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Abstract 
Purpose: This study aimed to plan and validate the product creativity evaluation model 
in architectural education. According to three product creativity evaluation models: 
CPAM, CSDS and PCMI. 
Methodology: The research was applied in terms of purpose and in terms of data 
collection among descriptive studies was correlational and in terms of method was 
mixed exploratory research. The statistical population in the qualitative section included 
all experts in education and creativity in Mashhad. A sample of 10 people was selected 
by purposive sampling using the principles of theoretical saturation from the mentioned 
community. In the quantitative part, the statistical population included all university 
professors in the field of architecture in Mashhad, and 150 people were selected by 
random sampling. The required data was collected in the summer of 2020 using semi-
structured interviews and upstream documents in the qualitative phase. The 
measurement tool in the quantitative section was a researcher-made questionnaire whose 
construct validity was calculated using factor analysis, and the reliability value through 
Cronbach's alpha coefficient was 0.82. The researcher carried out qualitative data 
analysis using the thematic analysis coding approach developed by Braun and Clarke and 
quantitative data analysis using the partial least squares method. 
Findings: The results revealed that five components with 12 indicators make the status 
of novelty with two markers of originality and surprise. Relevance to the problem 
includes two indicators of regulatory compliance and practicality. In addition, the 
effectiveness of solutions has three indicators, namely meeting the needs of contacts, 
being environmentally friendly, and having durability. Design elements include two 
indicators, details (well-defined component) and elegance, and the collection of design 
elements contains the three indicators of harmonization, completeness, and well-

formation (well-crafted) at the 95% confidence interval (p = .001). 
In addition, confirmed element analysis of the obtained components revealed that all 
factor loads were significant, and there is an acceptable agreement between the creativity 
model of architectural design products and the data. The heavy element load related to 
novelty (0.91) and the light one are related to the collection of design elements.  
Conclusion: Based on the findings, it can be concluded that according to the experts, 
the factor of novelty, such as originality and surprise, along with functional factors such 
as relevance, effectiveness, and artistic factors consisting of the design of elements, and 
the collection of design elements affects the designing creativity evaluation model of 
problem-solving results. 
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1. Introduction 
In recent decades, revolutionary changes in industrialized countries have increased the consideration 

given the need for creativity in problem-solving. New technologies in information and communication are 
reshaping the material, human, and social foundations of society (Indriartiningtias and Hartono, 2018). As a 
result, decision-makers have emphasized the critical need for creativity and innovation to take advantage of 
emerging opportunities and address the many significant problems facing today's society (Tidd and Bessant, 
2020). In the past, creativity was considered an innate talent and divine ability, and geniuses such as 
Darwin, Picasso, and Beethoven were known as creative and influential people in solving society's 
problems.  Today, however, creativity comes in a variety of styles that are not limited to geniuses but can 
be taught. Encouraging creativity has received much attention in recent years, and the science education 
curriculum being emphasized (Altan, 2020).  

Globalization impacts creativity, and creativity has become a primary educational goal, especially in 
problem-based learning (such as architecture) at schools and universities; some research has emphasized 
encouraging students to think creatively in the classroom (Denson, 2015). In architecture education, 
creativity in design pedagogy is an integral component of the design process (Onsman, 2016), and being 
creative adds value to the design work. Students in a design studio learn to identify problems, generate 
many solutions, and after evaluating all solutions, select the best one. By acquiring this skill, they will be 
able to cope with the rapidly changing world. They experiment with problems simulating real-life situations 
while gaining experience in integrating theoretical with practical aspects of the architectural profession. 
Therefore, learners will become successful innovators and problem-solvers in all areas of life (Doheim and 
Yusof, 2020), preparing themselves for the ever-changing world of work by practicing skills such as 
invention, discovery, and art (Kress and Rule, 2017).  

In the twenty-first century, the world has turned towards competence and technology; other popular 
skills can no longer meet the diverse and dynamic needs of education (Daryaband, Oladian, and Hosseini, 
2020). Overwhelming growth in technology has brought a new understanding of communication, 
knowledge, and meaningfulness. The gap between education and the student’s digital environment 
influences students' understanding, and most importantly, it affects their educational expectations (Selinger, 
et al., 2008). New developments in creative teaching strategies that enable learners to engage in a 
productive way to generate novel and practical products in successful adaptation to change are needed 
(Ritter, Gu, Crijns, and Biekens, 2020). Evaluating creativity is an integral part of this process. The crucial 

point for instructors is to consider assessment as a part of the teaching-learning process (Çıkış and Çil, 
2009). Vocabulary assessment usually refers to a judgment that can be justified according to specifically 
weighted set goals and yield either comparative or numerical ratings (Finkelstein, 2005).  

Many contributions for creative evaluation have been made in the field of metrics. Some methods 
examine the creativity of individuals, while others relate to creativity in the design process and still others 
focus on creativity in products. Outcome-based (product) assessment methods have become more common 
because of the inherent complexity in using process-based approaches (Ylitalo, 2017). Assigning small 
projects throughout the semester and a larger scale one for the final will determine the assessment in 
architectural design studios at the end of the scholastic term. Currently, two main approaches are applied to 
assess the creativity of architectural design products, namely subjective tools (such as the Consensual 
Assessment Technique) and criterion-based methods. Although the subjective grading approach has been 
proven useful, it has two drawbacks: labor costs (raters usually code a large number of responses) and 
subjectivity (raters' perceptions and judgments differ) (Beaty and Johnson, 2020).  

Furthermore, valid results depend on the judges' experience and the appropriate selection of 
competing products (Kaufman, 2016). There are no clear criteria underlying assessment procedures 
(Amabile, 1982). Another measurement approach, called criterion-based, is to break down products into 
attributes that contribute to creativity and substitute non-experts for experts (Besemer and O'Quin, 1986). 
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The criterion-based approach is best suited to providing viewers with the information they need to make 
decisions. Several studies have applied assessment criteria to evaluate creative outcomes. These studies have 
suggested different sets of criteria, rarely the same metrics, to define creative outcomes (Amabile, 1982; 
Horn and Salvendy, 2006). It can even be argued that the field of creativity assessment has never before 
been so prosperous (Kanlı, 2020).  

Lack of common criteria for assessing creativity outcome can result in many negative consequences, 
such as uncertainties and the impossibility of correct evaluation (Rezvani, 2014). No clear and distinct 
criteria have prevented educators from identifying the strengths and weaknesses of their students and have 
tailored the educational opportunities for supporting creativity. On the other hand, students cannot meet 
the expectations of teachers in providing creative work (Kanlı, 2020). The lack of distinct language in 
assessing creativity can cause differences in raters' scores and inconsistencies among them. It also prevents 
the proper training of raters and makes it difficult to compare and generalize results across studies (Douglas, 
Jillian, Thomas, and Eric, 2006). 

There are two main groups of studies on measuring creativity in architecture education that have 
applied a criterion-based approach. The first group involves studies that rely on multiple thinking 
characteristics such as originality, fluency, flexibility, and elaboration. Dr. E. Paul Torrance et al. 
developed multiple thinking in 1966. Some studies use these components to assess the creativity of 
architectural design results (e.g., Khoshtale, 2019; Talebi, Moosavi, and Poushaneh, 2020), while 
examining the creativity of ideas generated in early-stage product ideation. The criteria for measuring the 
creativity of the finished product are not suitable for the aim of the present research. The second group of 
studies have applied factors for the creativity assessment of architectural design results, such as novelty, 
appropriateness (e.g., Hong, 2015; Liou, 2018), originality, and practicality (e.g., Goldschmidt and 

Smolkov, 2006; Genco, Hölttä‐Otto, and Seepersad, 2012). Experts in other fields, such as psychology, 
add factors for evaluating creative products such as elegance, effectiveness, and relevance. Studies on 
creative products in psychology and other fields have full theoretical foundations; an architectural project, 
however, is considered a product. Thus in architecture, it would be helpful to extract and validate main 
components and indicators of expert opinions, creative product models such as the Product Analysis Matrix  
(CPAM) of O’Quin and Besemer (1999) and the Creative Solution Diagnosis Scale  (CSDS) of Croply 
(2005), and the product creativity measurement instrument  (PCMI) proposed by Horn (2009). 
Consequently, this study aimed to plan and validate the product creativity evaluation model in architectural 
education based on the above-mentioned models. The fundamental objective of the present study was to 
determine what components and indicators of the product creativity evaluation model exist in architecture. 
 
2. Methodology 

The present study is applied research in terms of purpose, and it is a mixed-exploratory type in data 
collection. The statistical population in the qualitative phase included 10 experts in educational creativity 
and architecture selected using the purposive sampling method during the summer of 2020. The principle 
of maximum diversity was used to achieve theoretical saturation using semi-structured interviews based 
on three creativity evaluation models (CPAM, CSDS, and PCMI). Data collection was performed using 
the descriptive survey method. In the quantitative part, the statistical population included all professors of 
architecture in Mashhad universities who have at least a master's degree and five years of work experience. 
Using the relative random sampling method, 150 people were selected as the statistical sample. The 
required data was collected in the summer of 2020 using questionnaires distributed among 180 professors 
of architecture. Of this number, 150 questionnaires were correctly answered and used for subsequent 
analyses. In the qualitative phase, data was extracted through theoretical research, with emphasis on the 
CPAM, CSDS, and PCMI models. The Delphi technique was implemented with a semi-structured 
questionnaire. The questionnaires were scored on Likert's style with five options (1. very low, 2. low, 3. 
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medium, 4. high, and 5. very high) in the quantitative phase of the study. The validity of the 
questionnaires was confirmed in terms of content and structure by five faculty members at Islamic Azad 
University, Mashhad Branch. Cronbach's alpha coefficient estimated and confirmed reliability with 82%. 
The data analysis method is based on Lisrel software and the confirmatory factor analysis method. The 
current study considered various phases, as shown in the table below. 

 
Table1. Type of research in different phases of study 

Classification 
basis 

Phase 1 
Identify the factors 

affecting the validation 
of the creativity product 

evaluation model 

Phase 2 
Determine the 
variables of the 

model 

Phase 3 
Model test 

Phase 4 
Prioritize effective factors 
contributing to measuring 

creativity of output 

Purpose of 
the 

research 
Exploratory explanatory Descriptive Descriptive Descriptive 

Research 
result 

Developmental 
 

Developmental- 
applied 

Developmental- 
applied 

Developmental- applied 

Research data Qualitative Quantitative Quantitative Quantitative 

 

 
3. Findings 

Of the respondents, 60% (90) were male and 40% (60) were female. Sixty-seven (44.6%) of the 
respondents were 36 to 45 years old, 50 (33%) were older than 45, and 36 (22%) were 36 to 45 years 
old. In the sample population, 25 (16.66%) respondents had more than 20 years of work experience, 30 
(20%) had between 15-20 years, 30 (20%) respondents had between 10-15 years, 30 (20%) had between 
5-10 years, and 35 (23.33%) respondents had less than five years of work experience. According to the 
study, 60% (90 people) of the selected respondents in the sample had a master's degree, 20% (30 people) 
had a doctorate, and 20% (30 people) were Ph.D. 

The results from interviews with experts who included their opinions led to five main components, 
namely novelty, effectiveness (of solutions), relevance (to the problem), design element, and collection of 
design elements. Each component contains subcomponents, and each subcomponent has the questions by 
which the component is measured. Figure 1 shows the factor analysis of the creativity measurement 
model, and Table 2 gives information about the model fit indicators. 
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Figure1. Factor analysis of product creativity measurement model 

In the diagram above, all factor loads are significant and higher than 0.5. The highest factor load is 
related to novelty (0.91), and the lowest one to the collection of design elements (0.5). The indicators of 
relevance to the problem, effectiveness of solutions, and design elements in the second to fourth priorities, 
respectively, influence the measurement model of creativity resulting from the outcomes assessment 
model. 

Table2. Criteria for fitting the model of measuring the creativity in problem solving outcomes 

Comparative Fit 
Index 
(CFI) 

Normalized Fit 
Index 
(NFI) 

Mean square root of 
approximation 
error (RMSEA) 

Standard root mean 
square 

root (GFI) 
2/ df 

0.97 0.94 0.08 0.91 1.70 

Optimal value: 2 / df 3; NFI ,CFI ,GFI 0/80; RMSEA 0/1 

The table above shows that the chi-square square is estimated at a degree of freedom of 1.70, which is 
less than three, so it fits appropriately with the model. In addition, the CFI, NFI, and GFI indices are more 
than 0.9, indicating that the model is appropriate. The RMSEA is less than one and is acceptable. Therefore, 
the designed model can be used with confidence, and its quality and the information are confirmed. All the 
valuable indicators of the creativity assessment model are good and acceptable fits. Following the initial 
design of the models, the ten experts received the constructed models for their opinion. Measuring the 
internal validity of the model met the researcher's permission. The results show the internal validity of the 
conceptual model. 
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4. Discussion 
This study aimed to design and validate a model for evaluating the creativity of products in 

architectural education. The findings identified five components with 12 indicators which were, in order of 
priority, novelty with the two markers of originality and surprise; relevance to the problem included the 
two indicators of regulatory compliance and practicality; the effectiveness of solutions with the three 
indicators of meeting the needs of contacts, being environmentally friendly, and having durability; design 
elements with the two indicators of details (well-defined component) and elegance; and the collection of 
design elements with the three indicators of harmonization, completeness, and well-formation (well-
crafted).  

No studies like the current research were found, but some had similarities. For example, Ganjooei 
(2019) investigated the effect of stimuli variation on students’ creativity. The outcomes were scored and 
judges graded the originality and practicality of the learners' products. Consistent with the findings of the 
present study, originality and practicality were two parameters for evaluating product creativity, but in the 
current research, originality was found to be an indicator of novelty and practicality an indicator of 
effectiveness. Alone, they cannot estimate the creativity score. Kalantari (2019) presented a conceptual 
framework which included person, environment, process, and product to enhance creativity in architectural 
design education. Moreover, the authorities considered novelty, usefulness, functionality, surprise, details, 
and originality as the components of a creative outcome. This is consistent with the results of the present 
study, but the scale of components and indicators were not considered in the reports of the two mentioned 
studies. For example, originality and surprise are subcomponents of novelty (Bessemer and Quin, 1998).  

Usefulness and functionality have parallel meanings, and both meet the needs of the project. In 
addition, attention to the context of the problem in the current article is called the relation component; it 
was not present in the Kalantari study. The current research also had some limitations. First, because of the 
coronavirus, participants could not be interviewed in person; the researcher conducted telephone 
interviews, in which the risk of being misunderstood or coming across as underwhelming exists, as the 
interviewer cannot use body language or facial cues. In addition, the questionnaire was distributed online to 
respondents and thus faced challenges related to sampling, response rate, maintenance of confidentiality, 
and ethical issues. Second, correctly understanding the problem, needs, and potentials was difficult due to a 
lack of significant research background in the field of criteria-based evaluation of creativity outcomes. 
Third, this study used a synthesis approach, and as the technique has yet to be applied in practice, 
generalization of the results is limited, and the research's recommendation that the model be applied on a 
large scale is constrained. 

According to the current results, creativity assessment of outcomes is an essential issue that should be 
considered in architectural education. Simultaneously, it is very much required by designers at offices as 
well, as it helps them choose the best answer to challenges and meet the demands of businesses operating in 
a rapidly evolving world. The studied literature indicated the lack of a theoretical foundation for the 
evaluation of creativity of architectural design products and the factors affecting it. These are appropriate 
factors for grading students: helping them identifies the strengths and weaknesses of their students, and 
truly promoting their students' creativity. Although this research has achieved its expected results, 
addressing other aspects of creativity such as person, process, and environment, and recognizing their 
characteristics can provide a better understanding of fostering learners' creativity. In addition, other 
empirical research with different methods is yet to be conducted to verify the research model and generalize 
its results. 
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