Journal of Library and Information Studies 23:1 (June 2025) pp-1-77
https://doi.org/10.6182/jlis.202506_23(1).001

Mapping the Generations of Research Impact Science:
A Scoping Review of Metrics, Frameworks, and Predictive Approaches
Mudassar Arsalan’', Omar Mubin?, Abdullah Al Mahmud®

Abstract

This scoping review systematically examines the evolution of research impact assessment
frameworks, categorising their development into 4 generations. The study follows Arksey and
O’Malley’s (2005) scoping review methodology, enhanced by Levac et al. (2010) and aligned with
PRISMA-ScR guidelines. A comprehensive search was conducted across Scopus, Web of Science,
PubMed, IEEE Xplore, and Google Scholar, as well as grey literature, to identify relevant studies on
research impact frameworks, metrics, and methodologies. A total of 139 studies were selected based
on predefined inclusion criteria, encompassing bibliometric indices, multidimensional frameworks,
predictive analytics, and alternative metrics.

The findings highlight the transition from traditional citation-based measures to sophisticated,
data-driven methodologies. The first generation (bibliometric indices) included 26 key metrics
focusing on publication productivity. The second generation introduced 41 multidimensional
frameworks incorporating societal, economic, and policy indicators. The third-generation integrated
machine learning and predictive analytics to assess impact across 17 aspects and 9 data-driven factors.
The fourth generation utilised 16 alternative metrics, including Altmetric Attention Scores and PlumX
Metrics, to capture real-time digital engagement.

Key challenges identified include limited standardisation, regional biases, and the under-
exploitation of emerging technologies, such as large language models. The study underscores the
need for predictive multidimensional frameworks and standardised taxonomies to enhance scalability
and foresight in impact assessment. By structuring the evolution of research impact science, this
review provides actionable insights to refine assessment methodologies, ensuring their relevance for
addressing societal challenges and guiding strategic research investments.

Keywords: Research Impact Assessment; Generational Frameworks; Bibliometric Metrics;
Multidimensional Models; Predictive Analytics

1. Introduction

Research plays a critical role in addressing
societal challenges, driving innovation, and
informing policies across diverse academic,
social, economic, and cultural contexts (Ward
et al., 2023). Its impacts are as diverse as

the methodologies and contexts in which it

operates, emphasising the need for robust
frameworks to capture and measure its influence
comprehensively. Historically, research
evaluation prioritised academic metrics, such
as citations and journal impact factors (Kostoff,
1994b; Moed et al., 1985). However, growing
demands from policymakers, funding bodies,
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and the public have shifted the focus toward a
broader assessment of research’s societal and
economic contributions (Martinuzzi et al., 2023;
Sgrensen et al., 2022).

This paradigm shift has led to the emergence
of “research impact science,” a multidisciplinary
and empirical field that systematically examines
the diverse impacts of research across academic,
societal, economic, and policy domains. Anchored
in the theoretical and methodological traditions
of scientometrics, evaluation studies, and data
science, this field employs rigorous, standardised,
and replicable approaches. Retrospective
methods evaluate historical contributions,
while prospective approaches predict future
impacts, providing policymakers and institutions
with actionable insights. The evolution from
traditional bibliometric measures focused on
academic productivity to multidimensional
frameworks, such as the UK’s Research
Excellence Framework (REF), demonstrates
the field’s increasing complexity and scientific
rigour. These frameworks integrate qualitative
and quantitative metrics, capturing aspects
such as public engagement, policy influence,
economic contributions, and societal change
(Giménez Toledo, 2018; Research Excellence
Framework [REF], 2014). By uniting evidence-
based methodologies with predictive capabilities,
research impact science builds a comprehensive
and testable foundation for understanding and
maximising the value of research in addressing
global challenges.

The growing complexity of global challenges,
including climate change, health crises, and
economic inequality, has further underscored

the importance of aligning research outputs

with societal priorities. This alignment requires
methodologies that assess historical contributions
and employ predictive models to anticipate
future impacts. Advanced tools like machine
learning (ML) and real-time analytics are pivotal
in evaluating research trajectories and ensuring
strategic resource allocation (Thelwall, 2021;
Yazdizadeh et al., 2024).

Despite significant advancements, research
impact science still needs to be more cohesive,
with diverse methodologies, indicators, and
frameworks needing a unified structure. Early
bibliometric indices, while foundational, are
limited in scope, focusing primarily on academic
productivity. Later generations of frameworks
address broader aspects but often struggle with
standardisation, complexity, and scalability issues.
The emergence of alternative metrics and data
science-driven models introduces innovative
approaches but raises challenges related to
reliability, comparability, and implementation
(Boshoff & de Jong, 2020).

This study addresses these gaps by
systematically consolidating the evolution of
research impact aspects, indicators, models,
and frameworks. Using a generational lens, it
categorises the development of impact assessment
methodologies, identifying patterns and trends
while proposing a structured foundation for future
research. The novelty of this work lies in its
integrative approach, which combines historical
analysis with advanced predictive modelling to
establish research impact science as a cohesive
and forward-looking discipline. By providing a
comprehensive review and addressing existing
challenges, this study aims to enhance the

understanding and practice of research impact
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evaluation, aligning academic rigour with
societal relevance.

The remainder of the study is organised as
follows: Section 2 reviews the literature, tracing
the origins and development of research impact
science, emerging trends, and global policy
contexts. Section 3 details the scoping review
methodology employed in this study. Section 4
presents the findings. Section 5 discusses aligning
these findings with the study’s objectives, explores
implications, and charts future directions for the
field. Section 6 concludes with a summary of
key findings and recommendations for advancing

research impact assessment practices.

2. Literature Review

2.1 Origins and development of research

impact science

The evolution of research impact science
is deeply rooted in the broader field of
scientometrics, which systematically analyses
scholarly communication and the intellectual
progression of disciplines. The earliest
formal attempts to measure academic output
quantitatively can be traced back to E.W. Hulme’s
pioneering work, Statistical Bibliography about
the Growth of Modern Civilization, which
introduced foundational methods for assessing the
dissemination and societal influence of academic
research (Hulme, 1923). Hulme’s contributions
set the stage for later advancements, including
Derek de Solla Price’s seminal work, Little
Science, Big Science (1963), which highlighted
the exponential growth of scientific research and
emphasised the need for methodologies capable
of systematically tracking its evolution and
impact (Price, 1963).

A significant leap in this field came with
Eugene Garfield’s introduction of the Science
Citation Index (SCI) in the mid-20th century.
Initially conceived as a tool to navigate scientific
literature, the SCI quickly became a cornerstone
for evaluating the influence of research through
citation networks (Garfield, 1955). Garfield’s
subsequent innovation, the Impact Factor,
introduced in 1963, provided a standardised metric
for assessing journal-level influence, marking a
transformative moment in research evaluation
(Garfield & Sher, 1963). These developments
established the quantitative foundations of
scientometrics and laid the groundwork for future
advancements in assessing research productivity
and impact (Garfield, 1979).

Scientometrics was formally defined by
Nalimov and Mul’chenko (1971) as “quantitative
methods of the research on the development of
science as an informational process.” (p. 2) This
definition underscored the growing recognition
of science as a system of interconnected outputs,
including publications and citations, that could
be systematically measured and analysed. At the
same time, societal and policy-driven imperatives
catalysed the field’s evolution. Increasing demands
for accountability in publicly funded research
fuelled the integration of scientometric tools into
policymaking, as exemplified by the National
Science Board’s Science Indicators Reports in
1972, which used citation data to align research
outputs with societal and policy objectives (Wyatt
etal.,2017).

The institutionalisation of scientometrics
further accelerated its application and relevance.
The establishment of the journal Scientometrics
in 1978 by Tibor Braun provided a dedicated
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platform for exploring the quantitative aspects of
scientific productivity and its societal implications
(Hérubel, 1999). This was complemented by
the creation of the International Society for
Scientometrics and Informetrics in 1994, which
fostered global collaboration and solidified the
discipline’s status. Methodological innovations,
such as co-citation analysis, introduced by Small
in 1973 and co-word mapping, developed by
Callon in 1983, significantly enhanced the ability
to visualise and analyse complex scholarly
networks (Callon et al., 1983; Small, 1973).

As scientometrics matured, its scope expanded
to encompass broader interdisciplinary and socio-
political aspects. For instance, Linda Smith’s
“Citation Analysis” (1981) applied citation metrics
to evaluate scholarly influence across disciplines,
reflecting the growing complexity of academic
ecosystems and the need for frameworks capable
of capturing this diversity. This expansion laid
the foundation for research impact science, which
became a specialised focus within scientometrics.
At the same time, retaining the quantitative
tools of its parent field, research impact science
emphasises assessing research’s societal,
economic, and policy outcomes.

Structured frameworks played a pivotal
role in formalising research impact science.
The Payback Framework, introduced in the
1990s, systematically linked research outputs
with tangible societal outcomes such as
health improvements and economic benefits,
establishing a structured approach to impact
evaluation (Penfield et al., 2014). Similarly, the
productive interaction framework of Social Impact
Assessment Methods for research and funding

instruments through the study of Productive

Interactions between science and society (STAMPI)
emphasised the importance of stakeholder
collaboration in translating research into societal
benefits (Spaapen et al., 2011). These frameworks
expanded the scope of research evaluation and
highlighted the need to align academic research
with public priorities.

Integrating impact assessment into national
and institutional strategies further solidified its
role within the field of scientometrics. Initiatives
such as the UK’s REF and Australia’s Research
Quality Framework (RQF) have incorporated
research impact into funding and policy decisions,
reflecting a growing emphasis on accountability
and societal relevance (Penfield et al., 2014). The
emergence of altmetrics and other real-time digital
tools further broadened the scope of impact evaluation
by capturing online engagement and immediate
societal interactions with research outputs.

Together, these developments highlight the
dual role of scientometrics as both a discipline
and a foundation for the evolution of research
impact science. While scientometrics focuses on
the quantitative analysis of scholarly productivity,
research impact science extends this focus
to assess the broader societal implications of
research. This interplay drives innovation in
methodologies and frameworks, bridging the
academic, societal, and policy domains.

2.2 Emerging trends, challenges, and global
policy context in research impact science
Research impact science continues to evolve,
shaped by technological advancements, policy
demands, and societal expectations. Emerging
trends reveal a move towards integrative

frameworks, real-time data analysis, and
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innovative indicators for assessing research
outcomes. These developments align with the
global shift towards accountability and evidence-
based policymaking, underscoring the importance of
demonstrating research benefits in diverse domains.

One of the prominent trends in research impact
assessment is the adoption of interdisciplinary
approaches and the integration of novel data
streams. Frameworks like STAMPI’s productive
interactions emphasise the importance of
stakeholder engagement, recognising that
impactful research often emerges from
collaborative networks rather than isolated efforts
(Spaapen et al., 2011). Additionally, altmetrics,
which capture digital engagement, such as
social media mentions and online discussions,
have gained traction as complementary tools to
traditional citation metrics. These metrics offer
insights into the societal impact of research,
providing real-time feedback loops for researchers
and policymakers (Penfield et al., 2014).

Adopting mixed-method approaches,
which combine quantitative and qualitative
indicators, has become essential for capturing the
multifaceted nature of research impact. Empirical
data enriches this approach, and narrative case
studies allow for a comprehensive evaluation of
research contributions, ranging from academic
advancements to societal transformations. The
UK’s REF exemplifies this trend, employing case
studies to assess the significance and reach of
research outcomes while incorporating metrics for
accountability (REF, 2014).

Despite these advancements, significant
challenges persist. Attribution remains one of the
most complex issues in impact assessment, as

research outcomes often result from cumulative

and collaborative efforts over extended periods.
The intricate networks of knowledge exchange
and the non-linear nature of impact pathways
complicate efforts to isolate specific contributions
from individual projects or institutions (Hughes &
Kitson, 2012). Additionally, the time lag between
research activities and measurable impacts poses
further difficulties, particularly for disciplines
where outcomes may take decades to materialise.

The dynamic nature of impact introduces
variability, as the significance of research
outcomes can change over time and across
contexts. Temporary impacts may dissipate,
while initially overlooked findings can later gain
relevance in unforeseen ways. This temporal
variability necessitates adaptable evaluation
frameworks that accommodate the evolving nature
of research contributions (Borner et al., 2011).

Globally, the push for research impact
assessment reflects broader policy trends
emphasising transparency, accountability, and
societal relevance. National and international
initiatives, such as Australia’s RQF and the
European Research Council’s efforts to integrate
impact evaluations, highlight the growing
importance of linking research funding to
demonstrable societal benefits (Penfield et al.,
2014). These frameworks often serve as policy
tools to allocate resources strategically, ensuring
that public investments in research yield tangible
benefits for communities.

The intersection of research impact science
with global challenges, such as climate
change, health crises, and economic inequality,
underscores the necessity of aligning academic
endeavours with societal priorities. Policymakers

increasingly demand evidence of research
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contributions to addressing these challenges,
driving the development of targeted evaluation
tools and collaborative platforms (Donovan &
Hanney, 2011).

The need for a systematic, global approach to
organising aspects, indicators, frameworks, and
models of research impact has never been more
apparent. Efforts to standardise methodologies
while retaining flexibility for disciplinary and
contextual variations can enhance the reliability
and comparability of impact assessments.
Emerging technologies, such as data mining
and artificial intelligence (AI), hold promise for
automating the collection and analysis of impact
evidence, reducing administrative burdens on
researchers and institutions (Moed & Halevi,
2015). While research impact science has made
significant strides, addressing its challenges
requires a concerted effort to develop innovative
tools, foster interdisciplinary collaboration, and
align academic research with societal needs.

The review of the historical development and
key advancements in research impact science
highlights the remarkable diversity of aspects,
indicators, models, and frameworks that have
emerged over time. While each generation of
research impact methodologies has contributed
significantly to the field, they also reveal
notable limitations. Early bibliometric indices,
although foundational, still need to be broadened
to encompass a broader focus on academic
productivity. Comprehensive frameworks and
multidimensional models developed in later
generations have advanced accountability and
inclusivity but often require greater complexity,

increased resource intensity, and limited

comparability across disciplines and contexts. The
emergence of alternative metrics and data science-
driven approaches offers new possibilities but
introduces challenges related to data reliability,
standardisation, and implementation scalability.

A critical gap remains in the systematic
organisation of these diverse methodologies and
their integration into a coherent framework. The
absence of standardisation and comparability
across aspects, indicators, and models leads to
fragmented practices that hinder their broader
applicability and scalability. Furthermore,
the evolving demands of modern research
ecosystems—including interdisciplinarity,
sustainability, and digital transformation—
underscore the need for innovative and adaptable
approaches. Despite decades of development,
research impact science lacks a unified structure
to guide stakeholders in effectively selecting,
applying, and refining tools for evaluating the
influence of research.

These challenges highlight the necessity of
a systematic scoping review to consolidate and
organise the research impact aspects, indicators,
models, and frameworks with the evolutionary
approach. By identifying patterns and trends
across generations, such an effort can provide
a structured foundation for research impact
assessment. This organisation is essential for
addressing current limitations and charting a
clear path forward, ensuring that research impact
evaluation aligns with academic rigour and societal
relevance. Consequently, this review aims to fulfil
this critical need, offering a comprehensive and
forward-looking perspective to support the evolving

demands of the research community.
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3. Methodology

This study employs a scoping review
methodology to systematically explore the
evolution of research impact science, focusing
on the trio framework of factors, indicators, and
methods. The framework informs the approach of
Arksey and O’Malley (2005), enhanced by Levac
et al. (2010), and aligned with the PRISMA-
ScR checklist for scoping reviews (Tricco et al.,
2018). Scoping reviews are particularly suited
for examining broad and complex research areas
where diverse methodologies, disciplines, and
types of evidence converge (Peters et al., 2021).
This approach was chosen to comprehensively
map the existing literature, identify gaps, and
synthesise emerging trends in research impact
science while capturing the role of data science
and ML. The review was conducted in distinct
stages to ensure methodological rigour and
transparency (see Figure 1).

The first stage focused on defining the
research questions that would guide the study. The
primary research question was framed as: How
has research-impact science evolved, and how can
its development be systematically organised into
distinct frameworks to capture its methodological
progression effectively? This overarching
question was supported by 3 sub-questions:
What are the key characteristics and principles
underlying different research impact assessment
methods? What are the strengths and limitations of
existing frameworks? Moreover, what role is data
science playing in the evolution of research impact
assessment? These questions established a clear focus
and structured the subsequent stages of the review.

A comprehensive search strategy was

developed in the second stage to identify relevant

literature. Key databases, including Scopus,
Web of Science, PubMed, IEEE Xplore, and
Google Scholar, as well as grey literature, such
as institutional reports and policy documents,
were selected to ensure diverse coverage.
Multidimensional search queries, aligned with the
research objectives, were employed, with filters
applied for language (English). Detailed search
terms were documented in Dataset 1 (https://
github.com/mharsalan/ResearchImpact/blob/
main/Datasetl.pdf) to maintain transparency
and reproducibility. The third stage involved
conducting the literature search across these
databases, yielding a substantial pool of studies:
685 from Scopus, 880 from Web of Science, 229
from IEEE Xplore, and 506 from PubMed.

The inclusion criteria for this scoping review
were designed to ensure a comprehensive and
relevant selection of studies addressing the
evolution of research impact science. Eligible
studies focused on frameworks, methodologies,
metrics, or tools for assessing research impact,
as well as literature exploring the development
and progression of research impact science across
various disciplines. The review encompassed
multiple sources, including peer-reviewed journal
articles, conference proceedings, institutional
reports, grey literature (such as policy documents
and white papers), and books. Studies from key
domains such as health, environmental sciences,
social sciences, higher education, and technology
were included to ensure a multidisciplinary
perspective, provided they applied or discussed
research impact assessment frameworks. Only
studies offering sufficient details on frameworks,
metrics, methodologies, or indicators used

to evaluate research impact were considered,
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Figure 1. Methodological Framework for the Evolution of Research Impact Science

Stages Description Output
Primary Question: How has research-impact science evolved, and
Identi how can its development be systematically organised into distinct
entify Define the primary frameworks to capture its methodological progression effectively?
Research research question Sub-questions: 1. What are the key ics and princip ing the
Quest]ons different research impact assessment methods?
2. What are the strengths and limitations of existing frameworks?
3. What role is data science playing in evolving research impact assessment?
I
v
Identify relevant Databases: Scopus, Web of Science, PubMed, IEEE Xplore, Google
Develop databases Scholar, Grey Literature (Institutional Reports and policy documents)
Search Create search terms —% Search terms: Multidimensional queries can be seen in Dataset 2*
Strategy Define filters, time Filters: Language (English)
range * i P ‘main/Dataset2.pdf
|
v
Conduct Scopus: 685 Studies
Literature Ereuto databnoooaarehan Web of Science (All databases): 880 Studies
> IEEE Xplore: 229 Studies
Search PubMed: 506 Studies
Screen and Remove duplicates in EndNote and Manual (remaining 1177)
Select Screen titles/abstracts for relevance and apply inclusion/exclusion Most relevant
= criteria (remaining 113) studies: 139
Studies Using snowballing studies and Including grey literature (added 26)
|
Chart data: Bibliography and Organised dataset: Aspects of Research Impact
Extract Data Research Impact Aspects. including Assessment Frameworks, Dimensions,
Use NVivo for organising data. Indicators, indicators/Metrics, Method/ Model /
Identify recurring themes. Framework
I
v
First Generation: Index/Model, Year of first use, Description, Calculation
) Method
Conduf:t thematic Second Generation: Framework, Description, Focus of Impact, Key
Analyse and analysis. Dimensions, and Prominent Indicators
Synthesize Document core —> Third Generation: Index/Model, Year of first use, Description, Calculation
principals, strengths and Method
limitations Fourth Generation: Dimensions of Research Impact, Focused
Parameters, Methodology and Dataset, Key Findings, Limitations and
Future Work
P |
SAmmanze findines ntablos Organisation: Four Generations of Research Impact
Heport and charts Sclence
Results e result.s iththe obloctive Summary: Key Metrics / Models / Frameworks / Method,
g ) Core Principles, Strengths and Limitations

Note. PRISMA-ScR Scoping Review Methodology after Tricco et al. (2018).

ensuring their substantive contribution to
the analysis. Both theoretical and empirical
contributions were prioritised, including articles
that present conceptual models or empirical data
analysing the strengths, limitations, or evolution
of research impact assessment. This approach
enabled a holistic and nuanced understanding of the
methodologies and frameworks shaping the field.

Following the literature search, the fourth
stage focused on screening and selecting studies.
Duplicate records were removed using EndNote
and manual review, and titles and abstracts were
screened for relevance based on predefined
inclusion and exclusion criteria. Grey literature
and institutional reports were included to capture
non-academic perspectives, and a snowballing
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approach was employed to identify additional
relevant studies. This rigorous process resulted
in the selection of 139 studies that were most
applicable to the research questions. In the fifth
stage, data extraction focused on aspects of
research impact. NVivo software was employed to
organise the data, identifying recurring themes and
ensuring systematic categorisation. The organised
dataset included assessment frameworks, aspects,
indicators/metrics, and methodologies.

The sixth stage involved analysing and
synthesising the extracted data to document the
thematic progression of research impact science
across 4 distinct generations. Key features for
each generation were categorised, including the
models and indices of the first generation, the
multidimensional frameworks of the second, the
alternative metrics and digital tools of the third,
and the advanced data-driven methodologies
of the fourth. The analysis captured the core
principles, strengths, and limitations of each
generational framework. Finally, in the seventh
stage, the findings were summarised in tables
and charts, aligning the results with the study’s
objectives. This stage systematically organised
the evolution of research impact science into four
distinct generations, highlighting key metrics,
models, methodologies, core principles, strengths,
and limitations. This structured methodological
approach ensured that the review offered a robust
and comprehensive analysis of the progression of

the research impact assessment.

4. Results

The evolution of research impact aspects,
indicators, assessment methods, and frameworks

reflects the growing recognition of the need to

measure and demonstrate the value of scientific
research systematically. Over time, assessment
practices have evolved from simple quantitative
metrics focused on scholarly productivity to more
sophisticated frameworks and predictive models that
capture a broader range of impacts. This evolution

can be categorised into 4 distinct generations.

4.1 First generation: Bibliometric indices and

productivity metrics
4.1.1 Historical foundations of

bibliometric approaches

The first generation of research impact
assessment evolved from its early focus on
bibliometric indices, such as raw citation
counts and publication numbers, into a more
comprehensive suite of metrics addressing
individual and journal-level evaluation needs
(see Appendix, Table 1). These methods provided
the foundational tools for quantifying academic
productivity and impact, enabling researchers,
institutions, and funding agencies to evaluate
the systematic outputs of scientific endeavours.
Over time, the first generation expanded its scope
by developing innovative metrics that sought
to address the limitations of earlier approaches
while maintaining the principles of objectivity,
simplicity, and reproducibility.
4.1.2 Key indicators and indices

The first generation began with simple
publication counts and citation analyses, which
measured the frequency and patterns of citations
as proxies for research influence (Hulme, 1923).
Eugene Garfield’s introduction of the Impact
Factor (IF) in the 1960s marked a significant
advancement, providing a journal-level metric

based on the average number of citations received
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per article within a specific time frame. The IF
quickly became a standard tool for evaluating
the prestige and influence of journals (Garfield,
1979). However, as research evaluation demands
grew, new metrics were introduced to enhance
individual-level assessments. The h-index,
proposed by Hirsch in 2005, combined publication
output and citation impact into a single measure,
quickly gaining popularity for its simplicity and
applicability across disciplines (Hirsch, 2005).

To address the limitations of the h-index,
derivatives such as the g-index and A-index
emerged. The g-index placed greater weight on
highly cited articles, reflecting the cumulative
impact of the most significant works of an author
(Egghe, 2006). Similarly, the A-index calculated
the average citations per article within the h-core,
offering a refined view of citation impact (Jin
et al., 2007). More recently, the GFsa index
introduced a novel approach by incorporating a

13

researcher’s “scientific age” into its calculations.
It provides fairer assessments by normalising
citations based on the length of a researcher’s
career (Fernandes & Fernandes, 2024). These
advancements illustrate the adaptability of first-
generation metrics to evolving evaluation needs.
At the journal level, indices such as the
SCImago Journal Rank (SJR) and Source
Normalized Impact per Paper (SNIP) offered
field-weighted measures that accounted
for citation behaviours specific to different
disciplines. For instance, SJR weighted citations
based on the prestige of the citing journal, while
SNIP normalised citation counts to account
for variations in citation practices across fields
(Falagas et al., 2008; Oosthuizen & Fenton, 2014).

These innovations enabled more accurate cross-

10

disciplinary comparisons, addressing a significant
limitation of earlier bibliometric methods.
4.1.3 Core principles

The first generation adhered to 3 core
principles — objectivity, simplicity, and
replicability. Metrics like the IF, h-index, and
g-index were designed to provide quantifiable
and standardised measures that could be easily
calculated and compared across contexts. Their
widespread adoption was facilitated by their
integration into major bibliometric databases,
including Scopus, Web of Science, and Google
Scholar, which ensured accessibility and
consistency in their application (Elsevier, 2024).
Field-normalized metrics, such as SNIP and
Field-Weighted Citation Impact (FWCI), further
aligned these principles by addressing disciplinary
differences, enabling fairer evaluations across
research domains (Purkayastha et al., 2019).
4.1.4 Strengths and limitations of first-

generation indices

The enduring relevance of first-generation
metrics is attributed mainly to their strengths.
These metrics provide transparent and reproducible
measures of research productivity and influence.
They are simple to calculate, widely available,
and applicable across diverse academic contexts.
However, they also face significant limitations. One
major criticism is their inherent disciplinary bias, as
metrics like the IF and h-index tend to favour fields
with higher publication and citation rates, thereby
disadvantaging disciplines such as the humanities
and social sciences (Hirsch, 2005). Similarly,
journal-level metrics, such as the IF, are susceptible
to skewed citation distributions, where a few highly
cited articles can disproportionately elevate a

journal’s overall score (University of Bradford, 2020).
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Another key area for improvement is the
inability of these metrics to capture qualitative
dimensions of research impact, such as societal
or policy contributions. The focus on citations
as the primary indicator of influence overlooks
the broader effects of research outside the
academic community (Bornmann & Marx, 2013).
Moreover, first-generation metrics are vulnerable
to manipulation, with practices like excessive self-
citation and strategic publication timing artificially
inflating scores.

Despite their limitations, first-generation
metrics remain central to research evaluation due
to their adaptability and continuous refinement.
The development of indices, such as the GFsa and
field-weighted measures, reflects ongoing efforts
to address biases and enhance the robustness of
these methods (Fernandes & Fernandes, 2024).
Additionally, their integration into widely used
databases and evaluation frameworks ensures
accessibility and relevance. As new tools and
methodologies emerge, first-generation metrics
provide a foundational framework upon which

more sophisticated approaches can be built.

4.2 Second generation: Multidimensional
Jframeworks for research impact assessment
4.2.1 Rationale for expanding beyond citations
The development of comprehensive
frameworks characterised the second generation of
research impact assessment, which evaluates the
diverse and multidimensional benefits of research.
These frameworks emerged in response to the
growing demand for accountability in publicly
funded research and the need to demonstrate
tangible outcomes, such as improved health

systems, economic growth, and evidence-based

11

policymaking, reflecting societal priorities. Unlike
first-generation methods that relied primarily on
publication and citation metrics, these frameworks
aimed to capture the broader societal implications
of research, providing a holistic understanding of
its value. Table 2 in the Appendix summarises the
key frameworks developed during this generation,
highlighting their focus, aspects, and indicators.

The need for these frameworks arose from
recognising the limitations of first-generation
metrics in capturing the full spectrum of research
impacts. Policymakers, funding agencies, and
other stakeholders require tools to evaluate
research’s translational and implementation
aspects, ensuring that scientific advancements
translate into meaningful societal benefits
(Bernstein et al., 2007; Donovan & Hanney,
2011). Frameworks like the Payback Model
and the Canadian Academy of Health Sciences
(CAHS) Framework addressed these demands
by systematically linking research activities to
outcomes across multiple domains (Canadian
Academy of Health Sciences [CAHS], 2009;
Donovan & Hanney, 2011). These methodologies
enhanced research accountability and provided
insights into its alignment with national priorities
and strategic goals.
4.2.2 Key frameworks across domains

Health and Biomedical Research Impact
Frameworks. Health and biomedical research
have been a leading domain in the development
and application of second-generation research
impact assessment frameworks. The critical
nature of health-related challenges and their
profound societal and economic implications
made this domain an early focus for structured

frameworks. These tools were developed to
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evaluate the tangible benefits of health research,
ensuring accountability to funders and alignment
with public and policy priorities. Frameworks
for health and biomedical research provided the
foundation for evaluating the impacts of research
across other disciplines, underscoring the central
role of this domain in the second generation of
research assessment.

The importance of health and biomedical
research in driving the development of this
generation lies in its unique position to influence
human well-being, healthcare systems, and
economic productivity. The urgency to translate
research findings into improved healthcare
practices and policy changes created a strong
demand for comprehensive frameworks that
could capture these multifaceted outcomes. The
domain also receives substantial public funding
globally, necessitating transparent and systematic
methods to demonstrate societal returns on
investment. Furthermore, the tangible nature of
health outcomes—such as reduced disease burden,
improved quality of life, and cost savings in
healthcare systems—made health and biomedical
research well-suited for structured impact
assessment. These factors collectively positioned
health research as a pioneer in developing second-
generation frameworks.

Several frameworks emerged to assess the
impacts of health and biomedical research,
each addressing the complexities and unique
requirements of the domain. The Payback
Framework, introduced in 1996, was one of
the most influential models. It categorised
research outcomes into 5 aspects: knowledge
production, research targeting, policy impact,

health benefits, and economic benefits.
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Initially designed for health services research, it
provided a structured approach to linking research
activities to societal outcomes and became widely
applicable across various disciplines. The Payback
Framework remains foundational, influencing the
design of subsequent frameworks (Donovan &
Hanney, 2011).

The Canadian Institutes of Health Research
(CIHR) Impact Framework is built on the
Payback model, incorporating capacity building,
partnerships, and knowledge dissemination.
It emphasised collaborative approaches and
practical applications, aligning health research
with Canada’s national healthcare priorities.
This framework highlighted the importance of
partnerships in translating research into actionable
outcomes and policies (Bernstein et al., 2007).
Similarly, the CAHS Framework broadened the
focus to evaluate societal returns on investment,
emphasising improved health outcomes, enhanced
health systems, and economic benefits. The
CAHS Framework addressed national priorities
and demonstrated the societal relevance of health
research, offering a comprehensive model for
assessing the impacts (CAHS, 2009).

The Becker Model, designed for translational
research, was another significant contribution in
this domain. It captured the progression from basic
science to practical applications, illustrating the
pathways from knowledge generation to tangible
societal benefits. By incorporating indicators such
as collaborations, patents, publications, and health
outcomes, it provided a systematic approach to
understanding the translational impact of research
(Sarli et al., 2010). Similarly, the Wellcome Trust’s
Assessment Framework emphasised the real-world

applications of research findings, particularly
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in addressing global health challenges in low-
resource settings. This framework underscored
the importance of adapting research outputs to
local contexts, emphasising translational and
implementation science (Wellcome Trust, 2009).

Health and biomedical research frameworks
led the second generation due to the immediate
societal relevance of health challenges, the
substantial public investment in the domain, and
the interdisciplinary nature of health research.
The direct implications of health research for
population well-being made it an ideal focus for
impact assessment. Moreover, the strong links
between health research and policy development
underscored the need for frameworks that capture
policy influence and legislative changes. The
dominance of health research frameworks also
reflects the clarity and measurability of outcomes
in this field, such as reduced morbidity and
mortality rates, which align well with structured
evaluation models.

The continued prominence of health and
biomedical research frameworks in the second
generation can be attributed to the evolving
complexity and scale of health challenges. Issues
such as aging populations, emerging diseases, and
healthcare inequalities have increased the need
for robust evaluation frameworks to ensure that
research investments translate into meaningful
societal benefits. The emphasis on translational
science and implementation research has further
driven the development of models, such as the
Becker Model, which maps the journey from
bench to bedside (Sarli et al., 2010). Additionally,
frameworks in this domain remain central due to
their adaptability and ability to address national
and global health priorities.
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Higher Education and Academic Research
Impact Frameworks. Higher education and
academic research have been another pivotal
domain in the evolution of second-generation
research impact assessment frameworks. These
frameworks were developed to address the dual
roles of higher education institutions (HEIs):
advancing scientific knowledge and addressing
societal challenges. They aim to measure research
quality and broader societal contributions,
aligning institutional priorities with national and
global goals. HEIs are particularly significant
in research evaluation due to their critical role
in knowledge production and accountability for
public investments. While early bibliometric
analyses provided valuable insights into research
productivity and informed initial efforts to
evaluate research outputs in HEIs, they were often
limited in scope, focusing narrowly on quantitative
indicators such as citations and publication counts
(Moed et al., 1985). These methods underscore the
need for more comprehensive and multidimensional
frameworks to capture the societal and economic
impacts of research and ensure alignment with
public priorities and policy objectives.

The Research Assessment Exercise (RAE),
introduced in the UK in 1992, was one of the
earliest frameworks in this domain. It utilised
peer-review panels to assess the quality of
research outputs across disciplines and allocate
public funding accordingly. The RAE had a
significant influence on funding decisions and
shaped institutional strategies for achieving
research excellence. It laid the foundation for the
REF, launched in 2014, which added societal and
economic impact as core evaluation aspects. The

REF employed bibliometrics, case studies, and
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expert reviews to assess the quality of outputs,
societal benefits, and research environment,
making it one of the most comprehensive tools for
research impact evaluation (Boaden & Cilliers,
2001; REF, 2014).

In Australia, the Excellence in Research
for Australia (ERA) framework, established in
2010, assesses the quality of research outputs
from HEIs against international benchmarks. It
incorporates a mix of quantitative and qualitative
metrics, including traditional academic outputs,
such as publications, and non-traditional outputs,
like creative works and patents. By comparing
research performance across disciplines, the ERA
ensures accountability and encourages continuous
improvement in research quality (Australian
Research Council [ARC], 2018). Complementing
the ERA, the Engagement and Impact Framework
(EIF) was used to evaluate how Australian
universities engage with industry and address
societal challenges. The EIF emphasises
collaborative efforts, public policy contributions,
and socio-economic benefits, highlighting the
broader impacts of academic research (ARC,
2017).

The World University Rankings, first
introduced by Times Higher Education (THE) in
2004, offer an additional framework for evaluating
HEIs. These rankings use diverse performance
indicators, including teaching quality, research
output, international collaboration, and industry
income. By emphasising global engagement
and knowledge transfer, this framework aligns
research outputs with the strategic priorities of
universities and nations. It has become an essential
tool for assessing institutional performance

and competitiveness on a global scale (Times
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Higher Education [THE], 2018). Similarly, the
UNESCO Framework for Knowledge Translation
aligns research impacts with the United Nations
Sustainable Development Goals (SDGs).
This framework systematically introduces the
SDGs into university programs, addressing
institutional, thematic, structural, and personal
aspects. It evaluates universities based on their
contributions to the SDGs. First introduced in
2019, this framework is used to assess the impact
of universities on sustainable development (Leal
Filho et al., 2021). Additionally, this framework
is utilised to determine the university’s impact
ranking by Times Higher Education (THE, 2018).

Multidisciplinary Research Impact
Frameworks. Multidisciplinary research
frameworks have gained prominence due to
the increasing need to address complex global
challenges, including climate change, public health
crises, and sustainable development. These issues
require collaborative approaches that integrate
knowledge and methods across disciplines.
Multidisciplinary frameworks aim to evaluate the
processes and outcomes of such research, ensuring
that the efforts lead to meaningful societal benefits.

The VINNOVA Impact Logic Framework,
developed by the Swedish Governmental
Agency for Innovation Systems, evaluates the
translation of research into practical innovations.
It emphasises collaboration between academia,
industry, and public entities, with indicators
such as patents, public finance, and societal
contributions to debates. This framework
highlights the role of multidisciplinary research
in driving innovation and addressing societal
challenges (Kolbenstvedt et al., 2007). Another
key model is the Global Challenges Research
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Fund (GCRF), which supports interdisciplinary
research tackling global issues. The GCRF
prioritises societal impact, equity, and sustainable
solutions, ensuring alignment with international
development goals (Carden et al., 2023).

Policy and Social Science Research Impact
Frameworks. Frameworks for policy and social
science research focus on assessing the societal,
cultural, and policy impacts of research. These
frameworks bridge the gap between academic
research and decision-making processes, ensuring
that research effectively informs policies,
practices, and public discourse.

The Decision-Making Impact Model,
introduced in 2003, evaluates the impact
of applied health research on diverse target
audiences, including policymakers, clinicians, and
the general public. This Canadian model tailors
its evaluation to the needs of specific user groups,
avoiding a one-size-fits-all approach. Drawing
from the Payback Framework, it emphasises
interactive measures such as user-pull and
producer-push processes, which assess the uptake
and utilisation of research in decision-making. The
model supports evidence-based policy by fostering
a culture of continuous research application and
knowledge exchange (Lavis et al., 2003).

The Research Impact Framework (RIF),
developed in the UK in 2006, categorises
research impact into 4 domains: research-
related, policy, service, and societal impacts.
This framework builds upon earlier models, such
as the Payback Framework, and highlights the
value of research beyond academia. The RIF
enhances accountability by focusing on real-
world applications and demonstrates how research

initiatives align with national and organisational
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goals. Key indicators include publications, patents,
policy networks, and societal benefits such as
empowerment and sustainable development
(Kuruvilla et al., 2006).

The Flows of Knowledge, Expertise, and
Influence Model, introduced in 2008, assesses
the non-linear pathways of knowledge transfer in
social science research. Developed by Meagher,
Lyall, and Nutley, this UK model identifies
researchers, policymakers, and intermediaries
as critical actors in effective knowledge
dissemination. It evaluates the impacts of research
on policy formation, cultural attitudes, and
professional practices, emphasising engagement
processes and networks. The framework addresses
the UK’s priorities for demonstrating societal
value from research investments, particularly
in public health and quality of life (Meagher et
al., 2008).

Environmental Health and Safety Research
Impact Frameworks. Environmental health and
safety research frameworks emerged to address
the intricate relationships between environmental
factors and public health outcomes. The increasing
global emphasis on sustainability, public health,
and environmental policy has propelled the
development of evaluation models in this domain.
These frameworks aim to assess the effectiveness
of interventions, policies, and research programs
in mitigating environmental hazards and
improving societal well-being.

The National Institute of Environmental
Health Sciences (NIEHS) Logic Model, developed
in 2008, provides a structured approach for
evaluating programs related to environmental
health. This model outlines the relationships
between inputs, activities, outputs, and outcomes,
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providing a comprehensive understanding
of the short-term and long-term impacts of
environmental health interventions. By aligning
with national health priorities, the NIEHS Logic
Model enables evidence-based decision-making
and fosters public health improvements through
targeted research and community engagement.
It focuses on key aspects, such as environmental
hazard awareness, policy changes, emission
reductions, and behavioural shifts in the public,
emphasising its societal relevance (Engel-Cox et
al., 2008).

The prominence of environmental health and
safety research frameworks reflects the global
urgency to address environmental challenges,
including climate change, pollution, and ecosystem
degradation. These frameworks connect scientific
research with actionable policy measures,
ensuring that research outcomes contribute to
tangible benefits for society and the environment.
By facilitating interdisciplinary collaboration and
emphasising real-world applications, these models
address the growing need for sustainable solutions
to complex environmental issues.

4.2.3 Core principles

Core principles guided the development
of these frameworks, emphasising
multidimensionality, accountability, and
stakeholder engagement. Multidimensionality
evaluated impacts across academic, economic,
societal, and policy domains. At the same time,
accountability highlighted the need for research
to demonstrate returns on investment to funders
and the public (Bernstein et al., 2007; REF, 2014).
Stakeholder engagement played a crucial role, as
frameworks were designed to be relevant to diverse

audiences, including policymakers, healthcare

16

providers, and industry partners (Ward et al., 2023).

These principles enabled the development of

flexible and adaptable tools that could be applied

across various disciplines and sectors.

424 Strengths and limitations of second-
generation frameworks

These frameworks offered significant
strengths, including their ability to evaluate
various impacts and their relevance to diverse
stakeholders. Addressing societal and policy
implications provided a more comprehensive
view of research outcomes, ensuring that funding
decisions aligned with public priorities (CAHS,
2009; Donovan & Hanney, 2011). Additionally,
their flexibility allowed for customisation to suit
specific disciplines or national contexts (Bernstein
et al., 2007).

However, they also faced challenges. Many
frameworks relied heavily on self-reported data,
raising concerns about subjectivity and potential
bias in evaluations (Wellcome Trust, 2009). Their
implementation was often resource-intensive,
requiring significant time and expertise, which
posed challenges for institutions with limited
resources (Sarli et al., 2010). Furthermore, the
diversity of research impacts made it challenging
to develop standardised metrics and methodologies
that could be universally applied (Buykx et al.,
2012).

Despite these challenges, the second
generation remains highly relevant in research
impact assessment. Integrating these frameworks
into funding policies and institutional strategies
has ensured their continued use in evaluating
research outcomes. Their alignment with global
priorities, such as the United Nations SDGs,
highlights the enduring significance of addressing
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complex societal challenges (Bernstein et al.,
2007; CAHS, 2009; Leal Filho et al., 2021). By
providing a structured and multidimensional
approach to assessment, these frameworks have
set a benchmark for evaluating the broader value
of research in a rapidly changing academic and

policy environment.

4.3 Third generation: Data-driven and predictive
research impact models
4.3.1 The shift towards computational intelligence

The third generation of research impact
assessment marks a transformative shift toward
leveraging advanced data science techniques to
evaluate, predict, and understand the influence of
research. This generation builds on the foundations
of prior generations by integrating methodologies
such as ML, natural language processing (NLP),
and graph-based network analysis to address
the growing complexity and scale of modern
research ecosystems. Unlike earlier generations,
which emphasised bibliometric indicators or
multidimensional frameworks, the third generation
introduces predictive capabilities, enabling
stakeholders to anticipate future trends, evaluate
emerging fields, and optimise resource allocation
(Jietal., 2024; Porwal & Devare, 2024).

Unlike the retrospective approaches of the first
and second generations, which primarily analysed
past research outputs and impacts, the third
generation adopts a forward-looking, prospective
perspective. It leverages advancements in data
science, particularly the proliferation of ML
algorithms, big data analytics, and semantic
analysis tools, to forecast research impact aspects
such as citation trajectories, interdisciplinary

growth, and policy influence. These developments
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enable stakeholders to identify emerging trends,
strategically allocate resources, and enhance
decision-making processes. By harnessing the
power of big data and computational methods,
the third generation represents a significant step
forward in addressing the dynamic and predictive
requirements of modern research ecosystems (Vital
& Amancio, 2022; Wu et al., 2022).
43.2 Key models, advanced analytical
techniques and data-driven contributors
Citation Context, Trends, and Forecasting.
Third-generation frameworks have significantly
advanced research impact assessment by
leveraging sophisticated methodologies in citation
context, trends, prediction, and forecasting (see
Appendix, Table 3). Techniques such as ML,
deep learning, and NLP have enabled researchers
to develop predictive models that analyse long-
term citation trajectories and semantic content
while identifying temporal dynamics in scholarly
communication (Du et al., 2024; Ji et al., 2024,
Porwal & Devare, 2024; Zhou et al., 2022). Recent
innovations have introduced dynamic and context-
aware models, including Dynamic Multi-Context
Attention Networks (DMA-Nets), Recurrent
Neural Networks (RNNs), and Convolutional
Neural Networks (CNNs), which utilise temporal
and network features for improved accuracy. These
models rely on datasets such as the Microsoft
Academic Graph and arXiv to identify trends in
citation dynamics, offering valuable insights for
recognising high-impact research outputs. Despite
their potential, challenges such as computational
demands and limited applicability across diverse
domains persist as significant barriers (Abbas et
al., 2023; Abrishami & Aliakbary, 2019; Ji et al.,
2024; Lietal., 2019; Zhu & Ban, 2018).
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Semantic metadata analysis has emerged as
a transformative approach for enhancing citation
prediction. By examining abstracts and technical
terms using methodologies such as Document-to-
Vector (Doc2Vec) and Bidirectional Long Short-
Term Memory (Bi-LSTM) networks, researchers
have uncovered the critical role of semantic
features in influencing citation dynamics. These
methods, validated across datasets in Al, life
sciences, and computer science, demonstrate the
capacity of semantic analysis to refine citation
forecasting. Advanced tools, such as Bidirectional
Encoder Representations from Transformers
(BERT), are expected to further expand the scope
of these models and enhance their predictive
accuracy in broader disciplinary contexts
(Baba & Baba, 2018; Baba et al., 2019; Ma et
al., 2021; Porwal & Devare, 2024). Similarly,
studies focusing on the Physics and Astronomy
Classification Scheme (PACS) codes have
employed decision trees and statistical models
to analyse over 399,000 articles. These studies
revealed strong correlations between classification
codes and citation counts, emphasising the impact
of domain-specific features such as “Condensed
Matter” research (PACS 60). Nonetheless, the
limited generalizability of these findings to other
fields underscores the need to integrate additional
features, including author networks and semantic
content, into these frameworks (Enduri et al., 2022).

The temporal dynamics of citation bursts
also play a crucial role in understanding the
evolution of research influence. Enhanced models
incorporating regression analyses and clustering
techniques have improved the prediction of
highly cited articles. Researchers have developed

methodologies that capture long-tail citation
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distributions by utilising datasets such as AMiner (a
research insight database) and the Open Academic
Graph, offering more profound insights into the
drivers of citation behaviours. Future efforts in this
area aim to apply these models to more diverse
datasets and incorporate dynamic features to
refine predictions further (Amjad et al., 2022; Du
et al., 2024; Pradhan et al., 2019). Deep learning
models, such as sequence-to-sequence RNNs
and Hierarchical Extreme Learning Machines
(H-DELM), have also demonstrated their ability
to handle high-dimensional data and predict
citation trends. However, challenges related to
model interpretability and scalability remain
critical areas of concern, particularly in ensuring
the applicability of these models across various
academic disciplines (Li et al., 2019; Pobiedina &
Ichise, 2016; Srinivasa, 2019; Zhou et al., 2022).
Academic Collaboration for Broader
Research Impact. Academic collaboration is
pivotal in enhancing research impact by uniting
diverse expertise and resources. Data science
methodologies have been crucial in analysing
and facilitating these collaborations. Techniques
such as network dynamics modelling, ML, and
deep learning have been applied to predict future
collaborations, refine link prediction in author
networks, and detect anomalies within citation
networks. Multi-network representation learning,
integrating textual, structural, and temporal
features, has proven particularly effective in
fostering impactful academic partnerships. These
methodologies, supported by Web of Science,
COVID-19 Open Research Dataset (CORD-19),
AMiner, and IEEE Xplore datasets, have provided
actionable insights into collaborative structures’

influence on research dissemination and citation
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metrics. Frameworks like Graph Learning for
Anomaly Detection (GLAD), for example, help
maintain the integrity of scholarly communication
by detecting anomalous citations (Hou et al.,
2023; Y. Liu et al., 2022; Vital & Amancio, 2022;
Yang et al., 2023).

Research predicting future collaborations
has demonstrated the efficacy of multi-network
representation learning frameworks in improving
link prediction accuracy. Studies employing
knowledge graphs, node embeddings, and
spatial-temporal factors have highlighted the
importance of integrating diverse features
to enhance prediction reliability. However,
computational intensity and scalability issues
remain critical challenges, necessitating future
efforts to optimise models and extend them to
other domains (Kanakaris et al., 2021; Makarov
& Gerasimova, 2019; Yang et al., 2023; Zhang
et al., 2019; Zhou et al., 2019). Similarly, efforts
to enhance link prediction in author networks
have utilised nodal-attribute-based predictors
and ML models to achieve high accuracy. While
effective, these methods’ reliance on topological
features underscores the need for incorporating
temporal and content similarity metrics to improve
scalability and practical applications (Roopashree
& Umadevi, 2014; Song et al., 2022; Vital &
Amancio, 2022).

Studies analysing co-authorship networks
have revealed their significant influence on
citation metrics and research impact. Researchers
have identified collaboration trends across
domains such as AI, ML, and medical research
by examining network properties and employing
methods like Structural Variation Analysis (SVA)
and Propensity Score Matching (PSM). However,
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the need for more data on informal collaborations
and discipline-specific focus presents limitations.
Future research aims to expand these analyses to
subfields, explore causal relationships, and refine
computational methods for broader applicability
(Grodzinski et al., 2021; Hou et al., 2023; Vinayak
et al., 2023). Additionally, frameworks like GLAD
have demonstrated their effectiveness in detecting
anomalous citations using synthetic data. Yet,
their reliance on artificial datasets and scalability
challenges necessitates further refinement to apply
them to real-world scenarios (J. Liu et al., 2022).
Specialised Research Impact. The application
of data science to specialised facets of research
impact has enabled more nuanced evaluations of
journals, researchers, institutions, and academic
domains. Techniques such as ML and deep
learning have facilitated predictive modelling
for journal metrics, researcher evaluation, and
institutional impact. For instance, studies have
employed k-Nearest Neighbors (kNN) imputation
and regression models with Long Short-Term
Memory (LSTM) networks to address missing
journal impact factor (JIF) values, while eXtreme
Gradient Boosting (XGBoost) models have been
used to predict institutional impact (Bai et al.,
2017; Croft & Sack, 2022; Hua & Huynh, 2024).
However, the restricted scope of datasets and
computational demands still need to be addressed.
Expanding the scope of data fields and integrating
advanced techniques such as altmetrics could
provide valuable insights into these specialised
areas (Croft & Sack, 2022; Hua & Huynh, 2024).
In researcher evaluation, models leveraging
network features and proximities have
demonstrated their ability to rank researchers

and predict future impact. Researchers have
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highlighted critical parameters that influence
research impact by employing CNNs, decision
trees, and deep neural networks (DNNs).
Limitations such as manual dataset selection and
high computational costs suggest future directions
for expanding domains, integrating additional
factors, and ensuring scalability (Alshdadi et
al., 2023; de Abreu Batista et al., 2021; He et
al., 2022). Additionally, domain-specific studies
have employed LSTM models and deep learning
methods to develop classification schemes and
analyse cultural impacts. However, these studies
have demonstrated their utility, class imbalance
and limited scope, highlighting opportunities for
further refinement (Huang et al., 2022; Yaniasih &
Budi, 2021).

Data-driven Contributors. Data-driven
contributors are grounded in the quantitative
analysis of empirical data associated with research
activities and outputs and play a pivotal role in
evaluating, predicting, and enhancing the impact
of research (see Appendix, Table 4). These factors
leverage various metrics and advanced analytics,
such as citation metrics, predictive modelling,
and collaboration network analysis, providing a
robust framework for evidence-based decision-
making. By quantifying research influence, these
elements illuminate current impacts and enable the
development of sophisticated models that project
future trajectories of research influence.

Central to these metrics are citation-based
indicators, which provide a detailed view of the
scholarly impact of research outputs. Temporal
dynamics such as inter-citation durations —the
time intervals between consecutive citations —
reveal patterns of influence that fluctuate over

time, providing insights into the persistence
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and fading of scholarly impact (Ji et al., 2024).
Additionally, citation arrival times, mainly when
they occur shortly after publication in widely
read or influential journals, can signal imminent
spikes in citation frequency. This phenomenon is
particularly significant in rapidly evolving fields
such as Al, biotechnology, and renewable energy
technologies (Abbas et al., 2023). Moreover,
the aging effect is a critical factor, where older
publications tend to see a plateau or decline in
citation frequency, emphasising the need for
research topics to remain relevant and timely
(Abbas et al., 2023).

The context of citations also holds substantial
value. Citation sentiment assesses the tone —
positive, negative, or neutral —of citations,
providing deeper insights into the academic
reception of the cited work. Positive citations,
especially those in prestigious journals, not only
enhance the visibility of a paper but also indicate
recognition of its quality and scholarly influence.
Network centrality within citation networks also
provides crucial data, as papers occupying central
positions within these networks are often regarded
as foundational or pivotal, resulting in frequent
citations and high scholarly esteem (Ke et al.,
2024; Shiet al., 2019).

Content features further influence the
visibility and impact of research. The relevance
of keywords and trending topics within a paper
can significantly amplify its visibility and citation
potential (Shi et al., 2019; Vinayak et al., 2023).
For example, emerging terms like “blockchain” or
“cybersecurity” in computer science can rapidly
elevate a paper’s prominence within the scholarly
community. Linguistic patterns, including specific

word sequences in research titles and abstracts,
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have been shown to correlate with higher citation
counts. Advanced predictive models, such as
LSTM networks, utilise these linguistic and
historical citation patterns to forecast future
citation performance, providing a forward-looking
assessment of research impact (Du et al., 2024).

Collaboration and co-authorship networks are
also critical in enhancing the impact of research.
The structure of these networks, as quantified
by metrics such as node degree and betweenness
centrality, suggests potential for collaboration and
the dissemination of ideas (Aljohani et al., 2021).
Highly connected individuals or papers within
these networks often achieve greater visibility
and play a pivotal role in the diffusion of new
research findings. The dynamics of such networks,
including the roles of familiar neighbours and
shared collaborators, often forecast ongoing and
future collaborative efforts, which are vital for
sustaining the influence and development of
research domains (Makarov & Gerasimova, 2019;
Song et al., 2022; Zhou et al., 2019).

Institutional and individual metrics, such as
h-indices and productivity scores, quantitatively
assess research impact and quality. High h-indices,
which measure both the quantity and impact of
an author’s publications, indicate significant
scholarly influence (de Abreu Batista et al.,
2021; Heo et al., 2023). At the institutional level,
collective h-indices, which aggregate the h-indices
of all affiliated researchers, reflect an institution’s
overall research strength and impact, often
correlating with leadership in advancing specific
fields of study (Bai et al., 2017).

Journal metrics such as IF, SNIP, and SJR
are crucial in assessing the relative influence
of research publications (Croft & Sack, 2022).
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These metrics help researchers identify which
journals offer the best potential for enhancing
the visibility and impact of their work. Whether
open-access or subscription-based, the publication
type also significantly affects a paper’s reach and
impact. Open-access publications, due to their
accessibility, tend to attract a wider audience,
resulting in higher citation rates and broader
dissemination of research findings.

Finally, economic and geographical factors
significantly influence the development and
impact of research. Geographic proximity to
major academic conferences, research hubs, and
technological centres enhances opportunities
for networking, collaboration, and access to
innovative resources (Zhang et al., 2019).
Similarly, economic conditions, as measured
by indicators such as GDP per capita, influence
the level of research funding and infrastructure
available, thereby shaping the volume and quality
of research outputs from different regions. These
factors create a complex ecosystem that fosters
research activities, generating impact and
providing a multifaceted picture of the dynamics
in the global research landscape (Grodzinski et
al., 2021).

4.3.3 Core principles

The third generation of research impact
assessment is underpinned by 4 key principles:
precision, scalability, adaptability, and
predictiveness. Precision is achieved through
advanced ML techniques that extract nuanced
patterns from large and complex datasets,
significantly enhancing the accuracy of predictions
(Zhang et al., 2021). This level of detail enables
researchers and institutions to anticipate future

trends and understand the multifaceted aspects
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of research influence. Scalability ensures that
these computationally intensive models can
accommodate the analysis of global research
datasets, making them applicable across diverse
disciplines and geographic regions. This scalability
is critical for addressing the increasing volume
and diversity of research outputs in a globalised
academic ecosystem (Vital & Amancio, 2022).

Adaptability is another cornerstone of third-
generation frameworks, facilitated by integrating
semantic, temporal, and social features into
analytical models. This adaptability allows these
frameworks to be customised for specific research
domains or institutional priorities, enhancing
their relevance and utility in varied contexts
(Porwal & Devare, 2024). Finally, predictiveness
defines the ability of these models to forecast
future research trajectories, including citation
patterns, collaboration trends, and overall research
influence. By enabling proactive decision-making,
these predictive capabilities empower institutions,
policymakers, and funding agencies to allocate
resources effectively and strategically (Li et al.,
2019; Wu et al., 2019).
4.3.4 Strengths and limitations of third-generation

models and analytical techniques

The third generation introduces significant
strengths that enhance the impact of research
assessment. One of its most notable advantages
is its enhanced predictive power, which enables
these models to forecast future trends, identify
high-impact research, and highlight emerging
disciplines with remarkable accuracy (Vital &
Amancio, 2022). Integrating citation trends,
semantic content, and network dynamics enables
multidimensional insights, providing a holistic

understanding of research influence that surpasses
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the capabilities of earlier generations (Porwal &
Devare, 2024).

Additionally, advanced computational
techniques that facilitate the analysis of datasets
across diverse regions and disciplines ensure
the global applicability of third-generation
frameworks. This scalability ensures their
relevance in an increasingly interconnected
research landscape (Zhang et al., 2021).
Furthermore, these frameworks provide strategic
decision-making tools that guide institutions,
funding agencies, and policymakers in resource
allocation, strategic planning, and prioritising
impactful research areas, enabling more effective
and data-driven decision-making processes (Wu et
al.,2022).

Despite their strengths, third-generation
frameworks face challenges that limit their
broader adoption and utility. These models’
computational demands are substantial, requiring
significant resources and expertise that are often
unavailable to smaller or underfunded institutions,
thereby creating disparities in access (Vital &
Amancio, 2022). Data bias and quality present
another limitation, as the dependence on diverse
datasets introduces biases based on geographic
and disciplinary disparities, which can skew
predictions and reduce accuracy (Zhang et al.,
2021).

Moreover, the interpretability issues inherent
in complex ML models make their results difficult
for non-technical stakeholders to understand and
apply, hindering broader adoption in policymaking
and institutional planning (Xiao et al., 2019).
Finally, many frameworks exhibit domain-specific
constraints, requiring significant customisation

to be applicable across different fields, which
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increases implementation complexity and limits

generalizability (Porwal & Devare, 2024).

4.4 Fourth generation: Alternative metrics
4.4.1 Emergence of altmetrics

The fourth generation of research impact
assessment represents a shift from traditional
bibliometric methods and structured frameworks
to alternative metrics, known as altmetrics (Priem
et al., 2011). These metrics capture the online
influence of research. Unlike first-generation
metrics, which emphasised academic citations
and publication outputs, or second-generation
frameworks, which focused on structured and
multidimensional evaluation across specific domains,
the fourth generation emerged as a response to the
digitalisation of research dissemination.

The rise of social media, digital repositories,
and online academic platforms has created new
avenues for engaging with research, necessitating
metrics that can evaluate non-traditional research
outputs and diverse forms of impact in real-time.
Altmetrics measure interactions such as mentions,
shares, and downloads, enabling real-time
assessment of public, academic, and policymaker
engagement. This generation has broadened the
scope of impact evaluation by addressing aspects
often overlooked by prior approaches, such as
societal discourse, public outreach, and online
academic collaboration (Sugimoto et al., 2017).
Table 5 in the Appendix provides an overview
of key metrics and platforms introduced in this
generation, highlighting their role in advancing
research evaluation practices and broadening the

understanding of impact.
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4.4.2 Key metrics and platforms

Aggregated Metrics Platforms. Metrics like
the Altmetric Attention Score, introduced in 2011,
aggregate data from multiple sources, including
social media platforms, news outlets, policy
documents, and blogs, to provide a weighted and
comprehensive snapshot of a research output’s
online visibility. Represented visually through the
“Altmetric donut,” this score reflects the varying
importance of different types of engagement
(Priem, 2010; Priem et al., 2011; Roemer &
Borchardt, 2015). Similarly, PlumX Metrics,
launched in 2016, categorises online interactions
into 5 dimensions— Usage, Captures, Mentions,
Social Media, and Citations —offering researchers and
institutions a detailed breakdown of how their work
is consumed and shared digitally (Lindsay, 2016).
These tools provide real-time analytics that can guide
researchers in optimising dissemination strategies.

The PLOS Article-Level Metrics, introduced
in 2009, were among the first to deliver granular
insights at the article level, tracking views,
downloads, and citations alongside social media
mentions. This approach enabled researchers to
evaluate the impact of individual articles, bypassing
traditional journal-level assessments (Yan & Gerstein,
2011). Expanding on these ideas, Dimensions
Badges, launched in 2018, integrate citation counts
from conventional sources with altmetric data,
creating a more holistic framework for evaluating
research influence (Jamwal & Kumar, 2022).
These platforms bridge the gap between traditional
bibliometric measures and alternative metrics, aligning
with the principles of multidimensionality introduced

in the second generation.
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Specialised Platforms for Alternative
Metrics. Several platforms focus on specific
dimensions of research dissemination. For
example, Impactstory Metrics, introduced in 2012,
enable researchers to track online engagement
across platforms such as Twitter, GitHub, and
Mendeley, providing comprehensive overviews of
their work’s societal and academic reach (Konkiel,
2014); similarly, Kudos Metrics, established in
2014, focuses on enabling researchers to explain
and share their work effectively, tracking metrics
that correlate visibility-enhancing activities with
engagement outcomes (Erdt et al., 2017).

Platform-specific Metrics. Beyond
aggregated platforms, specific platforms, such
as ResearchGate Score and Mendeley Readers,
provide unique metrics tailored to their respective
user communities. For instance, the ResearchGate
Score, developed in 2016, considers factors like
publications, reads, and citations, reflecting a
blend of academic and social engagement, albeit
through a proprietary algorithm (Hoffmann et
al., 2016). Similarly, Mendeley in 2009 measures
readership by counting how often a research
output is added to users’ libraries, serving as a
proxy for interest and accessibility (Sugimoto et
al., 2017; Zahedi & Costas, 2020). These metrics
offer insights into the impact of researchers and
facilitate peer-to-peer connections.

Platforms like GitHub Repository Stars/
Forks reflect the impact of research outputs such
as software and code repositories, which are
increasingly critical in fields like computer science
and bioinformatics. These metrics measure user
interaction, reuse, and adaptation, demonstrating
the tangible application of research in practice
(Dozmorov, 2018). Tools like Crossref Event
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Data, introduced in 2016, expand this by
collecting mentions and interactions associated
with research DOIs across various online
platforms (Rittman, 2020).

Digital and Social Media Engagement.
Altmetrics also emphasises the role of social
media and online platforms in amplifying research
influence. Metrics such as Social Media Mentions,
Wikipedia Citations, and YouTube Video Views
track engagement across platforms like Twitter,
LinkedIn, and Wikipedia, capturing the broader
public and societal interaction with research
outputs. Wikipedia citations, for example, measure
the frequency with which scholarly works are
referenced in articles, highlighting their role in
disseminating public knowledge (Stalder & Hirsh,
2002). Similarly, YouTube video views quantify
the reach of research-related presentations and
discussions, showcasing the value of visual and
multimedia content in engaging diverse audiences
(Dai & Wang, 2023).

4.4.3 Core principles

The fourth generation builds upon the
principles of multidimensionality established in
the second generation but emphasises immediacy
and inclusivity to address the limitations of
earlier approaches. While second-generation
frameworks, such as the Payback Model and the
CAHS Framework, systematically linked research
activities to societal and policy outcomes, they
often relied on extensive data collection and long-
term evaluations. Altmetrics, by contrast, utilises
real-time data from digital platforms to provide
immediate feedback on research influence. This
immediacy enables researchers and stakeholders
to assess engagement with newly published work

and emerging fields promptly. Additionally, the
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inclusivity of altmetrics enables the evaluation
of diverse research outputs, including datasets,
software, multimedia, and policy briefs,
thereby expanding the scope of what constitutes
impactful research (Priem et al., 2011; Roemer &
Borchardt, 2015).

444 Strengths and limitations of fourth-

generation metrics

The fourth generation brought about a
fundamental shift in understanding the influence
of research by recognising the value of public
engagement, including policy discussions,
community dialogues, and the application of
research in non-academic settings. By capturing
real-time mentions, shares, and conversations
across platforms such as Twitter, Facebook, and
ResearchGate, altmetrics provide insights into
how research impacts diverse audiences beyond
academia. This broader perspective aligns with
the objectives of second-generation frameworks,
such as the REF and the EIF, which emphasise
societal relevance and public accountability
(ARC, 2017; REF, 2014). However, altmetrics
differ in their ability to capture these impacts
dynamically and across digital spaces,
addressing the growing demand for immediacy
in impact evaluation.

Despite their strengths, the fourth generation
faces notable limitations. Altmetrics relies on data
from digital platforms, which can introduce biases
based on geographic and cultural disparities in
platform usage. For instance, regions with lower
social media penetration may be underrepresented,
leading to incomplete evaluations (Sugimoto et al.,
2017). Additionally, altmetrics focus on attention
rather than sentiment, failing to distinguish

between positive and negative engagement.
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Practices such as coordinated sharing and gaming
of metrics can also artificially inflate scores,
thereby undermining the reliability of these tools
(Roemer & Borchardt, 2015; Stalder & Hirsh,
2002). These challenges necessitate cautious
interpretation and the development of more robust
methodologies to enhance the accuracy and
credibility of altmetrics.

Nevertheless, integrating altmetrics into
widely used platforms such as ResearchGate,
Mendeley, and PLOS underscores their continued
relevance in the research ecosystem. These
metrics align with the principles of open science,
fostering greater accessibility and accountability
by emphasising public and policy engagement.
Their ability to evaluate diverse outputs and
provide timely feedback ensures their utility
for stakeholders across academia, industry, and
government (Hoffmann et al., 2016; Jamwal
& Kumar, 2022). Altmetrics complements the
comprehensive evaluation frameworks of the
second generation by providing an agile and
dynamic approach to assessing research influence,
reflecting the evolving needs of a digitally
connected world.

5. Discussion

5.1 Comparative analysis of research

impact generations

The progressive development of research
impact assessment reflects significant
transformations in methodologies, principles,
and tools, each adapting to the evolving demands
of academia and society (see Figure 2). The
first generation laid the foundation by focusing

on quantitative metrics, emphasising citation
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Figure 2. Four Generations of Research Impact Science

Focus: Academic outputs like
publications and citations

Key Features: Quantitative measures of
academic productivity with limited
societal focus.

Examples: Citation Counts, Impact
Factor, h-Index

Focus: Real-time and diverse impact
assessment using digital engagement
data

Generation

Multidimensional
Frameworks (Late

Aternative Metrics

Key Features: Features: Altmetrics, (2010s)

immediacy, inclusivity of non-traditional
outputs

Examples: Altmetric Attention Score,
PlumX Metrics

counts, publication numbers, and journal-level
evaluations. Metrics such as the IF and h-index
were pivotal in providing standardised tools
for systematically assessing research output,
establishing the groundwork for bibliometric
databases like Scopus and Web of Science
(Garfield, 1955; Garfield & Sher, 1963; Hirsch,
2005). The second generation expanded the scope
to multidimensional frameworks, addressing
broader societal, economic, health, and policy
impacts. Frameworks like the Payback Model
and the CAHS Framework redefined evaluation
by integrating societal goals, demonstrating how
research outcomes could inform public priorities
and policymaking (CAHS, 2009; Donovan &
Hanney, 2011).

The third generation transitioned from
retrospective analyses to forward-looking
evaluations by incorporating data-driven and
predictive models. It leveraged advancements in
data science, such as ML, big data analytics, and

NLP, to analyse large-scale, multidimensional
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Focus: Academic, societal, and economic
impacts with structured frameworks.

Key Features: Integrated societal
contributions alongside academic outputs,
emphasising public accountability

Examples: Payback Framework, Research
A Assessment Exercise (RAE), Research
Excellence Framework (REF)

1980s)

Focus: Using advanced analytics and
machine learning for dynamic, forward-

looking impact assessments
pata-Driven and

Predictive Models

Key Features: Combines retrospective
evaluations with predictive analytics to
align research trajectories with future
societal needs.

(Late 1990s)

Examples: Citation Prediction, Citation
Sentiments

datasets. These tools enabled stakeholders to
anticipate citation trajectories, identify emerging
fields, and optimise resource allocation,
emphasising the predictive and strategic potential
of research impact assessment (Ji et al., 2024;
Porwal & Devare, 2024). The fourth generation
embraced alternative metrics (altmetrics) as
a response to the digitalisation of research
dissemination. Altmetrics introduced real-time and
diverse influence indicators, capturing the broader
societal, policy, and online presence of research.
By measuring interactions such as social media
mentions, shares, downloads, and multimedia
engagement, this generation broadened the
understanding of research impact in the digital
ecosystem, providing timely feedback and
inclusivity in evaluating non-traditional research
outputs (Priem et al., 2011; Sugimoto et al., 2017).

The underlying principles guiding these
generations evolved to reflect increasing
complexity in research evaluation. Objectivity,

simplicity, and replicability defined the first
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generation, enabling standardised and transparent
metrics that became the basis for bibliometric
analyses (Garfield & Sher, 1963; Hirsch, 2005).
These principles laid the foundation for robust
bibliometric databases, facilitating consistency
and accessibility. The second generation
introduced multidimensionality, accountability,
and stakeholder engagement, extending evaluation
to encompass societal, economic, and policy
impacts. This era emphasised aligning research
priorities with national and global objectives,
fostering relevance and collaboration (Bernstein et
al., 2007; REF, 2014).

The third generation shifted toward
predictiveness, scalability, and interdisciplinarity,
leveraging advancements in data science,
including ML, NLP, and big data analytics. These
tools enabled forward-looking evaluations by
identifying emerging trends, predicting citation
trajectories, optimising resource allocation,
and addressing the dynamic needs of modern
research ecosystems (Ji et al., 2024; Porwal &
Devare, 2024). The fourth generation prioritised
immediacy and inclusivity, leveraging digital
data to evaluate non-traditional outputs, such as
datasets, software, and policy briefs. Alternative
metrics (altmetrics) enabled real-time feedback
on research influence, capturing broader societal
and online engagement and addressing diverse
research outputs within the digital ecosystem
(Priem et al., 2011; Roemer & Borchardt, 2015).

The metrics and indicators of these generations
illustrate a growing sophistication in evaluating
research impact. The first generation relied on
bibliometric indices such as citation counts,
publication numbers, and journal-level metrics

like the IF, with author-level metrics such as
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the h-index offering insights into individual
productivity and influence (Garfield & Sher,
1963; Hirsch, 2005). The second generation
expanded evaluation to include health, policy, and
economic metrics such as quality-adjusted life
years (QALYs), return on investment (ROI), and
legislative influence, reflecting the integration
of societal and policy considerations (CAHS,
2009; Sarli et al., 2010). The third generation
significantly advanced by integrating predictive
models and advanced analytics. It employed
citation dynamics, semantic analysis, and network
metrics to enable multidimensional and forward-
looking assessments. Methodologies such as
BERT and Doc2Vec have facilitated predictions
about citation trajectories, interdisciplinary
collaboration, and broader research trends,
reflecting the rise of data-driven approaches
(Ji et al., 2024; Porwal & Devare, 2024). The
fourth generation embraced digital engagement,
introducing tools such as Altmetric Attention
Scores and PlumX Metrics to measure influence
across online platforms. Platform-specific metrics,
such as the ResearchGate Score, highlighted
the digital ecosystem’s growing importance in
evaluating research impact, capturing interactions
like social media engagement and public discourse
in real-time (Roemer & Borchardt, 2015;
Sugimoto et al., 2017).

The frameworks supporting these metrics
demonstrate the progression from traditional
bibliometric methods to more multidimensional
and predictive approaches. Using standardised
metrics, the first generation relied on platforms
like Web of Science and Google Scholar to
measure academic output and influence within

defined disciplinary boundaries (Falagas et al.,
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2008). Second-generation frameworks, such as
the CAHS Framework and REF, have tailored
their approaches to specific domains, including
health, higher education, and policy, thereby
highlighting broader societal impacts. These
frameworks emphasised multidimensionality
and accountability, aligning research evaluation
with societal goals and public priorities (Engel-
Cox et al., 2008; Lavis et al., 2003). The third
generation incorporated advanced predictive
models and data science-driven frameworks.
It utilised methodologies like DMA-Nets and
LSTM to enable predictive analysis, offering
insights into citation patterns, collaboration trends,
and research trajectories. These tools reflected
the growing importance of forward-looking
evaluations in modern research ecosystems (Du et
al., 2024). The fourth generation leveraged digital
platforms, such as Altmetric and ResearchGate,
to capture social media engagement and digital
dissemination. These frameworks expanded the
scope of research evaluation by integrating real-
time metrics to assess diverse forms of societal
and online engagement, emphasising inclusivity
and immediacy in capturing research impact
(Priem et al., 2011; Yan & Gerstein, 2011).

Each generation’s strengths reflect its
alignment with the demands of its time. The first
generation’s metrics were simple, objective, and
widely applicable, ensuring accessibility and
reproducibility (Garfield & Sher, 1963; Hirsch,
2005). The second generation provided a holistic
perspective, addressing diverse impacts and
demonstrating accountability through evidence of
tangible returns on investment (CAHS, 2009). The
third generation excelled in predictive capabilities

and scalability, leveraging data science to analyse
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complex, multidimensional datasets and providing
actionable insights for strategic decision-making
(Vital & Amancio, 2022; Zhang et al., 2021).
Finally, the fourth generation stood out for its
real-time feedback and inclusivity, capturing
diverse outputs and societal engagement through
digital metrics such as social media and online
interactions (Priem et al., 2011; Sugimoto et
al., 2017).

Despite these strengths, each generation
faced limitations. The first generation’s reliance
on quantitative metrics led to disciplinary bias
and vulnerability to manipulation, such as self-
citation practices (Bornmann & Marx, 2013).
The second generation required significant
resources, introduced subjectivity through self-
reported data, and struggled with standardisation
due to its complexity (Sarli et al., 2010). The
third generation faced computational demands
and interpretability challenges, which limited
accessibility and broader adoption, particularly
for underfunded institutions (Porwal & Devare,
2024; Xiao et al., 2019). The fourth generation
encountered data bias and variability across
platforms, which reduced metric reliability and
hindered the differentiation between positive and
negative engagement (Sugimoto et al., 2017).

The platforms and tools associated with
each generation illustrate the progressive
methodological advancements in research impact
assessment. The first generation introduced
foundational citation analysis and tracking
tools, including Scopus and Web of Science
platforms. This generation was characterised
by indices and metrics such as citation counts,
publication numbers, journal-level evaluations

like the IF, and author-level metrics like the
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h-index, laying the groundwork for systematic
bibliometric analyses. In this study, 26 key
indices and metrics were collected, tabulated,
and examined as representative examples of this
foundational generation (Garfield, 1955; Hirsch,
2005). The second generation expanded the
evaluation scope to societal and policy impacts
through multidimensional frameworks, such as
the REF and the NIEHS Logic Model. While this
generation encompasses numerous frameworks,
this study focused on 41 representative research
impact frameworks, highlighting their integration
of diverse indicators to address broader societal
and economic contributions (CAHS, 2009; REF,
2014). The third generation marked a transition
to predictive modelling, leveraging data-driven
methodologies such as DMA-Nets, RNNs, and
CNNs. In this study, 17 aspects of research
impact—including citation prediction, sentiment
analysis, and emerging research trends— were
explored alongside 9 key groups of data-driven
factors, such as temporal dynamics parameters,
network analysis, and big data integration (Ji et
al., 2024; Porwal & Devare, 2024). Finally, the
fourth generation leveraged digital and societal
engagement through tools like Altmetric and
Mendeley, which captured real-time metrics to
assess diverse outputs, including social media
mentions and multimedia interactions. This study
reviewed and tabulated 16 prominent alternative
metrics, including the Altmetric Attention Score,
PlumX Metrics, and Kudos Metrics, emphasising
their role in broadening the inclusivity and scope
of research impact (Priem et al., 2011; Roemer &
Borchardt, 2015).

This comparative analysis addresses the

overarching research question by systematically
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organising the evolution of research impact
science into 4 distinct generational frameworks.
Each generation reflects a response to the changing
demands of academia and society, illustrating a
clear progression in methodologies, principles, and
tools. From the foundational bibliometric metrics
of the first generation to the multidimensionality
of the second, the predictive capabilities of
the third, and the inclusivity of the fourth,
these frameworks reveal how research impact
assessment has evolved to encompass broader
academic, societal, and technological priorities.
The findings demonstrate the methodological
advancements and underlying principles that
guide these frameworks by synthesising these
transitions. This analysis lays the groundwork for
addressing the sub-questions by highlighting each
generation’s key characteristics, strengths, and
limitations while emphasising the transformative
role of data science in shaping modern research

impact assessment.

5.2 Implications of the study

This review highlights the evolution of
research impact assessment across 4 generational
frameworks, mapping their underlying principles,
metrics, and methodologies. Synthesising existing
knowledge underscores the theoretical progression
from simple bibliometric measures to advanced,
predictive, and digital-driven approaches. The
findings demonstrate how each generational
shift reflects broader changes in academic and
societal priorities, offering insights into the
theoretical underpinnings of impact assessment
methodologies. This synthesis identifies
opportunities for further theoretical refinement,

particularly in integrating data-driven analytics
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and interdisciplinary approaches into future
frameworks. By mapping trends and gaps, this
review provides a foundation for scholars to build
more cohesive and theoretically informed research
impact assessment models.

This review identifies actionable insights
from existing research impact frameworks,
emphasising their relevance to stakeholders
such as policymakers, funding agencies, and
academic institutions. By mapping the evolution
of research impact science into 4 distinct
generational frameworks, the findings address
the overarching research question by offering a
systematic organisation of methodologies and their
progression over time. Furthermore, this synthesis
aligns with the sub-questions by highlighting the
key characteristics, strengths, limitations, and
the transformative role of data science in shaping
the modern frameworks of each generation. For
example, the fourth generation’s focus on real-
time altmetrics offers lessons on leveraging digital
platforms to enhance research visibility and
engagement. In contrast, the third generation’s
predictive capabilities highlight the potential for
resource optimisation and proactive planning.
These insights can guide decision-makers in
adopting and adapting impact assessment tools
that align with their priorities, ensuring that
research activities remain responsive to evolving
societal and policy demands. Furthermore, the
review highlights the importance of striking a
balance between computational sophistication
and accessibility, particularly for institutions with

limited resources.

30

5.3 Limitations and future directions

This scoping review provides a comprehensive
synthesis of research impact assessment
frameworks; however, several limitations warrant
attention. First, the review relies exclusively on
secondary data and existing literature, which
inherently introduce selection biases tied to the
availability and accessibility of sources. While the
breadth of frameworks covered offers valuable
insights into their evolution across disciplines,
the lack of empirical data—such as stakeholder
interviews, case studies, or longitudinal
analyses—limits the review’s ability to address
the contextual nuances influencing research
impact within specific fields. Addressing this gap
through empirical methodologies would enhance
understanding of the principles and characteristics
underpinning different frameworks, directly
contributing to the systematic organisation of
research impact science into distinct generational
models, as highlighted in Sub-question 1.

Another area for improvement lies in the
geographic focus of many frameworks, which are
predominantly drawn from research conducted
in high-income countries, primarily the United
States, the United Kingdom, and Australia. While
many frameworks have been developed in high-
income countries, addressing their regional
biases is critical to ensuring global applicability
and incorporating the unique challenges and
contributions of low- and middle-income
regions. Such limitations restrict the ability
to comprehensively identify the strengths and
limitations of frameworks across diverse contexts,
as explored in Sub-question 2. Developing a
standardised taxonomy or nomenclature for

research impact indicators would address
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this gap, facilitating cross-disciplinary and
international comparisons. Collaborative efforts
among researchers, policymakers, and funding
agencies will ensure the practical relevance and
applicability of a taxonomy.

Emerging trends in data science, Al, and large
language models (LLMs) also pose challenges to
the timeliness of this review. The rapid evolution
of these technologies makes it challenging to
capture their transformative potential for research
impact assessment fully. For instance, integrating
predictive analytics, ML models, and LLMs into
impact frameworks remains an underexplored
area that could significantly enhance forecasting
capabilities, streamline knowledge transfer, and
improve the visibility of impactful research.
Investigating the role of these tools in modern
research ecosystems is crucial for addressing Sub-
question 3, particularly in understanding how data
science can complement traditional bibliometric
tools and inform interdisciplinary and emerging
research trajectories.

Future research should prioritise empirical
approaches to address these limitations.
Stakeholder interviews, case studies, and
longitudinal analyses can provide deeper insights
into the contextual factors that shape research
impact across different fields and regions.
This would enable a more comprehensive
evaluation of the characteristics and principles
underlying different frameworks, contributing
to the systematic refinement of research impact
science. Methodologically, integrating advanced
analytics, Al-driven models, and predictive
frameworks into assessments could offer a more
dynamic and scalable understanding of research

trajectories. Dedicated evaluations of how ML and
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LLMs can automate impact identification, map
citation networks, and forecast interdisciplinary
collaborations hold significant promise for
advancing evidence-based decision-making.
Furthermore, addressing gaps in emerging
fields such as Al, biotechnology, and blockchain
will be essential to ensure frameworks remain
relevant and adaptive to diverse research impact
pathways. Collaborative efforts across sectors
will align future frameworks with societal
and technological advancements, ensuring
accessibility and utility for institutions with
varying resources. Developing methodologies
tailored to these rapidly evolving fields will refine
existing frameworks, enhancing their scalability
and precision to foster actionable insights for

institutional, national, and global stakeholders.

6. Conclusion

This scoping review systematically examined
the evolution of research impact assessment,
categorising its progression into 4 generations
and addressing the overarching research question:
How has research-impact science evolved,
and how can its progression be systematically
captured? The study analysed 26 bibliometric
indices and metrics in the first generation, 41
multidimensional frameworks in the second
generation, 17 aspects and 9 groups of data-
driven factors in the third generation, and 16
prominent alternative metrics in the fourth
generation. This generational approach
underscores the field’s shift from traditional
bibliometric tools to multidimensional,

predictive, and data-driven methodologies.
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The first generation established foundational
bibliometric tools for measuring academic
productivity, while the second generation
introduced multidimensional frameworks aligned
with societal and policy goals. The third generation
incorporated data science and predictive analytics
for forward-looking evaluations, and the fourth
generation leveraged alternative metrics to capture
real-time digital engagement and non-traditional
research outputs.

This review highlighted the strengths and
limitations of these frameworks, underscoring the
transformative role of data science in research
impact assessment. Stakeholder engagement
emerged as a critical factor, enhancing relevance
and alignment with societal needs. Future
advancements should integrate predictive
analytics, Al-driven models, and standardised
taxonomies to improve consistency and foresight.
Empirical studies involving stakeholder
collaboration and longitudinal analyses will
further contextualise impact pathways.

In conclusion, research impact assessment
has evolved to capture the benefits that research
provides to society. By embracing innovation
and fostering collaboration, the field is well-
positioned to address contemporary challenges
and drive meaningful societal change. Continued
refinement of these frameworks is essential
for their relevance and effectiveness in an

increasingly complex world.
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