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Abstract: This study investigates the application of Nielsen’s 10 usability heuristics in the design of digital Sustainable
Product Development (SPD) tools using a participatory design approach. Participants included representatives
from three companies and SPD experts from academia. During the workshops, the ten usability criteria were
presented, after which participants engaged in a brainstorming session to generate practical recommendations
for SPD tool design based on their professional experience. The results suggest that SPD practitioners con-
sider these heuristics relevant for SPD tool development. Future research will evaluate the effectiveness of
integrating these guidelines into the design process and ongoing improvements to SPD tools.

1 INTRODUCTION

The integration of digital solutions into industrial
product development processes represents one of the
most significant shifts in today’s economy. Industries
that used to depend on manual and analog procedures
are now embracing the use of digital tools that allows
for the collection of large amounts of data.

Sustainable product development (SPD) in-
volves integrating sustainability considerations into
the product development process (Kaebernick et al.,
2003; Ahmad et al., 2018). Product development
itself involves designing, improving and managing
a product or service throughout its development cy-
cle (Press, 2011). Incorporating sustainability into
this process is crucial for advancing societal sus-
tainability objectives, as the impacts associated with
product life cycles are among the primary contribu-
tors to the ongoing sustainability crisis (Kaebernick
et al., 2003; Pujari, 2006; Tukker and Jansen, 2006;
Sutherland et al., 2020). This crisis not only threat-
ens society’s capacity to sustain itself, posing direct
risks to human life and social systems (United Na-
tions Department of Economic and Social Affairs,
2025; Richardson et al., 2023; Planetary Boundaries
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Science, 2025; UNEP, 2025), but also drives seven
of the ten most significant global economic risks pro-
jected for the next decade, according to the World
Economic Forum (World Economic Forum, 2026).

Several Sustainable Product Development (SPD)
tools are utilized across various industries, includ-
ing LEASA and the Sustainability Fingerprint (SF).
LEASA (Watz and Hallstedt, 2024) employs struc-
tured workshops and focus groups that integrate back-
casting, life cycle assessment, gap analysis, and pro-
totyping within requirements engineering to identify
key sustainability criteria for assessment in the early
stages of product development. The SF (Hallstedt
et al., 2023) tool elaborates on different levels of com-
pliance for each criterion. SF supports the defini-
tion of the sustainability design space and the desired
sustainability profile for new solutions by facilitating
user assessment of the sustainability criteria identified
through LEASA. Another SPD tool, the Sustainabil-
ity Impact Assessment (Hallstedt and Pigosso, 2017),
provides a step-by-step approach tailored to the Tech-
nology Readiness Level. This tool aims to increase
awareness of sustainability impacts during the design
and development of new products and technologies.

The digitalization of SPD tools has a potential to
promote a wider adoption of the tools in companies.
In particular, these tools are designed to be used by
groups consisting of stakeholders with different back-
grounds and competences. Although group decision
making is common in business organizations, sustain-
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ability is considered a complex topic for collective de-
cision making (Brambila-Macias and Sakao, 2021).
Moreover, to be effective, digital tools should be de-
signed considering the companies’ context and should
pursue high levels of usability. Usability assesses
how easy the users interact with a digital tool, in-
cluding five quality aspects: learnability, efficiency,
memorability, errors, and satisfaction (Nielsen et al.,
2012).

Despite there being numerous and varied ap-
proaches, tools, methods, and frameworks for sustain-
able product development (Faludi et al., 2020), their
actual adoption remains limited (Bovea and Pérez-
Belis, 2012; Lee-Mortimer et al., 2009; Deutz et al.,
2013). Furthermore, the sustainability performance
of products still does not meet the ambition level of
product development companies. For instance, a 2023
study of seven Danish manufacturing firms revealed
that these companies were not achieving their stated
sustainability performance targets (Vilochani et al.,
2025).

A barrier to the adoption of sustainable design
tools is that users experience many of the tools as
time-consuming (Bovea and Pérez-Belis, 2012) and
overly complex (Bovea and Pérez-Belis, 2012; Pren-
deville et al., 2013; Schöggl et al., 2024). Mallalieu
et al. (Mallalieu et al., 2024) found that knowing how
to appropriately use the design methods proposed by
SPD experts is a category of factors that influence
the adoption of sustainable design practices and ul-
timately sustainability performance. Specifically, a
lack of understanding of how to use SPD tools had
a negative impact on (1) design method outcomes, (2)
practitioner engagement and ultimately (3) sustain-
ability outcomes (Mallalieu et al., 2024). Indeed, im-
proved ‘user friendliness’ of tools and methods has
been requested by both product developers (Hallstedt
et al., 2022) and academics (Faludi et al., 2020).

Faludi et al. (Faludi et al., 2020) recently pre-
sented a comprehensive overview of digitalization so-
lutions and digital supports for sustainable design.
Their work offers a roadmap that documents hun-
dreds of methods, tools, and other supports for sus-
tainable design, as well as a thorough discussion of
existing literature reviews. Research and practice in
the Nordics and Baltics have developed taxonomies
and toolboxes to guide the selection of eco-design
tools for various design tasks (CIR, ; Sus, ), and have
also introduced digital solutions to support sustain-
ability reporting (Willskytt et al., 2020). However,
these studies have not considered usability in any sig-
nificant way. Therefore, this paper focuses on the us-
ability of SPD tools.

This paper investigates the integration of usabil-

ity design guidelines into the development of digital
SPD tools. A participatory design approach is em-
ployed, involving sustainability representatives from
companies and SPD experts from academia, through
workshops. Nielsen’s 10 usability heuristics provide
the foundational guidelines for the workshops. Draw-
ing on the workshop outcomes, this paper provides
design guidelines for digital SPD tools.

2 10 USABILITY HEURISTICS

Jakob Nielsen proposed the 10 usability heuristics
over three decades ago (Nielsen, 1994). These heuris-
tics are widely recognized as the most frequently used
guidelines in user interaction design. The 10 usability
heuristics were formulated to maximize explanatory
power across diverse usability issues. Factor anal-
ysis produced heuristics based on fundamental mis-
matches between humans and machines, rather than
specific screen designs or user interface technolo-
gies (Nielsen, 2024). They are called “heuristics” be-
cause they are broad rules of thumb and not specific
usability guidelines. The heuristics are as follows:

1. Visibility of System Status: The system must
consistently inform users of ongoing processes by
providing timely and appropriate feedback. Users
should be able to check the current system status
at any time.

2. Match Between System and Real World: The
system must use terminology, phrases, and con-
cepts familiar to users. Information should be pre-
sented in a logical and intuitive sequence, follow-
ing real-world conventions.

3. User Control and Freedom: Users may inadver-
tently perform unintended actions; therefore, the
interface should provide clearly marked options
to exit unwanted states efficiently. Additionally,
support for undo and redo functions is essential.

4. Consistency and Standards: Terminology, ac-
tions, and interface elements must be used con-
sistently to prevent ambiguity. Adherence to plat-
form and industry standards reduces user confu-
sion.

5. Error Prevention: Proactive design should prior-
itize preventing errors over relying on error mes-
sages. Eliminate error-prone conditions or imple-
ment checks that prompt users for confirmation
before proceeding.

6. Recognition Rather Than Recall: Reduce users’
cognitive load by keeping objects, actions, and
options visible. Users should not be required to
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recall information across different interface sec-
tions. Instructions must be readily accessible.

7. Flexibility and Efficiency of Use: Incorpo-
rate accelerators that enhance efficiency for ex-
perienced users while remaining unobtrusive to
novices. The system should enable users to cus-
tomize frequently performed actions.

8. Aesthetic and Minimalist Design: Interfaces
must exclude irrelevant or infrequently needed in-
formation. Superfluous content competes with es-
sential information, reducing its prominence.

9. Help Users Recognize, Diagnose, and Recover
from Errors: Error messages must use clear,
non-technical language, precisely identify the is-
sue, and provide constructive guidance for resolu-
tion.

10. Help and Documentation: Although optimal
systems require minimal documentation, help re-
sources may still be necessary. Documentation
should remain easily searchable, task-oriented,
concise, and provide clear, actionable steps.

3 RESEARCH DESIGN

This study employs a participatory design approach
to investigate usability design guidelines for digital
SPD tools, as part of a larger participatory design
project to improve and develop SPD tools. Partici-
patory design is a collaborative methodology that in-
volves end users, stakeholders, and other relevant par-
ties throughout the design process. Originating in
Scandinavia in the 1970s as part of democratic work-
place movements, this approach challenges the tra-
ditional top-down model in which designers develop
solutions independently (Ehn and Badham, 2002).
Participatory design acknowledges that prospective
users of a product, service, or system possess crit-
ical knowledge and insights that contribute to more
effective and contextually appropriate outcomes (Ehn
and Badham, 2002). Through the use of workshops,
co-design sessions, prototyping activities, and itera-
tive feedback loops, participants act as co-creators
rather than passive research subjects. This method-
ology produces designs that better address user needs
and preferences, enhance participants’ sense of own-
ership and empowerment, and contribute to higher
adoption rates and more sustainable results (Bødker
et al., 2022). Although participatory design needs a
greater initial investment of time and resources, it re-
duces the risks of developing solutions that do not ad-
dress real-world problems or are ultimately rejected
by users (Wacnik et al., 2025).

Four workshops were conducted with represen-
tatives from three companies and experts from SPD
academia, providing diverse industry perspectives on
digital SPD tool development. Two of the compa-
nies operate in the traditional mechanical manufac-
turing industry, while the third is in the food industry,
allowing for cross-sector insights into sustainability
challenges and practices. Company representatives
primarily included sustainability managers or prod-
uct managers responsible for sustainability, with one
company also involving engineers to provide techni-
cal perspectives on implementation feasibility. Each
of the three companies has utilized their current SPD
tools across various design phases. Each workshop
included between 5 and 7 participants, with a to-
tal of 13 participants across all workshops. The
main SPD tools addressed during the workshop were
LEASA (Watz and Hallstedt, 2024) and SF (Hallstedt
et al., 2023). Furthermore, one company discussed
the SPD tool Sustainability Impact Assessment (Hall-
stedt and Pigosso, 2017), which was identified as their
primary tool.

Each workshop followed a standardized process,
beginning with participant introductions and an ex-
planation of the workshop’s objectives to establish
a common understanding. The researcher then pre-
sented the ten usability heuristics to the participants,
providing a framework for evaluating digital tool de-
sign. Following this presentation, participants en-
gaged in a brainstorming session focused on the de-
sign of digital SDP tools in relation to the ten heuris-
tics, generating practical recommendations grounded
in their professional experience. Each workshop con-
cluded with a summary and an outline of next steps.

4 USABILITY HEURISTICS IN
SPD

In this section, we present the results of our analysis
of the workshops.

Visibility of System Status: Participants under-
scored the need for progress indicators in digital SPD
tools, recommending features such as step numbers,
visual cues for the current stage, marking completed
steps in green, and previews of upcoming steps to
clarify the workflow position. Several participants
also emphasized the importance of time estimation,
suggesting that the system should display estimated
durations for both the entire process (e.g., “this will
take one hour”) and individual tasks. This informa-
tion would enable users to make informed decisions
about whether to wait or return later. Collectively,
these findings indicate that transparent system status
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enables users to distinguish between slow but func-
tional processes and system failures, supports deci-
sions about waiting or multitasking, and reduces frus-
tration by establishing clear expectations throughout
the multi-step sustainability assessment process in the
digital SPD tools.

Match Between System and the Real World:
Participants discussed the challenge of balancing ac-
cessibility with technical credibility in language use.
Several participants noted that some users experi-
enced confusion when faced with highly professional,
academic, or complex terminology with some current
SPD tools. It suggests that the system should em-
ploy a more general language that does not require
specialized knowledge. However, other participants,
especially engineers, emphasized the need to main-
tain scientific and technical rigor to preserve trust and
credibility with technical audiences. One suggestion
could be that the tool educates users so that they learn
the specialized terms. Language localization emerged
as a significant theme, with participants indicating
that explaining complex sustainability topics would
be more effective in local language for non-English-
speaking audiences or for individuals outside the sus-
tainability field. They recommended implementing a
language-switching function for SPD tools.

User Control and Freedom: The discussion
emphasized the necessity of flexibility and recovery
mechanisms in SPD system design. Participants in-
dicated that users should be able to navigate between
steps, revise previous actions, and tailor the setup to
their specific contexts. For example, one participant
suggested that users should have a “quick pass” to re-
turn from step C to step A if required. The concept
of “emergency exits” implies that digital SPD tools
should similarly offer clear escape options when er-
rors occur. Participants noted the need for robust undo
and redo functions to prevent users from having to
restart their work. Although one participant observed
that the priority of these features may depend on the
amount of user investment, there was broad consen-
sus that input controls are necessary to prevent the
entry of incorrect or invalid data, thereby balancing
user freedom with appropriate constraints.

Consistency and Standards: Participants con-
sidered multiple dimensions of consistency important
for the digital SPD tools. Participants emphasized in-
ternal consistency within the tool itself, such as en-
suring that components are consistent with each other
and maintaining a uniform professional appearance
throughout the system to build trust. Currently, some
participants stressed consistency between integrated
SPD tools, noting that when integrating two SPD
tools in the future, they must use consistent terms and

concepts to represent the same things rather than us-
ing different words for identical concepts. They also
highlighted the importance of consistency with exter-
nal standards, suggesting that the system could refer-
ence and align with other sustainability frameworks
or regulatory frameworks, potentially through visual
triggers or nudges that help users understand how
their criteria satisfy various external requirements.

Error Prevention: Participants highlighted the
importance of guiding users through the correct work-
flow order, such as preventing them from jumping
from step A to step C or developing sustainability
criteria before completing all required boxes in ear-
lier phases. Input validation was identified as cru-
cial, with participants noting that when users enter
values, the system should validate them against ac-
ceptable ranges and directly inform users when inputs
fall outside those ranges or are incorrect. Addition-
ally, participants emphasized that error prevention is
closely related to intuitive design, which means that
design should reduce confusion and errors by mak-
ing the system naturally understandable rather than
requiring users to guess or learn arbitrary interfaces.

Recognition Rather Than Recall: Participants
emphasized that users should not need deep sustain-
ability expertise or recall multiple details to use the
SPD tools effectively. They noted that artificial in-
telligence (AI) could potentially guide users through
tasks. One example involved the sustainability cri-
teria process, which requires users to move between
workshop findings, prioritization, and documentation,
a workflow that demands considerable manual effort
and frequent cross-referencing. The group agreed that
features that enable iteration to be streamlined within
digital SPD tools would facilitate smoother work-
flows.

Flexibility and Efficiency of Use: When dis-
cussing this aspect, participants emphasized the im-
portance of providing detailed guidance for first-time
users while offering shortcuts for experienced users
who regularly use the system. One example is pro-
viding a function to export and reuse previous work
from similar products without recreating steps; in-
stead, just review and revise, rather than blindly copy-
ing last year’s data. The group discussed whether dif-
ferent user roles (product managers vs. sustainabil-
ity experts) should have customized views, ultimately
agreeing that all collaborators should work with the
same information to avoid miscommunication and en-
sure everyone interprets data consistently, especially
when working remotely. However, it would be great
if the SPD tools could provide experienced users who
have used the system many times with a fast-track
option that skips repetitive explanations. The system
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should still alert them if they have missed something
critical to maintain accuracy and completeness.

Aesthetic and Minimalist Design: The discus-
sion on “Aesthetic and Minimalist Design” focused
on developing a professional interface that omits ir-
relevant information and unnecessary elements, such
as gamification, which participants agreed would not
be suitable for a professional SPD tool. Participants
reached a consensus that the system should achieve
a balance by maintaining a professional appearance
while remaining inspirational and user-friendly, em-
phasizing relevant content and avoiding features that
do not support the tool’s primary professional func-
tion.

Help Users Recognize, Diagnose, and Recover
from Errors: Participants recommended that the sys-
tem should notify users when they attempt to proceed
with incomplete work, such as leaving multiple boxes
empty, and should explain the potential issues asso-
ciated with this action. They emphasized that, in the
event of errors, whether due to incorrect numbers or
other mistakes, users should be able to correct only
the erroneous data without re-entering all informa-
tion. The group expressed uncertainty regarding the
potential sophistication of the system’s error detection
capabilities, but agreed that error messages should use
plain language to indicate where to look and what
might be incorrect, for example, “This criteria doesn’t
look right, you should check this”, rather than techni-
cal error codes such as “E67”.

Help and Documentation: Participants noted
that most current SPD tools lack self-explanatory fea-
tures and depend significantly on facilitators to pro-
vide verbal explanations. The group proposed that
AI assistance could offer step-by-step guidance, high-
light relevant sections, and clarify concepts as users
advance through the process. Multiple documentation
needs were identified, including in-tool help features
such as information icons, comprehensive process de-
scription documents, and the potential integration of
an AI chatbot for interactive support. Additionally,
the group underscored the need to document the dis-
cussion process when using SPD tools, noting that
users often fail to do so adequately. Such documen-
tation was considered essential for research reporting
and for individuals seeking to understand or enhance
the SPD tool.

5 DISCUSSION

The workshop results highlight the necessity of user-
centered design principles in digital SPD tools, in-
dicating that participants prioritize clarity, accessi-

bility, and flexibility throughout the user experience.
Although the 10 heuristics for user interface design
were developed more than 30 years ago, they remain
applicable to contemporary digital SPD tool design.
The findings emphasize the significance of transpar-
ent progress indicators, consistent terminology, and
mechanisms for error recovery, reflecting a strong de-
mand for tools that support both novice users and
experts. Additionally, the focus on localized lan-
guage options, integrated help features, and minimal-
istic design reflects an awareness of diverse user back-
grounds and the complexities of collaborative, multi-
step sustainability processes.

Collectively, these insights provide a framework
for developing digital SPD tools that enable users
to conduct accurate, effective sustainability assess-
ments. A future digital SPD tool is expected to be co-
operative and interactive, allowing multiple user types
to collaborate within the same system while address-
ing diverse user requirements and preferences. Recent
advances in artificial intelligence have led several par-
ticipants to recommend the integration of AI assistant
features into future digital SPD tools. For example,
an AI assistant could clarify specialized terminology
related to sustainability, as not all stakeholders might
be familiar with sustainability jargon and theoretical
concepts. However, the integration of AI into SPD
tools must address concerns regarding data security
and privacy, reliability, dependence, and ethical and
regulatory uncertainty (McLean et al., 2023).

One limitation of our study is that participants
may not have fully understood the possibilities related
to all concepts discussed. For example, participants
said that gamification was not suitable in a profes-
sional tool, yet this may have been due to not hav-
ing extensive knowledge about gamification and its
application areas. Supporting users to progress at a
rate that suits them and giving them feedback to show
that they have taken action, and the right action, is
also part of gamification (Werbach and Hunter, 2020)
- and they asked for these features in other parts of
the workshops. A further limitation of this study is
the relatively small number of workshop participants,
which may result in certain aspects of usability re-
maining unaddressed.

6 CONCLUSION AND FUTURE
WORK

This study examined the application of Nielsen’s 10
usability heuristics in the design of digital SPD tools.
The findings indicate that SPD practitioners consider
these heuristics as relevant for SPD tool development.
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Design guidelines for digital SPD tools were estab-
lished based on discussions from participatory design
workshops. Future research will evaluate the imple-
mentation of these guidelines in the design and further
development of SPD tools.
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J. W. (2023). Sustainability fingerprint-guiding com-
panies in anticipating the sustainability direction in
early design. Sustainable Production and Consump-
tion, 37:424–442.

Kaebernick, H., Kara, S., and Sun, M. (2003). Sustain-
able product development and manufacturing by con-
sidering environmental requirements. Robotics and
computer-integrated manufacturing, 19(6):461–468.
Place: OXFORD Publisher: Elsevier Ltd.

Lee-Mortimer, A., Short, T., et al. (2009). The product
development process roadblock that is restricting the
widespread adoption of design for sustainability. In
DS 58-3: Proceedings of ICED 09, the 17th Interna-
tional Conference on Engineering Design, Vol. 3, De-
sign Organization and Management, Palo Alto, CA,
USA, 24.-27.08. 2009, pages 331–342.

Mallalieu, A., Isaksson Hallstedt, S., Isaksson, O., Watz,
M., and Almefelt, L. (2024). Barriers and enablers
for the adoption of sustainable design practices using
new design methods – Accelerating the sustainability
transformation in the manufacturing industry. Sustain-
able Production and Consumption, 51:137–158.

McLean, S., Read, G. J., Thompson, J., Baber, C., Stanton,
N. A., and Salmon, P. M. (2023). The risks associ-
ated with artificial general intelligence: A systematic
review. Journal of Experimental & Theoretical Artifi-
cial Intelligence, 35(5):649–663.

Nielsen, J. (1994). Enhancing the explanatory power of
usability heuristics. In Proceedings of the SIGCHI
conference on Human Factors in Computing Systems,
pages 152–158.

Nielsen, J. (2024). How i developed the 10 usabil-
ity heuristics. https://https://www.uxtigers.com/post/
usability-heuristics-history [Accessed: 2026-01-26].

Nielsen, J. et al. (2012). Usability 101: Introduction to us-
ability.

Planetary Boundaries Science (2025). Planetary health
check 2025: A scientific assessment of the state of the
planet. Accessed: 2025-11-27.

Prendeville, S., Niemczyk, M., Sanders, C., Lafond, E., El-
gorriaga, A., Mayer, S., and Kane, D. (2013). Moti-
vations and Barriers to Ecodesign in Industry. Tech-
nical report, European Network of Ecodesign Centres
(ENEC).

Press, C. U. (2011). product development. In Cambridge
Business English Dictionary. Cambridge University
Press. Accessed: 2025-07-29.

Pujari, D. (2006). Eco-innovation and new product devel-
opment: understanding the influences on market per-
formance. Technovation, 26(1):76–85.

Richardson, K., Steffen, W., Lucht, W., Bendtsen, J., Cor-
nell, S. E., Donges, J. F., Drüke, M., Fetzer, I.,
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