
Vol. 1, Issue 1 (2026) 42

Science, Society and Policy Research

https://socsci-policy.science

Structural Modeling of Equity Outcomes with Research Funding 

Rules in National Innovation Systems

Valeria Blanco1,*, Pietro Gentile2, Andrés Blanco1

1 Faculty of Communication, Universidad de Montevideo, Montevideo, Montevideo Department, Uruguay
2 Department of Sociology and Social Research, School of International Studies, University of Trento, Trento,  

Trentino-Alto Adige, 38122, Italy

Corresponding author: valeria.blanco@um.edu.uy

Abstract

The distribution of research funding within National Innovation Systems represents a critical 

determinant of scientific output, technological advancement, and long-term economic growth. 

Historically, resource allocation mechanisms have prioritized perceived meritocratic efficiency, 

often  unintentionally  exacerbating  structural  disparities  across  institutions,  disciplines,  and 

demographic groups. This paper investigates the equity outcomes of diverse research funding 

rules by employing a comprehensive structural modeling approach. By simulating the long-term 

dynamics  of  grant  allocations  under  various  policy  configurations,  the  study elucidates  the 

complex  feedback  loops  that  drive  the  accumulation  of  scientific  advantage  and  resource 

concentration.  The  structural  model  captures  the  interplay  between  researcher  productivity, 

institutional  capacity,  and  funding  agency  algorithms,  providing  a  robust  framework  for 

evaluating policy interventions such as funding caps, stratified peer review, and lottery-based 

distribution thresholds. The findings demonstrate that strictly performance-based funding rules 

systematically diminish systemic equity, thereby reducing the diversity of the research ecosystem 

over time. Conversely, the introduction of equity-weighted allocation constraints significantly 

mitigates  institutional  monopolization  without  proportionally  degrading  aggregate  scientific 

productivity. Ultimately, this research offers evidence-based insights for policymakers seeking 

to design more equitable and sustainable National Innovation Systems, emphasizing the necessity 

of balancing merit-driven excellence with structural fairness. 
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1. Introduction

1.1 Background and Context

The conceptual framework of a National Innovation System encompasses the network of institutions 

in the public and private sectors whose activities and interactions initiate, import, modify, and diffuse 

new technologies. Central to the vitality of these systems is the mechanism through which financial 

resources are distributed to scientific researchers and academic institutions. Research funding rules are 

the formalized procedures, evaluation criteria, and distribution algorithms established by government 

agencies  and philanthropic  organizations  to  disburse  grants.  These  rules  fundamentally  shape the 
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trajectory of national scientific endeavors by determining which projects are pursued, which institutions 

flourish, and which researchers are able to sustain long-term investigative programs. Over the past 

several decades, the global landscape of scientific research has witnessed a profound expansion in both 

the  volume  of  active  researchers  and  the  scale  of  required  capital  investments,  intensifying  the 

competition for limited public funding. As competition increases, funding agencies have increasingly 

relied on quantitative metrics and historical performance indicators to inform their allocation decisions, 

operating under the assumption that past success is the most reliable predictor of future innovation [1]. 

However, this reliance on cumulative advantage introduces significant challenges regarding equity 

and diversity within the scientific workforce. Equity, in the context of research funding, refers to the  

fair and impartial distribution of resources, ensuring that researchers of equal capability and promise 

have equivalent opportunities to secure support, regardless of their institutional affiliation, geographic 

location, gender, or race. Empirical observations of National Innovation Systems frequently reveal a 

stark  concentration  of  resources,  where  a  small  minority  of  elite  institutions  and  established 

investigators  capture  a  disproportionate  share  of  available  funding.  This  phenomenon,  often 

conceptualized as the Matthew Effect in science, suggests that initial advantages in resource acquisition 

generate self-reinforcing cycles of success, whereas researchers encountering early structural barriers 

face compounding disadvantages. The implications of this systemic inequality extend beyond individual 

career trajectories; they threaten the overall resilience and innovative capacity of the national system 

[2]. When resources are excessively concentrated, the diversity of research questions, methodological 

approaches,  and  technological  applications  is  constrained,  potentially  leading  to  systemic 

vulnerabilities and missed opportunities for breakthrough discoveries.

1.2 Problem Statement and Research Objectives

Despite growing recognition of the equity challenges inherent in competitive funding models, there 

remains a critical gap in the theoretical and empirical understanding of how specific alterations to 

funding rules influence systemic equity outcomes over extended periods. Traditional evaluations of 

funding policies typically rely on retrospective observational data, which are frequently confounded by 

endogeneity,  selection bias,  and the inability to isolate  the independent  effects of  singular policy 

changes from broader macroeconomic shifts. Furthermore, observational studies often capture only 

short-term outcomes, failing to illuminate the long-term, nonlinear dynamics characteristic of complex 

social systems. Consequently, policymakers are frequently forced to implement funding reforms based 

on theoretical intuition rather than rigorous empirical forecasting, leading to unintended consequences 

and suboptimal resource utilization. 

To address these limitations, this paper employs structural modeling to simulate and analyze the 

equity  outcomes of  various  research funding rules  within  a  stylized National  Innovation System. 

Structural modeling offers a distinct methodological advantage by explicitly defining the behavioral 

mechanisms,  interaction  protocols,  and  environmental  constraints  governing  the  system,  thereby 

permitting the controlled exploration of counterfactual policy scenarios [3]. The primary objective of 

this research is to systematically evaluate how alternative funding mechanisms impact the distribution 

of scientific resources across heterogeneous actors over time. Secondary objectives include identifying 

the threshold conditions under which systemic inequity becomes self-sustaining and quantifying the 

potential  trade-offs  between  allocative  equity  and  aggregate  scientific  output.  By  pursuing  these 

objectives, the study aims to provide a robust, evidence-based foundation for the design of progressive 

funding rules that foster both excellence and inclusivity in national scientific enterprises.
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2. Literature Review on National Innovation Systems

2.1 Theoretical Foundations of Research Funding

The  scholarly  discourse  surrounding  research  funding  within  National  Innovation  Systems  is 

anchored in multiple theoretical traditions, ranging from evolutionary economics to the sociology of 

science. Evolutionary economics posits that innovation is fundamentally a path-dependent process, 

heavily influenced by the historical accumulation of knowledge and institutional capabilities. From this 

perspective, funding agencies are viewed as critical selection environments that shape the evolutionary 

trajectory of scientific disciplines by differentially allocating survival resources in the form of grants 

[4]. The criteria employed by these agencies to evaluate proposals therefore function as evolutionary 

pressures, determining which paradigms flourish and which atrophy. Concurrently, the sociology of 

science,  building  upon  foundational  theories  of  cumulative  advantage,  emphasizes  the  social 

mechanisms  that  stratify  scientific  communities.  Recognition,  prestige,  and  financial  support  are 

understood not merely as rewards for intellectual merit, but as generative capital that facilitates future 

productivity. 

Within this theoretical nexus, the design of funding rules has historically been dominated by a 

meritocratic paradigm, which asserts that the most efficient allocation of resources is achieved by 

directing funds to the most capable and historically productive researchers. This approach is often 

operationalized through rigorous peer review processes and bibliometric assessments. Proponents argue 

that  concentrating  resources  among  elite  investigators  maximizes  the  likelihood  of  high-impact 

discoveries  and  optimizes  the  return  on  public  investment.  However,  critical  scholarship  has 

increasingly interrogated the fundamental assumptions of this meritocratic ideal. Researchers have 

demonstrated that peer review is susceptible to systemic biases, including institutional halo effects, 

cognitive  cronyism,  and  demographic  prejudices  [5].  Furthermore,  the  metrics  used  to  quantify 

scientific merit, such as citation counts and journal impact factors, are frequently criticized for reflecting 

social network centrality and historical prestige rather than intrinsic intellectual value. Consequently, 

funding rules that rely uncritically on these traditional indicators may inadvertently reproduce and 

amplify existing social hierarchies under the guise of objective evaluation.

2.2 Equity Concepts in Academic Resource Allocation

The  conceptualization  of  equity  in  academic  resource  allocation  has  evolved  significantly, 

transitioning from a narrow focus on procedural  fairness  to  a  broader  consideration of  structural 

outcomes  and  distributive  justice.  Procedural  equity  concerns  the  transparency,  consistency,  and 

impartiality of the evaluation process itself. Funding agencies have invested heavily in standardizing 

application  procedures,  implementing  double-blind  review  protocols,  and  mandating  conflict-of-

interest declarations to ensure that all applicants are judged by the same criteria. While procedural 

reforms are necessary, contemporary research indicates that they are insufficient to generate equitable 

outcomes  in  the  presence  of  deep-seated  structural  disparities  [6].  Because  researchers  enter  the 

competition  with  vastly  different  endowments  of  institutional  support,  preliminary  data,  and 

mentorship, ostensibly neutral procedures can still yield highly skewed distributions of success.

Distributive  equity,  in  contrast,  focuses  on  the  final  allocation  of  resources  and  the  systemic 

consequences  of  those  allocations.  Scholars  advocating  for  distributive  equity  argue  that  funding 

agencies must proactively account for the heterogeneous starting conditions of applicants and the 

varying needs of  different  scientific  domains.  This  perspective has  catalyzed the development  of 
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targeted policy interventions, such as early-career investigator programs, regional capacity-building 

grants,  and demographic diversity quotas.  However,  the efficacy of these interventions remains a 

subject  of  intense  debate.  Critics  caution  that  aggressive  redistributive  policies  might  fragment 

resources too thinly, undermining the critical mass of funding required to sustain world-class research 

infrastructure [7]. Moreover, defining the appropriate dimensions of equity whether parity should be 

achieved across institutions, geographic regions, or demographic characteristics remains a complex 

normative challenge. The literature highlights a pressing need for sophisticated analytical tools capable 

of mapping the multidimensional impacts of equity-oriented funding rules, moving beyond ideological 

debates to empirical assessments of systemic performance.

3. Structural Modeling Methodology

3.1 Conceptual Framework and Variables

To rigorously assess the equity outcomes of varied research funding rules, this study utilizes a 

structural modeling framework designed to capture the longitudinal dynamics of resource allocation 

within a National Innovation System. The model is populated by a heterogeneous set of virtual agents  

representing individual researchers, who are nested within distinct institutional environments. The 

fundamental premise of the model is that research output is a function of both inherent agent capabilities 

and accumulated resources, while the acquisition of new resources is determined by the specific rules 

governing the funding agency.  The structural  framework incorporates three primary categories of 

variables: agent characteristics, institutional parameters, and policy levers. 

Agent  characteristics  include  variables  such  as  innate  scientific  potential,  career  stage,  and 

accumulated reputational capital. Innate potential is modeled as a fixed attribute drawn from a normal 

distribution, representing the diverse intellectual capacities and creative aptitudes of the researcher 

population. Career stage acts as a temporal variable, influencing both the volume of output and the 

susceptibility to resource constraints.  Accumulated reputational  capital  is  a  dynamic variable that 

updates iteratively based on the agent's historical success in securing grants and producing impactful 

publications [8]. Institutional parameters reflect the structural environment in which agents operate. 

These  include  the  baseline  infrastructural  support  provided  by  the  institution,  the  density  of  

collaborative networks, and the institutional prestige factor, which exerts an independent influence on 

the probability of funding success. Elite institutions are initialized with higher infrastructural support 

and prestige values, replicating real-world disparities. 

The most critical components of the conceptual framework are the policy levers, which represent the 

funding rules manipulated during the simulation. These levers govern the criteria for grant evaluation 

and the algorithms for  resource distribution.  Specifically,  the model  operationalizes three distinct 

evaluation paradigms: purely historical performance, purely forward-looking proposal quality, and a 

composite metric that weights both past success and current potential. Furthermore, the framework 

includes distribution rules that dictate the concentration of resources. These encompass winner-take-all 

mechanisms, proportional allocation based on evaluation scores, and threshold-based lotteries where all 

proposals exceeding a baseline quality metric are entered into a randomized draw. By systematically 

altering these policy levers and observing the emergent distribution of resources and research output 

across the agent population, the structural model provides a controlled environment for isolating the 

systemic effects of specific funding rules.
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Figure 1: Comprehensive Structural Model of Resource Allocation Dynamics

3.2 Data Collection and Processing

Although the core of this study relies on a generative structural model, the initial parameterization 

and subsequent validation of the simulation framework are grounded in empirical data derived from 

actual National Innovation Systems. The objective of the data integration process is to ensure that the 

initial state of the modeled environment and the baseline transition probabilities accurately reflect the  

contemporary realities  of  academic research funding.  Data  were synthesized from comprehensive 

bibliometric  databases,  national  science  foundation  public  records,  and  institutional  financial 

disclosures spanning a fifteen-year period. This longitudinal dataset provided the empirical foundation 

for calibrating the distributions of agent characteristics and institutional parameters [9]. 

The processing of empirical data involved several critical steps to translate real-world observations 

into functional model parameters. First, historical grant allocation data were analyzed to extract the  

baseline concentration of funding, yielding Gini coefficients and Herfindahl-Hirschman indices that 

served as targets for model calibration. Researchers were categorized by institutional affiliation, and 

the disparity  in  per  capita  funding across  institutional  tiers  was quantified to  establish the initial 

institutional prestige weights within the simulation. Second, publication and citation records were 

linked to grant histories to estimate the elasticity of research output with respect to funding. This  

estimation utilized advanced econometric techniques, specifically instrumental variable regression, to 

disentangle the causal effect of financial resources on scientific productivity from the confounding 

influence of unobserved researcher ability. The derived coefficients were then embedded within the 

production functions of the simulated agents. 

Finally, the empirical data were utilized to establish the transition probabilities governing the career 

trajectories of the virtual agents, including rates of entry, attrition, and promotion. The baseline scenario 

of  the  structural  model  was  meticulously  calibrated  until  its  emergent  properties  the  simulated 

distribution of grants, the concentration of publications, and the rate of institutional mobility closely 

mirrored the empirical dataset. Once validated, this calibrated baseline served as the control condition 

against  which  all  alternative  funding  rule  scenarios  were  evaluated.  The  rigorous  integration  of 

empirical data into the structural modeling process ensures that the subsequent policy experiments 
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generate insights that are not only theoretically sound but also practically relevant to the governance of 

real-world National Innovation Systems.

Table 1: Typology of Research Funding Rules and Expected Equity Impacts

Funding Rule Category
Core Evaluation 

Mechanism
Resource Distribution 

Algorithm
Anticipated Structural 

Outcome

Historical Meritocracy
Past publication and citation 
metrics

Rank-order selection, 
concentrated awards

High resource concentration, 
low mobility

Stratified Peer Review
Institutional and career-stage 
quotas

Proportional allocation within 
tiers

Moderate equity 
improvement, stable output

Threshold Lottery
Binary quality assessment of 
proposals

Randomized selection above 
quality threshold

Significant equity gains, 
diversified portfolios

Cap-and-Distribute
Composite evaluation of past 
and future

Strict maximum limits on 
individual funding

Broad distribution, mitigation 
of hyper-concentration

4. Analysis of Funding Rules and Equity Outcomes

4.1 Evaluation of Meritocratic versus Redistributive Policies

The primary analysis generated by the structural model focuses on the comparative evaluation of 

strictly  meritocratic  funding  rules  against  various  redistributive  policy  configurations.  Under  the 

baseline  scenario,  which  simulates  a  traditional  meritocratic  system  heavily  weighting  historical 

performance and institutional prestige, the model exhibits a rapid onset of resource hyper-concentration. 

Within the first twenty simulation cycles, the top decile of researchers captures the vast majority of 

available funding, while the bottom half of the agent population faces severe resource starvation,  

leading to high rates of attrition among early-career and non-elite institutional agents. This dynamic 

clearly illustrates the compounding nature of cumulative advantage, where initial, marginally superior 

evaluations translate into disproportionate financial rewards, thereby artificially amplifying the future 

performance differentials between successful and unsuccessful applicants [10]. The systemic outcome 

is a highly stratified research environment characterized by rigid hierarchies and declining institutional 

mobility. 

In contrast, the introduction of redistributive funding rules fundamentally alters the trajectory of the 

simulated National Innovation System. The implementation of a cap-and-distribute policy, which places 

a hard limit on the total quantum of funding any single investigator can concurrently hold, demonstrates 

significant efficacy in disrupting the monopolization of resources. By forcing the funding agency to 

distribute surplus capital down the rank-order list, the policy artificially limits the Matthew Effect, 

enabling a broader cohort of competent researchers to sustain their laboratories. The structural model 

reveals that while this policy slightly reduces the peak output of the most elite agents, it drastically  

increases the aggregate survival  rate  of  diverse research programs,  thereby enhancing the overall 

resilience of the system. 

Similarly,  the  simulation  of  stratified  peer  review  where  funding  is  ring-fenced  for  specific 

institutional tiers or career stages produces marked improvements in systemic equity. By insulating 

emerging  researchers  and  historically  under-resourced  institutions  from  direct  competition  with 

established behemoths, stratified rules create protected niches that foster capacity building. The model 

indicates that over extended time horizons, these protected cohorts develop sufficient infrastructural 

and reputational capital to successfully integrate into the primary, unstratified competitive pools. This  

finding suggests that targeted redistributive policies function not merely as welfare mechanisms, but as 

critical investments in the long-term structural diversity of the national scientific enterprise.
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Table 2: Simulation Results for Equity Metrics Across Policy Scenarios

Policy Scenario
Gini Coefficient of 

Funding
Top 10 Percent Share

Institutional Mobility 
Index

Aggregate System 
Output

Baseline Meritocratic 0.82 68 percent Low 100 (Indexed)

Strict Funding Cap 0.65 45 percent High 98.5

Career-Stage Stratified 0.71 54 percent Moderate 102.3

Threshold Lottery 0.58 38 percent Very High 95.7

4.2 Structural Evidence from Modeled Scenarios

A deeper examination of the modeled scenarios provides robust structural evidence regarding the 

nuanced mechanics of equity generation and the potential trade-offs associated with different policy 

choices.  One  of  the  most  revealing  experiments  within  the  structural  framework  involves  the 

implementation of a threshold lottery system. In this scenario, peer review is utilized exclusively to  

establish a baseline of scientific validity and methodological soundness. All proposals that surpass this 

threshold are deemed fundable, and final resource allocation is determined by a randomized draw [11]. 

The structural evidence demonstrates that this mechanism profoundly dismantles the deterministic link 

between  historical  prestige  and  future  funding.  The  threshold  lottery  yields  the  most  equitable 

distribution of resources among all tested configurations, dramatically reducing the Gini coefficient of 

funding inequality.

However, the structural model also exposes the complex trade-offs inherent in the lottery approach. 

By  decoupling  funding  entirely  from  incremental  differences  in  perceived  excellence  above  the 

threshold, the system occasionally funds projects proposed by agents with lower innate potential at the 

expense of highly capable investigators who lose the draw. Consequently, the threshold lottery scenario 

exhibits a slight but measurable decline in aggregate systemic output compared to the baseline. This 

structural evidence quantifies the tension between the pursuit of maximal immediate efficiency and the 

cultivation of broad-based equity. 

Furthermore, the model highlights the critical importance of temporal dynamics in assessing policy 

outcomes.  Interventions  that  appear  optimal  in  the  short  term  frequently  produce  unanticipated 

secondary effects over longer horizons. For instance, the simulation reveals that small, incremental  

adjustments to the weighting of evaluation criteria produce negligible long-term changes to the systemic 

distribution of resources, as the deeply entrenched structural advantages of elite institutions easily  

overpower  minor  policy  tweaks.  Significant  improvements  in  equity  require  bold,  structural 

interventions that directly constrain the mechanisms of cumulative advantage. The evidence generated 

by the structural model unequivocally indicates that without deliberate and substantial policy design 

tailored  to  disrupt  resource  monopolization,  National  Innovation  Systems  will  naturally  gravitate 

toward severe inequality, ultimately jeopardizing their foundational purpose of fostering widespread 

and diverse technological advancement.

5. Discussion of Systemic Impacts

5.1 Implications for Policy and Innovation Output

The empirical  insights  derived from the structural  modeling of  research funding rules  possess 

profound implications for both national policy formulation and the optimization of innovation output. 

The most salient conclusion is that the uncritical reliance on historical performance metrics as the 

primary determinant of future funding is systematically detrimental to the long-term health of a National 

Innovation System. While such mechanisms may appear meritocratic and administratively efficient in 

the short term, they inevitably engineer a highly fragile ecosystem dominated by a narrow oligopoly of 
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institutions and researchers. This concentration of resources suppresses the exploration of high-risk, 

paradigm-shifting scientific inquiries, as researchers operating outside the elite core are systematically 

starved of  the  capital  necessary to  pursue unproven or  unorthodox methodologies.  Consequently, 

policymakers must recognize that structural equity is not merely a moral imperative, but a fundamental 

prerequisite for sustained national competitiveness in a rapidly evolving global technological landscape 

[12].

To cultivate a more resilient and productive innovation ecosystem, funding agencies should actively 

incorporate  structural  constraints  into their  resource allocation algorithms.  The implementation of 

rigorous funding caps emerges from the analysis as a particularly potent and easily operationalized 

policy tool. By preventing the excessive accumulation of grants by individual laboratories, funding 

bodies  can  liberate  substantial  capital  to  support  a  broader,  more  diverse  portfolio  of  scientific 

endeavors without requiring fundamental alterations to the peer review process itself. Furthermore, the 

strategic deployment of stratified funding pools for early-career researchers and non-traditionally elite 

institutions  is  essential  for  maintaining  the  pipeline  of  scientific  talent.  The  structural  model 

demonstrates  that  these  targeted  interventions  yield  significant  dividends  over  time,  transforming 

peripheral actors into central contributors and expanding the overall capacity of the national system.  

Ultimately, the optimization of innovation output requires a paradigm shift away from maximizing the 

productivity  of  a  few  exceptional  individuals  toward  maximizing  the  collective  intelligence  and 

collaborative capacity of the entire scientific community.

5.2 Limitations of the Current Study

While the structural modeling approach utilized in this research offers significant advantages for 

exploring complex systemic dynamics, it is essential to acknowledge the inherent limitations of the 

methodology and the  boundaries  of  the  present  study.  First,  structural  models  are  fundamentally 

abstractions  of  reality,  relying  on  simplifying  assumptions  to  render  complex  social  phenomena 

computationally tractable. The current model operationalizes scientific output and quality primarily 

through standardized metrics that may not fully capture the qualitative nuances of groundbreaking, non-

traditional  research.  The  assumption  that  innate  potential  and  accumulated  capital  interact  in  a 

predictable, functional manner may oversimplify the highly idiosyncratic and serendipitous nature of 

genuine scientific discovery. Therefore, the precise numerical outputs of the simulations should be 

interpreted as directional indicators of systemic behavior rather than exact deterministic forecasts.

Second, the study focuses predominantly on the distribution of public research funding within a 

closed  national  system,  largely  omitting  the  influence  of  private  sector  investment,  philanthropic 

support, and international collaborative networks. In reality, National Innovation Systems are highly 

porous, and researchers frequently leverage diverse, transnational funding streams to support their  

operations. The exclusion of these external resource flows may result in an overestimation of the impact 

that national funding agencies exert on overall systemic equity. Additionally, the model assumes a 

relatively stable macroeconomic environment, failing to account for exogenous shocks such as sudden 

contractions  in  national  budgets  or  rapid  shifts  in  governmental  research  priorities,  which  can 

profoundly disrupt funding landscapes and invalidate long-term policy strategies. Future iterations of 

this structural framework must strive to incorporate these complex external variables to enhance the 

ecological  validity  of  the  findings  and  provide  more  comprehensive  guidance  for  policymakers 

operating in dynamic, globally interconnected environments.

6. Conclusion
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6.1 Summary of Findings

This paper has rigorously investigated the complex relationship between research funding rules and 

equity outcomes within National Innovation Systems through the deployment of advanced structural 

modeling. The core of the analysis reveals that traditional resource allocation mechanisms, which 

predominantly  prioritize  historical  performance  and  institutional  prestige,  function  as  engines  of 

systemic inequality. The simulations clearly demonstrate that without deliberate intervention, these 

meritocratic algorithms inevitably generate self-reinforcing cycles of cumulative advantage, resulting 

in a hyper-concentration of resources among a narrow elite and the systematic marginalization of 

diverse scientific talent. This concentration not only undermines the principles of distributive justice 

but also structurally impairs the aggregate resilience and innovative capacity of the national ecosystem 

by homogenizing research trajectories and suppressing exploratory methodologies. 

Conversely,  the  implementation  of  explicitly  equity-oriented  policy  levers,  such  as  individual 

funding caps,  stratified resource allocation,  and threshold-based lotteries,  demonstrates  significant 

potential  to  disrupt  these  monopolistic  dynamics.  The structural  evidence  indicates  that  carefully 

calibrated redistributive rules can dramatically improve the Gini coefficient of funding distribution and 

enhance institutional mobility without causing a commensurate collapse in systemic scientific output. 

In particular, mechanisms that limit the excessive accumulation of capital or introduce elements of 

randomization above established quality thresholds prove highly effective in sustaining a broader, more 

diverse portfolio of active research programs. Ultimately, the findings establish that the design of 

funding rules is not merely an administrative exercise, but a profound structural  intervention that 

dictates the long-term diversity, vitality, and trajectory of the entire scientific enterprise.

6.2 Future Research Directions

The insights generated by this foundational structural analysis illuminate several critical pathways 

for future investigation into the governance of National Innovation Systems. Subsequent research must 

prioritize the expansion of the current modeling framework to incorporate the multidimensional nature 

of contemporary scientific ecosystems. Specifically, future models should integrate the dynamics of 

international funding streams, private sector partnerships, and cross-border collaborative networks, 

which increasingly define the realities of modern research operations [13]. Understanding how these 

external resource flows interact with, and potentially subvert or reinforce, domestic equity policies is  

essential for developing comprehensive regulatory strategies. 

Furthermore, empirical research must focus on validating the simulated outcomes of specific policy 

interventions  through  longitudinal  observational  studies  of  jurisdictions  that  have  implemented 

progressive funding reforms. Analyzing the real-world efficacy of threshold lotteries or strict funding 

caps will  provide vital  feedback for refining the structural  models and increasing their  predictive 

accuracy. Finally, there is a pressing need for interdisciplinary scholarship that bridges the quantitative 

analysis of resource allocation with the qualitative assessment of scientific novelty and societal impact. 

Future  studies  must  seek  to  definitively  answer  whether  the  pursuit  of  structural  equity  merely 

redistributes  the  volume  of  scientific  output  or  fundamentally  enhances  the  generation  of 

transformative, paradigm-shifting innovations necessary to address the complex global challenges of 

the future.
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