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Abstract
This paper presents the rationale of applying user-centered design as a pedagogical model in architectural design 
studios, based on the case of an undergraduate-level design course that focusses on user-centered, design-
research methods. In the case study, students are introduced to a series of design ideation strategies, user-centered 
design methods, and rapid prototyping techniques. A challenge in delivering such a course is the integration of 
the diverse and abundant bodies of knowledge into coherent class assignments and activities. The paper begins 
with a diagram that systematically communicates the logic behind the case-study curriculum, and then elaborates 
the details and relationships found in the diagram, including the various class activities aiming to help students 
internalize these interdisciplinary bodies of knowledge consistently. Student projects are presented in this paper as 
design exemplars of how a human-centered “Research through Design” approach that includes rapid prototyping 
techniques are effectively integrated into design coursework. Finally, the pros and cons of implementing these 
methods and activities in the case study class are identified, along with suggestions on expanding this pedagogical 
model to architectural design studios, which are most neglectful of this pedagogical strategy. Following from the 
case study, we argue that design-research methods combined with the in-class activities of the case study have 
the potential to be productive to architecture studio courses, especially those having an interest in embedding new 
technologies into designed artifacts, making human interactions with them particularly complex.  
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1. Introduction
Design is an iterative process where each iteration of the 
designed artifact is evaluated and becomes the stepping 
stone for the next design iteration. Together, design 
iterations trace the evolution of a developing design 
artifact. In architectural design studio courses, design 
evaluations tend to be accomplished by judgements 
made by design jurors – largely, design professors and 
professionals – through a presentation of drawings 
and models generated by the students. This kind of 
evaluation activity neglects input from the potential 

users of the designed artifact. We argue that the 
importance of engaging human users and user-centered 
research methods in the evaluation process should be 
emphasized in architectural design teaching as it is in 
design teaching for industrial design, product design, 
interaction design, and human-computer interaction. 
Moreover, we recommend that architectural design 
teaching would benefit from rapid prototyping strategies 
by which design outcomes over each design iteration 
can be prototyped quickly with high quality. Higher-
quality prototypes make the user-centered studies and 
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evaluations potentially more substantive, which then 
informs the full arc of design evolution. In this way, 
and as compared to traditional design activity in design 
courses, the design process shifts from a designer-
centered focus to user-centered focus. The evaluation 
process likewise expands from pin-up presentations 
alone to also include such methods as expert evaluations 
and user testing with physical prototypes. 

2. Background and Rationale

2.1. User-Centered Design (UCD)

“User-Centered Design” (UCD) is a term first used 
by Norman and Draper in their book “User-Centered 
System Design: New Perspectives on Human-Computer 
Interaction” (Norman & Draper, 1986). The term UCD 
has been widely used since. Norman further established 
the concept of UCD in his next book The Psychology of 
Everyday Things focused on the usability of specifically 
product design (Abras, Maloney-Krichmar & Preece, 
2004) which is not the whole spectrum of User-Centered 
Design we refer to in this paper. User-Centered Design 
is a general concept describing “design processes in 
which end-users influence how a design takes shape” 
(Abras, Maloney-Krichmar & Preece, 2004). The 
end-users can shape both the usability engineering 
and the user experiences of the product by being an 
integral part of the design process. In UCD, the design 
process “aims to capture and address the whole user 
experience” (Interaction Design Foundation [IDF], 
2018). Participatory design, interaction design, and user 
experience design are all branches of UCD with slightly 
different foci and approaches under this broad concept 
of “User-Centered Design”.

2.2. UCD and the HCI community

The user-centered design framework has been well 
established and widely accepted in the HCI (Human 
–Computer Interaction) community for many years. 
Beginning in the 1990s, various design disciplines 
emerged based on the human-centered philosophy, 
including interaction design (IxD), User-Experience 
(UX), value sensitive design, and evidence-based 
design. Harrison, Tatar and Sengers (2007) formally 
generalized “value sensitive design”, “user experience 
design,” and “embodied interactions” (IxD) as the issues 
and approaches of the “phenomenological matrix,” the 
so called “third paradigm” of HCI community. For the 
HCI community, User-Centered Design products usually 
refer to software designs (e.g. games, websites, apps, 
etc.) and cyber-physical artifacts (e.g. smart appliances, 
interactive and electronic toys). These design products 

are developed through a systematic “Research through 
Design” or “RtD” process (Zimmerman, Forlizzi, & 
Evenson), a meticulous reporting of the design process 
including lessons learned, that could generalize 
to other design activities. RtD typically involves 
representatives of the target user group interacting 
with developing prototypes as an important part of the 
iterative design-and-testing loop. This systematic user-
centered approach has become a powerful framework 
to generate creative and meaningful, designed artifacts 
(both software and hardware).

2.3. UCD and the Built Environment

Human beings spend most of their lives living, working, 
and playing inside and around different kinds of built 
environments (Klepeis, et al., 2001). Architectural 
design, along with interior design and landscape 
architectural design, is concerned with designing 
the built environment (at least partly) to support and 
augment wide-ranging human activity. As human activity 
unfolds, at every instant, the built environment and its 
human inhabitants redefine and reshape each other 
in dynamic and interactive ways. And with ubiquitous 
computing and the rise of architectural robotics (Green, 
2016), the built environment embedded with information 
technologies creates ever-more complex interactions 
with its inhabitants. 
Given the complexities of the human-environment 
relation today, it is curious that very few design 
researchers of the built environment have constructed 
a theory following from the user-centered paradigm. 
One such theory, that of Vischer (2008), offers a “user-
centered theory of the built environment” emphasizing 
philosophical human-environment relations as offered 
by environmental determinism, social constructivism, 
and other social science perspectives without realizing 
the abundant works that have been done for User-
Centered Design in other disciplines or discussing 
any useful design methodologies. As a result, Vischer 
(2008), in his short paper, keeps reinventing concepts 
that have already been well defined in UCD literature.
Meanwhile, both theoretical and methodological 
foundations of User-Centered Design for physical 
objects or products can be found in Interaction Design, 
characterized by “interactive products to support people 
in their everyday and working lives” (Rogers, Sharp 
& Preece). Mindful of IxD, we might consider the built 
environment as an interaction design product at large 
physical scale, created by different stakeholders, 
occupied by human users, and consequently requiring 
a systematic user-centered approach to design 
and evaluate. Arguably, User-Centered Design 
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used extensively in HCI research and practice can 
productively be applied to the design of the built 
environment, both as a powerful tool and a theoretical 
framework. Architectural design studio courses (and, 
also studio courses for interior design and landscape 
architecture) are likely candidates for applying a User-
Centered Design framework to productively impact 
the design processes and design outcomes of design 
students.

2.4. IxD Case Studies

Before investigating the application of UCD in 
architectural design studios, it is helpful to first consider 
the case of UCD as applied in HCI and IxD studios that 
focus on the development of cyber-physical artifacts 
(rather than on software). After all, built environments are 
mostly physical and becoming more and more interactive 
given the embedding of information technologies into 
its very fabric. While there exist case studies of UCD-
based studio courses in the research literature, most of 
these courses focus on designing apps or other kinds 

of software and not on designing physical artifacts. For 
instance, Ungar and White (2008) did a case study of 
an agile UCD-based studio designing software, and 
Hundhausen and colleagues (2012) did a case study of 
an HCI studio focusing on app design. Consequently, 
in this paper, we consider our own course focusing on 
the ideation and iterative design and evaluation of cyber-
physical prototypes to probe the impact of UCD on the 
design activities.

3. HCDM Course Design
Our “Human-Centered Design Method” (HCDM) course 
is very different from both HCI courses and architectural 
design studios. Specifically, our Human-Centered Design 
Methods course integrates design ideation strategies 
(Van Boeijen, etc., 2014) drawn from industrial design, 
user-centered interaction design techniques (Rogers et 
al., 2011) drawn from the HCI community, and various 
prototyping techniques drawn from different domains, 
including architecture, HCI and mechanical engineering. 
Human-Centered Design Methods also introduces 

Figure 1. the logic behind the case-study curriculum
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rapid prototyping strategies – both the rapid prototyping 
of physical models (digital fabrication), and the rapid 
prototyping of the electronic system (using littleBits 
magnetic modules). We view rapid prototyping 
techniques as a productive vehicle for improving the 
speed and quality of IxD prototypes, which will be used 
for user-studies in the iterative design loop. A faster 
prototyping speed potentially means more iterations. 
A better prototype quality, similarly, may lead to more 
accurate user-study results, which can better inform the 
full arc of the design process. 
Figure 1 shows a diagram that systematically present 
the case study curriculum. This paper will unpack the 
diagram below in Figure 1 to reveal the logic of applied 
UCD to undergraduate-level design methods course 
with interdisciplinary design strategies and a range of 
class activities.

4. HCDM Course Structure
Our Human-Centered Design Methods class meets 90 
minutes per week, twice a week, for 16 weeks (one 
semester). Each class session lasts 90 minutes. In the 
first delivery of the course (Spring 2016), there were 
26 students enrolled: 25 of these were sophomores 
or juniors; and 23 of these declared a major in Design 
and Environmental Analysis (DEA). Most of the DEA 
students had taken at least one interior design studio 
before coming to this class, so we can assume that they 
have elementary interior design knowledge and skills 
prior to taking the course. Of the 26 enrolled students, 
three were not DEA majors but majors from computer 
science and information science (the latter akin to HCI). 
These three students had basic programing skills. 
In Human-Centered Design Methods, students are 
divided into seven groups of three or four students 
each. We distributed the three students from computer 
science and information science to different groups 
encouraging interdisciplinary cooperation within a group. 
Each group represents a research-design team working 
together on the same project. The course required four 
deliverables from each group: a prototype, a “design 
diary,” a design paper reporting on the full arc of design 
and evaluation of the prototype, and a video. Although 
the course deliverables in this class are accomplished 
in a collaborative spirit, each student is assigned 
one deliverable as the responsible leader. While the 
quality of each deliverable is mostly the result of group 
collaboration, it also reflects how much effort each 
student put into his or her own product.

4.1 Problem Definition

Our course begins by asking students to define the 

problem they will respond to by design. We initially ask 
students to read the article from New York magazine, 
“The Uninhabitable Earth” (Wallace-Wells, 2017). 
This article discusses the topic of climate change and 
global warming. Students are then required to identify 
a specific environmental problem caused by global 
warming as considered in the article, and arrive at a 
designed, interactive prototype aimed at raising people’s 
environmental awareness of this specific environmental 
problem. 
Students identify and discuss environmental-problem 
foci considered in this article through group discussion. 
In the first delivery of the course considered as the case 
study, one group of students recognized that people are 
wasting energy by overuse of air-conditioning; another 
group recognized that forest fires is a big threat to the 
global climate; yet another group suggested garbage 
sorting is a big problem given that many people cannot 
do it correctly. In this way, each group found a different 
and specific environmental problem to focus their design 
activity on.

4.2 Data Gathering

The data gathering techniques covered in this class 
include “observations,” “surveys,” “co-design”, 
“interviews,” “focus groups,” and “cultural probes.” These 
techniques user-centered design methods, mostly used 
by HCI, industrial design, and IxD communities. As any 
of the students enrolled in this class are from DEA with 
an interior design focus, they are overall not familiar 
with these techniques. In order to help students quickly 
grasp the essence of these techniques, we offer them 
very short reading from the Delft Design Guideline (Van 
Boeijen et al., 2014) for each data gathering technique. 
The one-page reading provides the working protocol for 
each method. We then ask the students in each group 
to perform the technique as a class activity, so that they 
have the opportunities to construct knowledge and skill 
in the class.
For instance, for the “focus group” technique, each 
group reviewed the one-page overview of focus groups, 
answering basic questions like “What is ‘focus group’ 
technique?,” “How to use the method?,” “Possible 
procedures?,” “What are the limitations?,” and “Tips and 
Concerns?” (Van Boeijen et al., 2014). Then, students 
practiced the “focus group” technique within their group. 
One of the students plays the role of the moderator, 
while another student in the group can play the role of 
data collector. Other students in the group are then the 
focus group participants.
It is important to recognize – and we emphasize this 
in class – that performing a focus groups as a class 
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activity is a learning exercise that, as such, does not 
produces valid research outcomes. For one, a valid 
focus group should be performed three times with 
different users, with each focus group comprised of at 
least six participants. In the class activity, focus groups 
were comprised of only four students, and the activity 
is only performed once due to class-time limitations. If 
the students sought valid results from this technique to 
substantively advance their design, they would need to 
perform the focus group more rigorously and outside the 
class.

4.3 User Study Techniques

After the initial data gathering processes learned in 
the course, students gain a better idea of their users, 
the design space, and the design context. Students 
use the data gathered to inform the next steps in the 
iterative process of design and evaluation: “personas,” 
“scenarios,” “role playing,” and “task analysis.” These 
techniques are again UCD methods commonly practiced 
by the HCI community. Other similar or more advanced 
techniques of this kind include “theater techniques,” 
“performance and probes” (Light, 2011), and “user 
enactments” (Odom et al., 2012). Time limitations didn’t 
permit us to substantively consider these. 
To introduce these techniques, we again give students 
a one-page overview of the basic concepts and 
procedures and ask them to practice these techniques 
in class. For instance, through reading an over of 
“scenarios,” students understand that scenarios are 
“stories about your intended users in a specific situation” 
and can be used to explore “existing product-user 
interactions or possible interactions in a future situation” 
(Van Boeijen et al., 2014). Here is one student group’s 
scenario relating how their design they call “Xtinguish” 
might prevent a forest fire: 
“Chad would usually take smoking breaks and drop 
the cigarettes on the ground without properly disposing 
of them. However when Chad sees Xtinguish while 
smoking on a walk through the woods on his way to 
class, he notices Xtinguish spinning and making noise 
as he walks past. He notices holes perfect in size for 
disposing his cigarette butt. He inserts his cigarette, and 
the spinning lamp ceases to spin and make noise, thus 
providing visual and aural feedback of proper cigarette 
disposal.” 
In this stage, students have yet to fabricate a working 
prototype, but they have started to generate more 
specific design ideas contextualized in the scenario.

4.4 Design Guidelines

Results of user studies can be used to generate initial 
design guidelines. Design guidelines, serving as both 
inspirations and constraints are crucial to generate 
new designs. Students discuss together as a group to 
converge on the initial design guidelines. Below are 
some of the design guidelines developed by the same 
group of students writing the scenario just offered:
• Xtinguish should raise awareness about cigarette 

butts as litter, and associate risky practices with 
wildfires.

• Xtinguish should create portable ashtray solution 
for cigarette butts, integrated into a cigarette pack 
design, without adding bulkiness

• Xtinguish should serve as an outdoor ashtray 
receptacle for depositing butts, providing users with 
information on cigarettes disposed and offering 
corresponding environmental impacts.

4.5 Design Ideation Strategies

Results from user studies can also be used to inform the 
ideation process of design. Design ideation strategies 
introduced here include “mood boards.” “story boards” 
“collages” “analogy and metaphors,” “morphological 
charts”, “SCAMPER,” and “mind maps.” Many of these 
design strategies are widely used in different design 
areas. For instance, architects use “collage” to show 
both design ideas and contexts, while interior designers 
use “mood boards” to capture the atmosphere of an 
intended design. Through this class, we can see that 
these ideation strategies also benefit human-centered 
IxD, while UCD methods in return better inform the 
ideation process. 
We again give students one-page instructions of 
each ideation strategy and ask them to practice these 
strategies for their own group project in class. The 
time allotted to each class activity may or may not be 
enough for the students to fully practice each of these 
strategies and arrive at outcomes they are proud of. 
Consequently, students often need to devote more time 
outside class to practice and apply these strategies 
to their group project. One thing worth addressing is 
that we require each group of students to perform all 
seven ideation strategies, even though some strategies 
may actually better inform certain design objectives 
compared to other strategies. We nevertheless find 
value in becoming versed in all the ideation strategies, 
and they sometime unexpectedly discover something 
inspiring and unexpected in an ideation process, which 
is the essence of using ideation strategies.
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4.6 Design Iteration and Rapid Prototyping

Now informed by the “ideation strategy” activities and 
the drafted “design guidelines,” student groups generate 
turn their efforts to generating meaningful artifacts. 
Students sketch on paper and in three-dimensional form 
to produce a range of prototypes for user evaluation. 
It is at this stage that we introduce rapid prototyping 
techniques to the students. 
Physical Prototyping. We introduce physical prototyping 
via digital fabrication techniques. This is a relatively 
familiar area to architecture and interior design 
students, but less familiar to the HCI community. As 
the first delivery of our class included CS students and 
IS students we aimed to get these students and any 
others without this knowledge base familiar with digital 
fabrication. Through physical prototyping, students can 
rapidly prototype reasonably finished physical products 
relatively quickly for early user evaluation. 
Interaction Prototyping. Interaction prototyping includes 
techniques such as “Wizard of Oz” or “WOZ” prototyping 
(Dow et al., 2005) and “paper prototyping” (Snyder, 
2003). Both of these techniques focus on simulating 
electronic, interactive aspects of the designed artifact that 
have not yet been implemented in the designed artifact. 
In WOZ, the more complicated aspects of the interactive 
system are manually controlled by the designers as if 
they were fully functioning, and presented as such to 
users during user studies. In paper prototyping, much 
the same is accomplished but by showing users images 
on paper of the system as it functions over time. These 
two methods are familiar to the HCI community (e.g. the 
IS and CS students enrolled in this class). Architecture 
or interior design students, however, are mostly new 
to these techniques. We cover the basic concepts of 
these techniques in class and shared published papers 
on these topics to students for their study. One-page 
introductions on these techniques are not included 
in the Delft Design Guide (Van Boeijen et al., 2014); 
we therefore hope to produce our own condensed 
overviews of these techniques.
Electronic Circuit Prototyping. Electronic prototyping is a 
necessary part of the course as we are using electronic 
hardware to make the designed artifacts interactive. 
Electronic prototyping is familiar to electrical engineering 
students and many students from CS and IS, but is not 
familiar to many design students. Consequently, we use 
the “littleBits” (“2018 creative toy of the year,” 2018) 
platform of easy-to-use electronic, magnetic, building 
blocks to allow the students to rapidly prototype the 
electronic, interactive aspects of the design project.
In all, students rapidly prototype a physical product using 
digital fabrication methods, an electronic system using 

Figure 2. student work of “collage”

Figure 3. student work of “story board”

Figure 4. student work of “mind map”

Figures 2 to 4 present “ideation strategy” outcomes from 
the “Xtinguish” project group (All student outcomes in 
this paper are drawn from the same group project so 
that readers can have a better understanding of how 
a design developed through the UCD approach in this 
class).  
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littleBits, and simulate the more complicated aspects 
of the interactive system using the WOZ method when 
presenting the developing artifacts for user evaluation. 
With these three techniques, rapid prototyping can be 
practiced as a class activity. These techniques can 
be used again and again in iterative design cycles 
producing more and more refined interactive prototypes 
based on user feedbacks. Figure 5 and 6 are prototypes 
from, again, the Xtinguish group. These prototypes are 
not high-fidelity. However, they were produced within 
one week and functioning sufficiently well for user 
evaluations.

4.7 Human-Centered Design Evaluations

We introduce many human-centered evaluation 
techniques to the students, including both usability and 
user experience evaluations, as presented in Figure 1. 
These techniques are not familiar to most of the DEA 
students in the class. Therefore, we introduce these 
concepts in a lecture and assign short readings help 
cultivate understanding of the basic concepts. 
Again, we use in-class activities to allow students to 
practice these techniques. For instance, for “cognitive 
walkthrough,” one student plays the role of a user and 
speaks what she is thinking out-load while engaging 
the prototypes. This activity provides the design team 
insights of how users approach a novel, interactive 
artifact.   

Through the class activities, students are asked to be 
mindful of recognizing which evaluation technique 
provide what input that will inform which stage in the 
design process. We hope that students develop some 
capacity to select particular techniques to evaluate 
their group designs with real users. Figure 7 shows the 
usability study activity of the Xtinguish group. The group 
observes users interacting with the prototype “Xtinguish” 
and asks users questions to get user feedback.
The user feedback can help the team revise their design 
guidelines and, overall, improve their designs in next 
iterations. Below is some of the feedback the Xtinguish 
group received:
Problems Identified:

-Design is aesthetically pleasing, but function is 
somewhat unclear

-The device seems to discourage smoking rather than 
encouraging proper disposal of cigarettes.

-Constant buzzer noise might be too annoying.
Suggestions for Improvement:
-Consider strategic placement of device
-Utilize flashing lights instead of buzzer noise”

4.8 Final Prototype and Summative Usabilities

After several rounds of user-centered, design iterations, 
each group of students generates a high-fidelity, 
final prototype for summative usability studies – the 
evaluation of a complete or nearly complete finished 
product within the real context. Up to this point, students 
have practiced rapid prototyping techniques several 

times; they are therefore prepared to confidently 
produce a fully functional, well-crafted final prototype. 
Figure 8 shows the final prototype produced by the 
Xtinguish group.
This group of students use this final prototype for the 
summative usability study by inviting 6 college-aged 

Figure 7. Usability study with “Xtinguish” prototype

Figure 6. Second iteration prototype of “Xtinguish” project

Figure 5. First iteration prototype of “Xtinguish” project
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methods to their design process.
Third, rapid prototyping techniques from different 
domains can be mastered by students within the time 
frame of a one-semester course. This is supported by 
the remarkable, high-fidelity final prototypes produced 
by the students.
Fourth, rapid prototyping can greatly benefit the user-
evaluation process. Evidence for this claim is found 
in the summative usability studies at the end of the 
semester. Summative evaluations can only be done 
with a finished or almost-finished product. Given time 
limitations of any given semester-long course, the level 
of prototyping fidelity achieved in the case study course 
cannot easily be achieved by such a large segment of 
the class without relying on rapid prototyping techniques.
Finally, it is evident that design guidelines and usability 
studies help inform the design process. Additionally, 
the user-centered design process provides students 
a systematic and structured approach to design as 
compared to traditional design process, which is useful 
to novices coming from many different academic 
disciplines (like CS and IS).

6. Limitations and Future Works
Drawing conclusions from the case study presented in 
this paper comes with several limitations that potentially 
can be overcome through future work.
First, most of the students in this class have interior 
design backgrounds. This can be a limitation for the 
generalization of this case study. In future work, we 
would like to see how the design work of architecture 
students is impacted by user-centered research-design 
methods. We are also interested in offering this class 
to students from more diverse academic and cultural 
backgrounds.
Second, the scale of the interaction design products in 
this class was restricted to smaller objects as compared 
to the larger scaled artifacts (buildings) designed in 
architecture studios. We would argue otherwise, but 
perhaps the methods and approaches used in the case 
study course may not be applicable to architecture 
studio classes designing building-scaled artifacts. In 
future work, we may need to modify user-centered 
design-research techniques for architectural design-
studio projects.
Third, this paper and its case-study course have not 
considered inclusion of other user-centered design 
methods drawn from participatory design, transformation 
design, and service design (Sanders & Stappers, 2008). 
While the authors are aware of these design methods, 
they don’t find inclusion in the case-study course to avoid 

student smokers to complete a SUS scale (Bangor, 
Kortum, and Miller, 2009) and engage in a focus 
group discussion. Figure 9 shows the result from SUS 
questionnaire.

4.9 Final Presentations

In the final presentation, each student is required to 
present the part he or she is chiefly responsible for: 
either the video, the poster, the paper, or the design 
diary. Several in-class workshops are organized to help 
students with their final products and presentations as 
the semester comes to a close. 

5. Conclusions
What follows are key lessons drawn from the case study 
presented in this paper:
First, it’s possible for design students to learn the basic 
concepts of user-centered research-design methods 
through short lectures and very condensed (one-page) 
overviews. 
Second, students are able to grasp the essence of these 
methods through in-class activities and apply these 

Figure 8. fully functional 1:1 final prototypes in real setting

Figure 9. SUS scale results, based on adjective rating scale 
of Bangor, Kortum, and Miller (2009).
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increasing the work load and complexity of the current 
curriculum which, as it stands, can nearly overwhelm 
its students. Nevertheless, these design disciplines are 
worth exploring in the context of architecture and interior 
design studio pedagogy.
Finally, this course focusses on interaction design, while 
most architecture studios do not explicitly consider the 
interactivity between human in habitants and the built 
environment. But given that interest in the design of 
interactive, built environments with embedded new 
technologies is growing and widespread in architecture 
programs, we expect to see more “interactive 
architecture” in the future. Given this growing interest 
and likely future, there is a timeliness in considering the 
application of the methods presented in this paper to the 
architecture-studio pedagogy.
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