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Abstract 

Frontier science can generate discoveries with the potential to transform healthcare, energy, 

communication, manufacturing, agriculture, environmental management, and public services. Scientific 

novelty, however, does not automatically create societal benefit. Public value emerges through a complex 

translation process involving validation, engineering, infrastructure, regulation, financing, organizational 

adoption, public legitimacy, equitable access, and long-term institutional capacity. Technologies may 

deliver commercial returns without addressing important public needs, while technically successful 

innovations may produce unequal benefits, environmental burdens, or risks that reduce their broader social 

value. 

This paper develops a public-value-oriented framework for evaluating the pathways connecting 

frontier research with societal impact. It draws on an integrative review of responsible innovation, public-

value theory, innovation systems, sociotechnical transitions, technology governance, mission-oriented 

policy, and diffusion research. The review is combined with a transparent conceptual simulation showing 

a composite public-value index across seven technology-translation stages. The simulated values are 

illustrative and do not represent an evaluated technology program or observed social outcomes. 

The analysis identifies six interacting pathways through which emerging technologies may create 

public value: knowledge creation, problem-oriented direction, responsible design, institutional translation, 

equitable diffusion, and adaptive governance. It argues that conventional indicators such as patents, 

publications, venture investment, and market valuation are insufficient for assessing societal impact. 

Evaluation should also consider health and safety, environmental sustainability, accessibility, 

distributional equity, democratic legitimacy, institutional resilience, and the avoidance of foreseeable 

harm. The paper finds that public value usually remains limited during early research and increases only 

when technological capability is connected to service delivery, infrastructure, user practices, and trusted 

institutions. It concludes that emerging-technology policy should evaluate translation as a portfolio of 

technical, social, regulatory, and institutional activities rather than as a linear movement from laboratory 

invention to market adoption. 

 

Keywords: emerging technologies; innovation governance; mission-oriented innovation; public value; 

responsible innovation; societal impact; technology assessment; technology translation. 

http://www.ijicsitr.com/


 

International Journal of Innovative 

Computer Science and IT Research 

 

Volume 2, Issue 9 – September 2026   ●   E-ISSN: 3067-1108 P-ISSN: 3067-1094 

 

IJICSITR Website: www.ijicsitr.com Email: editor@ijicsitr.com 51 

 

1. Introduction 

Frontier science explores areas where theoretical knowledge, experimental capability, and technological 

opportunity are advancing rapidly. Artificial intelligence, quantum technologies, biotechnology, 

neurotechnology, advanced materials, robotics, synthetic biology, and clean-energy systems are prominent 

examples. Their scientific novelty attracts investment because they may enable new products, services, 

industries, and forms of social organization. 

Scientific breakthroughs do not create public value automatically. A discovery may remain in the 

laboratory because it cannot be manufactured reliably, financed sustainably, regulated appropriately, or 

integrated into existing institutions. A technically successful product may remain inaccessible to 

communities with limited income or infrastructure. An innovation may solve one problem while creating 

new environmental, ethical, safety, or labor-related burdens. 

The distance between scientific capability and societal outcome is commonly described through 

terms such as technology transfer, commercialization, translation, adoption, scale-up, and diffusion. Each 

term captures part of the process but may imply that impact follows naturally once technical feasibility is 

established. In reality, the pathway is shaped by decisions regarding research priorities, ownership, 

standards, procurement, infrastructure, regulation, professional practice, and public participation. 

Public value provides a broader evaluative perspective. Moore associated public value with 

outcomes that are substantively valuable, politically legitimate, and operationally achievable. Bozeman 

emphasized values concerning rights, obligations, benefits, and the public interest. This perspective moves 

evaluation beyond private profitability or organizational performance and asks whether innovation 

contributes to socially valued outcomes. 

Public value is multidimensional and contested. Faster digital services may improve convenience 

while weakening privacy. Automated systems may reduce cost but exclude people lacking digital access. 

Medical innovation may improve treatment while widening disparities if it is unaffordable. Renewable-

energy infrastructure may reduce emissions while creating land-use conflicts or unequal local burdens. 

Evaluation must therefore consider who benefits, who bears risk, and who participates in decision-making. 

Emerging technologies also develop under uncertainty. Their final applications may differ from 

their original purpose, while long-term social consequences may be difficult to predict. Early governance 

can prevent harm but may be based on incomplete information. Delayed governance may allow harmful 

practices and institutional dependencies to become difficult to reverse. 

Responsible innovation responds to this problem through anticipation, reflexivity, inclusion, and 

responsiveness. Stilgoe et al. argue that innovators and institutions should consider future implications, 

examine underlying assumptions, involve relevant publics, and modify innovation pathways when 

evidence or values require change. This does not mean eliminating uncertainty but organizing research 

and innovation so that uncertainty is acknowledged and managed. 

The principal research problem addressed in this paper is how frontier science becomes public 

value through technical, institutional, economic, and social pathways. The study develops a conceptual 

framework and uses simulated values to illustrate how societal value may change across technology-

translation stages. It does not evaluate a real technology, organization, or public program. 

2. Review of Literature 

2.1 Public Value and the Evaluation of Innovation 
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Traditional innovation evaluation often emphasizes research expenditure, publications, patents, licensing, 

business formation, private investment, productivity, employment, and market growth. These measures 

provide useful information about scientific and economic activity, but they do not establish whether 

innovation has improved public well-being or distributed benefits fairly. 

Moore’s public-value framework emphasizes outcomes that citizens and public institutions 

consider valuable. Public value may include effective services, rights protection, trust, fairness, safety, 

environmental quality, democratic participation, and institutional capability. Bozeman expands this 

orientation by examining values that apply to society and the relationships among individuals, institutions, 

and public authority. 

Bryson et al. describe public-value governance as a shift from narrow managerial control toward 

collaborative arrangements involving government, civil society, communities, and business. Emerging 

technologies often require this broader governance structure because their effects cross administrative and 

sectoral boundaries. 

A public-value approach does not reject economic value. Commercially viable technologies can 

generate employment, productivity, tax revenue, and useful products. The problem occurs when market 

performance is treated as a complete measure of societal impact. Markets may underprovide public goods, 

ignore environmental externalities, and distribute beneficial technologies according to purchasing power 

rather than social need. 

Ribeiro et al. distinguish private and public values within technological innovation. Their work 

highlights that patenting and commercial incentives may coexist with wider social-value claims. Public 

policy should therefore evaluate whether private appropriation supports or restricts socially desirable 

diffusion. 

 

2.2 Innovation Systems, Diffusion and Sociotechnical Change 

Innovation-systems research treats technological development as an interactive process among 

universities, firms, public agencies, financial institutions, users, professional communities, and 

infrastructure providers. Knowledge does not move automatically from science into use. It is translated 

through relationships, capabilities, standards, production systems, and institutional learning. 

Rogers’ diffusion theory explains how perceived advantage, compatibility, complexity, trialability, 

and observability influence adoption. Diffusion is also affected by communication networks, social norms, 

professional authority, and organizational context. Greenhalgh et al. show that innovation diffusion within 

service organizations depends on implementation capacity, leadership, resources, workflows, and user 

engagement. 

Geels’ multilevel perspective distinguishes technological niches, sociotechnical regimes, and 

wider landscape pressures. Emerging technologies often begin within protected research or demonstration 

environments. Their broader adoption requires alignment with regulations, infrastructure, markets, skills, 

cultural expectations, and established practices. Existing regimes may resist technologies that threaten 

incumbent organizations or require extensive system change. 

This perspective explains why technically superior innovations may diffuse slowly. An electric technology 

may require charging infrastructure; a digital-health platform may require interoperable records and 
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professional workflow changes; a biotechnology application may require safety review and specialized 

production. The innovation’s value depends partly on complementary institutions. 

Diffusion can also magnify inequality. Early adopters may possess greater wealth, education, 

infrastructure, or influence. If public investment reduces technological risk while benefits remain privately 

concentrated, the legitimacy of innovation policy may be weakened. Public-value evaluation should 

therefore examine the distribution and conditions of adoption. 

 

2.3 Responsible and Mission-Oriented Innovation 

Responsible research and innovation seeks to align scientific and technological development with social 

values, ethical acceptability, sustainability, and public needs. Von Schomberg emphasizes collective 

responsibility among researchers, businesses, policymakers, and societal actors. Stilgoe et al. organize 

responsible innovation around anticipation, reflexivity, inclusion, and responsiveness. 

Anticipation examines possible applications, risks, and distributional effects before they become 

fixed. Reflexivity requires researchers and institutions to examine their assumptions, interests, 

uncertainties, and definitions of success. Inclusion brings affected groups and relevant expertise into 

deliberation. Responsiveness requires the capacity to alter research or deployment when new evidence 

emerges. 

Mission-oriented innovation policy directs research and investment toward measurable societal 

challenges. Mazzucato argues that governments can shape markets and coordinate diverse actors around 

ambitious public purposes rather than merely correcting isolated market failures. Schot and Steinmueller 

similarly distinguish transformative innovation policy from approaches focused primarily on economic 

growth or national innovation systems. 

Kuhlmann and Rip describe the need for innovation policy suited to societal challenges, 

uncertainty, and multiple actors. Missions may help coordinate research, procurement, regulation, finance, 

and infrastructure. Poorly designed missions, however, can become vague slogans, favor politically 

connected technologies, or prioritize measurable outputs over meaningful outcomes. 

 

Table 1: Selected theoretical foundations for public-value-oriented innovation 

Theoretical 

perspective 
Primary focus 

Contribution to 

evaluation 

Important 

limitation 

Public-value 

theory 

Socially valued outcomes 

and legitimacy 

Expands assessment 

beyond commercial 

return 

Public values can 

be contested 

Innovation 

systems 

Relationships among 

science, firms, 

government, and users 

Identifies institutional 

translation requirements 

May understate 

power and 

distribution 
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Theoretical 

perspective 
Primary focus 

Contribution to 

evaluation 

Important 

limitation 

Diffusion 

theory 

Adoption characteristics 

and social communication 

Explains why technically 

useful innovations spread 

unevenly 

Adoption does 

not guarantee 

beneficial impact 

Sociotechnical 

transitions 

Interaction among niches, 

regimes, and wider 

pressures 

Shows why 

infrastructure and 

institutions matter 

Long-term 

transitions are 

difficult to 

predict 

Responsible 

innovation 

Anticipation, reflexivity, 

inclusion, and 

responsiveness 

Integrates ethics and 

governance into 

development 

Participation can 

become symbolic 

Mission-

oriented 

policy 

Coordination around 

societal challenges 

Aligns innovation 

portfolios with public 

goals 

Missions may be 

captured or 

poorly specified 

 

The literature indicates that the movement from research to public value is neither automatic nor linear. It 

involves feedback, negotiation, institutional change, and repeated evaluation. Technologies may return to 

earlier stages when safety, affordability, or operational problems emerge. 

 

3. Objectives 

The principal objective of this study is to identify and evaluate the pathways through which frontier 

scientific research and emerging technologies may generate public value. The analysis focuses on the 

institutional conditions that connect technical capability to accessible, equitable, legitimate, and 

sustainable societal outcomes. 

A second objective is to develop an evaluation framework that distinguishes scientific outputs, 

technological capabilities, organizational adoption, and public outcomes. This distinction prevents 

publications, patents, or prototypes from being presented as equivalent to demonstrated social impact. 

The specific objectives are: 

• To examine how public-value theory broadens conventional scientific and technological impact 

assessment.  

• To identify the technical, regulatory, financial, organizational, and social stages connecting research 

with societal use.  

• To evaluate the role of responsible innovation in anticipating risks and including affected 

communities.  

• To analyze how diffusion, infrastructure, skills, and institutional capacity influence public benefit.  

• To demonstrate public-value progression through a clearly labeled conceptual simulation.  
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• To identify points at which promising technologies may fail, create unequal outcomes, or become 

socially contested.  

• To propose indicators covering effectiveness, accessibility, equity, sustainability, legitimacy, and 

resilience.  

• To develop recommendations for public agencies, universities, research funders, firms, and civil-

society organizations.  

Five research questions guide the paper: 

1. Through which mechanisms does frontier science become usable technological capability?  

2. Which institutional conditions allow emerging technologies to create public rather than exclusively 

private value?  

3. How should public value be measured across technology-translation stages?  

4. Which risks can interrupt or distort the movement from scientific discovery to societal impact?  

5. How can innovation policy remain adaptive when technological consequences are uncertain?  

 

4. Research Methodology 

4.1 Evidence Identification and Selection 

The study employed a structured integrative-review design. Evidence was identified from 

multidisciplinary literature in innovation studies, public administration, science and technology studies, 

economics, responsible research, technology assessment, and public policy. Information sources included 

Scopus-oriented and Web of Science-oriented scholarly records, Google Scholar, OECD publications, 

publisher databases, and reference lists of foundational studies. 

The final search was conducted on August 25, 2026, while the cited literature was restricted to 

publications within the reference boundary used for the manuscript. Search combinations included frontier 

science societal impact, emerging technology public value, responsible innovation framework, mission-

oriented innovation policy, technology diffusion public benefit, sociotechnical transitions, public value 

governance, and technology translation institutional capacity. 

Peer-reviewed journal articles, scholarly books, and authoritative policy publications were eligible 

when they directly addressed innovation pathways, public value, technology governance, diffusion, 

transitions, missions, or societal impact. Sources were excluded from the analytical corpus when they 

made unsupported promotional claims or treated financial success as sufficient proof of public benefit.  

The evidence was appraised for conceptual clarity, methodological transparency, relevance to 

emerging technologies, and attention to social outcomes. Because the literature uses diverse concepts and 

does not report comparable effect measures, statistical meta-analysis was inappropriate. 

 

4.2 Analytical Coding and Public-Value Model 

Evidence was coded across seven translation stages: basic research, validated principle, prototype, field 

pilot, service integration, population adoption, and institutional scaling. A second coding layer examined 

six public-value dimensions: substantive benefit, accessibility, distributional equity, environmental 

sustainability, democratic legitimacy, and institutional resilience. 

A composite public-value index may be expressed conceptually as: 

PVi=d=1∑6wdVid−r=1∑mλrRir  
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where: 

• PVi represents public value at translation stage i;  

• Vid represents performance on value dimension d;  

• wd represents the socially determined importance of that dimension;  

• Rir represents identified risk or harm r; and  

• λr represents the seriousness assigned to that risk.  

This equation is not a universal public-value measurement formula. Weighting requires deliberation 

among affected groups, subject experts, public institutions, and independent evaluators. A high average 

score should not conceal severe harm to a particular group. 

 

4.3 Simulation Design and Data Integrity 

A deterministic conceptual simulation was prepared to illustrate how a composite public-value index 

might develop across technology translation. The index ranges from 0 to 100. Values were assigned as 

follows: basic research, 8; validated principle, 18; prototype, 32; field pilot, 49; service integration, 67; 

population adoption, 80; and institutional scaling, 88. 

These values do not describe any actual technology, country, research program, company, or public 

service. They were selected to illustrate the argument that scientific capability creates only limited direct 

public value until it becomes operationally accessible and institutionally supported. 

 

Table 2: Simulated public-value scores across translation stages 

Translation 

stage 

Simulated 

index 

Increase from 

previous stage 
Principal assumed contribution 

Basic 

research 
8 — 

Knowledge and future option 

value 

Validated 

principle 
18 10 

Reproducible technical 

plausibility 

Prototype 32 14 
Demonstrated functional 

capability 

Field pilot 49 17 Performance in realistic settings 

Service 

integration 
67 18 

Connection to institutions and 

delivery systems 

Population 

adoption 
80 13 Expanded access and practical use 

Institutional 

scaling 
88 8 

Durable capacity, standards, and 

governance 
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5. Analysis 

Frontier research creates public value initially through knowledge. Basic science develops theories, 

methods, datasets, instruments, and trained researchers. These outputs may have no immediate application 

but preserve options for future problem-solving. Evaluating early research only through short-term impact 

can discourage high-risk inquiry whose relevance is not yet visible. 

Validated scientific principles reduce uncertainty. Replication, independent testing, and methodological 

scrutiny distinguish robust findings from preliminary signals. Reproducibility is therefore an important 

public-value mechanism because it prevents resources from being directed toward unreliable claims. 

Prototypes convert scientific knowledge into functional capability. They reveal engineering 

constraints, material requirements, safety problems, and operational costs. A successful prototype is 

evidence of feasibility under specified conditions, not evidence of affordability, scalability, or social 

acceptability. 

Field pilots place technology within a realistic environment. They expose interactions with users, 

infrastructure, regulation, maintenance, workflow, and organizational culture. Pilots should be designed 

as learning processes rather than as demonstrations intended only to attract investment or public support. 

Service integration represents a crucial transition. A technology creates sustained value only when 

organizations can purchase, operate, maintain, update, and govern it. Integration may require workforce 

training, data standards, procurement reform, reimbursement, liability rules, and institutional coordination. 

Population adoption expands potential benefit but introduces distributional questions. Aggregate 

adoption may appear successful while disadvantaged communities remain excluded. Evaluation should 

examine affordability, geographic availability, accessibility for people with disabilities, language, digital 

connectivity, gender, age, and other relevant dimensions. 

Institutional scaling embeds technology within stable systems. Standards, professional training, 

accountability, maintenance, financing, and public oversight help sustain value over time. 

Institutionalization can also create lock-in, making it difficult to replace technologies when new evidence 

reveals harm or better alternatives become available. 

The graph below presents the simulated public-value pathway. 

 

Graph Title 1: Simulated Public-Value Development Across Technology-Translation Stages 
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The graph shows gradual growth during early scientific stages and stronger increases during field piloting 

and service integration. The largest modeled stage-to-stage increase occurs between field pilot and service 

integration, where the index rises by 18 points. This reflects the assumption that public value expands 

when technological capability becomes connected to operational institutions. 

The increase slows after population adoption. The simulated index reaches 88 rather than 100 

because institutional scaling does not eliminate risks, unequal outcomes, maintenance failures, or 

environmental burdens. 

Key finding: Under the conceptual assumptions, 59 of the total 88 public-value points emerge after the 

prototype stage. This indicates that most societal value depends on field validation, institutional 

integration, equitable adoption, and sustained governance rather than invention alone. 

The first pathway is knowledge creation. Publicly funded science produces reusable knowledge, 

research infrastructure, datasets, standards, and skilled personnel. Open scientific practices can increase 

value by allowing broader verification and reuse, although legitimate privacy, security, and intellectual-

property constraints may apply. 

The second pathway is problem-oriented direction. Research portfolios generate more public value 

when scientific opportunity is connected to clearly articulated societal challenges. Direction should not 

eliminate investigator-led research, since unexpected discoveries remain important. A balanced portfolio 

can support foundational science and mission-oriented development. 

The third pathway is responsible design. Safety, privacy, accessibility, environmental 

performance, and user needs should be considered during research and engineering. Correcting harmful 

design after infrastructure and markets have formed is usually more costly. 

The fourth pathway is institutional translation. Regulation, standards, procurement, financing, 

professional training, interoperability, and liability arrangements determine whether technologies can 

move from demonstration to routine use. These institutional innovations are often less visible than the 

technology but equally important. 
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The fifth pathway is equitable diffusion. Public value depends on who can access the innovation 

and under what conditions. Subsidies, public procurement, licensing, infrastructure investment, inclusive 

design, and local capacity building may be required when markets alone produce unequal access. 

The sixth pathway is adaptive governance. Emerging technologies change during deployment, and 

their consequences may become visible only over time. Monitoring, incident reporting, independent 

evaluation, review clauses, and the ability to modify or withdraw systems are essential. 

 

6. Challenges 

Defining public value is difficult because societies contain diverse and sometimes conflicting interests. A 

technology may improve aggregate welfare while harming a minority. Transparent evaluation should 

report disagreement and distribution rather than reducing every value judgment to a single score. 

Attribution presents another challenge. Societal outcomes result from interacting technologies, 

institutions, economic conditions, policies, and human behavior. It may be difficult to determine how 

much improvement is caused by one innovation. Contribution analysis may be more defensible than strong 

causal attribution where controlled evaluation is impossible. 

Time horizons differ. Scientific research may require many years before producing applications, while 

policy programs often demand short-term results. Premature evaluation can undervalue basic research, but 

indefinite promises of future benefit can shield unproductive programs from accountability. 

Indicators may distort priorities. Universities and firms may optimize publications, patents, 

funding, or adoption counts when these metrics determine rewards. A high number of users does not 

demonstrate safety, equity, or social benefit. 

Technological uncertainty complicates governance. Early regulation may restrict beneficial 

experimentation, while delayed regulation can allow risks and market concentration to become 

entrenched. Adaptive governance requires staged rules, monitoring, and revision. 

Commercial incentives may conflict with public value. Intellectual-property protection can support 

investment but also increase prices or restrict access. Data concentration may improve model performance 

while weakening privacy and competition. 

Distributional inequality may appear at every stage. Research agendas may neglect diseases, 

regions, languages, or environmental conditions with limited commercial value. Infrastructure gaps can 

exclude rural and low-income communities. Automation may redistribute employment and bargaining 

power. 

Public participation can become symbolic. Consultation conducted after key decisions have been 

made does not provide meaningful influence. Inclusive processes require accessible information, adequate 

time, independent facilitation, and visible responses to participant input. 

Technical expertise is unequally distributed. Public agencies may depend on vendors to explain 

complex systems, creating information asymmetry. Independent testing capacity, public-interest technical 

expertise, and transparent procurement are necessary. 

Risk displacement is another concern. A clean technology may shift environmental burdens to 

mineral extraction or waste disposal. A digital service may reduce administrative cost while transferring 

labor to users. Lifecycle and systems analysis can reveal these shifts. 
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Global effects require attention. Technologies developed in wealthy countries may rely on data, 

materials, labor, or environmental resources from other regions. Public value should not be claimed locally 

while significant harms are externalized internationally. 

Measurement can also become politically selective. Organizations may emphasize benefits while 

excluding failed pilots, marginalized users, or long-term costs. Independent evaluation and disclosure of 

negative findings strengthen learning. 

Finally, successful institutionalization can create dependency. Once a technology becomes 

embedded in infrastructure and professional practice, withdrawal becomes costly. Exit strategies, 

interoperability, data portability, and periodic review should be included before large-scale adoption. 

 

7. Discussion 

7.1 Public Value Is Produced through Translation, Not Invention Alone 

The central finding of this paper is that invention creates potential value, whereas translation determines 

whether that potential becomes socially meaningful. Scientific publications, patents, and prototypes are 

intermediate outputs. They contribute to impact but should not be presented as final public outcomes. 

The simulation expresses this distinction by assigning relatively low public-value scores to basic research 

and validated principles. Most of the modeled value develops after field testing, service integration, 

adoption, and institutional scaling. These stages connect capability with actual needs, users, organizations, 

and public accountability. 

This interpretation does not reduce the importance of frontier research. Basic science generates 

knowledge and options that cannot always be valued immediately. The implication is that research policy 

should support both discovery and the complementary institutions needed for responsible translation. 

 

7.2 Directionality, Equity and Institutional Capacity 

Innovation is shaped by direction. Funding priorities, procurement, standards, regulation, and 

infrastructure influence which technological pathways develop. Public agencies therefore do more than 

correct market failures; they help determine the purposes toward which innovation is directed. 

Direction should be evaluated through equity. A program that improves average outcomes while 

excluding vulnerable groups may create limited or contested public value. Distributional assessment 

should be included in pilot selection, infrastructure planning, pricing, and scale-up. 

Institutional capacity is as important as technological readiness. Public organizations need 

technical expertise, procurement competence, data governance, workforce training, evaluation methods, 

and the authority to revise or terminate systems. Without such capacity, adoption may increase 

dependency on vendors without producing durable public benefit. 

 

7.3 Adaptive Governance and Portfolio Learning 

Emerging technologies require governance capable of learning. Fixed rules may become outdated, while 

unrestricted experimentation can create harm. Adaptive arrangements can combine controlled pilots, 

monitoring, independent evaluation, review triggers, and escalating requirements as deployment expands. 

Portfolio management is preferable to reliance on a single technological solution. Multiple 

approaches can be tested against shared public goals, allowing unsuccessful pathways to be discontinued 
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and promising ones to receive further support. Portfolios should include institutional and social 

innovations alongside technical projects. 

Negative results should be treated as valuable evidence. Failed prototypes, low-adoption pilots, 

and unanticipated harms can improve future policy if they are documented openly. Organizational cultures 

that punish every failure may encourage concealment and reduce responsible experimentation. 

 

8. Conclusion 

Frontier science creates public value through a chain of technical, institutional, and social transformations. 

Scientific discovery establishes knowledge and possibility, but meaningful societal impact requires 

validation, engineering, field testing, regulation, infrastructure, organizational integration, equitable 

access, and sustained governance. 

The conceptual area graph illustrates a simulated increase in public value from 8 at the basic-

research stage to 88 at institutional scaling. Most of the modeled value emerges after prototype 

development, emphasizing that societal impact depends heavily on translation. The values are illustrative 

and do not evaluate any actual technology program. 

Public-value assessment should move beyond publications, patents, investment, and market 

adoption. It should examine substantive benefit, accessibility, equity, sustainability, legitimacy, and 

resilience. Severe harms should not be hidden by high average performance. 

The responsible pathway from frontier science to societal impact is therefore neither automatic nor 

purely technological. It requires coordinated public institutions, capable firms, research organizations, 

civil society, affected communities, and adaptive regulation. Emerging technologies create lasting public 

value when scientific capability is directed toward legitimate social purposes and supported by institutions 

capable of distributing benefits, managing risks, learning from evidence, and revising decisions over time. 
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