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In educational and professional design environments, where the focus is often set on high 
quality outcomes, it is easy to get blinded by beauty and perfection. The "hot design sketch", 
photo-realistic rendering or fully fleshed out aesthetic prototype, despite not always being the 
better choices, win in many, if not all cases. This research is set to explore the validity of fast 
paced, iterative, low fidelity ideation in both 2D and 3D during the design concept 
development phase. Two avenues were explored to prepare students for industry realities, 
one focused on providing students with a sequence of methodologies to develop creative, 
robust and diverse ideas quickly on paper. The other focused on implementing fast iterative 
3D physical mock up explorations using non-precious materials. This research follows the 
hypothesis that if students focus on low fidelity processes, they would be able to overcome 
fixation, create more innovative ideas and develop their skillsets as industrial designers. 
Therefore, the goals are to explore repeatable and systematic approaches to enhance 
learning experiences by nurturing creativity. As well as to challenge traditional educational 
design studio practices in an effort to efficiently ideate for meaningful outcomes. 

Keywords: messy front end; low fidelity ideation; fast paced design process; fostering 
creativity 

1 Introduction  
Industrial Design education is largely driven by project based studio work where students 
‘learn by doing’. The process is often labour intensive, repetitive in nature and if structured 
too loose, can result in project fatigue and overall inefficiency. In addition, this project-based 
approach to teaching design makes it foreign to traditional academic disciplines that are 
based on hard data and facts since it is not always clear how to measure success and what 
the students have actually learned (Dorst & Reyman, 2004).  

One way to measure success is to focus on high fidelity outputs throughout the development 
process in the form of detailed renderings and high-quality mock-ups. Students are taught to 
sketch and render to high fidelity, whether it is on paper with pen and marker, or digital 
relying on tablets and software. These high-quality outputs provide a more measurable 
deliverable in the otherwise nebulous sphere of how to evaluate the acquired knowledge.  
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However, there is a danger within this focus on high fidelity early on in the design process, 
as such that the sketch often manifests itself as the outcome, instead of as a vehicle to 
explore various ideas. Similarly, physical low-fidelity mock-ups are frequently frowned upon 
due to their lack of quality, rather than seen as an opportunity to conduct research through 
design with fast paced iterations without the designer becoming too attached to the 
concept.  The industry’s daily realities, however, are based on cost and efficiency - having 
streamlined workflows, staying within budget and tight timeframes. Failing early, quickly, and 
often is crucial to avoid long-term monetary repercussions (Rudd, Stern, Isensee, 1996). 
Incorporating this approach in an educational setting is easier said than done. Students are 
not encouraged to fail, neither early nor often. On the other hand, professionals may not 
have the time or bandwidth to spend a large portion of their timeline on intense mass 
ideation at the front end of a project, they may only have a day to ideate and develop a 
solution (Buchenau, Suri, 2000) (Rudd, Stern, Isensee, 1996) (Sio, Kotovsky, 2015).  

Graduates who were taught a process that focused on the high-fidelity nature of process 
steps are not prepared to adapt to the industry’s procedures of fast explorations and 
researching through design. Sharing early ideas, being able to communicate ideas efficiently 
in diverse team settings, and building meaningful mock-ups quickly and abundantly are 
methods able to be learned. In addition, the focus on high fidelity outputs at an early stage 
can bias the process and end in fixation on the ‘wrong’ idea. The hot design sketch has the 
tendency to win, if the audience cannot see beyond its shiny surface (Rudd, Stern, Isensee, 
1996).   

Recent interviews with professionals revealed that applicants’ portfolios lack the actual 
“down-and-dirty” process work that is the backbone of an efficient streamlined development 
process of so many design studios. Work sharing sites such as Béhance.com and 
Coroflot.com entice designers to mainly share their ‘candy’ shots and final outcomes, very 
little is seen on the actual design and decision-making process. As a result, some design 
students we interviewed frequently concluded that the design process operates always on 
this high-level fidelity. In return, they did not see the value in quick iterative 
sketches, are reluctant to present sketches that were not highly refined, or altogether avoid 
to include process work in their portfolios. This research team, situated at an Industrial 
Design program at a Midwestern University, asked how could design education become a 
better catalyst in preparing graduates for seamless entry into the fast-paced realities of the 
industry? In addressing this question two avenues are being discussed in this paper, which 
were explored in a 3rd year and a 4th year level course.  

1. Explorations into 2D idea generation methods to become more efficient in both input 
and output in an effort to provide students with a fast, yet meaningful approach to 
concept explorations. (3rd year level course, focusing on design methodology) 

2. Modifying 3D prototyping processes inspired by current industry practices to teach 
students hands-on research through problem exploration via a series of actual 
physical mock-ups. (4th year level course, focusing on market ready innovations) 

2 Literature Explorations 
The following literature review frames three key areas pertinent to this research, idea 
generation, sketching, and model making.  
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2.1 Idea generation   
Among the primary processes employed in the initial phase of a product design is idea 
generation, which takes place in the conceptual design phase. The goal of conceptual 
design is to establish a core technical concept around which the entire design will be built 
(Jansson and Smith, 1989). According to studies, it is estimated that nearly 70% of the life 
cycle cost of a product is determined during the conceptual design phase. Therefore, to 
ensure innovative and efficient solutions in this crucial stage, designers employ different 
techniques to construct concepts that meet their design criteria. Among such techniques are 
the commonly known idea generation techniques such as Brainstorming, C-Sketching, 
Method 6-3-5, Fishbone diagrams, Storyboarding, and many more. Different studies of 
design suggest that designers proceed through the process of problem solving by cycles of 
seeing-moving-seeing (Schön and Wiggins 1992) - frequently alternating between internal, 
mental procedures and external materializing actions (Römer et al, 2001). Through internal 
cycles, a designer is able to imagine the entire set of possible solutions that result from the 
exhaustive combination of all imaginable features and externalize them through images and 
ideas using sketches and physical models (Römer et al, 2001).  

2.2 Sketching in the design process 
According to Garner (1990), although the styles of sketches may differ between different 
disciplines, the purpose of sketching is broadly similar. As an integral part of the design 
process, sketching is used by designers to rapidly shift between design tasks (Atman et al., 
2007; Cross, 2004), including thinking through problems (Buxton, 2007; Cross, 1999), 
enabling problem scoping and solution archiving by enhancing collaboration and 
communication, and supporting the designers’ own dialogs with ideas and their evaluation of 
imagined solutions (Crismond and Adams 2012). Though additional means of 
communication such as verbal communication, hand gestures, annotations, and others can 
be used to illustrate concepts in the idea generation phase (Booth, Taborda, Ramani & Reid, 
2016), sketching (pen on paper) is suggested to be the most important media for 
ideation therefore, as a result, most proposed ideation techniques are built solely on the 
principle of sketching (van der Lugt, 2002). Thurlow and Ford (2018) quote the early work of 
Barthes (1967) who denoted a sketch to carry the same structure as a spoken sentence 
where the abstract form conveyed by the literal illustration is explained through the symbolic 
image it represents. In this case, sketching can be perceived as a both a method and 
process of communication (Barthes, 1967). When dealing with innovation in the form of new 
products, many researchers agree that evaluation is based on a number of attributes, but 
creativity is an important criterion (Amabile, 1982; Besemer, 1998; Christiaans, 2002; Horn 
& Salvendy, 2009). Thus, because of their intervening role as the principal media through 
which mental concepts are converted into external elements, sketches have unexpectedly 
taken on the role of assessment criteria. It is reported that ideas communicated with high-
quality sketches are much more likely to be perceived as creative compared to similar ideas 
presented with low-quality sketches (Kudrowitz, Te, & Wallace, 2012). Thus, the correlation 
between good sketchers and creative abilities is not uncommon (Chan & Chan, 2007). In 
their study, Kudrowitz, Te & Wallace (2012) explained that sketches done during idea 
generation are exploratory in rationale, executed quickly, with no detail or depth, and using 
loosely constructed lines and according to Rudd, Stern and Isensee (1996), high-fidelity 
sketches generated during the early phases of design can have a major influence on fixation 
and therefore affect the rest of the design process as well as the final outcome. Booth et al. 
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(2016) discussed a similar concern in engineering design schools were students’ early use 
of Computer Aided Design (CAD) tools in the design process led to premature fixation.  

2.3 The importance of model making   
In design work, modeling can involve building a physical prototype – “an approximation of 
the product along one or more dimensions of interest” (Ulrich & Eppinger, 1995) – using 
easy-to-fabricate modeling materials, like cardboard and duct tape. These approaches can 
help students visualize their product ideas more easily, especially those with modest drawing 
skills (Lemons, Carberry, Swan, & Rogers, 2010). Cognitively, according to Viswanathan 
and Linsey (2011), working with physical models such as prototypes can reduce cognitive 
workload, support visualizing solutions for complex problems, and identifying flaws in 
concepts; therefore, leading to more feasible ideas. During the initial phases of problem 
exploration, applying prototypes to an experience for the user to test is highly effective to 
demonstrate context and identify issues and design opportunities where multiple disciplines 
are needed to solve design problems (Buchenau & Suri 2000). Additionally, in his 
observation, Youmans (2011b) states that building models and testing the solution against 
its requirements (i.e. validating an early-stage design) increased the chances of producing 
many solutions that are both original and more useful, which can reduce fixation, and thus 
improve innovative thinking.  Alternatively, negative effects of prototyping as mentioned by 
Viswanathan and Linsey (2011) describe how students can fixate on their own initial 
solutions due to a phenomenon called the sunk cost effect (Arkes & Blumer, 1985), i.e. 
attachment that stems from investing effort and time in developing a physical model. Low 
fidelity prototypes as described by Rudd, Stern, and Insensee (1996) are not intended to 
show in detail how the design solution operates, but are rather quick and dirty; their purpose 
is to allow the designer to work through different solutions with low investment both in time 
and finances (Rudd, Stern & Isensee, 1996). By using low-fidelity prototypes in the 
beginning of the design process, it becomes possible to generate a perspective that the 
design problem being faced is what's important and not necessarily the tools and techniques 
that were used to get to that point (Buchenau & Suri, 2000) through a quick and inexpensive 
design method (Youmans, 2011b).  

This paper follows the thought that if students early on in their design education are able to 
gain experience in areas that they have less aptitude for, such as sketching - by guiding 
them through low fidelity processes and slowly increasing fidelity, they would be able to learn 
to create more innovative and robust ideas. As mentioned above, this research investigates 
methods for idea generation in both 2D and 3D concept development, with the goal to 
provide students with repeatable systematic methodologies that increase speed and improve 
quality of outcomes. The investigations were situated in two different industrial design course 
settings at a Midwest University, a third-year studio course with a focus on design 
methodology and a fourth-year studio focusing on performance based sporting goods with 
an emphasis on market ready innovative solutions to understand their individual effects on 
learning outcomes. 

3 Preparing students better for fast paced industry realities 
Students in a third-year industrial design studio course lacked in innovative idea 
development and avoided exploring concept variations. Post project interviews with the 
students revealed an inability to constructively and successfully think on paper was a major 
inhibitor. Equipping these students with alternative ways to systematically foster creative 
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confidence, develop and explore ideas quickly, while preparing them for the fast-paced work 
environment, three ideation methodologies were combined strategically to break up the 
ideation process into smaller steps. The goal of this process was to provide the students with 
a structured, repeatable, yet low barrier approach to conceptualization, getting them 
past initial reluctance to put pen on paper and providing them with means to avoid the 
inherent bias of a high-fidelity output early on in the design process.   

Questions that drove this exploration were: How can the process steps be broken down into 
smaller, less intimidating chunks? What ideation methodologies could be combined to result 
in more robust, creative ideas being produced faster? How can the depth of the concepts 
increase, going beyond the immediate solutions? How will the students respond to this 
process?  

3.1 Ideation Process, Low Fidelity High Quantities Outputs  
In an effort to lower barriers for sketch ideation and thinking on paper, speeding up the 
ideation process, while increasing the output and quality of ideas the following methods were 
combined. 

The Idea Box: In his book Thinkertoys, Michael Michalko (Michalko, 2010) describes the 
concept of the ‘idea box’, which is inspired by the morphological box originated by Dr. Fritz 
Zwicky. The ‘idea box’ lists various parameters of a challenge in the top row of a matrix 
first, then variations for each parameter are being generated by listing them below the 
original parameter in each column. By using this step, students first think about solving 
smaller problems, one at a time by verbally describing possible solutions. 

The Lotus Blossom: According to Robert Riley, Yasua Matsuma originated the Lotus 
Blossom technique in an effort to add focus and power to general brainstorming. The 
process is as follows. The main idea or theme is placed in the middle. Around this centre 
eight solutions or related themes are developed on 3x3 cards. Moved outward from the 
centre, these new eight themes become new centres for the next higher level of 
brainstorming, visually resembling the growth of a lotus blossom (Riley). In a variation to the 
original lotus blossom, students now visualize each previously described solution on a 
purposely-kept small piece of paper. 

Concept Sketches: In the design process, concept sketches serve different purposes at 
different stages. These usually range in fidelity from napkin style sketches, depicting high 
level ideas and concepts, to more photo-realistic renderings, detailing the design to its 
manufacturing specifications. Situated on the lower end of the fidelity scale concept sketches 
can serve as ‘talk’ and ‘think sketches’ for multiple stakeholders involved, as opposed to the 
more detailed and time consuming ‘make’ and ‘prototype sketches’ (Paepcke-Hjeltness, V., 
Henry, K., 2017). During this step students are now combining previously visualized 
individual solutions into comprehensive concepts.	

3.1.1 Step 1: The idea box applied 
Based on the original idea box, for this purpose of rapid ideation students were asked to list 
the previously developed design criteria in the top column of the matrix and possible 
solutions for each individual design criteria underneath in the columns. Students were 
supposed to develop as many as 24 different possibilities directed towards the specific 
design criteria only using words (figure 1).  
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Figure 1 Idea Box: Exploring solutions for each design criteria (top row) at a time (Idea Box: K. Guerin).  

3.1.2 Step 2: The lotus blossom applied 
This step focused on visualizing the individual solution listed in the columns under the design 
criteria. To visually show connections the criteria served as the heart of each ‘blossom’. 
Eight select solutions from the idea box were then supposed to be visualized on a 3x3 cards 
around the ‘heart’. Due to the small size of the cards (or sticky notes) the initial sketches 
were more abstract and low fidelity in terms of detailing. The reason was to not get focused 
on one idea yet, but to start thinking about broader visual solutions. This step mainly used 
the visualization of the lotus blossom not necessarily its focus on additional iterations. 
(figure 2).  

 

Figure 2 Lotus Blossom: Visualization of previously described solutions in low fidelity (Sketches: K. Guerin). 

3.1.3 Step 3: Concept sketch development  
Once the lotus blossoms were completed the individual solution ideas were combined into a 
complete concept addressing all design criteria. Students were asked to explore different 
approaches for combining ideas. Randomly choose 3x3 sticky notes from each criteria 
blossom, choose ideas that flow together well, and choose extreme opposites to create an 
unexpected intersection of ideas (Johansson, 2017). The 3x3 sketches were placed on an 
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11x17 paper. The overall concept was summarized in words first and then visually explored 
in higher fidelity and to more detail.   

 
Figure 3 Concept Refinement: Visualization of previously described solutions in low fidelity (Sketches: K. Guerin). 

3.2 Research set up and focus 
The students were tasked to follow this ideation sequence to explore ideas focusing on 
topics ranging from storage and organization, to pet products, to cleaning products, to small 
kitchen appliances. A total of 76 students applied this sequencing of methodologies. Each 
student was supposed to apply this process individually over the course of three days.  

3.2.1 Driving hypothesis  
Through the step-by-step approach to ideating the first round of concepts the students could 
focus on each element independently and not get overwhelmed by the complexity of the 
problem. In addition, the high-level concept visualization allows for random or specific 
combinations and can result in almost infinite concept ideas. The latter can aid in resolving 
roadblocks if they occur since the student can refer back to the high level individual ideas for 
further inspiration and exploration.  

3.2.2 Research Analysis Methods  
Analysis methods were geared towards comparing the actual student work as well as 
towards interviewing select students (n= 10) and sending out a questionnaire to all students 
in four different studio sections (n= 76).  Questions were comprised of: 

• How comfortable are you visualizing your ideas on paper?  
• How efficient was this process to you?  
• What part did you like or not like about this process?  
• Please describe in your own words what worked well and what didn't. Or if you have 

any suggestions.  

In addition, during the interviews students were asked to elaborate on the idea box process 
and how it influenced the next step of high fidelity visualization, as well as how they were 
able to derive complete concepts from this.  

3.3 Observations and Findings from research investigation  
3.3.1 Interview analysis (n=10) 
The interviews revealed in-depth insight into how the students perceived the process. 
Student responses can be generally broken up into two directions, the ones who appreciated 
the process and the ones who had trouble with it or did not like it.  

Students who like the process voiced the following:  
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• It took a while to put together the idea box, however, this seemed to take off the 
stress of having to try to visualize while figuring out how problem could be solved  

• Once the idea box was compiled sketching simple visuals of the descriptions was 
fairly easy, since the hard ‘labour’ was already done.   

• Combining ideas into a more detailed concept sketch based on the lotus blossom 
was very fluid and fast.  

• The idea box was challenging, but a lot of unique ideas were gained from it, which 
the student would return to when getting stuck. 

Students who had issues with the Idea Box:  

• Thinking in words seemed to have complicated the process, however, it was mainly 
the struggle of thinking about many different ways to find solutions.  

• This process was counterintuitive for some students who are very literate in 
visualization. These students avoided the process and in fact reverse engineered it to 
show they ‘did it’.  

• Other students who are literate in visualization followed through with the process, but 
did not enjoy it and stated that they found it to be a waste of time.  

3.3.2 Survey responses (n=19) 
Students responding to the survey had a much broader response to the process. The data 
showed that there was no obvious correlation between students’ comfort with sketching and 
their response to this process, which was an outcome of the interviews. Some students 
completely embraced this process and felt very comfortable with it. It allowed them to break 
down the ideation process into smaller steps, which they appreciated. Whereas others 
thought it added unnecessary time to the process and did not reveal any additional 
advantage.   

It was clear from the responses that the quantity of 24 variations asked for in the idea box 
was too much, which added bias to the perception of the usefulness of this process. 
However, this was anticipated since the number was high and mainly asked for students to 
think beyond the first obvious solutions. The majority of students, however, did comment on 
how easy it was to combine the single ideas into more comprehensive concepts.  

3.3.3 Discussion of overall deliverables and suggestions for improvement  
Not all students followed the entire process as assigned. None of them verbally described 
the third step in the concept sketches. All of them, however, selected several ideas from 
the lotus blossom to combine into a whole concept. The quality in content varied from lotus 
blossom to lotus blossom. The students who struggled through the process did not explore 
many visual variations and stuck with sketching similar solutions over and over.  

Revisions for the next round of testing will include providing visual templates and prompts for 
each phase. Constraining the design criteria to six from twelve, in addition to clearly defining 
the criteria to avoid two word descriptions. Reducing the amount of written solutions for each 
of the criteria to ten from 24. Emphasising the written summary of combined ideas.  

4 Bringing fast paced industry practices to education  
Moving on to 3D idea generation, this industrial design fourth-year studio applied the fast-
paced industry process of using low-fidelity mock-ups by moving through a process of 
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extremely low to high-fidelity 3D process work. The goal of the course was to instruct 
students how to effectively innovate, take risks, and move past fixation, ridding bias through 
user testing throughout the design process. Questions that drove this initial exploration 
were: How can ideation methodologies be simplified in order to get quality concept testing 
feedback and full participation from primarily inexperienced undergraduates? How can the 
depth of the concepts surpass functional fixedness? How can students get past fixation early 
on in the design process? How can students think beyond the existing product and innovate 
within the same product category? How will the students respond to this process?  

Methods that were adapted from practice are as follows:   

Scaffold Prototypes: A prototyping method to quickly see where there are opportunities 
worth investigating further. The materials used are deliberately non-precious, duct tape and 
zip lock bags, so there is no sense of finality to concepts, only exploration to see if they merit 
further exploration.  

Model Modification: The purpose of this type of making is to focus on specific aspects of the 
design problem at a time. Only focusing on minor functions of the product and specific 
affordances. (Norman, 2013) Existing products are the baseline structure of the mock-up, 
but deconstructed and reconstructed with duct tape and staples to innovate 
while decreasing the intimidation of innovating all aspects of a complex product.   

Execution Prototypes: Still rough, but more refined mock-ups are generated to test and 
represent function. Materials that closely depict performance material are used, but still at a 
non-precious state to keep bias away from communicating product completion for 
manufacture.   

4.1 Research set up  
The following analysis of implementing this 3D Ideation from practice to education method of 
making was introduced in a design studio comprising a range of students including: 10 fourth 
year industrial design undergraduate students, 1 first year Industrial Design Graduate 
student, 1 fourth year Kinesiology student, 1 third year Apparel Technical Design students, 2 
fourth year Apparel Technical Design students, 2 fourth year Apparel Product Development 
and Sourcing. A total of 17 students applied this sequencing of methodologies.   

The design brief was framed around a group project designing a hydration backpack and 
students were given the design question: "Where is it best to carry hydration on the body 
and in what quantities?"  

4.1.1 Driving hypothesis  
Similar to the 2D approach students are able to focus on elements of concepts 
independently so they do not initially become attached to concepts and are able to move 
forward and avoid fixation. Moving from extreme low fidelity with a gradual increase 
throughout the ideation process avoids fixation and bias from students, resulting in more 
robust ideas and a broader range of initial concepts.   

4.2 Ideation Process of a hydration backpack  
4.2.1 Step 1: Scaffold Prototypes 
Students used duct tape and zip lock bags filled with water to tape to individuals for user 
testing. This proved an efficient process and allowed for adjustments to validate, assess, 
and adjust their concepts mid-test.  Students were able to efficiently test their concepts and 
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assess which had potential to move forward based off of data from testing rather than what 
they assumed would be best.   

 
Figure 4 Scaffold Prototypes 

4.2.2 Step 2: Model Modification:  
Students used existing products- shirts, backpacks, vests - as a base to work from and 
explore ways of carrying hydration in areas explored in initial investigation.  Six to eight 
options were built and validated through user testing, with three to four rounds of reiterating 
specific aspects of the product occurring in this phase. Each round would result in a higher 
fidelity mock-up based off of user feedback with concepts becoming more refined throughout 
the process. The goal was not to find a solution yet, but to investigate as many opportunities 
as efficiently as possible through user testing.   

 

Figure 5 Model Modification 

4.2.3 Step 3: Execution Prototypes:  
At this point in the process, the skillsets of the group have grown through steps 1 and 2 and 
students show more confidence and understanding of how to manipulate the materials to 
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test and gain insight. Teams now create multiple versions of performance mock-ups, fairly 
refined but still not exact materials are used to confirm overall performance of a product to 
test in its entirety. The goal for this phase is to end with three viable concepts, which were 
achieved through iterative user testing 

 
Figure 6 Execution Prototypes 

4.3 Observations and Findings 
To validate whether this studio methodology was effective for low-fidelity modelling to assist 
students in moving past fixation, we collected information from 10 students enrolled in the 
class through a Semi-Structured Interview framework.  

Questions that were asked:  

• How confident are you in your sewing skills?  
• Did the process help engage all team members?  
• Did you find yourself getting stuck on an idea? Were you able to move past it? 

Elaborate on how you moved forward.  
• What part did you like or not like about this process?  
• Please describe in your own words what was effective and what wasn't.   

4.3.1 Findings from interviews (n=10) 
Students perspective on the process:   

• The initial brief was overwhelming, specifically being tasked with creating a complex 
market ready innovative product, the process of starting with a simple task of 
investigating water placement using duct tape and bags of water made students less 
overwhelmed and able to start. 

• By not completing mock-ups and only having portions of ideas students were able to 
quickly move forward and test without knowing if it would be successful.    

• Using existing products and updating portions made testing ideas efficient and 
students felt less overwhelmed. 

• This process helped students come up with a multitude of ideas and not apply 
multiple aesthetics to one functional product.  

• The students drove what aspects of products moved forward through functional 
assessment, so they felt ownership and knew why they were making decisions 
instead of completing a pre-determined set number of concepts which felt contrived. 

• Overall the students' responses were positive to embrace the merit of this iterative 
and reiterative process through means of splitting the product into different 
facets. They appreciated that they did not have to solve the entirety of the design 
problem at once and they could have different active elements in process at once in 
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each phase of Scaffold Prototypes, Model Modification, and Execution Prototypes, in 
which the low-fidelity process allowed for greater work past fixation.   

5 Recap of both approaches  
5.1 Developing idea generation processes to match fast paced industry realities 
In summary, although students struggled with the idea box it turned out to be very useful. It 
felt counterintuitive for some. However, for others who describe themselves as being more 
analytic, it was a welcomed change of the ideation process. Despite the idea box taking up a 
long time nearly 80% of the interviewed students commented that it made the next step of 
visualizing the solutions a lot easier. In addition, combining those single ideas into a more 
comprehensive concept was a faster process than without it. Contrary to that, students who 
are very fluid in visualizing struggled with the overall process and felt inhibited in their idea 
finding. Those students who were more comfortable in sketching overall embraced this 
process less than students who are not as comfortable.  

However, the work of the students who embraced the entire sequenced ideation process 
was overall more successful and more diverse compared to the outcomes of student works 
that did not follow it. The bias of the hot sketch skewed student’s view of the process 
effectiveness even when it was visibly beneficial.  

5.2 Adapting fast paced industry standards working through mock-ups 
Students were highly responsive to the 3D ideation from practice to education method. 
On average there were 42 mock-ups per project. Since project progression was from 
evidence based user testing, there was clear movement towards a final concept, making 
the process not appear to be busy work. Responses from students informed us that students 
were initially overwhelmed by the thought of designing the whole product, but were eased by 
the focus on specific functions and affordances. Students reported that the continual 
iterations employed throughout the Scaffold Prototypes, Model Modifications, and 
Execution Prototypes were effective in forcing user validated responses and insisting 
continued making avoiding the bias of higher-fidelity process work. Students confirmed our 
hypothesis that when fixation occurred, the ability to focus their attention on another small 
functional aspect, begin user testing for analysis, and the focus on the functional strength of 
the product helped students move past those moments of fixation.  

5.3 Conclusion:  
There was a greater reluctance in embracing the 2D ideation process compared to the 3D 
ideation process. Based on the student responses the reasons lay within their existing 
skillset as well as within the course topics. The 2D ideation research was situated in a 3rd 
year studio course focusing on skill development and methodology (a required course). The 
3D ideation research was situated in a 4th year course (an elective course). Students in the 
former course had varying skill levels pertaining to 2D ideation. Only a handful of students 
considered themselves as avid sketchers, while the majority were not as comfortable 
communicating visually on paper. Students in the latter course were more on par skill-wise 
and were exposed to the additional pressure to perform well to design for production, hence 
the more competitive studio environment. In addition the low fidelity focus of the mock-up 
development did not require any major model building skills. 

The research team sees a merit in continuing this investigation by: 
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• Exploring the influence of different learning styles to idea development 
• Adding a benchmark of the skill levels at the beginning of the study  
• Testing the complete 2D/3D sequence in 3rd year studio environment 
• Testing the complete 2D/3D sequence in a 4th year studio environment 
• Surveying recent graduates regarding their seamless/non-seamless adaptation into 

the work environment 

In summary, this study uncovered that there are more barriers in speeding up ideation 
processes in 2D compared to 3D developments. This can be related to inferior sketching 
skills and a greater divide between students who are very sketch confident and the ones 
who are not. In addition, the bias in education of allowing the increase in low fidelity concept 
development over high-fidelity outputs needs to be addressed. In an effort to prepare the 
students for the fast paced industry standards these barriers will be further explored. 
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