authors, there are two ways in which these
protective and beneficial effects can operate: a first pathway could account for a direct effect
of neural enrichment in promoting efficient connectivity, increased synaptic density and other
brain health indicators; a second pathway could be explained by the fact that the same factors
mentioned above would increase compensatory capacity in terms of building scaffolding that

would provide additional protection against cognitive decline;

with the division between the terms of "Brain Structure” and "Brain Functions" the STAC-r,
from a life-course perspective, highlights the possibility of bidirectional changes reflecting
both positive and negative effects of plasticity, development and influence of life-course
factors. The maintenance of brain structure and function would, therefore, be possible
depending on the age of the subject and the balance between influences of enrichment and
depletion.

It is worth noting that both the old and new model include the potential benefits of formal and

structured interventions (such as cognitive stimulation) on the construction and use of compensatory

scaffolding and thus on brain structure and cognitive functioning.

2.3.4. The CRUNCH hypothesis

A further compensatory hypothesis is the one adopted by Reuter-Lorenz and Cappell in 2008, that is

the "Compensation-Related Utilization of Neural Circuits Hypothesis" (CRUNCH). Neuroimaging

evidence have repeatedly emphasized how elderly people often show more extensive activations than

young people during tasks of a similar level of difficulty (Cabeza, 2002). According to the authors,

one of the possible interpretations of this fact is that older people need the involvement of more neural
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resources even during tasks at a lower level of difficulty. This, in turn, did not allow elderly people
to save resources for tasks that require higher cognitive loads, with the consequence that their
performance in these latter tasks would worsen significantly. The CRUNCH hypothesis leads to
predict that the differences in the activations between young and old, should disappear when the
difficulty of the task is made subjectively comparable. The results of studies carried out in this field,
and more specifically those of the study by Schneider-Garces and colleagues (2010), which tried to
quantitatively confirm CRUNCH predictions through a WM task, suggest that the differences found
in age-related activations (especially of the occipital cortex, PFC and dorsal-lateral parietal cortex)
may be attributable to the fact that older subjects would reach a plateau in terms of behavioral
performance and neural activity at a lower level of cognitive processing demand (and this would be
due to differences occurring mainly in terms of memory span). These results would be in line with
the authors' proposal, which suggested that the use of different task-specific neural circuits by young
and old could be associated with differences in task difficulty and behavioral outcome. All this, again,
supports the compensatory hypothesis that the brain of older subjects would recruit additional areas
(i.e., early over-recruitment) even during the execution of low difficulty tasks in order to maintain
the same levels of performance of younger participants. In the next chapter, it can be observed that
some evidence on DT skills in the older population seems to confirm the CRUNCH predictions (see
section 3.1.).

2.3.5. The DECHA hypothesis

Neurocognitive aging has also been explored by the observation of large-scale functional brain
networks (Damoiseaux, 2017). In 2015, Turner and Spreng observed that in the elderly subjects, a
greater engagement of lateral prefrontal brain regions implicated in cognitive control and a reduced
default network suppression, implicated in memory and semantic processing, are functionally
coupled. This evidence has led the authors to propose the Default-Executive Coupling Hypothesis of
Aging (DECHA). They also highlight how the shift in cognitive architecture parallels changes in the
functional network architecture of the brain (Spreng & Turner, 2019). It has already been highlighted
in the previous paragraph that fluid abilities seemed to decline as opposed to an increase in semantic
knowledge. Thus, the DECHA hypothesis predicts that, as goal-directed cognition becomes less
dependent on declining control resources it would be increasingly influenced by prior knowledge
(i.e., the semanticization of cognition). Thus, the default network is engaged and becomes
increasingly and inflexibly coupled with lateral prefrontal brain regions.
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It is worth noting that DECHA differs from the earlier compensatory accounts by stressing the role
of cognitive context in determining whether these brain changes are functionally adaptive or
maladaptive. For example, during DT tasks, where the access to semantic knowledge is relevant, a
greater default-executive coupling should be adaptive (Adnan et al., 2019a). On the contrary, if prior
knowledge is irrelevant, this pattern should lead to poorer performance (see Spreng & Turner, 2019

for a review).

2.3.6. The cognitive reserve theory

Differing from the theoretical models and frameworks described so far, the cognitive reserve
hypothesis is associated with a more general cognitive and neuropsychological focus (Berlingeri,
2009). The cognitive reserve theory indeed stems from the observation of a non-linear relationship
between the degree of brain pathology and its clinical and behavioral manifestations (Stern, 2002).
These observations have been derived by early study that have highlighted how some individual
maintained a high cognitive status despite showing classic lesions linked to AD such as abundant
neurofibrillary tangles and amyloid plagues (see for example Snowdon, 1997). To explain these
observations, authors have classically proposed two different models describing the concept of

reserve:

1. passive model: according to this model (Satz, 1993), the brain reserve (BR) capacity would
depend on a critical threshold determined by brain size and synapses count, that are considered
as protective factors. In this perspective, the presence of a greater number of synapses would
make possible to a subject to sustain a greater loss or damage before cognitive decline

becomes apparent;

2. active model: in this perspective, cognitive reserve (CR) has been defined not as something
predetermined, whereas refers to the accumulation of brain resources during the entire
lifespan (Cabeza et al., 2018). According to different authors, reserve denotes a cumulative
improvement in neural resources due to the interaction of genetic and environmental factors
and this, in turn, might mitigate the effects of neural decline caused by physiological aging or
age-related diseases (Cabeza et al., 2018; Scarmeas & Stern, 2003). This happens because CR
could allow subjects to optimize their performance through more adaptable functional brain
processes (Stern et al., 2018), that means differential recruitment of brain networks (both in

terms of brain areas and interconnections) or alternative cognitive strategies (Stern, 2002,
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2011, 2014). Thus, a subject with a higher CR would be able to use a wider range of alternative
brain circuits than those with lower CR. Evidence supporting cognitive reserve includes
epidemiologic data regarding lifestyle and clinical outcomes and neuroimaging studies. As
concern epidemiologic data, several proxy factors that would influence CR levels throughout
the lifespan have been found. Among these, there are: longer education (Kukull et al., 2002;
Roe et al., 2011; Stern et al., 1994), work complexity (Andel et al., 2005, Karp et al., 2009;
Kroger et al., 2008; Qiu et al., 2003), greater physical activity (Prakash et al., 2015), reading
and literacy (Brewster et al., 2014; Manly et al., 2005), socioeconomics factors (Koster et al.,
2005; Ouvrard et al., 2016; Rusmaully et al., 2017), social interaction and participation in
demanding leisure activities (Fancourt et al., 2018; Fabrigoule et al., 1994; Scarmeas et al.,
2001; Scarmeas & Stern, 2003). High levels of these factors would be associated with a higher
probability of successful aging and a lower risk of incidence of age-related neurodegenerative
diseases (Cabeza et al., 2018; Stern, 2002, 2009, 2014). According to these observations, it
could be supposed that the cognitive skills and abilities that are acquired before the onset of
neural deterioration serve as a hedge against or even to actively mitigated, loss of function
due to the progressive brain failure (Stern et al., 2019).
On the other hand, neuroimaging techniques offer a methodological facility to investigate
the neural implementation of these variables that are assumed to reflect reserve. Different
experiments using both functional (i.e. PET, fMRI) and structural (mainly MRI) imaging
is available in the aging literature. These studies generally address how CR or BR proxies
relate to parameters such as brain atrophy and to cerebral blood flow or glucose
metabolism patterns as well as brain network utilization during cognitive tasks (see
Bartres-Faz & Arenaza-Urquijo, 2011, for a review). Evidence from these studies have
confirmed that subjects engaging in more leisure activities can clinically tolerate more
brain pathology (Scarmeas & Stern, 2003) leading to the possibility to conceptualize
reserve as a reflecting indexes of brain plasticity (Bartre's-Faz & Arenaza-Urquijo, 2011).
It is also important consider that many researchers agree on the fact that CR is not a fixed
factor (Cabeza et al., 2018) and therefore can continuously be modified by life experiences
(i.e., consequently also by cognitive stimulation or rehabilitation trainings), even when

the brain is already affected by neuropathology (Liberati et al., 2012).

More recently, researchers have highlighted how the two models (i.e., passive and active), would not

be mutually exclusive but should be considered as complementary explanations of different forms of

functional plasticity (Stern, 2002). Structural features and dynamic network capacity both play a role

in how the brain works in face of age-related brain changes and pathology (Stern, 2019). Even, recent
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contributions consider the distinction between brain and cognitive reserve as somewhat artificial, i.e.,
because cognition depends on the brain structures and prefer to use only the term “reserve” (Cabeza

etal., 2018).

Furthermore, recent studies have highlighted the difference between three different concepts related
to the concept of reserve: Reserve (i.e., BR and CR, concepts that have already been dealt with),
Maintenance and Compensation. Brain Maintenance (BM) is defined as the reduced development
over time of age-related brain changes and pathology based on genetics or lifestyle; this in contrast
with BR which refers to the neurobiological capital at any point in time (Stern et al., 2018). More in
detail, BM would refer to the preservation of neural resources though an ongoing repair of the brain
in response to cellular and molecular damage. BM would occur throughout the lifespan and become
critical in the old age (Cabeza et al., 2018) and is consequently best measured longitudinally by
demonstrating relative preservation of brain morphology. On the other hand, Compensation can be
referred to the cognition-enhancing recruitment of neural resources in response to relatively high
cognitive demand. Therefore, compensation is temporally linked to variations in cognitive demands
(can occur rapidly, in a matter of seconds). In light also of the previously mentioned models and
studies results, three forms of compensation have been hypothesized by Cabeza and colleagues
(2018): (i) compensation by upregulation, foresees that enhancement in cognitive performances is
performed by boosting a neural process in response to task demands: older adults would engage this
process (qualitatively equal) to a greater extent than younger subjects and at a lower task demand;
(if) compensation by selection is associated to the recruitment of different neural circuitry in the
performance of a task: older adults would recruit qualitative different networks than younger adults
(even if these networks are available for younger subjects). Concerning this type of compensation,
the authors have also highlighted how it is important to note that this might be intimately linked with
subjects CR: some older adults may have a larger range of alternative neural strategies to implement
a behavior than others; (iii) compensation by reorganization may occur when older adults use a neural

mechanism to respond to aging loss that is not available to younger individuals.

To conclude, all this evidence has highlighted how the relationship between brain reserve, cognitive
reserve, maintenance, and compensation constructs and their contribution to the resilience to brain
damage, is still much debated but of fundamental importance for the field of research concerning

cognitive aging.
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2.4. Neural patterns associated with divergent thinking in older adults

Some authors have hypothesized a decline of DT ability in older subjects (Heilman & Fleischer,
2018). However, as already evidenced by the different theoretical models, older people seemed to
employ different cognitive and neural strategies to compensate for their structural losses. This could
mean that they can use different brain areas and networks even during DT tasks, as they are getting
older. However, in the literature, to date, only two studies have investigated the neural correlates of
divergent thought in the elderly population. Both have been conducted following the prediction of
the DECHA model.

The first study was conducted by Adnan et al. (2019a) and aimed to provide the first evidence
for altered network coupling associated with creative cognition in older adults. They evidenced that
the few task paradigms performed by previous works (on elderly population) have involved access to
prior knowledge, where greater default-executive interactivity may be advantageous for older adults
(as in DT tasks). Thus, they hypothesized, according to the DECHA model, that the functional
interactions between default and executive control regions can support creative cognition in an older
adult group. Thus, the study has compared, through an fMRI procedure, 30 young and 30 older
subjects during an AUT task (versus a control task). Results showed no behavioral differences
between the two groups; however, network interactions differed between younger and older adults.
According to the authors’ hypothesis, the latter group showed greater connectivity between DMN
and EN (i.e., right inferior gyrus). This result has led them to suggest that this interaction might be
considered as the neural marker of creative cognition in later life. They also speculated that DMN
engagement may facilitate enhanced retrieval of prior knowledge representations to support DT in
the context of a decline in the control abilities linked to the anterior cortex. Furthermore, they also
evidenced greater connectivity between DMN and left-lateralized nodes in the middle temporal gyrus
and SN areas, which are implicated in semantic control processing (Jefferies, 2013; Noonan et al.,
2013). These results, together, seem to support the DECHA model, suggesting that functional
interactions between default and executive control regions can support goal-directed cognitive
performance when the activation of prior knowledge is congruent with task goals, also supporting the
idea that creative cognition in older adults is able to benefit from the “shift” in the neural architecture

to a more semanticized cognition.

The second study performed by Adnan et al., (2019b) aimed to investigate whether DT was
related to connectivity among the DMN, FPN and SN and how patterns of resting-state functional

connectivity (RSFC) associated with DT measures differed between young and older adults. As in
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the first study, the two groups did not evidence significant behavioral differences in the DT task (i.e.,
AUT); however unique intrinsic FC profiles were associated with their performances. Older adults
showed greater FC between default and the broader executive control, specifically both with
frontoparietal network (FPN) and SN, and this was associated with higher DT ability. Again, the
observed results suggested that default to executive coupling seemed to be an important neural marker
of creative thought in older adults. According to the DECHA model, this greater coupling observed
in typical aging may support cooperation between activated prior knowledge representations
mediated by DMN, and executive control processes necessary to work on these representations to
build novel associations. Moreover, this study added another interesting finding. The authors also
proved a pivotal role of the ventromedial PFC (vmPFC), which isa DMN hub. Indeed, they observed
that greater intrinsic bilateral coupling of vmPFC, as well as a stronger within network connection
with the middle temporal gyrus and stronger between-network connectivity to EN nodes, specifically
within the SN, were associated with divergent thinking greater ability. Interestingly, the authors
evidenced how within-network connectivity of this region to medial temporal lobe subsystems as
well as between-network connections with executive control regions has already been proposed to be
implicated in accessing and engaging autobiographical knowledge to support goal-directed tasks
(Andrews-Hanna et al., 2014) and how, consequently, the vmPFC might represent a gateway node,
controlling access to semanticized autobiographical memory (Bonnici & Maguire, 2018). In addition
to what has been evidenced in the first study, the author suggested that the access to stored crystalized
experiential knowledge reflected by the higher intrinsic connectivity patterns of the vmPFC, might

be another important mechanism associated with creative cognition in later life.

2.5. Divergent thinking and the relationship with cognitive reserve

Finally, it is worth noting that while the study of neural substrates of creative cognition in older adults
is a relatively new topic in this field of research, the behavioral study of the impact of the aging
process on DT's abilities has a relatively long tradition. However, as it will be observed in the next
chapter, the results of this exploration are often inconsistent and controversial due to several

methodological and theoretical issues.

Nevertheless, recent evidences have proved a significant and positive relationship between
DT and the construct of CR (Colombo et al., 2018; Meléndez et al., 2016; Palmiero et al., 2016a),
highlighting how the study of DT in this population could be highly beneficial for this population.
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More specifically, the first to examine this relationship through an experimental study were
Palmiero and colleagues in 2016a. In this study, they highlighted how verbal (but not figural) DT can
predict CR measures. The authors have indeed subministered to a group of 40 elderly people (age
range: 50-81 years) a well-known DT test, the Torrance Test of Creative Thinking (TTCT; Italian
version from Sprini & Tomasello, 1989) which evaluates both verbal and figural DT and an inventory
for the measurements of CR, that is the Cognitive Reserve Index questionnaire (CRIqg; Nucci et al.,
2012). This last instrument collects demographic data and information that are considered proxies of
CR (see the previous paragraph for further details), and consists in three sections: education (i.e. years
of education and training courses; CRI-Education), working activity (i.e. five different groups based
on intellectual involvement; CR-Work), and leisure activities (e.g. frequeny in performing hobbies,
reading, travels, and so on; CRI-Leisure time). There is a specific sub-score associated with each
section, as well as a general score that expresses the CR index. The study results have evidenced that,
fluency and originality indexes specifically seemed to be positively correlated (i.e. moderately to
largely, from .56 to .69) with CRI-Education, CRI-Leisure time, and CRI general scores (but not with
CR-work). Furthermore, verbal (but not figural) DT predicted CR (R? Adjusted=.29) over and above
intelligence. The authors have consequently speculated that among the complex mental activities that
are already proved to be involved in CR, DT could be also considered as part of this construct and
that, consequently, could be considered as a pivotal protective factor against cognitive decline.

On the contrary, the study performed by Melendez et al. (2016) aimed to demonstrate that CR
and personality variables, such as openness to experience, could predict DT (i.e., verbal and graphic).
The authors have proved, through a structural equation model, that: (i) CR and openness to experience
can well predict DT (measured by PIC-A, the Test of Creative Imagination for Adults; Artola et al.,
2010, inspired by the TTCT); (ii) CR has a greater predictive power than openness to experience in
predicting DT; (iii) both constructs predict verbal DT to a greater degree than figural ones. The
authors concluded that DT might increases the possibilities of efficaciously solve the many challenges
associated with aging. Consequently, they have put forward the idea that preventive intervention
program might be focused on strengthening the CR components and to promote openness to

experience in older adults.

Finally, Colombo et al., (2018) seemed to connect the two previous results. The authors indeed
highlighted how most of the proxies used to assess CR share the same characteristics (i.e. to be able
to keep an open mind, to establish new and unusual relationships and to change their perspective) that

allow people to use alternative strategies of thought, which are the same operations that have been

35



Giulia Fusi

used to define the creative process (see for example Antonietti et al., 2011). Consequently, they have
hypothesized a positive bidirectional relationship between CR and DT. Accordingly, results have
shown both an effect of CR on DT (measured through one AUT and one acronyms tasks) and of DT
on CR. As concerns the former relationship, results have highlighted that CR proxies influenced the
performance in the DT tasks but in different ways. More specifically, higher scores in the Vocabulary
subtest (i.e., task that assess crystallized intelligence by evaluating verbal and semantic abilities) from
the WAIS-IV (Wechsler, 2008) led participants to be more original in verbal DT tasks, partially
confirming the results of Palmiero et al. (2016a), who found that only verbal creativity predicts CR.
Moreover, they have found that the frequency of leisure activities was the proxy most closely linked
to all the performance indexes (i.e., fluidity and originality) of both DT tasks. Instead, as concerns
the latter relationship, the authors have evidenced that, for example, the type of job (creative vs. non-
creative) influenced almost all the proxies of CR. Moreover, a more refined analysis was performed
and suggested that job complexity can influence CR (Stern et al., 1994; Richards & Sacker, 2003;
Staff et al., 2004) and that, interestingly, the creative component of the job, more than the complexity

per se, affects CR indexes.

In conclusion, recent studies have evidenced that the relationship between DT and CR appears
to be bi-directional and that verbal DT is the most connected with the construct of CR. Therefore,
although further experimental studies are necessary to confirm these results, a few deductions can be

made which will be proposed and explored in more detail in the following paragraphs.
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Chapter 3. Divergent thinking abilities in healthy aging

3.1. Study 1. The controversial role of age on divergent thinking: a systematic

review

3.1.1. Introduction

The positive correlation highlighted between DT and CR (Colombo et al., 2018; Palmiero et al.,
20164a; see paragraph 2.5) and the deduction according to which stimulating divergent thinking could
increase cognitive reserve, has renewed the interest of researchers to study this skill during both
healthy and pathological aging. Despite this, while the literature provides many insights into
divergent thinking skills and related factors in younger adult’s populations, fewer studies have been
focused on the study of DT in the elderly population, with results being often inconsistent. One first
explanation for this controversy may lie in the fact that the study of creativity and DT has a long
tradition, but only recently they have been recognized as two separate concepts. Consequently, the
fact that different literature reviews (Abraham, 2013; Dietrich, 2019a; Dietrich & Kanso, 2010;
Sawyer, 2011; Yoruk & Runco, 2014) have evidenced that the research field has been heavily
fragmented and theoretically incoherent, is not surprising. For example, during the last century,
creative output has been sometimes confused with creative ability (Romaniuk & Romaniuk, 1981).
Early studies, indeed, have been focused on the creative output considering only the production of
eminent individuals in the fields of science, art, music, and drama by analyzing histography and
histometric data. The first attempt to experimentally confirm these results among the general
population has been carried out by Dennis and Bromley only in 1956 administering a test of creative
output, the “Shaw Test”, which consists of four blocks that can be arranged into different series (see
the original article for further details). In the same direction, after the ‘70s, several authors moved

their interests from the product to the processes underlying the creative output.

In this regard, the construct of Divergent Thinking (DT) has become pivotal because, as
anticipated in Chapter 1, it is believed to elicit the cognitive processes leading to creative responses

(Barbot et al., 2019) and because it can be easily measured by psychometric tools.

However, studies results concerning DT abilities in the elderly population have been often
inconsistent and controversial, leading to different and apparently opposite hypotheses. On one hand,
some researchers proposed the peak-decline-hypothesis (Lindauer, 1998), assuming that the best DT
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performance is reached before the ‘40s and then start to decline. On the other hand, the no-decline-
hypothesis (Sasser-Coen, 1993) assumes that DT changes during the life-span might be a result of
the changes that occur in the underlying cognitive processes (e.g. fluid intelligence, speed of
elaboration, and so on). According to this model, older participants might think as divergently as

younger subjects if specific intervening variables are considered (see also Palmiero et al., 2017).

A possible explanation for these controversies could be related to the way DT has been
studied: sometimes it has been used as a synonym of (Piffer, 2012), or used as a proxy for the generic
construct of creativity, instead of being considered a measure of domain-specific components
(Barbot, 2018). Another widely debated aspect concerns DT assessment. Different measures
involving open-ended problems and DT processes exist and the most commonly used instruments
include tasks in which people have to produce multiple ideas in response to verbal or figural prompts
(Kim, 2006). However, early studies, for example, tend to consider a composite score of DT, without
considering the differential impact of the type of employed material (i.e. verbal or visuo-spatial) and
of the different cognitive processes underlying verbal (VDT) versus figural (FDT) DT. Finally,
another open debate concerns the scoring methods, their validity and comparability. Torrance scores
of fluency, flexibility, and originality (Torrance, 1998) are widely used, as well as Wallach and
Kogan’s uniqueness scoring (1965), Amabile’s Consensual Assessment Technique-CAT (1982) and
Silvia and colleagues’ subjective scoring method (2008). These approaches have been operationalized

in different ways leading to potential confounding results (Barbot et al., 2019).

In our opinion, it is very important to consider all the aforementioned aspects related to DT construct
in a life-span perspective to elucidate whether and how DT skills are influenced by age, what specific
DT ability declines, and which are the potential underlying cognitive processes responsible for this
decline. However, no systematic search on this topic has been performed yet: thus, this systematic

review aims to summarize the main empirical findings and to highlights their practical implications.

3.1.2. Method
This systematic review was conducted following the Preferred Reporting Items for Systematic
reviews and Meta-Analyses guidelines (PRISMA; Liberati et al., 2009).

Search strategy

The online search strategy was designed and executed independently by three of the authors (GF, SL,
MC). The systematic literature search was performed through three different electronic databases
(Pubmed, Psychinfo and Scoupus) and ended on March 06, 2019. The search was conducted with the
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9 13

following keywords: “creativity AND older”, “creativity AND aging”, “creativity AND ageing”,

2 e

“creativity AND aging process”, “creativity AND age changes”, “divergent thinking AND older”,
“divergent thinking AND aging”, “divergent thinking AND ageing”, “divergent thinking AND aging
process” and “divergent thinking AND age changes”. To identify possible additional relevant articles,

cross-references of the selected studies were also considered.

Inclusion and exclusion criteria

We selected only full-text journals article published in English. The following years range has been
inserted in the database: 1970-2018. 1970 was set as cut-off because, as stated in the 3.1.2.
Introduction section, it has been the first time that empirical studies on creativity began to be
conducted on the general population instead of elitists (Ruth & Birren, 1985) and to be focalized on
the creative process instead of products. Additionally, it is worth noting that in Scopus database we
selected the following subject areas: “Medicine, Health Professions, Arts and Humanities,
Psychology, Neuroscience, Social Sciences” and “Undefined or Multidisciplinary” when present,
while in Psychinfo we selected the next major headings: “creativity”, “age differences”, “aging” and

“divergent thinking”.

We considered only articles concerning our target population, that is healthy older adults (i.e., > 50
years old) and that have employed a specific DT psychometric task through a behavioral procedure.
Accordingly, articles on clinical populations or on young adults, as well as reviews or commentaries,
were excluded by the scanning of titles and abstracts. We excluded from this exploration also articles
with a focus on neuroimaging or on protocol to enhance DT abilities (i.e., training and/or
experimental procedures) and those with a more general focus on artistic creativity such as arts,
literature, poetry, and so on. In particular, this review was focused on papers that have assessed DT

abilities in older adults by comparing different age groups.

Study selection and data collection

The three authors independently screened the titles and abstracts of the database outputs to initially
identify which studies were suitable for the research. Thus, they screened the full-texts of the selected
articles in order to check for inclusion criteria. The 16 articles selected for the present review were
found and agreed by all the three authors; any concern about studies inclusion has been discussed
between them. Therefore, data collections included: evidence about the sample such as size,
demographic data (age, gender and educational level) and information about the subdivisions of the
sample (how many groups were considered) and if the authors followed explicit references for the
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age levels subdivision. Subsequently, two other tables were built by dividing the articles that
considered VDT from the ones that assessed FDT (see next sections for more details). In these tables,
the following information were included: authors (year), DT tasks employed and their features such
as time constraints, scoring methods and number of raters involved; finally, statistical analysis and

main findings have been reported for each of the selected articles.

3.1.3. Results

Number of selected studies

The search has identified a total of 3,726 (sum of the results returned by all databases) potentially
relevant articles. After titles and abstracts (N= 3,699) and full-texts (N= 11) screening, a total of 16
studies were included in this review. Specifically, the screening of titles and abstracts concerned the
removal of results that are not matched with inclusion criteria (see inclusion/exclusion criteria
section). The selection process flow is presented in the original version of the paper (Fusi et al.,
2020b).

Study design and sample characteristics

Some of the main characteristics of the selected studies are presented in Table 1 Almost all the studies
employed a cross-sectional study design. Only one article (McCrae et al., 1987) presented results
from a cross-sectional, a cross-sequential and a longitudinal design. Sample sizes varied from 36 to
825 subjects. The authors of three studies have decided to analyze only adults or late adulthood (Parisi
etal., 2009; Ripple & Jaquish, 1981; Sharma & Babu, 2017); six studies chose to compare one young
group to an older one (Addis et al., 2014; Alpaugh et al., 1982; Foos & Boone, 2008; Leon et al.,
2014; Palmiero et al., 2014; Roskos-Ewoldsen et al., 2008) and, in the last six studies, authors divided
their sample into three or more age groups (Alpaugh & Birren, 1977; Jaquish & Ripple, 1981; McCrae
et al., 1987; Palmiero, 2015; Palmiero et al., 2017; Reese et al. , 2001; Ruth & Birren, 1985). It is
worth noting that some studies reported insufficiently or did not report essential information about
socio-demographics data such as gender (Jaquish & Ripple, 1981; Leon et al., 2014) or educational
level (Foos & Boone, 2008; Jaquish & Ripple, 1981; McCrae et al., 1987; Roskos-Ewoldsen et al.,
2008; Ruth & Birren, 1985). Some of them were focused on a specific group such as men (McCrae
etal., 1987), women (Alpaugh et al., 1982) or had disproportionate samples (Roskos-Ewoldsen et al.,
2008; Parisi et al., 2009). Some works were focused only on sample with high educational score level
(Parisi et al., 2009; Leon et al., 2014) and, finally, one study was focused on a specific population of
teachers (Alpaugh & Birren, 1977).
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et al., 2008

(M=73.05; N=41): older adults.

Older: 73% W

Study Authors, Research Design Sample size Gender Level of education N of
ID Year Groups
1 Alpaugh & Birren, Cross-sectional N=111. 20-29 (N=16); 30-39 (N=18); 40-49 (N=19); 50- 42 Me At least 4 years of college 6
1977 59 (N=20); 60-69 (N=16); 70-83 (N=22). 69 W
2 Jaquish & Ripple, Cross-sectional N=218. 18-25(N=70): young adults; 26-39 (N=58): adults; No gender Not clearly specified (e.g. 4
1981 40-60(N=51): middle-age; 61-84 (N=39): older adults. information. some years of college)
3 Ripple & Jaquish, Cross-sectional N=39; 61-84 (M =T71). 14 Me Primarily college educated 1
1981 25W
4 Alpaugh et al.,, Cross-sectional N=61. 20-38 (M= 28.87, SD=6.39; N=30): younger group; W Younger group: 15.7 2
1982 60-83 (M=67.58, SD=5.37; N=31): older group. (2.48); Older group: 16.03
(2.75)
5 Ruth & Birren, Cross-sectional N= 150. 25-35 (N=46): young; 45-55 (N=54): middle- 86 Me Not specified 3
1985 aged; 65-75 (N=50): old. 64 W
6 McCrae et al., 1987 Cross-sectional, N= 825 (17-101); Longitudinal: 33-38 (N=33); 39-44 Me Most have at least a college 7
sequential, (N=38); 45-50 (N=57); 51-56 (N=51); 57-62 (N=38); 63- degree
Longitudinal 68 (N=20); 69-74 (N=26).
Reese et al., 2001 Cross-sectional N=400.17-22 (M= 20.2; N=100): young (Y); 40-50 (M= Y:50%W; Coded in years: 4
44.4; N=92): middle-aged (MA); 60-70 (M= 66; N=113): MA:53.3%W; high school diploma;
young-old (YO); >75 (M= 80.5; N=95): old-old (OO). YO:55.8%W; OO: undergraduate degree;
52.6% W. postgrad. education
8 Foos & Boone, Cross-sectional N=120: 60 (M=20.53, SD=2.51): young; 60 (M=72.10, Young: 20 Me, 40 Not specified 2
2008 SD=7.71): old. W; Old: 25 Me, 35
w
Roskos-Ewoldsen  Cross-sectional N=82: 18-22 (M=19,37; N=41): younger adults; 61-86 Younger: 49W; Not specified 2
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Study Authors, Research Design Sample size Gender Level of education N of
ID Year Groups
10 Parisi et al., 2009 Cross-sectional N=189 (Age range: 55-93; M=72.9 years, SD=8.2 years). = 34% Me 12-20 (M=16.1, SD=2.7) 1
66% W
11 Palmiero et al.,, Cross-sectional N=70; 19-25 (M= 22; SD=2,17; N=35): younger; 57-82 Younger. 14 Me, At least5 years 2
2014 (M= 65; SD=7,62; N=35): older. 21 W; Older: 15
Me, 20 W
12 Leonetal., 2014 Cross-sectional N=60: 18-30 (M=20.21; N=30); Young Adults (YAs). 65- Not specified YAs: M= 14.27 2
80 (M= 72.93; N=30); Older Adults (OAs). OAs: M=17.23
13 Addis et al., 2014 Cross-sectional N= 36: 18 Young (M= 21.89, SD=3.61); 18 Older (M= Young:9Me, 9 W; M=14.56, SD=2.09; 2
74.89, SD= 5.56) Old: 7 Me, 11 W M=16.39, SD=2.62
14 Palmiero, 2015 Cross-sectional 20-29 (M=23, SD=5.02): young; 14Me/11W At least 5 years 6
30-39 (M=36, SD= 2.83): adul; 8Me/17W
40-49 (M=47, SD=2.9;): middle-aged; 8Me/17TW
50-59 (M=53, SD= 2.18): adult-old; 12Me/13W
60-69 (M=64, SD=3.02): old; 8Me/17W
70-80 (M=75, SD= 3.7): old-old. (25 each group) 11Me/14W
15 Palmiero et al., Cross-sectional N=159; 20-35 (M=26.7, SD=3.7; N=37) young adult; 36- 83 Me M=8.79+4.13 5
2017 55 (M=48.3, SD=4.9; N=30) middle-aged adult; 76 W

56-74 (M=65.4, SD=5; N=38) young old group; 75-85
(M=80, SD=3.66; N=29) old group; 86-99 (M=89.46,
SD=3.35; N=25); oldest-old.
16 Sharma & Babu, Cross-sectional N=58: 50-54 (M=52.05; N=20); 55-59 (M=57.21; N=19); 43,1% Me Graduate: 48,  27%; 3
2017 60-64 (M=62.05; N=19) 56,9% W Postgraduate: 51,72%

Table 1: Empirical studies on the effect of aging on DT abilities: summary of study design, sample size, groups subdivisions, gender and educational level
information. N= number of participants; W=woman; Me=men. M= Mean; SD= Standard Deviation (Fusi et al., 2020b).
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Instruments and scoring methods

All the studies were selected for their focus on DT, but authors have employed different instruments
to evaluate it. Eleven of them have evaluated VDT and three assessed figural FDT. The first ones are
summarized in Table 2 and the latter in Table 3; however, some other studies have evaluated both.
Where possible, results have been reported in the corresponding tables, however when mixed results
(e.g., only a general score) were reported they have been included in a distinct table (see Table 4).

As concern VDT, two studies (Jaquish & Ripple, 1981; Ripple & Jaquish, 1981) employed the
“Sounds and Images” task (Cunnington & Torrance, 1965) in which subjects responded in writing to
the presentation of four groups of auditory stimuli (i.e., abstract or familiar) and their productions
were evaluated using the classic DT indexes (i.e., fluency, flexibility and originality). Two other
studies (McCrae et al., 1987; Foos & Boone, 2008) employed the same battery composed by six DT
tasks, that are: Associational Fluency, which asks for synonyms; Expressional Fluency, which asks
subjects to write sentences with words beginning with specific letters; Ideational Fluency, which asks
to the subject to name objects in specific classes; Word Fluency, which asks subjects to write words
containing a designated letter, and Consequences, which asks subjects to imagine the possible
consequences of unusual situations. However, noteworthy, they employed different conditions (i.e.,
with time-constraint or comparing the time-constraint and no time-constraint conditions). Other two
studies (Palmiero et al., 2014; Palmiero et al., 2017) employed the Torrance Test for Creative
Thinking, TTCT-Form A (ltalian version, Sprini & Tomasello, 1989), that assesses both VDT and
FDT. The verbal part is composed by seven subtasks that provide opportunities to ask unusual
questions, to improve a product, to guess causes and consequences, to find different uses of common
objects and to think about consequences of a "just suppose" problem. However, Palmiero et al. (2017)
decided to extract and administer only one verbal task from the whole verbal battery. Other studies
employed another well-known verbal test called the “Alternate Uses Task” (AUT; Guilford, 1967,
Guilford et al., 1978) which requires to describe as many different uses of common objects as
possible, in a given time: participants were stressed to come up with new, unusual and original ideas.
This task was employed alone (Addis et al., 2014; Palmiero, 2015) or supplemented by other tests
such as Word Association Test, in which participants see and/or listen a series of word and for each
of them they were asked to anwer with the first word that comes to their mind (Reese et al., 2001),
Associational Fluency (see above for a description, Leon et al., 2014) or Consequences and Plot Titles
(Alpaugh et al., 1982; see Guilford, 1967 for a detailed description). It should be noticed that some
studies used tasks with a time-constraint (Jaquish & Ripple, 1981; Reese et al., 2001; Ripple &
Jaquish, 1981; Palmiero et al., 2014; Addis et al., 2014; Palmiero, 2015) but some others did not
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(Alpaugh et al., 1982; Leon et al., 2014). Finally, almost all the articles reported a multi-rater scorer
approach, except for Foos and Boone (2008), Palmiero (2015) and Palmiero et al., (2014) studies,

which did not specify if more raters were involved in the scoring procedure.
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Authors, SM: SM:
Year DT Tasks Time Indexes Raters Analysis Findings
Jaquish & Sounds and Images Fluency 2 raters -Multiple t-test pairwise - The first three groups were more fluent than older
Ripple, (reported comparison between age groups  group.
1981 Flexibility inter-rater in the different indexes (Tukey
and test- Critical Range correction). - Young and middle-age adults have higher score in
Originality retest -3 stepwise multiple regression flexibility than elderly group (no with adults).
TC reliability) with fluency, flexibility and - Only middle adults were significantly more original
originality as VD and age, self- than the elderly.
esteem as V1. - Middle-aged adults seemed to perform better on all
No covariates included. measure of DT. DT seemed to not follow a linear age-
decrement model (more pronounced in quantity).
Ripple & Soundsand Images TC Fluency 2 raters -Pearson Correlation computed - Level of education as the best predictor of all
Jaquish, (reported among personal characteristics, indexes of DT. -
1981 Flexibility inter-rater DT indexes and self-esteem. Age differentiated the ability to be fluent, and flexible
Originality and test- -Multiple regressions with DT but did not affect originality.
retest indexes as VD and self-esteem, - In the multiple regression with self-esteem, age and
reliability) age and level of education as VVI.  level of education as VI only educational level
account for variance.
Alpaugh et Use of Objects NTC PT: Originality 2 raters (DT - T-test between young and adult - Younger performs better than older group
al., 1982 (UO); Ideational Fluency tasks); group. (heterogeneity of scores within groups); qualitative
(according to - Stepwise multiple regression differences were also found in creative process: older
Consequence (C); Manual); analysis: intelligence entered adults may rely more on crystallized intelligence,
C & UO: Originality first, followed by age group as VI  whereas younger people draw more on DT abilities.
Plot titles (PT). Fluency Flexibility and DT indexes as VD. - Age differences emerged for all component abilities
measured by creativity tests (in favor of the younger
group, even if there was great variability), intelligence
residualized.
McCrae et Associational TC All DT test were 6 raters - Cross-sectional: simple - DT tasks were negatively related to age (especially
al, 1987 Fluency (AF); originally scored by (inter-rater correlations between age and DT  when controlling for intelligence);
Expressional contract reliability scores and partial correlations - There were curvilinear trends, with a peak at age 24
Fluency (EF); reported). (intelligence); curvilinear for WF, and between 34 and 40 for AF, EF, IF and C;

Ideational Fluency

A Total score was

correlations: to identify specific

age accounted only for 10% of the variance in DT
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Authors, SM: SM:
Year DT Tasks Time Indexes Raters Analysis Findings
(IF); Word built by summing trends in DT,; Scores.
Fluency (WF); standardized scores - Partial correlations of DT tests - Subjects in the youngest age groups showed
Consequences (C), on the different tasks. with age and WAIS vocabulary increases, whereas those in the oldest groups declined
Form A. analysis: word fluency and WAIS over the interval. The only exception was IF, which
Vocabulary as covariates to significantly increased in the older adult group.
analyze the effect of speed of - When WF was partialized from the correlations
production. between DT tests and age, a marked decrease in the
magnitude of the associations was seen, although
significant negative correlations remained for IF and
for C. When both WF and WAIS Vocabulary were
partialized out, however, all the correlations were
significant. There is a general decline in DT in later
adulthood, which can’t be attributed entirely to speed
of production.
Reese et Word Association TC WAT: Associational Independent - Hierarchical multiple regression - The strongest relations of DT variables were with
al., 2001 Test (WAT); fluency (AF, or scorers (N= analysis to verify the relation vocabulary, level of education, inductive reasoning and

AUT (coat hanger

and brick,
reference not
provided).

verbal productive
thinking). Score=the

mean N of

associations x item/

12 item.
AUT:
fluency,
originality.

production
flexibility

not specified)
with reported
inter-scorer
reliability.

between DT indexes
(AF,production fluency,
flexibility,  originality)  and
different intellectual variables
(linear, quadratic and cubic
components of each independent
variable were entered in that
sequence);

- Univariate analysis of variance
to test the main effect of age and
gender on DT and Multivariate
analysis of variance to test the
joint effect of age and gender.

memory span.

- Marked age group differences in DT as reflected by
production fluency and flexibility. Production fluency,
flexibility and originality were curvilinearly related to
age: there would be a peak in the middle-age and then
a marked decline in the later portion of old age;
associational fluency was linearly related to age
(decreases with age).

- No relations between DT and gender.
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Authors, SM: SM:
Year DT Tasks Time Indexes Raters Analysis Findings
Foos & Associational TC vs Not specified A subset - MANOVA was conducted Significant effects of age and timing and the interaction
Boone, Fluency (AF) NTC of  answer with age (young/old) and timing  between age and timing conditions was significant.
2008 Expressional sheets were condition (TC/NTC) as between  Overall performance was higher for young than for old
Fluency (EF) randomly subject VI and scores on the five  adults and in not timed than in timed conditions: old
Ideational Fluency selected and tests of DT as VD. adults would per- form as well as young adults when
(IF) given to a time limits were removed.
Word Fluency second scorer - Five univariate ANOVAs to
(WPF); to assess the examine the effects of age and
Consequence (C). reliability. timing condition on each of the
DT tasks.
Leon et al., AUT (brick, pencil, NTC AUT: 4 raters - MANOVA with age group as -Older participants produced a greater number of
2014 paperclip, Fluency Originality (inter-rater between subject VI and total unique responses in both AU and AF tasks in NTC
toothpick, and a reliability not  fluency and mean uniqueness as  conditions, even when adjusting for lexical-semantic
sheet of paper); AF: reported) VD; abilities on DT.
Total number of - MANCOVA: age group and - The OAs showed significant correlations between AF
responses and total fluency and mean and AU total fluency and WAIS-R vocabulary
Associative Uniqueness uniqueness as VI with lexical performance, and AF total fluency and WM and for
Fluency (AF). semantic tests as covariates to uniqueness scores on both the AF and AU tasks with
compare performance the WM measure, suggesting that older adults relied
(controlling verbal skills, more heavily on WM and lexical access to produce
assuming they are related to responses in DT tasks.
educational level).
- Correlations: with Young and
Older group examined together
or individually.
Palmieroet TTCT - Form A TC Fluency Flexibility Not specified MANOVA: with flexibility, No difference between younger and older participants
al., 2014 Originality fluency and originality scores as in terms of VDT (supporting the no-decline

VD and age group as between
factor VI.

hypothesis).
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Authors, SM: SM:
Year DT Tasks Time Indexes Raters Analysis Findings
Addis et AUT (eyeglasses, TC Fluency, 3 raters Independent samples t-test The analysis revealed that age did not affect
al., 2014 shoes, keys, Flex,Appropriateness, performance on any of the 5 measures.
button, wooden Elaboration
pencil & tire). Originality
Palmiero, AUT (brick and TC Fluency  Flexibility Not specified MANCOVA: AUT fluency, Significant effect of age on all DT indexes. In addition,
2015 newspaper). Originality flexibility, originality, and the covariate of education was also significant. The
Elaboration. elaboration were treated as VD,  analysis revealed that the peak of DT is reached before
“age group” as the between 40 years rather than during middle age and declines
factor VI. Gender and thereafter. No difference was found in any component
educational level as covariates. of DT after the age of 40 and seemed to decline after
70. Older people hold the potential to think divergently,
at least in verbal domain.
Palmiero et Only one verbal TC Fluency Flexibility 2 raters MANCOVA  with  fluency, No differences between young adults and middle-aged
al., 2017 task from TTCT-A Originality flexibility and originality as VD; adults and between the young old, the old and oldest-
(inter-rater age as between factor VI; old group in any component of VDT; the young adult
(From Technical reliability not educational level as covariate. group scored better than the young old, the old and the
Manual) reported) oldest-old group in all VDT, the middle-aged adult

group scored better than the young old, the old and the
oldest-old group in verbal fluency; better than the old
and the oldest-old group in verbal flexibility.

Table 2: Empirical studies that have employed Verbal DT (VDT) tasks: summary of study characteristic, types of DT tasks and scoring methods (SM)
employed, data analysis and findings. TC= time constraint conditions, NTC= no time constraint conditions. VD= dependent variable; VI= independent
variable. TTCT= Torrance Test of Creative Thinking; AUT= Alternative Uses Task (Fusi et al., 2020b).
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On the other hand, four studies evaluated the influence of the aging processes on FDT abilities (see
Table 3.). These studies employed all (Roskos-Ewoldsen et al., 2008; Palmiero et al., 2014; Sharma
& Babu, 2017) or only one specific (Palmiero et al., 2017) task from the TTCT- Figural Form
(Torrance, 1987; Torrance, 1998). The figural part of the TTCT consists of three different tasks which
consist in the construction of one or more drawings beginning with different given stimuli. All these
research used the technical manual in order to evaluate DT indices but, in spite of that, they reported
different indicators (sometimes according to the different test versions; see Table 3 for more details).
Two studies employed multiple (i.e., two) raters (Roskos-Ewoldsen et al., 2008; Palmiero et al., 2017)
but only one of them reported inter-rater reliability (Roskos-Ewoldsen et al., 2008). It is worth noting

that all the TTCT tasks were under a time-constraint condition.
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Authors DT Tasks Time  Indexes Raters Analysis Findings
(Year)
Roskos- TTCT (Form TC Fluency, 2 raters, - Correlations among visual WM, Small to moderate correlations appears between visual
Ewoldsenet  B), Flexibility, TTCT, and all CIT measures. - WM task and some measure of TTCT (abstractness of title
al., 2008 Originality, Inter-rater ~ Multivariate ANOVA of the 5 TTCT and bonus).
CIT (Creative Elaboration, reliability indices with age as between VI. Bonus
Invention abstractness of reported. and composite index were analysed Difference related to age groups appears only after
Task) titles, Bonus and a separately using a single factor (age) considering visual WM abilities. After adjustment, older
composite score. between subject’s analysis of variance.  adults showed higher abstractness of titles scores than
- Same analysis with visual WM test younger adults (may due to their advantages in
performance as a covariate. vocabulary).
Palmieroet  TTCT (Form TC Flexibility; Not MANOVA: Flexibility, Fluency, Younger participants (19-25) showed higher visual
al., 2014 A) Fluency; specified Originality, Elaboration sub-scores fluency scores than older participants (57-82) in the visual
Originality; were treated as VD, whereas age group  form of the TTCT.
Elaboration. was treated as the between factor VI.
Univariates ANOVA.
Palmieroet ~ Only one TC Fluency; 2 raters MANCOVA with fluency, flexibility No differences were found between the young adults and
al., 2017 visual task Flexibility; (inter-rater  and originality from figural task as VD; the middle-aged adults neither between the young old, the
from TTCT-A. Originality (From  reliability =~ age as between factor VI. Educational old and the oldest-old group in any component of FDT. The
Technical not level as covariate. young adult group scored better than the old and oldest-old
Manual) reported) group in terms of visual fluency, flexibility and originality.
The middle-aged adult group scored better than the young
old, the old and the oldest-old group in terms of visual
flexibility and better than the oldest-old group in visual
originality.
Sharma & TTCT (Form TC Fluency, Orig., Not Kruskal-Wallis H - No differences between age groups in FDT.
Babu, 2017  not specified) Title specified - There was a significant difference in speed of
Abstractness, processing.

Elab., Resistance

Table 3: Empirical studies that have employed Figural DT tasks (FDT): summary of study characteristic, types of DT tasks and scoring methods (SM)
employed, data analysis and findings. TC= time constraint conditions, NTC= no time constraint conditions. VD= dependent variable; VI= independent

variable. TTCT= Torrance Test of Creative Thinking; AUT= Alternative Uses Task (Fusi et al., 2020b).
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Finally, Table 4 reports the articles that have not considered a differential role of aging on verbal and
figural DT. Indeed, three studies (Alpaugh & Birren, 1977; Parisi et al., 2009; Ruth & Birren, 1985)
employed a battery made up of several DT tests, but a composite score of these tasks was used for
the analyses. Furthermore, all the three articles shared the fact that DT tasks were not under a time-
controlled condition and authors did not specify whether they used more than one rater to make the
scoring of subject’s performances. Moreover, one of the studies (Parisi et al., 2009) did not report
any elucidation of the scoring methods which were employed. Alpaugh and Birren (1977) seemed to
focus their scoring approach only on ideational fluency and originality, while Ruth and Birren (1985)

also considered flexibility.
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Authors DT Tasks Time Indexes Raters Analysis Findings
(Year)
Alpaugh New Uses (NU); NTC Plot Titles Not - A composite creativity index of - The composite index and most of individual tests
&Birren, Useful Changes scored for: specified  Guilford’s tests (COMP) was showed age differences, which favored the younger
1977 (UC; Match computed (not specified how) and used  groups (only in UC there were no differences).
problems (MP5); Ideational for the analyses; - DT abilities showing age differences were originality
Match problems Il fluency - Stepwise Multiple regression: COMP  and fluency.
(MP3); Plot titles as VD and age was entered in the -There was a lower ideational fluency in the sixth and
(PT); Symbol Originality model as VI, after the variance due to  seventh decades, as compared to all other groups.
production (SP). intellectual variable was removed, - There were no age differences in WAIS subtests.
Barron-Welsh  Art -Correlations (between COMP and - Older performed worse than younger groups in
Scale (BWAS): BWAS) and Partial correlation (age BWAS: age differences in specific creative abilities
preference for held constant); and preference for complexity could be salient
complexity. - Analysis of the same data separately variables in explaining the decline in highly creative
for women and men. contributions in old age.
Ruth & Uses of objects; NTC  Fluency, Not ANOVAs and correlations There are age differences in creativity, especially
Birren, 1985  Just suppose; Flexibility, specified (intelligence scores used as co-variates between the young and middle-aged groups (visible in
Originality. in ANOVA); the composite score of all indexes). The differences between the middle-aged
Patterns; creativity was entered as VD; age, sex and old-aged groups were rather small. There are also
Inkblots. and setting used as VI. A composite sex differences. The men showed higher test scores for
creativity score was created (not the Uses of Objects and for Pattern tests and it seemed
specified how). to rely on their ability to draw on their technical and
practical knowledge (may be tied to the choice of tests).
Substitute Uses, NTC  Not specified Not -Pearsons correlations; - Low negative correlations (-.21) between age and DT
Ornamentation, and specified  -Regression analysis (no covariates) abilities.
Parisi et al., Opposites Test; with DT as VD and age as VI,
2009 Alternate Uses and - Regression analysis (with no - Age significantly predict DT but its influence was
Word Association. covariates) with DT as VD and age, reduced (R?=.04) when controlled for predispositional
predisposition and activity engagement (R?=.02).

engagement as VI.

Table 4: Empirical studies which have considered mixed results of VDT and FDT: summary of study characteristic, types of DT tasks and scoring methods
(SM) employed, data analysis and findings. VD= dependent variable; VI= independent variable. TC= time constraint conditions, NTC= no time constraint

conditions
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3.1.3.4. Analyses and findings

Regarding the analyses of VDT (see Table 2) only some of the studies have considered important
socio-demographic variables as covariates: gender was considered by Reese et al. (2001), educational
level was considered by Ripple and Jaquish (1981), Alpaugh et al. (1982), Palmiero et al. (2017);
both variables were considered only by Palmiero (2015). Interestingly, many articles considered
different covariates, such as intelligence (Alpaugh et al., 1982; McCrae et al., 1987), verbal skills
(Leon et al., 2014), speed of processing (McCrae et al., 1987) working memory (WM) abilities (Leon
et al., 2014) or predisposition and activity engagement (Parisi et al., 2009). All the studies except for
Palmiero et al. (2014) and Addis et al. (2014), who did not find any change in VDT between a younger
and an older group, observed differences in the performances considering the different age brackets:
most of the studies showed a decline in all or only just some DT abilities. Moreover, different article
explained the differences between the performance of young and old groups because of the decline
in specific cognitive functions or abilities such as crystallized intelligence (McCrae et al., 1987),
speed of elaboration (Foos & Boone, 2008) or WM abilities (Roskow-Ewoldsen et al., 2008; Leon et
al., 2014). The only longitudinal study selected in this review (McCrae et al., 1987), gave strong
evidence of adecline in DT abilities in later adulthood: the youngest groups showed general increases
(between the two testing times), while the oldest groups’ performances showed a decline in all DT
indexes over the interval, except for “Ideational Fluency” which seemed to increase at least until the
age of 68 and then decline in the 69-74 age group.

Similarly, for the analysis of FDT (see Table 3), only some of the studies considered
important socio-demographic variables as covariates: Palmiero (2015) considered gender and
educational level while Palmiero et al. (2017) only the last one. Two of the four studies found different
performances between young and old participants: in Palmiero et al. (2014) younger participants (19-
25) showed higher visual fluency scores than older ones (57-82). However, Palmiero et al. (2017)
found a substantial difference among the younger and the older groups but a relative stabilization
from the young-old group (56-74) to the oldest-old group (86-99). Sharma and Babu (2017) did not
report any change in DT abilities in the considered three age brackets. On the other hand, Roskos-
Ewoldsen et al. (2008) found higher abstractness of title score in the older group performing the
figural part of TTCT-B when visual WM memory abilities were considered in the analyses.

Finally, in the articles that considered mixed DT indexes (see Table 4), only gender was
contemplated in the analysis (Alpaugh & Birren, 1977; Ruth & Birren, 1985). Moreover, only two
studies (Alpaugh & Birren, 1977; Ruth & Birren, 1985) considered intellectual abilities as a covariate.
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All the four articles found small to moderate differences in the performances of the young compared
to the old participants, with younger participants performing better in almost all the considered DT

indexes even if different explanations were provided.

3.1.4. Discussion

We selected 16 peer-reviewed scientific articles from 1970 to 2018 with the aim to evaluate the role
of the aging process on DT abilities. However, even if the focus has been directed specifically on DT
skills, the selected studies have drawn again a complex picture, with the findings being sometimes
fragmented and often inconsistent. According to the previously mentioned peak-decline-hypothesis
(Lindauer, 1998), some studies have found a curvilinear relationship between age and DT abilities
highlighting a peak in middle-age (Jaquish & Ripple, 1981; Reese et al., 2001), but no differences
between young (17-22 years) versus older old subjects (75+ years; Reese et al., 2001) or peaks at
different ages depending on the task (see i McCrae et al., 1987 original article for more details). On
the contrary, according to the no-decline hypothesis (Sasser-Coen, 1993), other studies did not find
any difference (Addis et al., 2014; Sharma & Babu, 2017), or none at all if specific
moderator/mediator factors such as time constraint and speed of processing (Foos & Boone, 2008),
WM (Leon et al., 2014) or lexical access (Leon et al., 2014) were considered. Even, Roskos-Ewoldsen
et al. (2008) found higher “abstractness of title” score in the older group when visual WM memory
ability was considered. Interestingly, other authors have found a peak in the middle-aged adults or
before ‘40s and then a stabilization (Ruth & Birren, 1985; Palmiero, 2017): this could be domain-
specific (Palmiero et al., 2015) or due to a differential impact of aging on VDT than on FDT
(Palmiero, 2014), with the former being unimpaired.

Findings appear quite complex also considering the specific indexes (i.e. fluency, flexibility
and originality). One study evidenced a negative correlation between age and all the indexes (Alpaugh
et al., 1982), whereas others found no differences in any of them (Roskos-Ewoldsen et al., 2008;
Addis et al., 2014). Instead, some others have found a different impact of age on the different indexes.
As concerns the fluency index, some studies highlighted a moderate negative correlation with age
(Ripple & Jaquish, 1981), a decline in the elderly group (Jaquish & Ripple, 1981), or a selective
decline in the figural tasks (Palmiero et al., 2014). However, it seems that recent research highlights
a non-linear relationship between these variables. Reese and colleagues in 2001 have proved a
correlation between fluency and a quadratic (i.e., non-linear) age component and, similarly, Palmiero
(2015) has found a non-linear decline in verbal fluency. Moreover, Palmiero et al., 2017,
interestingly, found a peak in young and middle-aged group but a stabilization of this ability during

adulthood and later age (from 56 to 99). The picture seems quite identical for the flexibility index,
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whereas for the originality index, the situation appears slightly different, often highlighting
contradictory results. Ripple and Jaquish (1981) did not find a negative correlation between
originality and age and, according to this result, Reese et al. (2001) evidenced a slightly less marked
decline for originality than for fluency and flexibility. On the contrary, other authors evidenced a
decline (Jaquish & Ripple, 1981; Leon et al., 2014), even if it could be non-linear (Palmiero, 2015;
Palmiero et al., 2017).

Taken together, these findings suggest that a complex and multidimensional, rather than a simple
linear relationship seems to exist between the aging processes and DT performances, in particular if
the different indexes of VDT and FDT are considered separately. However, the results of more recent
studies appear to be encouraging for older people. It seems that a sparing of verbal DT (Palmiero et
al., 2015) or at least a partial maintenance of all the indexes of DT (Palmiero et al., 2017) could be
observed during the last decades of life. Certainly, elderly people performed worse than middle-aged
adults (almost in all indexes), but later their performances seemed to stabilize, highlighting the
potentiality to think as divergently as adults, or even as younger subjects, especially if they have
enough time to perform the task (Foos & Bone, 2008) and if the required workload is not too high
(Leon et al., 2014). Indeed, it can be observed that the relationship between age and DT different
abilities could be influenced by a set of different variables such as educational level, intelligence,
WM abilities, speed of processing and other cognitive abilities that play a significant role during DT
tasks. Particularly, it seems that the discrepancies between young and older adults decrease if WM
abilities or speed of processing are considered in the analyses (Foos & Boone, 2008; Leon et al.,
2014). Although this evidence needs to be further investigated by other experimental studies, it could
be hypothesized that this might occur according to the prediction of the CRUNCH model proposed
by Reuter-Lorenz and Cappell in 2008 (see paragraph 2.3.4). This neurocognitive aging model
predicts overactivations in the elderly subjects at a lower level of task difficulty that allows them to
compensate and maintain performance at an equivalent, or slightly lower, level respect to the younger.
However, when the task demand increases, i.e., giving them time constraints or a heavy WM load in
the case of DT tasks, they can no longer compensate the aging gap and their performance drops. This
could have important implications for future studies which can try to reduce the workload and remove

time constraints to reach older adult’s best performances.

However, what we argue in this review is that the comparison between studies published so far is
sometimes difficult according to the great difference that characterized them. Before going into depth,

a general theoretical discussion needs to be tackled. Most of the studies have addressed the complex
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relationship between aging and DT abilities using Guilford’s studies as a working framework.
However, some others have claimed to generalize the results obtained by DT measures to general
creativity (Alpaugh et al., 1982; Ruth & Birren, 1985; Sharma & Babu, 2017), while some articles
have considered DT as a general cognitive ability (Jaquish & Ripple, 1981; Ripple & Jaquish, 1981;
Parisi et al., 2009) and one article (Roskos-Ewoldsen et al., 2008) has even addressed the same topic
considering it from a completely different theoretical basis, that is the “Geneplore model” (Finke et
al., 1992). This lack of a coherent theoretical framework could have contributed to the confounding
results so far reached.

In addition, the discrepancies of the findings could be due also due to the three classes of differences
(according to the Results section) that seemed to occur between the selected studies.

The first concerns the research design and the sample characteristics. In some studies, only an adult
or late adulthood group has been considered, in some others one young group was compared to an
older one and again, in some others the sample has been divided into three or more age groups. It is
worth noting that only one article (Palmiero et al., 2017) relies on a theoretical basis for the
subdivision of the sample and that some authors have already proposed the idea that differences
would be evidenced only if more than two groups were considered for the analyses (Palmiero et al.,
2017). This could have had a great impact on the results: for example, it could be argued that Sharma
and Babu (2017) didn’t find any differences between their groups because they considered only a
narrow age range (50-64 years) without considering the last life decades. Moreover, the significant
differences in the recruited samples might represent a great limitation for the generalization of the
findings (i.e., focusing only on specific groups like men, women, high level-educational, or
population of teachers).

The second relates to the employed instruments and scoring methods. Firstly, some studies have
improperly considered DT as a “single-domain” factor, thus by computing a composite score
(Alpaugh & Birren, 1977; Ruth & Birren, 1985; Parisi et al., 2009). This could be considered as a
huge weakness given that verbal and figural DT have been proved to rely on different cognitive
abilities (verbal vs visuo-spatial) and on diverse brain activations patterns (Boccia et al., 2015; Chen
et al., 2019; Gonen-Yaacovi et al., 2013), which are differently affected during the aging process
(Hedden & Gabrieli, 2004; Salthouse, 2010). Secondly, significant and potentially confounding
variations have occurred in the administration of the same instrument (e.g., different time restrictions,
the selection of different items or subtasks, and so on) or in the applied scoring method (e.g. lacking
descriptions). Selecting only one stimulus from a whole battery or choosing different items between

studies could be a great deal for the comparison between these studies because of the well-known
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poor alternate-form reliability of DT tasks and the impact of different variables such as prior
experience with the selected stimuli (Barbot, 2019; Forthmann et al., 2016; Reiter-Palmon et al.,
2019). Moreover, it was already also proved that the selected scoring method (Reiter-Palmon et al.,
2019; Vartanian et al., 2018a) and time restrictions (Leon et al., 2014) could affect and influence

study results and, consequently, prejudice the comparability of these studies.

The last class of differences concerns how data analyses was carried out. Some of the selected studies,
as highlighted before, measured DT abilities as a unique entity, using a composite score made up of
different tasks (Alpaugh & Birren, 1977; Ruth & Birren, 1985; Parisi et al., 2009; Sharma & Babu,
2017). On the contrary, all the other selected studies considered the different DT indexes as different
dependent variables in order to distinguish the possible differential effect of the aging process on
these different indicators. Besides this important aspect, many authors have considered for their
analyses different covariates or independent variables which surely have had an impact on the results
and need to be considered in case of studies comparison.

Finally, it is worth to highlight how new and more accurate information about which of the
DT abilities might be preserved or impaired in the elderly population could have significant practical
implications. Indeed, it has already been proved that DT abilities can be considered proxies of CR
(Colombo et al., 2018; Palmiero et al., 2016a). Spared DT abilities, especially verbal DT (Palmiero
et al., 2015), might consequently be considered as a target for cognitive enhancement programs
designed to support active aging and to reduce the risk of dementia (Cera et al., 2018). The ability to
think in a divergent and flexible way could, in fact, be considered as a pivotal life-skill which can
potentially help older people to better cope with the real-life challenges imposed by the normal aging

process and could also have an important role for their general wellbeing (Cera et al., 2018).

3.1.5. Current limitations and future research direction

It is worth noting that this review could have some limitations due to the collection and selection
processes. Even if a systematic search and review process following PRISMA rules were performed,
relevant studies could be missed due to different authors’ choice: 1) no attempts to access unpublished
results were performed; 2) only articles written in English were considered; 3) only studies which
have employed specific DT measures were selected, not considering a possible range of experimental
tasks which could be also useful for the topic (see inclusion and exclusion criteria section). Moreover,

a limitation of the selected literature is the monopoly of cross-sectional research design. Thus, the
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findings discussed until now could be biased by cohort effects and might overestimate age-related
differences (Hedden & Gabrieli, 2004).

In line with both our observations and with the most recent literature, future research must address
some methodological issues before the construction and implementation of empirical studies (Barbot
et al. 2019) to reach more accurate and comparable findings. We acknowledge the importance of
more clear and specific study designs: first, by explicitly employing a theoretical framework and then
by choosing appropriate instruments and discussing the results based on that setting. For example,
the results obtained with DT measures cannot be generalized to creativity in general (Snyder et al.,
2019). It is also possible to suggest a comparison between different age groups (i.e., more than two)
and to follow a theoretical criterion for the subdivision; this could help researcher to detect with
greater accuracy the complex trajectory of DT abilities during adulthood and older age. Furthermore,
researchers could be more reliable if the different facets of DT (i.e., verbal vs figural) were addressed
by measuring different indexes (i.e., fluency, flexibility, originality) instead of a general and less
significant DT general score. Afterwards, a comprehensive description about task instructions,
conditions (such as the use of time constraints) and scoring methods has to be made (see Barbot et
al., 2019). Indeed, it has already been evidenced that instructions could have an impact on the
cognitive strategies employed for the resolution of DT tasks (Nusbaum et al., 2014; Rosen et al.,
2017; Kaya & Acar, 2019). Moreover, according to the evidence that also scoring methods have an
impact on experimental findings (Reiter-Palmon et al., 2019) and even on brain activations (Vartanian
et al., 2018a), an informed choice about scoring method (i.e. suitable for the research aim and for the
chosen instrument) has to be performed. Additionally, being aware of the limitations of some of the
most used DT tasks, such as interdependence with convergent thinking (Cortes et al., 2019) and poor
alternate-form reliability (Reiter-Palmon et al., 2019) have raised the need for the reliance on a range

of DT tasks, rather than on a single measurement, to achieve improved validity and reliability.

3.1.6. Conclusions

In conclusion, it could be argued that a complex and multidimensional, rather than a simple linear
relationship, seems to exist between the aging processes and the different DT indices, especially if
verbal and figural DT are considered separately. Recent research, however, has highlighted how
elderly people might think as divergently as younger people, especially in the verbal domain, and if
no time constraints are imposed or the workload is not too high. These results could have significant
practical implications: verbal DT might be considered as a potential target of cognitive enhancement

programs to promote active aging. Nevertheless, giving that the reported findings are difficult to
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compare, the need for further and more accurate explorations to reach consistent results about the role
of the aging processes on the DT indices was argued.

3.2.  Study 2. The effect of psychological symptoms on divergent thinking in healthy older
adults

3.2.1. Introduction

As highlighted in the previous paragraphs, many authors have tried to study DT abilities in the healthy
elderly population, however the results have been often inconsistent (Fusi et al., 2020b). In addition
to the various theoretical and methodological issues highlighted in the systematic literature review
described above (paragraph 3.1.), another possible explanation of this inconsistency could be that
most of the studies that have evaluated DT abilities in this population did not consider the effect of
possible intervening variables such as psychological ones (i.e., the presence of depression, anxiety or
apathy symptoms). More specifically, even if some studies controlled for the presence of
psychological pathological condition such as depression (i.e., excluding from their studies subjects
over or under a specific cut-off), they did not consider a wide range of psychological symptoms (e.qg.,
avoiding for example the presence of anxiety or apathy) and the possible negative effect of the
variance of these psychological variables on creative performance. Indeed, it has already been proven
both that these psychological symptoms are frequent in the aging population, and that usually have
negative effects on cognition (Baune et al., 2007; Beaudreau & O’Hara, 2009; Biringer et al., 2005;
Darke, 1988). A literature review, for example, has highlighted how the prevalence of major
depression range from 0.9% to 42% in the elderly (Djernes, 2006), conceivably around 17%
according to a meta-analysis (Luppa et al., 2012; see Van der Linde et al., 2012 for a review) and
other authors have evidenced how depression could be linked to anxiety (Lenze et al., 2000;
Schoevers et al., 2005) or apathetic symptomatology (Yuen et al., 2015). Anxiety disorders result
also to be common in later life: the overall prevalence was estimated at 10.2%, with generalized
anxiety disorder as the most common disorder (7.3%) (Beekman et al., 1998) and is the most
commonly found in comorbidity with other psychiatric disease (Flint, 2005; Lenze et al., 2000;
Parmelee et al., 1993; Schoevers et al., 2005). Moreover, apathy has been recognized as frequent
during late adulthood (Brodaty et al., 2010; Esposito et al., 2014) and negatively related to CR: higher
level of apathetic symptoms seem to predict lower level of CR (Altieri et al., 2019). Specifically,
Marin and colleagues (1991) defined apathy as a syndrome that involve a lack of motivation
evidenced by diminished goal-directed behavior (i.e., lack of effort and initiative), diminished goal-

directed cognition (i.e., lack of interest and concern about one’s personal, health, or financial
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problems) and diminished emotional effort (i.e., lack of emotional responsivity to positive or negative
events, absence of excitement). In addition to being quite common, all these symptoms seem also to
have a direct negative effect on cognition: for example, a negative association between depression
and cognitive functions was proved not only in severely ill patients, but also in the healthy aging
population (Baune et al., 2007; Biringer et al., 2005; Dotson et al., 2020; Hudon et al., 2020).
Moreover, a negative relationship has been found between anxiety and specific cognitive functions:
subjects with higher score of anxiety showed poorer processing speed and lower ability in shifting,
inhibition (Beaudreau & O’Hara, 2009) and in WM task (Darke, 1988). Finally, it is worth noting
how these psychological symptoms are believed to be significant risk factors for the development of
subsequent cognitive decline and decreased daily functioning (Clarke et al., 2010; Comijs et al., 2003;
Ishii et al., 2019; Paterniti et al., 2002; Potvin et al., 2011).

Interestingly, even if few studies concerning the relationship between psychological
symptoms and creativity have been published, one study has proved that the level of depressive
symptoms has a moderating effect on the relationship of creativity and successful aging (Flood,
2006). On the other hand, when examining the relationship between anxiety and creativity, results
are less clear: for example, a metanalysis highlighted how these findings seemed to be inconsistent
showing that anxiety has been found to be negatively, positively, or not significantly related to
performance on creative tasks (Byron & Khazanchi, 2011). Even considering these studies as first
steps, not many research projects have addressed this topic specifically considering the effect on DT
abilities, and none of them have considered apathetic symptomatology that, as discussed above, seems
to have an interesting relationship with variables linked to CR.

Therefore, the aims of our study are to explore the impact of the variance in psychological
symptoms (i.e., depression, anxiety and apathy) on DT abilities, and to investigate the possible
moderating effect of educational level (i.e., a proxy of CR) on these relationships. Based on the
evidence reported and discussed, even if scarce, we hypothesized that the variability of psychological

symptoms could have negative effects on DT performances of healthy elderly subjects.

3.2.2. Materials and methods

Participants
The study involved a total of 50 healthy elderly subjects. However, after checking for normality and

removing the outliers, the final sample considered for the analyses was composed by 45 participants
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(Mean age: 74.2 + 5.71; age range 65-85; educational level, mean= 6.51 + 2.58, range: 5-13; 33
participants were women). These subjects are also part of a more inclusive study performed to
compare DT abilities between healthy elderly subjects and patients affected by Mild Cognitive
Impairment (Fusi et al., 2020a). The healthy elderly subjects were enrolled from a pool of community-
dwelling volunteers. All participants underwent an assessment in order to be screened for the
inclusion criteria which include: age > 65-years-old, Mini Mental State Examination > 24 (MMSE;
Folstein & Folstein, 1975; Measso et al, 1993) and no history of vascular, neurological or psychiatric
disease. All tests were administered individually and in a single session which lasted approximately
one hour. The evaluation was performed in a quiet setting, without disturbing elements. An informed
consent was signed by all the participants. The research protocol and procedure were approved by
the institution (i.e. the hospital that begun the original research) ethical committee (see Fusi et al.,
2020a) and was conducted following the Declaration of Helsinki.

Materials

Psychological measures

1. Apathy Evaluation Scale (AES; Marin et al., 1991). AES is a questionnaire designed to
measure apathy, i.e. the level of participation and motivation to interact with the environment.
It consists of 18 questions on a scale of 1 to 4 (1= a lot; 2= somewhat; 3= slightly; 4= not at
all). The total score can be divided into 4 subscales that correspond to 4 dimensions of
apathetic syndrome: cognitive, behavioral, emotional plus an “other” category. The overall
score is between 18 and 72: higher score indicates higher apathy levels; the cut-off score for

the presence of apathy is 39.

1. State-Trait Anxiety Inventory (STAI; Spielberg et al., 1983; Pedrabissi & Santinello, 1989)
IS a questionnaire that assesses state anxiety. This scale is composed of 20 items
corresponding to different sensations (i.e. somatic, emotional, behavioral) related to possible
variations in the levels of anxiety (e.g. feeling upset, shaken, and so on); for each item subjects
provide an answer regarding how they feel when they are filling out the questionnaire on a
scale from 1 to 4 (1= a lot; 2= somewhat; 3= slightly; 4= not at all). Score range is 20-80:

higher score indicates higher levels of state anxiety.

2. Beck Depression Inventory (BDI; Beck, 1961) is a questionnaire designed for the evaluation

of depressive symptoms. It consists of 21 multiple-choice items: participants are asked to
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mark the statement that best corresponds to their current state of mind. The total score ranges
from 0 to 63; higher score indicate higher depression symptoms levels; the cut-off score for

the presence of depression is 16.

Divergent thinking measure
1. Abbreviated Torrance Test for Adults (ATTA,; Goff, 2002) is designed to evaluate DT abilities
and therefore subjects’ creative potential. This test, an abbreviated form of the widely used
Torrance Test of Creative Thinking (TTCT; Torrance, 1998), was initially selected because
of the restrictions of clinical practice, as it is fast and easy to administer, and already used in
the Italian clinical context (Canesi et al., 2012; 2016; Colautti et al., 2018). The instruction
“be creative” is given before the starting of each administration. This test consists of three
different tasks: one verbal and two figural. The first verbal task requires the participants to
list all the problems that could happen following an implausible situation assumed to be true.
The second and third tasks evaluate figural DT abilities by asking to the participants to make
a drawing starting from different incomplete figures or from nine equal stimuli and to give a
title to their productions. Three minutes are given to perform each task. The fluency,
flexibility, originality, elaboration indexes and the creative indicators were calculated
according to the scoring manual. More specifically, fluency is considered as a simple count
of pertinent responses, flexibility as the different ways to consider the same stimulus,
originality as the ability to produce idea that generally are not produced or ideas that are totally
new or unique (i.e. subjects responses are compared with usual responses proposed by the
manual) and elaboration is described as the ability to embellish ideas with details. The manual
proposed by Goff (2002) provides examples for the scoring of all the above-mentioned
indexes. The sum of creative indexes and indicators composes the total score: DTTS

(Divergent Thinking Total Score).

3.2.2. Results

Descriptive statistics regarding general cognition (MMSE), psychological measures (i.e., BDI, STAI
and AES) and the ATTA test (i.e. total score and all the subscales) are reported in Table 5.
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MMSE BDI STAlI  AES ATTA ATTA ATTA ATTA DTTS

Fluency  Originality Flexibility =~ Elaboration
M 27.56 889 3833 3162 827 3.42 1.89 1.27 54.09

SD 173 5.23 10.24 5.22 2.90 1.59 1.58 1.92 5.49

Table 5: Descriptive statistics (M= mean; SD= standard deviation) of cognitive, psychological and DT
measures.

According to our hypothesis, we first performed a series of one-tailed negative correlations among
the ATTA scores and the psychological measures. The r values and significance levels are reported
in Table 6.
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STAI BDI AES
DTTS r 0.053 -0.103 -0.377  **
p-value 0.636 0.249 0.005
ATTA_fluency r 0.127 -0.040 -0.366 **
p-value 0.798 0.397 0.007
ATTA originality r -0.175 -0.260 * -0.123
p-value 0.125 0.042 0.210
ATTA elaboration+ r -0.190 0.025 -0.180
p-value 0.106 0.564 0.119
ATTA_flexibility r 0.246 -0.207 -0.322 *
p-value 0.948 0.086 0.016

Table 6: One-tailed correlations between DT subscales and psychological measures. + a square root
transformation was performed to reach normality strict criterion; *<0.05; **<0.01.

Interestingly, negative correlations could be observed between apathetic symptoms and DT total
score and, particularly, with the fluency and flexibility indexes. On the contrary, depressive
symptoms are negatively correlated with the originality index. No other significant correlation

emerged.

Then, we run a linear hierarchical regression with DTTS as dependent variable. In the first step, age
and educational level were added to control their effect. Then, in the second step AES total score was
entered as single predictor. The analysis revealed that the first model was statistically significant (F
(2,42) = 5.832, p < .005), and explained 18% of variance (R? = .217; R? Adjusted = .180). At stage
two, the total variance explained was 26.6% (F (3,41) = 6.321, p < .001- R? = .316; R? Adjusted =
.266). The introduction of the AES total score explained additional 8.6% variance (R? change = .099;
F(1,41) =5.931, p <.05). In the general model, age (B = -.340, p <.05) and AES (B =-.334, p <.05)
were both significant.

Finally, we run a moderation analysis with bootstrapping to verify the possible moderating effect of
CR proxy (i.e., educational level) on the relationship between apathy and divergent thinking. As it
was evidenced in the previous analysis a direct negative effect of apathy on DTTS can be observed,
while no complete moderation effect was highlighted (see Table 7a). However, it is worth noting that

specific effects can be observed if the different educational level is considered (see Table 7b).
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95% Confidence Interval

Estimate SE Lower Upper z p

Moderation Estimates (a)

AES -0.378 0.135 -0.642 -0.125 -2.806 0.005*
Educational Level + 2.927 1.626 -0.449 5.909 1.801 0.072
AES =k Educational level + 0.140 0.312 -0.497 0.708 0.449 0.654
Simple Slope Estimates (b)

Average -0.378 0.132 -0.624 -0.105 -2.856 0.004*
Low (-1SD) -0.442 0.195 -0.824 -0.077 -2.262 0.024*
High (+1SD) -0.315 0.181 -0.659 0.052 -1.737 0.082

Table 7: Moderation analysis with bootstrapping: a) shows the general moderation estimates; b) shows
the simple slope estimates. + a square root transformation was performed to reach normality strict
criterion; *<0.05.

A partial moderation of educational level on the relationship between apathy and divergent thinking
can be indeed observe in the average and lower scores (-1 standard deviation, SD) of the educational

level variable (see figure in the online paper version, Fusi et al., 2021a).

3.2.3. Discussion

The main purpose of this study was to assess the possible negative impact of the variance of
psychological symptoms on DT performances in a group of healthy elderly participants. As cited
before, previous works have already proven how some psychological symptoms such as depression,
anxiety and apathy are frequent in the elderly population (see Van der Linde et al., 2012 for a review)
and how these symptoms can have negative effects on cognitive performance (see Baune et al., 2007;
Beaudreau & O’Hara, 2009; Biringer et al., 2005; Darke, 1988), including creative skills (Byron &
Khazanchi, 2011; Flood, 2006). However, this last evidence is still scarce and the relationship
between psychological measures and DT skills has yet to be expanded. This gap can also be observed
in the literature concerning the study of DT abilities in the elderly population that have often reported
inconsistent results (see Fusi et al., 2020a for a review); it is reasonable to hypothesize that this
inconsistency could also be due to the fact that almost all these studies have neglected the evaluation

of psychological measures that could have a negative impact on the different DT indexes.

Our data support the hypothesis that psychological symptoms could negatively affect DT
performance. The correlational analyses have highlighted negative correlations between apathy and
different DT subscores. More specifically, it seemed that higher apathetic symptomatology that

includes less finalized behaviour, decreased interests and reduction in emotional responses measured
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through a self-report questionnaire (i.e., AES) seemed to have a negative impact on the total score in
the DT task and on the subjects’ ability to be fluent and flexible in their responses. Moreover, AES
score negatively predicts DT general performance, even when age and educational level were
controlled for in the analysis. This result is not surprising given the fact that apathy has already been
linked to an executive deterioration (Kawagoe et al., 2017). It has also already been suggested that
apathy and executive functions may share some biological mechanisms both in the healthy aging
population (Kawagoe et al., 2017) and in individuals affected by different neurological disease
(Ducharme et al., 2018; Esposito et al., 2010; Lohner et al., 2017; Raimo et al., 2016). This, together
with the fact that fluency and flexibility indexes seem to be the most related to the executive
functioning and that, in general, performances in DT tasks have been linked to different executive
skills such as WM skills, inhibition and shifting ability (Benedek et al., 2012; Benedek et al., 2014c;
Gilhooly et al., 2007; Lee & Therriault, 2013; Zabelina et al., 2019), seems to support the correlations
found in our analyses. Future studies might explore and deepen the relationship between apathy,
different executive functions (e.g., WM, shifting, inhibition, and so on) and DT performances in the

elderly population.

Moreover, an interesting negative correlation was also found between depression and the originality
subscore. Subjects with higher self-reported depressive symptoms, showed lower level of originality
in their responses to DT tasks stimuli. Even if some studies have reported an interesting link between
depression and general “creativity” (see e.g., Akinola & Mendes, 2008 and Holm-Hadulla & Hofman,
2010), this usually relates to artistic creativity. In contrast, recent studies have confirmed the negative
relationship between depression and originality index, which seemed to be more related to the quality
of idea generation involved in DT-like tasks rather than the production of some product with artistic
values (Forgeard et al., 2020). According to these authors it is therefore possible that depressive
symptoms may interfere with the ability to generate unique and unusual ideas; however, the
underlying mechanisms and the findings themselves need further investigation and to be confirmed

in the healthy elderly population.

No other correlations were found. By the way, it is worth noting that these first results suggest that
different psychological symptoms (apathy vs depression) might have negative effects on different DT
indexes, maybe reflecting different alterations at both a behavioral and neural level, that have yet to

be explored.

Finally, a partial moderating effect of educational level, which can be considered a CR proxy,

on the relationship between apathy symptoms and DT performances has been evidenced. More
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specifically, it seems that subjects with average CR or lower CR scores (-1SD) suffer more from the
impact of apathetic symptomatology, making the DT scores to decline more on the divergent thinking
task, while subjects with higher CR seem to be better protected from the effects of psychological
symptoms. This result is interesting for two reasons: the first is that even the relationship between
psychological symptomatology and DT skills can be influenced by other intervening variables and
the second is certainly the significant moderating effect of the level of education that, being a CR
proxy, leads to hypothesize a moderating effect of CR on this relationship. Seniors with higher
education, and thus hypothetically higher CR, might be more protected from the negative effects of
psychological symptomatology on cognitive functions and therefore also on DT abilities. Future
studies may further investigate this interaction.

The limitations of the present study concern the small sample size and the fact that the sample
has been considered only as a whole group of elderly individuals without performing a subdivision
into different age groups. However, even if more experimental studies are needed to confirm our
results, this exploration highlights how different psychological symptoms such as apathy and
depression might be negatively correlated to different DT indexes in older subjects and, in particular
for the relationship between apathy and DT, how educational level might have a moderating effect.
Future studies aiming at measuring DT's abilities in both healthy and pathological elderly subjects,
will have to consider on one hand the possible presence and impact of psychological symptoms on
DT performances, where apathy seems to play a pivotal role and on the other hand the possible
moderating role of CR measured by specific scale, not only with educational level. Moreover,
considering the relationship found between DT and CR (Colombo et al., 2018; Mendes et al., 2020;
Palmiero et al., 2016), it could be hypothesized that, decreased DT abilities might, in turn, lead to
lower level of CR. Noteworthy, a negative relationship between apathy and CR has already been
proved (Altieri et al., 2019). This consideration might have some practical implications: the
relationship between apathy, DT and CR could indeed be fundamental for the design of prevention
and stimulation programs, which might focus on lowering apathy and enhancing DT skills, which
seem to be spared both in healthy elderly subjects (Fusi et al., 2020a) and in the early stages of
pathological states (especially verbal ability - Fusi et al., 2020Db).

3.2.4. Conclusions

This study highlights how different psychological symptoms can be correlated to a decline on several

DT indexes in a group of healthy elderly Italians. Specifically, apathetic symptoms seem to be
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negatively correlated to the ability to be fluent and flexible in a DT task, while scores of depressive
symptoms negatively correlate to the capability to produce original ideas. Moreover, a possible
specific moderation effect of the educational level, and therefore hypothetically of CR, has been
discussed. Consequently, future studies aiming at assessing DT abilities both in healthy and
pathological elderly samples should consider the presence of psychological symptoms, their possible
negative effects on different DT indexes and the possible moderating effect of CR. Finally,
intervention programs should consider focusing also on apathetic symptomatology to increase DT

abilities and, consequently CR.
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Chapter 4. Divergent thinking in pathological aging

4.1. A literature overview

As stated in the previous chapters, during the last decades researchers’ attention has been attracted
by the study of creativity and DT abilities also in patients affected by different neurological diseases,
especially by dementia, for their potential role in early diagnosis and rehabilitation programs (see
Palmiero et al., 2012 for a review). Early studies of patients’ creative abilities were mainly focused
on the qualitative examination of artistic productions or on the evaluation of the changes in the artistic
style of artists who suffered from these diseases (Abraham, 2019). However, with the improvements
in the behavioral assessment methods (i.e. quantitative methods) and in the neuroimaging techniques,
the study of specific creative abilities such as DT has known a great development also in these
patients. In the following paragraphs, studies that have specifically analyzed DT skills in patients
suffering from neurodegenerative diseases, and specifically from different types of dementia, will be
explored as they represent the theoretical basis from which we started for the design of the third
experimental study described in paragraph 4.2.

4.1.1. Neurodegenerative diseases and divergent thinking abilities: what do we know so far?

Several articles and literature reviews (de Souza et al., 2014; Palmiero et al., 2012) have highlighted
how artistic creativity (i.e. arts productions) can be expressed in some exceptional cases of patients
affected, for example, by specific forms of frontotemporal dementia (FTD) such as FTD temporal
variant (see Miller & Miller, 2013 for a summary) or primary progressive aphasia (PPA, Mell et al.,
2003; Seeley et al., 2008; Wu et al., 2015). This phenomenon was sometimes interpreted through the
concept of “Paradoxical Functional Facilitation” (PFF), firstly proposed by Kapur in 1996. PFF was
hypothesized to explain the observation of “superior” performances manifested by patients with some
brain damage. As concern creative productions, some authors (see Acosta, 2014 for a review)
proposed the idea that a lesion to the left, dominant hemisphere, which was designed for the human
ability to perceive the world through pattern recognition mechanisms (Snyder, 2009; see also
paragraph 1.1.), and which forces us to perceive the world in some fixed and predictable ways
(Goldberg, 2018), could lead to the relapses of the inhibition of the left, over the right hemisphere,
allowing patients to consider new ways to see things and their associations. On the contrary, it has
been evidenced that creative and divergent thinking abilities tend to decrease in patients affected by
different types of dementia such as FTD (Fusi et al., 2021b), Alzheimer disease (AD; Cummings &
Zarit, 1987; Crutch et al., 2001; Maurer & Prvulovic, 2004; Serrano et al., 2005; Van Buren et al.,
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2013) and Lewy’s body dementia (Drago et al., 2006; Sahlas, 2003) or, in some rare cases to be, at
best, preserved (Fornazzari, 2005).

However, going beyond an initial impetus to find a sort of a “silver lining” in dementias (Goldberg,
2018), it was recently observed that the “de novo” productions in this type of patients are surely rare
and almost none of these productions could be considered prodigious (Abraham, 2019).
Consequently, researchers have begun to consider the artistic expression exhibited by these patients,
such as the necessity of some form of communication, (Zaidel, 2014), as a general “drive” to produce
(Canesi et al., 2012), or as a “pseudo-creative production” triggered by cognitive or behavioral
characteristics like perseveration or disinhibition specifically related to the disease (de Souza et al.,
2014; de Souza et al., 2010). These suggestions have been supported by the few studies that have
specifically measured DT abilities through standardized tests in patients affected by different types

of dementia (see Table 8 for the main characteristics of the selected studies).
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Authors, Type of Participants DT Measures DT DT indexes and scoring Results
Year Dementia Material procedure
Bigler et DAT 15 DAT (9 women; 6 men; Meanage Design Fluency Figural Number of novel design DF is impaired in DAT patients. The greatest
al., 1988 =77.42); 10 HC (Mean age=75.9) (DF) test and number of deficits were associate with right frontal
perseverative errors were lesions. Some perseverative errors were
counted. observed.
Bigler, DAT 17 DAT (12 women; 5 men; Mean Design Fluency test Figural The total design fluency The three dementia groups displayed
1995 (vs MID, age=71.06%09,.2); score was determined as significant deficits in the ability to generate
DAA) 15 MID (9 women; 6 men; Mean age the total number of novel designs. The DAT group had greater
=71.33 £6.03); drawings minus difficulty and tend to perseverate. Dementia,
6 DAA (not of interest for this perseverative errors and regardless of its origin, appears to reduce the
dissertation); non-novel design. individual’s ability to generate novel designs.
16 MC (12 women; 4 men; Mean age
=70.44 +7.64).
Hart & Early AD 19 early AD; 4 FTD; Two fluency tasks: Verbal Not specified. Dementia patients were impaired in all
Wade, FTD AD and FTD treated as a unique adapted AUT and Only a total score of the fluency tasks but complex fluency tasks such
2006 “dementia group” (Mean age = 70.5 Possible Jobs (see two tasks were provided.  as DT tasks (AUT and Possible Jobs) were
+8.4); the original article more sensitive to early cognitive decline. The
HC (12, Mean age = 70.4, £ 5.9). for more details). analyses were also run without FTD patients
and the results were the same.
Rankin et AD, 16 AD (Mean age = 71.00, £ 11.24); TTCT (picture  Figural Fluency; Originality; SD patients performed very poorly on
al., 2007 FTD, SD 18 FTLD (9 FTD, Mean age =57.00, completion task Elaboration; Resistance to  standardized testing of non-verbal DT task.
+ 5.96; 9 SD Mean age = 63.67, + only) premature closure. (+ FTD failed to resist to premature closure,
6.87); HC (Mean age= 66.73, * checklist of creative instead AD  performance is  not
9.37). strengths). distinguishable from HC.
de Souzaet fvFTD 17 fvFTLD (Mean age = 71.1, + TTCT Verbaland Total scores (and three The fvFTLD performed worse in all the DT
al., 2010 9.13), 17 HC (Mean age = 67.6, Figural sub-scores) for verbal vs tasks with respect to HC. Some perseverative

6.71) and 12 non-demented PD.

figural DT.

errors and some responses characterized by
disinhibition were observed.
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Ruggieroet FTD 11 FTD (Mean age = 70, = 4.83; DTT (Ruggiero et Verbal + Fluidity, flexibility, The FTD  patients showed  worst
al., 2019 (fvFTD, 8fvFTD, 3SD) al., 2018; Williams, Figural originality,  processing. performances in all DT subscores (except for
SD) 15 HC (Mean age = 61.87, = 8.55); 1994). For the verbal task also the processing subscore).
17 PD. “allocation of title” was
considered.

Table 8: Description of the articles that have measured DT abilities in patients affected by different types of dementia using standardized tests. DAT=
Dementia of Alzheimer Type; MID=multi-infarct dementia; DAA=dementia associate with alcoholism; MC=medical control; PD= Parkinson Disease; HC=
Healthy controls; AD= Alzheimer Disease; FTD= fronto-temporal dementia; fvFTD= frontal variant of fronto-temporal dementia, SD= semantic dementia.
DTT= Divergent Thinking Test; AUT= Alternative Uses Tasks; TTCT: Torrance Test of Creative Thinking.
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Almost all of the studies highlighted a decline in DT abilities. The first two studies performed by
Bigler and colleagues (Bigler, 1995; Bigler et al., 1988), considered only figural DT ability by means
of a test called “design fluency” with the aim to find a non-verbal analog to word fluency test for
patients’ early evaluation. They administered the design fluency task to patients affected by different
types of dementia (Dementia of Alzheimer Type, DAT; multi-infarct dementia, MID; Dementia
associated with Alcoholism, DAA) comparing their performances with an MC group (Medical
Control, see the original article for further details): the authors found an impaired performance in this
task for all types of dementia patients, also highlighting some perseverative errors. However, it is
worth noting that they considered only a total score that represents the ability only to generate multiple
designs (i.e., fluency) without considering the different characteristics believed to be fundamental for
DT performances such as flexibility, originality or the elaboration of responses. Oddly, the study
performed by Rankin et al., (2007) is the only one that did not find any difference between AD
patients and healthy controls in a standardized figural DT task such as the Picture Completion from
TTCT (Torrance, 1998). Nevertheless, this study highlighted poorer performances in all DT indexes
(i.e., fluency, originality, elaboration and resistance to premature closure) in patients affected by
Semantic Dementia (SD) and only in the resistance to premature closure index in FTD patients. On
the other hand, Hart and Wade (2006) conducted a study that evaluated verbal DT in patients affected
by early AD and FTD considering them as a unique “dementia group”. They found poor performances
in the two complex verbal fluency tasks in dementia patients, suggesting that these tests could be
more sensitive than the usual neuropsychological tests used for early diagnosis because they required
a series of intact cognitive abilities (i.e., semantic memory store, speed of elaboration, conceptual
flexibility, association, inhibition and set-shifting abilities). Finally, the last two studies (De Souza et
al., 2010; Ruggiero et al., 2019) evaluated both verbal and figural DT and seem to agree on the fact
that patients affected by the frontal variant of FTD are impaired in almost all DT abilities: not only
with both materials (verbal and figural) but also in all the classic DT indexes (i.e., fluency, flexibility,
originality).

However, it is worth noting that, even if it was recognized how DT abilities tend to decline early
during these neurodegenerative diseases, none of these studies have investigated them in prodromal
phases such as Mild Cognitive Impairment (MCI). This will be the subject of the next experimental
study (Study 3) which will be presented in the next section (paragraph 4.2.) however, before that, the
evolution of the concept of MCI, incidence data, conversion rates and its clinical features need be

examined in the following paragraphs.
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4.1.2. Neurodegenerative diseases: a focus on Mild Cognitive Impairment

4.1.2.1. Classification and evolution of nomological terminology
The rise of the average age and the spread of neurodegenerative diseases, particularly of dementia,
has led researchers to a careful study of these conditions. Over time, the interest has shifted from
knowing the mechanisms of the diseases to the study of its progression and developmental
trajectories. Several studies have shown that signs of these diseases begin to appear many years before
the evidence due to the clinically detectable cognitive decay (Jack et al., 2018; Sperling et al., 2011).
Therefore, researchers have focused on the study of early or prodromal phases trying to identify early
biological signs, their clinical features and to understand their evolutions. Over the years several terms
have been used to describe this transitional period (see Anderson, 2019 for a review) between normal

and pathological aging (i.e. a clear state of dementia, see Table 9 for a summary).
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Terminology

Authors

Description and/or Criteria

Benign
forgetfulness

senescence

Age-associated

memory impairment

Ageing-related
cognitive decline

Mild cognitive decline

Mild
Impairment (MCI)

Cognitive

Mild
Impairment 2.0

Cognitive

Kral (1962)

Crook et al., (1986)

DSM IV (APA,
1980)
IDC-10 (WHO,
1993)
Mayo Clinic,

Petersen et al.,
(1999)

Mayo Clinic,
Petersen (2004)

Memory complaints

Memory impairment defined by a decrement on formal cognitive
test.

Objective decline in cognitive functioning.

Disorder of memory learning and concentration corroborated by
cognitive tests.

(1) Memory complaint preferably corroborated by an informant; (2)
objective memory impairment for age and education; (3) largely
normal general cognitive functioning; (4) essentially normal
activities of daily living; and (5) not demented.

Existence of different types of MCI (aMCI, na-MCI, md-MCI) due
to different aetiologies.

Mild cognitive
impairment due to AD

NIA-AA (Albert et
al., 2013)

(1) concern regarding a change in cognition, from the patient, an
informant, or a skilled clinician; (2) impairment in one or more
cognitive domain relative to a person’s age and educational
attainment; (3) independence in functional abilities (although they
make take more time or be performed less efficiently); and, (4) not
demented.

DSM-V
2013)

Mild  neurocognitive
disorder (mild NCD)

(APA, (1) Evidence of cognitive decline in one or more cognitive domains,
obtained from reports from the client, an informant, or a clinician, or
from objective testing; (2) preserved functional independence; (3)
the cognitive impairments do not occur exclusively during episodes
of delirium; (4) the cognitive deficits cannot be better explained by

another condition (e.g. depression); and (5) no dementia.

Table 9: Description of the terms’ evolution concerning the transitional stage from normal aging to
dementia (modified by Ritchie & Touchon, 2000).

One of the most influential authors in this field is surely R.C. Petersen (1999, 2004, 2016; Petersen
et al., 2007) who, with his group at the Mayo Clinic, has originally proposed the concept of “Mild
Cognitive Impairment” (MCI; Petersen, 1999). The criteria for the diagnosis of MCI proposed by the
group can be seen in Figure 4. This dissertation will focus on summarizing the main concepts derived
from Petersen’s classifications, as the experimental study in the next paragraph (Study 3) will refer
to this conceptualization. Indeed, also the concept of MCI itself has evolved over time: as research
on MCI has advanced, it has become apparent that several clinical subtypes of MCI exist. As a result,
the Mayo group suggested a new classification of different MCI subtypes (Petersen, 2004)
representing the factorial crossing of single-domain/multiple-domain and amnestic/non-amnestic

(Anderson, 2019). More specifically, with the observation of the serious limitations in the

79



Giulia Fusi

consideration of only a specific memory impairment (amnestic-MCI, a-MCI) dictated by the first
proposed criteria, they observed a second type of MCI called multidomain MCI (md-MCI) which
involves various degrees of impairment in different cognitive domains such as language, executive
function and visuospatial skills that can coexist (amnestic MCI multiple domains) or not (non-
amnestic multiple domains) with memory impairments (see Petersen, 2004 for a figural
representation).Moreover, it is worth noting that, in addition to the clinical subtypes described above,
there can also be multiple etiologies or causes (i.e., degenerative, vascular or psychiatric) for each

MCI subtype, as can be seen in Figure 4.

3 ov
. 3 & & >
Aetiology < gc& \\é\@ ’b\)&
0@,% R B <
MCI
c amnestic AD Depr
]
=
©
2
:§ MCl +AMN AD VaD Depr
‘—J multiple
,T§ domain AMN DLB VaD
£ ] FTD
L MCl single
non-memory
domain DLB

Figure 4: Classification of the diverse presumed etiology of the different clinical MCI subtypes (modified
by Petersen et al., 2001). AMN= amnesitic deficit; AD= Alzheimer Disease; DLB= Lewy Body Disease;

FTD= Fronto-temporal dementia; VaD= Vascular Disease; Depr= Depression.

Finally, it is important to note that greater attention has recently been paid to a biological definition
of the disease, therefore on biomarkers that can be detected early and in vivo (Jack et al., 2018). The
following paragraphs will be dedicated to summarizing the neuropathological changes (i.e., detected
in vivo by biomarkers) specifically related to the prodromal stages of Alzheimer's disease (AD) and

the possible clinical developmental trajectories.

4.1.2.2. Biological markers

There are different types of neuropathological processes that can be found in prodromal phases of
AD. These, accordingly to recent reviews (Anderson, 2019; Mattsson et al., 2009) include atrophy of

medial temporal lobe regions (particularly hippocampus and entorhinal regions) and posterior
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cingulate cortex (Fennema-Notestine et al., 2009), hypometabolism in temporoparietal and posterior
cingulate cortex as assessed by FDG- PET* (Kim et al., 2010) and hypoperfusion of parietal cortices

and hippocampus measured by SPECT® (see Anderson, 2019 for a review).

Other biomarkers include the accumulation of the protein fragment AD-amyloid (i.e., beta-amyloid
plaques; Ab4?2) outside of the neurons and the accumulation of protein tau, also called neurofibrillary
tangles, inside neurons. Researchers have hypothesized that beta-amyloid plagues may contribute to
cell death by interfering with neuron-to-neuron communication at synapses, while tau tangles block
the transport of nutrients and other essential molecules inside neurons (Alzheimer Association, 2019).
Amyloid beta concentration can be detected in the cerebrospinal fluid (CSF): notably, lower level of
CSF Ab42 indicates higher level of brain Ab42, whereas elevated CSF concentrations of total tau and
phosphorylated tau indicate neuronal injury and predict progression from MCI to AD related
dementia (Jack et al., 2018). Finally, also the APOE-e4 (i.e., the epsilon allele of the apolipoprotein
gene), confers risk both for MCI and AD (Qian et al., 2017).

Moreover, according to the most recent criteria proposed by the NIA-AA Research Framework (Jack
et al., 2018), which have claimed for a biological definition of Alzheimer Disease, there are three
categories of biomarkers (i.e., A, T, N), based on the nature of the pathologic process, which have to

be considered for the diagnosis of AD.

More specifically:

1. [A]: biomarkers of Ab plagues or associated pathologic state; substantially it refers to cortical
amyloid PET ligand binding (amyloid PET) or low CSF Ab42;
2. [T]: biomarkers of aggregated fibrillar tau (neurofibrillary tangle) or associated pathologic

state given by higher CSF phosphorylated tau (P-tau) and cortical tau PET ligand binding (tau
PET);

4 FDG-PET or fluorodeoxyglucose positron emission tomography, is a nuclear medicine technique based on the
measurement of positron emission from radio-labelled tracer molecules. These radiotracers allow biologic processes to
be measured and brain images to be obtained which demonstrates sites of radiotracer accumulation. The most common
radiotracer in use today is the 18Ffluorodeoxyglucose (18F-FDG). This is the only technique that allow to evidence
ipo/iper metabolism areas and to study neurotransmitter systems. (Sacco, 2013).

5 SPECT or single photon emission computed tomography is another nuclear medicine tomographic imaging technique

that use gamma rays and different types of radiotracers (e.g., Technetium, or hexamethyl propylene amine oxime
HMPAO). This technique is characterized by a lower spatial resolution but lower costs than PET technique (Sacco, 2013).
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3. [N]: Biomarkers of neurodegeneration or neuronal injury are CSF total tau, FDG-PET
hypometabolism, and atrophy on MRI.

According to these guidelines, the term “Alzheimer’s disease” would be applied only if biomarker
evidence of both Ab and pathologic tau are present (see Table 10). In this way, Alzheimer’s
pathological changes revealed by biomarkers and AD are not regarded as separate entities but as
earlier and later phases of the “Alzheimer’s continuum” (an umbrella term that includes both); the
authors have also suggested that these definitions could be applied independently from the clinical

symptoms.
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AT(N) profiles | Biomarker category

1. T- (N)- | Normal AD biomarkers
A+ T- (N)- Alzheimer’s pathologic
change
A+ T+ (N)- Alzheimer’s disease
A+ T+ (N)+ Alzheimer’s disease
Alzheimer
A+ T- (N)+ Alzheimer’s and S

concomitant  suspected
non-Alzheimer’s
pathologic change

A- T+ (N)- Non-AD pathologic change

1. T- (N)+ | Non-AD pathologic change

A- T+ (N)+ Non-AD pathologic change

Table 10: Biomarker profiles and categories representation according to the NIA-AA Research
Framework (modified by Jack et al., 2018). Every patient can be placed into one of these general
biomarker categories based on biomarker profiles: those with normal AD biomarkers (no color), those
with non-AD pathologic change (dark grey), and those who are in the Alzheimer’s continuum (light

grey).

Finally, it is worth noting that recent studies have highlighted how different types of MCI also appear
to have different degrees of biomarker presence. More specifically, according to Eliassen and
colleagues in 2017, for example, subjects suffering from a-MCI would show the highest burden both
for levels of CSF tau and thinner entorhinal cortex; these, also in line with the clinical data that will

be highlighted in the next paragraph.

4.1.2.3. Prevalence, clinical characteristics, evolution and conversion rates
Empirical evidence concerning the prevalence and conversion rates to dementia varies greatly
according to the different definitional applied criteria (Tuokko & Hultsch, 2020). The
epidemiological studies have indeed estimated that the prevalence of MCI in the elderly population
ranges from 3% to 19% (Bischkopf et al., 2002; Busse et al., 2003a; Gauthier et al., 2006; Carretti et
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al., 2013); other estimates however raised up to 30% (Busse et al., 2003a, 2003b). More specifically,
following Petersen’s criteria, a study conducted by the Mayo Clinic Study of Aging, found the overall
prevalence of MCI to be 16% in residents aged 70 years and older. However, not only does the MCI
condition appear to have a high prevalence, but it also implies an increased risk of developing
dementia. According to the great variation in the epidemiologic evidence, studies have estimated that
the 11% to 49% of the subjects with MCI progressed to dementia (mainly AD) within two years
(Gauthier et al., 2006; Bondi et al., 2014), while other authors have evidenced that annual conversion
seemed to range from 1 to over 40%, varying by sample, diagnostic criteria, and severity of the
impairment (see Tuokko & Hultsch, 2020).

According to the different subtypes of MCI described in the previous paragraphs, different
neuropsychological deficits have been recognized in these patients (i.e. memory, executive functions,
abstract thinking; for a review see Yanhong et al., 2013). Considering the significantly higher risk of
MCI patients to progress to dementia, it is worth noting that cognitive assessment can also help to
differentiate MCI patients that will progress to AD from those related to cognitive fluctuations due
to normal aging or other non-morbid conditions. For example, a recent meta-analysis performed by
Belleville and colleagues (2017) evidenced that measures of verbal memory were excellent predictors
with very good (> 0.7) specificity and sensitivity values and also that predictive accuracy was highest
when combining memory measures with a set of other cognitive domains or when relying on broad
test batteries. These, accordingly also to the data from Bradfield et al. (2018) that have evidenced how
memory impairment per se, impairment in multiple cognitive domains and severity of memory
impairment were all associated with a greater risk of developing AD dementia.

Summing up, it seems that subjects with amnestic deficits (a-MCI) or amnestic multi-domains, and
especially those with atrophy beyond the medial temporal lobe (Karas et al., 2008) are those with
higher pathological burden frames and consequently are those most likely to convert to dementia (see
for example Schmidtke & Hermeneit, 2008).
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4.2. Study 3. A comparison of divergent thinking abilities between healthy

elderly subjects and MCI patients: preliminary findings and implications

4.2.1. Introduction and aim of the study

According to the literature overview just introduced, it is clear that researchers in the last years have
developed a renewed attention on DT abilities in pathological aging. This is because of its significant
and positive correlation with CR (Meléndez et al., 2016; Palmiero et al., 2016; Colombo et al., 2018)
and its potential both for early diagnosis (Hart & Wade, 2006) and rehabilitation programs (Palmiero
et al., 2012). In particular CR, as was already evidenced in the previous paragraphs, is considered a
protective factor against cognitive decline and refers to a functional benefit that seem to provide
protection against the effects of brain damage or pathology. Thus, people with higher CR are believed
to cope better with potential brain damage by recruiting different compensatory processes (Stern,
2002, 2009, 2014). As a result of this proven relationship, DT has been proposed as a possible target
for cognitive stimulation interventions (Palmiero et al., 2012, 2019). Exercising divergent and
creative thinking has thus been taken into consideration as a way to promote mental health and active
aging by fostering creative cognition in daily life (Cropley, 1990), thereby reducing the risk of
dementia (Palmiero et al., 2016a), and also trying to slow down cognitive decline during the course
of neurodegenerative diseases (Palmiero et al., 2012; Ruggiero et al., 2019).

In spite of this significant evidence, few studies have evaluated DT abilities through standardized
tests in patients affected by different types of dementia (Bigler et al., 1988; Bigler, 1995; Rankin et
al., 2007; de Souza et al., 2010; Ruggiero et al., 2019). Almost all of these studies highlighted a
decline in DT abilities in this type of patients, even at early stage of the disease (Hart & Wade, 2006):
in light of these considerations, early assessment and intervention in patients at risk of dementia could
be considered crucial. However, to our knowledge, no research has studied DT abilities in patients
affected by MCI, which is generally considered to be a transitional stage between normal and
pathological aging (see Petersen, 2016 for a review) or as a prodromal stage of the onset of
Alzheimer’s disease (AD, Petersen et al., 2001). This assessment might be particularly important
when considering data on the prevalence of MCI and conversion rate to dementia; indeed, even if
these data vary greatly according to the different definitional applied criteria (Bischkopf et al., 2002),
epidemiological studies have estimated that the prevalence of MCI in the elderly population ranges
from 3 to 19% (Gauthier et al., 2006) and that 11 to 49% of people with MCI progressed to dementia
(mainly AD) within 2 years (Gauthier et al., 2006; Bondi et al., 2014). Therefore, it is considered a
priority to find early cognitive markers for the diagnosis of MCI (see, for example, Arnaiz &
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Almkvist, 2003) and also to develop training and cognitive stimulation programs that might help
these patients to compensate for their cognitive difficulties. Cognitive stimulation training could, in
fact, offer to these patients some protection against cognitive decline by stimulating pre-existing
neural reserves or recruiting neural circuitry as compensatory scaffolding (Reuter-Lorenz & Park,
2014; Sherman et al., 2017), promoting brain plasticity (Li et al., 2011), and could thereby reduce the
risk or delay the progression of dementia (Anderson, 2019). Consequently, the aim of this study was
to examine DT abilities in a sample of patients diagnosed with MCI by comparing their performance
to a healthy older adults’ control group to verify whether they are spared or altered in this early

pathological state.

4.2.2. Material and Methods

Participants

The study involved a total of 75 participants. 25 MCI patients (MCI) and 50 Healthy Controls subjects
(HC). However, due to the lack of proportion of the two sample, a random selection of 25 subjects
from the HC groups was performed. Socio-demographical data are summarized in Table 11. No
differences between groups emerged both for demographic data (i.e. age, sex and educational level)
and psychological (control) variables such as apathy, anxiety or depression respectively measured by
the Apathy Evaluation Scale (AES, Marin et al., 1991), the State-Trait Anxiety Inventory (STAI,
Spielberger et al., 1983; Pedrabissi & Santinello, 1989) and the Beck Depression Inventory (BDI,
Beck, 1961).
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MCI (N= 25) HC (N= 25) t(48), U p
Age 75.32 +5.47 74.16 +5.35 -0.758 0.45
Educational level 8.40 + 4.34 7.44 + 450 -0.768 0.45
Gender 13W 19W 237.50 0.08
AES 34.12 +7.89 31.84+5.84 -1.162 0.25
STAI 35.88 +10.23 39.16 + 11.67 1.057 0.30
BDI 6.36 + 6.55 9.20 +5.46 1.665 0.10

Table 11: Sample demographic data. W= women; STAI= State Trait Anxiety Index; AES= Apathy
Evaluation Scale; BDI= Beck depression Inventory.

HC participants were enrolled from a pool of older adult volunteers while MCI patients were recruited
at the Neuropsychology Service of the ASST Spedali Civili in Brescia (Italy). Patients group included
subjects diagnosed as affected by Mild Cognitive Impairment according to Petersen's criteria
(Petersen et al., 1999; Petersen, 2004). This means the presence of a subjective or proxy cognitive
complaint; objective impairment in memory and/or at least one other cognitive domain; a relatively
intact competence to perform basic and instrumental daily life activities independently autonomously.
All patients underwent an extensive neuropsychological assessment in order to verify these conditions
and they were screened for inclusion criteria which included: age > 50 years old, Mini Mental State
Examination > 22 (MMSE; Folstein & Folstein, 1975; Measso et al, 1993) and no sign of vascular
lesions, and of neurological or psychiatric diseases. All tests were administered to the whole sample
individually and in a single session which lasted approximately one hour; the evaluation was
performed in a quiet setting. The research protocol and procedure were approved by the Hospital
ethical committee and were conducted following the Declaration of Helsinki. An informed consent

was signed by all participants.

Materials

Cognitive measure

2. Montreal Cognitive Assessment (MoCA,; Santangelo et al., 2015). This is a screening test
which evaluate general cognition and is considered a sensitive tool for the detection of MCI
(Boccardi, et al., 2020). It is composed of 12 sub-tasks that evaluate different cognitive
functions such as attention, executive functions, memory, language, abstraction, calculation,

orientation and visuo-constructional abilities (maximum total score is 30).
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Divergent thinking measure

3. Abbreviated Torrance Test for Adults (ATTA; Goff, 2002). This test was selected to evaluate
DT abilities and therefore subjects’ creative potential. ATTA is the abbreviated form of the
TTCT (Torrance, 1988). ATTA was chosen considering the clinical practice time limitation.
This instrument it indeed easy and require short time to be administered and it was already
used in the clinical Italian context by Canesi and colleagues (2016, 2017) and by Colautti et
al. (2018). For further details about this task and its administration see paragraph 3.2.2. Note
that the sum of the creative indexes and creative indicators constitute the total score: DTTS

(Divergent Thinking Total Score).

4.2.3. Data analysis

Data analyses were performed using SPSS software (version 24.0.0). Normality was checked for all
the variables with Shapiro-Wilk test and the observation of skewness and asymmetry indexes were
performed; a check for outliers was run. Almost all the variables met the assumptions of normality;
transformations (square root) were performed when necessary and parametric tests were then used
for all the analyses. Two independent t-tests were performed to ensure that the two groups (HC vs
MCI) did not differ in important demographic data; no significant differences were found for age and
years of education. A Welch’s t-test was used to compare gender which resulted as being non-
significant (see Table 13). To assess for significant differences between the two groups in cognitive
and psychological variables, different independent t-tests were performed; the homogeneity of
variances assumption was checked using Levene’s Test. By considering the high correlations (i.e.,
greater than .30) between the different DT indexes, a multivariate analysis of variance (MANOVA)
was chosen to test between-groups difference in these variables. Finally, a hierarchical logistic
regression was run to evidence the possible predictive role of cognitive and DT measures to

discriminate between the two groups.

4.2.4. Results

As it could be predicted from previous literature, MOCA scores differed significantly, t (48) = 3.762,
p<.001 between MCI patients and HC groups, with MCI patients performing worse than HC (see
Table 12).
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Measure MCI HC t (76) F p
General Cognition

MoCA 18.88 + 3.54 22.12 £ 3.60 3.210 0.01
Divergent thinking

ATTA_DTTS 51.52 £5.06 54.28 £ 7.62

ATTA_Fluency 6.72 £3.01 8.80+4.44 3.756 0.06
ATTA_ Flexibility 1.36 £1.32 2.08 £2.16 2.025 0.16
ATTA_Originality 3.24+213 3.76 £2.47 0.636 0.43
ATTA_Elaboration 0.84 £1.07 1.04 +1.57 0.278 0.60
ATTA_Verbal_indicator 0.60 £ 0.65 0.76 £ 0.83 0.578 0.45
ATTA_Figural_indicator 1.32+1.22 2.08+1.04 5.655 0.02

Table 12: Descriptive statistics and between groups differences for general cognition and divergent
thinking measures. Significant values are in bold.

A multivariate analysis of variances (MANOVA) was performed with fluency, flexibility, originality,
elaboration scores and verbal and figural indicator scores of the ATTA test as dependent variables,
whereas “group” was treated as the between factor variable. The analysis returned a non-significant
effect of group, Wilks’ Lambda= 0.830, F(6, 43) = 1.472, p > .05. The Univariate ANOVA revealed
that only figural indicator was significantly affected by group, F(1, 48) = 5.655, p < .05, with MCI
patients performing significantly worse (M = 1.32, SD = 1.22) than HC (M = 2.08, SD = 1.04). A
comparison between drawings from one MCI patient and one matched HC subject is presented in the
figure in the online paper (Fusi et al., 2020a). Fluency, F(1, 48)=3.756, p>.05, originality, F(1,
48)=.636, p>.05, elaboration, F(1, 48) =.278, p>.05, flexibility, F(1, 48)=2.025, p>.05, and verbal
indicator F(1, 48)= 0.578, p>.05 were not affected by the independent variable.

Considering these exploratory results, a hierarchical logistic regression was run in order to check for
the possible predictive value of Figural Indicator, over the general cognition variable (MoCA), as

predictor of the group variable. The regression results are shown in Table 13.
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Variables 95% CI for Odds Ratio

Lower ClI Exp (B) Upper CI Wald Sign.
Model 1 0.002
Intercept .988 .002
MoCA 183 371 752 7.575 .006
Model 2 .001
Intercept 3.226 3.402 .65
MoCA .160 .344 .739 7.489 .006
Figural_Indicator 273 .504 931 4.784 .029

Table 13: Hierarchical Logistic Regression analysis predicting the dependent variable “group”.
Significant values are in bold.

Model 1 have tested the effect of MoCA as the only predictor of the dependent variable (VD) “group”.
The estimated coefficients for Model 1 indicate that MoCA significantly predict the VD (Wald=7.58,
p<.05) and accounted for 68% of correctly classified cases. Then a second block was added so that
Model 2 tests the predictive effects of Figural Indicator predictor on the VD “group”, over the effect
of MoCA. The change in the amount of information explained by the second model is significant
(x2(1) =15.06, p<.001). The significance values of the Wald statistics of the two predictors indicate
that both MoCA (Wald=7.49, p<.05) and Figural Indicators (Wald=4.78, p<.05) significantly predict
the dependent variable; furthermore the odds ratios of MoCA, (Exp(B)=0.34, C10.95=[0.16,0.74])
and Figural Indicator (Exp(B)= 0.50, C10.95=[0.27,0.93]) indicate that if the values of MoCA or
Indicators Figural goes up by 1 point, the odds of being part of group of HC increase. Together, the
predictors accounted for 76 % of correctly classified cases.

4.2.5. Discussion

The present study aimed to preliminarily explore the possibility that DT skills, considering all the
indices and indicators (i.e., fluency, flexibility, originality, elaboration; verbal versus figural
indicators), are affected in MCI patients. The between-groups comparison has highlighted that MCI
patients performed worse only in the figural indicator score. This result is partially in line with
previous literature which has already proved the impairment of visual/figural DT in dementia of
Alzheimer type (Bigler et al., 1988; Bigler, 1995) and has hence suggested the possibility to use
design fluency test as a sensitive measure of performance deficit in these types of patients. Similarly,

Hart and Wade in 2006 have assessed verbal DT abilities in early AD and FTD patients. However,
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no one has evaluated DT in prodromal phases like MCI until now. The fact that the figural indicator
is already impaired in these patients might represent another evidence for the possible good value of
complex figural DT tasks as an early sign (even earlier than verbal ones) of cognitive impairment.
Indeed, our analysis showed that the predictive value of the figural indicator score added an 8%
accuracy in the detection of MCI patients, and this is significant over the prediction of the MoCA
test, that is considered one of the most sensitive tools for the detection of slight cognitive impairment
(Boccardi et al., 2020). This is particularly relevant for the field because the discovery of the long
preclinical phase of AD and the other types of dementias, has led to an enhanced interest to establish
early diagnostic indices of dementia (Bischkopf et al., 2002). Thus, figural DT abilities might be
considered by future research as an early cognitive marker; nevertheless, more experimental studies

are needed in order to confirm this result and to confirm the predictive value of visual DT abilities.

Nonetheless, interestingly, all the other indexes (i.e., fluency, originality, flexibility and
elaboration) and the verbal indicator score seemed to be unaffected. These results are partially in line
with the complex and sometimes inconsistent literature that have evaluated the impact of the aging
processes on DT abilities (Fusi et al., 2020b). Indeed, some authors have already highlighted a major
impact of normal aging on visual DT abilities compared to verbal ones (Palmiero et al., 2014), or at
least an almost linear decline in visual abilities (Palmiero et al., 2017). These results also agrees with
previous studies concerning the aging brain which have highlighted how verbal abilities could remain
intact across the lifespan (Kemper & Kemtes, 1999; Park et al., 2002, see also paragraph 2.2.), or at
least do not encounter a decline until late-in-life (Hedden & Gabrieli, 2004). Moreover, elderly people
seemed to perform significantly better than younger subjects in verbal tasks, whereas they performed
worse in visual tasks (Passafiume et al., 2010); as a result, it seemed that figural DT is then more
affected even in MCI patients. Additionally, this result also seems in line with the existing literature
about the relationship between DT and CR which have evidenced that verbal (Colombo et al., 2018;
Palmiero et al., 2016a), but not visual (Palmiero et al., 2016a) DT predict CR. Thus, the idea that CR
can be generally related to verbal ability it has been already advanced (Palmiero et al., 2016a). It is
consequently possible to hypothesize that CR might have a protective role on verbal (but not figural)
DT abilities during early and prodromal stages of the disease that allow patients to perform in a way
comparable to control subjects. This also means that among complex mental activities that are
certainly involved in CR, activities that involved a divergent way of thinking and the generation of

creative ideas could be a pivotal protective factor against the cognitive decline.

Moreover, the fact that this type of patients could perform like healthy elderly subjects in all the

other DT indexes that are considered fundamental for the ability to produce divergent and creative
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responses, is certainly a significant result and might have important practical implications, always
considering its relationship with CR. The sparing of verbal DT might be considered as a target by
future research that try to design cognitive training and stimulation programs. The potential beneficial
effect of cognitive training to enhance cognitive and functional abilities for these types of patients
has already been highlighted by several review and meta-analyses (see for example Jean et al., 2010;
Lietal., 2011; Sherman et al., 2017). Thus, the stimulation of verbal DT abilities (and consequently
of CR) or, more specifically, the enhancement of verbal proficiency and verbal abilities to think of
different and creative, original solutions might also help MCI patients to develop new, useful and

flexible cognitive strategies (Palmiero et al., 2016a) as well as to cope with their daily life problems.

In conclusion, our preliminary results highlight a slight impairment in DT abilities in patients
affected by MCI, but only in the figural indicator score. Thus, figural abilities seemed to be affected
earlier than verbal ones in mild pathological aging. This result has two significant practical
implications: first, figural DT might be considered for early diagnosis of MCI patients and secondly,
the sparing of all the other DT abilities (i.e., verbal DT abilities, fluency, flexibility, originality and
elaboration) may suggest that, considering its relationship with CR, verbal DT could be considered

as a possible and meaningful target for prevention or early cognitive stimulation programs.

4.2.6. Limitations and future research directions

Some limitations must be reported. First, the sample size for each group was relatively small and
could not be fully representative of the population. Secondly, a mixed MCI group was considered.
Further analysis considering the different MCI subtypes (amnestic vs non-amnestic, single domain
vs multiple domains; see Petersen, 2016 for a review) might be important to clarify if the reported
results can be generalized to all types of MCI patients, or if the different subtypes are linked to diverse
impairment in DT abilities. Consequently, future research might consider also the idea to assess the
main cognitive functions that are believed to be involved during DT tasks (i.e., attention, memory,
executive functions, etc.) to determine the relationship between specific cognitive functions and DT
abilities in the different subtypes of MCI patients. Finally, although our results showed that figural
indicator is impaired in MCI patients more experimental studies are needed to confirm this result,
especially by using different measures that address DT figural abilities (following criteria proposed
by Barbot et al., 2019).
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Conclusions

The overall aim of the present dissertation was to explore the effect of healthy and pathological aging
processes on DT abilities. Notwithstanding the controversies that have been discussed in the previous
chapters and the theoretical and methodological problems encountered, the general conclusion is that
especially verbal DT, which is linked to CR, can be spared in healthy older people and individuals
diagnosed with prodromal phases of neurodegenerative disease such as MCI. On the contrary, figural
DT seemed to decline in these early phases, so much that it might be considered as an early marker
of disease. Moreover, to draw a coherent picture of DT skills in this population, our results support
the idea that some psychological symptoms such as apathy and depression, that are frequent in the
elderly populations, need to be considered as an intervening variable because of their negative effects

on cognition and on DT performances.

These results have some important practical implications for researchers and clinicians. The sparing
of verbal DT skills might in fact be considered a possible target for prevention or early cognitive
stimulation interventions to improve elderly CR and consequently their resilience to any brain damage
by helping them to use novel strategies and to exploit compensatory processes. This could be
considered a significant result considering the huge economic burden related to the 40-50 million
people currently living with dementia and the associated managing costs amounting to billions of
dollars per year (e.g., according to the World Health Organization the total global societal cost of
dementia was estimated to be US$ 818 billion in 2015). Moreover, data that are more than doubled
from 1990 to 2016 (Nichols et al., 2019) and projections say the number of people with dementia will
continue to rise. The construction and implementation of training of cognitive enhancement or
cognitive stimulation in clinical practice (i.e., non-pharmacological treatments) are therefore
considered important today to prevent or at least try to slow down the course of these types of
diseases. This, in turn, would have beneficial effects both at the individual and societal level.

This research project is part of a Ph.D. program focusing on “Human Capital Formation and Labour
Relations” that well represents the need to keep a multidisciplinary approach when dealing with
human and psychological sciences. Accordingly, these results can be considered, in applicational
terms, in several areas. The development and improvement of divergent thinking and creative
thinking skills can be implemented in different areas, from the health care with the above-mentioned

purposes or in the work environment to maintain occupational performances and the efficiency, over
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a high level of wellbeing, of the elder’s workers which represent today a large part of the workforce

in most of the companies and represent a resource to be valued (Raffaglio, 2011).

Finally, a necessary consideration must be done in view of the time frame in which this dissertation
IS written. In 2020, the advent of the global Sars-Cov-2 (Covid-19) pandemic has forced all
professions to rethink their practices and approaches. In particular, as concern the elderly population,
which in Italy represents a large part of the population, it is worth noting that literature has evidenced
how they seem to be much more at risk, than younger subjects, as for the worsening of perceived
wellbeing (see for example articles about previous pandemic experiences such as severe acute
respiratory syndrome, SARS, such as Lau et al., 2008) and of social isolation and loneliness (Berg-
Weger & Morley, 2020) with negative consequences on physical and mental health. These, in turn,
can cause an increase not only in physical diseases such as hypertension, obesity, cardiovascular
disease, but also in psychological symptomatology like anxiety, depression, and a faster cognitive
decline (Morrow-Howell et al., 2020). In this sense, social isolation can also have a negative effect,
even if mediated by the cognitive reserve, on cognitive abilities (Evans et al., 2018). COVID-19
pandemic and the challenges that it poses have therefore led to the observation that older people and
especially those with ongoing cognitive decline (e.g., with MCI or AD) can be considered among the
most vulnerable populations because they had to deal with a break in their normal routines, fear of
being abandoned and the consequent risk of depression (Alzheimer Europe, 2020). In particular, it
has become evident the need for a new proposal of remote interventions through different forms of
telemedicine, to be validated (also in terms of effectiveness). These, to provide, on the one hand,
cognitive stimulation interventions that allow for greater cognitive flexibility and consequently a
more functional adaptation, and on the other hand psychological and/or practical support to caregivers
(De Vita et al., 2020). It is indeed worth noting that in recent years, several studies have been
conducted on this topic and some literature reviews have highlighted how telemedicine interventions
seem to be promising for different types of patients (Charvet et al., 2017; Cotelli et al., 2019), even
if more studies are needed to prove their efficacy (see for example the Cochrane review performed
by Gates et al., 2019).

To conclude, the construction and implementation of cognitive training involving verbal divergent
thinking exercises, though both face-to-face and different types of telemedicine (Colombo et al., in
press), could be considered by the clinical practice to address the new challenges of our national
health system. Particularly, with respect to the demands of elderly people who have more difficulty
in accessing services and patients suffering from different types of neurodegenerative diseases, who

cannot, for example, participate in traditional face-to-face cognitive stimulation groups in hospitals.
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