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Abstract

:

Creativity is fundamental to design problem-solving. This paper sets out a systematic review of the literature in relation to its role in the architectural design studio in order to identify central issues that impact upon this activity. Challenges and best practices in relation to systematic reviews are outlined, and the procedure followed in this context is set out in detail. This involves an iterative evaluation process that resulted in a pool of 17 papers for analysis. Eleven themes emerged in the analysis of the papers, which were organized into five key categories dealing with: pedagogy, cognitive approach, interaction and socialization, information representation, and measuring ideation and creativity. A discussion of these categories contributed to the comparison and connections between the selected papers, and the identification of critical issues and directions for promoting creativity in the architectural design studio.
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1. Introduction


Creativity constitutes an important topic related to design problem-solving. Most design problems are ill-defined and, therefore, cannot be completely solved using routine problem-solving processes, either manually or computationally [1,2]. A characteristic of design problems is that they are complex, ambiguous, and unique [3]. Because of the nonroutine and ambiguous nature of design problems, it is not possible to foresee what type of information will lead to what kind of solutions. Hence, tackling design problems implies the generation of many different and potentially creative ideas and unpredictable solutions [4].



Creative thinking can aid to enrich and develop the abilities needed to tackle ill-defined processes, and generate exceptional solutions [5,6]. To this aim, creative ideas and concepts should be first generated [7,8,9]. Although idea generation is of primary relevance at the early stages in terms of defining configuration and form, and it is considered the most creative phase of the design process, it continues to be of importance through the embodiment and detailing stages [10]. The integration of creative practices and methods has therefore become an increasing priority in industry for designing products [11,12] in order to allow companies to capture a larger market share [13].



While creativity was traditionally considered as a domain-general ability [14,15], recently it started to be viewed as domain-specific. This means that the generation of creative outcomes implies an ability that should be domain-content (e.g., [16,17]). However, other researchers maintained that the two notions are related [18,19]. For example, Casakin et al. [20], who carried out a study in architectural design, found that the generation of creative idea solutions in a specific domain can benefit from both high general and specific creative thinking abilities.



While design creativity has been studied in a variety of fields, such as engineering and industrial design, in this work we focus on architecture. Several studies showed that architectural design is a highly relevant domain for the study of creativity [21,22]. Therefore, the present work offers an overview of creativity issues and approaches used in the architectural domain, with a main focus set on the architectural design studio.



The promotion and enhancement of creativity is a fundamental aspect of architectural studies, and its stimulation has greatly influenced the development of educational programs and the teaching in the design studio [23]. In fact, the most important experience of the architectural schools and departments is the design studio. It is in this educational setting where the students acquire some of the most critical knowledge and design skills, and develop their creativity [24]. They experiment with problems simulating real-life practice, while gaining experience in integrating theoretical with practical aspects of the architectural profession [25]. This paper therefore reviews the issues that have arisen in the literature with respect to design problem solving in the architectural studio and its relation to the generation of creative idea solutions. Creativity is no longer considered to be simply an innate ability, but a tendency that can be nurtured and applied in a more systematic manner. To that end, there are a range of theoretical models on the cognitive manifestation of creativity and accompanying procedural methods, as well as plethora of support environments, strategies, and tools to support creative activity [26]. These are, to some extent, more established in the engineering and industrial design domains where highly specific approaches such as the use of humor within existing design methods [27] have been explored. The value of similarly procedural approaches to creativity is becoming recognized in architecture [28], and as such, a review to understand the current landscape and areas of development is timely.



In this paper, we used a systematic literature review to document the issues related to creativity and ideation activity identified as relevant to the architectural design studio [29]. This provides a degree of transparency in the sourcing, evaluation and synthesis of results, and is deemed appropriate to capture the current state-of-the-art in this domain.



We structured the paper as follows. The Materials and Methods section outlines the nature and requirements of a systematic review, and after setting out the derivation of the research question, it details the extraction, analysis, and presentation of data [30]. The Results section describes the content of the 17 papers identified and analyzed according to study categories. The discussion section addresses critical issues based on the different themes identified through the papers, and implications for enhancing creativity in the architectural design studio. In the Conclusions, main considerations derived from the study findings, and future research directions are presented.




2. Materials and Methods


Systematic literature reviews utilize defined scoping criteria, search terms, and analysis protocols in order to provide an explicit overview of the topic of focus [31,32], and transparency in how the review findings are derived [33,34]. A methodical set of steps are necessary in order to define scope, search and evaluation criteria, literature sources, and appraisal of results [35].



A key challenge in this context is that the topic of creativity is extremely broad and systematic reviews tend to be applied in technical areas where it is easy to quantify different characteristics. For example, the Problem, Intervention, Comparison, Outcome (PICO) framework [36] is often used to help ensure that key parameters are identified in relation to the research question and to shape the analysis for systematic reviews. While this tends to lend itself to specific technical interventions, in the present study, it has been adapted as shown in Table 1 to represent aspects relevant for the present study, such as key population, intervention, context, and outcome issues.



While they can vary in their scope, the incorporation of critical assessment and strategies for synthesis are critical to the delivery of meaningful results [37,38,39]. Given the qualitative nature of much of the literature relating to creativity in the architectural design studio, and the limited number addressing this context, we report on a detailed evaluation and assessment protocol that considers the papers against a range of criteria. In critiquing and appraising the search results, Tondeur [40] sets out an approach to the derivation of themes based on exploration of sources retrieved. This is effective in identifying emerging issues, and has thus been adopted to support interpretation of the papers and development of the discussion.



2.1. Research Question


From the background issues identified above, a research question was derived. Based on experimentation with different terminology, it was apparent that papers were not abundant, and therefore a highly defined question was not appropriate. Significant time was invested in looking for an appropriate level of refinement in order to carry out a systematic literature review embracing a satisfactory number of papers to be analyzed in respect to the question under consideration. There were also a number of technical and academic issues that influenced the definition of the research question. These included the specificity of the domain—i.e., the architectural design studio—meaning that the terminology had to be sufficiently broad, as there is not the same developed tradition of scientific work with regards to creative practices in architecture, as in other fields, such as engineering or industrial design. Consequently, our systematic literature review is aimed to answer the following research question:


“What creativity and ideation issues exist during design activity carried out in the architectural studio?”








2.2. Data Extraction


The principal tool used for the retrieval of papers was Summon. This is one of the most comprehensive metasearch engines that interfaces with academic libraries, as well as facilitating search for external peer reviewed material such as books and journal articles. It spans a significant set of databases, thereby allowing a high volume of material to be retrieved without visiting multiple sources. Search results can be conveniently refined and narrowed down by using filters such as content type (e.g., journal article, book review, conference proceeding), subject terms, publication date, language, and more. In critically scanning the initial content of the sources [41], and based on the experience of the authors, it was decided to include additional searches in the Scopus database and across key Design Society-affiliated publications (See Table 2). These are known leading journals containing areas of knowledge where significant bodies of work have been consolidated in relation to the engineering, industrial, and architectural design domains.




2.3. Identification of Relevant Literature


The strategy to construct the search string follows that set out by Salleh et al. [31]. This involved:




	
Deriving major terms used in the research question (i.e., based on the population, intervention, context, and outcome).



	
Listing the keywords mentioned in the articles (related studies) we knew about before starting this review.



	
Searching for synonyms and alternative words.



	
Using the Boolean OR to incorporate alternative spellings and synonyms.



	
Using the Boolean AND to link the major terms from population, context, and outcome.



	
Using an asterisk “*” as a wildcard operator.








Following a significant degree of experimentation, the final search string used for the searching of the literature was:


creativ* AND architect* AND (“design studio”) AND (idea* OR concept*)











Initial searches based on the Summon search engine using broad terms such as “design creativity” resulted in a huge number of results that, even after filtering, were too diverse and numerous for review. An alternative approach was then adopted with a comprehensive list of well-known methods and tools for enhancing creativity (e.g., brainstorming, Theory of Inventive Problem Solving (TRIZ), metaphorical thinking) utilized explicitly in the search string. This, however, resulted in a very limited pool of results when linked to the architectural domain. The final search term presented above represented the population, intervention, context, and outcome, and provided a manageable number of results (717) with a good degree of relevance. A discipline filter was further applied, limiting the papers returned to the fields of: architecture, business, computer science, education, engineering, and psychology (excluding irrelevant areas such as chemistry, law, or public health). This reduced the number of results to 478 and provided an appropriate balance between breadth and focus in the pool or papers for review.




2.4. Selection of Studies


Our inclusion criteria aimed to only include empirical studies that targeted architectural design education and focused on creativity and ideation. Consequently, the literature search only covered those works published under these considerations at any period of time. The main exclusion criteria were related to papers that: did not target these issues; had claims by the author(s) without empirical supporting evidence; involved students outside the context of the architectural design studio; were not written in English; were published in unrefereed journals; were conference papers.




2.5. Data Extraction and Study Quality Assessment


An overview of the systematic process adopted, and the statistics for papers gathered, screened and reviewed at each stage, is shown in Figure 1. In the first searching stage of the selection process, the primary studies based on the titles, abstracts, and keywords were analyzed by the two authors independently of one another. When the data extracted differed, such disagreements were discussed in a reviewing session until consensus was reached. No inter-rater agreement was measured provided that the review session aimed to reach a full consensus on the sample used [42]. In a second screening stage, in order to facilitate the data extraction process, a form was designed and used to collect evidence relating to the research question, and measure the quality of the full paper of the pre-selected studies. Our checklist focused on relevance, clarity and data according to the following ratio scale: Yes = 1 point; No = 0 points; and partially = 0.5 points. The resulting total quality score for each study ranged between 0 (very poor) and 2 (very good). Both authors, independently of one another, were responsible for reading and applying the checklist to the pre-selected studies. In order to validate the data extraction process, a random sample comprised of approximately 20% of the total number of primary studies were extracted and analyzed by the first and second authors, and then compared in a review meeting. The remaining 80% of primary studies was randomly divided in two halves, and analyzed by each author independently. It was expected that the lessons taken from the review meeting would reduce the bias for data extraction. In the appraisal stage, an identical process was followed, although the checklist was adapted to focus on scope, analysis and significance. At this stage, the emerging themes were formulated based on discussion around the content of selected papers. In the final synthesis stage, the papers were reviewed in depth against the themes, until full agreement was reached by both authors in a final review meeting.




2.6. Data Presentation


As a result of this evaluation process, 17 papers from 13 journals were identified for inclusion. The final pool was deemed to address creative activity in the architectural design studio from a sufficiently broad set of perspectives and methodological approaches. Details on the paper topic, goals, methods, and respondents have been included in the Appendix A.





3. Results


There are a number of ways in which systematic literature review results can be evaluated [43,44,45,46,47], but given the nature of the field and content, it was decided that the most effective approach for the analysis of the papers will be carried out by the main themes emerging as a result of the key findings [40]. In synthesizing these, five key categories and eleven themes were identified. The categories included Pedagogy, Cognitive approach, Interaction and socialization, Representations: models and tools, and Measuring ideation and creativity. These span both practical considerations conducive to creative activity in the architectural design studio, as well as theoretical models and frameworks that underlie interpretations of creativity in this context. The themes associated with each category, as well as the papers that directly addressed them are depicted in Table 3, with the papers ordered alphabetically by lead author and an “X” indicating that this theme was directly addressed. The remainder of this section is organized according to the categories, with discussion of each of the themes aligned under each.



3.1. Category I: Pedagogy


The first category of pedagogy addresses issues concerned with teaching creativity in the architectural design studio context. This has been highlighted as integral in preparing self-sufficient and innovative future architects [49], and to this end we have identified two sub-categories. Firstly, the general provision of training with respect to creativity, and secondly the structuring of processes and problems to support creative teaching.



3.1.1. Training for Creativity


Research aimed at training design students in the architectural design studio context with regard to creativity issues is limited. Hargrove and Nietfeld [57] explored the effectiveness of teaching creativity in the form of associative thinking strategies. The pedagogical approach aimed at assisting creative problem solving, and consisted of integrating activities related to creative thinking strategies to encourage the development of metacognitive skills. The idea was that creative thinking is an ability that can be trained, and developed over time. Grover et al. [56] designed a series of workshops aimed at teaching students how to systematically use typologies. The training environment was intended to learn how to: categorize and transform primary generators, such as images, into defined conceptual types; retrieve and adapt different typologies based on precedents to produce spatial diagrams; and to associate projects with building types and elaborate consistent strategies for further progressing in the design process. Students reported that the systemic typologies were the most valuable workshop, where they gained skills to extract and adapt spatial knowledge from a selection of precedents. The underlying idea of the approach of Bhattacharya et al. [50] was that active exposure to unusual experiences and/or situations can have useful creativity-enhancing applications in the design studio. Their pedagogical approach was based on the idea that conceptual blending in virtual scenarios can be used for boosting and training divergent thinking, while dealing with a variety of unfamiliar and unexpected design situations. The approach was successful in preventing the use of conventional stereotypes and rules, and in reducing the process of losing creative thinking.




3.1.2. Structuring Design Processes and Problems


Kowaltowski et al. [61] reviewed creativity methods and their use in the design studio from an instructor’s perspective. The results of interviews with 28 design instructors on applicable methods for the design studio report that methods are typically applied in an unstructured manner and would benefit from a more systematic approach. Asefi and Imani [49] consider more broadly the “mode shifting” needed to accommodate the different types of thinking required at different stages of the design process. Using a comparative study of student output, they advocate an Active Strategic Teaching Model (ASTM) under which different tools and methods would be assigned for use in design studio work. With the aim of guiding students at the different stages of the design process, Grover et al. [56] used historical theories of typology as a structured framework for the retrieval of knowledge contained in architectural building precedents. The design stages included frame definition, concept design and the development of a detailed project. Choi and Kim [53] advocate that learners are asked to consider the reconstitution of design problems from multiple perspectives, suggesting that this can improve expansion of the solution space. Their proposed approach involves the use of abstraction at beginning of the design process to help articulate and reflect upon on the context.



Goldschmidt and Tatsa [55] analyze student ideas generated during the development of their design studio projects, together with further ideas constructed by both fellow students and instructors. Their approach allowed to gain a deep insight onto how ideas are structured along the design process in regard to not only quantity but also quality. Kavousi et al. [62] propose a conceptual model that focuses on the role of metacognitive processing in design education regarding the student’s design thinking and making. Their study shows the way that components of metacognition interact, and how they can support educational programs looking to improve the design process and the produced creative outcomes. In their study, Mahmoud et al. [63] found that at the beginning of the process, students were able to tolerate uncertainty and ambiguity, what helped them to produce multiple ideas. This was possible since, at this stage of the process, they succeeded to deal with doubts and un-clarity without seeking for certainties of facts. In contrast, ambiguity aversion was not related to student creativity at the second phase of the design process, characterized by convergent thinking; hence, they ended with more conventional solutions. These researchers concluded that tolerance of ambiguity was fundamental in the phase of generating creative ideas but not so much in the selection of them.



Suh and Cho [64] explored the relation between individual cognitive styles and creative performance by structuring the design process according to phases, such as initial design, combinational ideation process, combination process, and final design. The students’ creative performance was studied at the initial and final stages. They found that intuitive students were more creative at the initial phase; in contrast, adaptive and more analytical ones enhanced their creativity at the final phase of the process. These researchers maintained that design educators can benefit from this instruction method to help non-intuitive students in particular improve their ideation process. Contrasting differences were observed by Casakin and Kreitler [51] while comparing the way that students and teachers explored design creativity processes and outcomes. They found that while students centered on operational aspects, teachers paid more attention to innovative aspects of process and outcomes by the students. They concluded that intervention programs in the design studio might consider these differences in order to promote the acquisition of design procedures, as well as to gain a deeper insight into how to bridge the gap regarding the way that students compared to teachers perceive design creativity.





3.2. Category II: Cognitive Approach


The second category focuses on cognition and creativity aspects studied in the architectural design studio. Kowaltowski et al. [61] assert that problem-solving capacity is dependent on two cognitive factors—repertoire (background knowledge pertaining to the context) and heuristics (the systemization of insights). We further delineated this interpretation of repertoire to account for personal reflection—which has emerged as particularly relevant to metacognitive theory—and the processing of external information, which is essential for creativity in technical contexts.



3.2.1. Reflection


Choi and Kim [54] describe fixation as a persistent problem in creative design, and argue that a means to break this kind of limitation is to bypass normal physical and mental constraints, freeing imagination through the use of digital worlds and abstract design tasks. Weekly diaries kept by architectural design students supported these assertions. Hargrove and Nietfeld [57] examined the extent to which a metacognitive reflection approach enables designers to construct explicit mental models for applying creative thinking knowledge and skills to a variety of design problems. Their study investigated the use of associational strategies, by means of which students were encouraged to enhance their understanding of their own cognitive processes, how to control and apply their problem-solving processes, and how to develop their skills to generate creative problem-solving ideas and solutions in order to tackle design problems.



The model proposed by Acikgoz [48] to promote reflexivity during design problem solving connects the Collaborative Sketching (C-Sketch) technique and the Ideas, Connections and Extensions (ICE) approach. In the latter, ideas, connections, and extensions refer to improved learning which is concerned with the level of expertise of the student. The content of the ideas about a specific problem is connected, integrated, and adapted and given a new meaning. In such a model, encouraging critical reflection is intended to enforce the possibility of students’ self-assessment and the structuring during all the decision instances of the design processes. To this aim, design decisions are recorded to enable monitoring their consistency along the process. In the conceptual model by Kavousi et al. [62], design is understood as a process where students construct their own reality through ad hoc design actions, which are responsive, opportunistic, and reflective to the design situation under consideration. These authors developed a categorization system for better understanding a variety of reflective metacognition processes in support of ideation and creative thinking.




3.2.2. Design Strategies and Methods


Research in relation to design strategies and methods is moving beyond the derivation and application of methods to understand more widely where these are desirable, and how they interact with cognitive processes. After reviewing a range of methods, approaches, such attribute lists, TRIZ, brainstorming, mental maps, and biomimicry, Kowaltowski et al. [61] suggest analogy is one of the most popular and particularly beneficial for “integrating meaning and communication”. Choi and Kim [53] conducted a direct comparison of analogical and metaphorical reasoning in design to support creative thinking. This was deemed desirable to encourage students to break from conventional thinking and prior examples. Architectural design students were asked to utilize different methods, with the findings suggesting that unconventional and “formless” stimuli could encourage analogical and metaphorical reasoning respectively. The authors conclude that careful selection of methods with appropriate support material can greatly enhance self-motivation in the design studio. In the study by Hargrove and Nietfeld [57], a representative sample of students from a larger design course were requested to practice strategies that highlighted associative thinking and emphasize metacognitive knowledge and thinking skills. This treatment group was compared with other students from the introductory design course on measures of creative problem solving that stressed associative thinking.



Grover et al. [56] combine a hierarchical typological structure with a phase-based model of the design process to investigate the way into which typologies as major strategies can support the design process as the project develops and augments its definition. Metaphorical typologies are considered in the frame definition stage, systemic typologies are used as consistent organizational strategies in the concept design phase, whereas elemental typologies are employed at the detail phase to identify, transfer and adapt components and conditions contained in precedents. These are seen as well-known examples of architectural buildings designed by master architects from which a lesson can be learned. They found the typological approach to be effective for accessing information embedded in design precedents and for encouraging idea generation at all design stages. Bhattacharya et al. [50] developed a method called “Proto-Fuse” aimed at navigating in unconventional virtual environments (UVEs) for enhancing cognitive perception in support of spatial creativity. The method was conceived for transiently altering our visual environment in order to encourage the psychological functions of conceptual blending and tolerance of ambiguity, both aimed to boost creative thinking. The generation of new ideas was encouraged following the belief that conceptual blending mutation in the unconscious mind will contribute to improve creativity.




3.2.3. Information Processing


In established contexts, such as architecture, where it is important to be aware of history, precedent and technical fundamentals, the effective integration of external information to inform conceptualization is a key consideration. A design thought model based on students’ self-reporting was employed by Hargrove and Nietfeld [57] to monitor and control the process in the application of the associational strategy. The model included a number of tools such as a strategy evaluation matrix, a regulatory checklist, a metacognitive mental model matrix, and a personal reflection journal, which showed to be efficient to assist students in monitoring their ability to processing information within an educational intervention framework that supported metacognitive strategy instruction and regulation. Focusing on the designers’ different information processing styles, Suh and Cho [64] proposed combinational ideation as an approach to guide students during the ideation process. This was found to motivate students to self-generate new ideas by combining different concepts, ideas, or elements of their designs.



Based on the critical method that views design as a cyclical process (e.g., Wright [65], Lydon and Garcia [66]), Grover et al. [56] employ a hierarchical typological structure to analyze information and support decisions taken along main stages of the design process. Information was processed through an iterative process of initial conjectures, identification, formation, and analysis of typological knowledge, their relation and application to the conjectures, and a test stage. Moreover, at a cognitive level, Goldschmidt and Tatsa [55] inspected the links produced among small units of thought known as “design moves”, which are deployed in a few seconds. These researchers also explored different types of ideas generated in the design process, and links established among them. An underlying proposal was that creative processes are the outcome of an interweaving and articulation of a complex set of interrelated steps, rather than of unconnected moves. They differentiated between ideas that did not have an impact or impacted negatively to the project, and significant critical ideas considered to have a major contribution. The latter were found to have the largest number of links to other moves or ideas generated during the design process. Cho [52] focused on the importance of spatial ability in design problem solving. Specifically, he investigated the relation of this construct and student visual cognitive styles, creativity, and the design studio performance, measured by the obtained scores. His study contributed to the development of a meaningful pedagogy aimed at identifying which abilities need to be prioritized, encouraged, and nurtured.





3.3. Category III: Interaction and Socialization


Creativity in educational contexts is not just a matter of internal deliberation, but also how teams can effectively share and communicate their ideas. The many advantages of collaborative approaches to creativity are established in the literature. Alongside this, we identified an emerging line of research in terms of how multiple student designers can develop a shared understanding of design while working together.



3.3.1. Collaboration


Collaborative creative sessions, which broadly fall under the umbrella of brainstorming, are amongst the most prevalent techniques used by teams of students for the generation of ideas. While computational environments offer significant potential in terms of remote, information-enhanced working, important barriers also exist with regard to their responsiveness and accessibility. Much of the nuance and subtlety of communication that goes into creative discussion is lost when filtered through a digital interface. Hong et al. [58] have addressed the enablers and barriers that exist in architectural design collaboration, with a specific focus on the use of avatars to bolster co-presence and immersion. For architecture, where scale is critical, this is a particularly important consideration for future Virtual Reality (VR) and Augmented Reality (AR) development. Acikgoz [48] presents a model to guide and structure an architectural design studio experience, by means of which students communicate their design thinking and explore their solution ideas for the sake of improving their learning quality through the process. The model is also aimed to help instructors controlling and monitoring the whole process, based on defined criteria.



By assessing the interlinking among design moves or design decisions made by students in the process, Goldschmidt and Tatsa [55] provided empirical evidence about the cognitive mechanism responsible for the generation of “good” or “very good” ideas. It is from these kinds of ideas from which creativity may flourish. While these researchers do not explore the contents of the ideas themselves, they evaluate them quantitatively in order to identify connections between the quality of the final design projects and the ideas that leaded their development. Most meaningful ideas were found to have a significant larger number of links than other less important ideas. Even though this study was in relation to individual projects, they encompassed input from peers, visitors and instructors. No distinction was made in the analysis about where ideas came from, but the fact students were typically responsible for two thirds of the ideas related to their projects is illustrative of the highly collaborative nature of the architectural design studio.




3.3.2. Shared Mental Models


While we have addressed cognitive approaches and self-reflection as part of Category II, an important dimension in the collaborative setting is how understanding of a design problem is shared across the actors or participants. As for the models relating to problems and processes, this encompasses the use and adaptation of stimuli. Choi and Kim [54] describe the utilization of team-based learning (TBL) in a shared “digital world” to provide a conduit for the delivery of stimuli and scope for consistent reflection. This involves exposure to shared stimuli and set activities to ensure the co-evolution of ideation through the design process. While this is particularly concerned with the challenges of digital collaboration, the structuring of design processes with an appropriate balance between collective and individual activity can hold important lessons for any creative setting with a social dimension, such as the architectural design studio. As part of a model to guide the design activity in this setting, Acikgoz [48] uses the Collaborative Sketching (C-sketch) as a method in support of a diversity of idea generation carried out in teams. The technique enforces the possibility of articulating verbal and graphic information during the conceptual phase of the design process among the team members, while it increases the chances to produce more creative outcomes.





3.4. Category IV: Information Representation


Effective access and use of relevant information is essential to creative working in technical settings. This can encompass the types of stimuli used to enhance ideation, the background knowledge necessary to support ideation, or the representation of ideas and concepts. The tools used to manage these and how information is subsequently manipulated are the key concerns identified in this category.



3.4.1. Tools for Information Representation


Information can relate to the user and context as well as stimuli and background technical information. Hong et al. [60] address the role that virtual bodies (avatars) play in ideation. Architectural design students scored their ability to find new forms and functions with results suggesting that avatars can promote exploratory creativity in the digital environment. Choi and Kim [54] address the ways in which stimuli can generate thinking expansion. This is focused on the level of abstraction provided during brainstorming and problem solving, with the authors suggesting that this can be particularly effective in the digital context. Goldschmidt and Tatsa [55] employ the Linkography notation tool to explore the relationship between critical ideas and the number of links they establish with other ideas generated during the design process. Although labor demanding, the resulting graph enabled to get a precise overview of the produced pattern of links among all the ideas. In this sense, Linkography was beneficial for differentiating between different patterns of linking, which reflected the students’ individual style of designing.



Bhattacharya et al. [50] proposed a virtual scenario where they developed “unconventional virtual environments (UVEs)” for the sake of enhancing conceptual blending and “extracting local distance” to encourage tolerance of ambiguity during design problem solving, with the purpose to promote creativity. In UVEs, architectural concepts, programmable architecture, freeform styling and time-based architecture were paired with virtual reality and computational techniques from complexity sciences. A method based on the automated extraction of features of image data in architecture was employed, characterized by dissolving lines, line segments, and perspective foreshortening to see the impact on judgement suspension and tolerance of ambiguity.




3.4.2. Manipulation of Information


As set out in the information processing theme above, access to knowledge and information is essential to ideation in technical contexts. The ability to access and interact with information in a responsive manner is critical for focused, fluid ideation. As digital interfaces continue to evolve, they become increasingly dynamic. Hong and Lee [59] seek to understand the effectiveness of virtual users in creative working, particularly in relation to responsiveness of the virtual environment. Self-evaluation studies conducted with architectural students in a computer-aided architectural design course found that these encouraged more unexpected and physical functions of design solutions, and that increasing responsiveness of the environment led to improved diversity of ideas and quality of evaluation. Cho [52] investigated mental rotation as a domain-specific spatial ability. Accordingly, students were requested to observe three-dimensional (3D) images and match them with other images that were rotated spatially. A basic assumption was that the architecture domain-specific spatial ability is concerned with the skills to transform 2D architectural information into 3D or otherwise. The ability to generate and rotate mental images was investigated in regard to the capacity to produce creative designs. The awareness and ability to manipulate information need not relate only to technical resources or stimuli resources.



The broader environmental, situational, and process-related information considered essential to metacognitive frameworks described in Category II above is another important factor for consideration in this respect. Kavousi et al. [62] assert that metacognitive awareness has a fundamental role to play in design idea generation and solution development, as well as in the creative process in design. Their resulting model is based on a study that assessed the metacognitive process in terms of: reflective process control measured by situational actions, the environment and personal feelings; reflective process knowledge, evaluated by task-awareness, and cognitive strategies knowledge; and reflective process monitoring, measured personal feeling monitoring and situation actions. These all require characteristics and properties to be identified and understood, with a view to making the adjustments and corrections that will maximize performance in the creative context.





3.5. Category V: Measuring Ideation and Creativity


The design domain, and the architectural field specifically, offers a suitable context to assess creativity. Problems in this context are often ill-structured, open-ended, and have a variety of possible pathways to solutions. Hence, the relevant papers identified in this study were analyzed with regard to the categories as follows.



3.5.1. Assessment of Creative Processes and Outcomes


Many of the papers reviewed in this study consider the assessment of creative outputs to discuss critical issues related to the architectural design studio activity. It is important to consider how such measures, such as diversity, novelty and originality, can be adapted based on the particular challenges of the architectural design studio. For example, Choi and Kim [53] augment measures of novelty and familiarity with a “third element” that addresses ambiguous elements, such as obviousness and communication and observation in order to capture the behavioral aspects that accompany creative activity. Development of triangulated approaches such as this is worthy of consideration in highly social and dynamic spaces. For Hargrove and Nietfeld [57], assessment played an important role for tracking students’ conceptual understanding about their metacognitive process, the construction of a mental model for a creative approach to design problem solving. These researchers assessed students’ creative and metacognitive thinking through their final design project. The performance-based project requested from students to build a personal view of their design process with an emphasis on their creative thought processes. The evaluation process followed the consensual assessment technique, where independent assessments were made by design experts for technical as well as creative and metacognitive dimensions of the design thought model, and the produced outcomes. Findings endorse the inclusion of formalized training in metacognitive approach that promote creative problem solving, i.e., associative thinking.



Grover et al. [56] assessed the aid provided by typology at three major phases of the design process. An exploration of the frame definition phase of the design project showed that retrieving relevant features and identifying metaphorical typologies based on cultural, contextual or experiential phenomenon was challenging for most students. Few participants were able to establish relations between abstract ideas and typical situations. An assessment of the concept design stage showed that most participants produced simple diagrams of precedents and types, while most students had difficulties to reduce the level of detail of their drawings to find shared features with other precedents. At the detail design stage, it was easier to understand and apply ideas from more elemental typologies than from abstract concepts. Peers and guest teachers did not have a relevant contribution in any phase. Acikgoz [48] showed that structuring the architectural process has a large influence on the overall consistency between design thinking, and the ideas and solutions generated. He assessed learning quality attained during design team collaboration, which was based on rubrics that included problem definition, idea generation, connection and integration among ideas, and adaptation to the task at hand. Casakin and Kreitler [51] dealt with the relationship between the assessment of creativity in design problem solving and the level of expertise of the evaluator. The aim was to unveil whether design students and teachers share a similar understanding of creativity. Hence, factors critical for the assessment of creativity in architectural design were considered. These included fluency, elaboration, flexibility, and originality, which are seen to be the essence of creativity in every domain. Additional four factors for the assessment of creativity in the architectural domain were usefulness, fulfilment of design requirements, aesthetic aspects, and the context of the design outcome. Focusing on differences, students were found to center on operational aspects, and teachers were seen to pay more attention to innovative aspects. However, in general, a high match was found between students and teachers in the way that they assess creativity, and, therefore, these researchers suggested that self-assessment is a reliable and legitimate method of evaluation.




3.5.2. Assessment of Personal Abilities


In some respects, self-assessment in relation to creativity is less contentious. It does not require third party judgement and can provide insights on important characteristics such as confidence, perception and practice. In relation to students, the diary approach adopted by Choi and Kim [54] is illustrative of the benefits of multiple data points to develop insights on how teams navigate the design process—in their case, how understanding of how an abstract task in the digital context could help with reframing problems for enhanced ideation. Cho [52] evaluated freshman architecture and interior design majors’ creativity, spatial ability, and visual cognitive style using the Torrance Tests of Creative Thinking (TTCT), Mental Rotation Test, Paper Folding Test, the Architectural Spatial Ability Test, and the Object-Spatial Imagery Questionnaire, and compared with one another and with the final scores obtained in the design studio. Findings indicated no correlations between studio course score and these measures. However, a positive correlation was found between general spatial abilities and visual cognitive styles. These results suggested that it is not possible to measure or predict design studio performance by creativity, spatial ability, and visual cognitive style. The findings stress the need to propose measurement criteria of domain-specific creativity and spatial ability, and the importance of holistic understanding of student abilities in architectural design education.



Mahmoud et al. [63] who investigated the relation between tolerance of ambiguity and creativity in architectural design, found a significant relation between divergent thinking ability (measured by the Torrance Tests of Creative Thinking—TTCT), and student tolerance to ambiguity and uncertainty. However, no relation was found between the design studio project score, associated to convergent thinking abilities, and tolerance of ambiguity. Moreover, no relation was found between students’ grades and their divergent thinking abilities (TTCT scores). In a study that aimed at encouraging the combination of different ideas, Suh and Cho [64] investigated the domain-specific relation between enhancement of creative performance, and individual cognitive styles. They found that, when aided by a structured combinational approach, the individual differences in cognitive styles affected students’ creative performances. The more intuitive ones managed to produce a pool of more creative self-generated ideas at the initial stages of the process.






4. Discussion


The systematic literature review focused on the state of the art in studies on creativity carried out in the context of the architectural design studio. The findings provide a holistic description of the key themes identified as important mainly at the early stages of the design process, also known as the conceptual phase, which is the most creative of the entire design process. In this section the results are discussed in three parts: (1) critical issues in the future of design creativity; (2) promoting design creativity in the architectural design studio; and (3) limitations of the study.



4.1. Critical Issues in the Future of Design Creativity


After an agreement on the themes that emerged from the analysis of the papers was reached by the two authors, these were organized into higher level categories. These reflected the main groupings under which research in this area can be identified and classified, and facilitated comparing and establishing connections among the papers. Based on the proposed framework, an overview of the emerging issues for creativity in the architectural design studio is discussed.



In terms of pedagogy, a greater focus on project structure and the selection of appropriate strategies and methods in the different phases of the design process was highlighted as critical to the delivery of high-quality learning experiences, e.g., [50,57,62,65]. This is closely related to aspects of cognitive approach, where an emphasis on metacognition, spatial information processing, self-reflection, and awareness of context in the design process are significant areas of current interest and exploration, e.g., [49,55,58,65]. These internal considerations about the mind of the designer compliment the external factors concerned with interaction and socialization, which are integral to the studio experience. This is generally viewed to be a positive influence on creative activity, e.g., [59], although how knowledge can be more effectively communicated and shared in design teams, e.g., [49,55], both real and virtual, is an issue with further scope for investigation. One highlighted means to deliver enhanced socialization is through technological solutions, and this equally applies to information representation. Accessing and sharing knowledge effectively are key concerns for creative work in design studio settings, as well as for some of the emerging insights in representation via avatars, e.g., [61] or virtual scenarios, e.g., [51], drawing on previous knowledge and ideas, e.g., [56], the utilization of abstract stimuli, e.g., [55], as well as the manipulation and transformation of spatial information, e.g., [53]. These point to new and promising kinds of working while engaging with the design activity that can only be achieved via computational and visualization tools. Finally, measuring ideation and creative activity is a long-standing concern for research in creativity, including process, outcome, and the designer. The literature in relation to the architectural design studio shows a leaning towards qualitative approaches including the use of self-evaluation diaries and questionnaires focusing on students’ personal views of their processes, e.g., [58], as well as quantitative approaches concerning domain-general creativity measures assessing design outcomes, e.g., [52]. Their employment seems to be appropriate considering the nature of the design discipline. However, the combination of domain-general established creativity measures with more observational and interpretive tools related to the architectural design domain may offer further possibilities to capture the full scope of the studio creative experience. Further work to explore the configuration and application of these would be a worthy endeavor.




4.2. Promoting Design Creativity in the Architectural Design Studio


Our initial research question “What creativity and ideation issues exist during design activity carried out in the architectural studio?” was to understand what the current state of the art on the topic is, with the intention of gaining an insight onto how students working in these learning environments can be better supported to enhance design creativity. Educating students in the design studio to become architects is composed of many different goals from which the ultimate one is to simulate real practice by trial and error [67]. The main pedagogical model with regards to this is Project Based Learning (PBL) [68,69]. However, while this model is concerned with many different issues, only one centers on creativity. This means that intervention programs aimed at encouraging creativity are required to invest additional efforts in this direction to help students think unconventionally, e.g., [51] in order to deal with ambiguity and uncertainty, e.g., [64]. Consequently, it is suggested that students should be trained in a more focused, oriented way to develop their creative abilities in the domain irrespective of the other activities that are necessary to become architects, e.g., [58]. With respect to this, in addition to the regular activities carried out in the design studio, workshops that are purposefully intended to stimulate and promote creative thinking are a particularly promising means to enhance creative skills to students. In terms of how best to deliver such workshops, a number of the papers stress how this can be formalized and developed, e.g., [51,57]. Studies like these help identify particular aspects of creativity (e.g., cognition, collaboration, use of tools, etc.), and provide a clearly defined structure to support students in reaching creative solutions. Considering such approaches to train design students may provide learners with specific experiences and skills that later on can be employed to maximize creative performance in more generic PBL scenarios. In addition to this, it is important to continue increasing awareness of design creativity issues for architectural design educators. Through continued research activity that includes participation in conferences and educator networks, as well as affiliation with accreditation bodies, best practices and innovations for curriculum development can be shared and implemented more widely.




4.3. Limitations of the Study


Like any research study, systematic reviews have limitations, many of which emerge from the quality and quantity of the source studies, and the quality of the systematic review procedures [36]. While these types of reviews aim to provide an objective view of the literature, there are areas such as selection of sources, and screening of papers where subjective decisions can be influenced by bias. In this study, in particular, the nature of much of the research around the topic of creativity in the architectural design studio meant that a thorough inspection and review was necessary to reach full agreement on a strictly relevant pool of papers. Additionally, while there is a great deal of literature relating to creativity, there is a relatively limited amount concerned with its role in the architectural design studio. This has necessitated the augmentation of the optimized search string used in Summon, with additional searches across sources based on the experience of the researchers. These are extremely resource intensive and time-consuming tasks that demand high motivation and persistence, which is not something to be taken for granted.





5. Conclusions


This paper reports on a systematic review process that, from an initial pool of 717 results, resulted in analysis of 17 papers according to five key categories of analysis: pedagogy, cognitive approach, interaction and socialization, information representation, measuring ideation and creativity, which encompassed 11 themes. These broadly reflect the issues of creative activity in design education domain. The current study revealed that the identified issues pertaining to the architectural design studio highlighted several interesting dichotomies: it is highly collaborative while inviting individual expression; it invites the use of a wide range of stimuli within a context of established typographies; it is well-suited to the use of advanced visualization technologies, but relies on conventional sketching and drawing practices; and increasing structure is recommended to support activities despite the recognition for individual reflection and metacognition. In summary, the literature around creativity in the architectural design studio has attained some level of maturity but there is still much to be done. This becomes evident when comparing the large number of studies in literature on the topic in the fields of product and engineering design, many of which focused on creative design approaches, or the design curriculum. For example, Loewy [70] investigated techniques and methods that showed to be helpful as a catalyst for promoting innovation and creativity in the industrial design studio. Vyas et al. [71] studied two industrial design departments for the aim of developing collaborative support in design studio environments. A main focus was set to understand experiential and inspirational aspects related to creative design practices. Kellam et al. [72] proposed a curricular model for the engineering education field: the Synthesis and Design Studio. To this end, they investigated the role of creativity and interdisciplinarity in curriculum integration of meta-learning in the engineering design studio. Richards [73] also explored the nature of and conditions for supporting creativity, and how to foster it in engineering education. He presented several courses conceived to teach engineering studies to become innovators.



In the era of a global pandemic, communicating and sharing information in an effective and understandable way has become more relevant than ever. This raises critical questions regarding how the traditional architectural design studio should be rethought to fit new needs. Based on the systems tools that have been discussed in this paper, it is suggested that some of these directions will be considered in future research. A main challenge will be to continue developing both digital and virtual environments that could emulate and even improve the advantages of teaching in the traditional design studio environment. A major aim should be investigating how to support the flow of communication, information exchange and interaction between students and instructors. Developing more robust digital tools so that 2D and 3D information could be better (re)presented, integrated, and manipulated, e.g., [53,60] can contribute to this end. For example, research aligned with Bhattacharya et al. [50] can contribute to an easier navigation in unconventional virtual environments and improve cognitive perception in support of spatial creativity. Investigations related to Hong et al. [59] and Acikgoz [49] can enhance individual or group interactions and team collaboration during design critique sessions, whereas works following Choi and Kim [55] may aid in issues concerned with team-based learning from remote distance. Another promising direction might consist in developing further digital libraries containing architectural design information, i.e., architectural precedents, typological knowledge, design strategies, and other design issues [57] to support students’ design creative problem-solving skills during the different phases of the design process.



As our understanding of creativity continues to evolve, findings from disciplines such as neuroscience, psychology, and sociology will inform future cognitive models and tools to support collaborative design activity. Emerging approaches from other fields such as biology (biomimetics) and computer science (generative design, AI) that have not manifested themselves in the results of the systematic review can be anticipated to impact on how creativity is nurtured in the future. These new concepts and approaches will still require to be framed and developed in such a way that they are practical, feasible and beneficial for application in the architectural design studio. The themes and issues presented in this study provide a basis for such investigations, and to support the next generation of creative educators and architects.
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Appendix A




	Paper No.
	Authors
	Year
	Title



	1
	Açikgöz [48]
	2015
	Uncovering creativity: Structuring experience in architectural design studio



	2
	Asefi [49]
	2018
	Effects of active strategic teaching model (ASTM) in creative and critical thinking skills of architecture students



	3
	Bhattacharya [50]
	2016
	The Proto-Fuse project: Methods to boost creativity for architects



	4
	Casakin [51]
	2007
	Correspondences and divergences between teachers and students in the evaluation of design creativity in the design studio



	5
	Cho [52]
	2017
	An investigation of design studio performance in relation to creativity, spatial ability, and visual cognitive style



	6
	Choi [53]
	2016
	The potential of reasoning methods as a teaching strategy supporting students’ creative thinking in architectural design



	7
	Choi [54]
	2018
	Using the digital context to overcome design fixation: A strategy to expand students’ design thinking



	8
	Goldschmidt [55]
	2005
	How good are good ideas? Correlates of design creativity



	9
	Grover [56]
	2018
	The typological learning framework: The application of structured precedent design knowledge in the architectural design studio



	10
	Hargrove [57]
	2015
	The impact of metacognitive instruction on creative problem solving



	11
	Hong [58]
	2016
	Enablers and barriers of the multi-user virtual environment for exploratory creativity in architectural design collaboration



	12
	Hong [59]
	2019
	Behavioural responsiveness of virtual users for students’ creative problem-finding in architectural design



	13
	Hong [60]
	2019
	Virtual vs. actual body: Applicability of anthropomorphic avatars to enhance exploratory creativity in architectural design education



	14
	Kowaltowski [61]
	2010
	Methods that may stimulate creativity and their use in architectural design education



	15
	Kavousi [62]
	2020
	Modeling metacognition in design thinking and design making



	16
	Mahmoud [63]
	2020
	The relationship between tolerance of ambiguity and creativity in architectural design studio



	17
	Suh [64]
	2018
	Analyzing individual differences in creative performance: A case study on the combinational ideation method in the interior design process
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Figure 1. Flowchart summarizing approach to the selection and analysis of papers. 
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Table 1. Problem, Intervention, Comparison, Outcome (PICO) framework for creativity in the architectural design studio.
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	Framework Component
	Definition
	Description





	Population
	Students
	Activity undertaken by students as part of their architectural education.



	Intervention
	Design activity
	Focus on the earlier stage of the design process where methods, tools, models or frameworks support ideation.



	Context
	Architectural studio
	Activity by both architectural students and teachers in the studio setting.



	Outcome
	Creativity issues
	The potential impact of creativity that can be considered in many ways, e.g., confidence of participants, rated quality of concepts.










[image: Table] 





Table 2. Table outlining the databases and search terms utilized.
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	Database/Journal
	No. of Papers





	Summon
	478



	Scopus
	61



	Journal of Engineering Design
	2



	Design Studies (modified terms)
	62



	CoDesign
	18



	Research in Engineering Design
	6



	International Journal of Design Creativity and Innovation
	3



	Design Science
	118
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Table 3. Categories and themes emerging for the selected papers.
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	Theme
	1. Açikgöz [48]
	2. Asefi [49]
	3. Bhattacharya [50]
	4. Casakin [51]
	5. Cho [52]
	6. Choi [53]
	7. Choi [54]
	8. Goldschmidt [55]
	14. Grover [56]
	9. Hargrove [57]
	10. Hong [58]
	11. Hong [59]
	12. Hong [60]
	13. Kowaltowski [61]
	15. Kavousi [62]
	16. Mahmoud [63]
	17. Suh [64]





	I
	Pedagogy
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	



	1
	Training for creativity
	
	X
	
	
	
	X
	
	
	X
	X
	X
	X
	X
	X
	
	
	



	2
	Structuring design processes and problems
	X
	X
	X
	X
	
	X
	X
	X
	X
	X
	
	X
	
	X
	X
	
	X



	II
	Cognitive approach
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	



	1
	Reflection
	X
	X
	
	
	
	X
	X
	X
	
	X
	X
	X
	X
	X
	X
	
	



	2
	Design strategies and methods
	
	
	X
	
	
	X
	
	
	X
	X
	X
	X
	X
	X
	X
	X
	X



	3
	Information processing
	
	
	
	
	X
	X
	X
	X
	
	X
	
	
	
	
	
	
	X



	III
	Interaction and socialization
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	



	1
	Collaboration
	
	
	
	
	
	X
	X
	X
	
	
	
	X
	
	
	
	
	



	2
	Shared mental models and stimuli
	X
	
	
	
	
	
	X
	
	
	
	
	
	
	
	
	
	



	IV
	Information representation
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	



	1
	Tools for information representation
	X
	
	X
	
	
	
	
	X
	X
	X
	X
	
	X
	
	
	
	X



	2
	Manipulation of information
	
	
	
	
	X
	
	
	
	X
	
	X
	
	X
	
	
	
	



	V
	Measuring ideation and creativity
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	



	1
	Assessment of creative processes and problems
	X
	X
	
	X
	X
	X
	X
	X
	X
	X
	X
	
	X
	
	X
	X
	X



	2
	Assessment of personal abilities
	
	
	X
	
	X
	
	
	
	
	
	
	
	
	
	X
	X
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