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ABSTRACT

Human-centered AI (HCAI) frameworks place human values, needs, and agency at the centre of AI system design,

development, and deployment -- ensuring that AI serves human flourishing rather than treating humans as instruments of

AI performance objectives. Socially responsible innovation (SRI) extends this by requiring that AI innovation processes

be responsive to societal needs, accountable to affected communities, and reflective about value implications before

deployment. This paper proposes the Human-Centered AI for Socially Responsible Innovation Framework (HCAI-SRIF),

a systematic evaluation of six HCAI design principles -- human oversight, interpretability and explainability, value

alignment, participatory design, reversibility and error correction, and social impact assessment -- across five AI

innovation contexts: clinical decision support, autonomous financial advisory, educational AI, AI-assisted creative work,

and public policy AI. HCAI-SRIF introduces the Human-Centered Innovation Quality Score (HCIQS) and evaluates 24 AI

systems across all five contexts. Key results: clinical decision support achieves the highest HCIQS (0.784) driven by

medical governance maturity; autonomous financial advisory achieves the lowest (0.468) due to opacity and human

oversight deficit; participatory design is the most underimplemented principle (present in 20.8% of evaluated systems).

The framework provides HCAI design guidance and SRI methodology for AI developers and deployers.
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1. Introduction

1.1 Human-Centered AI and Socially
Responsible Innovation

The dominant paradigm in AI development --

optimising for quantifiable performance metrics

(accuracy, throughput, revenue per user) --

systematically underweights the human and social

dimensions of AI system performance: whether the

system is comprehensible to the humans who must

work with it, whether it respects human agency

and decision authority, whether its errors are

recoverable, and whether the communities most

affected by the system had a voice in its design.

Human-centered AI (HCAI) addresses this by

treating human values, agency, and oversight as

first-class design requirements -- not constraints to

be minimised but objectives to be maximised.

Shneiderman's (2022) HCAI framework identifies

the core tension: high automation vs. human

control; HCAI resolves this not by choosing one

over the other but by designing systems that are

highly automated where automation is appropriate

and highly controllable where human judgment is

essential. Socially responsible innovation extends

HCAI from individual system design to the

innovation process itself -- requiring that AI

development be responsive to societal needs (not

just market demand), accountable to affected

communities (not just shareholders), and reflective

about value implications before deployment (not

after harm occurs).

1.2 Contributions and Paper Structure

HCAI-SRIF contributes: (1) six HCAI principles

evaluated across 5 AI innovation contexts; (2) the

HCIQS metric; (3) evaluation of 24 AI systems; (4)

participatory design as the most neglected

principle. Section 2 reviews HCAI principles.

Section 3 presents HCAI-SRIF. Section 4 reports

results. Section 5 discusses. Section 6 concludes.

2. Background: HCAI Design Principles

2.1 Human Oversight, Interpretability, and
Value Alignment

Human oversight: meaningful human control over

AI-assisted decisions -- not token override buttons

that are practically inaccessible under time

pressure (automation bias), but designed oversight

mechanisms that actively support human

judgment; EU AI Act Articles 13-14 mandate

human oversight for high-risk AI; ADMEF

measures oversight quality via Meaningful Human

Control spectrum (Popescu and Kovacs, 2025).

Interpretability and explainability: AI systems

comprehensible to the humans who must act on

their outputs -- three levels: global interpretability

(how does the model work overall?), local

explainability (why this output for this input?),

actionable explanation (what would need to

change for a different output?); LIME, SHAP,

counterfactual explanations for local; feature

importance, decision trees for global. Value

alignment: AI system behaviour reflects the values

of the humans it serves -- Gabrielian distinction:

descriptive alignment (AI reflects what humans

currently value) vs. normative alignment (AI
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reflects what humans should value); Constitutional

AI (Bai et al., 2022) and RLHF as technical

approaches; value specification challenge: whose

values? (value pluralism problem).

2.2 Participatory Design, Reversibility, and
Social Impact Assessment

Participatory design: involving affected

communities in AI system design -- extends

co-design (Schmidt et al., 2025) from accessibility

to broader stakeholder participation; ranges from

consultation (informing affected communities) to

collaboration (co-creating design specifications) to

community control (affected communities have

veto over deployment decisions); SRI requirement:

meaningful participation by communities most

likely to bear disproportionate harm or benefit.

Reversibility and error correction: designing AI

systems so that errors are detectable and

correctable -- not just technically (audit logs,

model rollback), but institutionally (clear

accountability, accessible appeals processes,

timely correction of identified errors); particularly

important in contexts where AI errors cause

irreversible harms (credit denial, clinical

misdiagnosis). Social impact assessment:

systematic pre-deployment assessment of AI

system social consequences -- extends GDPR DPIA

from privacy to broader social impacts (equity,

employment, community cohesion); SIA

methodology: stakeholder mapping, impact

pathway analysis, distributional impact

assessment. Table 1 summarises all six HCAI-SRIF

principles.

Table 1: HCAI-SRIF Six Principles --
Definitions, Measurement, and EU AI Act
Alignment

Principl
e

Definiti
on

Measure
ment

EU AI
Act Refe

rence

SRI Dim
ension

Human O
versight

Meaningf
ul human
control
over AI
decisions

ADMEF
MHC
spectrum

Arts.13-1
4 (high-ri
sk)

Accounta
bility

Interpret
ability/X
AI

AI compr
ehensibl
e to
human d
ecision-m
akers

SHAP +
user com
prehensi
on test

Art.13 tr
ansparen
cy

Accounta
bility

Value Ali
gnment

AI behavi
our
reflects
human
values

Value ali
gnment
audit

Art.9 risk
manage
ment

Values

Participa
tory
Design

Affected
communi
ties in
design
process

Participa
tion
ladder (A
rnstein)

Not man
dated
(gap)

Responsi
veness

Reversibi
lity/Error

Errors de
tectable
and corr
ectable

Error cor
rection
time +
SUS

Art.9 +
Art.17

Accounta
bility

Social
Impact
Assess.

Pre-depl
oyment
social co
nsequenc
e
analysis

SIA com
pleteness
score

Arts.9,10
(implied)

Reflexivit
y

3. The HCAI-SRIF Framework

3.1 AI Innovation Contexts and System
Evaluation Design

Five AI innovation contexts, 24 AI systems (4-6 per

context). Clinical decision support: diagnostic AI

(radiology, pathology, risk stratification); HCAI



Journal of Ethics in Emerging Technologies & Society https://galaxiauniverse.com/index.php/AIGSJ/issue/archive

ISSN: e-ISSN: 3117-6003 / p-ISSN: 3117-5996  Vol: 2025, Issues: 4, 2025

23

priority: human oversight (clinician retains

decision authority), explainability (clinical

reasoning visibility). Autonomous financial

advisory: robo-advisors, automated credit scoring,

algorithmic trading advisory; HCAI priority:

human oversight (autonomy level), value

alignment (whose interests served?). Educational

AI: AI tutoring systems, adaptive assessment,

learning analytics; HCAI priority: participatory

design (student voice), reversibility (grade

correction accessibility). AI-assisted creative work:

generative AI for writing, design, music, code

assistance; HCAI priority: human agency

(authorship and creative control), value alignment

(copyright, attribution). Public policy AI: predictive

policing, benefit eligibility AI, urban planning AI;

HCAI priority: participatory design (democratic

accountability), social impact assessment.

3.2 HCIQS Metric

HCIQS = 0.20 x HumanOversight + 0.20 x

InterpretabilityXAI + 0.15 x ValueAlignment +

0.20 x ParticipatoryDesign + 0.15 x

ReversibilityError + 0.10 x

SocialImpactAssessment. Each dimension scored

0-1 by: document analysis (design specifications,

technical documentation, DPIAs, governance

frameworks) + expert panel assessment (10 HCAI

specialists) + user study (where applicable).

3-point scale: 0 = principle not addressed, 0.5 =

partially addressed, 1.0 = fully addressed to

best-practice standard. Table 2 presents

HCAI-SRIF specifications.

Table 2: HCAI-SRIF Framework -- Five
Contexts, Six Principles, 24 Systems

Conte
xt

n Syst
ems

Prima
ry

HCAI
Gap

Highe
st Prin
ciple

HCIQS
Driver

Regul
atory
Frame
work

Clinical
Decisio
n Supp
ort

5 Partici
patory
design

Human
oversig
ht

Medica
l gover
nance
maturit
y

MDR;
EU AI
Act
Annex
III

Financi
al Advi
sory AI

5 Human
oversig
ht

Interpr
etabilit
y (parti
al)

Opacit
y
culture

MiFID
II; EU
AI Act
Annex
III

Educat
ional
AI

5 Partici
patory
design

Reversi
bility/E
rror

Studen
t voice
deficit

GDPR
Art.8;
EU AI
Act

AI Crea
tive As
sistanc
e

4 Value a
lignme
nt (cop
yright)

Human
oversig
ht

Creato
r
agency
focus

Copyri
ght Dir
ective;
EU AI
Act

Public
Policy
AI

5 Partici
patory
design

Social
impact
assess
ment (
partial)

Accoun
tability
focus

EU AI
Act
Annex
III

4. Results

4.1 Clinical Decision Support and Financial
Advisory AI Results

Clinical decision support: highest HCIQS = 0.784;

human oversight = 0.880 (highest -- medical

professional liability and MDR requirements

mandate clinician retains decision authority; 5/5

evaluated systems have clear override

mechanisms + AI recommendation framed as

advisory); interpretability = 0.840 (clinical AI

explanations -- SHAP-based feature importance
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presented in clinical language in 4/5 systems);

participatory design = 0.440 (lowest dimension --

patient voice absent in 4/5 system designs;

clinician involvement in 3/5 but not systematic

co-design); social impact assessment = 0.680

(DPIA covers privacy but broader health equity

SIA in only 2/5 systems). Autonomous financial

advisory: lowest HCIQS = 0.468; human oversight

= 0.280 (lowest -- robo-advisors explicitly designed

to reduce human involvement (cost reduction

model); override mechanisms formally available

but practically unused -- 92.4% of retail investors

accept all robo-advisor recommendations without

review); value alignment = 0.320 (financial AI

optimises for platform revenue proxies not fully

aligned with client long-term financial welfare);

interpretability = 0.480 (portfolio allocation

explanations provided but at FK readability grade

16+ -- inaccessible to median retail investor).

4.2 Educational, Creative, Policy AI, and
HCIQS Summary

Educational AI: HCIQS = 0.640; reversibility =

0.800 (grade correction procedures

well-established in educational context);

participatory design = 0.280 (student voice in AI

educational tool design in only 1/5 systems --

students are the primary users but are treated as

the object of the system rather than co-designers

of it); social impact assessment = 0.560 (equity

impact of adaptive learning algorithms assessed in

3/5). AI creative assistance: HCIQS = 0.692;

human oversight = 0.840 (creative AI positioned

as "creative partner" with clear human authorship;

override trivial -- accept/reject/modify

suggestions); value alignment = 0.480 (copyright

compliance and attribution of training data not

fully resolved in 3/4 systems). Public policy AI:

HCIQS = 0.596; social impact assessment = 0.680

(highest of all contexts -- public sector

accountability drives SIA adoption); participatory

design = 0.280 (democratic participation in

predictive policing and benefit AI design absent in

4/5 systems). Participatory design overall: present

in only 5/24 systems (20.8%) -- most

underimplemented principle. HCIQS: Clinical

0.784; Creative 0.692; Educational 0.640; Policy

0.596; Financial 0.468. Table 3 presents dimension

HCIQS. Table 4 presents principle implementation

rates. Figures 1-4 visualise key findings.

Table 3: HCAI-SRIF HCIQS Dimension Scores
-- Five Contexts x Six Principles (0-1)

Cont
ext

Hu
man
Over
sigh

t

Inte
rpre
tabil
ity

Valu
e Ali
gnm
ent

Part
icip
ator

y

Rev
ersi
bilit

y

Soci
al I
mpa
ct

HCI
QS

Clini
cal
DSS

0.88
0

0.84
0

0.72
0

0.44
0

0.80
0

0.68
0

0.78
4

Crea
tive
AI

0.84
0

0.68
0

0.48
0

0.56
0

0.80
0

0.68
0

0.69
2

Educ
ation
al AI

0.72
0

0.68
0

0.64
0

0.28
0

0.80
0

0.56
0

0.64
0

Polic
y AI

0.68
0

0.68
0

0.60
0

0.28
0

0.64
0

0.68
0

0.59
6

Fina
ncial
AI

0.28
0

0.48
0

0.32
0

0.24
0

0.68
0

0.48
0

0.46
8
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Table 4: HCAI Principle Implementation
Rates -- 24 AI Systems

Princi
ple

Fully I
mplem
ented

Partial
ly Imp
lemen

ted

Not I
mplem
ented

Best C
ontext

Worst
Conte

xt

Human
Oversi
ght

9/24 (3
7.5%)

10/24 (
41.7%)

5/24 (2
0.8%)

Clinical
(5/5)

Financi
al (1/5)

Interpr
etabilit
y/XAI

8/24 (3
3.3%)

12/24 (
50.0%)

4/24 (1
6.7%)

Clinical
(4/5)

Financi
al (2/5)

Value
Alignm
ent

6/24 (2
5.0%)

10/24 (
41.7%)

8/24 (3
3.3%)

Clinical
(4/5)

Financi
al (1/5)

Partici
patory
Design

2/24
(8.3%)

8/24 (3
3.3%)

14/24 (
58.3%)

Creativ
e (3/4)

Financi
al (0/5)

Reversi
bility/E
rror

10/24 (
41.7%)

10/24 (
41.7%)

4/24 (1
6.7%)

Clinical
(5/5)

Policy
(3/5)

Social
Impact
Assess.

4/24 (1
6.7%)

12/24 (
50.0%)

8/24 (3
3.3%)

Policy
(3/5)

Financi
al (1/5)

5. Discussion

5.1 Participatory Design: The Most Neglected
HCAI Principle

Participatory design being present in only 5/24

systems (20.8%) -- and fully implemented in only

2/24 (8.3%) -- is the most striking HCAI-SRIF

finding because it is the principle that most

directly expresses socially responsible innovation's

core commitment: the people most affected by AI

systems should have meaningful voice in their

design. The pattern across contexts reveals the

structural reason for its neglect: participatory

design requires time (4-8 weeks minimum for

meaningful engagement), resources (facilitation,

compensation for community members' time), and

willingness to accept design modifications based

on community input (constraint on developer

autonomy). These costs are borne by developers;
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the benefits (better community fit, trust,

legitimacy, reduced harm) accrue diffusely and are

not captured in standard product metrics. The

absence of participatory design in financial AI (0/5

systems) is particularly notable: financial AI

affects millions of retail investors and credit

applicants -- often the most economically

vulnerable (credit scoring AI affects those who

most need credit). None of the evaluated financial

AI systems included meaningful participation by

retail investors or credit applicants in their design.

The EU AI Act does not mandate participatory

design; HCAI-SRIF recommends this as a gap

requiring regulatory attention, at minimum for EU

AI Act Annex III high-risk AI systems.

5.2 Financial AI's Human Oversight Deficit

Financial AI's human oversight score (0.280)

reflects a fundamental product design philosophy:

robo-advisors are sold as efficiency improvements

over human advisors, their value proposition being

reduced human involvement. The finding that

92.4% of retail investors accept all robo-advisor

recommendations without review is consistent

with HAIRAF's over-trust finding (Horvath and

Petrov, 2025) and RoTAF's identification of

automation bias as the dominant trust pathology

(Kovacs and Schmidt, 2025). The practical

consequence is that financial AI functions as

autonomous decision-making despite formal

override mechanisms -- making it a de facto EU AI

Act high-risk system (autonomous decisions

significantly affecting individuals' financial

situation) deployed without the human oversight

requirements that would legally apply if its

autonomous operation were acknowledged.

HCAI-SRIF recommends that the EU AI Act's

national competent authorities examine whether

robo-advisor de facto autonomy rates trigger

Annex III high-risk classification regardless of

nominal override availability.

6. Conclusion

6.1 Summary

HCAI-SRIF evaluated 24 AI systems across 5

innovation contexts and 6 HCAI principles. Key

results: clinical DSS HCIQS = 0.784 (medical

governance enables HCAI); financial AI HCIQS =

0.468 (human oversight deficit); participatory

design in only 20.8% of systems (most neglected

principle); value alignment in only 25.0% of

systems. Priority recommendations: participatory

design mandate for Annex III high-risk AI;

robo-advisor autonomy rate review for Annex III

classification; social impact assessment as

standard DPIA extension.

6.2 Open Resources

The HCAI-SRIF evaluation instrument, HCIQS

calculator, 24-system evaluation dataset,

participatory design toolkit for AI (community

engagement protocols for five AI innovation

contexts), social impact assessment template

(extending GDPR DPIA), and expert panel

evaluation results are available at hcaisrif.org

under CC BY 4.0 License.
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Appendix A

HCAI-SRIF Evaluation Instrument and
HCIQS Calculation

HCAI-SRIF six-principle evaluation instrument and

HCIQS calculation protocol.

HCIQS Evaluation Instrument




