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This article introduces a new approach to design called conscientious design that promotes and elicits the transformative

agency of designers through the conscientious negotiation of risk and benefits. We argue that an emphasis on

transformative agency can help designers enact their individualized knowledges, experiences, and values throughout

the design process to move towards collective social change. However, an important aspect of bringing about

transformative agency through design is to articulate the conscientious negotiation of design decisions through reasoning

fluency. In this study, we demonstrate the ways that reasoning fluency promotes transformative agency through college

students’ design posters situated in a course project to design solar panel installations to help Hawai‘i reach carbon

neutrality. A qualitative hermeneutic inquiry resulted in five increasingly conscientious levels of design reasoning, ranging

from technological determinism as an inhibitor to reasoning fluency to multicultural ingenuity and ethical integrity as

promoters of transformative agency. Our findings demonstrate how design can be individually shaped and socially

transformed through a conscientious design approach.
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1. Introduction

The understanding of how designers think, reason,

and act is a prominent research topic that produced

critical insights over the years [1]. With the recent
developments and popularity of artificial intelli-

gence (AI) in the design space, it is even more vital

to cultivate conscientious awareness and ethical

responsibility of designers to reflect on and justify

the potential risks and benefits of their design

decisions, including the use of AI technology [2].

Previously, focusing on users and clients situated

humans as a core element of good design [3, 4].
However, in recent years, these design practices

have been scrutinized for their shortcomings, such

as racial biases that perpetuate discrimination [5] as

well as an overreliance on end users that may not

have the tacit knowledge to understand the full

impact of the design, that may limit design creativ-

ity, and that may represent only a subset of the

actual people and environments that the design
affects [6].

We argue that there are several potential inter-

related reasons for these shortcomings. First, the

prior representations of design processes have

underemphasized the ethical responsibilities of the

designers [7]. These design processes emphasize

actions and iteration but not the essential intro-

spective practice and articulation of negotiations
where designers bring in their individual back-

grounds and expertise from multiple disciplines to

weigh trade-offs and consequences of different

design decisions. Second is the difficulty of fluently

balancing and integrating technical depth and mul-

tidisciplinary breadth in the articulation of design
reasoning that comes with these negotiations.

Third, despite rich research on designer agency [8,

9] that is at the center of these negotiations, it is not

clear how this agency can be promoted among

learners. There is a need for a design framework

that promotes students’ transformative agency as a

way to support them in articulating and justifying

these negotiations.
Our understanding of transformative agency

situates learners as agents of change [10] and

provides them the space to bring in their full

selves to enact these changes. Due to design’s

open-ended nature [11] with a wide range of tech-

nical, social, cultural, and environmental effects,

design can be a transformative activity when

designers bring in their individual knowledges,
experiences, and values to move towards a just

and sustainable future [12]. Our approach to

design centers on the importance of designers’

transformative agency in addressing the previously

described needs and shortcomings. We are calling

this new concept conscientious design that situates

the design process as a constant negotiation of risks

and benefits that informs design decisions. Through
conscientous design, designers explicitly and fre-
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quently articulate many consequences and possibi-

lities that come with their design decisions to better

recognize and act on the rationale needed to justify

their decisions.

The goal of this paper is threefold: (1) to intro-

duce the conscientious design framework; (2) iden-
tify the manifestations of conscientious design in

students’ design discourse in an AI-enabled solar

design project; and (3) provide recommendations

for the conscientious design framework that centers

a designer’s transformative energy.

2. Background – Agency and Design

Our understanding of agency begins with Emirbayer

and Mische’s [13] triad of agency (iteration, projec-

tivity, and practical evaluation), which respectively

represents bringing in previous experiences into

current practice, imagining possible futures, and

making judgements based on changing and compet-

ing demands. The design process as an evidence-
based decision-making process situated in the indi-

vidual synthesizing and thinking through the evolu-

tion and impacts of their design [11] directly aligns

with this theory of agency. Similarly, the open-

endedness and uncertainty [8, 11] of the design

process creates spaces for designers to enact their

agency, illustrating how design is a performance of

agency to reconfigure an evolving world [9].
Transformative agency in design is accomplished

through positioning people as agents in their own

communities and realities to help make collective

social change [14], meaning that the ways that

people enact transformative agency look differently

for each person. Design work and design education

also represent an area that has many opportunities

for designers to enact their transformative agency
through having purposeful and authentic problems

that allow designers to bring in their multiple lenses

[11] and promote a multiplicity of ideas towards

collective action [14, 15]. Transformative agency is

important in engineering and engineering educa-

tion, as this concept facilitates how the technical

aspects of engineering work together with societal,

environmental, and cultural aspects. Research on
how to achieve transformative agency is new but

growing. In engineering industry, practitioners use

transformative agency to create new ideas and

organizational systems in their work environments

[16] and in engineering education, students in

makerspaces used their transformative agency to

move beyond the initial design requirements

towards solutions that align with their backgrounds
[17]. There is, however, research on the historical

and cultural foundations of engineering and engi-

neering education that oppose transformative

agency.

In engineering education, Gelles and colleagues

[18] illustrate how engineering students defaulted to

efficiency in their energy course to resolve environ-

mental degradation in the energy sector. Students

viewed a technical answer of efficiency as the way

out of the crisis while neglecting social and environ-
mental impacts. Vanasupa and colleagues [19] offer

a possible explanation for how a prioritization of

the technical is built into the foundation of engi-

neering industry. They describe how American

engineering is a field developed during the Indus-

trial Revolution leading to a valuing of Western

industrialized concepts like efficiency, neutrality,

and uniformity. These values are inherently related
to the technical aspects of engineering work and

exacerbate how engineering curriculum and engi-

neering students understand engineering work,

including design work, as neutral and apolitical

[20].

Valuing the neutral and depoliticized technical

aspects of engineering represents a larger manifes-

tation of Western engineering and engineering
education valuing the myth of objectivity [20–22].

Riley [21] explains that believing in the myth of

objectivity perpetuates reductionist and technolo-

gical deterministic perspectives in the engineering

design process, which helps position the designer as

an unbiased subject and designs as neutral. From

this unbiased mindset, the designer can ignore the

political, cultural, and economic impacts of their
designs, despite ABET student outcome criterion

3.2 calling for ‘‘an ability to apply engineering

design to produce solutions that meet specified

needs with consideration of public health, safety,

and welfare, as well as global, cultural, social,

environmental, and economic factors’’ [23]. An

objective mindset built into the cultural foundation

of engineering and engineering education stands in
opposition to the multiple frames of references and

plurality necessary in both transformative agency

and design [11, 15]. If objectivity through the

reliance on technical aspects is built into the larger

cultural and historical foundation of engineering

and engineering education, how do we promote

transformative agency towards better design?

3. Conscientious Design Framework

Conscientious design is a deliberate re-centering of

engineering design practice towards a holistic nego-

tiation of risks and benefits, so engineering solu-

tions are not just effective and efficient but

positively transformative for communities today
and in the future. Engineering is inherently a socio-

technical profession at the intersection of people,

technology, environment, and resources. Hence,

design in such a sociotechnical context requires an
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intentional centering of a conscientious negotiation

fueled with experiential knowledge, the balancing

of trade-offs, first-principles logic, and thinking

about probable futures. Conscientious design

requires reasoning fluency because reasoning

alone is not sufficient. To enact student designers’
transformative agency and achieve positive trans-

formative change, reasoningmust be catalyzed with

multicultural ingenuity and ethical integrity [24].

The conscientious design framework does not

prescribe a specific design process but rather

emphasizes internal and external reflection and

negotiation throughout any design process. This

conscientious negotiation occurs when students
engage in design projects where they are presented

with purposeful and authentic choices that create

opportunities for pluralism and the need for

designers to examine their reasoning. Thus, a pur-

poseful and authentic design project is two impor-

tant aspects of conscientious design [25]. After the

structure of the project, there are three critical

ingredients needed for designers to bring about
conscientious design through negotiation: reason-

ing fluency, multicultural ingenuity, and ethical

integrity. These three aspects represent the ways

that students enact the conscientious design frame-

work and consequently transformative agency in

their design work.

Reasoning fluency occurs across four reasoning

quadrants depicted in Fig. 1. These four quadrants
are created at the intersection of two semantic axes:

semantic gravity and semantic density (See [24, 26]

for more details). Semantic gravity represents con-

textualized meaning, which is weaker in theoretical,

abstracted contexts (SG–) and stronger in practical,

contextualized contexts (SG+). Semantic density

represents complexity of meanings, where higher
density represents multi-disciplinary breath (SD+)

and lower density represents disciplinary depth

(SD–).

Each reasoning quadrant represents different

types of knowledges and associated reasonings

essential for engineering design decisions. The

four reasoning quadrants are:

� Experiential Reasoning: Understanding of con-

texts using experiential learning, cultural per-

spectives, prior knowledge, and prior

experiences.

� First-Principles Reasoning: Understanding of
disciplinary core ideas, also known as disciplin-

ary depth.

� Trade-offs Reasoning:Understanding of compet-

ing design requirements and assumptions, includ-

ing multi-disciplinary breadth.

� Futures Reasoning: Understanding of multiple

possible futures created through design, includ-

ing intended and unintended consequences of
such design with respect to changing time and

context.

For this study on transformative agency, we

focus on how students move across the reasoning

The Manifestations of Conscientious Design in the Context of a Sustainable Engineering Project in Hawaii 1435

Fig. 1. The Conscientious Design Framework.
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quadrants [24], indicated by the solid arrows in Fig.

1. This movement is what we call reasoning fluency.

Such fluency is necessary for the designer to make

explicit the conscientious negotiation of risks and

benefits of design decisions. One of the ways that

designers make reasoning fluency explicit is
through discourse that can written, visual, or oral.

Furthermore, it is important that designers inform

their designs using their multicultural ingenuity and

ethical integrity and articulate these aspects as

justification for their design decisions. Using multi-

cultural ingenuity and ethical integrity can promote

reasoning fluency and lead to transformative

agency.
Multicultural ingenuity is a catalyst for reasoning

fluencies across experiential, first-principles, and

trade-offs reasonings (See the two dotted lines

towards the bottom of Fig. 1). Multicultural inge-

nuity creates space for designers to bring in their

transformative agency through leveraging their

experiential and cultural knowledge throughout

the design process. When emphasizing reasoning
fluency as a form of transformative agency, a

designer should be encouraged to enact their indi-

vidual background and experiences inclusive of

their cultural understandings to inform how they

understand and reason through design require-

ments and disciplinary ideas.

While multicultural ingenuity focuses on pre-

vious experiences, ethical integrity looks at the
possible futures of the design. Ethical integrity is

situated as the catalyst for reasoning fluencies

across futures, first-principles, and trade-offs rea-

soning (See the two dotted lines towards the top of

Fig. 1). A designer enacts their ethical integrity

through careful examination of the benefits and

burdens of the design with their knowledge of

multiple disciplines and design requirements.
Through this careful examination, designers

develop a morally committed practice of the

design process that focuses on using their agency

and values to help identify and address the inten-

tional or unintentional transformative impacts of

their design.

We view conscientious design as a novel

approach that grounds design in the individualized
cultures and values of the designer. Sanders [27]

maps previous design approaches such as human-

centered design, user-centered design, empathetic

design, participatory design, and critical design

across two spectrums. The first spectrum explains

what is guiding the design process, the design

requirements and iterations or applied research

from multiple disciplines. The second one situates
how users are positioned as subjects or partners.

This second spectrum demonstrates how previous

approaches to design focus design decisions

through the end user [3, 27]. Historically, human-

centered design and user-centered design, two of the

most well-known design approaches, challenged

technology-centered design where designers

impose decisions on intended users [28] to shift

the focus towards designing for the end user [3].
The conscientious design framework represents a

new shift away from over relying on designing for

the end user [6] towards focusing on design reason-

ing through the negotiation of risks and benefits

which include the impacts on the end user. By

describing how design reasoning is shaped by

culture and values, the framework supports an

understanding of design that is both personally
grounded and socially transformative, an aspect

often underrepresented in earlier design ap-

proaches.

4. Methods

4.1 Data Collection and Course Context

Our study uses 79 publicly available posters that

students created individually as a final deliverable

for their civil and electrical engineering courses at a

college inHawai‘i. Students submitted these posters

to their college’s undergraduate research confer-

ence. Students developed these posters to present

the project they developed in the course on design-
ing a carbon-neutral or carbon-negative energy

buildings through simulating solar energy projects

and integrating heating and cooling mechanisms

that could help Hawai‘i reach its goal of carbon

neutrality by 2045. Students used Aladdin, an AI-

enabled CAD software, to model the building of

their choice, design a solar project for the building,

and generate multiple analyses that use generative
AI tools to determine optimal specifications [29].

We tracked each poster using the identifier Aladdin

assigns and named each poster in this publication

after the first couple of words in their title to

anonymize the students as much as possible.

Earlier deliverables for the course include posting

scaffolded steps of their design project, including

their modeled building, energy usage graph for that
building, and their solar design iterations with

energy capacity, visibility, and heating or cooling

analyses. Along with these earlier deliverables

related to the design process, students also sub-

mitted cultural elements related to the location of

their building and ChatGPT prompts for their

Introductions and Conclusions. In Fig. 2, we

include the example of reiterated prompts provided
to the students for their Introduction sections and

the broader instructions for their use of ChatGPT

in the Conclusion sections.

Students could choose how much and what to

include from these deliverables in their poster to tell
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their design story following the template in Fig. 3

for a broad audience at the research conference. A

picture of the poster template given to the students

is shown in Fig. 3.

Through the conscientious design framework, we
understand that students can enact their transfor-

mative agency when given authentic design projects

that integrate purposeful design decisions [25]. In

the case of this solar project, authenticity is met by

students simulating solar design projects with mul-

tiple mechanisms and trade-offs. The purpose is met

through the need to create a carbon-negative or

carbon-neutral building to help Hawai‘i reach its
goal of carbon neutrality that provides opportu-

nities for students to negotiate the criteria impor-

tant to them.

Because the project is based on helping Hawai‘i

reach its goal of carbon neutrality, the design of the

study also promotes ethical integrity through the

need to consider the social and environmental

aspects of the design to reach this energy goal.

Ethical integrity, along with multicultural ingenu-

ity, are catalysts of reasoning fluency that promote

students to enact their transformative agency.
While the broader goal of carbon neutrality pro-

motes ethical integrity, the student makeup of the

college leads to more opportunities for multicul-

tural integrity. About 88% of the students at the

college are Hawai‘i residents [30], so the students in

these courses would likely have a personal and

cultural connection to the locations they selected.

One of the students sums up these connections to
the place, saying in their poster that ‘‘[w]hen decid-

ing what community center to choose as a model. I

found that I wanted to choose one that is close to

where I lived...so that it could feel more personal.’’

With these relationships to place, we will illustrate

in our findings how some students used their

The Manifestations of Conscientious Design in the Context of a Sustainable Engineering Project in Hawaii 1437

Fig. 2. Example prompts provided by the students for the Introduction (Top).
Assignment prompt provided to the students for the Conclusion (Bottom).
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cultural knowledge of these locations to guide their

design decisions. Reasoning fluency is called for-

ward through the final deliverable of the poster. The
prompt of the poster asks students to discuss their

design processes when making their design deci-

sions and the discussion should articulate the nego-

tiations they considered during their decision-

making. These alignments with both transforma-

tive agency and the conscientious design framework

illustrate why we chose to analyze this course,

specifically its final deliverable of the poster.

4.2 Data Analysis

Prior studies of designers have effectively used

discourse such as conversations, sketches, and writ-

ing to make sense of designers’ thinking processes

[31–33]. The nature of discourse we examined in this

study is written discourse, retried from student

design posters. To analyze the posters, we used a

hermeneutic inquiry combining qualitative content

analysis and thematic analysis [34]. We recognize
that the posters are a succinct form of discourse that

will not encapsulate all the design decisions that

occurred throughout the course. Although concise,

using a hermeneutic inquiry based on qualitative

content analysis [35] allows us to interpret the

students’ chosen written texts as what the students

believed were the most important aspects and

decisions of their design processes.
Through this qualitative hermeneutic inquiry, we

followed two cycles of coding where both cycles

focused on being both descriptive and interpretive

[34, 35]. The first three authors conducted an initial

exploratory coding [36] process and had discussions

that led to the understanding that the students who

often moved through the reasoning quadrants, out-
lined in the conscientious design framework [24],

seemed to bring in their cultural knowledge located

in the context of Hawai‘i and discussed the social or

environmental impacts of the design related to the

goal of carbon neutrality, even though the assign-

ment prompt did not require these aspects.

The first two authors used a pattern coding

process [36] in the second cycle of coding to further
interpret how these manifestations of the conscien-

tious design framework appear or are lacking in the

posters through the three aspects of transformative

agency. As we noticed the reasoning quadrants in

the first cycle, we coded portions of the poster that

elicited the specific reasoning quadrants with short

descriptions of what we interpreted as the students’

design decisions. We analyzed these quotations
with descriptions to identify patterns and later

themes of how reasoning fluency may or may not

havemanifested as content analysis focuses on both

manifested and latent content [37]. We also used the

identified quotes to see how students used their

cultural knowledge and the social or environmental

impacts of their designs to influence their decisions

acting as proxies for the catalysts of multicultural
ingenuity and ethical integrity, respectively. These

quotes related to multicultural ingenuity and ethi-

cal integrity helped to identify outliers that illus-

trate more fluent manifestations of conscientious

design reasoning in students’ written discourse.

To ensure rigor in our analytical process, we

Austin Morgan Kainoa Peters et al.1438

Fig. 3. Poster template for final deliverable with prompts and requirements for each section.
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conducted a validity check with these outlier pos-

ters because of their reasoning fluency. These pos-

ters move through multiple reasonings through

enacting different reasoning fluencies that guided

our discussions so that we would have a shared

understanding of the coding process based on the
conscientious design framework. This validity

check ensured the integrity of the qualitative

coding process as a form of ethical validation and

brought about fruitful discussions to negotiate

patterns as a form of process reliability [38]. While

this first validity check focused on reasoning flu-

ency, we conducted a second validity check with the

same goals of improving integrity and bringing
about fruitful discussions of patterns using two-

dimensional data displays [36] that organized the

cultural knowledge, as well as social and environ-

mental impacts, alongside the sections of the poster.

For the cultural knowledge data display, ourNative

Hawaiian author fromHawai‘i completed that data

display on their own as we decided that he would

have a better perspective to identify cultural knowl-
edge related to Hawai‘i while the first two authors

completed the social and environmental impacts

data display together.

5. Results

Our analysis revealed five hierarchical ways con-

scientious design manifested in the context of a
sustainable design project in Hawaii. Each level

represents increased levels of the conscientious

negotiation of risks and benefits that is brought

out in students’ design posters. We labeled these

levels as following:

� Level 1: Technological Determinism.

� Level 2: Two Quadrants Reasoning.

� Level 3: Reasoning Quadrants without Fluency.
� Level 4: Conscientious Negotiation.

� Level 5: Transformative Agency.

At each level, we include examples from student

posters to present our analysis of patterns that

impacted reasoning fluency and to provide inter-

pretations of aspects that may be inhibiting or

promoting reasoning fluency. These results also

address how conscientious design manifests in
student work.

5.1 Level 1: Technological Determinism

The first level represents aspects within the posters

where reasoning was not apparent or where we

could not distinguish students’ reasonings. In this
level and the next, we also focus on ways students

negotiate (or not) the outputs generated by AI tools

that they use. The assignment prompt calls for an

explanation of the engineering problem and a

discussion on design parameters which would

have set up opportunities for design reasoning.

Students used ChatGPT to help facilitate writing

in the form of a research poster genre, with the

expectation to see students edit these outputs in

alignment with the assignment expectations. How-
ever, the Introduction sections of many posters

exhibited a strong case of technological determin-

ism. Technological determinism represents a larger

pattern connected to the foundations of Western

engineering and engineering education that relies

on treating technical tools as neutral and depoliti-

cizing design aspects [18–21].

We observe the use of ChatGPT in the Introduc-
tion and Conclusion sections of the poster to

represent how students positioned this AI tool as

technologically deterministic. Although this use of

AI is not related to designing solar energy projects,

the conscientious design framework recognizes the

articulation of reasoning as central to the design

process. Despite the instructor warning the students

of the biases and misinformation of ChatGPT in
their assignment prompt, there are instances where

students appear to not realize they are using

ChatGPT in a technologically deterministic

manner. Below, we cite the entire Introduction of

the ‘‘Shining Light’’ poster as an example. The

metaphor-filled Introduction suggests heavy reli-

ance on ChatGPT.

Aloha! Embark on a sun-soaked journey through

the Pacific breeze as we explore the harmonious

blend of solar panel farms and circuit analysis, with

a special gaze upon Thevenin equivalent circuits. In

the limited canvas of Hawaii’s vibrant landscape,

where space is a treasure, our poster presentation

unveils the creative magic weaving through com-

pact solar arrays. Discover how Thevenin’s wizar-

dry transforms the challenge of limited space into

an opportunity for ingenious design, capturing the

essence of Hawai‘i’s boundless sunshine. Join us

for this tropical odyssey where solar panels dance

to Thevenin’s rhythm, promising a sustainable,

space conscious aloha to a brighter future. This

project was conducted in [school name] right off

the [location].

Introductions like these reinforce technological

determinism through perpetuating colonial under-

standings embedded in metaphors. The first colo-

nial understanding is the celebration of tourism

with the phrases ‘‘sun-soaked journey through the

Pacific’’ and ‘‘tropical odyssey.’’ These phrases
reinforce a commodified understanding of Hawai‘i

as a tropical paradise for colonial possession

through the industry of tourism [39], one of the

two largest industries in Hawai‘i that erase Native

Hawaiian connections to and conceptions of the
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natural world [40]. The second colonial understand-

ing embedded in multiple posters is Hawai‘i being

described as isolated with limited space. This poster

exemplifies this understanding through the phrases

‘‘In the limited canvas ofHawai‘i’s vibrant landscape,

space is a treasure’’ and ‘‘space conscious aloha to a

brighter future.’’ Treating Hawai‘i as isolated

islands without enough space casts the illusion

that Hawai‘i needs to depend on the United States

(US). A lot of posters mentioned how Hawai‘i

imports most of its food and energy [41] maintain-

ing this concept of dependency. However, US

colonialism in Hawai‘i actively imposes isolation

as a tool to maintain economic and political depen-
dency so that the US can continue to profit off

Hawaiian land, people, and resources [42, 43].

We do not know exactly how much the student

directly copied or revised the outputs of ChatGPT

because these colonial understandings are also

socialized in Hawai‘i. However, the fact that

ChatGPT with inherent colonial underpinnings

[44] helped the students develop their Introduction
and Conclusions represents possible locations

where students reasoning is muddled or erased

and where students are seemingly not questioning

the tool. Through this lack of questioning, students

are intentionally or unintentionally taking an objec-

tive stance through a technological deterministic

perspective where the technology, in this case

ChatGPT, drives social change of maintaining the
power dynamics held within colonial ideologies of

Hawai‘i. This objective stance also conceals design

reasoning, illustrating a Level 1 use of conscientious

design where the student is overlooking the politi-

cal, cultural, and economic impacts of their words.

5.2 Level 2: Two Quadrants Reasoning

The second level represents the posters that pro-

vided evidence of reasoning in two quadrants that

are positioned opposite to each other, most com-

monly the experiential reasoning and futures rea-

soning quadrants. However, the posters did not

exhibit reasoning fluency lacking connections with

the other reasoning quadrants. As we explained in

the framework, experiential reasoning comes from
experiments (in this case conducted in Aladdin) as

well as from prior knowledge and experiences while

futures reasoning is thinking through the different

possible futures and consequences of the design

options. Aladdin’s generative AI capabilities

create analyses that would fall under experiential

reasoning. While we do view the generative AI

capabilities of Aladdin as a useful tool for these
solar design projects, this second level pattern

represents how heavy reliance on the output of

these capabilities can be a barrier to reasoning

fluency.

Specifically, these posters manifested limited

experiential learning and reasoning with respect to

the outputs of Aladdin’s analyses and limited

futures reasoning to the broad impact of the

design on Hawai‘i’s energy landscape. Students

can flow between these reasonings through first-
principles reasoning when they make generaliza-

tions from their experiments or through trade-offs

reasoning when they make a decision based on

competing requirements. However, at this second

level, the posters lacked this flow evident in the

‘‘Sustainable Schools’’ poster where the goal of the

student’s design project is to maximize energy

production for a public school building in
Hawai‘i. The student decided to add solar panels

to the roof of their building ‘‘until the roof was

completely covered to allow for maximum energy

production’’while also implementing a solar canopy

in the parking lot and a solar farm behind the

building. The poster explicitly states in the Testing

section that ‘‘the goal of each installation was to

produce as much energy as possible,’’ leading to a
design that produced about 850,000 kWh annually

while the building only needed 190,000 kWh based

on Aladdin’s analysis. There was evidence of

futures reasoning in the statement that ‘‘there

would be a surplus of about 800,000 kWh that

could be utilized elsewhere throughout the school.’’

We interpret this maximizing of energy yield as the

student doing everything in their power to output
the highest energy capacity situating their reasoning

in the experiential reasoning quadrant with the goal

of providing energy to the entire school as a form of

futures reasoning. However, not considering any

other risks and benefits for their design illustrates a

technologically deterministic view of valuing a

technical output.

While the ‘‘Sustainable Schools’’ poster illus-
trates how some students ignored the connection

between reasoning quadrants leading to a lack of

reasoning flow, there are also examples where

students tried to negotiate reasonings through

these intermediary quadrants. However, these

negotiations missed the mark and also lacked

reasoning fluency. A common example of a mis-

aligned negotiation is through the posters where
students wanted their solar designs to be an educa-

tional tool to further the social impact of their

design. Most of these posters that mentioned the

solar design being an educational tool also expli-

citly or implicitly discussed or depicted their visibi-

lity analyses as a tradeoff. The visibility analysis is

one of the generative AI analysis tools in Aladdin

that measures how well the solar project is out of
human sight to maintain the aesthetic of Hawai‘i,

an important tradeoff for solar panel implementa-

tions usually.
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In these examples, we notice evidence of students

moving from experiential reasoning to trade-offs

reasoning in the way they utilized Alladin’s visibi-

lity analysis feature. The posters reflect considera-

tions of futures reasoning through the articulation

of the added educational value of a solarized school
building. However, an important consideration and

trade-offs reasoning was missing. If the solarized

school building had an educational value, visibility

would need to be increased, perhaps maximized, so

students at this school could see and interact with

the solar project. Because these students continued

to incorporate the visibility analysis that hides their

solar panel project, we interpret this as another way
that students positioned these technical outputs of

the Aladdin software as objective and missed the

opportunity to move through trade-offs reasoning

towards futures reasoning through not negotiating

the purpose of the visibility analysis with their

goals. From this interpretation, students are using

Aladdin’s analyses as an objective tool that does not

require any type of assessment or reasoning from
them. Promoting a more conscientious negotiation

could have helped the student find a different

solution to the tradeoff of aesthetics, such as blend-

ing in the visual design of their solar panel project

with the aesthetic of the school. We will come back

to this example in a later section.

5.3 Level 3: Reasoning Quadrants without Fluency

Like the first two levels, the third level demonstrates

how positioning technical aspects as objective

design outputs discourages reasoning fluency.

However, the third level signifies how posters

could occupy connected reasoning quadrants but

without fluency across the reasoning quadrants. As

a reminder, the poster template calls for students to

‘‘Discuss the process you used to make design

decisions’’ in the Design section, so we expected

evidence of reasoning fluency. However, posters

that exhibited this third pattern generally listed
discrete factors that students considered without

reasoning fluency. The ‘‘Solar Panel Design’’ poster

stated:

The design process was centered around several

factors: capacity (energy required vs. space),

weather patterns (can we obtain enough energy

year-round), and visibility (how the panels looked

and where they were). Thus, the panels were

strategically designed, staged and analyzed in the

area of the [school name] campus.

Energy capacity, weather patterns, and visibility

are all analyses done by the Aladdin software. The

student describes that they took the results of these
analyses to make their decisions but not what

decisions they made, which situates the student

within both the experiential reasoning quadrant

from the output of the analyses and the trade-offs

reasoning quadrant from the consideration of the

multiple analyses. The ‘‘Solar Panel Design’’ poster

illustrates the first-principles reasoning implicitly

with the addition of Fig. 4, a depiction of the
analyses.

Fig. 4 includes the energy capacity analysis with

the graph on the top right that shows whether the

student met the design criteria of designing a

carbon-negative building, as the lighter lower bars

produce more energy than the darker upper bars.

The student also includes a heliodon (the circle

The Manifestations of Conscientious Design in the Context of a Sustainable Engineering Project in Hawaii 1441

Fig. 4.Design for ‘‘Solar Panel Design’’ Poster that includes an energy output graph and heliodon that helps decide the ideal tilt for the
solar panels.
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around the building) which tracks the movement of

the sun that would help the student determine an

optimal solar panel position. The inclusion of this

heliodon represents first-principles reasoning

because we can infer that the student used the

heliodon to change panel angles to decide on an
energy capacity level that they wanted.

Despite occupying three connected reasoning

quadrants, ‘‘Solar Panel Design’’ does not explicitly

describe how they moved between these quadrants

because the student lists considerations or depicts

analyses that are both connected to analytical out-

puts. We interpret this lack of movement between

quadrants or lack of reasoning fluency as students
valuing final design outputs and products and not

the process of negotiation that informs design

decisions.

5.4 Level 4: Conscientious Negotiation

In the previous themes, we discussed how relying on

technical aspects hides reasoning fluency and how
objectivity through technological determinism is a

possible mechanism that blurs and misaligns rea-

soning. In this theme, we explain how using multi-

cultural ingenuity and/or ethical integrity can

promote reasoning fluency representing higher

levels of conscientious negotiation.

Many of the posters mentioned a cultural or

social understanding of the place, land division, or
island in Hawai‘i where the site is situated using

specificNativeHawaiian cultural elements. Finding

these cultural elements was one of the earlier

deliverables; however, students did not have to

incorporate these cultural elements into their pos-

ters. As a reminder, we see the inclusion of cultural

knowledge in posters as a proxy for students enact-

ing their multicultural ingenuity.
Some students described historical significance of

places, specific cultural features like loko i‘a or

fishponds in that place and Native Hawaiian mo‘o-

lelo or stories that are rooted in place [45]. Themost

common use of cultural knowledge was introducing

the reader to the ahupua‘a or pie-shaped land

division in which their building is situated. For

context, the ahupua‘a system divided land in
terms of freshwater resources to develop relation-

ships between upland and downland people, and

more importantly, with the natural world to ensure

the abundance and health for all through an econ-

omy based in regenerative resources and relation-

ships [46]. Through situating their buildings into the

ahupua‘a system, students are actively demonstrat-

ing their transformative agency by drawing on their
cultural knowledge. Similarly, students are also

demonstrating pluralism through their use of ahu-

pua‘a, bringing their individualized cultural and

geographical understandings towards a collective

renewable energy future [14] throughout Hawai‘i.

‘‘Optimizing Solar’’ makes this connection in the

following sentences:

This design draws inspiration from my local ahu-

pua‘a of Waiakea-Uka in Hilo. The region, known

for its fertile soil, fresh water, and agricultural

heritage, embodies a balance with nature that this

project aims to replicate in modern building prac-

tices. By using resources thoughtfully and reducing

environmental impact, this design aligns with sus-

tainable principles rooted in Hawai‘i’s cultural and

natural landscapes.

This statement illustrates the student explicitly

connecting the values of their ahupua‘a and the

ahupua‘a system at-large to their solar energy pro-

ject focusedon regenerative resourcemanagement in

the current energy landscape, representing a move-

ment from their experiential reasoning based in their

cultural knowledge of place to their first-principles
reasoningwith the specific disciplinary knowledge of

‘‘modern building practices’’ learned in the course as

well as to trade-offs reasoning by negotiating ‘‘using

resources thoughtfully and reducing environmental

impact.’’ Although this example demonstrates rea-

soning fluency through multicultural ingenuity, we

recognize that this reasoning represents broader

understandings of the design rather than informing
specific design decisions which is representative of

what we classify as a Level 4.

The forms of reasoning fluency through multi-

cultural ingenuity were most frequently in the

Introduction section of the posters. This makes

sense as the Introduction section sets up the loca-

tion of the building and utilizes ChatGPT. We

found a similar pattern with the discussions of
societal and environmental impacts, or proxies of

ethical integrity, most frequently being in the Intro-

duction and Conclusion sections, the two sections

that focus on broader impacts of the design.

These discussions surrounding ethical integrity

explained how the designs addressed the future

impacts through trade-offs reasoning or broad dis-

ciplinary knowledge (i.e., first-principles reason-
ing). Examples of these impacts include: (1)

decreasing the over-reliance on imported fossil

fuels that make up around 80% of Hawai‘i’s

energy grid [41]; (2) reducing energy costs for

residents as the need for cooling increases with

increasing tropical temperatures; and (3) protecting

the natural and picturesque environment in

Hawai‘i. In these examples, ethical integrity appears
to catalyze fluency through trade-offs and first-

principles reasonings towards futures reasoning.

While reasoning fluency through multicultural

ingenuity and ethical integrity are evident through-

out these examples, these aspects of transformative
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agency are disproportionately represented in the

Introduction and Conclusion sections. In the

Design and Testing sections, where specific design

decisions should be discussed, the conversations

were prominent around the measurable, technical

aspects of the design. We interpret these patterns as
students missing opportunities for reasoning flu-

ency using multicultural ingenuity and ethical

integrity in support of the broader impacts of

their design by relying solely on the technical

aspects. We recognize that these usage patterns

are likely influenced by the set-up of the final

deliverable; however, a discussion of the design

process is stated in the prompt of the Design
section. Thus, we expectedmore examples of ethical

integrity and multicultural ingenuity in the Design

section of the posters and maintain our interpreta-

tion of students prioritizing the technical over other

aspects that may be hindering their reasoning flu-

ency in the Design and Testing sections.

5.5 Level 5: Transformative Agency

At this final level, we offer two outliers, one that

exemplifies a specific use of multicultural ingenuity

on design decisions and another that exemplifies a

specific use of ethical integrity on design decisions.

These examples demonstrate how using multicul-

tural ingenuity and ethical integrity tomake specific

design decisions promotes higher levels of reason-

ing fluency and conscientious negotiation to move
towards transformative agency in design.

We observed the richest representation of cul-

tural knowledge in the ‘‘Designing Energy’’ poster

where the student used their knowledge of place in

the Introduction to guide their design rather than a

broad generalization. In the Introduction, the stu-

dent explains how the name of the ahupua‘a where

they are from influenced their design:

Niumalu translates to ‘Shaded Coconut Trees’ as a

prevalent (though not as much in current time)

amount of coconut trees dot my homeland, provid-

ing shade from the harsh Hawaiian sun . . . From

this name, a strategy can be devised towards

energy efficiency.

In the Design section, the student ensures that

their design involves the planting of Native trees,
specifically ‘‘canopy micro trees and palms’’ with the

latter representing coconut trees, alongside instal-

ling a solar panel for the building in their ahupua‘a

of Niumalu as shown in Fig. 5.

‘‘Designing Energy’’ is an example where center-

ingmulticultural ingenuity situates the design in the

experiential reasoning quadrant. The student’s

knowledges of place and Native trees allows them
to articulate their rationale to integrate coconut

trees into their design for shade, demonstrating

first-principles reasoning of heating and cooling

mechanisms built into Aladdin, as well as trade-

offs reasoning between energy efficiency and envir-

onmental/cultural revitalization that are often

socially constructed as at odds to each other.

The ethical integrity outlier goes back to design-
ing a solar project that is also an educational tool to

illustrate how a more aligned and conscientious

negotiation of trade-offs is elicited through ethical

The Manifestations of Conscientious Design in the Context of a Sustainable Engineering Project in Hawaii 1443

Fig. 5.Design for ‘‘DesigningEnergy’’ that uses the default trees inAladdin to represent coconut trees and its relationship to the ahupua‘a
of Niumalu. It should be noted that Aladdin only implements trees common in Boston and California, so the student denoted that the
trees in the figure are stand-ins for coconut trees.
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integrity. The ‘‘Integrating Solar’’ poster demon-

strates a more aligned approach in the Design

Section:

Both rooftop solar and solar farms were modeled in

Aladdin, however only one design satisfies the

demand for sustainability minded STEM educa-

tion. By using the solar farm, students can be

allowed hands on access to the solar panels.

Classes can be designed around this interface

teaching material related to circuits and circuit

analysis, maintenance, and sustainability.

In this example, the student chose a solar farm

which is the only type of solar project that is located

on the ground. ‘‘Integrating Solar’’ exhibits ethical

integrity through the reasoning fluency from first-

principles to futures reasoning with the disciplinary
knowledge to identify possible curricular units with

a solar farm as an educational tool. They also move

from trade-offs reasonings to futures reasonings by

ignoring the previously discussed visibility analysis

that is one of the intermediate deliverables to better

alignwith their value of education and challenge the

notion of the visibility analysis as an objective tool.

Both outliers demonstrate how these students
moved beyond the requirements of the poster to

articulate how their multicultural ingenuity and

ethical integrity played an integral role in their

design decisions exemplifying transformative

agency.

6. Discussion – Moving towards
Transformative Agency through
Conscientious Design

The first goal of our study is to introduce the

conscientious design framework that we spent the
majority of the time doing in Section 3. We further

developed the different aspects of the framework

related to transformative agency when discussing

reasoning fluency, especially with respect to the

catalysts of multicultural ingenuity and ethical

ingenuity. Guided by this framework, we were

able to identify the manifestations of conscientious

design through introducing and exemplifying the
different patterns of reasoning fluency in the

Results Section. Informed by these results, we

provide recommendations to promote transforma-

tive agency through conscientious design. Our first

recommendation is to help designers understand

that the technical and technological aspects of

design, such as analytical outputs and AI tools,

are design considerations that should only be
included when promoting reasoning fluency.

The first four levels in the results that we framed

as the different levels of conscientious negotiation

showed how relying on and not questioning the

technical aspects of design prevented reasoning

fluency. The first level illustrates how taking a

purely objective stance in the use of ChatGPT

resulted in neglecting the social, political, and

environmental impacts of their design decisions,

leading to no indication of reasoning. Riley [21]
describes this objective stance as built into the

foundation of engineering and engineering educa-

tion as a mindset that works to maintain designs as

neutral and apolitical [20]. The second and third

levels demonstrate that using multiple reasonings

does not necessarily translate to reasoning fluency

as the examples showed that many of the students

used their analytical outputs as the only justifica-
tion for their design decisions. We connect this

reliance on analytical outputs as evidence of how

Western engineering and engineering education

value industrialized concepts like efficiency and

optimization [19] which represent Aladdin’s analy-

tical outputs. Gelles and colleagues [18] reported

that the overvaluing of industrialized concepts

among engineering students can lead them to over-
look non-technical aspects that align with the

evidence that the students provided in levels 2 and

3. The habit of overlooking non-technical aspects

through prioritizing the technical aspects of design

is also reinforced in level 4, where the students

limited their uses of multicultural ingenuity and

ethical integrity to connect the broader influences

and impacts of their designs rather than using their
multicultural ingenuity and ethical integrity to

make specific design decisions.

Our second recommendation stems from these

limited uses in level 4, to encourage designers to

integrate their multicultural ingenuity and ethical

integrity throughout all aspects of the design pro-

cess to promote reasoning fluency. More specifi-

cally, student designers should be given
opportunities to articulate theways that theirmulti-

cultural ingenuity and ethical integrity influence

their design decisions. The students who demon-

strated conscientious design at level 5 were the

outliers who articulated how their multicultural

ingenuity and ethical integrity impacted their

design decisions. Our analysis of these cases demon-

strated how the interaction between reasoning flu-
ency, multicultural ingenuity, and ethical integrity

emphasizes pluralism [3, 15] so that individual

designers can use their own perspectives and actions

to move towards a collective change [12, 14, 15]

around the shared goal of carbon neutrality in

Hawai‘i. This interaction cultivates transformative

agency,manifested in conscientious design, tomove

beyond the technical to thoroughly consider all
aspects of a design from individualized back-

grounds, experiences, and values towards social

transformation [10].
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Based on these two recommendations, it is

obvious that our overarching recommendation is

to find ways for designers to promote and articulate

reasoning fluency. Instructors of design should

produce pedagogical tools and approaches that

promote students to articulate their reasoning flu-
ency to justify their decisions as a form of con-

scientious negotiation. One such tool from our

previous work is the engineering design coaching

tool [47] that provides questions instructors should

ask to provoke reasoning within each quadrant and

reasoning fluency between quadrants. Also, the

design of deliverables can play a huge role as

exemplified by the outlier students who moved
beyond the requirements to enact their transforma-

tive agency aligning with previous work in maker-

spaces [17].

We argue that conscientious design is an

approach that challenges the objectivity built into

the historical and cultural foundation of our field,

including design [21]. A conscientious design

approach accomplishes this challenge through cen-
tering transformative agency by explicitly articulat-

ing reasoning fluencies to move beyond the

technical aspects of design catalyzed throughmulti-

cultural ingenuity and ethical integrity. Through

this focus on transformative agency in design, a

conscientious design approach grounds reasoning

in the knowledges of the designer, positioning this

approach in friendly contrast to other design
approaches that places the emphasis only on users

[3, 6, 27].

7. Conclusion

Through a hermeneutic inquiry of design posters of

an AI-enabled solar project in Hawai‘i, we illu-

strated how conscientious design manifests in stu-
dent work. Our analysis revealed five increasingly

conscientious levels of design reasoning, ranging

from technological determinism as an inhibitor to

reasoning fluency to conscientious negotiation with

the highest-level of negotiation being transforma-

tive agency. These findings demonstrate how design

is a reciprocal relationship between the individual

and society where each shape and transform one

another. The conscientious design framework

makes this relationship transparent through pro-

moting reasoning fluency that centers the negotia-

tion and rationale behind design decisions. The
framework situates both human ingenuity, which

is inherently multicultural, and ethical integrity as

equally important as technical aspects in decision-

making.

A contribution of our study is the methodologi-

cal approach of analyzing posters through a herme-

neutic inquiry. These posters are concise versions of

student’s design process that uncover the manifest
and latent aspects of design that students priori-

tized; however, the posters are limited in depth.

Future work should also conduct interviews, or

reflection prompts with students to gain deeper

insights into the design aspects they prioritize. In

addition, a quantitative content analysis approach

would encompass generalizable insights related to

reasoning fluency.
In support of engineering design education, the

conscientious design framework can guide design

reviews. These reviews emphasize reasoning fluency

as evidence that students can negotiate diverse

aspects of design and related risks and benefits,

including negotiating their agency with respect to

AI. Promoting reasoning fluency and creating space

for transformative agency are integral to moving
towards a well-grounded and socially transforma-

tive designed world. Eliciting active and conscien-

tious negotiation is especially important in the age

of artificial intelligence (AI), so we can most effec-

tively determine the risk and benefits of AI as a

design tool and build competencies for a healthy

human-machine co-agency.
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12. Ş. Purzer and T. Abane, Fundamental research: A framework for socially transformative engineering through conscientious design,

Proceedings of the 2024 ASEE Annual Conference, Portland, Oregon, USA, June 23, 2024.

13. M. Emirbayer and A. Mische, What Is Agency?, American Journal of Sociology, 103(4), pp. 962–1023, 1998.

14. A. Haapasaari, Y. Engeström and H. Kerosuo, The emergence of learners’ transformative agency in a Change Laboratory

intervention, Journal of Education and Work, 29(2), pp. 232–262, 2016.

15. D. Paris and H. S. Alim,What are we seeking to sustain through culturally sustaining pedagogy? A loving critique forward, Harvard

Educational Review, 84(1), pp. 85–100, 2014.

16. H. Kerosuo, Transformative Agency and the Development of Knotworking in Building Design, in M. Geller and S. Paloniemet

(eds.), Agency at Work: An Agentic Perspective on Professional Learning and Development, Springer, pp. 331–349, 2017.

17. A. Kajamaa and K. Kumpulainen, Agency in the Making: Analyzing Students’ Transformative Agency in a School-based

Makerspace,Mind, Culture, and Activity, 26(3), pp. 266–281, 2019.

18. L. A. Gelles, J. A.Mejia, S.M. Lord, G.D.Hoople, andD.A. Chen, Is it all about efficiency? Exploring students’ conceptualizations

of sustainability in an introductory energy course, Sustainability, 13(13), p. 7188, 2021.

19. L. Vanasupa, L. Schlemer, R. Burton, C. Brogno, G. Hendrix and N. MacDougall, Laying the Foundation for Transdisciplinary

Faculty Collaborations: Actions for a Sustainable Future, Sustainability, 6(5), pp. 2893–2928, 2014.

20. E. A. Cech, The (mis)framing of social justice: Why ideologies of depoliticization and meritocracy hinder engineers’ ability to think

about social injustices, Engineering Education for Social Justice: Critical Explorations and Opportunities, pp. 67–84, 2013.

21. D. Riley, Mindsets in Engineering, in D. Riley (ed.), Engineering and Social Justice, Springer, pp. 33–45, 2008.

22. J. A. Leydens and J. C. Lucena,Engineering justice: Transforming engineering education and practice. Piscataway,New Jersey:Wiley-

IEEE Press, 2017.

23. Criteria for Accrediting Engineering Programs, 2025–2026 | ABET, https://www.abet.org/accreditation/accreditation-criteria/

criteria-for-accrediting-engineering-programs-2025-2026/, Accessed 23 October 2025.

24. J. Quintana-Cifuentes and S. Purzer, Semantic fluency in design reasoning, International Journal of Engineering Education, 38(6),

2022.
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