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Abstract

The field of impact evaluation of research from public funding is evolving to justify
and accelerate investments. The urge to gauge a holistic impact on society is
catching the researcher’s attention and approach. However, due to the inherent
characteristics of and issues in measuring the socio-economic impact of research, it
is challenging to develop a uniform and simple measurement tool. In the context of
public-funded academic research institutions, in a multi-stage research process, we
first propose an initial framework model for estimating the potential socio-economic
effects of technologies weighing on the scientific, technological, social,
environmental, and cultural pillars. Further, we analyzed and tested the model using
multi-case studies and develop a questionnaire. This questionnaire is tested
empirically in a focus group. Finally, we develop a conceptual model that is a
flexible and simple means to measure the potential socio-economic impact of
technologies with 15 indicators. Applicable at various stages of the technology
lifecycle, this model can serve the dual purpose of estimating expectations and
analyzing effects.

Keywords :Technology management,Research evaluation, Socio-economic impact,
Technology transfer, Small and medium enterprises

1.Introduction the facets of this interaction, including the
The panorama of studies on  effectiveness, enablers& barriers, the role of

knowledge generation and dissemination ~ actors and policies[1] ,and factors affecting
from the public investment in science & it success[2]. An exciting area of curiosity
technology through public-funded Academic 18 the measurement of the impacts. This field

Research Institutions (pfARIs) is elaborate 1S evolving, and researchers are working to
and circular. Since the 1990s, the policy  understand and formalize how to measure

changes in science and technology have the effects in an objective, cost-effective and
evoked interest in transferring technology  timely manner[3]

outcomes of the pfARIs to the industry and The ~ pfARIs  and  industry
evaluating the impact. Research teams  engagement through a variety of formal and
having diverse subject experts have studied  informal channels[4] both being
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complementary[5], have a dynamic, positive
benefit for the innovation ecosystem[6].
Consequently, the contribution of these
actors in innovation activities and society is
a subject of interest and is evolving from
being implicit to explicit.

In developing countries, the
interaction between pfARIs and small and
medium enterprises (SMEs) is vital for
capacity building and manufacturing. The
pfARIs are significant beneficiaries of
government funding for research and
constitute a considerable part of the national
innovation system [7]. Further, SMEs have
an essential role to play due to their vast
influence on the economic and social
landscape[8]. For innovation, internal
resources are good to explore and
strengthen[9], but strategic alliances [10]
and open innovation practices have the
advantage of time and complementary
resources. The association, cooperation, and
coalition between pfARIs and SMEs justify
the societal investment in  future
technologies from an economic perspective
[11].

The Council of Scientific &
Industrial Research (CSIR) and the
associated Academy of Scientific &
Innovative Research (AcSIR) are the largest
pfARI with a pan-India presence [12],
working primarily in the area of sustainable
industrial technologies [13 - 17]. There is no
doubt regarding the scientific impact of
CSIR and AcSIR in terms of publications,
citations, and intellectual property, but the
industry linkage seems to be weak [18]. It is
a matter of concern, and there are efforts to
reinforce and strengthen it through policy
and strategic measures. In India, SMEs
constitute almost 95% of the total industry
employing about 40% of the workforce and
adapting to new technology areas[19] due to
their inherent characteristics. The pandemic
has further provided an opportunity and
environment for both the actors to develop
innovative  products = combating  the
coronavirus.

The significance of science and
technology deduce that it delivers broader

socio-economic impacts [20]. It requires
sustained policy support [21] due to capacity
issues, spill-over effects, and a host of such
reasons. Traditionally, the impactof science
and technology was presumed, and the
policymakers did not felt the need for
aseparate evaluation of these socio-
economic effects. However, in the last
decade of the 20" century, the scope of
research evaluation began expanding[22].
Schot et al. highlighted the need for
prioritizing a transformative innovation
policy with origins in the localized socio-
economic context for achieving sustainable
development goals[23]. Accordingly, the
evaluation landscape of research impact is
also evolving, and the impetus on socio-
economic considerations is widening.The
criteria now encompass evaluating outputs
and outcomes in scientific, social, economic,
environmental,and cultural terms [24]. This
approach envisages clarity about traditional
metrics of judging science and the presumed
impacts.

Therefore, it would be fruitful to
study the potential socio-economic impact
of the technologies developed by the pfARIs
and translated into innovative products by
SMEs.However, as the literature suggests
the scarcity of objective metrics and the
uniqueness of the technologies in terms of
broader impacts, it is difficult to have a
generic recipe. The reasons are complexities
in establishing the exact causality, spill-over
effects of research, long time lag between
intervention and effect, issues in attribution,
lack of interest by scientists, cultural
differences between experts of evaluation,
generality issues, and the possibility of
negative impacts[24]. Therefore, a practical
approach is to complement with case
analyses of the socio-economic implications
of diffused technologies. Case studies have
been in ample use to assess the impact of
research with in-depth insight and a better
understanding of the processes [25]. In
combination with follow-up expert opinion,
it allows sensible judgments about the
impact [26]. This paper is a contribution to
this literature. We will formulate a
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framework for potential socio-economic
impact assessment and study the
selectedcase studies of technology transfer
and effective commercialization from a

pfARI leading towards socio-economic
impacts. Basis the case studies and
literature, the understanding would be

formulated as a questionnaire and tested
using qualitative and quantitative research
with a focus group. The focus group study
would culminate in a concurrence index for
the potential socio-economic impacts of the
selected case studies. The literature review,
focus group study, and the concurrence
results would help develop a framework for
the potential socio-economic  impact
assessment of technology projects. The
framework is helpful as a flexible tool for
assessing socio-economic impacts at various
stages of the project lifecycle.

The organization of the rest of this
paper is as follows. First, we present a
literature reviewof the socio-economic
impact studies,especially research related to
methodologies for assessment. Next, we
discuss the multi-stage methodology
adopted in the study and the research design.
In the final section, we present the
framework model for potential socio-
economic 1impact, selected case studies,
findings, contributions, implications, and
limitations.

Evaluation serves the twin purposes
of justifying the investments and gauging
the progress[27]. Chronologically, public-
funded science and technology evaluation
has navigated from sole peer review to
economic scrutiny and the recent inclusion
of public scrutiny [21]. The regulatory
changes in the 1980s regarding IP rights of
federally funded research and scarcity of
public funds were primarily responsible for
initiating economic scrutiny. In addition, the
evolving  policies, globalization, and
sustainable development goals (SDGs) may
have contributed to the inclusion of the
public scrutiny aspect[28]. The quest for
sustainability in science leads to the hunt for
broader evaluation measures, and socio-
economic parameters provide this landscape

in the current literature[29]. Though the
centrality of societal impact in research
evaluation 1is increasing steadily [26],
measuring it with simple, reliable indicators

with precision is a topic of recent
deliberation[30].
The first systematic effort to

encompass the socio-economic impact was
conducted in the health sciences sector to
justify the public investment in the UK [31].
Buxton and Hanney developed the Payback
framework in 1996, incorporating the
academic outputs and broader socio-
economic impacts in the health sector[32].
The framework granulates the research and
dissemination  process into  specific
components, and a classification schema for
research impacts is developed[33]. Spaapen
et al. studied the interactions between the
actors in the system from communication,
collaboration, and contract perspectives.
They suggested that these interactions help
develop indicators that are helpful to
measure socio-economic impacts [34].
However, it lacks to meet the specific
requirements of impact assessment in some
cases [35].

The ill-fated Australian research
quality  framework (RQF) is a
comprehensive tool holistically covering the
socio-economic impact of public-funded
research[22]. It uses a case study-based
approach with a follow-up by expert
verification. Subsequently, the UK research
excellence framework (REF) adapted the
RQF. It added degrees of research impact
and spread among users as criteria for
evaluation. Passani et al. proposed a self-
assessment methodology for socio-economic
impact in information communication
technologies and software as a service. They
stressed the need for stakeholder integration
in project execution for the best results [36].

The  literature  discusses  the
anticipations from future REF [37], the
responsible metrics. Sivertsen discusses the
individual and institutional wunits in
assessments and the scope of mutual
learning among the countries [38]. Though
there are trade-offs and dilemmas in the
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suitability of available methodological
approaches for evaluating societal impact
[30], the case study methodology seems
promising. It can analyze complex situations
and synthesize in-depth understanding [39].

A literature stream related to the
balanced scorecard (BSC) approach for
assessing the corporate performanceas per
the corporation’s strategic objectives also
seems exciting and helpful in our context.
Initially proposed by Kaplan et al. [40] this
approach tries to balance corporate
performance assessment with additional
parameters. Further, researchers have tried
to extend this approach to R&D
performance management in a corporate
setup [41-43]. However, applying the
criteria in the performance and potential
assessment of technological innovations
from public-funded R&D institutions is
unexplored.

We propose that it is possible to
develop and deploy technologies with
potential socio-economic impacts in terms
of scientific, economic, social,
environmental, and cultural returns in the
context of a pfARIin terms of corresponding
indicators. We will develop a conceptual
model for assessing potential socio-
economic impact at different stages of the
project lifecycle.

2.Methodology

In this work, we use an exploratory
research design. Usingthe qualitative and
quantitative methodology, we develop a
conceptual model to assess the potential
socio-economic  impact of translated
technologies from pfARI laboratories ina
multi-stage research process.

In the first stage, we explore the
available information on the impact
assessment in CSIR laboratories through
public means and consultation with the
business development units of the CSIR
laboratories. Then, triangulating these inputs
with the literature, we came up with an
initial classification framework of the
factors contributing to the overall socio-
economic impacts.

In the second stage, we used a
purposive sampling of cases to understand
the best practices and identify the indicators
for  socio-economic  impacts.Purposive
sampling is a non-probability sampling
technique wused frequently when the
optimum selection criteria are known[44].

We selected holistically impactful
technologies from the pfARIwith variance in
terms of technological complexity, academic
collaboration, industrial collaboration, type
of intellectual property, and stakeholder
engagement. It allowed us to have a balance
in the salient features of the various
technologies under consideration.

In the third stage, we used the focus
group to test the framework for potential
socio-economic impacts using qualitative
measures. We chose a focus group with
expertise in technology and management of
technology to validate the proposed
framework and evaluate the technologies’
socio-economic performance. The focus
group, comprising principal investigators of
the research projects, members of the
business development team, authors, and
team members of the projects, were
approached and involved in validating the
proposed framework for evaluating the
socio-economic  performance of  the
technologies.  Focus  groupsare  used
frequently for the assessment of impact[45].
They are also helpful in gaining a
comprehensive understanding of
participants’ experiences [46].

Finally, based on the results of the
focus group study, available literature, and
the author’s understanding of the subject, we
propose a conceptual model for potential
socio-economic impact assessment.

2.1. Stage 1: Initial Development of
criteria and framework

We studied the technology transfer
mechanisms in place, guidelines, and the
criteria for assessing the impact of
technology transfer in 37 laboratories of a
prominent pfARI in India. In addition, we
analyzed the public data, annual reports,
publications, patents literature, social and
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print media articles related to the pfARI
technologies for gaining insight into their
broader impacts. We also contacted the
Business development heads of the
laboratories to understand the process and
best practices. We requested them to
communicate the available technologies for
commercialization, transferred technologies,
and general best practices documents for
impact assessments of their laboratories.

A general understanding that
emerged at this stage was that the pfARI
envisages measuring economic impacts,
scientific & technological achievements,
environmental impacts, social impacts, and

cultural effects. The parameters of
technological —achievements could be
technologies developed and deployed,

economic impact generated, royalty earned.
The scientific contribution can be measured
using metrics like IP-generated,
publications, and citations(www.csir.res.in).
It is broadly in conformance with the
available literature for assessing the socio-
economic impact of research(Bornmann
2013). The previous literature identifies
many variables of importance in evaluating
the socio-economic impact of research from
pfARI. With the inputs available to us, we
further identified several specific indicators
of importance.As a result of this exercise,
we develop an initial framework for socio-
economic impacts with a classification of
five types of impact.

Scientific
Impact

Economic
Impact

Socio-Economic
Impact

Environmental
I Cultural
Impact

Fig. 1: Initial framework for potential socio-
economic impact of technologies

As shown in figure 2, we structure
the potential socio-economic impact as a

comprehensive indicator that encompasses
the scientific, economic, social, cultural, and
environmental returns in terms of outputs
and outcomes of the research at pfARIs. It is
known by various nomenclature as third-
stream activities, societal benefits, public
value, and societal relevance in the literature
[3]. The trend is to blend the traditional
metrics of evaluation with metrics of
societal relevance for clarity in the benefits
of public investment in science and
technology. It seems to be a step in the right
direction as experience suggests an overlap
between these indicators, and the boundary
is fuzzy.

Link et al. have discussed the
benefits from the economic aspect and
confirmed the results using case study
methodology. The benefits of the technology
from pfARIs to the industry are two-fold
viz. direct to the industry in terms of
improved profit & indirect in terms of the
lower price that society pays for the
products offered by the industry due to
lower development cost. However, the
transference takes time and requires a long-
term commitment by the pfARIs. Further,
the policy support in such cases is a
significant enabler. Therefore, the role of
pfARIs management in ensuring the success
of the TT effort by providing resources,
promoting the potential technologies, and
supporting the TT culture in their laboratory
is critical. Further, post-transfer
collaboration can be a game-changer for the

companies building upon transferred
knowledge for a successful, marketable
product[47].

Social, cultural, and environmental
impacts are additions of the research to
thenation’s social, cultural, and natural
capital [3]. Interaction of science with
society through technology has peer,
upstream, midstream, and downstream
implications  regarding  understanding,
behavior, approach, and equity in society.
The cultural impacts relate to the overall
prevalence of scientific conduct, recognition
for the creative work, and motivation for the
people to engage through coverage in
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popular and social media, awards, and
fellowships. Environmental impacts related
to the sustainability of the technological

intervention in reducing, reuse, and
recycling. Since these impacts are broad
and have a varied timescale, their

measurement needs sustained effort and is a
long-term phenomenon [48].

We will use this five-factor structure
to assess the potential socio-economic
impact of CSIR technologies.

2.2. Stage 2: Multi Case Studies

We worked on the database of
technologies transferred by the pfARI in the
last five years and tried to analyze and
categorize them based on deployment status,
sector, and characteristics such as academic
collaboration in technology development,
industry engagement, intellectual property
rights, and stakeholder involvement. It gave
us insights regarding the deployed
technologies. From this universe, we
selected the deployed technologies of the
health and environment safety sector. We
map the technologies in terms of the initial

framework. Finally, wedecided on three case
studies with perceived high potential socio-
economic impact based on our experience
for detailed assessments.

We discuss threedetailed case studies

in the health and environment safety sector
with potential socio-economic impacts in the
following sections selected based on the age
of technologies, technological complexity,
engagement of industrial partner, and type
of IPR. The technologies are electrostatic
disinfection system (EDS), AutoCEPH, and
UVC Air Duct Disinfection System. We had
consultations with the scientists, SMEs,
other stakeholders, and end-users and have
depictedthe narrative effects and issuesthat
emerged during the discussion. The chosen
technologies’ brief characteristics are shown
in Table 1: Brief characteristics of selected
case studies.

Table 1: Brief characteristics of selected case studies

EDS AutoCEPH UVC Air Duct

Disinfection System

COVID related Yes No Yes

IPR Yes (Patent) Yes (Copyright) Yes (Design)

Technology Medium High Low

Complexity

Academic No Yes No

Collaboralion

Deployment Age | 1 year 3 Year 3 Month

Industrial Partner | Yes (3) No (0) Yes (30)

Commercialization | TT through SaaS TT through

Strategy conventional mode Expression of Interest
in Media

Current Market Medium High Medium

Penetration
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The first case we consider is an Electrostatic
Disinfection system (EDS) for
decontaminating the surroundings by
offering the enhanced ability of substance
exposure over the target surface and
reducing run-off. The second technology,
AutoCEPH, is a 2-D cephalometric analysis
software. It assists orthodontic and
maxillofacial ~surgeons in  performing
analyses for their patients. Finally, we
consider the UVC Air Duct Disinfection
System for improving indoor air quality. It is
a retrofittable unit into existing HVAC air
ducts using customizable sliding
mechanisms. In the following sections, we
compare these technologies and discuss their
essential  characteristics  and  issues
considering the socio-economic impacts.
Given in Table 2 Detailed comparison of
selected technologies depicts the features of
the three selected technologies in terms of
considered pillars of scientific, economic,
social, environmental, and cultural impacts.
CSIR developed the technology for
electrostatic disinfection, which has been
absorbed by an SME based in India, leading
to new product development (NPD)(2021).
The technology transfer happened during the
COVID lockdown period. Interestingly the
regional distance does not seem to have an
impact on absorption. The reason appears to
be the inculcation of intellectual proximity
due to virtual communication between
source and recipient. After that, the industry
entered into a consultancy and training
agreement with CSIR to enhance its internal
R&D capabilities. This engagement helped
the SME strengthen its R&D base and vouch
for endowment funding from the US-India
Science and Technology Endowment Fund
for advancements in technology, with CSIR
as a development partner. The journey is

quite exciting and seems prospective, eyeing
several opportunities by the collaborating
ARI and SME.

AutoCEPH is a 2-D cephalometric
analysis software. It assists orthodontic and
maxillofacial surgeons in performing
analyses for their patients. CSIR-Central
Scientific Instruments Organisation,
Chandigarh, India, has developed the
software in collaboration with the Centre for
Dental Education and Research (CDER),
AIIMS, New Delhi, India. The software was
developed and benchmarked with the
available commercial software and manual
tracing. After being judged comparable, the
software was launched and promoted under
the software as a service model (SaaS). To
date, more than 1200 orthodontic surgeons
have logged the software with a trans-
national span. In addition, doctors have
performed more than 6000 cephalometric
analyses. With continual research and
clinical inputs, the software is further
evolving to include state-of-the-art features.

Improving indoor air quality is an
area of interest in the pandemic era with
long-term applications. The UVC Air Duct
Disinfection System is a retrofit unit into
existing HVAC air ducts using customizable
sliding mechanisms. It consists of a slide
mechanism, a regulated UV light source,
and sensors. The device is used as a retrofit
attachment to any existing air duct by minor
modifications (cut, slot, and fitting) into it.
The precise optimization of the intensity of
UVC light ensures the proper dosage to the
given airflow to inactivate any virus &
bacteria present. In addition, the mechanical
setup allows the user to position the light
source quickly and easily removeit when
maintenance or cleaning is required.

Table 2: Detailed comparison of selected technologies

EDS Auto CEPH UVC Air Duct Disinfection

System
Scientific e Quick technology | Deployed as Software as |® New Product developed
Impact development and rapid | a Service and launched by more
absorption e High Impact | than two dozen industrial
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e Timely Market Launch

e IP protection of the core
technology

e High impact publications
in the technology stream

Publications
e Protected by Software
copyright

partners

e The IP protection is in the
form of design
registration

Economic
Impact

e Licensing income
generated to the institute

e Royalty income

e Follow on funding for

product

received

incremental
development
jointly with industry

e Follow on funding for
development of
advanced features
received

e Massive potential for

Licensing and

but

search  of

royalty
is unexplored in
marketing
partner

e Licensing Income from
Industrial Partners

e Expect  Royalty income
with commercialization

funding

spin-off

e Follow-on
received  for

applications

Social Impact

e Interaction among

policymakers, researchers,

industries, users, and
media
e Improved internal R&D
capability of the SME

e Human capital generation
in the specialized field of
electrostatic spraying

® Mass penetration among
the prospective user base

e Constructive stakeholder
engagement leading to
improved linkage and
Product evolution

® Academic  collaborator
leading the promotion
and made its presence

e Industry connect with the
help of print media

e Management
championing the project

e System
testing completed

e Common communication

calibration and

platform for industrial

partners

e Sterilized public places | felt on all platforms e Prospective collaboration
and hospitals will |eRobust human capital | between the entities for
encourage economic | generation economies of scale and
activity market advantage

Environmental |e Reduced material usage e Reduced paper usage for |e Improvement in indoor
Impact e Better surface coverage manual tracing air quality
e Virucidal ~remedy for |ePositive impact on |e Safer public spaces
public health and safety public health and safety |e Handling technology
waste needs to be proper
Cultural e Widespread media |e Garnering end-user |e Elaborate media coverage
Impact attention attention and attention

e Technology display to |e Fellowships and |epfARI  has  released
policymakers and media Studentships. comprehensive guidelines

e The scientist and team |eInternational user base | on ventilation of
have won accolades for | highlighting cross- | residential and  office
their exemplary work and | cultural interaction buildings (www.csir.res.in
are evolving as a research 2021a)
group

Issues However, the country’s leadership has felt
The significance of reducing the urge, and India launched the Swachh

exposure-related health risks to the public
and environment is primary [49]. The EDS
case study focuses on disinfection which is
very important in the current scenario. In
particular  electrostatic  disinfection is
garnering  attention due to  rapid
decontamination and reduced footprint [50].

Developing countries like India rank
low on hygiene parameters globally.

Bharat Abhiyaan[51] in 2014 to create
awareness for personal and public hygiene.
Although the program has brought in a
marked shift in the thought process of the
citizens [52], it requires more rigorous
efforts. Moreover, the covid pandemic has
further enhanced the urge for solutions.

The concept of mass disinfection is
relatively new for the country and needs to
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be supported by regulatory mechanisms. The
standardization of the processes and
certification of the products is also a
significant issue. Guidelines regarding
scheduled use of disinfection of the
buildings and public spaces are required.
The indigenous manufacturers need support
and handholding in this direction. It requires
the championing support and leadership of
standards organisations, pollution control
boards, licensing, and controlling authorities
at a sustained level.

In the case of AutoCEPH, the pfARI
is currently maintaining the software on its
server. The software is with a free license,
and customer support is not proper. The
developer  scientist usually  provides
customer support as there is no dedicated
team for handling these issues. An industrial
partner with an appropriate business model
and execution team is ideally required to
take care of these aspects.

The development is at the cusp of an
exponential launch, and an industrial partner
could help in this regard. The pfARI needs
to chalk out an appropriate strategy to
engage the prospective partners. The
untapped economic potential is high and is
achievable by introducing features like 3D
cephalometry and Al-based automation and
engagement of a marketing and support
partner.

Finally, in the UVC Air Duct
Disinfection System case, the need for
standards is imminent. The regulator in
India should develop a comprehensive
standard for UV In-duct systems in HVAC.
Further, since UV lamps contain toxic
materials, it is essential to ensure their safe
handling after service life. Improper disposal
is an environmental hazard. Mass scale
implementation can make it a big issue, and
regulations in this regard would be vital.

Insights

The successful transfer and adoption
of  technology[53] have multifaceted
implications for SMEs (Min et al. 2020) and
the innovation ecosystem [54]. First, it leads
to NPD, improving the  business

performance of the SME (Park and Ryu
2015). Further, it infuses the R&D culture
among the employees at the micro-level,
SMEs at the meso level, and the economy as
a whole at the macro level leading to social
gain [47].

The absorption capacity of the
SMEs, which is critical to NPD success
[56], is improved, enabling them to attract
investment [57]. Mutual trust improves at all
levels leading to greater engagement.
Further, with the endowment funding[58]
available for sustainable technology
development, the proximity can lead to
further  collaboration and technology
development. The technology has reduced
environmental footprint and 1is socially
relevant. The developed technology has a
substantial potential socio-economic impact.
However, to fully leverage the potential,
handling issues like systematic policy,
guidelines regarding disinfection, and
regulatory support for certifications need
attention.

In AutoCEPH software, the project
has generated excellent results in all aspects
barring the engagement of an industrial
partner. The product is mature in its current
form. However, with the implementation of
3D features and automation, it is expected
that the outcome would be able to cross the
threshold for financial impact. Good
matchmaking by the technology transfer
office can help the technology break this
barrier, and then the sky is the limit. We
suggest that the opportunities in the start-up
or spin-off domains may be explored by
looking into the asset-light model of the
development.

Considering the UVCair duct
disinfection system, offering a research
product with calibration and testing
certifications  attracts the  immediate
attention of the market. Further, if the
management of the research institution
champions the efforts in identifying the
market and promotion, the market
penetration is swift. Sustaining momentum
through communication and handholding
would enhance the probability of successful
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commercialization. It also has a spiraling
impact on the intensity of pfARI-industry
interaction for future endeavors, as trust
plays a vital role in engagement speed.

2.3.Stage 3: Validating the Framework
for potential socio-economic impacts of
the selected case studies

A focus group, consisting of
principal investigators, members of the
business development team, authors, and
team members of the projects, were
approached and involved in validating the
proposed framework for evaluating the
socio-economic  performance  of the
technologies. It aligns with the literature
regarding the importance of expert opinion
in assessing the socio-economic impact [35].
Based on the literature review, inputs from
CSIR Ilaboratories, the cloverleaf model
[59], the studied cases,and the experience in
assessing the effects, we developed a
questionnaire encompassing socio-economic
impacts.

The questionnaires were presented to
the focus group and ask them to record their
quantitative and qualitative judgments. We

record the responses for impacts of the
technology on a five-point scale with values
ranging from 1(very low impact) to 5(very
high impact). Further, we ask the
respondents to indicate their confidence in
the response on a scale of 1 to 3, ranging
from low to high confidence. We use the
confidence level as a weighting variable.
Finally, we compile the weighted sum for
questions classified in our proposed model
to have a qualitative understanding of the
socio-economic impact of technologies. The
value of indexes varies from 3 to 45 for each
of the individual pillars, indicating a model
with holistic balance. The range of scores
for technology was from 15 to 225.

We recorded the response of the
individual members of the focus group to
the questionnaire. In follow-up, we
organized a conference meeting to arrive at
a consensus estimate values for potential
socio-economic. The final values are as
shown in Table 3Potential socio-economic
impact score of technologies.

Table 3: Potential socio-economic impact score of technologies.

Technology |Scientific | Economic| Social | Environmental | Cultural Total Score
Index Index Index Index Index 15 to 225
3to45 3to45 3to 45 3to45 3to45
EDS 39 39 42 36 42 198
AutoCEPH | 45 36 40 30 30 178
UVC Air
Duct
System

Table 3: Potential socio-economic impact
score of technology summarizes the
concurrence result for testing the model by
the focus group indicating the importance

and balance of considered factors in
assessing socio-economic impacts. The high
index values confirm our view that the
purposively sampled technologies have
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substantial potential socio-economic
impacts.Therefore, this socio-economic
index can be fruitful for analyzing the
potential ~ socio-economic  impact  of
technologies.

2.4 The conceptual model for potential
socio-economic impact assessment

The preceding discussion establishes
our propositionthat it is possible to develop
and deploy technologies with potential
socio-economic impacts in terms of
scientific, economic, social, environmental,
and cultural returns in the context of a
pfARI under various constraints.
Based on the case studies and relevant
literature, we have devised a conceptual
model, as shown in Fig. 2, assessment
having 15 indicators across five dependent
variables. We propose using the scientific,
economic, social, environmental, and
cultural indicators as dependent variables to

gauge the socio-economic
comprehensively.

The conceptual model depicts 15 indicators
helpful in assessing the socio-economic
impact of technology transfer projects:
publications, new product development
(NPD), intellectual property, licensing,
royalty, research funding, collaborations,
innovation culture, human capital, public
health and safety, reduced footprint,
environment-friendly, awards, fellowships,
and media coverage. We group these
observed indicators as scientific, economic,
social, environmental, and cultural impacts.
The conceptual model encompasses the vital

implications

factors and indicators for assessingthe
potential  socio-economic  impact  of
translated/under translation technologies.

Therefore, we can develop it as a
customized tool for specific contexts and
scenarios.

Publications NPD P
Licensing -
Scientific
Impacts
Royalty P
Research Funding
Collaborations Economic
Impacts
Innovation Culture
Social
Impacts Socio-economic
Human Capital Impacts

- e— Environmental
Public Health & Safety Impacts
Reduced Footprint
Cultural
Environment Friendly Impacts
Awards Fellowships Media Coverage

Fig. 2: Conceptual model of potential socio-economic impact assessment
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3. Discussion

Nearly twenty years ago, the
importance of socio-economic analysis of
R&D was being discussed at high-level
policy centres [60]. However, even to date,
there is a dearth of valid techniques for such
evaluation. The researchers are still arguing
about strengthening the socio-economic
impact assessment culture in science and
technology. The research proposal review
criteria should also judge the societal goals.
[36].

The researchers have stated the reasons for
such a significant gap in research evaluation
literature  across  various  studies.The
literature documents the lack of consensus
about what data to wuse, frameworks,
methods, or criteria for impact assessment
[1,24,34,61].

However, in the Indian context,
assessing the socio-economic impact of
technologies is of prime importance as the
offered solution will be catering to the
sizeable poor and vulnerable population of
the country [62].

Consistent with the literature, we
undertookthe study. Amodel is proposed
based on the studied literature, policy
documents, case studies, and focus group
discussions in the said context that gives a
quick idea about the potential socio-
economic impact of the developed
technologies. However, basis the broader
understanding of the socio-economic
assessment, it was found that this model has
limitations and needs comprehensive
evaluation before being brought to practice.

3.1.Dynamism of the Model

The model has considered the social,
economic, cultural, environmental, and
scientific impact.However, this model can
be expanded to include other factors such as
strategic [63,64] , zoological [65] and
geographical [66]. The addition or deletion
of factors from the model can be
contextualized to the technology domain
under study.

3.2. Quantification of the model

The model has considered various criteria
under the factors such as the scientific
impact viz. New Product Development,
Publication, and Intellectual Property.
However, the scientific impact can be
extended beyond these measurements,
including the criterion such as the citation
index [67,68]. Similarly, the economic
impact has a vast span that can be extended
beyond considered factors, like the impact
on the firms’ profitability can also be
considered [69,70]. Additionally, for the
social impact, the criteria can include the
impact on inclusivity of the population.

3.3.Balancing of the model

In this study, the model uses equal
weightage for all the parameters. However,
this can be varied as the interplay of these
factors, and the criteriathat need to be
studied in the domain, and the expert
assumptions about assigning weights need to
be taken [71].
Although the scope of the study is
significant for the stakeholders, with the
above considerations, we can have a
microscopic examination of the socio-
economic impact of technologies. However,
as illustrated in the literature, the higher
resolution of the examination would lead to
a context-specific and expertise-driven study
that tends to be effective but may lack time
and cost-efficiency.
The derived model is for the technologies
developed but is a quick and
straightforwardcalculation tool for assessing
the socio-economic impact. If we consider
the project lifecycle, studying the socio-
economic impact of the resultant technology
needs to fill the model gaps, as has been
discussed here. However, at the initial stage,
when the project proposal is formulated, a
quick analysis of the impact can enhance the
value of the proposal and benefit society at
large. Moreover, the funding agencies must
include such evaluation parameter criteria in
their policy guidelines for project
submission. It will ensure compliance to the
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socio-economic effect and raise the
scientific community’s awarenessof this.

4.Conclusion

Technology is a significant guide for
how human life is proceeding, and there is a
strong belief that it is beneficial for life on
earth. However, many parallel concepts
have evolved from umpteen dimensions and
directions  regarding the utility of
investments in science and technology.
Moreover, in the context of public-funded
research, the growing competition for
research funds leads to an enhanced quest
for evaluation with a broadening scope. Our
study contributes to the field by proposing a
tool for evaluating technology transfer
projects regarding their socio-economic
impacts.

Socio-economic impacts of research
are beneficial indicators for the evaluation of
science and technology. It gives a broad
spectrum of impacts having direct and
indirect causality. Though the field is
emerging, the justification of the need for
such indicators is sound. This work would
contribute to this promising field. However,
the result 1is based on multi-case
studiesfollowed by focus group discussion
and has associated limitations of biasing.

We have proposed a conceptual
model that can assess the potential and
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