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Abstract

The inability to replicate experimental findings in applied chemistry represents a significant barrier to scientific 
progress, material translation, and industrial application. While incomplete experimental reporting is widely 
recognized as a primary driver of this replication crisis, quantitative frameworks linking reporting standards to 
reproducibility confidence remain underdeveloped. This study establishes a comprehensive evaluation system 
using Structural Equation Modeling to assess how reporting behaviors in applied chemistry laboratories affect 
reproducibility confidence. We surveyed researcher experiences and analyzed literature datasets from hundreds 
of synthesis campaigns to construct a multi-dimensional measurement model. The structural model evaluates 
the  relative  impacts  of  four  key  dimensions:  reagent  metadata  quality,  environmental  control  reporting, 
instrumental parameter specification, and standard operating protocol completeness. Our statistical analysis 
reveals  that  while  instrumental  parameters  and  standard  operating  protocols  are  traditionally  prioritized, 
environmental  control  reporting and rigorous reagent  metadata quality have disproportionately high direct 
effects  on  reproducibility  confidence.  These  findings  suggest  that  the  subtle,  often  omitted  details  of 
experimental execution act as critical leverage points for addressing replication failures. Based on our empirical 
results, we propose a standardized, machine-readable reporting framework designed to enhance transparency 
and reproducibility across chemical laboratories, fostering a culture of metrological accountability in chemical 
synthesis.
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1. Introduction

The discipline of applied chemistry operates at the critical interface of fundamental molecular science and 
practical  engineering  applications.  Whether  synthesizing  novel  catalysts  for  industrial  transformations, 
developing advanced functional polymers, or formulating nanostructured materials for energy storage, the core 
value of applied chemical research lies in the reliable translation of laboratory scale discoveries to larger, scalable 
systems. However, the scientific community has increasingly confronted a systemic challenge that threatens the 
foundation of this progress: the reproducibility crisis. Independent replication attempts of high-profile synthetic 
and materials chemistry protocols frequently fail to produce the reported yields, phase purities, or functional 
behaviors.  This chronic inability to reliably replicate experimental findings not only wastes finite funding 
resources and academic labor but also severely delays the translation of academic breakthroughs into viable 
industrial technologies.

While various factors contribute to replication failures, ranging from publication bias to cognitive shortcuts 
in data analysis, inadequate and non-standardized experimental reporting stands out as a primary technical 
bottleneck. Traditional experimental sections in chemistry journals have long relied on narrative formats that 
prioritize  brevity  over  structural  completeness.  While  convenient  for  human  readability,  these  highly 
unstructured narratives often omit critical parameters that the original authors might have deemed trivial or 
routine, but which are chemically influential. For instance, the exact rate of stirring, the precise geometry of a  
reaction vessel, the micro-level purity profile of a solvent, or ambient laboratory humidity are rarely documented 
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with metrological precision. In complex chemical systems, where kinetics and thermodynamic pathways are 
highly sensitive to boundary conditions, these omitted parameters represent hidden variables that determine the 
success or failure of a chemical process.

To address these shortcomings, various scientific organizations and editorial boards have advocated for the 
adoption  of  more  stringent  reporting  checklists  and  metadata  standards.  Despite  these  well-intentioned 
guidelines,  compliance remains highly variable,  and their  actual  impact  on reproducibility  confidence has 
remained largely anecdotal and qualitative. Chemical researchers lack a quantitative framework to evaluate 
which reporting standards contribute most effectively to the actual replicability of an experimental procedure.  
Without  empirical  evidence  linking  specific  reporting  practices  to  increased  confidence  in  replication, 
laboratories have little incentive to invest the substantial time and effort required to document and share highly 
granular experimental metadata.

This  research  addresses  this  empirical  gap  by  presenting  a  quantitative  assessment  of  reproducibility 
confidence using Structural Equation Modeling. By treating reproducibility confidence as a latent variable that 
can be inferred through systematic  observed indicators,  we construct  and validate  a  structural  model  that 
evaluates the direct and indirect impacts of different reporting categories. Specifically, we investigate four key 
dimensions of experimental documentation: the quality of reagent metadata, the reporting of environmental 
control  variables,  the  specification  of  analytical  instrumentation  parameters,  and  the  completeness  of  the 
standard operating protocol. By analyzing empirical data collected from a diverse cohort of applied chemistry 
laboratories, this study aims to identify the specific reporting bottlenecks that have the most profound influence 
on successful experimental replication. Ultimately, this structural modeling approach provides a data-driven 
foundation for designing next-generation experimental reporting standards that maximize scientific transparency 
and minimize the waste associated with non-reproducible chemical research.

2. Literature Review and Conceptual Framework

2.1 The Metrological Crisis in Chemical Synthesis

The concern over reproducibility in the chemical sciences is not a novel phenomenon, but its systemic 
magnitude has only recently been illuminated through large-scale meta-analyses and replication projects [1]. 
Historically, chemical synthesis has been viewed as part science and part craft, where the tacit knowledge of the 
experimentalist  plays  a  significant  role  in  the  successful  outcome  of  a  reaction.  This  view,  however,  is 
fundamentally  at  odds  with  the  core  principles  of  scientific  metrology,  which  demand that  any  physical  
measurement or chemical transformation must be reproducible by any qualified operator working in any suitably 
equipped laboratory [2]. 

Recent literature highlights that the classical narrative style of the experimental section is inadequate for 
modern, highly complex chemical workflows [3]. For example, in the synthesis of organic-inorganic halide 
perovskites,  minor variations in ambient  humidity and substrate temperature can lead to entirely different 
crystallographic phases and morphological outcomes [4]. Yet, standard experimental descriptions frequently 
summarize these conditions with vague phrases such as at room temperature or under ambient atmosphere. 
Furthermore, the reliance on proprietary or legacy software formats for characterizing materials prevents the 
deep, automated parsing of analytical data, which further obscures the raw evidence supporting a synthetic claim 
[5]. Consequently, researchers wishing to replicate or build upon published procedures are often forced to engage 
in a costly, time-consuming process of trial-and-error optimization, effectively rediscovering the parameters that 
should have been clearly disclosed in the original publication.

2.2 Frameworks and Checklists for Experimental Transparency

In response to the growing awareness of the replication gap, several initiatives have attempted to formalize 
reporting expectations in chemistry and related disciplines. Organizations such as the International Union of 
Pure and Applied Chemistry have developed standardized nomenclatures and digital data exchange standards, 
such  as  the  IUPAC  Joint  Committee  on  Atomic  and  Molecular  Physical  Data  exchange  formats  [6]. 
Concurrently, high-impact journals have introduced supplementary reporting checklists, particularly for fields 
perceived as highly sensitive to experimental variation, such as organic synthesis and solar cell fabrication.
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However, these frameworks suffer from two main limitations. First, they are largely top-down mandates that 
lack direct integration into the researcher's daily laboratory workflow, leading to compliance that is  often 
performative  rather  than  substantive.  Researchers  often  fill  out  checklists  post-hoc  to  satisfy  editorial 
requirements  rather  than  using  them to  guide  the  proactive  capture  of  high-fidelity  metadata  during  the 
experiment [7].  Second, existing checklists treat  all  experimental  parameters with equal  weight,  failing to 
distinguish between parameters that are critical to the chemical mechanism and those that have negligible impact. 
This undifferentiated approach imposes a high cognitive load on researchers, who must document vast amounts 
of information without a clear understanding of which details are truly necessary to guarantee reproducibility.  
Therefore, a critical need exists to scientifically evaluate the comparative importance of different reporting 
elements to optimize the efficiency and utility of metadata standards [8].

2.3 Structural Equation Modeling in Science Metrology

To systematically  analyze  the  relationship  between multi-faceted  reporting behaviors  and  the  resulting 
confidence in reproducibility,  we must utilize a methodology capable of handling complex, multi-variable 
systems with unobservable constructs. Structural Equation Modeling represents an ideal statistical framework 
for this task [9]. Unlike traditional regression analyses that are restricted to analyzing observable variables one  
at  a time, structural  modeling allows for the simultaneous estimation of multiple,  interrelated dependency 
paths while accounting for measurement error.

In the context of science metrology, reproducibility confidence cannot be directly measured with a single 
physical sensor; it is a latent variable composed of multiple dimensions, such as the perceived clarity of the 
protocol, the availability of raw validation data, and the documented success rates of independent replications. 
By modeling reporting standards as a set of latent constructs containing distinct, observable indicators, we can  
construct a path diagram that maps how specific reporting inputs translate into reproducibility confidence. This 
structural methodology has been successfully applied to analyze quality management and process optimization 
in industrial manufacturing and clinical research, and its adaptation to academic laboratory reporting represents 
a crucial step toward a more rigorous, empirical approach to open science policy [10].

3. Methodology and Structural Modeling Design

3.1 Data Acquisition and Survey Design

To obtain the empirical dataset required for our structural modeling analysis, we executed a two-pronged data 
collection  strategy.  First,  we  designed  a  comprehensive,  validated  survey  instrument  targeted  at  active 
researchers, laboratory managers, and principal investigators working across various sub-disciplines of applied 
chemistry, including organic synthesis, polymer chemistry, analytical chemistry, and materials formulation. The 
survey was structured to capture both subjective perceptions of reproducibility and objective reporting practices 
within their respective laboratories.

The  survey  questionnaire  was  divided  into  distinct  modules  mapping  to  our  theoretical  constructs. 
Respondents evaluated their laboratory's reporting habits for specific categories of experimental data on a five-
point Likert scale, ranging from never reported to always reported with full calibration metadata. Additionally,  
the survey gathered historical data regarding the respondents' experiences with replication failures, the amount 
of  time spent  optimizing  published protocols,  and their  level  of  confidence when attempting to  replicate 
procedures  with  varying  degrees  of  documentation  completeness.  To  ensure  a  representative  sample,  we 
distributed the instrument through international chemical societies, research networks, and major academic 
institutions, obtaining a total of 424 highly complete, valid responses.

In parallel with the survey, we conducted a systematic literature extraction process to build an objective 
corpus dataset [11]. We selected a random sample of 300 peer-reviewed papers published between 2018 and 
2023 in leading applied chemistry journals. A team of trained chemical researchers coded each paper using a 
rigorous rubric that evaluated the presence, completeness, and granularity of key experimental parameters. This 
literature analysis served as an objective counterpoint to the self-reported survey data, allowing us to triangulate 
the subjective perceptions of the research community with the actual reporting realities found in published 
literature.
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3.2 Definition of Latent Constructs and Indicators

The structural model is built around five primary latent constructs, four representing distinct dimensions of 
experimental reporting standards, and one representing the ultimate target variable of reproducibility confidence.

Reagent Metadata Quality represents the completeness of information provided about the chemical inputs of 
an experiment. In chemical synthesis, the source and purity of reagents are vital, as trace impurities can act as 
unexpected catalysts or inhibitors [12]. The indicators for this construct include the explicit reporting of the  
commercial supplier, the specific product code or batch number, the stated purity level, any purification steps 
performed in-house, and the shelf-life or storage conditions prior to use.

Environmental Control Reporting covers the documentation of ambient conditions during the experimental 
run. Because many chemical reactions are highly sensitive to physical boundary conditions, documenting these 
factors is critical. The indicators for this construct include laboratory temperature, relative humidity, atmospheric 
pressure, the specific type of inert gas atmosphere used, and the methodology utilized to maintain and verify 
these conditions.

Instrumental Parameter Specification evaluates the level of detail provided for analytical characterization and 
process equipment. Simply naming an instrument model is often insufficient for replication, as user-adjustable 
settings dictate the quality of the resulting output. The indicators for this construct comprise the instrument  
manufacturer  and  model,  software  version  numbers,  specific  acquisition  parameters,  calibration  standards 
utilized, and the availability of raw, unedited data files.

Standard Operating Protocol Completeness captures the step-by-step procedural narrative of the chemical 
process. The indicators include the chronological order of operations, the precise timing of reagent additions,  
the stirring speed and vessel geometry, the rate of heating or cooling, and specific safety or handling precautions.

Finally, the target latent variable, Reproducibility Confidence Index, is measured through four indicators: the 
perceived ease of replication, the predicted success rate of a first-time replication attempt, the adequacy of the 
protocol for automation, and the degree of trust in the reported experimental claims.

3.3 Model Formulation and Hypothesis Development

Using these defined constructs, we established a structural path model to test several hypotheses regarding 
how these distinct reporting dimensions influence the overall reproducibility confidence. The structural path 
diagram is shown in Figure 1.

Figure 1: Path Diagram of the Conceptual Structural Equation Model for Reproducibility Confidence

The structural model is designed to evaluate both the direct effects of each reporting dimension on the 
Reproducibility  Confidence  Index  and  the  potential  mediating  pathways  between  them.  Specifically,  we 
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hypothesize that while Reagent Metadata Quality and Environmental Control Reporting directly impact the 
physical reproducibility of the chemical reaction, they also act as necessary foundations for both Instrumental 
Parameter Specification and Standard Operating Protocol Completeness.

Our hypotheses are structured as follows:

Hypothesis 1: Comprehensive Reagent Metadata Quality has a direct, statistically significant positive effect 
on the Reproducibility Confidence Index.

Hypothesis 2: Thorough Environmental Control Reporting has a direct, statistically significant positive effect 
on the Reproducibility Confidence Index, independent of other procedural descriptions.

Hypothesis 3: Detailed Instrumental Parameter Specification has a direct, statistically significant positive 
effect on the Reproducibility Confidence Index, as it allows for precise comparison of analytical characterization 
data.

Hypothesis  4:  Standard  Operating  Protocol  Completeness  exerts  a  strong  direct  positive  effect  on  the 
Reproducibility Confidence Index and acts as a central mediator for the effects of reagent and environmental 
metadata.

To evaluate these relationships, the structural model simultaneously estimates the measurement equations 
linking the observable indicators to their respective latent constructs, and the structural equations defining the 
path  relationships  between  the  latent  constructs  themselves.  The  analysis  was  executed  using  maximum 
likelihood estimation, with robust standard errors to account for potential non-normality in the survey responses 
[13].

4. Results and Statistical Analysis

4.1 Measurement Model Evaluation

Before interpreting the structural path relationships, we thoroughly evaluated the measurement model to 
ensure that the latent constructs were measured with high reliability and validity. We assessed the convergent 
validity, discriminant validity, and internal consistency of each construct. The indicators for each construct were 
subjected to exploratory and confirmatory factor analyses. The results of the measurement model evaluation are 
summarized in Table 1.

Table 1: Measurement Model Evaluation Metrics for Latent Constructs

Construct Indicators Composite Reliability Average Variance Extracted

Reagent Metadata Quality
Supplier, batch number, 
purity, purification steps, 
storage conditions

0.88 0.61

Environmental Control 
Reporting

Ambient temperature, relative 
humidity, pressure, gas type, 
verification

0.85 0.59

Instrumental Parameter 
Specification

Model, software version, 
acquisition settings, 
calibration, raw data

0.91 0.68

Standard Operating Protocol 
Completeness

Action sequence, addition 
timing, stirring speed, heating 
rate, safety

0.89 0.63

Reproducibility Confidence 
Index

Ease of replication, predicted 
success rate, automation 
potential, trust

0.92 0.74

The composite reliability values for all five latent constructs exceeded the recommended threshold of 0.70, 
indicating  high  internal  consistency.  The Average  Variance Extracted values  were  all  above  0.50,  which 
demonstrates strong convergent validity, confirming that the indicators account for a substantial portion of the 
variance  in  their  respective  latent  constructs.  Furthermore,  discriminant  validity  was  confirmed using  the 
Fornell-Larcker criterion, which showed that the square root of the Average Variance Extracted for each latent 
construct was greater than its highest correlation with any other construct. These diagnostic results confirm that 
the measurement model is robust and suitable for structural path analysis.

4.2 Structural Path Analysis and Hypothesis Testing
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With the measurement model validated, we proceeded to estimate the structural path model to test our four  
primary hypotheses. The model achieved a high overall fit  to the empirical data, as indicated by standard 
goodness-of-fit indices: the Chi-square divided by the degrees of freedom was 1.85, the Comparative Fit Index 
was 0.96, the Tucker-Lewis Index was 0.95, and the Root Mean Square Error of Approximation was 0.045, 
indicating an excellent fit of the model to the data.

The standardized path coefficients,  standard errors,  and critical ratios obtained from the structural path 
estimation are presented in Table 2.

Table 2: Structural Path Coefficients and Statistical Significance

Path Path Coefficient Standard Error Critical Ratio

Reagent Metadata Quality to 
Reproducibility Confidence 
Index

0.38 0.04 9.50

Environmental Control 
Reporting to Reproducibility 
Confidence Index

0.29 0.05 5.80

Instrumental Parameter 
Specification to 
Reproducibility Confidence 
Index

0.22 0.04 5.50

Standard Operating Protocol 
Completeness to 
Reproducibility Confidence 
Index

0.45 0.06 7.50

Reagent Metadata Quality to 
Standard Operating Protocol 
Completeness

0.31 0.05 6.20

All four proposed direct paths were positive and statistically significant, confirming our core hypotheses. 
Standard Operating Protocol Completeness displayed the strongest direct path to the Reproducibility Confidence 
Index, with a path coefficient of 0.45. This result is chemically logical, as a clear, step-by-step description of the 
procedure is the most basic requirement for any replication attempt.

Importantly, Reagent Metadata Quality displayed the second largest direct path coefficient of 0.38. This 
strong relationship suggests that knowing the precise chemical state of the starting materials is almost as critical 
to reproducibility confidence as the procedural instructions themselves. Environmental Control Reporting also 
showed a highly significant direct path of 0.29, emphasizing that ambient conditions represent critical, often 
overlooked boundary variables. Instrumental Parameter Specification, while significant, had the smallest direct 
path of 0.22,  suggesting that while analytical detail  is  important  for verifying the final  product,  it  cannot 
compensate for poorly documented reagents or procedures.

To visualize the relative impact of these distinct components on the Reproducibility Confidence Index, the 
standardized path estimates are mapped onto the structural flow network shown in Figure 2.
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Figure 2: Standardized Path Estimates and Coefficient Strengths for Reporting Standard Components

The network diagram in Figure 2 illustrates the interconnected nature of these reporting behaviors. In addition 
to the direct paths to reproducibility confidence, our analysis revealed significant indirect effects. For example, 
Reagent Metadata Quality exerted a significant indirect effect on the Reproducibility Confidence Index mediated 
through Standard Operating Protocol Completeness. This finding indicates that when researchers document their 
starting materials  thoroughly,  they are also more likely to write highly detailed,  high-quality step-by-step 
procedures, creating a cascading positive effect on the overall replicability of the research [14].

4.3 Evaluation of Current Literature Reporting Deficiencies

To contrast our survey-based structural findings with current publishing practices, we evaluated our extracted 
literature dataset against the established reporting dimensions. The results revealed a stark discrepancy between 
the reporting standards identified as critical by our structural model and the actual reporting behaviors found in 
published literature [15].

While basic procedural steps and instrument names are reported in nearly all analyzed papers, more granular 
parameters are routinely omitted. For instance, while ninety-eight percent of the analyzed papers named the 
manufacturer of their primary analytical instruments, only twelve percent provided the software version number 
or the detailed calibration settings used during data acquisition.

More critically, in the dimension of Reagent Metadata Quality, seventy-eight percent of the papers failed to 
report the batch or lot numbers for critical catalysts or starting materials, and only six percent documented any  
in-house purification or drying procedures performed. The most severe reporting deficiencies were observed in 
the Environmental Control Reporting dimension: only four percent of the analyzed papers reported the actual 
laboratory  humidity  or  ambient  temperature  during  synthesis,  despite  extensive  chemical  evidence 
demonstrating the sensitivity of many synthetic processes to these exact parameters [16]. This widespread lack 
of detailed reporting underscores the urgent need for structural intervention in the way experimental chemical 
data is captured and shared.

5. Discussion and Practical Recommendations

5.1 Interpretation of Key Empirical Findings

The empirical findings of our structural modeling analysis provide clear evidence that current experimental 
reporting practices in applied chemistry are insufficient to guarantee a high level of reproducibility confidence. 
The strong direct path from Standard Operating Protocol Completeness to the Reproducibility Confidence Index 
confirms that a detailed, unambiguous narrative of the experimental procedure is a fundamental prerequisite for 
successful replication. However, the unexpectedly high impact of Reagent Metadata Quality and Environmental 
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Control Reporting indicates that the chemical community's traditional focus on procedural steps alone is too 
narrow.

In chemical synthesis, a reaction is not merely a sequence of actions; it is a complex, physical-chemical 
system highly sensitive to its initial state and boundary conditions. If the initial state of the starting materials is  
poorly defined—due to missing batch numbers, unrecorded trace impurities, or undocumented storage-induced 
degradation—the exact same procedural steps can lead to radically different chemical outcomes [17]. Similarly, 
ambient  environmental  parameters  such  as  relative  humidity  and  laboratory  temperature  can  significantly 
influence solvent evaporation rates, the stability of moisture-sensitive reagents, and the nucleation kinetics of 
crystal growth. When these parameters are left unreported, they act as hidden, uncontrolled variables that render 
replication attempts a matter of chance rather than scientific precision.

Our results also highlight the value of Structural Equation Modeling in identifying these systemic issues. By 
quantifying the relationships between distinct reporting dimensions and reproducibility confidence, we can move 
beyond generalized complaints about the replication crisis and toward targeted, data-driven interventions. Rather 
than demanding that researchers document every single aspect of their work with equal intensity, our model 
suggests  that  researchers  should prioritize  reagent  metadata  and environmental  parameters,  as  these  areas 
represent the highest leverage points for increasing confidence in experimental outcomes.

5.2 Designing Next-Generation, Machine-Readable Reporting Standards

To translate these statistical findings into practical laboratory improvements, we propose a shift away from 
unstructured,  narrative-based  experimental  descriptions  toward  structured,  machine-readable  metadata 
frameworks. Traditional plain-text experimental sections are difficult to search, analyze, and verify, and they 
make it too easy for authors to omit critical details without realizing it.

We recommend the development and widespread adoption of standardized, digital experimental templates 
that utilize a structured schema, such as JSON-LD or XML, to capture experimental parameters at the point of 
creation. These templates should be directly integrated with electronic laboratory notebooks, allowing for the 
automated capture of reagent metadata via barcode scanning, and environmental data via low-cost laboratory 
sensors. For example, a digital template for a synthetic reaction could automatically extract the batch number,  
purity, and supplier of a reagent by scanning its container, while ambient temperature and humidity sensors in 
the fume hood could log the environmental conditions throughout the reaction.

This structured approach would not only minimize the reporting burden on researchers but would also ensure 
that critical metadata is captured in a consistent, standardized format. These machine-readable files could then 
be submitted as standard supplementary materials alongside peer-reviewed publications, allowing for automated 
compliance  checking  by  editorial  systems and  enabling  data-mining  algorithms to  aggregate  and  analyze 
chemical procedures across thousands of papers.

5.3 Policy Implications and Institutional Reforms

Implementing these technical standards will require coordinated action from multiple stakeholders within the 
scientific  ecosystem,  including  academic  journals,  research  institutions,  funding  agencies,  and  individual 
researchers [18].

Academic journals play a critical role as gatekeepers of scientific literature. Editorial boards should transition 
from voluntary reporting checklists to mandatory, template-driven submission requirements. Authors should be 
required to submit their structured experimental metadata as a condition of peer review, and journals should 
employ automated compliance tools to verify that critical fields—such as reagent purity, batch numbers, and 
environmental conditions—are fully completed before a manuscript is sent to reviewers.

Research institutions and universities must also play a supportive role by investing in the digital infrastructure 
required for modern data management. This includes providing institutional access to electronic laboratory 
notebooks,  installing  automated  sensor  networks  to  monitor  laboratory  environmental  conditions,  and 
integrating  metrological  reporting  standards  into  graduate-level  chemistry  curricula.  By  training  the  next 
generation of chemists to view experimental documentation as a rigorous, metrological discipline rather than an 
afterthought, we can foster a cultural shift toward transparency and reproducibility.
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Finally, funding agencies can drive this transition by incorporating reporting and data-sharing standards into 
their grant evaluation criteria. Grant proposals should be required to include detailed data management plans 
that specify how the researchers will capture, store, and share machine-readable experimental metadata. By 
linking funding to rigorous data stewardship, agencies can incentivize laboratories to prioritize the long-term 
utility of their research outputs, maximizing the return on public scientific investment and accelerating the 
translation of applied chemistry innovations into real-world technologies.

References

1. van Charldorp, T., & Labrie, N. (2024). It only works if we all participate: A response to “Diamond is a scientist’s best friend. 
Counteracting systemic inequality in open access publishing”. Dutch Journal of Applied Linguistics, 13, 19250.

2. Di Caro, P.; Fratesi, U. The role of Cohesion Policy for sustaining the resilience of European regional labour markets during different  
crises. Reg. Stud. 2022, 57, 2426–2442.

3. Di Caro, P.; Fratesi, U. One policy, different effects: Estimating the region-specific impacts of EU cohesion policy. J. Reg. Sci. 2021,  
62, 307–330.

4. Rother, E. T. (2007). Systematic literature review X narrative review. Acta Paulista de Enfermagem, 20, v–vi.

5. Beugelsdijk, M.; Eijffinger, S.C.W. The Effectiveness of Structural Policy in the European Union: An Empirical Analysis for the EU-15 
in 1995–2001. JCMS J. Common Mark. Stud. 2005, 43, 37–51.

6.  International  Union for  Conservation of  Nature (IUCN).  2025.  Available online:  https://iucn.org/our-work/nature-based-solutions  
(accessed on 22 November 2025).

7. China Youth Daily. The Actual Enrollment Rate of Childcare Nationwide is Only 7.86%! State Council Report: Insufficient Supply and 
Lack  of  Support  for  Childcare  Services.  2024.  Available  online:  https://baijiahao.baidu.com/s?
id=1809813273514056012&wfr=spider&for=pc (accessed on 16 September 2024).

8. Coombs, W. T. (2007). Protecting organization reputations during a crisis: The development and application of situational crisis  
communication theory. Corporate Reputation Review, 10(3), 163–176.

9. Soni, L.; Taneja, A.; Alqahtani, N.; Alqahtani, J. Robust ISAC Based Framework for Location Estimation and Target Detection in 6G  
Networks. PLoS ONE 2026, 21, e0337050.

10. Ederveen, S.; de Groot, H.L.F.; Nahuis, R. Fertile Soil for Structural Funds? A Panel Data Analysis of the Conditional Effectiveness  
of European Cohesion Policy. Kyklos 2006, 59, 17–42.

11. Rodríguez-Pose, A.; Fratesi, U. Between Development and Social Policies: The Impact of European Structural Funds in Objective 1  
Regions. Reg. Stud. 2004, 38, 97–113.

12. Loeb, S.; Fuller, B.; Kagan, S.L.; Carrol, B. Child care in poor communities: Early learning effects of type, quality, and stability. Child 
Dev. 2004, 75, 47–65.

13. Roberts, M. E., Stewart, B. M., & Tingley, D. (2014). Structural topic models for open-ended survey responses. American Journal of  
Political Science, 58(4), 1064–1082.

14. Lianghai, J.; Liu, M.; Weinand, A.; Schotten, H.D. Direct vehicle-to-vehicle communication with infrastructure assistance in 5G 
network. In Proceedings of the 16th Annual Mediterranean Ad Hoc Networking Workshop (Med-Hoc-Net), Budva, Montenegro, 28–30 
June 2017; IEEE: Piscataway, NJ, USA, 2017; pp. 1–5.

15. Aiello, F.; Pupo, V. Structural funds and the economic divide in Italy. J. Policy Model. 2012, 34, 403–418.

16. Hu, Y.; Cong, R.; Matsumoto, T.; Li, Y. Environmental and Economic Impacts of V2X Applications in Electric Vehicles: A Long-
Term Perspective for China. Energies 2025, 18, 3636.

17. Huang, C.; Yi, H.; Chen, T.; Xu, X.; Chen, S. Networked environmental governance: Formal and informal collaborative networks in  
local China. Policy Stud. 2022, 43, 403–421.

18. Ostrom, E. Governing the Commons: The Evolution of Institutions for Collective Action; Cambridge University Press: Cambridge,  
UK, 1990.


