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ABSTRACT 

In a world where attention is given to identifying solutions to problems and organizations 

search for a methodology that supports the problem-solving process, scant attention is 

given to the nature and essence of the problem. Problemistic search theory has proven the 

opposite by showing how understanding the problem and getting awareness of 

misalignment between current status and future expectations is crucial. Thus, 

organizations seek methodologies and practices to properly identify the problem to 

tackle, interpret, and frame it. The ability to frame problems in new and original ways is 

widely perceived as one of the critical design thinking features. Thus, the paper explores 

the relationship between design thinking practices performed to explore the problem 

space and radical innovation; furthermore, it investigates the moderating role of data 

technologies on the relationship between practices performed in problem space and 

radical innovation. So, we collected 246 usable responses from practitioners in consulting 

firms in the US, the UK, Sweden, the Netherlands, and Italy that adopted design thinking 

to manage projects. The hierarchical moderated regression analyses show how there is a 



 
statistically significant relationship between observe and notice practices and innovation 

radicalness and reframing practices, while for framing practices, there is no support. 

Moreover, we see that the use of digital technologies is not related to innovation 

radicalness. So, the paper contributes to both theory and practices by unfolding the design 

thinking practices of problem space exploration (i.e., observe and notice, problem 

framing, and reframing) and showing their links with innovation radicalness. Moreover, 

the paper shows how in design thinking, humans seem to be still central, and thus, the 

leverage of digital technology does not moderate the achievable outcome. 

 

INTRODUCTION 

In today’s world, characterized by an accentuated dynamism, uncertainty and complexity, 

humans and organizations are frequently overwhelmed by the abundance of products and 

services (Verganti, 2017). This creates the paradox of choice (Schwartz, 2005): the 

assumption that more choice means better options and greater satisfaction is significantly 

challenged by contemporary society, where less choices can greatly reduce the anxiety 

and busyness of our lives. Hence, organizations are looking for methodologies and 

practices aimed at properly identifying the problem to tackle, interpreting and framing it. 

Within the extant literature on innovation management as well as in a wider context, 

increasing attention is given to what triggers innovation (Smith et al., 2010; Vaccaro et 

al., 2011; Lee et al., 2020). Scholars see a useful locus for investigating this trigger in 

problem identification and subsequent framing. In management literature, this falls under 

the concept of problemistic search theory (Posen et al., 2018), the ability to focus on 

exploration rather than exploitation, look at the problem rather than solutions, and focus 

on diagnosis (Angus, 2019; Banerjee et al., 2019). The concept of problemistic search has 

diffused broadly in the management literature over the past half-century as a central 

theoretical concept in a broad variety of organizational theories, and an important 

explanation of a wide variety of organizational behaviors and outcomes, including, e.g., 

strategic change and reorientation, risk-taking, organizational adaptation, knowledge 

generation, organizational learning, new resource creation, and innovation (Posen et al., 

2018). In his review on problemistic search theory, Posen et al. (2018) note that the 

traditional conceptualization of problemistic search focuses primarily on solution search, 



 
thus overlooking the process and challenges associated with defining or discovering the 

problem (Nickerson et al., 2012). 

The ability to frame problems in new and original ways is widely perceived as one of the 

key features of design thinking; to the best of our knowledge apart from a few 

groundbreaking works (e.g., Cross, 2006; Lawson, 2006; Schon, 1984, 1987, 1995), our 

knowledge about how ‘framing’ actually works is still limited. The reflections developed 

by Schon (1984, 1987, 1995) on reflective practice largely affected the notion of a frame 

in design theory: the perception of the problem is combined with the adoption of a 

specific way of reasoning that allows the ‘framer’ to develop a set of possible actions. 

Design thinking supports the creative framing of the ill-defined problems (Buchanan, 

1992; Boland and Collopy, 2004; Dorst, 2011) that it normally faces and that cannot be 

solved with analytical methods. Indeed, it relies on the capability to discover and 

originally interpret unmet needs (Dorst & Cross, 2001; Liedtka, 2015). Reframing, 

indeed, is an activity that applies creativity not only in developing new solutions, but also 

in interpreting and defining the addressed problem; the reframing activity allows to move 

from the initial – usually ill defined – problem to the true nailed problem (Buchanan 

1992; Boland and Collopy, 2004; Dorst, 2011). 

As recent publications show (Verganti et al., 2020), artificial intelligence, big data, and 

the internet of things might influence the ability to come up with radical innovations 

(Gatignon et al., 2002; Garcia and Calantone 2002), but their contribution to specific 

practices need further investigations. Data technologies can significantly empower 

different Design Thinking practices: for example Big Data can significantly empower the 

empathizing practices with users or Internet of Things can enable new data collection 

strategies. Many of the techniques used in the design thinking process such as user 

research or analogous inspiration can benefit from data-driven tools, products, services, 

and experiences (Lee et al., 2015; Wettersten and Malgre, 2018). 

This study explores the relationship between design thinking practices performed to 

explore the problem space and radical innovation; furthermore, it investigates the 

moderating role played by data technologies on the relationship between practices 

performed in the problem space and radical innovation. 

 

 



 
THEORETICAL BACKGROUND AND RESEARCH HYPOTHESES 

In the last two decades, “Design Thinking” has gained popularity and it is now perceived 

as a powerful paradigm supporting creative problem solving in several fields. The 

challenge of dealing with open, complex problems leads to a particular interest in the 

ways problems can be creatively framed (Stacey et al., 2000; Dorst, 2011). As previously 

mentioned, data technologies can significantly empower different Design Thinking 

practices, but their specific contribution to the practices aimed at exploring the problem 

space needs further investigation (Fuller and Matzler, 2007; O’Leary, 2013; Lee et al., 

2015). For this reason, we organized the theoretical background in two main paragraphs 

summarizing the literature contributions about practices aimed at exploring the problem 

space and the role played by digital technologies in supporting such practices. 

 

Practices aimed at exploring the Problem space 

According to Beckman (2020) design thinking can be conceptualized through the 

experiential learning theory (Kolb, 1984); more specifically four main practices can be 

identified: observe and notice, which happen at the intersection of concrete experience 

and reflective observation; frame and reframe, which happen at the intersection of 

reflective observation and abstract conceptualization; imagine and design, which happen 

at the intersection of abstract conceptualization and active experimentation; and make 

and experiment, which happen at the intersection of active experimentation and concrete 

experience. While the first two practices aim at structuring the problem focusing on 

understanding and knowing (Restrepo and Christiaans, 2004), the last two aim at creating 

the solution focusing on making and doing (Owen, 2006). 

Observe and notice practices aimed at discovering and understanding not only the 

fundamental use and usability needs, but also the meaning-based needs (Mariampolski, 

1999 and 2005; Squires and Byrne, 2002; Elliot and Jankel, 2003). As underlined by 

Beckman and Berry (2007), observation and ethnographic research represent the 

fundamental techniques to empathize with the users. Empathy refers to the willingness 

and ability to adopt the perspective of another person, and recognize their perspective as 

their truth, be open to various inputs, suspend judgment, sense other people’s emotions, 

and communicate by mirroring back; empathy is fundamental to figure out what people 

really want and need by looking at them (Brown, 2009; Giacomin, 2014; Carlgren et al., 



 
2016). The Human centeredness principle leads the design process in the identification 

and satisfaction of users’ needs (Norman, 2005; Thomke and Von Hippel, 2002; Brown, 

2009). Relying on observation and ethnographic research, design thinkers are able to 

build a deep empathy with the purpose of solving users’ issues (Brown, 2008; Holloway, 

2009). The observe and notice practices aim at immersing in the user’s natural habitat, 

replicating and observing user behaviors that might reveal their thoughts and feelings, 

questioning motivations through deep, contextual interviews to infer “the intangible 

meaning of those experiences” (Sanders, 2006). By directly watching, listening, and 

engaging customers in the problem space can empower the potentialities to come up with 

innovative ideas that addresses underlying needs in the solution space (Elsbach and 

Stigliani, 2018; Seidel and Fixson, 2013). Consequently, by adopting a “people first” 

approach, design thinkers can create solutions that are intrinsically desirable and they can 

satisfy explicit and latent needs (Brown, 2008). Hence, we posit that: 

 

H1: Observe and Notice Practices positively impact on the Innovation Radicalness 

achieved by the Design Thinking project 

 

Frame and reframe practices aim at creating a fresh perspective about the addressed 

problem; previous studies have described problem (re)framing by adopting different 

terms. According to Paton and Dorst (2011) ‘reframing’ refers to the adoption of new 

frames aimed at originally interpreting the investigated design context and problems. 

While creativity is commonly perceived as a capability able to support the generation of 

innovative ideas, Dorst and Cross (2001) underline as frame and reframe practices rely as 

well on creativity even if with the aim to reinterpret the problem worth solving. More 

specifically they underline the relevance of the exploration practices through which 

problem and solution spaces evolve and are unstable until fixed by an emergent bridge 

which identifies a problem–solution pairing. Schon (1984) defines “problem framing” as 

a creative event that occurs when the problem–solution pair is identified. Problem 

framing requires intense engagement in sensemaking to develop deep understanding of 

the problem to be solved or challenge to be addressed. Frame and reframe practices 

require to deeply understand current mental models and developing alternative ones 

(Senge, 1991). They engage participants in dialogue involving inquiry, divergence, and 



 
convergence. While inquiry stimulates individuals in discussing assumptions and 

recognizing the limitations of their own perspectives (Schein, 1999). According to 

Beckman and Barry (2009), sensemaking and framing activities allow to generate a set of 

collective and emotionally connecting narratives or stories that can be readily articulated 

and then used heuristically to guide decision making. According to Paul and Elder (2013) 

critical thinking provides the underpinnings of frame and reframe practices. The 

development of new frames is based on different activities: identifying facts (what’s 

real?), inferences (what follows?), assumptions (what’s taken for granted?), and 

viewpoints (what’s the filter?) (Page, 2007; Mayfield, 2007). Hence, we posit that: 

 

H2: Frame and Reframe Practices positively impact on the Innovation Radicalness 

achieved by the Design Thinking project 

 

The contribution of Data Technologies 

Data Technologies is a category that comprehends three different kinds of Digital 

Technologies, which are Big Data, Internet of Things and Artificial Intelligences. The 

term “Data Technologies” comes from the underlying essence and characteristics of these 

technologies, which are essentially based on different kinds of data and they leverage 

them for distinct purposes. Indeed, Big Data is characterized by the exploitation of data 

generated both from companies and from people to recognize patterns and to forecast the 

future trends. Internet of Things mainly consists in devices able to “talk to each other” 

and to send signals and data about several factors according to their functions. Artificial 

Intelligence aims at developing systems able to learn and to “think” autonomously from 

the interpretation of data, without human intervention. 

The confluence of these technologies is just unavoidable, considering the shifting toward 

the 4th industrial revolution (Rabah, 2018) and the forthcoming machine economy 

(Rabah, 2018). Moreover, data are now being applied to a wide variety of uses, from 

stock trading to chatbots to self-driving cars. In fact, traditional data analysis, compute, 

security and networking solutions are not powerful or intelligent enough to drive a highly 

autonomous vehicle; so, it is fundamental to combine these technologies to achieve the 

scope. The ultimate technology breakthrough can be realized only when there is an 

integration between Big Data, Internet of Things and Artificial Intelligence (Rabah, 



 
2018). Nowadays data is becoming a key asset for companies, competitive advantage lies 

within those who can access the most information and who can gain insights most 

rapidly. Moreover, data exploitation is believed to be employable in almost every sector, 

and this promises new ways of understanding the world. This availability of data shows 

that Big Data can be useful in the optimal usage of resources while taking informed 

decisions and Internet of Things and Artificial Intelligence can contribute significantly to 

this process (Alam et al., 2014). 

According to Haefner et al. (2021) Artificial Intelligence can radically reshape innovation 

processes; consistent with rapid technological development and the replacement of 

human organization, Artificial Intelligence may indeed compel management to rethink a 

company's entire innovation process. Artificial Intelligence in combination with other 

Data Technologies can support human-intensive innovation processes (Groves et al., 

2013; Wamba et al., 2017), substantially impacting firms’ innovation performances 

(Bughin et al., 2018; von Krogh, 2018). The rapid evolution of Data Technologies 

suggests that significant and intriguing changes will significantly affect innovation 

processes (Lu, 2019; Ward et al., 2014). However, the knowledge about the actual 

impacts of Data Technologies in shaping the innovation processes and their limits is still 

limited and quite sparse. For example, the role of Artificial Intelligence in nurturing 

creativity and innovation is significantly understudied in comparison to established areas 

where Artificial Intelligence has already replaced traditional management processes 

(Chui et al., 2018). As the economy continues to transform, innovation processes are also 

changing rapidly, making use of sensors, digital networks, and algorithms. According to 

Verganti et al. (2020), being inherently a decision-making technology, Artificial 

Intelligence offers opportunities to automate many tasks relating to learning and devising 

solutions. Consequently, Data Technologies can support those decisions that govern 

creation, development and test of novel solutions. According to Simon (1982, p. 129) 

design means to “devise courses of action aimed at changing existing situations into 

preferred ones”. Verganti et al. (2020) show as Data Technologies (i) allow to overcome 

several limitations of human-intensive design processes, (ii) reinforce design thinking 

principles such as being people-centered, abductive, and iterative. Hence, we posit that: 

 



 
H3: The Use of Data Technologies positively moderates the relationship between 

Observe and Notice Practices and Innovation Radicalness achieved by the Design 

Thinking project 

 

H4: The Use of Data Technologies positively moderates the relationship between Frame 

and Reframe Practices and Innovation Radicalness achieved by the Design Thinking 

project 

 

 

RESEARCH METHODOLOGY 

As previously mentioned, and shown in Figure 1, the paper explores the relationship 

between design thinking practices performed to explore the problem space and radical 

innovation; furthermore, it investigates the moderating role played by data technologies 

on the relationship between practices performed in the problem space and radical 

innovation. 

 

 
 

The empirical setting for this research is innovation projects conducted by consultancy 

firms for their clients using design thinking practices. The authors contacted practitioners 

in their networks and asked them to participate in an online survey. Requests for 

participation in the survey were also posted in open fora, such as LinkedIn. A total of 246 

usable responses were collected from practitioners in consulting firms in the US, the UK, 

Sweden, the Netherlands, and Italy. The response rate was just over 10%, which is 

considered acceptable for an online survey. The unit of analysis was a recently completed 

consulting project that respondents specifically identified and used as the context to 



 
respond to survey questions. To the extent possible, survey items were adapted from 

existing research (see Table 1) and, where needed, additional items were developed. The 

survey went through multiple rounds of testing and was adjusted to ensure that questions 

would be clearly understood. In the course of testing, a number of items were dropped in 

the interest of optimizing survey length; these items that were deemed unclear or 

irrelevant.  

Exploratory factor analysis was used to identify items to measure each variable. Items 

that loaded poorly or items with high cross-loadings were dropped. As shown in Table 1, 

we identified one variable for observe and notice practices, but two variables for framing, 

on one hand, and reframing, on the other. The final set of items used is shown in Table 1. 

 
Table 1: Variables and items. All survey questions, except for the use of digital technologies, were 
presented as statements and answer options ranged from 1 (disagree) to 7 (agree). 
Variables Survey items 
Innovation Radicalness 
(IR) 

Represented a breakthrough in the eyes of your client 
Was new to the industry where your client operates 
Was new to the world  
Proposed radically-new experiences to the users 

Observe and Notice Practices 
(ONP) 

Applying user research techniques that discover hidden and unexpressed 
user needs 
Applying ethnography to collect data about user behaviors in their "real 
habitat" 
Applying empathic design techniques to tuning in with the feelings of 
users 
Applying ethnography to immerse in the context of use 

Frame Practices 
(FP) 

Using analogical thinking to see the problem from multiple perspectives 
Working with a broader and more general formulation of the problem 
Applying framing techniques to understand the deep essence of the 
problem 

Reframe Practices 
(RP) 

Probing and criticising ideas regardless of where they come from 
Pushing teammates to rethink their ideas 
Repeatedly asking questions to challenge assumptions 

Use of Digital Technologies 
(UDT) 

Please indicate the Digital Technologies used to carry out the "PROJECT" 
Artificial Intelligence, Machine Learning and Deep Learning 
Big Data Analytics 
Internet of Things 

 

 

EMPIRICAL RESULTS 

Data were analyzed using Stata (Version 15.1). Pairwise correlations and summary 

statistics are shown in Table 2. We note that the highest pairwise correlations are between 



 
pairs of practices. This is an intuitive result, since all three variables measure the use of 

practices in the exploration of the problem space, but this does raise the possibility of 

multicollinearity. To probe the issue of multicollinearity, variance inflation factors were 

examined. The highest variance inflation factor in Step 3 of the hierarchical regression 

models (all interactions included) was found to be 2.46, which is below the conservative 

threshold of 5 (Marquaridt, 1970). Thus, multicollinearity was assumed not to be an 

issue. 

 
Table 2: Pairwise correlations between variables. 

  1 2 3 4 
1 Innovation Radicalness (IR)     
2 Observe and Notice Practices (ONP) 0.37    
3 Frame Practices (FP) 0.24 0.51   
4 Reframe Practices (RP) 0.37 0.47 0.51  
5 Use of Digital Technologies (UDT) 0.16 0.16 0.04 0.16 

 

The research model was tested using hierarchical moderated regression analyses and the 

results are shown in Table 3. Independent variables were standardized prior to analysis as 

recommended by Aiken and West (1991). In Table 3, Step 1, we see that hypothesis 1 is 

supported by a statistically significant relationship between observe and notice practices 

and innovation radicalness. Hypothesis 2 is not supported for framing practices, while the 

coefficient for reframing practices is statistically significant. Thus, hypothesis 2 is 

partially supported. 

Moving on to Step 2, we see that the use of digital technologies is not related to 

innovation radicalness. Thus, according to the data, the use of digital technologies does 

not, by itself, contribute to innovation radicalness. In Step 3, the three interactions are 

added to the model. Only one of the interactions is statistically significant: the interaction 

between observe and notice practices and the use of digital technologies is positive and 

statistically significant, which lends support to H3. The interaction diagram is shown in 

Figure 1 and we note that the relationship between observe and notice practices and 

innovation radicalness is stronger when the use of digital technologies is high versus 

when it is low. Neither the interaction between framing practices and the use of digital 

technologies nor the interaction between reframing practices and the use of digital 

technologies are significant. 



 
 



 

Table 3: Results of hierarchical regression analysis with innovation radicalness as the dependent variable. N=246. **p<0.01, *p<0.05. 
 Step 1 Step 2 Step 3 

 Coef. Std.err. P>t  Coef. Std.err. P>t  Coef. Std.err. P>t  
Observe and Notice Practices (ONP) 0.34 0.09 0.00 *** 0.32 0.09 0.00 ** 0.38 0.09 0.00 ** 
Framing Practices (FP) -0.04 0.09 0.64  -0.03 0.09 0.72  -0.06 0.09 0.49  
Reframing Practices (RP) 0.33 0.09 0.00 *** 0.32 0.09 0.00 ** 0.31 0.09 0.00 ** 
Use of Digital Technologies (UDT)     0.10 0.07 0.20  0.05 0.08 0.54  
UDT x ONP         0.24 0.12 0.04 * 
UDT x FP         -0.20 0.11 0.08  
UDT x RP         0.13 0.09 0.17  

 



 

 

Figure 1: Interaction diagram showing the moderating effect of the use of digital technologies on the 
relationship between observe and notice practices and innovation radicalness. 

 

 

DISCUSSION 
The empirical results about the relationships between Design Thinking practices aimed at 

exploring the problem space and innovation radicalness provide interesting insights. The 

positive and significant relationship between observe and notice practices and innovation 

radicalness confirm and underline the relevance of empathy and human-centered 

approach in discovering hidden and latent needs that can stimulate and spark radical 

innovation. Several studies underline the relevance of the human-centered approach 

especially in dealing with wicked problems (Buchanan, 2001; Camillus, 2008). Design 

Thinking practices usually deal with ambiguity, an ever-present attribute in addressing 

wicked problems. Wicked problems are defined as a class of social problems that are ill-

formulated, where the information is confusing, and where many customers and decision-

makers have conflicting values (Rittel and Webber, 1973). The growth of interest on 

applied ethnographic research – i.e., the practice of observing users in the context of use 

– is demonstrated by several studies (Kelley, 2001; Lojacono and Zaccai, 2004); they 

provide a deeper and more valuable interpretation of design thinking practices able to get 

closer to users and their actual needs (Patnaik and Becker, 1999; Whitney and Kumar, 

2003). The observe and notice practices are based on the human perspective that allow to 

embrace the problem complexity, make sense of those weak signals expressed and shown 



 

by people behaviors (Liedtka, 2015). Few empirical studies investigate the impacts of 

human-centered practices on innovation performance such as radicalness. Rosenthal and 

Capper (2006) as the ethnographic research can contribute to the product development 

process in capturing insights able to support radical innovation. Leonard and Rayport 

(1997) show as empathic design allow to challenge industry assumptions and stimulate 

radical innovation.  

It is interesting to notice that the empirical results show the positive and significant 

relationship between reframing practices and innovation radicalness, whereas framing 

practice and innovation radicalness don’t highlight significant relationship. In other 

words, the capability to originally reorganize the initial interpretation of the problem 

seems fundamental to conceive radical innovation. The reframing practices are based on 

criticism that aims at going deeper into interpreting things, striving to unveil what lies 

beneath the surface by considering different perspectives, hence developing a richer and 

more robust interpretation (Verganti, 2016; Verganti and Norman, 2019). Verganti 

(2017) defines criticism as the practice of challenging cognitive frames, of questioning 

how people make sense of the environment. Reframe practices are based on the ability to 

ask the right questions, challenge the status quo, stimulate curiosity and criticism (Drews, 

2009). According to Dorst (2011), abductive reasoning represents one of the core 

attributes of Design Thinking; reframing practices rely on this kind of reasoning to 

imagine what might be, rather than the analysis of what is, to create innovative insights 

(Fraser, 2009; Kolko, 2015). 

Finally, the empirical results demonstrate as the use of digital technologies doesn’t 

directly affect innovation radicalness, whereas it empowers the contribution provided by 

observe and notice practices. Artificial Intelligence, Big Data Analytics and Internet of 

Things can provide valuable supports to observe and notice practices: (i) they allow to 

capture users’ behaviors at the individual level; (ii) they enable complex analyses, and 

(iii) they allow to recognize unconventional patterns (Verganti et al., 2020). The use of 

digital technologies doesn’t influence neither framing practices nor reframing ones. One 

possible explanation can be retrieved in the human intensity of such practices. Abductive 

reasoning and sense making are at the core of framing/reframing practices; digital 

technologies, even if precious, are still limited in supporting both of them (Verganti et al., 

2020). 



 

 

 

CONCLUSIONS 

The paper leveraging 246 responses from many European countries and the US enriches 

the understanding of both practitioners and academics on the role that the design thinking 

practices might have in problem framing.  

The contributions are twofold. First, showing the design thinking practices relevant for 

innovation radicalness (i.e., observe and notice, reframing) increases the knowledge of 

problemistic search theory. As a matter of fact, the problemist search has been recognized 

but not unfold in its constituent. Design thinking seems to provide a first step for doing 

so. Second, the hierarchical moderated regression analyses show how the digital 

technologies do not moderate the relations. This is an interesting insight in a world that is 

becoming more and more digital; it shows that exploring the problem space is still a 

human activity. Coherently, with the growing attention on abduction and sensemaking, 

that both academics and practitioners in the innovation and strategy management field are 

proposing.   

Despite the contributions mentioned above, the paper is opening up a series of future 

research that might reinforce the understanding in the design thinking literature and 

problemistic search. Indeed, a better comprehension of the nature of digital technologies 

and a better distinction might unveil moderating effect. Moreover, in a world that is 

becoming more and more complex, and complexity is a matter of understanding different 

levels of things, comprehending if there is a different level in problem space, one more 

cognitive and one more empirical might be interesting for the research. This can be done 

by overcoming one of the limitations of study that focuses on design thinking experts and 

increasing the coverage of nations to reduce the cultural influence that in this kind of 

study is considered an influential factor. Future research building on these first insights 

on design thinking practices for exploring problem space might enrich the understanding 

of such a relevant topic in innovation management. Indeed, every innovation is the result 

of a solution to a state of tension, ultimately a problem.5 
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