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Abstract  
 
Search and recombination are organizational mechanisms to solve problems in the 
uncertainty of innovation. So far, studies have analyzed the concept at the macro-level 
of the organization, thus overlooking the underlying though dynamics that characterize 
the individuals who undergo the search and the recombination of old and new inputs, 
as well as stimuli to frame the problem first, and then find the solution. Drawing from 
literature of individual creativity and the studies on cognition, the study analyzes how 
individuals employ associative thinking, analogical reasoning and abductive reasoning 
to search and recombine the knowledge inputs and stimuli. In particular, the study aims 
at opening the black box of the creative mechanisms of search and recombination, by 
identifying seven underlying micro-cognitive styles. With an explorative and 
qualitative study, the authors explore the cognitive styles of individuals undergoing a 
creative process in workshops organized by three different organizations. The data 
collection is carried out by ethnographic observations to understand how each 
individual reasons and acts to search and recombine knowledge  inputs and stimuli into 
novel and useful problems and solutions. With this empirical study, we contribute to 
innovation literature by investigating the cognitive level of search and recombination 
mechanisms. 
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1. INTRODUCTION  
At the wake of Men’s fashion week of 2015, Gucci, that was known for its clean-

cut lines and elegant simplicity, radically changed its direction to something that left 
the entire fashion industry speechless. This happened as Gucci transitioned from Frida 
Giannini’s decade-long creative direction to Alessandro Michele’s. In just five days, he 
managed to put Giannini's creative legacy aside, and renew a company that had fallen 
short of allure, unable to deliver innovation or originality to the changing audience 
(Koblin, 2015). With everyone’s surprise, this unknown assistant designer, who had 
worked in Frida Giannini’s shadow, was renewed and reshaped the industry times and 
times again (CFDA, 2016). Devoted to change, his creative endeavour drove him to 
search and recombine the new and the old in fashion, together with inspirational stimuli 
from domains such as gaming, art, and more. This allowed him to shake the industry’s 
pillars and introduce counterintuitive innovations such as gender neutrality, quirkiness, 
«more is more», the returning collections, the rejection of the seasons-driven pacing of 
collections, and finally, the blurred lines between audience and creators. Alessandro 
Michele serves as an example of how the creative search and recombination of 
knowledge and stimuli of an individual was fundamental to push an organization – or 
even an industry – towards innovation. More specifically, his example highlighted the 
importance of understanding the way individuals process and manipulate knowledge 
and stimuli to spur innovation. 

Innovation and creativity are highly intertwined (Amabile, 1988; Amabile & Pratt, 
2016), as creativity represents the fundamental phase of innovation in which novel and 
meaningful solutions are first generated (Anderson et al., 2004). This phase can be 
characterized by the creative mechanisms of search and recombination (Ehls et al., 
2020; Schumpeter, 1934). Indeed, creativity in innovation unravels with either the 
conscious search of knowledge inputs (Ehls et al., 2020; Katila & Ahuja, 2002) or the 
unconscious retention of stimuli (Campbell, 1960; Simonton, 1999) that are processed 
to search for alternative solutions (Cyert & March, 1963). Moreover, creativity unfolds, 
as different knowledge inputs and stimuli are recombined in novel and meaningful 
ways, thus creating new knowledge (Acar & van den Ende, 2016; Kaplan & Vakili, 
2015). The novel and meaningful solutions, that result from these creative mechanisms, 
are then implemented in the innovation phases (Anderson et al., 2004; Gilson & 
Shalley, 2004).  

When studying the two creative mechanisms of search and recombination, 
innovation scholars mainly focused on the organization and the impact that the nature 
of the knowledge input has on the outcome of creativity. Specifically, they addressed 
search and recombination by analyzing how the depth or the breadth of an 
organization’s knowledge affects the creative performance of the final solutions, in 
terms of novelty and value (e.g. Kaplan & Vakili, 2015; Katila & Ahuja, 2002; 
Teodoridis et al., 2019). However,  the example from Alessandro Michele reinforced 
the standpoint of scholars of creativity that argue that creativity and its mechanisms 
depend on individuals (Amabile & Pratt, 2016) and their cognitive styles – i.e., the way 
they think to process, manipulate and interpret these knowledge inputs (Aggarwal & 
Woolley, 2019; Woodman & Schoenfeldt, 1990). Despite bodies of research have 
addressed three cognitive styles related to creativity, namely associative thinking 
(Mednick, 1962), analogical reasoning (Goucher-Lambert et al., 2019) and abductive 
thinking (Dong et al., 2016), the examination of the cognitive styles involved in the 
creative mechanisms of search and recombination still remains untapped. In fact, few 
empirical studies have attempted to open the black box of the creative mechanisms of 



search and recombination at the level of individual cognition, as there is little 
understanding on how individuals search or recombine the knowledge inputs or stimuli. 

Therefore, through this qualitative and exploratory study, we aim at responding to 
the research question How do individuals rely on cognitive styles to search and 
recombine knowledge in the creative phases of innovation? To do so, we collected our 
primary source of data through the ethnographic observation of three different 
innovation workshops, during a design thinking event. The observation of the natural 
conversations among individual participants, together with the written material 
produced during the workshop, allowed us to collect the verbalization of the thoughts 
and reasonings of the individuals participating to the workshop (Goldsmith, 2014), thus 
resembling the think aloud method (Ericsson and Simon, 1980). The data from the 42 
participants along 6 observations was analysed drawing on ground theory techniques 
(Gioia et al., 2013) to understand what cognitive styles individuals employ to search 
and recombine knowledge inputs and stimuli in the generation of novel and meaningful 
solutions. This resulted in the identification of seven micro-cognitive styles that are 
related to associative thinking, analogical thinking and abductive reasoning. 
Furthermore, the triangulation of micro-cognitive styles in relation to the outcome of 
their use was paramount to understand how the micro-cognitive styles are related to 
either search or recombination.  

 The contribution of this study is twofold. First, the findings expand the three bodies 
of literature on associative thinking, analogical reasoning and abductive reasoning by 
unpacking the three cognitive styles. In particular, the study analyses the thoughts and 
reasonings of individuals in a during the creative phase of innovation, thus concretizing 
the three cognitive styles in seven micro-cognitive styles that individuals use to 
generate novel and meaningful solutions. Second, the findings across the individuals 
participating the three workshops reveal that some micro-cognitive styles are mainly 
conducive to search, while others that are more conducive to recombination. Finally, 
these findings are discussed in relation to the extant literature.  
 
 
2. THEORETICAL BACKGROUND 

When organizations recognize that their performance is below the level that they 
deem acceptable, they undertake a process of innovation that aims at discovering 
solutions that eliminate the misalignment between the aspired and the actual level of 
performance (Posen et al., 2018). Normally, the problems underlying innovation are ill-
defined and highly uncertain (Unsworth, 2001). Therefore, the framing of the problem, 
generation and selection of novel and useful ideas (Hennessey & Amabile, 2010), 
requires the search and recombination of new or old knowledge inputs and stimuli – 
e.g. visual stimuli, memories (Lanzolla et al., 2020). The processing and manipulation 
of the different knowledge inputs and the stimuli to solve an uncertain and ill-defined 
problem make individual creativity paramount (Gilson & Shalley, 2004; Zhou & 
Hoever, 2014), with creative acts of individuals being the “raw materials” that can 
determine the success of an innovation (Bleda et al., 2020; Ford, 1996; Geum & Park, 
2016). With this research we focus on the investigation of the underlying cognitive 
styles of creativity that help individuals in the search and recombination of different 
knowledge inputs or stimuli into novel and meaningful ideas (Sommer et al., 2020). As 
search and recombination are investigated in innovation literature, and cognitive styles 
are investigated in design and creativity literature, the review of the literature will be 
divided into two sections. The first section will describe search and recombination, 



while the second will deepen the understanding on the cognitive styles of associative 
thinking, analogical reasoning and abductive reasoning, often related to creativity.  
 
Search and Recombination Mechanisms  

The creativity phase of innovation is characterized by the important mechanisms of 
search and recombination (Kaplan & Vakili, 2015), that help organizations in creating 
products that will solve problems in uncertain contexts (Katila & Ahuja, 2002). The 
two mechanisms hold great importance, as they are peculiar to the early stages of 
ideation and identification of new opportunities (Lanzolla et al., 2020). They represent 
two parallel, and strictly correlated, ways to process knowledge inputs so to bring about 
new knowledge in the form of new solutions (Savino et al., 2017). 

 
The creative mechanism of search describes the activities of problem solving that 

aim at searching and trying a plethora of alternative solutions, until the most satisficing 
is found (Cyert & March, 1963). This entails the search for knowledge inputs to 
increase the knowledge base that can be leveraged to generate novel and useful 
solutions (Ehls et al., 2020). As the knowledge base is consolidated, search consists in 
the retrieval of the underlying insights behind the structural relations between 
knowledge inputs (Chan & Schunn, 2015; Ward & Kolomyts, 2010), and the 
manipulation of  to stir a clear articulation of variations of solutions.  

The extant literature on search mechanisms have mainly focused on the knowledge 
inputs and their impact on this creative mechanism of complex problem solving. 
According to Katila & Ahuja (2002), knowledge inputs can vary according to the 
dimensions of depth and scope (Katila & Ahuja, 2002). The former describes the 
exploitative (March, 1991) nature of the search mechanism, whereas the former 
describes its explorative (March, 1991) nature. More specifically, the two authors 
described the impact of the recurrence of the use of old knowledge (Katila & Ahuja, 
2002). Once a solution to a problem (Posen et al., 2018) is found, the existing 
knowledge that derives from it can be reused and exploited to deepen the understanding 
of the core knowledge elements within it (Katila & Ahuja, 2002), as a result of 
repletion-based improvements (Levinthal & March, 1993). Alternatively, the existing 
knowledge can be used only once, as the solution is found.  

Other scholars, have focused on the search scope, that connects the finding of 
solutions to the exploration of new knowledge. The domain in which new knowledge 
is searched and retreived, however, can differentiate in terms of distance from the 
problem domain – hence, scope. Local search describes the quest for originality within 
the range of  knowledge that is close to the consolidated knowledge bases (Jung & 
Jeongsik, 2016). Conversely, distant search uses knowledge that is far from the 
consolidated knowledge base, as it seeks for emerging new ideas in different and distant 
fields. Several authors have investigated the impact of distant or local knowledge in 
relation to the preferred objective of creativity – novelty or value (e.g. Kaplan & Vakili, 
2015) or the pace of innovation and change (e.g. Teodoridis et al., 2019). 

 
The mechanism of recombination for the creation of innovative solutions was first 

introduced by Schumpeter (1939) and further developed by numerous scholars in the 
field of innovation (Savino et al., 2017). It refers to the combinatory acts that connect 
existing building blocks of knowledge to create new solutions (Kaplan & Vakili, 2015). 
Moreover, it is correlated to knowledge integration, as the acts of connecting and 
combining inputs of knowledge entail the transaction and absorption of the knowledge 
(Zahra et al., 2020). This, in turn, implies a combinative capacity to interpret the 



combination of different existing knowledge inputs so to unfold new knowledge in the 
form of emergent ideas that are both novel and useful (Sommer et al., 2019). Ultimately, 
recombination describes the ability to notice the connections between existing 
knowledge inputs (Acar & van den Ende, 2016). It indicates the processing and 
interpretation of the different combinations, to generate explanations that reconcile the 
discrepancies of the different knowledge elements to postulate novel and useful 
properties and introduce novel knowledge (Ward & Kolomyts, 2010). 

Parallel to search, the recombination mechanism is defined by the dimension of 
distance, both in terms of psychological distance from the present self (Trobe & 
Liberman, 2010), or the relative distance between different inputs (Acar & van den 
Ende, 2016). This dimension distinguishes itself in distant and local recombination 
(Kaplan & Vakili, 2015), with the former related to a more generalist knowledge base 
and the latter, to a more specialist knowledge base (Teodoridis et al., 2019). More 
specifically, distant recombination is linked with the tension view (Kaplan & Vakili, 
2015), which advocates for the combination of knowledge elements from apparently 
incompatible domains as more conducive to innovation (Abecassis-Moedas & 
Benghozi, 2012; Brun et al., 2019). Conversely, local recombination is linked with the 
foundational view (Kaplan & Vakili, 2015), which supports that domain-relevant 
knowledge (Amabile, 1988) and the combination of knowledge elements from the same 
– or similar – domain(s) can be more conducive to innovation.  
 
Cognitive Styles of Individual Creativity 

To move our understanding on how individuals search and recombine knowledge 
inputs and stimuli from memory, or sensoria stimulation, a body of research has focused 
on the study of cognition (Gavetti, 2005; Gavetti & Levinthal, 2000). Indeed, cognition 
explains how individuals think, know and process different forms of inputs (Armstrong 
et al., 2012). Cognitive styles define relatively consistent ways in which individuals 
acquire, organize and process information (Ausburn and Ausburn 1978). They 
determine how individuals use and manipulate new and old knowledge inputs, how they 
scan their mental and physical environment for stimuli, and how they perceive the 
innovation problem (Aggarwal & Woolley, 2019; Förster et al., 2004; Wiesenfeld et 
al., 2017). They are applied by individuals in different and spontaneous ways, according 
to the different setting and situations (Messick, 1984). In fact, they can change from 
one individual to the other, and outline the way they process and reason with conscious 
or unconscious knowledge inputs and stimuli (Aggarwal & Woolley, 2019). In terms 
of creativity, cognitive styles constitute individual characteristics that can help advance 
the understanding of the creative behavior (Woodman & Schoenfeldt, 1990). 

Individuals who undergo the creative process are normally exposed to units of 
inputs that can either be complete, stand-alone knowledge inputs (e.g. Savino et al., 
2017) – e.g., a working technology – or mere stimuli (e.g. Gaucher-Lambert & Cagan, 
2019) – e.g., a simple image, a memory, an emotion. In the literature of creativity, three 
bodies of literature explain how knowledge inputs and stimuli are scanned, integrated, 
manipulated and processed in creative ways. These bodies of literature are respectively 
related to (i) Associative Thinking (Mednick, 1962), (ii) Analogical Reasoning 
(Goucher-Lambert et al., 2019) and (iii) Abductive Reasoning (Dong et al., 2016). 
 
Associative Thinking  

According to Mednick (1962), the generation of novel and useful ideas depend on 
one’s ability to “bring otherwise mutually remote ideas into contiguity” (p. 222), thus, 
it implies the conscious or unconscious exposition to knowledge inputs and stimuli are 



processed according to their possible associations. Associative thinking allows 
individuals to retrieve distant inputs (Ward & Kolomyts, 2010) as they engage in 
associations of elements through serendipity, similarity and mediation (Mednick, 
1960). To this end, serendipity allows individuals to generate novel and meaningful 
variants of solutions, by accidentally putting in contiguity distant elements (Mednick, 
1962). In this logic, individuals search for inputs as they unconsciously incubate and 
randomly converge memories, everyday observations, emotions, past experiences and 
existing knowledge (Campbell, 1960). Then, through a Darwinian process, just few 
inputs emerge (Simonton, 1999). Similarity, instead, describes the retrieval of inputs 
that appear remote, but share similarities (Mednick, 1960) – e.g. two products share the 
same underlying function as they cover the same need. Finally, mediation describes the 
search of inputs, through the use of a mediatory concept that links to two very remote 
elements (Mednick, 1960).  
 
Analogical Reasoning  

Another fundamental cognitive style typical that supports the processing of 
knowledge inputs and stimuli is analogical reasoning analogical reasoning (Moreno et 
al., 2014). This cognitive style is coherent with the figure of speech of the analogy that 
describes the comparison and correlation between two dissimilar things that share a 
connection at a deeper or more abstract level. Hence, analogical reasoning can be 
defined as a way of thinking in which the individual finds correlations among different 
knowledge inputs or stimuli. In particular, analogical reasoning unfolds as the 
knowledge from one input – the source – is applied to another one – the target 
(Cornelissen, 2006; Goucher-Lambert et al., 2019). This is allowed by mental leaps that 
create a connection of  relationship between the source and the target (Chan et al., 2015; 
Holyoak & Thagard, 1995; Tseng et al., 2008). The processing of knowledge inputs 
and stimuli through analogical reasoning entails mapping and seeding the analogical 
relations between stimuli and inputs, and the retrieval the useful concepts (Goucher-
Lambert & Cagan, 2019).   
 
Abductive Reasoning  

The creative generation and selection of novel and useful solutions, as well as the 
re-formulation of wicked and ill-define problems, typical of innovation (Buchanan, 
1992) require abductive reasoning (Dong et al., 2016). Officially introduced by Pierce 
(1934), it describes a cognitive style that aims at creating new knowledge, through the 
formation of explanatory hypotheses, that propose speculative – but plausible – 
explanations with the aim of reconciling the differences between different knowledge 
inputs or stimuli (Folger & Stein, 2017). Indeed, abductive reasoning is a cognitive 
style of creativity in which individuals find hypothetical leaps, most of the time 
unconsciously (Dew, 2007). As stated by Thagard & Shelley in 1997, individuals 
generate and evaluate hypotheses in order to make sense of puzzling facts (Dunne & 
Dougherty, 2016) through the use of the “logic of what might be” (Kolko, 2015). In 
this sense, abductive reasoning describes the motivated continuous effort to understand 
connections between different inputs, in order to anticipate their trajectories and act 
effectively. Hence, it is the appropriate cognitive style for making sense of new – or 
unknown– combinations and cope with uncertainty (Richardson and Kramer, 2006; 
Roozenburg, 1993).  

 
 
 



 
The analysis of the extant literature shows that despite the commonalities between 

search and recombination and individual cognitive styles of creativity, the nexus 
between these bodies of literature is still untapped. Hence, there is still a lack in 
understing on how individuals process and manipulate information (knowledge and 
stimuli) in search and recombination at a cognitive level. With this study, we aim at 
opening the black box of these two creative mechanisms by understanding the 
individual cognitive styles underlying the search and recombination of inputs from old 
to new knowledge and stimuli.  
 
 
3. METHODOLOGY 

The objective of this research is to conceptualize, articulate and empirically explore 
the underlying cognitive styles of individuals in the creative mechanisms of search and 
recombination. Differently from extant empirical studies, that had focused on 
quantitative data in highly controlled environments, we conducted a qualitative and 
exploratory study that leverages on the contextualised ethnographic observation of 
individuals, behaving naturally across three innovation workshops of design thinking.  

 
Research Setting 

To engage in this investigation and better observe how individuals creatively search 
and recombine different knowledge inputs and stimuli, we deem design thinking 
innovation as the perfect setting for the research. Indeed, this practice of innovation 
(Dell’Era et al., 2020) has not only been appointed with greater levels of creativity 
(Christiaans, 2002; Micheli et al., 2019) but it has also been characterized by high levels 
of uncertainty (Stigliani & Ravasi, 2012), as this type of innovation is often 
characterized by problems that are wicked in nature (Buchanan, 1992). Indeed, 
problems of design thinking innovation – thus the creative challenges – have no 
definitive formulation, nor a right solution to them (Dorst, 2011). Coherently, this form 
of innovation is especially focused on “making sense of things” that are complex and 
uncertain. Scholars have pointed towards how design thinking innovation encompasses 
a set of mental structures and strategies of designers to complex creative problem 
solving (Bleda et al., 2020). The creative and hypothetical drive of design thinking 
innovation is also apparent as it has been described for the interpretation of several 
inputs, and the elaboration of insights that come from the detection of the subtle and 
unspoken socio-cultural drivers (Norman & Verganti, 2013) to the empathic 
observation of what people say and do, to ultimately understand not only the right 
solution, but also the right problem (Dorst, 2011; Drews, 2009). 
 
Research site 

The observations were conducted during three innovation workshops that adopted 
design thinking as the approach to innovation. Each workshop presented a specific 
innovation challenge and context of use, however, the expected output was of similar 
nature, with participants having to ideate a concept of a new service or product for a 
near-medium horizon. The individuals participating to the laboratories were extremely 
heterogeneous, both in terms of expertise and experience. Their expertise spanned from 
design, to development, to business, whereas their experience varied from junior 
positions to the c-line. This allowed diversity of expertise and experience in each 
workshop.  
 



Data Collection 
Data was collected from three innovation workshops. In particular, the researchers 

observed a total of 42 individuals, across 6 teams from a workshop facilitated by a 
consulting firm and two others facilitated by expert educators of the methodology. The 
researchers gathered for each experience workshop both primary and secondary sources 
of information. This latter source of information consists in archival documentation 
from the facilitating companies – i.e., the workshop brief, the context of the workshop 
challenge and the process followed during the workshop. Moreover, they collected, as 
secondary sources of data, the information available on the internet on the workshops’ 
participants. Both types of secondary sources of data aimed at contextualizing the 
individuals, and understand their role, expertise and experiences.  

Primary sources of information were gathered through ethnographic observations 
during the workshops (LeCompte & Schensul, 2010; Locke, 2011). This allowed to 
observe in a systematic way the creative logics, without discerning them from the 
situational conditions (LeCompte & Schensul, 2010; Woodman & Schoenfeldt, 1990).   

The data from primary sources were collected over the duration of the workshop by 
the authors and four supporting ethnographers who attended the workshops as silent 
observers. The whole workshop sessions were recorded. Meanwhile, the researchers 
took quick notes on each individual’s creative logics employed during the workshop. 
This was done with the help of two types of templates (Fig. 1): (1) gathering contextual 
information and (2) gather the creative operations of the individuals and the kinds of 
input, hence observing their creative logics throughout the creative tasks of the 
workshop (Tab. 1) 
 
Table 1. Details about data collection 
Type of 
evidence Number of pieces of evidence Purpose of collected evidence 

Primary 
source of data 

- Collection of 6 ethnography, 2 for 
each workhop. Each ethnography is 
composed by a word file for a total of 
11 pages for the first workshop, 11 
pages for the second workshop and 25 
pages for the third workshop. For a 
final total of 47-word pages. 
 
- Video recordings around 3,5 h for the 
first workshop, 2,29 h for the second 
workshop and 2,45 h for the third 
workshop. For a total of more than 8 h 
of registration.  

-The aim of having the word files is 
to not lose any sentence said during 
the process, to facilitate the further 
analysis.  
 
 
 
- The objective of recoding is 
capturing all the information in order 
to have all the necessary information 
to perform the research. 

Secondary 
source of data 

- Collected information about the 
experience and expertise of 42 
participants, though online research 
 
- 2 Design Thinking event presentation 
of 50 minutes each.   
 
 
- 3 Plenary sessions one for each 
workshop around 20 minutes each  

- Identify the antecedents to the 
creative phases of the innovation 
process. 
 
- Presentation of macro current 
topics, to stimulate the innovation 
thinking. 
 
- Plenaries aim is an internal 
alignment in order to understand 
exactly the topic to work on during 
the laboratories. 



Archival data 

- The data structure is composed by an 
excel file with 15 columns and 464 
lines. 
 
 
- 6 Miro boards, with the output 
performed by each team analyzed. A 
Miro board consists in: Workshop one 
and two 18 pdf pages, Workshop 3 are 
6 pdf pages. For a total of 42 pdf Miro 
pages. 

- Used to analyze all the information 
and to easily find relevant pattern 
and data. 
 
- Software used to map the creative 
process of innovation, the pdf is 
useful to follow the overall process 
and integrate the registration with 
concrete outputs.  

 
 

 Data Analysis  
The analysis of the data followed an iterative process that connected the empirical 

observations with the theoretical ideas (Fig.2). For simplicity, the process will be 
reported into three steps (Fig. 1):  
 
Step 1. Tracing the Cognitive Operations and Inputs of the Individuals  

During the workshops, individuals of the teams alternated individual work with 
group work. In between each creative task, they conversed to share their own 
reasonings. First, the researchers transcribed the all the recorded conversations of the 
individuals participating to the workshops. Then, they combined them with the field 
notes that were collected during the workshop, and with the material used and produced 
by workshop participants during the workshop. The intensive reading and the 
triangulation of these data (Strauss & Corbin, 1998) allowed the generation of 
constructed codes. The coding was performed through 6 iterations performed by two 
researchers and cross-checked by two external researchers that did not handle the data 
set. This iterative process finally culminated in the elimination of redundancies and the 
convergence of the codes into first order categories (Gioia et al., 2013) reflecting the 
individual cognitive operations and inputs for search and recombination. 
 
Step2. Tracing the Creative Logics of the Individual  

The second step of the analysis saw the progressive clustering of the first-order 
categories into second order-themes. This analysis was partially informed by theory 
that helped identifying the creative logics that individual undergo when having to 
perform creative tasks. These second-order themes were then aggregated into high level 
dimensions (Gioia et al., 2013) of search and recombination (Savino et al., 2017).  
 

Step 3. Finding Patterns  
The identification of the creative logics in search and recombination was followed 

by a final step of the analysis. In this step, the researchers tried to discover and map the 
patterns. First, the researchers mapped the creative logics along the creative process. 
Then, the researchers tried to discover whether there were recurrent patterns related to 
the type of input.   
 
 
 
 
  



Figure 1. Data analysis process and steps 

 
  
 

Figure 2. Coding Tree of Cognitive Styles  
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4. FINDINGS 
The observation of the ways of thinking of individuals across the three innovation 

workshops of design thinking allowed the recognition of the three cognitive styles of 
associative thinking, analogical reasoning and abductive reasoning. More specifically, 
the observation of the activities of thinking of individuals led to the identification of 
seven underlying micro-cognitive styles (Fig. 2). Along the three workshops, the 
individual participants employed personal combinations of the micro-cognitive styles, 
as they approached new knowledge, from the innovation challenge, old knowledge, 
from their own experience, and both mnemonic and sensorial stimuli, as a result of the 
stimulation from the external facilitators, other participants or even personal sensibility.  
 
Analogical Reasoning: Assumption Driven-Perception  

Related to analogical reasoning, the first micro-cognitive style refers to Assumption-
driven Perception. Along the workshops, participants who adopted this micro-cognitive 
style reasoned through assumptions to find analogies between new knowledge, former 
experiences or personal beliefs and the innovation challenge. Indeed, individuals 
generated assumptions that leveraged on the individual's reference system, consisting 
of their new and old knowledge, personal perceptions and experiences or beliefs to 
trigger the retrieval of variations of opportunities. They did that, by relying on objective 
facts to formulate the problem, thus creating assuming an analogical connection 
between the contextual new knowledge inputs or stimuli provided during the workshop 
and the opportunity. An example could be found in GabrieleD, who participated to a 
workshop aimed at developing a new retail model for a Packaging-Free shop – Negozio 
alla Spina:   
 

"for sure, people that are already client of the Negozio alla spina, I assume, 
they are people careful to the theme of sustainability "  – GabrieleD 
 

In his case, the individual, GabrieleD, started from the source information provided by 
the facilitator, to make assumptions on the costumers’ habits. 
Similarly, the assumptions could also draw from personal experience, as individuals 
applied their own knowledge of a personal situation to the general experience of the 
other users, thus transferring personal experience to the problem:   

 
"Well, especially in Milan, I do not know the other cities, people use the 
sharing service accordingly to where they live. Since this is big pain point, the 
range of the map and the availability, I think that need it more. I'm reasoning 
with assumption; we should also see what the data says"- LucianoC  

 
Hence, LucianoC relied on his personal experience as a citizen of Milano, to identify 
an opportunity for the innovation challenge of shaping the future of car sharing 
mobility.  

Alternatively, assumptions were also generated from personal beliefs, as some 
individuals evoked beliefs to understand the problem.  

 
"Maybe with the pandemic people want to change the way they live, people 
maybe do not want to live in the center, it is interesting to change the range of 
action"  - MariaM 
 

 



Analogical Reasoning: Simile-based Embodiment  
Across the three workshops, individuals employed similes – i.e., rhetorical figure 

that explicitly shows the correlation between two elements – to connect existing 
solutions or inspirations and draw from them features to apply to the innovative 
solution. By adopting the micro-cognitive style of Simile-based Embodiment, 
individuals aim to clarify a concept by presenting it in parallel with another. This 
comparison is done by similes of two types. The former describes making a comparison 
with a product or an object with a specific feature. Hence, the individual explains a 
concept making comparison with another that has a specific feature, which can be 
directly used as a solution since it already works and it can be directly implemented in 
the problem or solution that the individual is facing.  

 
“For example, some dark stores with a dedicated locker of mine, where only I 
can go and leave my containers as an Amazon locker. This is interesting 
compared to the theme of the conversion of empty spaces." - ChiaraT 

 
Another way to reason through simile-based embodiment is by using an affinity with 

a culture or a service: the individual presents an affinity with something that has an 
abstract meaning as a service, a culture, or an idea and then it is used as an inspiration 
to further develop some new concepts. 
 

"For example, looking to a culture that I know such as the Asian one, 
Japanese put hygiene above the problem of sustainability. In this moment, the 
pyramid of needs is changed a little, the hygiene problem seems above the 
sustainability one." - MicheleD 

 
Associative Thinking: Serendipitous Detection 

Through serendipity individuals participating the workshops found unforeseen 
inspiration. Indeed, Serendipitous Detection describes the way an individual makes 
unexpected associations to change the team’s conversation and present an opportunity 
through different lights. It can activate from unconscious variations in the mind, and 
manifest as realizations that bring a new perspective can be done starting from the 
personal experience or from the team discussions. The serendipitous detection can 
appear as manifesting sudden memories of personal experiences. The individual 
associates the topic of discussion with one of his/her experiences. This allows him/her 
to introduce a new opportunity. By doing so, the individual suggests something that is 
not related to what has been said before, but gives a different and new prospective. An 
example is showed by MarziaC, who pivoted the conversation from the guarantee of 
hygienic and health safety to personal security:  

 
"Security also personal, I am a girl and I live in Bologna. A sharing system 
gives you security, not having to take the public transport with people not too 
recommendable, would make me feel more serene, so is not used just for 
work." – MarziaC 
 

Moreover, serendipitous detection can also manifest as the individual finds an  
unexpected interpretation of the conversation topic. Coherently, the individual links the 
the group conversation to something that is not related to topic of discussion. Also in 
this case, this opens to the detection of alternative opportunities, through the 
introduction of a different lens. 



Associative Thinking: Differences Extraction 
Differences Extraction is a way individuals generate opportunities of solutions, 

through the identification of the different facets of a problem or a solution. Individuals 
who adopt this micro-cognitive style, create associations through distinction, thus 
seeking dissimilarities among variations of the same problem or solution. The 
identification of differences, instead of similarities, can be achieve by overcoming the 
problem by pivoting to an adjacent solution. This entails a process of deep 
understanding of the core characteristics of a problem to find variants of the same 
problem, thus overcoming the obstacle of the initial, irresolvable problem:     
 

"I build on this, I agree, but I invite you (AlessandroC) and the group to see 
the positive part, that is: instead of prohibiting something that already exists 
today and that does not go in the right direction, let's starts from artificial 
intelligence even if is seen as something negative at the moment and let's 
evolve it into a positive logic. Forbidden it would mean, in my opinion, stop a 
process of change that is happening today, but I put it in a positive way, 
instead of prohibiting, we can correct it.” – DenisD 

 
Another way individuals can reason through differences, consists in detailing the 

different facets of the same problem. Also in this case, the person shows and finds all 
the different facets of the same problem, discussing about it and presenting all its 
perspectives: 
 

"When it comes to work with ‘geographical boundaries’, it's something that's 
very much linked to ‘trust’, because no matter where you are, the quality of 
your work doesn't change. The fact of having digital services in the workplace 
available everywhere, allow the reduction of geographical boundaries and 
allow instead to work independently and therefore to create more and more 
trust with the leader" – RossanaV 

 
Associative Thinking: Bricolage-driven Transformation 

Bricolage-driven Transformation is a micro-cognitive style that leverages on 
similarities between new knowledge inputs, old ones and experiences, and inspirational 
stimuli to explain how they mix together and find interesting links. The bricolage can 
occur with a direct or conceptual link or synthetizing more concepts.  

By grouping concepts from the same application field, the individual adopts a 
concrete mental model and finds a descriptive element that is common to more 
knowledge inputs and stimuli. Thus, linking them together. 
 

“the -increase of online requests has created the necessity to identify new 
packaging styles to deliver the product- hence we could say that this refers to 
the packaging and logistic world” – FedericaF 

 
Conversely to the previous, reasoning through transformative bricolage can also be 

achieved by grouping synonymous concept. In this case, the individual puts together a 
set of outputs that share similar properties. The inputs are more conceptual, and the 
association requires higher mental effort. 
 



"If we look at them (brainstorming post-its) from the high level, an aspect that 
all of us have mapped is the fact that people use less the public transport, so in 
my opinion this is the starting point" – MariaM 

 
Finally, this micro-cognitive style also manifests as individuals synthesize concepts 

providing a summary. These individuals are characterized by the ability to provide a 
clear summary of all the inputs, outputs or stimuli. This stems from a deep understaning 
of all the concepts and the personal reinterpretation and map of the concepts 
constituting the overall picture: 

 
"On the one hand we have the theme of driving and on the other hand the 
theme of inspiration" – ChiaraM 

 
Abductive Reasoning: Critical Investigation 

Critical Investigation is a micro-cognitive style of individuals who have an 
inquisitory nature. Through constant questions or provocations, they trigger iteration 
and deeper reflection. In turn, these support the conceptual leap of abductive reasoning. 
This micro-cognitive style emerged as a result of crafting hypothetical problems to 
provoke iteration. Indeed, individuals formulated and advanced provoking questions to 
trigger the search of variations of alternatives, thus rethinking the knowledge inputs and 
stimuli to find stronger and more valuable opportunities. Hence, these provoking 
questions aim at express thoughts and iterate concepts and ideas, stimulating a creative 
discussion. 

 
"Have you reflected on how many stores in Milan, that have started to make 
deliveries at home, could have new costs associated to the delivery? They are 
seven store per city" – FedericaF 

 
Critical investigation can also be achieved as individuals break down thoughts into 

smaller ones. To do so, they conceptualize through a series of in-depth questions. 
Indeed, they reason by asking specific questions, that are increasingly detailed in nature. 
This allows to proceed in building the solution and detailing it thanks to a creative 
discussion: 

"To fight Covid consequences, I would take up the problem of widening the 
range of users to areas not covered. What do you think?" – Luca A. 

 
Abductive Reasoning: Imaginative Construction 

Imaginative Construction describes the way of thinking of individuals who create 
hypotheses using their imagination and envisioning the possible or eventual occurrence 
of a problem, a contextual scenario, a solution or a future change. Indeed, individuals 
across the workshops often made sense of the new knowledge inputs and the stimuli, 
by simulating the occurrence of a problem. The individual who adopts Imaginative 
Construction, frames his hypothesis of solutions in response to a crafted problem or 
requirement, that he/she guesses to be true:  

 
"My idea was related to the topic of ‘strengthen the e-commerce’. Thinking 
about our clients (faminily and young people), I guess that they have limited 
time to go to the shops. We could provide a weekly subscription, the physical 
store can be considered as a showroom.”  - FrancescoA 



Parallel to that, individuals also create possible scenarios to build connection 
among the different building blocks of knowledge and stimuli. Indeed, some individual 
participants adopted a mental model based on abduction and imagination that helped 
them concretize the connections among the ensemble of the knowledge inputs from the 
team, from personal experience and the collection of stimuli from the facilitators. They 
did so, by collecting all the relevant information in a plausible scenario.  

 
“(I imagine that…) From his agenda he puts directly into the ATM app the 
address of where he has to go, the trigger is the place to reach. it has already 
left in the morning; he has to decide now what transport to take. He has not 
yet got off the car, because the answer of the app could also be: continue by 
car. This are the triggers: address and time he wants to arrive.” – ClaudioD 
 

Similarly, individuals also concretized the collection of knowledge inputs from all 
the participants into a single solution. Indeed, they did so through the adoption of a 
micro-cognitive style that transformed the team member outputs into an implementable 
solution. The individual systematizes the output from other team members, by 
transforming them into features of a new solution. 

 
"This are the triggers: address and time he wants to arrive. Taking weather 
info and real time info, the app proposes alternative routes, faster and safer, 
as possible variable (short, fast, safe).” – LauraM 

 
Finally, Imaginative Construction can manifest as individuals envisioning a 

possible future. They mentally travel in time, space and hypotheticality to picture 
themselves and the solution in distant futures.   

 
"I wrote the opposite, because in my opinion artificial intelligence replaces 
some things, but human sensitivity not. So, figuring out if a person has certain 
needs is something that I think will remain human. I imagine that in the future 
2030 the AI will do those boring jobs because they have little to do with the 
word human resources, but much to do with the word company machine and 
therefore maybe once HR gets rid of this boring activates has more time to 
personally follow the employee then support him in growth, to give advice, to 
create an ad hoc training course. " - EleonoraP 

 
5. DISCUSSION & CONCLUSION 

The analysis of the cognitive styles of the individuals across the three innovation 
workshops highlights the occurrence of the adoption of seven micro-cognitive styles 
underlying their analogical reasoning, associative thinking and abductive reasoning. 
Despite being very different, in terms of knowledge base, sensibility to stimuli, 
experience or expertise, the individuals adopted the seven micro-cognitive styles in a 
way, that underlined the recurrent adoption of four micro-cognitive styles in support of 
the creative mechanism of search, and the adoption of three micro-cognitive styles in 
support of the recombination mechanism (Fig.3).  
 
The Micro-Cognitive Styles underlying the Search Mechanism  

The mechanism of search defines the creative endeavor in which individuals draw 
from old and new knowledge, as well as inspirational stimuli to generate variations of 
alternatives (Campbell, 1960; Chan & Schunn, 2015; Simonton, 2011), until they find 



the best solution that satisfies the objective (Cyert & March, 1963). Across the three 
workshops, individuals recurrently adopted the micro-cognitive styles of (i) 
Assumption-Driven Perception, (ii) Differences Extraction, (iii) Serendipitous 
Detection and (iv) Critical Investigation to retrieve and interpret the inputs and stimuli 
(Ward & Kolomyts, 2010) and find variants of opportunities that can guide the 
generation of novel and meaningful solutions.  

Indeed, the observations highlighted how individuals who adopted assumption-
driven perception were able to connect the workshop challenge with knowledge inputs 
(e.g., new information introduced by the facilitators and the other participants, or from 
past personal experience) or stimuli (e.g., subtle changes in society), in order to identify 
novel and potentially meaningful needs to address.  

Similarly, the indivduals who adopted the micro-cognitive style of differences 
extraction unfolded new opportunities in the form of new, and different, facets of the 
same problem or solution. Thus, individuals unbundled the problem – and the solutions 
– into different variations.  

Through serendipitous detection, individuals blindly search for alternative 
opportunities, as they create associations – in their mind – with the stimuli from the 
discussion of other participants or the facilitators.  

Finally, individuals who adopt critical investigation, search for the most valuable 
variations of opportunities, as they reflect deeply on the problem or the hypothesized 
solution. Thus, searching for the most satisficing (Cyert & Marc, 1963) solution, 
through constant questionings and iterative provocations.  

 
The Micro-Cognitive Styles underlying the Recombination Mechanism  

Innovation requires the creative recombination of existing elements of knowledge 
(Schumpeter,1939). By undertaking this creative mechanism, individuals combine 
different building blocks, in the form of knowledge inputs and inspirational stimuli, to 
create completely new knowledge (Savino et al., 2017). This, implies the ability to 
deeply understand, absorb, integrate and connect the different knowledge inputs and 
inspirational insights (Zahra et al., 2020). Recombination implies the ability not only to 
connect, but, ultimately, create reconciling explanations to the discrepancies in the 
complex system of inputs and stimuli, thus creating new knowledge (Acar & van den 
Ende, 2016; Ward & Kolomyts, 2010). 

Across the individuals of the three workshops, the micro-cognitive styles that were 
conducive to the mechanism of recombination are (i) Simile-based Embodiment, (ii) 
Bricolage-driven Transformation, (iii) Imaginative Construction.  

When individuals adopted simile-based embodiment as a micro-cognitive style, 
they outlined the analogies between the information from the workshop challenge, 
together with their experience and knowledge of existing solutions or cultures. Drawing 
on a parallel comparison, this micro-cognitive style allowed individuals to understand 
the high-level features of the different elements and fuse them into one unique solution.  

As in the case of bricolage-driven transformation, individuals drew on similarities 
to create linkages that would lead to grouping and synthetizing a mix of knowledge 
inputs and inspirational stimuli. In this case, associative similarities were used to evolve 
and transform single elements into new concepts.  

Finally, through imaginative construction, individuals were able to frame the 
information from different knowledge inputs and inspirational stimuli, by concretizing 
them into an imaginative problem, scenario or solution.  



 

 
 
Our study of individuals helped us produce a detailed account of the cognitive styles 

involved in search and recombination at the level of the individual. It shed light over 
the creative microfoundations of these innovation mechanisms. The study contributes 
to the the debate on search and recombination by openining the black box of the 
anatomy of the two creative mechanisms by investigating the specific cognitive styles 
that support search, and the specific creative logics that support the recombination. 
Indeed, it details the four micro-cognitive styles involved in searching and three micro-
cognitive styles involved in recombining different knowledge inputs and stimuli.  

Moreover, our study suggests that the extant descriptions of search and 
recombination only provide the partial conceptualization of organizational mechanisms 
aimed at generating and evaluating solutions to a problem. They overlook the 
underlying individual cognitive styles that support individuals throughout the entire 
creativity in innovation. With our study, we answer the call from Posen et al. (2018) to 
further the cognitive understanding of how individuals creatively form problems in 
innovation and generate  solutions. This entails going beyond the understanding of 
search and recombination as mere reactive mechanisms, that unfold only in response to 
the loss in performance (Posen et al., 2018; Sommer et al., 2019).  
 
Implications for Future Research and Management  

This study contributes to opening the black box of search and recombination, by 
understanding the cognitive styles of individuals in the creativity of innovation. 
However, we conducted the study in the semi-real setting of three innovation 
workshops within a design thinking event. We expect a comparative replication of the 
study in real-life conditions to extend the understanding of how individuals embedded 
in an organizational setting search and recombine knowledge inputs and stimuli in a 
creative way.   



Moreover, this study opens to further research to have a more comprehensive 
understanding on the potential correlations among the cognitive styles in search and 
recombination and the individual factors, such as antecedent conditions – i.e. 
experience, education, context – personality traits, and inter-personal attitudes.  

 
From the practitioners’ perspective, this study casts a new light on how to nurture 

individual creativity in search and recombination, by framing its conceptualization in a 
set of dynamic logics that enable the creative framing of problems and the creative 
solving of the problems. Thus, it stresses on going beyond the idea that creativity can 
only be achieved by individuals who present specific characteristics. On the contrary, 
it sustains that, depending on the creative tasks, individuals can display different 
creative logics that support search and recombination mechanisms.  
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