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ABSTRACT

Value-sensitive design (VSD) is a theoretically grounded, practically oriented approach to technology design that
accounts for human values in a principled and comprehensive manner throughout the design process. Originally
developed for information systems and computer-supported cooperative work, VSD has been extended and contested as
Al and autonomous systems have emerged as dominant technology design challenges, raising questions about whose
values are represented, how value conflicts are resolved, and whether VSD's tripartite methodology -- conceptual,
empirical, and technical investigation -- adequately addresses the systemic societal impacts of large-scale intelligent
systems. This paper proposes the VSD for Emerging Technologies Framework (VSDETF), a systematic review and
critical extension of VSD methodology for five emerging technology domains: conversational Al systems, autonomous
decision-making agents, biometric surveillance technologies, personalisation algorithms, and human-robot interaction
systems. VSDETF identifies four methodological gaps in original VSD when applied to emerging technologies -- scale
gap, power gap, temporal gap, and systemic effects gap -- and proposes extended VSD+ methodology addressing each.
VSDETF is evaluated through analysis of 28 published VSD case studies and 6 new VSD application cases. Key results:
original VSD adequately handles direct stakeholder values but systematically under-represents indirect third-party harms
at societal scale; VSD+ extended methodology identifies 48.4% more value tensions than original VSD across all five
domains; power asymmetry analysis is the single most impactful VSD extension. The framework provides practical VSD+
implementation guidance for emerging technology designers and ethicists.
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1. Introduction

1.1 VSD and the Emerging Technology
Challenge

Value-sensitive design (Friedman and Hendry,
2019) emerged from human-computer interaction
research as a methodology for integrating human
values into technology design. Its tripartite
methodology -- conceptual investigation (identify
stakeholders and values, analyse value conflicts),
empirical investigation (study how stakeholders
actually engage with values in context), and
technical investigation (evaluate how technical
mechanisms support or undermine values) --
provides a rigorous framework for value-aware
design. VSD has been successfully applied to
healthcare information systems, smart home
technologies, and social media platforms,
generating a rich body of methodology
refinements and domain-specific extensions.
Emerging intelligent technologies -- large
language models, autonomous agents, biometric
systems, personalisation algorithms -- pose
challenges that VSD's original methodology was
not designed to address. Original VSD was
developed for interactive systems with identifiable
direct wusers and bounded functionality; a
conversational Al deployed to hundreds of millions
of users simultaneously, with emergent
capabilities and systemic societal effects, requires
methodological extensions that VSDETF provides.

1.2 Contributions and Paper Structure
VSDETF contributes: (1) systematic review of 28
VSD case studies across 5 technology domains; (2)
identification of 4 VSD methodological gaps for
emerging technologies; (3) VSD+ extended
methodology addressing each gap; (4) VSD+
evaluation across 6 new application cases. Section
2 reviews VSD methodology and prior extensions.
Section 3 presents VSDETF gaps and VSD+.
Section 4 reports evaluation. Section 5 discusses.
Section 6 concludes.

2. Background: VSD Methodology and Prior
Extensions

2.1 The VSD Tripartite Methodology

Friedman and Hendry (2019) define VSD's
tripartite methodology as iterative and mutually
informing. Conceptual investigation: identify
direct stakeholders (those who interact with the
system) and indirect stakeholders (those affected
by system use but who do not interact with it
directly); identify values at stake for each
stakeholder category; analyse how values are
implicated and potentially in conflict; develop

working definitions of values relevant to the
design context. Empirical investigation: study how
stakeholders actually prioritise and trade off
values using qualitative methods (interviews,
ethnography, participatory design) and
quantitative methods (surveys, log analysis);
ground conceptual value analysis in actual
stakeholder behaviour and context; identify value
tensions that arise in practice. Technical
investigation: evaluate how technical properties of
the system support or undermine values; develop
technical mechanisms to support values; assess
trade-offs between technical efficiency and value
realisation; use value scenarios and technical
prototypes to test value embodiment in design
alternatives.

2.2 Prior VSD Extensions and Critiques

VSD has generated numerous domain-specific
extensions and methodological critiques.
Extensions: VSD for security (Bailey et al., 2008)
added security-specific value heuristics; VSD for
sustainability (Nathan et al., 2008) extended
temporal scope to multi-generational impact; VSD
for AI systems (Umbrello and van den Hoven,
2021) proposed machine learning-specific
conceptual investigations. Critiques: Shilton
(2013) noted that VSD's wvalue identification
process under-represents marginalised
communities whose values diverge from designer
assumptions; Le Dantec and Do (2009) found that
VSD's  stakeholder analysis  systematically
privileges stakeholder groups with
designer-compatible values; Borning and Muller
(2012) critiqued VSD's value universalism --
assuming shared values across cultural contexts.
These critiques converge on three themes: power
(whose values dominate?), scope (are all affected
parties represented?), and universalism (do values
translate across cultural contexts?). VSDETF
builds on these critiques by identifying their
specific manifestations in emerging technology
domains. Table 1 presents the VSDETF analysis
structure.

Table 1: VSDETF Analysis Structure -- Five
Technology Domains x Four VSD Gaps
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3. VSDETF: Four VSD Gaps and the VSD+
Extension

3.1 Scale Gap, Power Gap, and Their VSD+
Remedies

Gap 1 -- Scale gap: original VSD was designed for
technologies with bounded user populations (a
hospital information system, a workplace
collaboration tool) where direct and indirect
stakeholders can be enumerated and studied
empirically. Emerging technologies with hundreds
of millions of simultaneous wusers cannot
enumerate affected stakeholders; empirical
investigation of all affected communities is not
feasible; and population-scale aggregate effects
(epistemic ecosystem changes, economic
disruption) are not captured by individual-level
value analysis. VSD+ Scale Remedy: (1) stratified
stakeholder sampling -- identify representative
communities from the full affected population
spectrum including marginalised groups; (2)
population-level value impact modelling -- simulate
aggregate value impacts using agent-based
models; (3) scale-appropriate technical
investigation -- evaluate technical mechanisms at

realistic deployment scale rather than prototype
scale. Gap 2 -- Power gap: VSD's original
framework treats stakeholders as equally
positioned participants in value inquiry -- "who are
the direct and indirect stakeholders?" -- without
addressing power asymmetries that determine
whose values are heard and whose are overridden.
VSD+ Power Remedy: power mapping as an
explicit first step -- before stakeholder
identification, analyse power relations (who can
impose values on whom? who bears the costs of
value trade-offs?); amplification methods for
marginalised voices (community advocates, proxy
representation); veto rights for communities
bearing disproportionate harms.

3.2 Temporal Gap, Systemic Effects Gap, and
Combined VSD+

Gap 3 -- Temporal gap: original VSD evaluates
values at design time and at the time of empirical
investigation; emerging technologies evolve after
deployment in ways that create new value
implications -- a conversational Al trained in 2023
will be used in 2030 in contexts that cannot be
fully anticipated; autonomous systems develop
new capabilities through continued training; user
populations develop new dependencies. VSD+
Temporal Remedy: temporal value scenarios --
structured exploration of how value implications
evolve over 5, 10, and 20-year horizons; value
monitoring protocols built into deployment
governance (quarterly value impact reviews);
adaptive design provisions -- technical
mechanisms for value-preserving system updates.
Gap 4 -- Systemic effects gap: original VSD focuses
on value impacts on identified stakeholders
through  identified  mechanisms; emerging
technologies create systemic effects that operate
through diffuse causal chains affecting societal
institutions, economic structures, and information
ecosystems that are not reducible to individual
stakeholder impacts. VSD+ Systemic Remedy:
systemic value impact analysis -- identify
institutional and societal systems potentially
affected; assess value implications at systemic
level (does this technology strengthen or weaken
democratic institutions? epistemic ecosystems?
labour markets?); apply precautionary principle
when systemic effects are wuncertain and
potentially irreversible.

4. Results

4.1 VSD Case Study Analysis and Gap
Prevalence
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Table 2: VSDETF Gap Prevalence -- 28 VSD
Case Studies by Technology Domain
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5. Discussion

5.1 Power Mapping as the Highest-Impact
VSD Extension

The VSDETF results identify power asymmetry
analysis -- VSD+'s most distinctive extension -- as
the single highest-impact addition to VSD

methodology for emerging technologies: power
mapping generates 36.1% of all additional value
tensions identified by VSD+ (13 of 36 new
tensions), and is the primary source of new
tensions in the two highest-stakes domains
(conversational AI, biometric surveillance). The
power map reveals value tensions that are
structurally invisible in standard VSD stakeholder
analysis because  they operate through
institutional and structural mechanisms rather
than individual-level interactions: the training data
selection process (who decides what data trains
the model?) embeds power advantages that scale
to every interaction the model will ever have;
biometric surveillance infrastructure (who controls
the database?) creates permanent power
advantages for whoever controls it over everyone
monitored. The 48.4% increase in identified value
tensions from VSD+ is significant not only
quantitatively but qualitatively: the additional
tensions identified by VSD+ are systematically the
highest-stakes value conflicts -- those involving
power, systemic  effects, and long-term
irreversibility -- precisely the conflicts most
important to identify early and most resistant to
later correction.

5.2 Practical VSD+ Implementation Guidance
VSDETF provides four practical VSD+ extensions
that can be incorporated into existing VSD
processes without requiring complete
methodology redesign. (E1) Power mapping
integration: add a power analysis step before
stakeholder identification in conceptual
investigation -- map power relations among all
parties with interest in the technology; identify
who can impose values on whom; identify which
communities bear costs without voice; use this
map to actively seek out marginalised stakeholders
in empirical investigation. (E2) Temporal value
scenarios: add 5, 10, and 20-year value scenarios
to empirical investigation -- structured expert and
stakeholder exploration of how value tensions
evolve over time; particularly important for
infrastructure and capability-development
technologies. (E3) Systemic value impact analysis:
extend technical investigation to societal-scale
value impacts -- apply CEFT capabilities approach
(Klein and Dubois, 2024) to assess technology
impact on human capability sets beyond
individual-level effects. (E4) Scale-appropriate
sampling: for technologies with large affected
populations, use stratified representative sampling
that includes marginalised communities, not only
accessible participants.
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6. Conclusion

6.1 Summary

VSDETF identified four VSD methodological gaps
(scale, power, temporal, systemic) prevalent in
67.9-82.1% of 28 published VSD case studies
across five emerging technology domains. VSD+
extended methodology identifies 48.4% more value
tensions than original VSD (18.4 vs. 12.4 per
case); power mapping generates 36.1% of
additional tensions; systemic analysis generates
22.2%. VSD+ practical extensions (E1-E4) are
directly incorporable into existing VSD practice
without complete redesign.

6.2 Open Resources

The VSDETF gap taxonomy, VSD+ methodology
guide (4 extensions with step-by-step templates),
power mapping tool (stakeholder power analysis
worksheet), temporal value scenario guide
(5/10/20-year scenario facilitation protocol),
28-case study analysis dataset, and 6 new VSD+
application cases are available at vsdetf-vsd.org
under CC BY 4.0 License.
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Appendix A

VSDETF Gap Assessment Rubric and
VSD+ Implementation Templates

Gap assessment rubric for case study analysis and
VSD+ practical implementation templates.

VSDETF Gap Assessment Rubric for VSD Case
Studies

VSD+ Power Mapping Template and Temporal
Scenario Guide
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