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ABSTRACT 

 

Bringing a concept into reality is intriguing to many novice designers in 

academia. The development of a concept is created by novel thought, known as 

creativity. The application of creativity has been viewed as a substantial foundation to 

innovative design development. The motivation of this research is to enhance creativity 

in senior capstone design projects and discover a method to map creativity in the 

capstone design process. To effectively enhance creativity, tools have to be developed to 

map it. Recently, the application of design notebooks have been used to determine the 

incubation of creativity through student participation in capstone design projects. As a 

result, design documentation is a good indicator of teamwork practices through group 

interaction and creative development. This research is proposed to determine the context 

of creativity through the creative elements, context of the individuals involved, 

inhibitions of creative progress, and the sustainable methods to foster creativity. This 

research included two student teams working on two different capstone design projects 

over the course of two semesters. The following team outcomes were used in this study 

namely, i) design notebooks, ii) project reports, iii) project presentations, and iv) the final 

artifact. To assess the creative context of the documentation, specific coding rubrics were 

applied to the design notebooks, proposals, and presentations to describe and quantify the 

creative instances that occurred in the course of the design process, and interpreted into 

the creative process. The influence and inhibitions of creativity were then reviewed upon 

completion of each respective capstone design project to determine how creative thought 

motivates innovative solutions. A team of professional designers analyzed the team 

reports and the final artifact through the use of questionnaires applied to the student 

research. As a result, the context to enhance creativity in capstone design is the capstone 

design team and is motivated extrinsically during the creative activities of divergence and 

incubation. The team applies the creative activities most effectively during the production 

phase of the capstone design process which supported the need for a cohesive creative 

process to be implemented during capstone design activities. 
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CHAPTER 1 

1 INTRODUCTION 

 

1.1 Mapping Creativity in Capstone Design Process 

 Capstone design encompasses the design process through practical application. In 

doing so, the process evolves dynamically as the process is developed by influence of the 

individual, project team, manager, available resources, experts, and fundamental design 

applications. One such fundamental application in capstone design is creativity. 

Creativity is the developmental process of idea generation that molds the capstone project 

into maturity. Innovation is the result of creative breakthrough and thus the final 

deliverable. As a result, capstone design for the novice designer is an opportunity to 

attain practical experience by the application of creative techniques to increase the project 

performance and team motivation.  

 

1.2 The Design Process 

Engineering design is a systematic process for which the novice designer applies 

idea generation, project evaluation, and technical fundamentals toward a specific function 

to achieve a client’s needs by meeting initial requirements set forth by the problem 

definition [1]. The problem definition is needed to give the concepts reasoning and 

purpose. Engineering design is considered a process of novel thought that uses creativity 

to establish the generation of concepts that reflect the initial requirements to create a 

feasible product [1]. Creativity is essential in design to establish a means of 

communication of individuality and originality to the client and the project team 

involved. The design process is an intricate cognitive process [1]. 

Engineering design is acknowledged as the motivation for developing practical 

attributes of experienced talent into essential practice. For the novice designer in 

undergraduate studies, the students relate to clear learning goals that involve applicable 

challenges applied through observation, idea generation, conceptual modeling, and 
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technical representation by applying educational knowledge, reasonable adeptness, 

production insight, and proficient expectations that reflect the scope of work [2].  

Design performance encompasses various outcomes to benefit the student and the 

solution development [2].  Problem solving develops from a comprehension of the design 

process to implement novel ideas into representations that are realistic and functional. 

Engineering design requires the developed individual skill sets and team dynamics to 

create novel ideas that are generated through creative thought and reflect consumer needs 

and requirements [2]. 

The design process is used to apply a systematic method of project production [3]. 

For this study the generic product development process proposed by Ulrich  [4] was 

applied, consisting of six stages: problem definition, concept design, system-level design, 

detail design, test and verification, and production. The product development process is a 

synthesis of determining a solution while reflecting initial requirements set forth by the 

client [3]. 

The creativity of the design is influenced by the novice designer through the 

design process by developing the problem definition and creating the appropriate design 

environment. The novice designer portrays a liaison to the available resources that will 

meet the scope of work that the design project entails and hence allow the designer to 

integrate ideas into the design objectives [5].  

 

1.3 Capstone Design   

Capstone Design is an application of engineering synthesis and/or analysis [6]. 

Synthesis is the development of new novel thought into implementation, whereas, 

analysis applies to the determination of creating solutions with existing methods [6]. 

Capstone design projects are influential and implemented for the aspiring designer’s 

practice in academia to prepare the student for realistic practical projects. The capstone 

design projects involve an understanding of analysis fundamentals, knowledge for 

innovative opportunity, and creative skills to create novel thought.  
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A typical academic capstone design project consists of 3-4 students per team to 

learn to collaborate and develop ideas. Each capstone design project consists of a client 

and faculty member to advise the overall scope of work [7]. Many capstone design 

projects are “industry sponsored” to present a demand or need that must be satisfied by 

an industrial client [7]. Most capstone design projects encompass two full academic 

semesters to complete. The capstone design project is the preparation of novice design 

engineers in training who are developing the tools to think divergently and create 

convergent solutions with creative means [8]. Such means must be supplied by the 

project manager, in this case, the faculty advisor. The faculty advisor provides the 

necessary resources for the project team to access weak ties in networks and experts to 

influence experience and technical knowledge [9]. The client as well prepares the 

students with requirements that build the objectives and specific aims that must be 

attained to meet the final deliverable product, the capstone design artifact. Capstone 

projects may be classified as faculty-initiated projects or competition design projects. 

Faculty-initiated projects are developed by faculty members at the university and are used 

to generate a problem with direct specifications and result in a deliverable to be 

completed [7]. Design competition projects are developed to create sub-divisions of the 

same goal to be met and recombined into the final deliverable to compete against other 

entities or projects of the same context [7]. 

During the process of capstone design, the students are required to document their 

experience through design notebooks, which serve as a representation of the capstone 

design experience. Design representation is essential to organize thoughts and express 

ideas through conceptual sketches, computational models, solid modeling, and prototypes 

during the incubation of the project [6]. As a result, creative individual thought highly 

influences the student to think divergently during the conceptual phase of design and 

foster innovative opportunities that will improve the project’s overall performance and 

motivation of flow [10, 11].  

Design notebooks are used during capstone design projects to document 

development during the student’s progress of the project [3, 7].  Design notebooks are 
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essential to evaluate creative insight of the individual involved during the design 

experience.  Idea generation is of most interest, as the visual and descriptive 

representations of ideas, are documented to reflect the student’s ability to represent the 

problem definition through various contexts of creative thought. Design notebooks have 

become a rare practice in professional industry and academia [3]. As a result, the study of 

creative thought through the documentation of a design notebook will determine the 

context of creativity, and the creative elements that are used during the design process. 

Design notebooks are an essential tool in determining the context and realization 

of individual creativity [3, 7]. As a result, design notebooks have become a physical 

representation of individual thought during the capstone design process. Design 

notebooks encourage external and internal representations of individual knowledge. 

External representations is based on the accepted fact through influence of expertise and 

knowledge and interpret the environment structured around the development of known 

input such as theoretical representations and conceptual drawings related to the specific 

idea [10]. An internal representation is based on personal knowledge and experience that 

interpret associations to the problem definition [10]. Design representations exemplify 

individuality of design expertise and therefore, exemplify the creative thought of novice 

designers to be represented in physical terms through brief description or conceptual 

sketch [3].  

In capstone design, students are required to maintain a design notebook to 

represent their work progress and include any relevant project-based information  that 

make be found through literature review, project team meeting, and the interaction with 

resources that may influence the project development through external representation [10, 

12]. Design notebooks are maintained through two semester design courses and 

encompass the entire project experience [3, 7]. By maintaining a design notebook, 

students are encouraged to develop their knowledge by extrinsic motivation not found in 

the classroom or text [10]. Students are encouraged to use the design notebooks apply 

intrinsic motivation or internal knowledge that may be branched from recombination of 

ideas from external sources, thus a record of novel, creative thought [10]. As a result 
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design notebooks in capstone design is essential for the individual to build create thought 

and develop ideas to be represented in physical form and hence allow for the context and 

creative element to be integrated into documented representation [12]. This document 

demonstrates the individual’s ability to learn new technical ideas in solitary and 

encourage intersectional influence of random thought to enhance creative design through 

intrinsic motivation [10]. Creativity is essential for the development of creating novel 

thought through the implementation of innovation by recombination to solve everyday 

problems, for capstone design projects it is essential that good ideas are not useful, unless 

implemented [13]. 

 

1.4 Creativity 

Creativity is conceptualized as a quality of individuality that aids in the generation 

of new novel ideas [14]. Creativity is the process of producing new ideas though novel 

thought and thus, considered to be the means of novel influence to be implemented into 

new applications [15]. Creativity is the synthesis of novel thoughts developing into 

radical realization of existing perspectives, whereas innovation is the result implemented 

by creative thought through the recombination of the existing perspectives [16].  

Products of creative thought are usually considered to have both originality and 

suitability to the application at hand [17]. Creativity is the development of the mind 

connecting the generation of new ideas embedded into new associations. The concept of 

creativity is merely the act of making something new, therefore, creativity may involve 

producing or bringing about something partly or entirely new [17]. A recombination of an 

existing influence with new thought may be used to foster the creative process. Most 

importantly, imagining new possibilities that were not perceived beforehand, will allow 

the designer to be open minded to new concepts and ideas. Performing something in a 

manner different from what was thought possible or normal previously, will allow for the 

creative breakthrough to bridge common thoughts into an innovative opportunity [17].  
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1.4.1 Aspects of Creativity 

The generation of developing novel ideas into associations between the 

recombination of past concepts must involve the aspects that creativity will encompass. 

Creativity varies based on experience, talent, ability to think in novel terms, and is 

motivated intrinsically and extrinsically [10]. Intrinsic motivation is the individual’s 

passion to create through flow [18]. Flow is the mental state in which the person is fully 

immersed in what they are doing, characterized by a feeling of energized focus, full 

involvement, and success during design [18]. During the state of flow, the individual will 

be motivated to push beyond their limits, stretch their mind or body to capacity, and 

develop abilities they did not have before. To promote flow, the individual should 

constantly monitor their energy level and understand and appreciate what is causing them 

to be so motivated and by giving consistent feedback to other members of the team they 

will be motivated to encourage flow [18]. Setting clear expectations of goals that can be 

achieved and regularly reassess the objectives will keep the individual on the right track. 

Once the team or individual is immersed in flow, avoid distractions that can interrupt 

flow [18]. When the individual experiences flow, they develop a passion to encourage 

positive motivation – intrinsic motivation [10].  

Extrinsic motivation involves all external influences that affect the creative thought 

process [10]. To encourage extrinsic motivation it is necessary to comprehend the 

relation of the individuals, ideas, and projects that may qualify as a resource. Once the 

resources are understood, consider their origins and development it will create a re-

association and encourages the intersection of ideas [10]. Comparing resources to be used 

will develop a recombination, while defining the conceptual understanding through brief 

summaries, and rough sketches. As a result, extrinsic motivation will be enhanced 

through team interaction and creative environment, hence attaining the recombination of 

external inputs through the interaction of individuals – thus influencing creative 

organizational synergy [10, 16]. Some individuals are more creative when they are 

focused on the task and immersed in the flow of the process, whereas goal-oriented 
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rewards can be an extrinsic motivator, serving as a form of incentive for success and may 

even encourage learning from failure [10]. 

Emotions can drive creative breakthroughs. Creativity is compared with emotions 

of joy and love, thus can bring confidence to the individual, whereas fear and anger 

create discontent [11]. Innovative organizational management can drive creativity in 

capstone project teams. If the organization is too streamlined, the team may feel that 

implementation of a set standard will lead to the fear of the unknown which evolves into 

uncertainty and the need for reliability to ensure the feeling of confidence to overcome 

that fear [11]. Creative teams should share and discuss ideas to ensure all perspectives are 

considered and provide creative criticism. When individuals compete for recognition and 

reward, the importance of team collaboration idles. For creativity to be sustained the 

elements of creativity must be applied to ensure productivity and variation of novel 

thought. Aspects such as, experience through knowledge and technical skills, talent for 

optimistic opportunity, ability to think in novel ways, and the aptitude to pursue forward 

during lack of productivity will ensure the creative process thrives. As a result, intrinsic 

motivation, will give the individual the passion to immerse themselves in the flow of 

creative thought [10].  

 

1.5 Inhibitions of Creativity 

Just as creativity is built upon novel thought, creativity can have some instances 

where it may encounter inhibitions in the duration of development. Such inhibition are 

avoiding associative barriers and competency traps and managing breath over depth, and 

time pressure [9, 19]. Current trends in engineering design have created the need for a 

new type of designer, one that applies and acknowledges creative inhibitions. Such 

inhibitions start at the establishment of design fundamentals in the academia domain  

[20]. As a result, academia has recognized the need to apply such industrial creative skills 

to assist student more effectively in capstone design projects. Academia type design 

courses have suggested that students must be initially acquainted with practical projects 

and cases studies that apply to actual industrial applications. Also the influence of multi-
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disciplinary team-based projects will drive innovation through recombination of varied 

individual skill sets and maintain productive intrinsic motivation [20]. As capstone design 

projects encourage more student creative involvement, the need to understand the 

inhibitions of creativity is required to sustain a creative environment for novel thought.  

 

1.5.1 Associative Barriers 

Associative barriers are chains of associations that inhibit our ability to think 

broadly and creatively [19].  The barriers come from the mind extraction with  a chain of 

associations; chains of associations are efficient to move quickly from analysis to action, 

but they inhibit our ability to think more broadly [19]. The mind follows the simplest 

path, which comes from the previous association. Individuals do not question 

assumptions readily, they jump to conclusions faster, and they create barriers to alternate 

ways of thinking [19]. Individuals with low associative barriers are more likely to think 

broadly and are therefore able to come up with more radical ideas [19].  Individuals with 

high associative barriers are more likely to produce common responses. People break 

associative barriers down by exposing themselves to a range of cultures, since cultures 

are defined by norms and traditions, the individual can more easily escape them by 

exposing themselves to others unlike their own [19].  Another way to break associations 

is learning differently by employing tactics that allow the individual to learn as many 

things as possible without getting stuck in a particular way of thinking [19]. A 

recombination of different disciplines will give the individual a broad perspective to learn 

differently. In addition, reversing assumptions will force the mind to view a situation 

from a different perspective that may not have seen before [19].   

 

1.5.2 Competency Trap 

A competency trap occurs when a creative mind or creative team breaks the ties 

that allow them to relate and communicate to other networks based on their new found 

focus of influence toward one specific objective and remaining connected to it and 

ignoring any opportunity for new recombination [9, 19]. The creative mind becomes 
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efficient at strengthening their knowledge on the new novel idea and avoids moving to 

create new novel thought [21]. The individual makes the novel idea more efficient, yet 

there is a refusal to interconnect new ideas and recombine with other networks that may 

need the creative mind to assist them through their expertise, yet remain in solitary to the 

network and neglect innovative opportunities [9, 19].  

 

1.5.3 Breadth vs. Depth 

Moving among distant worlds shapes an individual’s ability to learn in different 

contexts and to see what is learned might work somewhere else [9]. The concept is to 

know a little about a lot of things rather than a lot about a little. Deep expertise in 

something comes at the expense of breadth [9]. The challenge is to know how much 

depth is enough and how much is too little. There are two risks in not having enough 

depth. The first, it is unknown what could have been learned elsewhere and second is that 

team members can become too committed in their own expertise. Exposure to various 

different worlds also helps to recognize when those chance occurrences happen that can 

lead to innovation [9]. It is more than just picking two random ideas; it is coming up with 

a whole new way to combine these two ideas. Often the individual will avoid from 

attaining breath, in response to controlling the scope of work. This risk aversion keeps us 

from attaining this breadth [9]. Building experiences in many small domains makes it 

possible to approach each new problem with a more open mind. This presents a more 

flexible mind set, a willing to try new perspectives and to search for new combinations. 

By recognizing non-obvious similarities between products and ideas, a team is able to 

rapidly combine two small everyday ideas into a new creative application [9].  

Individuals must strike a balance between depth and breadth of knowledge in order 

to maximize their creative potential. Too much expertise can fortify associative barriers 

between disciplines [19]. Networks will provide the broad scope that the team may need 

for recombination and novel thought [9]. 
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1.5.4 Time Pressure 

Time pressure can stimulate creativity for some, yet some individuals are less 

creative when under pressure and thus suffer creative hangovers that can affect 

performance in project-based applications [22]. The same may be true for individuals in 

capstone design projects, which may fall into a pressure trap that can lead to a lack of 

performance and need to meet deadlines and make the quality of project work suffer [22]. 

Managing time is essential through applications such as scheduling, setting goals, and 

creating time for failures that would be encountered during the project’s duration. 

 

1.6 Methodologies of Creativity 

In order to enhance the creativity specific methodologies must be present to 

encourage novel thought. As a result, applying such methodologies will determine the 

creative context, environment, documentation and elements that are required to motivate 

the student to develop creative breakthroughs in capstone design and produce innovative 

results. 

 

1.6.1 Torrance Tests for Creative Thinking  

Torrance [23] established methods to determine creativity through tests for the 

individual mind set. Many designers use this test to expand on their ability to reason and 

expand on original thought process. Torrance tests encompass evaluation of both figural 

and verbal components in creative thought [23]. The Torrance test ranks creativity on 

fluency, flexibility, originality, and elaboration; where the individual’s ability to think of 

broad ideas is known as fluency, the ability to think from a new perspective is flexibility, 

and establishing the ability to think of novel possibilities is originality [23]. 

 As the individual is able to determine the specific aims of a project and take 

action, then elaboration has been achieved [23]. Comprehending the four aspects of a 

creative mind will provide a means of assessment to measure one’s creative ability. The 

application of Torrance tests are often found in research and development industries [23]. 
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Torrance tests for creative thinking is essential to evaluate the capstone design project for 

individual creative thought and will encourage novel form of thinking.  

 

1.6.2 Mind Mapping  

Mind maps were developed by Buzan [24], as a method of organizing ideas into 

practical methods of idea generation through associations. Mind maps are diagrams used 

for creative thinking for organization of ideas. Mind mapping improves creativity and 

assists idea development, through brainstorming and capturing initial project ideas [25]. 

As a result, the implementation of mind maps is an essential tool to associate common 

ideas to link into new perspectives. Mind maps are two-dimensional nodal linked 

diagrams that portray the organized structure of mentality of the individuals associations 

to the linked ideas [26]. Mind maps recognize individual knowledge and associate the 

students’ formation of creative thought [26].   

Methods to increase creative mind influence are design repositories of mind 

mapping. Basic engineering design techniques are projected to stimulate creativity and 

hence aid the designer in generating new opportunities of novel ideas and options toward 

a solution [27]. Through the synthesis of idea generation techniques, the design 

repository archives design information through a computable format that the designer can 

integrate into the design by the recombination of exploited associations [27]. Mind-

mapping software such as NovaMind is a useful tool to assess ideas and map the 

development of the interconnections of ideas that link to the original concept [25]. 

 

1.6.3 Brainstorming Methods  

The purpose of brainstorming is to generate ideas as a project team and have 

motivation based on the problem definition [24]. This process involves the interaction 

and the exchange of ideas as a team to determine a solution for a problem and involve 

individual input to influence ideas based on the unique individual creative mind set [24].  
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Osborn [28] suggested brainstorming be applied as a method to improve the 

creativity of groups. Osborn established a creative approach to problem solving to 

prevent premature evaluation of ideas and stimulate  more diverse mind sets [28]. 

To create an efficient brainstorm session there must be a sharpened focus, and 

thus a confident comprehension of the problem definition [29]. The best way to facilitate 

ideas is to motivate a flow that allows the brainstormers to influence the topics and thus 

feel an intrinsic motivation, while being influenced extrinsically by ideas and support of 

others [10, 18, 29]. Visible ideas may be better than oral interpretations, by the facilitator 

writing ideas down and apparent to the brainstormers, a sense of mapping will guide the 

group to organize their thoughts and ideas generated [29]. Thus a good brainstorm is very 

visual and hence is enhanced through sketching, mind mapping, diagrams, and 

conceptual drawings [29].  

It is essential that the manager never goes first during a brainstorming session, 

this will lead to setting up an agenda that may limit the input from other ideas of the 

members, which should be allowed to provide their input and give everyone a chance to 

provide insight [29]. Diversity of the mind is essential to bridge various diverse domains 

to influence novel thought [9, 21, 29]. Location is essential to influence divergent 

thought, ensure the room facilitated is open, well lighted and promotes a comfortable 

environment that does not resemble a confined space [29]. Lastly, writing down to many 

detailed ideas will force the writer to focus more on the writing and less on the individual 

providing the information, write in short hand and use sketches to represent ideas for a 

quick sense of the concept trying to be relayed [29]. 

 

1.6.4 TRIZ: Theory of Inventive Problem Solving 

In an effort to enhance design with a methodology that applies innovation and 

solving problems, TRIZ, Theory of Inventive Problem-Solving, was conceived by 

Altshuller [30]. TRIZ encompasses the task of defining the problem and initiate a mapped 

solution to the problem [30]. The diverse approach of TRIZ is useful and widely used by 
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the engineering industry and has elemental relevance to capstone design process to create 

a linear regression towards a solution [31].  

 There are five aspects that applied to TRIZ to define the scope of its application, 

the aspects include functionality, contradictions, ideality, resources, and shifting 

perspectives [30]. TRIZ applies contradiction to direct the user to methods that may have 

been done previously, thus eliminating the time to reevaluate a method that may have 

been tried and had a success or failure, which increases productivity and reassurance for 

reliable results [32]. The application of TRIZ was not intended to understand the client’s 

needs, but integrate it into the problem definition phase to develop solutions for the 

consumer needs [33]. TRIZ methodology is directed to find the simplest method to 

determine a solution with limit risk, yet creative thought is driven by risk taking and 

learning through failure. Research based on TRIZ have identified that many inventions 

have developed from instances where the innovative opportunity have been avoided by 

the students to prevent the acceptance to usual trade-offs that may be encountered 

through the project development [30].  

TRIZ may assess risk by avoidance and contradiction, yet can lack in creative 

breakthrough by its sense of direct focus on the solution, and thus neglect disruptive input 

that may lead to radical, yet innovative thinking. The linear regression of problem solving 

is excellent for convergent thinking, yet should not limit itself to ignore the divergence of 

radical ideas that may lead to new, novel conclusions and integrate the divergent ideas 

into the product features of the capstone design project [33]. 

 

1.6.5 KEYS: Work Environment Survey 

One such method to assessing the creative environment is KEYS: Assessing the 

Climate for Creativity based on the extensive research by Dr. Teresa Amabile [34]. The 

method of KEYS is to survey the capstone design team to identify the creative motivation 

and innovative opportunities for improving creative development in capstone projects 

[34]. KEYS involves interviews with members of the capstone design project to 
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determine and to identify potential measures to sustain and fabricate new and present 

methods of creative motivation, all the while improving the indications of failure [34].  

The KEYS survey is designed to evaluate the inhibitions and proactive methods to 

motivate creativity in the work environment as a reliable, applicable assessment of 

creativity in the capstone design environment [34]. KEYS identify six stimulants of 

creative team motivation [34]. The stimulates are the organizational encouragement of 

creativity to create a culture that promotes creativity through critique of ideas that are 

novel and applicable, reward and recognize for individual creative thought to encourage 

the development of new ideas, and energetic flow of ideas that encourage intrinsic 

motivation [10]. Communication is the key to enhance creative thought to relate ideas to 

others and encourage innovative opportunities through communication to networks that 

influence recombination of ideas [34].  

KEYS does have inhibitions of creative thought through criticism of new ideas, 

risk avoidance and maintaining the status quo through constant comparison to other 

projects [34]. Time pressure can decrease productivity and discourage creative thought 

due to many distractions [34]. The result of KEYS is a creative capstone design project 

team where creative thought is influenced through methods of fostering creativity and 

acknowledging creative inhibitions [34]. This increases productivity of creative thought 

that is efficient and successful based on the project environment. 

 

1.6.6 PERT: Project Evaluation Review Technique 

Individuals and teams that manage complex projects are encouraged to consider 

the value of project evaluation. Project evaluation consists of four steps investigation, 

plan development, implementation/mediation, and monitoring [35]. Investigation is the 

initial stage of design though defining the problem and similar to the creative process of 

preparation, though familiarizing themselves with the project objective and scope of work 

and influenced by project documentation [35]. Such documentation includes design 

notebooks, initial conceptual drawings, blueprints, specifications, and past project 

development documents. Plan development consists of resource connections by thorough 
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assessment of accessible networks, clients and experts that will influence the scope of 

work through direct communication to the project team [35]. The focus of the project 

meetings is to discuss and evaluate the project’s progress and debate on new ideas to 

influence creative thought. The implementation and mediation of project development 

entails the application of the project meeting discussion into action through 

implementation of work [35]. This may encompass test and verification to reevaluate the 

goals set by the team and how effective they were in implementing them. PERT is an 

effective measure of communication between manager, client, and team members to 

evaluate their scope of work and ensure efficient use of creative resources that will foster 

creative breakthrough. 

1.7 Fostering Creativity 

The most essential way to allow for creativity to exist is to foster creativity by 

influencing its presence. Creative influence is considered to be driven by diversity of the 

mind [21]. In retrospect, diversity of the mind is the individual’s ability to have a diverse 

background when presented a problem to produce novel ideas through creativity sessions, 

such as brainstorming sessions [36]. To encourage the diversity of the mind the facilitator 

should guide the interaction of teams through the idea generation by allowing the team to 

input diverse thought without straying away from the topic [21]. Encouraging the free 

flow of thoughts and enlightenment of individual technical skill creates a synergy of 

appreciation of one another’s expertise, as a result, learning from each other, develops a 

diversified mind [21]. Diversity of the mind can develop through solitary and individual 

input as well [21]. Documenting ideas through physical representations on paper and 

sketches allows for other individuals to understand your vision and thought process [3]. 

Applying creative techniques such as brainstorming, mind mapping, and recombination 

of ideas, allows the diverse mind to think in new perspectives through the assistance of 

creative methods [8]. Encouraging a diverse mind set will allow individuals to feel free to 

generate and express ideas, while considering diverse perspectives and exploit them into 

new innovative opportunities through creative recombination [9]. Having a variety of 

diverse people attending a creativity session is encouraged to reach a creative 

Texas Tech University, Johnny J. Mendias III, May 2008



 16

breakthrough [21]. Each creative breakthrough is developed through the diverse mind of 

the individual. The diversity of the individual mind motivates the team as a whole to 

encourage creativeness and implement new ideas into development. Diversity of the mind 

stimulates creativity and through interaction creates intrinsic and extrinsic motivation.  

Influences of creative thought can be initiated in the classroom. Creativity in the 

classroom, particularly in the capstone design projects is essential for enhancing 

performance and individual ingenuity [37]. As a result, academia has evolved to represent 

the structure the real world to promote discovery and to accelerate development through 

creative techniques and methodologies [37]. Multi-disciplinary degrees from academia 

will encourage depth yet maintain breath in multiple disciplines in the engineering 

sciences [37]. Academia has gone to great lengths to diversify interdisciplinary studies 

for designers to encourage the recombination of novel thought, thus creativity has been 

considered independent of expertise and dependent on the recombination of diverse 

thought from multi-disciplinary influence [37].  

As capstone design is applied in academia, the basic curriculum of engineering 

design has evolved to enhance creative breakthrough technologies. Influential 

technologies encompassing information and communication are needed to allow the 

student to bridge new connections to their capstone design project [23]. Industrial 

applications are increasing creativity by increasing awareness of resources and available 

technologies for assistance during new product development [23]. In addition, to the need 

for creative breakthroughs in academia curriculum has developed from the increased 

emphases on the basic applied sciences and mathematics fundamentals that encourage 

theoretical thinking, yet inhibit new forms of transitions into problem solving by practical 

means [23]. By comparison, industrial problem solving is essential to apply basic 

engineering fundamentals, yet encourage the input of individual assessment that develops 

creative breakthrough through taking risks and learning from failure. In contrast, 

industrial design requires experience to develop creative thought, through implementation 

and exposure to practical methods of capstone design that enhance the overall design 

performance [21, 23].  Having the ability to solve problems creatively is established in 
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the designer’s associations to the engineering application [23]. To comprehend how 

engineering undergraduates can be innovative, an approach must be considered by the 

student’s ability to apply the aspects of creating novel ideas through the recombination of 

influential and diverse mind sets. Mind sets from team members, experts, and networks 

unlike the student’s own will have the ability to integrate methods and knowledge into 

the design features that reflect the client’s needs which will create the evolution of ideas 

through implementation of idea integration [21, 23]. Students that are presented with 

resources for recombination are more creative, whereas students in a controlled 

environment that creates limitations of idea generation are less motivated to foster 

creativity [21, 23].  

An important element in student creative ability is communication [23]. Most 

educators and professionals agree that the individual’s ability to communicate is the most 

essential attribute to enhance creative thought [23]. By communication, ideas can be 

represented in appropriately by verbal, figurative, and conceptual means through oral 

speech, documentation, and physical representation through capstone project artifacts 

[23]. Not only is it essential to communicate ideas through visual and oral means to 

engineers, but is required that a student understand the need to communicate to non-

engineering groups that may need a more simplified version of explanation [23]. This is 

where creative communication is needed to develop new ideas that meet client’s 

requirements and apply technical skill set, yet reflect a creative representation of product 

development that is complementary to the considering the view of an end-user that may 

not comprehend the process yet accepts the function of the final product [23]. Therefore, 

capstone design projects are a representation of communication to the end-user, typically 

not familiar with the design process, yet must be considered to influence the project 

development through the means of creative communication that brings the project scope 

to new terms to relate to the level of expertise the consumer may have. To communicate 

effectively requires an ability to collaborate well with others in both technical and non-

technical fields, and hence encourages recombination of ideas [23]. Engineers with the 

ability to communicate can bridge the domains with the end-user and team members [9]. 
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Various techniques have been used to increase the productivity of creative 

thought [10, 11]. Stimulating and rewarding for curiosity and exploration will give the 

designer a purpose for success and failure. Building motivation, especially intrinsic 

motivation will give the project team a purpose to continue in-house development, by 

recognizing resources readily available [10]. Encouraging confidence and a willingness 

to take risks will motivate any type of idea and thus learning from mistakes [10, 11]. 

Providing optimistic opportunities will give choice and discovery through teaching 

techniques and strategies for facilitating creative performance will expand upon ideas and 

help future projects develop from past experiences [10].  

Idea generation is the fundamental creative technique used to foster novel ideas. 

During the divergence of the creative process, it is essential that idea generation is 

applied to bridge diverse perspectives into reality [8]. In relation the collection of more 

ideas will provide a larger sense of variety and diversity. More ideas bring new 

perspectives and allow for more novel outcomes. Idea generation may require methods of 

development to increase performance. One such method is brainstorming. Brainstorming 

is defined as a group interaction procedure which produces new, novel ideas [38]. During 

brainstorming it is recommended that ideas are inclined toward quantity rather than 

quality. In addition, criticism is prohibited, while radical ideas are encouraged, and the 

recombination of creative thought is needed to mature into innovative development [38]. 

Other options to foster creativity include working with people whom create 

constraint and can be unrelated to the process, which presents contradiction and radical 

thinking [39]. Use surveys and interviews with experts to encourage peers to approve the 

creative development of the ideas generated [39]. Combining pessimistic and optimistic 

views to bring open and closed-minded individuals will encourage new options and 

debate on the feasibility of the ideas generated [39]. Creativity can be fostered by 

clearing out distractions when time pressure is high, reacting to problems with 

understanding and encouragement which celebrates attained performance and allows 

members to feel involved and informed [11].  
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1.7.1 The Creative Process 

Creativity can be enhanced by a process of developing and expressing novel ideas 

that are likely to be useful [8].  There are essential aspects of the creative process.  Those 

aspects include, preparation, divergent/convergent thinking,, incubation of ideas and 

innovative opportunities  [8].  It is essential that novel ideas are expressed or conveyed to 

others in order to introduce the novel idea and attain acceptance [8]. Once accepted, 

convergence will recognize that the novel ideas are worth pursuing and hence have 

potential.  Once the idea being pursued has the potential for being useful, an innovative 

opportunity will be evident by the recombination of people, objects and ideas [9]. The six 

processes that occur during creativity include preparation, innovative opportunity, the 

generation of ideas through divergence, the incubation period and convergence of the 

selection of potential ideas, and evaluation of idea context [8]. 

 

1.8 Technologies  

A technology is the arrangement of people, ideas, and objects for the 

accomplishment of a particular objective [9]. The three parts of technology form the 

network that connects them to other technologies encountered. Breakthroughs occur 

through technology brokering which is a strategy for exploiting the networked nature of 

the creative process [9].  Technology brokering involves combining existing technologies 

in ways that spark technological revolutions [9]. People can be defined as the context of 

creativity through individuals, teams, managers, professional/experts, networks. Whereas 

objects are the documentation, artifacts, and previous projects that encourage creative 

thought toward ideas of both novelty and inventiveness. 

 

1.8.1 Individual Context 

Creative individuals need to have the aptitude for divergent thinking, risk taking, 

optimism, and convergence to develop novel selection of ideas through a solitary 

environment [24]. The individual creative intellect is inquisitive, flexible and inventive 

[24]. Capstone design projects need individual creative thought to bridge diverse 
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perspective of experience and persuasion to encourage communication of ideas into 

action. Creative teams need to comprehend the creative ability of most individuals is 

fragile; hence it is encouraged during idea generation, that all views of individuals are 

considered and criticized creatively [24]. The creative potential of individuals depends 

mostly on persuasion to defend inventiveness and determine if the ideas supported by the 

team involved [24]. Enhancing individual creative thought is essential for capstone 

design projects to build upon individual thought and recombine the views of the team, 

peers and project requirements [24]. As a result, the success of a creative breakthrough is 

established through individual creative thought. 

1.8.2 Team Context 

The majority of the idea generation of the creative process is accomplished 

through groups of individuals or the project team. In order to foster creative 

breakthrough, individual solitary may inhibit the individual to realize their own potential 

or innovative opportunities that the perspective of the observer my find relevant to a 

solution, hence the perspective of a team member. Creativity developed by a team is not 

only developing many various ideas, but the dynamic idea evolution that is encountered 

be the discussion of the teams’ ideas into maturity, hence the creative incubation highly 

depends on teams to develop ideas into convergence. Multidisciplinary teams are 

effective to develop ideas that are robust and reliable [24]. In addition to individual input, 

individual involvement through membership is required for capstone project success. 

Individual members should encourage the diverse viewpoint of each fellow member, yet 

should be similar in consistency and diversity [24]. Thus the application of being a 

member that encourages breath over depth will motivate more inventive and novel 

creative thought.  

Teams require many factors to influence creative development through exogenous 

and endogenous factors [14]. Exogenous factors are associated with the dynamic 

relationships between members that are influenced by the creative environments [14]. 

The environment required to enhance creative flow of teams needs a strong establishment 

of related organizational ethics and norms [14]. The environment for creative 
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breakthroughs allows for individual expertise to thrive and create a team synergy that 

encourages creativity, innovative opportunities that build upon novel thought and group 

acceptance. Endogenous factors are directly associated with the internal individuality and 

organizational culture of the team interaction [14]. This relationship is easier to manage, 

since each member has the ability to control their input to the project based on intrinsic 

motivation. It is essential to sustain endogenous factors in teams to sustain individual 

interest and input into the collaboration of the capstone project goals. 

 

1.8.3 Networks 

Networks link people, ideas, and objects together in applications that form 

effective and lasting technologies. A network is an assortment of small communities, 

which encompass various individuals that may be associated of entirely unrelated or 

related capabilities; such as, a sub-division project team within the umbrella of the entire 

capstone design project [9]. The role networks portray is to link people to ideas and 

objects, and thus apply novel thought toward innovation sustaining creative influence 

through its tie with bridging of the distant worlds (networks) with a new, diverse, weak 

ties, creating new novel breakthroughs [9]. Multidisciplinary networks can play important 

function in team members’ competitiveness, providing diversity and continuous 

collaboration [21]. Diverse mindsets, attitudes and skills in the network contribute to its 

flexible problem solving capabilities [14]. 

Networks involve a connection to strong and weak ties [9]. Strong ties are ties 

with people that the individual is closely acquainted with like family, friends, and co-

workers. Strong ties are when the people that are known and also know each other.  

Information spreads so rapidly and is transferred among the strong-close ties [9]. As a 

result, it is less likely to find valuable and novel information from strong ties. Weak ties, 

on the other hand, are when the people unassociated with the network [9]. A weak tie is a 

network that is more likely to find novel information from and create new perspectives 

unlike our own.   
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1.8.4 Clients/End User Context 

Clients influence the constraints of creativity provided their initial requirements. 

Clients or end users are the individuals that will be accessing the final product and hence 

must be satisfied to meet their specific standards. Those standards are provided by the 

initial review of considerations that create the requirements set forth by the problem 

definition. The end result must meet those needs and establish a sense of trust and 

henceforth customer satisfaction [20].  

By understanding the complexity of customer satisfaction the designer will be 

able to transfer client needs and constraints into the features of the design [20]. By 

comparison, team collaborative experience will encourage increased effectiveness and 

efficiency through careful assessment of client needs. To build such an environment, the 

team must nurture the design from concept to achieve customer satisfaction [20]. In the 

modern approach to consumer satisfaction, the designer must build a dependence on a 

multi-disciplinary team to integrate satisfaction through creative means. Creative means 

that take into account the client’s insight and develop it through the interaction of the 

design’s functionality and purpose to represent the client’s needs [20]. In addition, 

managing an understanding of each individual skill set of the project team, particularly a 

small project team, will lower realization costs, manage risks and ensure product 

reliability for consumer satisfaction [20].  

 

1.8.5 Manager Context 

Managers play an essential role in creativity that can influence or inhibit creative 

breakthroughs [10]. For capstone design the project leads may be used as direct liaisons 

to the client and faculty advisors. In addition, faculty advisors can portray the managerial 

role as they provide the necessary resources that the project team will use to foster 

creative expertise and communicate to networks that recombine new ideas into 

development [9]. 

Managers are responsible for formal decision-making techniques that can be 

harnessed by the project team [40]. Managers establish social processes that are used to 
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interpret knowledge that the group may assess. As a result, team members must strive to 

facilitate a process of social interpretation and evenly distribute information through the 

group. Communication plays a major role here, for the team members are the link 

between creation of individual thought  and thought development into production [40]. 

Thus the tools provided by managers must allow for the team to enhance the design 

development through improvising creative methods and techniques made available. 

Project leads must articulate vision and values that the team considers essential to their 

beliefs and thus find more motivation to pursue the project through enhanced interest by 

interpretation of their creative thought through the access of technologies that enhance 

extrinsic motivation [10, 40]. Thus the output of the creative team is more effective 

through the interpretation of the manager’s agenda by allowing the team to take charge of 

creative implementation [40]. 

 

1.8.6 Professional Context 

Professional context is established through expertise and professional knowledge. 

Professional knowledge is acquired through the process of perceiving, learning and 

reasoning through individual experience [41]. Experience nurtures expertise through the 

application of knowledge. Knowledge in capstone design projects can be classified as 

tacit knowledge or explicit knowledge [41]. Tacit knowledge is ingrained in human 

mentality and demonstrated through the applications [41]. Explicit knowledge is the 

codified knowledge, such as design notebooks and date collect through analysis [41]. 

Through experience, knowledge develops into expertise. Experts vary from novice 

designers based on their breadth and knowledge through experience. Experts accumulate 

information and more advanced developments through the networks and resources they 

have built over the years of experience [41]. During problem solving, experts build ideas 

through abstraction, while novices rely on well defined, goal-oriented projects [38]. 

Experts develop thorough conceptual models incorporating abstraction rather than 

concrete methods to solve the problem at hand, which is useful in relating dynamic 

affects of reality [38].  
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1.8.7 Objects 

Objects are the essential models that exhibit creative influence through individual 

association of common thought [9]. Objects are physical representations of the creative 

insight through documentation, artifacts, and conceptual drawings. Material resources 

such as past project documentation can be harnessed to incorporate previous knowledge 

to develop new methods and improvising past techniques to exceed expectation [9]. 

Physical documentation such as design journals or design notebooks will assess the 

individual’s process through design of a project and provide the physical means of 

interpretation of creativity through brief descriptions, conceptual drawings, and initial 

sketches [3]. The final product or project artifact can provide a visual and synthetic 

representation of the concept into realistic form; this will encourage evaluation of 

requirements and may consider recommendation for future modifications [3]. 

 

1.8.8 Ideas 

A creative idea is the ability to think divergently and build novel thought through 

inventiveness; invention cannot stand alone without the application of creativity [9]. 

People who are early adopters of ideas, often bring a substantial degree of creativity to 

their ideas [37]. There is a large body of well-established knowledge about individual 

creative thought. Once identified, evaluated, and trained individuals can use their creative 

capabilities more effectively and influence idea generation [37]. Creative achievements 

can occur at any age and hence create novel ideas through diversifying the mind [37].  

 

1.8.9 Technology Brokering 

Technology brokering strategy bridges small worlds, exploiting a position between 

worlds to combine existing objects, ideas, and people in new ways that promise new 

ventures, and building the necessary communities around these new ventures that will 

ensure their success [9]. Technology brokers simultaneously bridge the gaps in existing 

networks that separate distant worlds to see how established ideas can be applied in new 

ways and places, and build new networks to guide creative and innovative  recombination 
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to mass acceptance [9]. The possibility for creativity is greater when the bridging of 

worlds takes place. Brokers (individuals, groups, and organizations that move among 

small worlds or networks) use their ties/connections to distant networks to recognize and 

bring combinations of people, ideas, and objects from these different worlds together to 

create something of value that did not exist before [9]. Without brokers, few people are in 

a position to see how the resources of one world might benefit another.  

 

1.9 Innovation 

Innovation is the engine in motion, a process of creating a product worthy of 

recognition, within feasible production costs, reliable in outcome, and satisfies all 

required client needs [17]. An innovative product sets new standards and has no 

limitations, and has the driving potential to allow its predecessors to evolve into a new, 

revolutionized outcome [17]. Innovation is the result of synthesizing or “bridging” ideas 

from different domains. The concept of bridging is appealing by its focus on the future of 

new products/ideas, whereas breakthrough innovation may exploit the past products/ideas 

[9]. Breakthrough innovation is not a product of individual creative genius; therefore 

innovation must be established through people, ideas, and objects. As a result, collective 

innovation of teamwork will develop into breakthrough innovation [9].  

The networks of linking people, ideas, and objects create effective communities 

that develop into resourceful technologies which many innovators need to develop their 

ideas from concept to reality [9]. These technologies are arrangement of people, ideas, 

and objects generated for the accomplishment of a particular goal or solution [9]. The 

greater the range and breath of the technologies, the greater the possibilities for 

innovative product solutions.   

During the process of innovation, technology brokering is used as a strategy to 

exploit the networked nature of the innovation process [9]. The strategy involves bridging 

distant worlds by harnessing the knowledge and the efficiencies that reside in the existing 

technologies. Afterward, the innovator can recombine the ideas into a new domain/world 

around the existing technologies. This process is used to develop new concepts that will 
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develop into new perspectives of the initial problem. As mentioned beforehand, 

innovation is the engine that once initiated by creativity can be recombined with diverse 

technologies to establish new innovative concepts that can be intersected into a new 

potential solution. 

Innovation anticipates new development. Innovation finds opportunities to 

recognize and create change through recombination. Innovation is essential for 

restructuring the world through common perceptions and way of life [42]. The intentional 

creation of innovation is creativity and invention, where unique, novel ideas are 

interpreted into application practices [42]. Innovation establishes a vision of future 

possibilities through change. As a result, it requires the ability to look aside from the 

present while simultaneously considering the past [42].  

 

1.9.1 Bridging New Worlds 

Bridging worlds encompasses harnessing the associations of distant networks to 

distinguish and create a recombination of people, ideas, and objects from those distant 

worlds together to establish something of novelty that did not exist previously [9]. 

The concept of bridging reveals a couple of counterintuitive points.  First, 

whereas it may be appealing to focus on the future, breakthrough innovation depends on 

exploiting the past.  Combining often well-known insights from diverse settings creates 

novel ideas that can, in turn, evolve into innovations.  In contrast, innovative attempts 

that focus on developing fundamentally new visions from entirely novel knowledge very 

often fail [9]. Collaborative organizations are termed "breakthrough" by the ability to 

achieve what they do by setting outrageous objectives and pursuing them with single 

minded intensity [43]. Breakthroughs apply to how successful designers approach a 

challenge. Breakthrough is the inspirational idea that visionary thinking will promote 

innovation [43]. Breakthroughs are not the results of flashes of brilliance by lone 

inventors or organizations.  In fact, innovation is really about creatively recombining 

ideas, people, and objects from past technologies in ways that spark new technological 

revolutions [9]. 

Texas Tech University, Johnny J. Mendias III, May 2008



 27

Bridging offers a way to avoid the competency traps that, by making changes for 

the better will keep existing groups, teams, and industries locked into the old ways of 

doing things [19]. Bridging activities overcome these competency traps by bringing 

teams into contact with the wide variety of already well-developed technologies that exist 

in other disciplines. Bridging activities overcome the parochialism that hinders 

individuals, teams, and even industries, from seeing the value of people, ideas, and 

objects that reside outside their traditional boundaries [9]. Bridging activities overcome 

these by actually changing the way people see and think about the worlds they reside in.  

 

1.9.2 Building New Worlds 

Building new worlds encompasses building essential ties between the distant 

networks to create a new world of technology around it. Once two worlds are bridged, it 

is important to build strong ties between them in order to exploit what they have to offer 

[9].  Building activities involve actively pursuing weak ties, building links from the very 

beginning, when creativity is developing [9]. Building activities pursue breadth over 

depth – preferring to gain broader access to the experience with the people, ideas, and 

objects of many different worlds rather than a deep expertise in any one domain [9].   

Three strategies that teams use to build worlds include commitment to a full time 

strategy of technology brokering, remain focused on the clients they serve, create teams 

within their bounds that are focused on bridging worlds and building recombinant 

innovations [9]. Thus develop the ability to recognize and seize one-time opportunities 

for brokering. The team must position itself in the larger network to allow it to move 

among other worlds through technology brokering [9].  The more worlds one moves 

through the more experiences one gains, thus leading to more opportunities to build new 

combinations [19].  This is a difficult strategy to pursue because as the organization 

moves through different worlds they will each require a contribution from the team, 

which will depend upon its ability to broker technologies. A team can also create smaller 

groups internally that are dedicated to bridging different worlds and building recombinant 

innovations.  The strategy requires cooperation the recombination of people, ideas and 
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objects from different worlds.  The recombination generally possess a more extensive 

knowledge of the opportunities that exist across other worlds, but tend to be too busy to 

take advantage of such opportunities, which establishes a need for groups that are 

dedicated to this task. The organization responds to technologies in other worlds and 

pursues a combination in that world as a result.  This strategy is the most common, but 

relies upon the team’s identification of a possible combination not an active search of 

potential combinations in other worlds [9]. One of the main challenges faced by project 

managers of capstone projects is the ability to balance bridging and building worlds and 

recognize when it is time to move from one to the other.  Organizations that stay in the 

same world too long will fall behind other organizations that are bridging new worlds [9]. 

 

1.9.3 The Recombination 

Innovation cannot exist without creativity. Creativity is the energy source, 

developing through novel thought. Whereas, innovation is the driving force, applying the 

energy to applicable means of project development through the recombination of people, 

objects and ideas, known as a technology [9, 17]. A recombinant innovation is taking 

existing, often unrelated, parts from different worlds and combining them into a new idea 

[9]. The pursuit of innovation changes dramatically when the goal shifts from invention 

to inventive recombination, from pushing people to think outside the box to helping them 

think in other boxes. All innovations are built from pieces of the past [9]. A strategy of 

technology brokering, on the other hand, targets the inherent potential of recombinant 

innovation [9]. Bringing the old networks of distant worlds brings access to the 

established resources of different worlds; building new networks creates the ties needed 

to attract and hold these previously disparate resources together [9]. Individuals in these 

domains must be willing to break the associative barriers and willing to reach out to 

distant worlds to make this new connection [19].  

The recombination of technology develops through the intersection of domains. In 

order to encourage the intersection of ideas one must diversify occupations, interact with 

diverse groups of people, and prepare for intersectional opportunities [19].  Diversity in 
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teams allows different viewpoints, approaches, and frames of minds to emerge [21].  

Diversity has also proven to increase the randomness of concept combinations [19]. 

Intersectional opportunity means searching for connections in unlikely places and then 

seeing where those connections lead. Figure 1.1 is a representation of the intersectional 

opportunity presented by creativity and innovation. 

Innovation is most likely to occur at the intersection of multiple fields and areas of 

interests, while organizing and combining various examples of present and past 

successes, including failures, for the application at hand. Most innovators established 

themselves in the industry by achieving intersectional breakthroughs through 

technologies from diverse cultures, backgrounds, and professions [19]. Such 

breakthroughs may occur between the collaboration of the project managers and project 

team during the product development involving their influence of their own respected 

experiences and ideas. Thus allowing for these two diverse domains to interact and 

establish creative concepts to be fostered into innovative products and ideas.  

 

1.10 Motivation 

The motivation of this research is to distinguish and determine the context of 

creativity in capstone design projects for undergraduates in senior Mechanical 

Engineering design courses. Such contexts include the creative influential elements, 

context of individuals involved in project development, the documentation to assess 

creative thought, and the environment needed to sustain creativity. Thorough design 

research has tried to comprehend the essence of creative insight in capstone design 

process, yet lacked to determine the specific influences and inhibitions that reside in the 

context of creativity [2]. Present research has determined ways to kill creativity [10], 

determine the inhibitions of creative insight [22], and find ways to foster creative 

environments in industrial settings [29]. The motivation for this project is to determine 

how creativity can be enhanced and/or inhibited in industrial applications and influence 

similar context in the capstone design process. 
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1.11 Research Question 

The type of context to enhance the creativity in capstone design process will be 

determined by this research. The elements, context, documentation, and sustainable 

environment will be assessed to determine the best means of creative insight and 

opportunities to influence creativity by mapping creativity through the creative process. 

 

1.12  Specific Aim 1: The elements of creativity 

The elements of creativity will be reviewed and interpreted through definition and 

clarification of its influence toward creative breakthrough. Elements such as fostering 

techniques, influences and inhibitions in the creative process will determine how the 

capstone design project develops and sustains novel integrity.  

 

1.13 Specific Aim 2: The contexts in capstone design 

The contexts of creativity will consider the effect of creative influence. The 

context of creativity include, the technologies of people, ideas, and objects, such as the 

individual, the team, the networks, the client/end user, the manager/project lead, and 

professional experts that influence the process. In addition the context of artifacts and 

novel thought can integrate innovation and creativity into reality. 

 

1.14 Specific Aim 3: The documentation of creativity 

The documentation of creativity includes the physical representation of the 

capstone design project. Such documentation includes the design journals/notebooks, 

project reports, project presentations, and the final artifact review. 

 

1.15 Specific Aim 4: The environment to sustain creative development 

Creativity establishes new environments contributing to new development of 

ideas and enhanced performance [14]. The environment to sustain creative development 

will be recommended to allow for the novice designer to be provided the tools and 

techniques necessary to sustain creative thought. Such environments include the 
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resources made available to the project team, the synergy of team organization and 

collaboration, and the influence of extrinsic motivation that can drive the external affect 

of creative breakthrough [10].  

 

1.16 Scope of Work 

The scope of work is to determine the context of creativity and how it affects the 

creative process through the development of the idea generation. The specific aims will 

establish the creative process as it evolves from conceptual ideas into physical renditions 

of production to the final artifact evaluation. For this research the assessment of two 

capstone design projects in Mechanical Engineering will be evaluated and coded using a 

creativity rubric to determine the creative context. Team A shall be a competition design 

project and Team B shall be a faculty-initiated design project. Creativity will be 

determined by the documentation assessment and recommendation of an on-line 

questionnaire to evaluate the elements, context, and appropriate documentation for 

creativity. The documentation used for assessment will include i) seven individual design 

notebooks, ii) four intermediate and final design reports, iii) four intermediate and final 

design presentations, and the evaluation of iv) two final artifacts through an artifact 

evaluation questionnaire. Finally, a panel of ten professional designers will offer their 

creative insight through an on-line questionnaire. 
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Figure1.1: The Recombination of Creativity and Innovation 
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 CHAPTER 2 

2 METHODOLOGY 

 

2.1 Introduction 

In order to determine the context of creativity, the levels of capstone design 

process will be established to create a creative rubric of the three levels of capstone 

design. Those levels include the design activities, the creative activities, and the context 

of creative influence. Each level will be defined and applied to the design notebooks, 

design reports, design presentations, the final artifact, and the client satisfaction survey to 

determine the professional designer recommendation for sustainable creative 

environments. For this research, two capstone design projects will be assessed for 

creative context. The classification of each project will be determined as Team A, a 

design competition project and Team B, a faculty-initiated project [7].  

 

2.2 Capstone Design Methodology 

The capstone design methodology will follow the approach from a systems design 

perspective as proposed by Ulrich [4, 13]. The design process will consist of the design 

activities of problem definition, concept design, system-level design, detailed design, test 

and verification, and product production [4]. The definitions of the design activities 

applied in this research are as presented in Table 2.1 

 

2.2.1 Problem Definition  

In any design process the problem or need of action must be defined. In doing so, 

the student in the capstone design project can understand the scope of work and 

determine the objectives that must be attained. This activity is essential to the 

development of client relations, where the client will define the need and the 

requirements to meet those needs [4]. During this activity, communication will be 

effective to deploy the necessary course of action [4]. As a result, the student will have 
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the appropriate tools to assess the needs and create the problem definition that meets the 

motivation of the intended client requirements. 

 

2.2.2 Concept Development  

The concept development is considered by design standards to influence the idea 

generation of the capstone design process. As a result, most ideas the students will 

generate will be through conceptual review, and hence instigate the creative insight for 

innovative breakthroughs. At this phase, the needs of the client and project are 

acknowledged to constrain the generation of ideas. The constraints should not limit the 

student, but guide the student to remain on the intended scope of work. Concept 

generation is the core of concept development, applied to explore the individual’s 

technical and creative insight to meet the needs of the client [4]. Concept generation is 

the synthesis of recombination of ideas that will drive extrinsic motivation. The capstone 

design projects will require the documentation of the design notebook to document  the 

project objective (problem definition), consumer requirements, the initial conceptual 

designs, specifications, and project schedule [4]. The concept development activity is an 

essential part in the development of creative thought and creative development. 

 

2.2.3 System-Level Design  

System-level design is the transitional phase from concept to production [4]. This 

transitional phase develops an overall layout of the design that is a preliminary 

representation of the conceptual design. System-level design is motivated to determine 

the functionality of the project design and incorporate the human factors, aesthetics, and 

the mechanical function the design will require [13]. Also known as embodiment design, 

system-level design is an iterative process of analysis and synthesis [13]. Embodiment 

design is a useful method to view the conceptual designs to greater context and 

development through functionality [13]. The transition between concept level design and 

detailed level design is arranged to evaluate the purpose, function and arrangement of the 

selection of components, and their sub-systems that affect the overall design and scope of 
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work. In relation to the design notebooks, system-level design plays an important role in 

the visual and brief descriptions of the functionality of the project, thus offers a visual 

representation of function and performance the students will document through design 

notebooks [13].  

 

2.2.4 Detailed Design  

Detail design activity consists of implementation of specifications provide by 

client requirements, conceptual selection and system-level functionality [4]. The students 

will use detailed design to present the general scope of project dimensions, material 

selection, and tolerances [4]. Typically students use solid modeling to assist as a technical 

representation of the project. Detailed design encompasses clarification of assumptions 

by implementing them into the theoretical design for consideration. Detailed design is a 

useful method to integrate conceptual design and system-level design together as a novel, 

functional product.  

 

2.2.5 Test and Verification 

After initial designs have been created, theoretical models can be compared to the 

experimental design prototype. Tolerances are clarified, materials are tested for strength 

and durability, and solid models may be accessed through FEA (Finite Element Analysis) 

to ensure the integrity and strength of the design is maintained [4]. Test and verification 

will be determined by elements of PERT to ensure the project is on schedule, and meets 

the intended requirements of the consumer/client [35].  

 

2.2.6 Production Development 

Production development is the activity the students will initiate after meeting all 

the necessary requirements of design verification. Production is carefully evaluated, to 

ensure any failure or flaw in during testing was neglected [4]. Project evaluation is done 

to ensure all requirements were met and satisfied. The students will use this phase to 
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develop a physical model of their capstone design. As a result, project continues until the 

final artifact is produced and made available to the client as the final deliverable artifact. 

  

2.3 Creative Process Methodology 

2.3.1 Introduction 

Creativity is a process of developing and expressing novel ideas that are likely to 

be useful [8].  The six processes that occur during creativity include preparation, 

innovative opportunity, the generation of ideas through divergence, the incubation period 

and convergence of the selection of potential ideas, and evaluation of idea context [8, 

44].The creative activities are presented in Table 2.2.  

 

2.3.2 Preparation  

Preparation is the initial phase of creativity. Preparation encompasses the ability 

for the student to prepare themselves for the design activity. As in product development 

the problem must be defined. Creating the problem statement will allow the creative 

process to have direction and purpose [8, 44]. Generating goals and intentions to develop 

the design activity to its full potential is the goal of preparation [8, 44]. Identifying the 

criteria and constraints will establish the guidelines for the creative direction. At this 

stage the collaboration of ideas, knowledge, and experience, must be shared to be 

accessed and synthesized by the project team involved [8]. Preparation will allow for the 

establishment of a problem definition that will guide the creative thought process [8, 44]. 

 

2.3.3 Innovative Opportunity  

Innovation is the recombination of technologies that are influenced by new, novel 

thought, or better known as creativity [9]. Creativity consists of an opportunity for 

innovation. This opportunity consists of a recombination of useful resources that increase 

the productivity and innovation of the creativity process. At this phase, the past resources 

are acquired and harnessed to function as useful tools in preparing the development of 

creative synthesis [8, 44]. This synthesis involves recombining the accessible resources 
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of past projects for review, expertise provided by peers, and the physical influence of 

objects to increase intrinsic motivation [8]. The innovative opportunity is the synthesis of 

novel resources that will provide further insight into the generation of ideas. 

 

2.3.4 Divergence: Generation of Ideas  

Divergent thinking is the ability to break away from common, familiar, 

established methods of applying and perceiving perspectives [8]. Initially, ideas are 

established by clients of their need, yet can become an inhibition to divergent thinking. 

The individual must be open-minded to many domains that can influence creativity. The 

environment can establish the nature of divergent thinking through the accessibility to 

resources and ideas. Divergence is usually considered the generation of ideas to develop 

many various options [8]. Generation of ideas is usually practiced through brainstorming 

sessions. Brainstorming sessions can establish the generation of ideas that are proposed in 

an open-minded setting, where any idea is a good idea. Many techniques can be used in a 

brainstorming session to increase idea generation [29]. Typically, initial ideas are formed 

from the initial problem statement and are narrowed to simply solve the problem directly, 

whereas the brainstorming session can lead to many various spin-off ideas that may not 

be relevant to the solution at hand [8]. During generating ideas many assumptions may be 

made to predict the possibilities that may occur during and concluding the solution. To 

aid in developing ideas, rough hand-drawn sketches may be used by the student to 

provide a visual model of an idea. Divergence is a useful phase to generate ideas that 

break common barriers of perception and produce new novel thoughts [8, 44]. 

 

2.3.5 Incubation  

Incubation is the development of creative thought into maturity. Incubation 

involves evaluating the generated idea and assessing for reliability [8]. At this phase the 

recombination of old ideas/projects may be implemented to produce new novel ideas for 

an innovative opportunity. Many of the generated ideas must be expressed or directly 

communicated to others, such as peers to ensure it is feasible [8]. This allows for the 
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student to provide a reality check on whether the idea is truly novel. Confirmation of the 

idea will ensure it meets the set forth requirements and is realistic. Modeling of the ideas 

may be done to provide more detailed approach to the conceptual sketches. Software 

tools such as, CAD will aid in a more realistic rendition of the idea proposed [44]. 

Estimating or calculating the results of an idea will ensure previous assumptions are 

confirmed and confirm any assumptions. Creating prototypes of the idea will give a 

physical rendition and may be useful in conveying its purpose [44]. Incubation is useful 

phase in the maturity of creativity, hence ensures the idea is capable of being applied. 

The design notebooks and elements of TRIZ will be used to determine the incubation of 

ideas [32, 33]. 

 

2.3.6 Convergence: Selecting Options  

Convergent thinking is useful in determining if a novel idea is worth pursuing. 

Convergence is the process of filtering the ideas generated and evaluating their potential 

to be further pursued. Convergence is the method of selecting options that are most 

applicable to the problem statement and combine the essential elements of creativity 

through recombination of novel concepts into an innovative solution  [8]. Convergence 

involves the agreement among team members that the ideas selected meet the set forth 

requirements and will produce the most effective performance. Selecting an option that is 

most relevant to the problem is essential to remain focused on the goal  [8]. Eliminating 

options and/or editing ideas may be necessary to sustain continuity. Convergence is 

useful to ensure all ideas are considered and meet the initial requirements through 

evaluation by the student and the capstone design team. 

 

2.3.7 Evaluation  

Evaluation encompasses the assessment of the overall scope achievement of the 

creative thought into implementation. Evaluation will use elements of PERT and KEYS 

to determine the context of creativity [34, 35]. The need comparison and contrast of ideas 

is essential to associate and contradict ideas and options that were developed during the 
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creative process. Evaluation is the assessment of the approval into action, where ideas are 

reviewed and assessed of the novelty and originality that remains focused on the original 

intended client requirements. 

 

2.3.8 The Creative Process Metric 

In order to develop the creative process into development, its application to 

capstone design must be incorporate a weighted metric to ensure the most relevant and 

effective activities in creativity are enhanced and influenced to produce significant 

results. Table 2.3 is a summary of the weighting relevance to industrial and academic 

application in capstone projects. 

 Preparation is weighed 10% based on the designer’s ability to understand,  

review, and summarize the problem definition, where they must  identify the 

requirements and constraints, and recognize the available technologies to be used [9, 44]. 

At IDEO, an innovative product development firm, creativity is a way of life, where the 

client provides the insight for designating the direction of the design process known as a  

“Kick off” workshop, which sets up the preparation intended for the project [29, 45]. 

Preparation encompasses the initial setup of the creative idea development which is 

essential, requires less time to establish.  

Innovative opportunity is weighed 15% based specifically considering its 

dynamic interaction to influence the preparation and incorporate new novel ideas from 

recombination of technologies [9, 19]. At IDEO, it is essential to observe key users that 

interpret the client’s insight through the application of experimentation by having key 

users and developer’s offer insight based on the client’s intentions [45]. An innovative 

organization such as W.L. Gore [46, 47], applies innovative recombination as the essence 

of production. W.L. Gore requires their associates (employees) to network within the 

company and use the recombination of ideas and experts to influence extrinsic motivation 

[34, 47]. Therefore, innovative opportunity is essential to develop the required idea into 

the recombination of useful technologies.  
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Divergence is the essence of creative thought through idea generation, which is 

where the majority of creative influence is apparent and weighed 25%. Divergence is the 

phase of creating novel ideas that were influenced by recombination and break the 

associative barriers of individuality and expertise [9, 19]. Brainstorming opportunities 

create initial ideas related to the solution, and encourage radical thinking [29]. To foster 

idea generation, the interaction and influence of the manager must be avoided to prevent 

competency traps [9]. At IDEO, no product starts off until a brainstorm session is 

initiated, by encouragement of wild ideas, documenting ideas, and recombination of 

networks through experts [29, 36]. Deep Dive is a well-developed and continuously-

refined methodology by IDEO  used to refine projects through the duration of the process 

[42]. 

A direct result of divergent thinking is incubation, or the developmental nurturing 

of creative ideas which is also weighed 25%.  The importance of incubation was 

developed by Wallas [48], whom presented one of the first models of the creative 

process, which encompassed the first mention of creative incubation. Creative problem-

solving, shows that good ideas are not very useful if never implemented and hence 

developed by incubation [49]. Creative thinking is how well teams approach problems 

and solutions and their capacity to create recombination of existing ideas [10, 34]. 

Researchers have also determined that time is of the essence during incubation, where 

R&D team members should be acquainted with a project for at least two years, this not 

only encourages improvement, but allows for time to let the project mature and develop 

through experimentation [50]. Incubation is also perceived as the interruption of 

unrelated influence, which can influence and hinder the time required to incubate ideas 

[51]. Therefore incubation is an essential phase in creative thought to mature ideas in 

development.  

Convergence is associated with idea selection and weighed 15% [8]. Convergence 

reveals the ideas that are verifiable and thus most useful [1]. Novel ideas generated are 

reviewed be peers to express the novel ideas to be useful and feasible, which may include 

the selection of specific sub-components created during incubation [10]. Ideas remain 
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effective if peers accept them and the team implements them, such as the process of 

convergence product development firm, User Interface Engineering applies through 

knowledge based team framework [52]. Once the idea is approved by peers, it must be 

evaluated of its significance to the original intended solution. 

Evaluation is weighed 10%, like its complementary phase of preparation. 

Evaluation encompasses the need to reevaluate original requirements, compare/contrast 

ideas/options selected to the original intended solution and verify the idea is within the 

client’s intended insight [35]. As a result, establishing a weighting factor for creativity 

will allow the direct comparison to the actual data used to assess creativity and hence 

provide an insight to more effective methods of creativity and the need to apply the 

creative process in capstone design. Figure 2.1 represented the proposed creative process 

in capstone design which is cyclic in nature for each respected design activity.  

Figure 2.2 is a representation of the intended result of creative activities in 

capstone design which shall be determined by the documentation and evaluation of the 

products the capstone project will entail. The creative process is supported by leading 

innovation methods to create sustainable results, which essentially captures the 

transformation of creativity into innovative outcomes [46]. 

 

2.4 The Elements of Creativity 

The determination of the influential creative elements will be assessed through the 

use of documentation and final application of creative techniques that enhance the 

creative development of idea generation in capstone design projects (see Table 2.4) In 

doing so, the frequency of creative occurrences through creative aspects will determine 

the elements of creativity. The elements of creativity will be called creative influences 

and will be assessed through the involvement of each team member in retrospect to their 

documented design notebooks, and the influence of idea generation through mind 

mapping, brainstorming sessions, and creative techniques that were evident during the 

product development process. Creative influences such as the use of flow that encourages 

intrinsic motivation and extrinsic motivators will be assessed through the direct 
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involvement of each team member through their documented experiences as they 

interacted with each other [10]. Creative inhibitions are evaluated based on their effects 

on performance and motivation. Such inhibitions are prevented by breaking associative 

barriers, avoiding competency traps, appropriate management of breath over depth, and 

avoiding pressure traps [19].The creative process will be the motivation to determine how 

the students implemented creative thought and achieved creative breakthroughs through 

recombination of people, ideas, and objects [9]. The elements of creativity will be 

measured with a rubric that encompasses the documentation of design notebooks that will 

reflect the individual creative thought. 

 

2.5 The Context of Creativity  

The context of creativity will include the influence of each individual that was 

involved in the development of the capstone project. Such context include the student or 

individual and their creative input, the team members and the interaction of novel ideas, 

the networks that were accessed to recombine novel thought, the clients/end-user that was 

involved in the constraint development for the design, the faculty advisors that provided 

the resources for the members, and the influence of professional expertise that the 

students needed to encourage project-based knowledge, yet break associative barriers. 

The context of creativity will be assessed through the rubric of the design process and 

consider the creativity process and its influence upon the context through the design 

journals, presentations, proposals, and faculty surveys of final evaluation of creative input 

by the final artifact. 

The context of creativity is assessed through the documentation and evaluation of 

each capstone design project. The creativity coding rubric will evaluate the authenticity 

of each input that affects the overall scope of the creative activities. Each creative activity 

will be evaluated of its influence and interaction with common contexts of individuality, 

team synergy, faculty advisor influence, client interaction and the recombination of 

networks with weak ties. Such creative context is presented in Table 2.4. 
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2.5.1 Individual Context 

The individual influence of creative thought will be determined by the design 

notebooks, proposals, presentations, and faculty evaluation. The individual context will 

be the undergraduate senior student in mechanical engineering. Each student will be 

evaluated for the ability to possess their own needs and influence based on their own 

associative nature of experience and implementation. The implementation will be 

considered through the student’s ability to create and apply novel thought based on their 

own personal associations. Careful consideration will be reviewed by the student’s ability 

to break associative barriers and build connection with the project team.  In addition the 

student will be evaluated to communicate their ideas to other through the use of written 

work and conceptual sketches that represent system-level design through explanation of 

function. 

 

2.5.2 Project Team Context 

Creativity does not occur in isolation; hence the influence of project teams is the 

foundation of creative intersections, and the dynamic behavior of team synergy [11]. The 

project team evaluation includes the evaluation of team interaction and idea generation. 

The team is a collection of individuals implementing their diverse mind sets with 

complementary techniques and skills that will be applied to develop and implement a 

solution for a given task [21]. Each capstone project consisted of 3-4 team members that 

were from various diverse backgrounds, together to interact and intersect ideas based on 

experience and communication. The project team assessment will be evident through 

team building patterns of interaction and a combination of sub-projects during the design 

that will involve more than one individuals influence to complete. Team context will be 

the essence of the creative thought that will influence the capstone design project through 

the communication, interaction, and re-associations the team will develop. 
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2.5.3 Manager Context 

During the creative process, the capstone design team is more focused on the task 

and is less concerned with management issues that can affect the final outcome and 

project development [53]. As a result, faculty advisors will portray the managerial role 

and therefore must create a supportive, encouraging environment while, reminding the 

design team of their time constraints and provide the necessary resources that are relevant 

to the capstone design project [53]. 

Most faculty influence is provided by the transformation of instruction into 

application, where many students learn best through active, collaborative, small-team 

capstone design projects with in-house and outsourced resources [54]. The benefits of 

small team collaboration are built upon the development of individual skills that 

encourage collaboration, time management and recombination of novel thought [9, 54]. 

An active learning environment encourages interaction with team members and their 

influence by various types of peers that find approval of their novel thought [54]. Faculty 

advisors must reflect the fluid environment in which creativity thrives [55]. Faculty 

advisors must create an organizational environment that motivates and supports the 

capstone design teams to recognize, develop, and utilize their creative abilities which will 

enhance their motivation, quality of work, productivity, and creative potential [55]. 

 

2.5.4 Client Context 

The client referred to in the capstone design projects is considered as the faculty 

that served two roles: faculty advisors (manager) and the end user (client). This role 

played a major part in project development as the facilitator of funds, expertise, and 

advise. The clients will be directly involved with the capstone design projects as a 

member of the team, through their observation of the design team’s interaction. Hence 

the faculty serves as a direct contact for this research to evaluate the design team and the 

final artifact through the application of a consumer satisfaction on-line survey.  

In order to develop a successful implementation of creative design capstone project 

the influence of an assessment and evaluation metric system can become potentially 
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valuable [56]. Without the influence of useful assessment and evaluation tools can lead to 

misleading conclusions about the creativeness of design application and presents a 

expertise influence; thus a recombination of strong and weak tied networks associated 

with the capstone design project in question [9, 56]. Although this assessment of the 

capstone design project is essential in most engineering curriculum courses yet presents 

the perspective of a domain that may be or have no input during the design process, 

which presents novel assessment and recommendation [56]. 

 

2.5.5 Networks and Technology Brokering 

The networks of strong and weak ties will be considered for the influence and 

assessment of the capstone design project and artifact evaluation. Networks of strong ties 

include the faculty advisors, whom serve the direct influence on the first chain of 

individuals that the design team would look for connecting knowledge and expertise. 

Networks of weak ties include the interaction the team intersect with that is not 

influenced by the problem definition, machinists, venders, experts, other design teams, 

and outside influence that may not be relevant to the project of team, yet may create 

recombination of novel thought. This recombination of thought from networks must be 

managed, through technology brokering. The technologies consist of networks, ideas, and 

objects that will generate new ideas and motivate the team through project development. 

 

2.6 The Documentation of Creativity 

The documentation for creativity will support the means of determination of 

creative input from the context and implementation of the elements of creative thought. 

Such documentation will be supplied by two capstone design projects. Each capstone 

design project will supply the essential documentation required to be assessed and coded 

through a creative rubric that will determine the creative enhancements/inhibitions 

through the senior design project over two semesters of senior design curriculum.  

The documentation will consists of design notebooks for each individual involved 

in the capstone project. Thus the design notebooks of each member (eight individuals per 
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project) will be coded by a rubric to determine the context of creativity and the elements 

of creative thought that were applied during each individuals’ experience during the 

design process.  

The project preliminary and final proposals will be coded in the same manner to 

determine the frequency of creative insight. Similarly, the project presentations will be 

evaluated to determine the visual representation that will complement the project 

proposals of the creative impact of context and elements applied. To understand the 

implementation of creative thought the final deliverable of each capstone project will be 

evaluated by the faculty advisors through the assessment of an on-line survey to critique 

the project artifacts for creative influence and modifications that meet the client’s needs 

and requirements set forth by the initial conceptual review. The faculty advisors will 

assess the project team’s performance through the on-line survey/questionnaire and base 

their scope on the creative implementation of the project team through creative aspects 

such as the creative process of preparation, innovative opportunity, divergence, 

incubation, convergence, and evaluation [8].  

The documentation will be used to assess the creative context will be the design 

notebooks, project intermediate and final proposals, final presentations, and a satisfaction 

and project evaluation by the clients and advising faculty of the capstone design project.  

 

2.6.1 Design Notebook  

A total of seven journals for the two capstone design projects were coded for the 

context of creativity. Each notebook was accessed individually, entry by entry. In order to 

maintain consistency each journal was reviewed and cross-referenced to other entries of 

the same date to provide the observer a full scope of each team member’s activity during 

their capstone design experience. This allowed for the each individual notebook to be 

accessed through the interaction of other team members and thus track the recombination 

of strong-tied networks within the team environment.  

The design notebooks were evaluated to determine the occurrences of the creative 

influence during the capstone design process. Each individual team member was required 
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to keep a design notebook which encompassed over two full academic semesters of work 

during their senior undergraduate design courses. Each individual was presented with 

design notebook requirements for formatting and content. The design notebooks 

consisted of the daily experience and tasks accomplished during the process of the 

capstone design project. Dates and signatures of each member entailed the clarity and 

review of each member’s journal for team and faculty advising approval.  

The content included general notes of project meetings, daily accomplishments, and 

conceptual sketches to become a visual representation of the individual’s ability to 

synthesize, conceptualize and analyze information. The design notebooks played an 

important role in idea generation, through the documented collection of ideas and the 

interpretation of creative and technical thought. Each design notebook was evaluated line 

by line applying the design/creative rubric that coded the phase of design and determined 

the intermediate implementation of the creative process in each design phase. In addition 

a third level of creative context and elemental influence of creativity. This rubric was 

used to determine the frequency of creative context and to determine the phases of which 

creativity is enhanced, influenced, inhibited, and sustained.  

 

2.6.1.1 Design Journal Coding 

The coding for the design notebooks consisted of a coding rubric initially evaluate 

the design activities at the highest level, the design level. The design phases consisted of 

problem definition, concept design, system-level design, detailed design, test and 

verification, and product production (Table 2.1). The second levels of creative activities 

were determined by the creative process of preparation, innovative opportunity 

divergence, incubation, convergence, and evaluation (Table 2.2).  

The creative activities were accounted for each design phase activity through a 

coding rubric as in Table 2.3. The final third level, determined the creative context and 

elemental influences that were encountered during each activity in the creative process. 

The context of creativity includes the individual, team, manager, and network that 

influence the development of creativity. As a result they may be managed through 
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recombination of technological brokering. In addition the elements of creativity must be 

evaluated from intrinsic and extrinsic motivation, creative methods, and creative 

inhibitions. 

The coding rubric applied to the design notebooks was used to determine the 

creative context of capstone design process (Table 2.5). The creative coding matrix 

consists of three levels of context, the design activity level, the creative activity level, and 

the context of creative influence. The rubric reviews the affects of creative thought during 

each design activity and applies the creative activities during each respected design 

activity. In addition, the creative context level is determined by its influence during each 

creative activity and thus every design activity. 

Each design journal will be evaluated at the same time based on the date entry; 

this will keep the evaluator focused on the individual mind set and the process of the 

capstone project in sequential order, hence determining the input of each team member. 

Initially, the design process will be determined, which will define the phase the project 

team is at based on the design definition from Table 2.1. Secondly, the creative activity 

for each activity in design will be determined by Table 2.2. Finally, based on the journal 

entry information inferred or implied, the creative context will be assessed (Table 2.6). 

The final coding entry may look like the following: 

 

(Design Activity) / (Creative Activity) / (Creative Context)  

 

For example the coding entry of PD/IO/IND-TM-CI, is represented  by the design 

activity as the problem definition phase (PD), the creative activity as the innovative 

opportunity (IO), and the creative context involved include the individual (IND), team 

members (TM), and some relevance to a creative influence (CI) (perhaps a brainstorming 

session). Also take note, the creative context may contain more than one influence and 

thus applies to various inputs. Figure 2.3 is a sample of the creative coding procedure, as 

mentioned prior; the creative context can occur in more than one activity. 
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2.6.2 Project Reports 

The project reports of each capstone design project consisted of intermediate and 

final project proposals, two for each capstone project. The proposals used by each team 

were formatted by direction of the design instructor, to include a cover page, abstract, 

introduction, results and discussion, and a conclusion to the capstone design project. The 

report encompassed all activities of the design team had undergone to achieve the final 

deliverable artifact. Specifications and detailed drawings were included to enhance the 

user’s scope of work and implementation of the work accomplished by each respected 

member and team. Each intermediate and final proposal was coded by the similar rubric 

used for the design journals (Table 2.5 and 2.6).  

The creative context varied, since the relevance of creative influence was not 

evident, hence the project report considered only the interaction of the individuals, team, 

faculty advisor, client, networks, and effective use of technology brokering (Table 2.7). 

The design proposals are an excellent documentation of project evaluation and 

production progress that provides a descriptive basis for the design implementation and 

project team development insight. 

 

2.6.3 Project Presentations 

Project presentations have become visual representation of the context the design 

reports provide through written representation [54]. The design presentations evaluated 

include the intermediate and final presentations for the two capstone design projects. 

Each presentation was required to meet set format procedures and quality of creative 

information content. Presentations were reviewed based on the content that was required 

by the design instructor. Each presentation was reviewed for the creative aspect of 

preparing, presenting, communicating, discussing, and feedback from the audience of the 

capstone design project. Each of these aspects took into account the creative activities.  

The each sub-event of creative activity considered the affects of the assumed context 

through team effort, advisor input, and client needs in action.  
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As a result, design presentations will become the assessment of creative 

implementation in visual form. Table 2.8 represents the definitions evaluated in design 

presentations, while Table 2.9 is the coding used to determine the creative activity 

applied in presenting the accomplishments through a visual representation.  

 

2.7 The Environment of Sustainable Creativity 

The environment for sustainable creativity was determined by the evaluation of 

the quality of creative insight by the panel of professional designers (faculty advisors, 

design instructors, clients, and experts) and through their recommendations for 

continuous creative enhancement and techniques. Majority of the influence of capstone 

projects is directly related to the professional designers in consideration [57]. This 

evaluation was presented through an on-line survey that assessed the capstone projects 

for client satisfaction, evaluation of the final artifact, and the recommendation for 

creative opportunity, future capstone projects may consider and apply. Capstone design 

assessment proves that student driven project evaluation is effective to influence faculty 

and instruction of design to take into consideration and improve their assessment of 

capstone design processes [57]. This assessment was based on the creative elements of 

KEYS and PERT. In addition, all participants remained anonymous and had indirect and 

direct involvement in the research of the two capstone design teams.  

The transition of creativity from industrial applications into academic integration 

will be recommended to develop a creative design process that fosters creative influence 

and enhances idea generation for project development [14]. As a result much diligence 

has been provided by the academics to educate novice designers and instill in them not 

only technical expertise but motivation for them to examine and question the goals and 

objective they are intended to implement for a solution [58]. This objective will be 

determined through the documentation of the individuals’ experience through the design 

notebooks and the team influence of the proposals to implement creative breakthrough 

into the final deliverable of the artifact that will meet the client’s satisfaction.  
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To achieve such goals, engineering design education must provide a tangible 

experience in integrating a practical competence for technical application and a thorough 

comprehension of the accessible technologies that will influence innovative 

recombination [9, 58]. In addition the influence of multidisciplinary teams presents a new 

approach to creative thought through the generation of new diverse mind sets that have 

more breath over depth through weak tied networks [9, 21, 58]. Such a creative 

environment will create the essential domain for industrial transformation to exist and 

foster creative thought, through the effect of external influences such as weak ties in 

networks and recombination of technologies represent the sustainable creative 

environment [59]. 

To determine the most effective method to create sustainable creativity the client 

satisfaction survey will offer a network influence of creative insight through assessment 

and recommendation. To recombine ideas and techniques, methodologies of creativity 

will be integrated in the survey, design documentation coding rubric, and the final 

conclusion of the influence through creative contexts. The creative context reviewed by 

the on-line survey will include similar metrics used by Sobek [56] by Table 2.10. The 

metrics include quality, involvement, creative motivators, development, deliverable, and 

overall. Quality of work will evaluate the team’s ability to have creative preparation to 

the problem definition. Involvement will review the innovative opportunity the team 

acquired during the recombination of accessible technologies. Creative motivators will 

apply the creative techniques that led to divergence. Development will be the incubation 

of ideas and novel thought. Deliverable will be the convergence to the solution through 

production. The overall evaluation of the project will be evaluated by the final outcomes 

and their relevance to the initial requirements.  

In addition, the survey will evaluate the artifact for significance of client creative 

insight. In doing so, the creative process will be evident through 8 unique multiple choice 

(MC) questions that relate creative process into the final deliverable. Table 2.11 presents 

the final artifact metrics that the faculty and staff will evaluate. 
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Finally the survey will be used as a recommendation tool, to allow the faculty and 

staff (end user) to offer their insight on future influence through the review of the two 

surveyed capstone design projects. The recommendations will be accessed based on past 

and present work the user has been involved in. The recommendation survey is 

encouraged to influence the percentage of time the end user has observed the capstone 

teams involve creative techniques, encounter inhibitions, and offer industrial methods 

that will foster creativity and sustain a creative working environment. 
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Table 2.1: Design Level Code Definitions 
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Table 2.2: Creative Level Code Definition 
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Table 2.3: Creative Level Metric Scale 

Creative Activity Relevance Weight % 
Preparation (PREP) • Understanding,  reviewing, and summarizing the problem 

definition, identify the requirements and constraints, and 
recognizing the available technologies [9, 44] 

• “Kick off” Workshops at IDEO describe the design process 
and the client provides the insight [29, 45] 

 
10 % 

Innovative 
Opportunity (IO) 

• Recombination of people (resources), objects (artifacts), and 
ideas (related projects, team/client suggestions) to bridge 
another association to strengthen weak ties [9, 19] 

• Observe key users doing key tasks to reflect client’s insight 
[29, 45] 

 
5% 

Divergence: 
Generation of Ideas 
(D) 

• Producing novel ideas and breaking associative barriers [19] 
• Brainstorming opportunities creating initial ideas related to 

the solution, radical ideas unrelated to solution, and educated 
assumptions through preliminary sketch design and 
explanation [29, 45] 

• Environment of team interaction with little to no manager 
input to inhibit creativity, thus avoiding competency traps   
[9, 19] 

• The best way to get a good idea is to get a lot of ideas [29, 
45] 

 
25% 

Incubation (I) • Incubation is similar to system-level design (the transition 
between concept and detailed design), which is the transition 
between idea generation and idea implementation [13] 

• For creative problem-solving, good ideas are not very useful 
if never implemented [49] 

• Creative thinking is how well teams approach problems and 
solutions and their capacity to create recombination’s of 
existing ideas [9, 10] 

 
25% 

Convergence: 
Selecting Options 
(C) 

• Novel ideas generated are reviewed be peers to express the 
novel ideas to be useful and feasible. Selection of specific 
sub-components created during incubation [9, 10] 

• Converge and reveal the ideas that are verifiable [1] 
• Ideas remain effective if peers accept them and the team 

implements them [52] 

 
15% 

Evaluation (E) • Reevaluate original requirements, Compare/contrast 
ideas/options selected to the original intended solution [35] 

 
10% 

 TOTAL WEIGHT 100% 
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Table 2.4: Creative Context Code Definition 
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Table 2.5: Creative Coding Matrix 
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Table 2.6: Creative Context Coding Matrix 
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Table 2.7: Creative Context Code Definition: (Design Reports) 
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Table 2.8: Presentation Level Code Definitions 
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Table 2.9: Presentation Coding Rubric 
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Table 2.10: Client Satisfaction Metrics 
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Table 2.11: Final Artifact Metrics 
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Figure 2.1: The Creative Process 
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Figure 2.2: The Creative Process Curve 
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Figure 2.3: Sample Design Notebook Creative Coding Rubric 
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CHAPTER 3 

3 RESULTS AND DISCUSSIONS 

 

3.1 Introduction 

The results attained through this research encompass the application of the student 

design documentation of i) design notebooks, ii) design reports, iii) design presentations, 

and the evaluation of iv) the final artifact through client satisfaction with an artifact 

evaluation through a questionnaire.  

 

3.2 The Elements of Creativity 

The elements of creativity were assessed through the use of design notebooks. To 

assess the creative elements of the two design teams, the occurrences of creative 

influence were normalized (Figure 3.1). Creative methods (i.e. brainstorming sessions, 

mind mapping), creative inhibitions (i.e. associative barriers, time pressure),  and creative 

motivation (intrinsic and extrinsic) were applied by the capstone design team and 

assessed for significant creative influence (Figure 3.2) [36]. During design notebook 

assessment, Team A presented an increase in extrinsic motivation as many journal entries 

articulated (Figure 3.1). Any creative inhibitions were considered, from financial deficits 

to problems encountered during the production process. Inhibitions of creativity exhibit 

the creative barriers that are from micro and macro conditions of individual behavior 

[60]. Many occurrences of creative inhibitors were discovered through failures and 

modifications late in the design production phase. Team B represented a drive for a 

strong extrinsic motivation during innovative opportunities, yet through recombination of 

technologies in late design presented all aspects for creative influence during production 

(Figure 3.1). By comparison, Team A followed an expected approach to the application 

of creative thought, while the Team B made use of recombination late in the design, 

while revaluating their anticipated goals (Figure 3.1).  

After separate analysis of both teams the final assessment of creative elements 

were determined (Figure 3.3). Extrinsic motivation approximately occurs 36.7% of the 
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time during the entire capstone design process, followed directly by creative methods 

applied for 22.1% of the teams’ influence to creative thought. Intrinsic motivation and 

creative inhibition encompass 20.6% each respectfully (Figure 3.2).  

To effectively support the recommended creative process, the set of creative 

influences were normalized and included the weighting factor (Figure 3.3). As a result, 

proportion for a weighted factor distributes the teams’ creative influences more 

effectively. Extrinsic motivation occurs 35% of the project duration, while Creative 

inhibitions, methods and intrinsic motivation occur, 24.1%, 21.8%, and 19.1% 

respectfully (Figure 3.3). In comparison to the previous normalized occurrences, the 

influence of creative methods are distributed more realistically, since many of the teams, 

were not encouraged or neglected the importance use of brainstorming sessions as a 

necessary instigator for creative thought (Figure 3.1). In addition, most of the occurrences 

of creative inhibitions occurred in solitary due to lack of information provided based on 

the design notebook entries which implied the influence of recombination during solitary 

(Figure 3.1). Majority of inhibition came from time pressure, due to meeting deadlines 

and not managing time effectively, thus falling into a pressure trap that the team is less 

likely to think creatively (Figure 3.1) [22]. By simply, spending a few minutes to think 

about the problem, less time would be spent trying to correct errors that were developed 

due to lack of knowledge and influence by creative methods [22]. Thus allowing for more 

influence of creativity to come from the innovative opportunities and therefore create 

extrinsic motivation as the most effective element of creativity (Figure 3.2). 

 

3.3 The Documentation of Creativity 

3.3.1 Introduction 

The documentation used for this research included the design notebooks, design 

reports, design presentations and the final artifact evaluation. The documentation was 

individually coded with a rubric that determined the creative activity and creative context 

that enhanced the capstone design process. 
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3.3.2 Creativity in Design Notebooks  

The first level of coding was determined the design phase the team member was 

accomplishing. Design activities include: problem definition (PD), conceptual design 

(CD), system-level design (SLD), detailed design (DD), test and verification (TV), and 

production (P). Using this coding rubric from Table 2.5 to determine the design activity; 

the creative activity that was embedded in each respected design activity and was 

determined based on Table 2.3. The creative activities include: preparation (PREP), 

innovative opportunity (IO), divergence (D), incubation (I), convergence (C), and 

evaluation (E).  

The activities were assessed by normalizing the occurrences of each creative 

activity with respect to its design activity (Figure 3.4). By comparison Team B applied a 

higher average of creative activity at 64.8%, while Team A encompassed 35.2% of 

creative activity during the entire capstone design process (Figure 3.4).  By observation 

the most common occurrence of creative activity occurred during the initial phases of 

design (Problem definition, Conceptual, System-level, and Detailed Design), yet the 

influence of modification and improvising occurred with both capstone project teams 

during development of the production phase. This was a result of the modification 

changes occurring during design production and from lack of testing and verification 

prior to production. 

The activities of creativity were weighted in Figure 3.5 to represent the influence 

of creative thought, which was apparent during the preparation of the ideas at the initial 

stage, yet the incubation of ideas were influenced mostly during final production. The 

perception of such weighted occurrences is essential since most innovation is instigated 

during design development, yet must be maintained during design maturity of incubation. 

Hence creative occurrence during incubation proves that creative development is 

apparent during the final stage of design and occurs based on intensive modifications that 

a novice designer may face with lack of experience in design techniques, which would 

enhance the designer’s perspective of determining innovative solutions through 

recombination [30]. In addition, the innovative opportunities with recombined thought 
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from experts and networks occurred more frequently at the initial stages; henceforth the 

team took the initiative to apply the knowledge on their own afterward. Divergence or 

idea generation occurred in the most common stage of design during conceptual and 

system-level design. By observation, creative influences did not occur during the testing 

and verification, which typically encompassed specific methods that were not allowed to 

be modified. Convergence as well appeared to exist on average the same for each design 

activity. Finally, evaluation was most effective during the system-level design, which 

allowed the team members to reorganize their creative thoughts on the initial 

requirements. Overall, the production phase of capstone design appears to contain the 

most distributed attributes of creative activity.  

Figure 3.6 represents the direct comparison of both projects combined and 

emphasize the importance of production affecting capstone design projects. Whereas, the 

weighted creative activity (Figure 3.8), presents the need to distribute the creative 

activities accordingly into divergence of ideas and incubation in order to sustain creative 

insight throughout the capstone design process and prevent the production phase from 

falling into a pressure trap [22].  

Therefore, the most efficient use of the creative process is found in capstone 

design production. Yet contradicts the assumption industrial applications of creativity 

consider most efficient activity to by the conceptual design phase [4, 29]. The most 

effective creative activity in design notebooks is evaluation and the preparation of ideas, 

yet by the weighted creativity process, divergence and incubation requires more 

implementation to effectively distribute the creative opportunities in capstone design 

through the documentation of design notebooks. 

 

3.3.3 Creativity in Design Reports 

 In comparison to the design notebooks the design reports were based a similar 

rubric. From the initial review of the design reports (Figure 3.8) the majority of creative 

activity occurred during the problem definition. The section is known as introduction, 

which consisted of the generic scope of work and project objectives. The scope of work 
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laid out the plan of attack for the respected capstone design project. Therefore the 

application of preparation presented the overall scope of the capstone design process. The 

following results were found by observation of Figure 3.8, which assessed the normalized 

occurrences. The most occurrences of innovative opportunities occurred in problem 

definition to describe the resources that were accessible to the design team. Conceptual 

design was kept to a minimum and underrepresented, although, system-level and detailed 

design was represented to present the process and development of the capstone artifact. 

Testing and verification were applied to represent the relevance of evaluation to the 

original client requirements. Production was underrepresented due to the minimal 

explanation of manufacturing techniques  

By comparison the design reports provided a detailed account of the creative 

preparation the design teams applied to prepare for idea generation and creative insight 

from technologies (Figure 3.8). Thus gives the observer an inclined acceptance that 

creativity exists in the context of the initial stages in capstone design, while the design 

notebooks present the evolution of individual creative thought and its influence on 

production, where for capstone design process remains evident.  

By comparison, the effect of a weighted creative activity (Figure 3.9) greatly 

enhances the distribution of the creative activities in a better distribution to be used in 

capstone design. The results from design reports are conclusive that the most effective 

design activity to foster creative awareness is preparation, in which the creative activities 

of preparation and evaluation are evident. Therefore, to enhance the development of 

creative insight, the reports should consider presenting the divergence and incubation of 

ideas in the context of application and even consider a recommendation section to give 

insight toward innovative opportunities and considerations discovered during design. 

 

3.3.4 Creativity in Design Presentations 

The design presentations consisted of the presentation activities: preparation, 

presentation, communication, discussion, and audience feedback (Table 2.8) [54]. Each 

presentation activity consisted of a respected creative activity (Table 2.2) and was coded 
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(Table 2.9). Figure 3.10 is the result of the accumulated occurrences of creative activities 

for the intermediate and final capstone design presentations of both teams. The 

distribution is fairly representative of the visual representation the design reports fail to 

address. The preparation of the problem definition is initiated at the start of the design 

presentations. The presenting activity consists of oral and visual representations of the 

design objectives. Whereas the communication activity, hence where creative insight 

occurs is apparent through the visual representation of the design concepts, development, 

and production which gives the observer a clearer understanding of creative idea methods 

through system-level and detailed design representation. 

 By proportion of occurrence, 40% of presentation activity exists in 

communication where oral and visual representation of creative influence is presented 

(Figure 3.11). Discussion and feedback foster the audience’s suggestions and 

implementation, through creative criticism during feedback opportunities which accounts 

for 22% of presentation activity. The purpose of feedback opportunities is divergent 

thinking from the network of the audience the presentation was intended for. Even if 

failures are presented by feedback and discussion, it is impossible to generate good 

influence without generating them from bad ideas that the audience can assist in finding a 

solution [61].  

By weighting the presentations, the creative activity of convergence is mostly 

influenced during the visual representation of the design followed by incubation of ideas 

through implementation (Figure 3.12). Therefore design presentations, signify a visual 

representation of design reports and rely on convergence and evaluation. In order to 

represent creativity, design presentations should unveil the mental process of creating 

ideas and present idea transformation through divergence and incubation, which are 

minimal in current design presentations of capstone design projects. 
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3.4 The Context of Creativity 

3.4.1 Introduction 

Each respected creative activity considered the context of creativity influence, 

which was enhanced by the individual, the team, the manager/faculty advisor, the client, 

the network, the use of technology brokering, and the creative influences. The assessment 

of creative context was determined by the design notebooks and design reports. 

 

3.4.2 Creative Context in Design Notebooks 

As mentioned previously, design notebooks have become an excellent model to 

determine the creative occurrences of individual insight. In addition, the creative insight 

must be enhanced by a particular context. Such creative contexts include, the individual, 

the team, the manager, the client, the network, the use of technology brokering, and the 

creative influences (Figure 3.13). The individual influenced creativity 35.5%, while the 

team influenced creativity 28.3%.  As a result the balance of these two contexts drove the 

motivation for the involvement of managers, clients, networks, and the recombination of 

these contexts through technology brokering.  

The representation of individual involvement should not distract the observer that 

the interaction of technologies allow the individual to recombine technologies and 

represent the effect that creativity does not occur in solitary but is influenced and 

enhanced by technology brokering [62]. This is evident through the context of the 

individual’s interaction with teams (Figure 3.14).  

After weighting the occurrences by the respected creative activities (Figure 3.15), 

is apparent that divergence and incubation can drive the enhancement and influence of 

creative context. Design notebooks although prove that individual context is the source 

for creative insight, yet is biased, and thus influenced by the next level creative context, 

which resides in the team context. 

 

Texas Tech University, Johnny J. Mendias III, May 2008



 74

3.4.3 Creative Context in Design Reports 

The context of creative occurrences in design reports followed a similar rubric, 

with the exception of creative influences, which was neglected due to lack of 

information. As a result, the representation of individual input was found to be minimal, 

whereas the involvement of the team was evident and claimed to be the majority of 

influence to creative insight (Figure 3.18). Teams were represented to encompass 43% of 

the creative influence. Technological broker followed at 34%. The relationship of teams 

and technological brokers were found  evident through their interaction and application of 

recombination [9].  While networks ranked third in creative context (12%), managerial 

context was provided by the interaction of the team with the direct advisement of their 

respected faculty advisor and at times portrayed the context role of the client, combined 

to be 5% of creative influence. Lastly individual input was found at 6%.  

The majority of context occurrences occurred during the preparation and evaluation 

of creative activities, which is apparent due to the generation of ideas and assessment 

through peer approval which is a direct result of the interaction of the team with networks 

that influenced the design through idea approval and verification of the process of 

technological brokering (Figure 3.18).  By comparison to design notebooks, which are 

biased to the individual, proves the representation of the context of creativity is motivated 

generally by teams, and their members, and enhanced by technology brokering of strong 

and weak ties through networks (Figure 3.18) [9].  

By directly comparing the results to the weighted creativity process, the need to 

distribute the creative activity of incubation is evident and thus an essential phase needed 

to be represented in design reports (Figure 3.19). Therefore, in design report the team is 

the most influential context of creativity, while incubation requires more representation. 
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3.5  The Environment for Sustainable Creativity 

3.5.1 Introduction 

The environment for sustainable creativity was determined by the evaluation of 

the quality of creative insight by the panel of professional designers. Their insight was 

acquired by a client satisfaction survey, artifact evaluation, and through their 

recommendations for continuous creative enhancement by means of an on-line survey. 

(See Appendix A for a sample of Your Creative Insight Survey) 

 

3.5.2 Client Satisfaction  

The initial client satisfaction encompassed the metrics of quality, involvement, 

creative motivators, development, deliverables, and overall scope, which implied the 

creative activities (Table 2.10). This application was used to incorporate the creative 

process throughout professional designer assessment. The direct comparison of client 

satisfaction can be related to the results found in Figure 3.19. From the results, the 

incubation and evaluation process in creativity was found to be most influential.  

Each question was weighted appropriately by Table 2.10, (Figure 2.20) and as a 

result, based on professional designer review claim the capstone projects follow a similar 

trend of creative process application (Figure 2.2). Based on the satisfaction of innovative 

opportunities presented a need to encourage more fluent communication with faculty 

advisor and student. In order for a project team to be creative, inaction is the worst type 

of failure, which makes the whole project suffer and neglects novel thought [61, 62]. The 

results of the client satisfaction survey prove that the need to encourage a more incubated 

activity in creativity will be more reflective of the client’s needs. 

 

3.5.3 Artifact Evaluation 

The final artifact was evaluated in duration of the on-line survey and assessed by 

the panel of design professionals (faculty members, advisors, and experts in design). 

Each survey consisted of initial conceptual sketches and CAD designs to compare to final 

images of the artifact. In addition, each surveyor was given the opportunity to evaluate 

Texas Tech University, Johnny J. Mendias III, May 2008



 76

more than one artifact. From the results (Figure 3.21), 66.67% of the results based on the 

evaluation of Team A’s deliverable while the other 33.33% evaluated Team B’s final 

artifact. Thus the results for Team B came to be a perfect weighed score of 100% of 

creative activity integration, while Team A scored 66.67%. The results were inclusive for 

Team A, which required a need for the final design to be more representative of the 

original concept.  

Combining the results of both artifacts presents the incubation of idea generation 

scoring less than 32% the anticipated requirement to enhance the development of ideas 

(Figure 3.21). In addition, the role of innovative opportunities, suffered due to lack of 

communication to client during production.  

After weighting the questions based on Table 2.11, the results are inclusive 

(Figure 3.22). Incubation needs to be more enhanced in the actual artifact, and thus allow 

for more time, which in the case of Team A, suffered due to pressure traps and meeting 

deadlines [22]. In addition, it is essential to involve the client throughout the design 

production and ensure communication is apparent. Incubation is an intuitive problem 

solving process that requires time and perseverance to produce creative insights that may 

be inhibited by associative barriers that can lead to interruptions and creative fatigue [19, 

48, 63].  

 

3.5.4 Sustaining Creativity 

Each professional designer was asked which creative activity and creative context 

requires the most influence of individual thought in order to sustain creative 

breakthroughs. As a result, divergence is the most enhancing process for creativity to be 

sustained (Figure 3.23).  

The evaluation of creative inhibitions was considered (Figure 3.24). Based on 

influence directly related to experience in capstone design projects, the professional 

designers claim the most influential creative inhibitor is time pressure, ranking 23.4% of 

the inhibition during the creative process. An emphasis on managing breadth over depth 

is apparent [9]. And lastly the need to break associative barriers and competency traps 
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will influence a more diverse mind set and motivate the team to look beyond their scope 

and perceptions [9, 19].  

Finally the recommendations to enhance creativity were assessed (Figure 3.25).  

From inclusive evaluation of the professional designer’s past expertise and observation, 

the recommendation to enhance creativity would reside in the one-on-one communication 

of the team with their client, manager, and network, while enhancing technological 

brokering. The influence of brainstorm sessions will be developed directly after the 

innovative opportunities are in play, hence divergence. This will allow for the ability to 

create spontaneous analogizing that encourages comparative and analogical reasoning for 

both experts and novices [64]. The importance of resources is evident by the impact in-

house and out-sourcing professionals and materials. Following is individual input, which 

develops in solitary, and with no exception is driven by the influence of technology 

brokering and the group interaction. To categorize the relevance of creative context, 

design notebooks were considered as a creative enhancer. Design notebooks, are 

considered to influence creative thought process by 8.1%, thus must be appropriately 

organized and formatted to influence its full potential to provide the novice designer a 

means of documenting idea generation and enhance creative thought through the process 

of incubation. The same is true for industrial applications, 3M employees are expected to 

allocate 15% of their time incubating their own projects through documentation [62].  
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Figure 3.1: Normalized Creative Influences in Design Notebooks 
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Figure 3.2: Normalized Creative Influences in Design Notebooks 
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Figure 3.3: Weighted Creative Influences in Design Notebooks 
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Figure 3.4: Normalized Creative Activities in Design Notebooks 

 

Texas Tech University, Johnny J. Mendias III, May 2008



 82

Figure 3.5: Weighted Creative Activities in Design Notebooks 

 

Texas Tech University, Johnny J. Mendias III, May 2008



 83

Figure 3.6: Normalized Creative Activities in Design Notebooks (Teams Combined) 
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Figure 3.7: Weighted Creative Activities in Design Notebooks (Teams Combined) 
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Figure 3.8: Normalized Creative Activities in Design Reports 
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Figure 3.9: Weighted Creative Activities in Design Reports 
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Figure 3.10: Normalized Creative Activities in Design Presentations 
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Figure 3.11: Presentation Activities in Proportion in Design Presentations 
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Figure 3.12: Weighted Creative Activities in Design Presentations 
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Figure 3.13: Normalized Creative Context in Design Notebooks 
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Figure 3.14: Creative Context in Proportion in Design Notebooks 
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Figure 3.15: Weighted Creative Context in Design Notebooks 
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Figure 3.16: Normalized Creative Context in Design Reports 
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Figure 3.17: Creative Context Proportions in Design Reports 
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Figure 3.18: Weighted Creative Context in Design Reports 
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Figure 3.19: Client Satisfaction Survey Results  
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Figure 3.20: Weighted Client Satisfaction Survey Results  

 

Texas Tech University, Johnny J. Mendias III, May 2008



 98

 
Figure 3.21: Final Artifact Evaluation (All Teams)  

 

Texas Tech University, Johnny J. Mendias III, May 2008



 99

 

Figure 3.22: Weighted Final Artifact Evaluation (All Teams)  
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Figure 3.23: Recommendation to increase creative thought  
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Figure 3.24: Inhibition of Creativity  
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Figure 3.25: Recommended methods to enhance creativity  
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  CHAPTER 4 

4 CONCLUSIONS 

 

4.1 The Context to Enhance Creativity in Capstone Design 

The creative insight of elements, context, documentation, and environments to 

sustain creative thought was determined through the creative coding rubric that 

incorporated the creativity process through design notebooks, design reports, design 

presentations, final artifact evaluation, and client satisfaction surveys. Each variable of 

influence integrated industrial application to establish a transformation of industrial 

application into the assessment of academic representation of capstone design projects. 

The most effective documentation required to determine the creative context was the 

design notebooks, although individual biased, they presented an overview of the 

interaction within the capstone team and their ability to recombine ideas and novel 

thought. The potential of design notebooks can be greatly enhanced if the designer 

interprets incubation, the development of ideas in the design notebook. Incubation is the 

process of nurturing ideas into development. As a result, the context of creativity was 

found to exist in the production activity of the capstone design process. The correlation 

between the creative activities of divergence and incubation represented the creative 

enhancement of the capstone design. Divergence is the idea creation, whereas incubation 

is the idea development into implementation. Both are essential to sustain creative 

thought and were present in all documentation and recommended by the panel of 

professional designers. The most influential context of creativity was from the design 

team and their ability to manage technological brokering among weak ties within 

networks that influenced the creative element of extrinsic motivation. In addition the 

element of extrinsic motivation was the foundation to apply an innovative opportunity 

through the recombination of technologies. The context to enhance creativity in capstone 

design is the capstone design team. The team interprets creativity through extrinsic 

motivation during divergence and incubation. The team applies the creative process most 

effectively during the production phase of capstone design process. 
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4.2 Creative Expectations 

Creativity exists at all levels in capstone design. By integrating industrial practices 

and applying them to their applicable needs, creativity will thrive. By assessing the 

options to develop a creative design process, it may need to be adjusted to meet the needs 

of the client, team mind set, or applications they are capable of, thus improving the 

design requirements is encouraged during incubation. This will foster creativity and 

influence innovative design. Therefore, the internal communication and collaboration 

between manager (faculty advisor) and team members (students) is essential for the 

successful intersection between creative discovery and innovative outcomes. Creativity is 

established by the diverse mind set of the design team, whereas, innovation is influenced 

by the technologies (i.e., people, objects, and ideas).  

In order to sustain the creative environment for capstone design projects creativity 

must be recognized and fostered. Creativity establishes new environments contributing to 

new development of ideas. The environment to sustain creative development will allow 

for the novice designer to be provided the resources (networks) and techniques (creative e 

methods) necessary to sustain creative thought. Such environments include the resources 

made available to the project team, the synergy of team organization and collaboration, 

and the influence of extrinsic motivation that can drive the external affect of creative 

breakthroughs. The design notebook is an excellent tool to document creativity. Without 

the appropriate method to document ideas, the designer would not be capable of 

recombining past experience into innovative opportunities. The creative activity of 

divergence is necessary to generate new ideas and complement them with incubation to 

enhance creative ideas while the team is extrinsically motivated by technological 

brokering.  As a result, the implementation of a creative process, will allow for creativity 

to thrive move beyond the client’s expectations, by harnessing the potential each member 

can influence through a divergent mind. The creative process is a cycle of idea 

improvement and constantly reflecting upon original thought to ensure the novice 

designer is capable of molding their idea into maturity.  The recommendation to sustain 
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such context would be to integrate the creative process throughout the capstone design 

project. The capstone design project is constantly searching for creative breakthroughs, 

while reevaluating the initial requirements.  

Creativity and innovation involve the translation of the designer’s unique talents 

and vision into a reality that is new and revolutionary. Creativity refers to all activities 

that involve the generation of ideas. Innovation refers to the implementation of feasible 

ideas generated as a result of the team's culture and structure. Creativity and innovation 

should lead to the development of novel design concepts providing desired durability 

without compromising other attributes of the project. In order to sustain creativity, it must 

be mapped appropriately. Mapping creativity in capstone design process will establish a 

creative process that encourages the preparation of ideas, the recombination of innovative 

opportunities, thinking divergently to generated novel ideas, the incubation of ideas into 

maturity, the convergence of idea selection, and the reflection of original thought. The 

recombination of people, ideas and objects will thus motivate the creative process and 

establish a creative environment that will bring the capstone design process across 

boundaries to increase the design’s success and convey the novice designer’s ideas from 

concept to reality.  
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