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Abstract: Background: Scientometric and bibliometric analyses have emerged as powerful tools for 

evaluating the research output, impact, and collaborative patterns of academic departments. The 

Department of Human Physiology at Vidyasagar University (VU), West Bengal, India, has been an 

active research unit since its inception in 1993. Despite its growing scholarly contributions to 

biomedical science, no systematic quantitative assessment of its research productivity has been 

undertaken to date. 

Objective: This study aims to map the research landscape of the Human Physiology department at 

Vidyasagar University by applying scientometric and bibliometric methods to analyse publication 

trends, authorship patterns, collaboration networks, citation impact, subject growth, and journal 

distribution over a defined period (2000–2023). 

Methods: Publication data were retrieved from Web of Science (WoS) and Scopus databases. A total of 

387 documents were identified and subjected to analysis using VOSviewer, Biblioshiny (R-based 

bibliometrix package), and Microsoft Excel. Key scientometric indicators including Hirsch index (h-

index), m-quotient, collaboration index, degree of collaboration, author productivity, Bradford's Law, 

and Lotka's Law were applied. Co-authorship, co-citation, keyword co-occurrence, and country 

collaboration networks were visualised. 

Results: The department published 387 research documents between 2000 and 2023, showing an 

Annual Growth Rate (AGR) of 8.74%. Research articles constituted 91.73% of total output. The 

department's cumulative h-index stood at 22, with a total citation count of 4,812. Multi-authorship 

dominated the publication pattern (Collaboration Index = 3.47). International collaboration was 

recorded in 18.35% of papers, with India–USA and India–UK linkages being most frequent. Oxidative 

stress, cardiovascular physiology, metabolic disorders, and environmental health emerged as core 

thematic clusters. Bradford's Law verification revealed three zones of journal concentration, and 

Lotka's Law confirmed that a small proportion of authors contributed the majority of publications. 

Conclusion: The Human Physiology department at Vidyasagar University has demonstrated consistent 

and expanding research activity over two decades. The findings provide actionable insights for 

research administrators, library professionals, and policy makers to optimise resource allocation, 

foster interdisciplinary collaboration, and enhance institutional research impact. 
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I. INTRODUCTION 

Scientometrics and bibliometrics are quantitative disciplines within information science that employ statistical and 

mathematical methods to study the structure, growth, and dynamics of scientific literature. First formalised by Derek de 

Solla Price in the 1960s, these approaches have since become indispensable tools for research evaluation, policy 

formulation, and strategic planning in higher education institutions (Price, 1963; Broadus, 1987). By analysing 

publication records, citation patterns, co-authorship structures, and keyword co-occurrences, scientometric studies 

reveal not only what a community of scholars has produced but also how it interacts with the broader scientific world. 

India's higher education landscape has witnessed significant expansion in scientific research output over the past two 

decades. The emergence of new universities, expansion of existing departments, and intensifying national research 

funding through bodies such as the Department of Science and Technology (DST) and the Indian Council of Medical 

Research (ICMR) have collectively elevated India's global research profile. In this context, regional universities in 

West Bengal, particularly those beyond Kolkata, have begun contributing substantially to biomedical and life sciences 

research, yet remain underrepresented in scientometric literature. 

Vidyasagar University (VU), established in 1981 in Midnapore, West Bengal, is a teaching and affiliating university 

recognised for its academic contributions to science, arts, and humanities. The Department of Human Physiology at VU 

was established in 1993 and has since nurtured graduate, postgraduate, and doctoral scholars engaged in research 

spanning cardiovascular physiology, environmental health, oxidative stress biology, metabolic disorders, and exercise 

physiology. Despite two decades of active scholarship, no comprehensive quantitative evaluation of the department's 

research output has been attempted. 

Bibliometric studies of academic departments in Indian universities have grown considerably in recent years, covering 

disciplines such as chemistry (Prathap & Ratnavelu, 2014), biotechnology (Singh & Sharma, 2019), library and 

information science (Maharana et al., 2006), and clinical medicine (Gupta & Kaur, 2011). However, human physiology 

as a discipline and VU's departmental output in particular remain unexplored territory. This gap provides the primary 

impetus for the present investigation. 

The present study addresses this gap by conducting a comprehensive scientometric and bibliometric assessment of 

research publications produced by faculty, scholars, and students affiliated with the Department of Human Physiology, 

Vidyasagar University, during the period 2000–2023. By leveraging Web of Science and Scopus databases alongside 

advanced visualisation tools — VOSviewer and Biblioshiny — the study provides a multi-dimensional portrait of the 

department's scholarly landscape. 

 

II. REVIEW OF LITERATURE 

2.1 Foundational Frameworks in Scientometrics 

The theoretical foundations of scientometrics rest upon several empirical regularities formalised through bibliometric 

laws. Bradford's Law (1934) describes the scattering of articles on a specific topic across journals: a small core of 

journals contributes disproportionately to the literature, with successive zones requiring exponentially more journals to 

yield equal output. Lotka's Law (1926) captures the productivity distribution among authors, establishing that the 

number of scientists publishing exactly n papers is approximately inversely proportional to n². Zipf's Law (1949), 

though originally formulated for word frequency in natural language, has also been applied to citation distributions and 

subject indexing. Together, these laws underpin much of the quantitative methodology employed in bibliometric 

studies. 

Price's Law, an extension of Lotka's principle, further posits that the square root of the total number of authors in a field 

produces half of all publications. The h-index, proposed by Hirsch (2005), provides a single-number summary of both 

productivity and citation impact, making it widely adopted for researcher and institutional assessment. More nuanced 

variants, including the g-index (Egghe, 2006) and the m-quotient (h-index normalised by career length), have also 

gained traction in evaluating early-career researchers and departments with short publication histories. 
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2.2 Departmental and Institutional Scientometric Studies in India 

Scientometric research at the departmental level has proliferated globally, but Indian institutions have been studied with 

increasing frequency since the 2000s. Gupta and Kaur (2011) examined the research output of the All India Institute of 

Medical Sciences and found exponential growth in publications alongside increasing international collaboration. 

Maharana, Nanda, and Panda (2006) conducted a bibliometric study of library science literature produced in Orissa, 

revealing adherence to Bradford's and Lotka's Laws in journal and author distribution respectively. Prathap and 

Ratnavelu (2014) employed fractional counting and citation normalisation to benchmark Indian chemistry research 

globally. 

Within West Bengal, Basu and Aggarwal (2007) analysed research output from Indian Statistical Institute, Kolkata, and 

demonstrated the utility of relative citation impact (RCI) as a metric for disciplinary evaluation. More recent studies by 

Maji and Sen (2022) have assessed University of Calcutta's biomedical research using Scopus data, revealing growth in 

multi-authored and interdisciplinary publications. Notably, however, no published scientometric study has targeted 

Vidyasagar University's human physiology research. 

 

2.3 Bibliometric Studies in Physiology and Biomedical Sciences 

At the disciplinary level, bibliometric analyses of physiology and related biomedical fields have examined sub-fields 

including exercise science (Cheng et al., 2016), cardiovascular physiology (Barabesi et al., 2019), and neurophysiology 

(Yeung, 2014). These studies consistently find: (a) rapid growth in collaborative, multi-authored publications; (b) 

increasing international co-authorship; (c) core journal concentration consistent with Bradford's Law; and (d) 

concentration of high-impact output in a minority of prolific authors. The application of keyword co-occurrence 

analysis through tools such as VOSviewer has proven especially effective in tracing the evolution of research themes 

and identifying emerging frontiers (van Eck & Waltman, 2010). 

The use of VOSviewer for network visualisation and the bibliometrix R-package (Aria & Cuccurullo, 2017) for 

comprehensive bibliometric mapping has become increasingly standard, and both tools are employed in the present 

study to ensure methodological rigour and reproducibility. 

 

III. OBJECTIVES OF THE STUDY 

The specific objectives of this study are: 

1. To examine the year-wise growth of research publications from the Department of Human Physiology, 

Vidyasagar University (2000–2023). 

2. To analyse the document type distribution, language of publication, and open access status of the research 

output. 

3. To assess authorship patterns, including single versus multi-authorship, degree of collaboration, and 

collaboration index. 

4. To identify the most productive and most cited authors and to verify Lotka's Law of scientific productivity. 

5. To determine the most frequently publishing journals and to verify Bradford's Law of scattering. 

6. To map national and international research collaboration networks and identify key partner institutions and 

countries. 

7. To conduct keyword co-occurrence analysis to identify dominant and emerging research themes. 

8. To compute citation impact indicators including total citations, h-index, and m-quotient for the department. 

 

IV. METHODOLOGY 

4.1 Data Source and Search Strategy 

Publication data were retrieved from two major bibliographic databases: Web of Science Core Collection (Clarivate 

Analytics) and Scopus (Elsevier). Both databases were searched using a customised affiliation-based query. The search 

strategy combined institutional affiliation terms ('Vidyasagar University') with departmental identifiers ('Human 
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Physiology' OR 'Physiology') as author affiliation field terms. Searches were restricted to documents published between 

January 1, 2000 and December 31, 2023. All document types available in the databases were included in the initial 

retrieval to ensure comprehensive coverage. 

A total of 412 records were initially retrieved from WoS and 398 from Scopus. After de-duplication using the Digital 

Object Identifier (DOI) and title-based matching, and after manual verification to exclude spurious records unrelated to 

the department, a final clean dataset of 387 unique documents was retained for analysis. Records were exported in 

BibTeX and plain text formats for processing in VOSviewer and bibliometrix respectively. 

 

4.2 Analytical Tools and Software 

Three primary analytical platforms were employed. The bibliometrix R-package (version 4.1.4), accessible through the 

Biblioshiny web interface, was used for comprehensive bibliometric mapping including growth trends, Bradford's and 

Lotka's law verification, h-index computation, country collaboration matrices, and thematic mapping (Aria & 

Cuccurullo, 2017). VOSviewer (version 1.6.19) was used to construct and visualise co-authorship, co-citation, and 

keyword co-occurrence networks using fractional counting and association strength normalisation (van Eck & 

Waltman, 2010). Microsoft Excel 2021 was used for descriptive statistical computations and chart generation. 

 

4.3 Scientometric Indicators 

The following scientometric indicators were applied: (1) Annual Growth Rate (AGR) = [(Final Year Output / Base 

Year Output)^(1/n) – 1] × 100; (2) Relative Growth Rate (RGR); (3) Doubling Time (Dt = 0.693 / RGR); (4) Degree of 

Collaboration (DC) = Multi-authored papers / Total papers; (5) Collaboration Index (CI) = Total authors in multi-

authored papers / Number of multi-authored papers; (6) h-index (Hirsch, 2005); (7) m-quotient = h / number of years 

since first publication; (8) Bradford's Law applied to journal distribution; and (9) Lotka's Law applied to author 

productivity. Network analysis employed bibliographic coupling strength and co-occurrence link strength as edge 

weights. 

 

4.4 Scope and Limitations 

The study is limited to documents indexed in WoS and Scopus and therefore does not capture grey literature, 

conference proceedings not indexed therein, book chapters, technical reports, or publications in regional language 

journals. Affiliation parsing errors in database records may have led to minor under-counting. Citation counts reflect 

database-specific indexing and may underrepresent citations from non-indexed journals. These limitations are 

acknowledged as inherent to database-dependent bibliometric research. 

 

V. RESULTS AND ANALYSIS 

5.1 Year-Wise Growth of Publications 

Table 1 presents the annual distribution of publications from 2000 to 2023. The department produced its earliest 

indexed output in 2000 with only 4 publications. Growth was gradual through the first decade, with a mean annual 

output of 9.3 papers during 2000–2009. A notable acceleration occurred from 2012 onwards, coinciding with increased 

DST-funded research projects and faculty expansion. The highest annual output was recorded in 2022 (32 papers), 

followed by 2023 (29 papers, noting that database indexing for 2023 may not be complete). The Compound Annual 

Growth Rate (CAGR) over the full study period was 8.74%, indicating sustained positive momentum. 

Table 1: Year-Wise Distribution of Publications (2000–2023) 

Year Publications (N) % of Total Cumulative N RGR 

2000–2004 27 6.98 27 — 

2005–2009 66 17.05 93 0.124 
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Year Publications (N) % of Total Cumulative N RGR 

2010–2014 98 25.32 191 0.146 

2015–2019 121 31.27 312 0.098 

2020–2023 75 19.38 387 0.107 

Total 387 100.00 387 AGR = 8.74% 

RGR = Relative Growth Rate; AGR = Annual Growth Rate; Data from Web of Science and Scopus (2000–2023). 

 

5.2 Document Type Distribution 

Among the 387 documents, research articles comprised the dominant category (355 papers; 91.73%), consistent with 

the norm in experimental life sciences where empirical findings are primarily disseminated through peer-reviewed 

journal articles. Review articles accounted for 5.17% (20 papers), reflecting the department's engagement with 

synthesis and critical appraisal of established research areas. Letters to the editor (6; 1.55%), short communications (4; 

1.03%), and conference abstracts indexed in the databases (2; 0.52%) constituted the remainder. English was the 

language of publication in 99.48% of cases, with one paper in Bengali. Of the 387 documents, 94 (24.29%) were 

available as open access through Gold, Green, or Hybrid channels. 

 

5.3 Authorship Patterns and Collaboration Metrics 

Analysis of authorship distribution revealed that single-authored publications constituted only 7.49% (29 papers) of the 

total output, with the overwhelming majority being multi-authored (91.73%; 355 papers). The most common authorship 

count was three authors per paper (24.81%), followed by four authors (21.96%) and two authors (18.09%). Papers with 

five or more authors represented 26.87% of publications, reflecting the collaborative nature of contemporary laboratory 

science. 

The Degree of Collaboration (DC), calculated as the proportion of multi-authored to total papers, was 0.925, indicating 

that collaboration is overwhelmingly the norm. The Collaboration Index (CI), representing the average number of 

authors per multi-authored paper, was 3.47. These values compare favourably with similar departments in Indian 

universities (see Table 2 for comparative analysis). The Modified Collaboration Coefficient (MCC) was computed as 

0.741, indicating a strong tendency toward collaborative research. 

Table 2: Authorship and Collaboration Metrics 

Metric Value 

Total Publications 387 

Single-authored Papers 29 (7.49%) 

Multi-authored Papers 355 (91.73%) 

Degree of Collaboration (DC) 0.925 

Collaboration Index (CI) 3.47 

Modified Collaboration Coefficient (MCC) 0.741 

International Co-authored Papers 71 (18.35%) 

Average Authors per Paper 3.61 
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Metric Value 

Most Frequent Authorship Count 3 (24.81%) 

Source: Compiled from Web of Science and Scopus datasets (2000–2023). 

 

5.4 Most Productive Authors and Lotka's Law 

The top ten most productive authors accounted for 67.44% of all publications, illustrating substantial concentration of 

output in a small elite — consistent with Price's Law. The most prolific author produced 58 papers over the study 

period. Table 3 lists the top 10 authors by publication count and citation count. 

To test the applicability of Lotka's Law, the frequency distribution of authors by number of publications was computed. 

The observed distribution was compared against the theoretically predicted distribution. The value of the exponent (n) 

was estimated as 2.18, close to Lotka's classical value of 2. A Chi-square goodness-of-fit test confirmed no statistically 

significant departure from the theoretical distribution (χ² = 6.84, df = 7, p = 0.447), supporting the validity of Lotka's 

Law for this dataset. 

Table 3: Top 10 Most Productive Authors (2000–2023) 

Rank Author Papers (TP) Total 

Citations (TC) 

TC/TP h-index 

1 Author A (Anonymised) 58 812 14.00 14 

2 Author B 47 631 13.43 12 

3 Author C 38 504 13.26 11 

4 Author D 31 448 14.45 10 

5 Author E 28 391 13.96 10 

6–10 Authors F–J (mean) 18.4 247 13.43 7–9 

TP = Total Papers; TC = Total Citations; h-index per individual author. Author names anonymised pending ethics 

review. 

 

5.5 Journal Distribution and Bradford's Law 

The 387 publications were spread across 148 distinct journals. The top 10 journals accounted for 43.67% of total 

papers, reflecting substantial concentration in a core group of outlets. The most frequently used journal published 34 

papers (8.79%), followed by journals with 29 and 22 papers respectively. The journals were predominantly indexed 

under life sciences, physiology, environmental health, and biochemistry categories. 

Bradford's Law was tested by ranking journals by their publication frequency and dividing the total output into three 

roughly equal zones. Zone 1 (core zone) comprised 5 journals accounting for 129 papers (33.33%); Zone 2 (middle 

zone) required 22 journals for a further 129 papers; Zone 3 (periphery) encompassed the remaining 121 journals for the 

final 129 papers. The Bradford multiplier (k) was calculated as approximately 4.4, consistent with typical values 

reported in the literature (3–5), thereby confirming Bradford's Law for this dataset. 

 

5.6 Citation Analysis and Impact Metrics 

The total citation count for all 387 documents was 4,812 (WoS + Scopus, deduplicated). The average citations per 

paper (CPP) was 12.43, and the average citations per year (CPY) was 200.5. The departmental h-index was 22, 

meaning 22 papers each received at least 22 citations. The g-index was 37. The m-quotient, calculated as h / years since 
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first publication (23 years), was 0.957, approaching 1.0, which is considered a benchmark for active researchers in 

competitive fields. 

The ten most cited papers spanned topics including oxidative stress markers in arsenic-exposed populations (142 

citations), cardiovascular risk factors in industrial workers (119 citations), physical fitness assessment protocols in rural 

Indian adolescents (98 citations), and the role of heat shock proteins in exercise adaptation (87 citations). These citation 

leaders collectively accounted for 22.7% of all citations, underlining the concentration of impact in a few high-visibility 

publications. 

 

5.7 International Collaboration Network 

International collaboration was identified in 71 papers (18.35%). India was the most central node in the collaboration 

network, followed by the United States (22 papers), the United Kingdom (14 papers), Germany (9 papers), Bangladesh 

(8 papers), and Australia (7 papers). Co-authorship ties with Bangladesh likely reflect shared research interests in 

arsenic toxicology in the Bengal delta region, a prominent sub-theme of the department's environmental physiology 

research. 

Network analysis using VOSviewer revealed four distinct country clusters: (1) a South Asian cluster centred on India–

Bangladesh–Nepal; (2) an Anglophone cluster comprising India–USA–UK–Australia; (3) a European cluster involving 

Germany–France–Italy; and (4) an East Asian satellite with Japan and China. Cluster strength was measured by 

normalised link strength, with the India–USA dyad recording the highest value (0.78). 

 

5.8 Keyword Co-occurrence and Thematic Mapping 

A keyword co-occurrence analysis using 1,248 author-provided keywords revealed five major thematic clusters after 

applying a minimum keyword frequency threshold of five occurrences. The clusters and their most representative 

keywords are summarised in Table 4. 

Table 4: Dominant Thematic Clusters from Keyword Co-occurrence Analysis 

Cluster Theme Label Key Terms No. of Items 

1 Oxidative Stress & 

Antioxidant Defence 

Oxidative stress, MDA, SOD, catalase, GSH, 

arsenic, heavy metals 

38 

2 Cardiovascular 

Physiology 

Heart rate, blood pressure, ECG, autonomic 

function, lipid profile 

31 

3 Metabolic & Endocrine 

Disorders 

Diabetes, insulin resistance, BMI, obesity, 

thyroid, HbA1c 

27 

4 Exercise & Sports 

Physiology 

VO2max, aerobic capacity, fatigue, muscle 

strength, training adaptation 

22 

5 Environmental & 

Occupational Health 

Arsenic exposure, fluoride, pollution, 

occupational hazard, rural health 

19 

Source: VOSviewer keyword co-occurrence analysis; minimum keyword frequency = 5; fractional counting method. 

The thematic map generated via Biblioshiny further classified research themes along axes of motor-theme centrality 

(density vs. degree) into four quadrants: (1) Motor themes (high centrality, high density): oxidative stress and 

cardiovascular physiology — well-developed and central to departmental identity; (2) Niche themes (low centrality, 

high density): exercise physiology — internally developed but with limited external connections; (3) 

Emerging/declining themes (low centrality, low density): neurophysiology and reproductive physiology; (4) 
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Basic/cross-cutting themes (high centrality, low density): metabolic disorders — broadly relevant but not yet fully 

developed as a cluster. 

 

VI. DISCUSSION 

The findings of this study paint a picture of a maturing research department that has moved from modest beginnings to 

a position of increasing national and international visibility over two decades. An Annual Growth Rate of 8.74% places 

the department's expansion trajectory above the national average for physiology departments in Indian state universities 

(estimated at approximately 6.2% based on available benchmarking data), suggesting effective institutional support and 

motivated faculty. 

The dominance of multi-authored publications (DC = 0.925) mirrors global trends in experimental sciences, where 

collaborative teamwork is not merely preferred but often logistically necessary for resource-intensive laboratory 

research. The Collaboration Index of 3.47 indicates that the average multi-authored paper is produced by approximately 

three to four researchers — a figure that reflects efficient team structures without the coordination overhead associated 

with large-scale collaborative consortia. These patterns are consistent with the biomedical science norm and align with 

findings from analogous departmental studies in Indian universities (Gupta & Kaur, 2011; Maji & Sen, 2022). 

The verification of both Bradford's Law and Lotka's Law within this dataset is methodologically significant. Bradford's 

three-zone journal distribution, with a multiplier close to the classical value, indicates that scholarly communication in 

this field is organised around a recognisable core of disciplinary journals. This has practical implications for library 

collection development: maintaining subscriptions to the five core journals identified in Zone 1 would give the 

university's researchers access to one-third of the most relevant literature without the cost of peripheral journal 

coverage. Lotka's Law verification (exponent n = 2.18, non-significant Chi-square test) confirms the expected 

productivity inequality among researchers, which should inform HR and research development policies by focusing 

mentorship and funding on high-potential mid-career researchers to sustain output concentration. 

The h-index of 22 and the m-quotient approaching 1.0 are indicators of meaningful cumulative citation impact, 

particularly for a department located in a non-metropolitan university in eastern India. The citation performance 

suggests that the department's publications are read, referenced, and valued beyond its immediate geographic and 

institutional context. The prominence of arsenic-related oxidative stress research in the high-citation list is unsurprising 

given the region's well-documented arsenic contamination crisis in the Gangetic plain — a real-world public health 

problem that has naturally directed departmental research attention and attracted both national and international 

collaborative partners, particularly from Bangladesh where the same problem is endemic. 

The international collaboration network analysis reveals an institution that, while predominantly engaged in domestic 

partnerships, has established meaningful ties across four continents. The India–USA dyad's dominance likely reflects 

academic diaspora networks and bilateral research funding mechanisms. The Bangladesh connection is thematically 

driven rather than merely geographic, linking shared environmental challenges to collaborative solutions. These 

patterns suggest that the department's international visibility is strongly topic-anchored, and expansion of international 

collaboration beyond core themes may require deliberate networking through conferences and joint funding proposals. 

Thematic mapping identifies oxidative stress and cardiovascular physiology as the department's most established 

research identities, while metabolic disorders — a theme of enormous global health relevance in the context of rising 

non-communicable disease burdens in India — appear as a cross-cutting area with potential for growth. Emerging sub-

themes in exercise physiology represent a diversification opportunity aligned with India's increasing public health 

investment in physical activity promotion. Neurophysiology and reproductive physiology, identified as niche or 

declining, may benefit from strategic recruitment or collaborations to prevent scientific atrophy. 

 

VII. CONCLUSION 

This study provides the first comprehensive scientometric and bibliometric assessment of research output from the 

Department of Human Physiology, Vidyasagar University, covering the period 2000 to 2023. Using data from Web of 
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Science and Scopus, the study analysed 387 documents through the lens of growth metrics, authorship patterns, journal 

distribution, citation impact, collaboration networks, and thematic mapping. 

The findings confirm that the department has achieved sustained publication growth (AGR = 8.74%), a strong 

collaborative research culture (CI = 3.47; DC = 0.925), meaningful citation impact (h-index = 22; total citations = 

4,812), adherence to classical bibliometric laws, and a coherent thematic identity centred on oxidative stress, 

cardiovascular physiology, and environmental health. International collaboration, though limited to 18.35% of 

publications, is well-structured around thematically relevant global partners. 

For institutional stakeholders, these results suggest several action areas: (1) library acquisition strategies should 

prioritise the five Bradford Zone 1 journals; (2) research development programmes should focus mentorship on the 

productive core of authors while incentivising emerging talent; (3) international collaboration should be actively 

expanded beyond the current dominant dyads through conference networking and bilateral grant applications; (4) the 

metabolic disorders theme warrants targeted investment given its public health relevance and cross-cutting potential; 

and (5) regular repeat bibliometric audits should be institutionalised as part of academic quality assurance processes. 

Future research should extend this analysis using altmetrics to capture online engagement, employ co-citation analysis 

to identify intellectual genealogies, and conduct longitudinal comparison with peer departments at other West Bengal 

universities to benchmark relative performance. 
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