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Introduction 

The design community has sought to define and analyze design knowledge for decades. Numerous 

authors have provided definitions, descriptions of characteristics, and frameworks of  design knowledge. 

Much of today’s seminal literature in the design discipline addresses questions about how designers 

think, learn, and acquire skills. [1] However, these sources tend to address the topic from different 

angles and to present their own terminology and definitions. At present, no unified model of design 

knowledge exists, as we illustrate through our extensive literature review in the next section.  

Meanwhile, knowledge management today is still widely determined by a traditional business 

understanding that does not take into account the peculiar characteristics of design knowledge.  [2] A 

lack of understanding about the different types of design knowledge—along with an ignorance of its 

requirements for knowledge transfer, knowledge creation, and other aspects of design knowledge 

management—can lead to a decline in a company’s capability to innovate. This apparent gap in the 

knowledge between the two disciplines leads to our attempt to develop a comprehensive model of 

design knowledge—one that unifies the existing research from the design discipline and also takes into 

account the knowledge management perspective from the business discipline. Hence, our goal with this 

article is to develop a unified model of design knowledge that merges traditional knowledge 

management with the peculiarities of design knowledge. To do so, we first look at existing models for 

general knowledge, which mainly stem from knowledge management in the business discipline, to 

identify structures that could be adapted to develop a model for design knowledge. 

 

Knowledge and Knowledge Management Models 

After discussing some definitions of knowledge from a philosophical view, we compare several existing 

knowledge models from the knowledge management field. 

 

Figure 1. SECI model of knowledge dimensions, based on Nonaka and Takeuchi. 

 

Epistemological Understanding of Knowledge 

Numerous theories and definitions are used to articulate what knowledge is. (For an overview, see the 

work of Ronald Maier. [3]) In the classical philosophical definition—as expressed in the Socratic dialog, 

“Theaetetus”—knowledge is described as “justified, true belief.” [4] However, this definition is too 

narrow for our purposes because it excludes all knowledge that cannot easily be justified, such as gut 

feeling or design intuition. Another common approach is to make a distinction between knowledge, 



information, and data. For example, Agnar Aamodt and Mads Nygård use semiotics to differentiate 

between these three. [5] If a syntax regulates the correct combination of signs, we call this combination 

of signs data. Data need semantics to become information. If information is connected with other 

information, embedded in a context, and applicable to achieve a goal—which means it has a pragmatic 

dimension—it is called knowledge. Thus, knowledge provides the ability to perform effective decisions 

and actions. According to Patricia Alexander et al., the term knowledge refers to an individual’s personal 

stock of information, skills, experiences, beliefs, and memories. [6] Gilbert Ryle differentiates between 

“know-what” (facts) and “know-how” (practical knowledge on how to accomplish something). [7] 

 

Knowledge Models from the Knowledge Management Field 

In the business discipline, various investigations, models, and developed knowledge management 

systems focus on the management of general knowledge. To develop a unified model of design 

knowledge, we look at four different existing models for general knowledge: (1) the SECI model, by 

Ikujiro Nonaka and Hirotaka Takeuchi; (2) the i-Space model (also known as the Boisot Cube model), by 

Max Boisot and Benita Cox; (3) the three-level model of human behavior, by Jens Rasmussen; and (4) 

the four-level systemtheoretic view of knowledge, by Franz Josef Radermacher. 

 

Figure 2. i -Space model, or Boisot Cube, based on Boisot and Cox. 

 

SECI Model. The SECI Model of Knowledge Dimensions, by Nonaka and Takeuchi, is one of the most 

established models of knowledge processing. [8] (See Figure 1.) The model differentiates between tacit 

knowledge and explicit knowledge. The letters S, E, C, and I stand for socialization, externalization, 

combination, and internalization, which describe the transition process between tacit and explicit 

knowledge. 

  

i-Space Model. The i-Space Model by Boisot and Cox is a framework for knowledge management that 

focuses on three dimensions of knowledge. [9] (See Figure 2.) The first dimension establishes two types 

of knowledge: uncodified and codified. (They resemble tacit knowledge and explicit knowledge, 

respectively.) This dimension is the vertical axis of the three-dimensional cube. The shift between the 

two types occurs as codification (akin to externalization) and absorption (akin to internalization). In 

addition to the two knowledge types, the cube includes two knowledge quality dimensions: diffused and 

undiffused, knowledge, which is the degree to which knowledge is distributed; and a dimension 

distinguishing between abstract and concrete, which refers to the degree of transferability of knowledge 

from a general to a specific context and vice-versa. This distinction between concrete and abstract 

knowledge also is called situatedness in the literature. [10] The three-dimensional cube illustrates a 

social learning cycle, which takes place in a series of six steps.  

  

Figure 3. Three-level model of human behavior, based on Rasmussen. 

 

Rasmussen’s Model of Human Behavior. The Rasmussen model asserts that human behavior can be 

skill-, rule-, or knowledge-based and that information is processed in different forms on these three 

levels: as signals, signs, or symbols, respectively. [11] (See Figure 3.) Skill-based behavior refers to 



automated behavior based on intuitive handling patterns that are difficult to verbalize. (Thus, it is similar 

to tacit knowledge.) Rule-based behavior refers to a more conscious action based on explicit rules (and 

thus is similar to explicit or codified knowledge). Knowledge-based behavior refers to human behavior in 

unknown or unfamiliar situations, where no previous rules or instructions guide the behavior. Behavior 

then is based on analysis of the situation and the creation of an appropriate action or solution. (The 

process is similar to problem-solving on a theoretical level.) 

 

Radermacher’s Knowledge Model. The four-level system-theoretic view of knowledge by Radermacher 

is based on a system-theoretic view of general knowledge processing, inspired by biological systems and 

evolution. [12] Radermacher’s model uses a broad concept of knowledge, in which all patterns that 

enable actions or decisions are called knowledge. It differentiates between four levels of knowledge 

processing and three transitions between the four levels (see Figure 4). Level A, physical knowledge or 

“embodied knowledge,” consists of the physical or signal level. The knowledge is expressed as a three -

dimensional fit or a physical/chemical formation. One example is the immunological system, which 

works on the basis of a key/lock principle. The “knowledge” of the immunological system about past 

infections and the body’s proper reaction is captured in the physical/chemical docking capability of an 

antibody with a virus. Level B, tacit or neuronal knowledge, uses neural networks, or “holistic methods,” 

to process input. The knowledge is expressed as a (dynamic) equilibrium of activity levels in a neural 

network. [13] All sensorimotor knowledge that enables humans (and animals) to perform complex body 

movements (e.g., riding a bicycle) falls at this level. Level C (symbolic knowledge) represents knowledge 

expressed in the form of language, logic, and symbolic inference. A key for the performance of this level 

is the classification of world states in the form of concepts. This classification reduces the description 

complexity of a situation. Argumentation in the form of language, rule -based expert systems, and logic 

are placed at this level. These rules do not have to be based solely on one’s own experience but also can 

be transferred from other organizations. Language can explain and justify these norms. Level D 

(scientific models) expresses knowledge in mathematical or scientific models or theories of the world. 

These four levels evolve one after the other and also are built up materially on each other. For example, 

a theory (level D) is based on explicit, codified knowledge (level C). Knowledge is represented at all 

levels through the construction and transformation of patterns. The representation of these patterns 

differs at each level. 

Radermacher also addresses the transitions between these levels. Because our environment is 

overloaded with signals from the physical level, we need filters to select from all possible signals only 

the signals that are relevant for us. These filters also can be adjusted in the reverse direction to allow 

access to other signals for additional processing. Hence, knowledge representation can be transformed 

between level A and level B by filtering or adjusting filters. In the transition from level B to level C, a 

classification of world states and mental states into concepts capable of being expressed takes place. 

People agree on a common language, and tacit knowledge is externalized—for example, through 

codification and transformation into written or spoken language. As with the transition between A and 

B, this transition also proceeds in both directions: Moving from B to C, the tacit knowledge is codified 

and externalized (e.g., written down); moving from C to B, explicitly codified knowledge (e.g., traffic 

rules learned in driving school) can be internalized, such that they become autonomic or unconscious.  

[14] Finally, the transition between levels C and D describes the process of generating models and 



theories about the world. Knowledge from the previous level is being transformed into a framework, 

model, or theory. By moving downward, from level D to level C, a theory adds new concepts to the 

language (see Figure 4). [15] 

 
Figure 4. Four-level system-theoretic view on knowledge, based on Radermacher. 

 

In summary, none of the four models considered here explicitly addresses the specifics of design 

knowledge. Only Rademacher refers to a physical level of knowledge represented as three-dimensional 

forms, which is highly relevant to the design field. Boisot and Cox and Radermacher address the 

generation of new knowledge through knowledge transformations, which is supposed to be one of the 

key roles of designers. [16] 

In the next section, we look at existing knowledge models from the design field.  

 

Design Knowledge 

We argue that the models discussed for the management of general knowledge do not address the 

specifics of design knowledge. Thus, what follows is a systematic literature search on existing theories 

and models about design knowledge. We searched the Scopus database with the search term, “design 

knowledge,” to refer to design-specific information that is embedded in a context (e.g., intended use, 

goal, or briefing of an existing or envisioned design) and that hence enables designers to perform 

actions and decisions regarding their creations. The results were limited to the top design journals, as 

suggested by Gemser et al., [17] plus two more recent sources: Design Science and The Journal of Design 

Creativity and Innovation. The resulting 92 journal papers were filtered according to the following 

criteria: We focused on design knowledge taxonomies or classifications; we set aside work that used 

existing design knowledge categories (e.g., in empirical protocol analyses) that focused on only one 

specific type of design knowledge (e.g., tacit knowledge), or that presented knowledge-based systems 

(KBSs). We then reviewed the remaining 21 papers for backward and forward citation analysis, in which 

we also included works from other sources, such as books. This search process resulted in the 30 

sources that we included in our literature review. 

Our analysis of the 30 sources made evident that the amount of existing literature on the topic 

of design knowledge is large and manifold, indicating that this topic is important to the design 

community. However, the overview of concepts and terminology used regarding types and qualities of 

design knowledge reveals several problems: 

1. Lack of comprehensiveness. Although several concepts are mentioned by different authors, 

creating several degrees of overlap, no comprehensive classification is offered. 

2. Redundancy. Some works refer to several concepts that could be combined into one concept 

(e.g., intuition and implicit knowledge; abstraction and generalizability).  

3. Inconsistent terminology. Many researchers seem to identify the same or similar concepts, but 

they use their own terminology. For example, object knowledge, artifact knowledge, and design 

precedents all refer to the same concept. When related concepts are given different names, 

discussing and relating the research streams becomes more difficult.  

 



By clustering the presented concepts from the design literature thematically, we identified eight 

categories of knowledge types or knowledge qualities in the analyzed literature: (1) knowledge 

embodied in physical artifacts, (2) knowledge represented as tacit design intuition, (3) knowledge 

explicitly verbalized, (4) knowledge in the form of models or theories, (5) situated knowledge, (6) 

degrees of design expertise, (7) knowledge diffusion, and (8) knowledge content. We refer to the first 

four categories as knowledge types because they identify types of representation of design knowledge. 

The remaining four categories, which we call knowledge qualities, identify particular aspects of design 

knowledge that are somewhat orthogonal to the knowledge types. Some sources also address 

transformation of knowledge, which we illustrate as transitions between the knowledge types. 

  

Table 1. Suggested Knowledge Types, Qualities, and Additional Concepts in the Analyzed Li terature. 

 

A Unified Model of Design Knowledge 

With this article, we contribute a comprehensive model of design knowledge, which we’ve developed 

based on the 30 articles analyzed and the existing knowledge models. Our goal is for the design 

knowledge model to follow the structure from the knowledge management field, incorporating all 

identified categories from the design literature. We refer primarily to Radermacher’s model as a 

foundation for developing our design knowledge model and we also rely on the i -Space model (Boisot 

Cube). The reasons for this decision are as follows: 

1. The model by Rasmussen is similar in structure to the model by Radermacher, but it is less 

comprehensive, presenting only three levels instead of four. The fourth level suggested by 

Radermacher addresses the physical (artifact) level, which is crucial for the design discipline, 

in our view. 

2. The SECI model by Nonaka and Takeuchi mainly focuses on two levels: tacit knowledge and 

explicit knowledge. They also emphasize the transformation of knowledge between these 

two states (externalization and internalization). These aspects are also present in 

Radermacher’s model. The SECI model neglects the additional two levels of Radermacher’s 

model. 

3. Radermacher’s model also addresses transitions between its four knowledge types. The 

transformation of one type of knowledge to another seems to be a necessary component in 

modeling knowledge and for generating new knowledge, which in our view is one of the 

main goals of design. The SECI model and the Boisot Cube also address such transitions, but 

both include only two knowledge types. Hence, the Radermacher model is more 

comprehensive. 

4. The Boisot Cube combines its two knowledge types (codified and uncodified) with two 

knowledge qualities (diffused/undiffused and abstract/concrete). Although the model itself 

lacks comprehensiveness, we consider the combination of knowledge types and qualities a 

very promising approach and incorporate it into our model.  

 

The following sections summarize the concepts found in the analyzed literature, which constitute the 

main categories of our proposed knowledge model. 

  



Artifact Knowledge (Level A) 

Design knowledge can be represented in physical artifacts. We call this level artifact knowledge. Nigel 

Cross uses embodied knowledge for knowledge about a specific handling, use, or function that is 

“frozen” in the physical form of an object. [18] To illustrate, the solution of how to open a bottle is 

inherent in the form of the bottle opener. Bionics offer another example: Certain properties of nature 

can be copied and transferred into designed products, just as the knowledge of the functioning of the 

botanic burdock is embodied in the designed shape of Velcro fasteners. Several papers refer to this type 

of design knowledge, although with different terms. For example, numerous authors use the term 

artifact knowledge. [19] Buthayna Hasan Eilouti, Rivka Oxman, and Brian Lawson refer to a similar 

concept using the term precedents. [20] Ezio Manzini and Joan Ernst Van Aken mention object 

knowledge. [21] 

 

Design Intuition (Level B) 

Adapting the level of tacit knowledge to design, we call this type of knowledge design intuition. The 

intuition of a designer for good (or bad) design is based on the neuronal level of design knowledge. 

Sometimes, designers cannot explain why a design is good or not— they just “know” because of their 

gut feeling. This intuition or tacit knowledge can be trained (e.g., through trial and error, through 

variations and test series, or just by experience). [22] Another possible way to build tacit knowledge is 

through observation and imitation. Neurological science has explained this process using the so-called 

mirror-neuron system. [23] When someone observes an action being performed, neurons in their brain 

fire as if they were performing the action themselves. Therefore, simply being in a relevant environment 

(e.g., an internship) and observing and working with an expert designer could lead to enhancing the 

design intuition. 

This type of design knowledge is called intuition by some researchers, including Michel 

Benaroch, Donald Schön and Glenn Wiggins, and Raymond Willem. [24] Others use the terms talent or 

skill [25]; implicit knowledge [26]; or tacit knowledge. [27] Willem and Zdenek Zdrahal call it experience, 

[28] while Eilouti and Oxman refer to memory knowledge. [29] Lawson introduces the term body 

knowledge. [30] Cross refers to knowledge within people. [31] Although slight differences exist in the 

exact definitions, all of these terms describe a similar phenomenon: the internal or non-externalized 

representation of design knowledge. 

  

Design Language (Level C) 

We use the term design language to indicate the symbolic level of design-related knowledge. Symbolic 

design knowledge is codified as text, figures, and symbols. A specific design solution can be discus sed by 

means of linguistic argumentation. This level also includes the different expression skills of a designer, 

such as visual languages (e.g., construction diagrams), sketching and (technical) drawing, specific design 

terminology, and the use of design software. This type of design knowledge (design language and 

terminology) is labeled in many papers as explicit knowledge. [32] However, we use the term design 

language instead to distinguish this type of design knowledge from general knowledge. 

 

Design Theories (Level D) 



Similar to Radermacher’s “model level,” involving testable theories, we call this level of knowledge 

design theories. A design theory or model constitutes design knowledge in a highly compressed and 

abstracted form. Typical design theories might involve ergonomic norms or patents, which can be 

tested, transferred to different projects, and adapted for specific purposes. Different design solutions 

based on one theory or model can later be tested and verified in other venues. For example, a  chair that 

was designed based on ergonomic norms can be tested among people who represent a sample of the 

population’s body masses. In addition, Christopher Alexander and colleagues introduced a set of 

patterns that are applicable to different design problems. [33] Herbert Alexander Simon argues that we 

need a science of design that is a “tough, analytic, partly formalizable, partly empirical, teachable 

doctrine.” [34] Compared to a natural or behavioral theory, a design theory focuses on “how to do 

something” and gives “explicit prescriptions on how to design and develop an artefact.”  [35] 

Design knowledge models or theories were suggested in a few of the analyzed sources. For 

example, Luz Maria Jimenez Narváez refers to empirical-analytical knowledge. [36] Eilouti refers to the 

concept of design patterns. [37] Kees Dorst and Isabelle Reymen mention the necessity of testable 

knowledge but do not specify what that might be. [38] Benaroch suggests logical arguments and proofs, 

which resemble testable theories. [39] To further investigate the concept of design theories, readers 

might look to Friedman and to Gregor and Jones, who describe the components of a design theory.  [40] 

  

Transition A–B 

For the transition between Artifact Knowledge (Level A) and Design Intuition (Level B), we use 

Radermacher’s terms: “filtering and adjusting filters.” Signals from the physical level are filtered, or the 

designer’s perception of the environment may be adjusted during this process. Designers are able to 

look at the world differently: They tend to see things (e.g., problems and opportunities) that other 

people don’t notice. 

 

Transition B–C 

In the context of design, the tacit knowledge from Level B becomes externalized into codes and symbols. 

This codification might stem from the agreement on a design terminology, from the learning of design -

specific expression skills (e.g., drawing or model-making), or from reflecting on previous tacit 

experiences and verbalizing and discussing them. [41] In the other direction, explicit knowledge can be 

internalized (trained) through frequent application. 

 

Transition C–D 

This transition describes the process of generating models and theories that might be relevant for the 

designer. Such models and theories might be influenced by, for example, user observations, a system 

analysis, or storytelling. Designers usually do not create general design “rules”; rather, they create 

practical models or frameworks intended for a specific design problem. Such design models could be 

causal graphs, “journey maps” that describe a process over time‚ “two-by-two” matrices, Venn diagrams 

that classify observations, or fictitious “personas.” This transition resembles the “synthesis” step in the 

design process. [42] 

In the analyzed literature, only a few authors suggest knowledge concepts that address a transition 

between different types of knowledge. Schön, Heylighen and colleagues, Cross, and Dorst mention the 



importance of reflecting on the results of trial and error, which we see as externalizing tacit knowledge. 

[43] Schön and Wiggins emphasize the importance of “a particular way of seeing” for design.  [44] In 

addition, Lawson mentions the ability “to see or hear in particular ways.”[45] We interpret this move as 

the transition between the physical level (i.e., present signals from artifacts and environments) and tacit 

knowledge, in which one’s perception of this environment is being adjusted. In total, three transitions 

emerge between the four knowledge types. 

 

Situatedness 

This concept also is called transferability, context-relatedness, or generalizability in the analyzed 

literature. It describes the degree to which the knowledge is domainor context-specific or can be 

transferred to other contexts and situations. The scale ranges from situated knowledge (context-

specific) to general knowledge (transferable to other situations). Ashton introduces the term general 

knowledge, which is also mentioned by Belkis Uluoğlu.  [46] 

 

Level of Expertise 

The level of design expertise describes how experienced and versed designers are in their respective 

design field. [47] Design expertise ranges on a scale from low expertise (novice) to high expertise 

(expert) and can occur within each of the identified types of design knowledge. In the analyzed 

literature, the concept of design expertise occurs in Dreyfus and Dreyfus, Casakin and Goldschmidt, 

Lawson, and Cross. [48] 

 

Knowledge Diffusion 

Knowledge diffusion, a term mentioned by Paola Bertola and José Carlos Teixeira, refers to the extent of 

distribution and accessibility of the design knowledge for other people.  [49] It can occur on a scale from 

low diffusion (e.g., accessible or distributed to only one person) to high diffusion (i.e., accessible or 

distributed to many people). Meanwhile, Uluoğlu refers to personal knowledge, which is possessed by 

only one individual. [50] Åman and colleagues also refer to individual and collective design knowledge, 

which correlates with the concept of knowledge diffusion. [51] 

 

Knowledge Content 

The dimension of knowledge content is expressed not on a scale but rather in various selective topics. 

Still, it can apply to any knowledge type. Knowledge about something can be embodied in an artifact or 

represented as intuitive knowledge; it can be explicit or manifested as a theory. For example, in the 

literature reviewed, the content of a design artifact often is described as knowledge about functional, 

behavioral, and structural characteristics (which is part of the FBS ontology).  [52] Zdrahal mentions 

domain knowledge. [53] Several authors refer to process knowledge, or knowledge of how to do 

something. [54] Uluoğlu distinguishes between operative and directive knowledge (how to do 

something) and associative knowledge (know-how). [55] These two dimensions also are introduced by 

Åman and colleagues using the terms declarative knowledge and procedural knowledge, respectively. 

[56] Moreover, Åman and colleagues distinguish between two types of design knowledge content: 

technical knowledge (e.g., the working principles of a turbine) and human-centered knowledge (e.g., 

knowledge about symbolism, culture, and aesthetics). 



 

Figure 5. Uni fied model of design knowledge. 

 

Figure 5 presents our suggested unified model of design knowledge, which is  structurally based on 

Radermacher’s knowledge model and the Boisot Cube. In terms of content, our model  is constructed 

based on the categories identified in the analyzed design literature.  

Our suggested unified model of design knowledge includes four knowledge types (i.e., artifact 

knowledge, design intuition, design language, design theories), labeled as Levels A, B, C, and D. The 

three transitions between these levels indicate that knowledge is being transformed from one level to 

the next through filtering (A>B) and adjusting filters (B>A); through internalization of knowledge (C>B) 

and externalization of knowledge (B>C); and through theory formation (C>D) and concept creation 

based on theory (D>C). The four knowledge qualities that can be found in each type of design 

knowledge (i.e., situatedness, expertise, diffusion, content) are illustrated as additional orthogonal 

layers. 

 

Discussion 

The unified model of design knowledge presented in this article summarizes and consolidates the 

multitude of existing definitions and theories of design knowledge, and it extends them further by 

adding an additional perspective from the management discipline. The resulting framework provides 

implications for design practice, design theory, and design education.  

 

Implications for Practice 

Practitioners and companies might benefit from the suggested model in two ways. First, knowledge 

management and transfer play an important role in any design-related or innovative organization and 

therefore should be facilitated by an understanding of the different design knowledge types. Second, 

the model might guide the development of corporate knowledge management systems for design 

knowledge. Because innovation has emerged as an important success factor for companies, a tailore d 

strategy for managing design knowledge is crucial, as are deliberate actions to generate new design 

knowledge. 

 

Implications for Theory 

The comprehensive framework might facilitate future research in the design field on several levels: First, 

the design artifact as a knowledge repository is an important asset for design and design research (Level 

A). However, publications about artifacts cannot involve the physical object itself. Hence, a systematic 

understanding of knowledge extraction possibilities and knowledge transfer into design language seems 

to be an important factor for design research. Second, the question of how expert designers see—their 

special way of seeing the world—might be a promising research question (Transition A-B). Third, how 

design experts gain their design intuition (Level B) and what distinguishes experts’ and beginners’ 

intuition in design are two questions that the framework highlights. Fourth, the presented model allows 

a systematic analysis of the role of precise design terminology for conceptualizing, and it provides a 

foundation for design critique (Level C). Fifth, the framework facilitates synthesizing the research 

process to develop design models and theories (Level D). 



  

Implications for Teaching 

The unified model of design knowledge may help design educators to better understand different types 

and qualities of design knowledge and to teach them more effectively to students. Each of the eight 

presented knowledge dimensions, as well as the three transitions between knowledge  types, provide 

the potential for developing tailored exercises. A better understanding of knowledge characteristics and 

requirements also can result in more effective teachings strategies. It might enable design educators to 

analyze and systematically critique their own design exercises, as well as to design new ones, based on 

the requirements of the different types of design knowledge to be transferred. 

 

Conclusion 

In this article, we present a unified model of design knowledge. Based on an extensive literature review, 

we offer a framework comprising four different levels of design knowledge —design artifacts, design 

intuition, design language, and design theories—and the transitions between these levels. Additional 

elements in the model incorporate four qualities of design knowledge: expertise, diffusion, situatedness, 

and content. The model is based on two models of general knowledge processing—that of Radermacher 

and that of Boisot and Cox; we adapt these models to the specific properties of design knowledge. As a 

result, this article contributes to a better understanding of design knowledge for companies, 

researchers, and educators in the design field. 
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