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ABSTRACT 

This research aims to provide an exhaustive and comprehensive overview regarding 

Black-Scholes option pricing model to identify general research trend in this area. To achieve 

the stated purpose, the study has used bibliometric analysis approach to examine the above-

mentioned objective. The present study has gone through 2509 articles published in the leading 

journals of finance and economics for a period of 1979 to 2022. After applying screening criteria 

like minimum citation of 25 per article, 394 articles were finally studied. The study has applied 

various bibliometric tools like citation-author, bibliographic coupling-authorship and 

organization, co-citation with cited authors and cited references. Affiliation statistics indicates 

that the volume of research is mainly concentrated in USA and other countries like United 

Kingdom, Canada, China, and Germany. The upsurge in year 2018 shows the growing interest 

among researchers and vistas for further exploration in the context of emerging markets. 

Keywords: Black-Scholes Option Pricing, Bibliometric Analysis, Content Analysis. 

INTRODUCTION 

Since 2000, F&O trading has become a dynamic and substantial part of Indian stock 

market. The tremendous rise in the trading volume of options and futures has resulted into high 

volatility and making option pricing more complex. Black-Scholes option pricing model is a 

scientific pricing model to determine the fair price of the option contracts. Fischer Black and 

Myron Scholes created this model in 1973, and Robert Merton generalised it to its current form. 

The Black-Scholes Option Pricing model (BSOPM) is used to evaluate the fair price or 

theoretical value of a call or put option based on six variables including volatility, option type, 

underlying stock price, period, strike price, and risk-free rate. Boness (1964) pioneered the 

current option market structure dates to 1964 and attempted to provide a comprehensive analysis 

of predicted option values. This empirical insight in option pricing resulted in to increased 

momentum in 1973 when the Chicago Boards Options Exchange was set up as the first 

marketplace to trade listed options. However, it got noted widely when seminal research by 

Black & Scholes (1972) provided a general equilibrium solution for the option pricing. Further, 

Cox & Ross (1976); Smith (1976); Merton (1973a, 1973b, 1976) reworked on the critiques, 

applications and improvised on it and provided robustness to the option pricing modelling. 

Afterwards, there was a series of research by eminent professional of the field; however, 

majority of them (Hull & White, 1987; Scott, 1987; Wiggins, 1987) assumes zero risk premia. In 

the current period, due to the availability of large amount of data, technological innovations, and 

applications (Bates, 2003) have reworked by considering multiple types of risk and attempted to 

provide empirical research on alternative option pricing models. Similar approach was adopted 

by (Zumbach, 2012). Similarly, Cox et al. (1985); Stein & Stein (1991); Heston (1993) have 

further reworked on it by considering alternative ways of risk premia and volatility.  
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LITERATURE REVIEW 

Black & Scholes (1973) stated that the Black-Scholes model explains the price of the 

heavily traded assets and follows a geometric Brownian motion with constant drift and volatility. 

Frino & Khan (1991) empirically tested the model by taking large historical data and said that 

the model is fair. Research by Choi & Wohar (1994) questioned for the mathematical model and 

said that derivation and solution of the model are advanced and unfamiliar to many researchers 

and practitioners. Bakshi et al. (1997) stated that the stochastic volatility is the major concern in 

valuation of options. Kim et al. (1997) studied the effect of implied volatility for ATM put 

options and concluded that implied volatility estimates derived from BSOPM model was almost 

like other complex pricing methods. Sharma & Arora (2015) tested the model for selected stocks 

of NSE and found that the market does not account for market perceptions. Nagendran & 

Venkateswaran (2015) observed that higher volatility results into higher deviation of the model 

price and the market price. Panduranga (2013) suggested for the improvement in the existing 

BSOPM. Khan et al. (2012) recommended to include more new variables like new risk-free rate 

of interest to make the model robust (Rodrigo & Mamon, 2006).  

Genkay & Salih (2003) in BSOPM pricing errors are bigger for deeper OTM options and 

mispricing is due to volatility. Result by Nilakantan & Sethi (2012) empirically tested and found 

that BSOPM has certain degree of mispricing and stated that the difference between the fair and 

actual prices changes due to change in moneyness of options. This confirms with the findings of 

(Genkay & Salih, 2003). Bonz & Angeli (2010) attempted to test the application and relevance 

of BSOPM for index options by comparing model prices and real market prices and found that it 

performed differently before and after the financial crisis. McKenzie & Subedar (2017) 

concluded that BSOPM is relevant and significant at 1 percent level in estimating value. 

Findings of McKenzie & Subedar (2017) are contradicting with that of (Bonz & Angeli, 2010).  

Research by Mishra (2012) confirmed that BSOPM is robust model and more fitted for 

valuing Nifty options. Ray (2012) gave similar conclusion and stated that despite few lacunas in 

BSOPM; the model is fair for valuing options. Rajanikanth & Lakandha (2015) examined the 

performance of the European call and put options and concluded that these options move in a 

non-straight manner and gives a chance to investor to profit in the option market. Sethi & 

Nilakantan (2016) empirically tested for the call options and found that there is a critical contrast 

between BSOPM price and market price and such deviations are high for OTM options. Kumar 

& Agarwal (2017) empirically tested historical data and said that call options are highly 

mispriced by the BSOPM and advocated for another model for estimating options  

In the present study, we evaluated publications on the testing of the BS model in various 

stock markets throughout the world. Then, we gathered publications comparing the BS model to 

several option pricing models using Dimensions database. Next, we thoroughly analysed all 

research papers that contained generalisations or modifications to the classical BS model. 

Finally, we looked at the total publications, key words, authors, citations, co-authors, co-

citations, bibliometric analysis, and country wise analysis and examined the data till 2022 

including the most recent research papers. 

We are attempting to address the following questions for the research related to Black-

Scholes option pricing model (BSOPM). 
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RESEARCH QUESTIONS 

1. What is the yearly trend of the publications? 

2. Who are the authors with the maximum number of research papers? 

3. Who are the authors with maximum citations? 

4. What are the major clusters within the domain of Black-Scholes option pricing model 

(BSOPM)? 

RESEARCH METHODOLOGY 

Study based on Bibliometric analysis has captured the consideration of the researchers 

recently (Donthu et al., 2021, 2020; Kumar et al., 2022). Such attention is due to the capacity to 

handle an enormous amount of data and suitability of various softwares like Gephi, VOSviewer; 

various data sources such as Scopus, Web of Science, Dimensions etc. Bibliometric analysis 

helps to unfold the current trends of a journal or a topic; its authorship structure, citation trends 

and to demonstrate the intellectual structure of a specific field (Donthu et al., 2021). The 

Bibliometric methodology helps in investigating the performance of a research field. It 

undertakes a retrospective review of the literature and presents the art of the specific research 

topic (Baker et al., 2021; Kumar et al., 2022; Mukherjee et al., 2021, 2022; Viglia et al., 2022).  

Dimensions is a comprehensive database like Scopus and Web of Science and offers a 

wide variety of filtering options, providing options to select the data which one wants. At 

dimensions more than 106 million publications with more than 1.2 billion citations are openly 

accessible at app.dimenions.ai. 

A trio of systematic literature review (SLR), bibliometric and content analysis was 

applied to address the above-mentioned research questions. Through Bibliometric analysis 

various assessing and interactive techniques which perform statistical analysis of various 

research studies are performed (Chen et al., 2016; Bhatt et al., 2020; Gonzalez-Torres et al., 

2020). To start with SLR was applied to retrieve the relevant literature. For that firstly keywords 

were defined and based on that search was performed; various inclusion and exclusion criteria 

like year, researchers, research categories, publication type, source title, journal list, open access 

etc were applied to come to the confined research studies conducted for option pricing by using 

Black-Scholes Model (Kumar et al., 2020). In a second stage, various bibliometric techniques for 

mapping the literature were applied to get insights like chronological trends of the publications, 

most prolific authors, leading journals, most influential studies etc (Ren et al., 2019; Eduardsen 

& Marinova, 2020; Singh & Walia, 2020). Further, content analysis was performed to 

summarize the findings of these research studies under different categories.  

This holistic amalgam of data analysis helps to carry out critical evaluation of relevant 

literature along with insights to locate limitations and identify research gaps. As per the authors’ 

best knowledge, this is the first type of study for option pricing using Black Scholes model by 

applying qualitative tools.  

The prime objective of this study is to map the knowledge structure for option pricing by 

using Black-Scholes model. Bibliometric analysis provides very important information about 

evolution of a specific field (Baier-Fuentes et al., 2019). SLR is conducted with predefined 

search protocols, which enhances the quality of the relevant literature considered with attributes 

of methodical study and comprehensiveness (Pittway, 2008). This thoroughness in the SLR also 

omits the chance of inclusion of irrelevant studies. This process for conducting literature search 

is elaborated underneath.  
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DATABASE, KEYWORDS AND INCLUSION CRITERIA 

Research work carried out and published in Option pricing by using Black Scholes model 

is a pool of existing knowledge. The references cited indicate the key variables identified, 

researched and various relationships established (Mallawaarachchi et al., 2020). The literature 

search in this paper focuses on the research conducted for Black Scholes Option Pricing Model. 

The sample of the study is considered from January 1979 to May 2022. Dimensions are used as a 

database to search for the existing relevant literature in the given area. There were 172,270 

articles found in Dimensions on the topic option pricing and Black Scholes model for a period 

mentioned; out of this most relevant 2509 papers (only journal articles) are considered for the 

present study. Further, screening criteria named, citation index was applied and only those papers 

whose citation index is above 25 are considered for the study. Based on this, finally 394 papers 

were studied.  

To avoid any avoidance of certain relevant literature in this area, three stage scrutiny was 

applied while doing SLR. This three-stage scrutiny was i) Searching by relevant key words, ii) 

Abstract review and iii) Reference and citation checking (Eduardsen & Marinova, 2020). 

Similarly, while doing bibliometric analysis, it was taken care regarding appropriate key words. 

The present study has identified the appropriate search terms by analysing the frequently used 

key words from peer reviewed literature. By taking inputs from the Chen et al., (2016); Singh & 

Walia, (2020); the selected database was searched with selected key words and divided the 

keywords in to following categories. The category of key words includes words related to Option 

pricing such as “Option Pricing”, “Option Valuations”, Black-Scholes Option Pricing Model, 

Black-Scholes Model, Black-Scholes Equation, Time-Fractional Black-Scholes Model, Black-

Scholes Formula, Monte Carlo Simulation, Weighted Finite Difference Methods, American 

Option, European Option, Put-call parity, Derivatives, Non-Linear Black-Scholes type model, 

Risk Sensitivities, Interest Rate Parity Condition, Artificial Intelligence, Machine Learning. Only 

those research papers were extracted that had above mentioned search terms in the title, 

abstracts, and keywords.  

Inclusion / Exclusion Criteria 

 While performing the search; the following inclusion/exclusion criterion was applied. 

1. The present study considered research papers published in peer reviewed journals in English only. All the 

papers related to other languages are excluded from the purview of this search. 

2. The present study published papers in the peer reviewed journals of Scopus and above.  

Selection of the Studies 

During the search process of research studies, snow-ball technique was also applied to 

eliminate the chances of not considering certain papers of this field. For that forward and 

backward citations were referred. The inclusion criteria provide a broad, consistent, and 

conversant base of studies to consider (Bhatt et al., 2020).  

BIBLIOMETRIC ANALYSIS 

Bibliometric techniques allow researchers to put together their findings regarding 

collected bibliographic data produced by the researchers working in the area and express their 
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findings through writing, citations, and collaboration. When this information is compiled and 

examined; it further advances into field’s structure and topical concerns. 

Researchers are not required to describe the relationship they seek to investigate, which 

increases neutrality while examining literature (Garfield, 1979). Second, science mapping entails 

categorising and visualising past research (Small, 1999). This results in a spatial representation 

like a geographic map that can show how knowledge areas and particular research are related to 

one another. 

 These bibliographic methods have two main applications: results estimation and 

scientific visualization. Through this, efforts and effectiveness of individual and organizational 

research is evaluated. Scientific visualization explains the nature and complexities of scientific 

areas. The insight about structure and evolving growth is useful for researchers if the goal is to 

review a particular line of study. This bibliographic method adds a methodological rigor to the 

subjective assessment of the literature. In the context of the calculation of the various 

bibliometric indicators, the most used approaches are the full counting method and fractional 

counting method.  

In the case of full counting method, a publication co-authored by n researchers is 

assigned to each researcher with a full weight of one; while in fractional counting method, the 

publication is assigned to each researcher with a fractional weight of 1/n. In other words, in full 

counting method all the co-authors are given full weight and overall weight of a publication is 

equal to the number of authors of the publication and in fractional counting method, overall 

weight of the publication is equal to one (Perianes-Rodriguez et al., 2016). The present study has 

used full counting method for all bibliographic indicators.  

Here an attempt is made to briefly describe most prevalent bibliographic methods like 

citation analysis, co-citation analysis, co-authorship, bibliographic coupling, etc. Co-authorship 

data are used to assess collaboration in co-authorship research.  

Search String

 

To gain important insights from the data, the current study employed a variety of 

evaluative and relational bibliometric methodologies. A variety of software packages have been 

utilised in various studies to undertake bibliometric analysis. Each piece of software is 

considered to have its own set of benefits and drawbacks. BibExcel, Publish or Perish, 

Bibliometrix R, HistCite, CiteSpace, Eigenfactor Score, Pajek, and Scholarometer are some well-

known software tools. 
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The software package VOSviewer was used in the study due to their high degree of 

adaptability in changing and updating the input data imported from Dimensions (Persson et al., 

2010). 

The systematic literature review (SLR) is commonly used in existing literature reviews. 

SLR is a method for synthesising a large volume of research and determining research progress 

and gaps, which is used in conjunction with the preferred reporting items for systematic reviews 

and meta-analysis (PRISMA) protocols (Moher, 2009) which provide clearer and less biased 

review process guidance (Petticrew, 2008). This review’s PRISMA protocol is illustrated in 

Figure 1. 

 

FIGURE 1 

FLOW CHART OF THE PRISMA PROTOCOL 

Yearly Publication Trend  

 Table 1 and Figure 2 shows yearly publication trend in bibliometric survey on the 

publications data from the Dimensions database. It is observed that the publication trends are up-

down in nature and highest publication in the present research studies are in the year 2018, 

followed by 2012 and 2021. This is number of articles published on the topic Black Scholes 

Option Pricing model. 
 

Table 1 

YEARS WITH MAXIMUM PUBLICATIONS 
Year No of Publications 

2018 248 

2012 165 

2021 119 

2015 117 

2008 115 

2020 108 

2019 105 

2016 105 

2014 104 
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2017 103 

Source: Based on data extracted from VOSviewer 

 

 

  FIGURE 2 

YEARS WITH PUBLICATIONS 

Source: Based on data extracted from VOSviewer 

Authors Influence 

 From the input data file, the author field was derived, and the citations of each author 

were analysed.  

Table 2 

AUTHORS WITH MAXIMUM NUMBER OF DOCUMENTS / ARTICLES 
Author No of Articles Total Citations Average Citations 

Jacobs, Kris 15 566 37.73 

Christoffersen, Peter 14 563 40.21 

Core, John E. 9 535 59.44 

Schoutens, Wim 9 66 7.33 

Turvey, Calum G. 9 209 23.22 

Bakshi, Gurdip 8 201 25.13 

Bloch, Daniel Alexandre 8 10 1.25 

Muhle-Karbe, Johannes 8 25 3.13 

Nikkinen, Jussi 8 114 14.25 

Boyle, Phelim P. 7 156 22.29 

Source: Based on data extracted from VOSviewer 

 

 Table 2 provides the summary of the top ten contributing authors and the number of 

papers they authored or co-authored along with total citations and average citations per article. 

Data analysed reveals that Kris Jacobs is the most influential author dominating the list. Another 

noteworthy point is that he also has the maximum number of citations with the average citation 

of 37.73. 

 Table 3 below shows the list of top ten authors with highest citations. The author with 

maximum citations in black scholes option pricing model is Ross Stephen and the number of 

articles is six. His average citation per article is 604.83. Guay Wayne has the second highest 

citations with an average citation of 210.83. Ashwath Damodaran is the tenth in the list with 113 
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citations. 

Table 3 

AUTHORS WITH MAXIMUM NUMBER OF CITATIONS 
Author No of Articles Citations Average Citation 

Ross, Stephen A. 6 3629 604.83 

Guay, Wayne R. 7 1476 210.86 

Jacobs, Kris 15 566 37.73 

Christoffersen, Peter 14 563 40.21 

Core, John E. 9 535 59.44 

Turvey, Calum G. 9 209 23.22 

Bakshi, Gurdip 8 201 25.13 

Boyle, Phelim P. 7 156 22.29 

Nikkinen, Jussi 8 114 14.25 

Damodaran, Aswath 7 113 16.14 

Source: Based on data extracted from VOSviewer 

 

 Treemap below Figure 3 provides the summary of the top ten contributing authors and 

the number of total citations (MacBeth & Merville, 1980). 

 

FIGURE 3 

TREEMAP FOR AUTHORS AND CITATIONS 

Source: Based on data extracted from VOSviewer 

Bibliographic Coupling 

 "Bibliographic Coupling" was one of the first citation analysis approaches for 

determining document similarity. M.M. Kessler of Massachusetts Institute of Technology (MIT) 

pioneered the notion. The liaison between the two referencing papers when referring to the 

common work is referred to as bibliographic coupling (s). A higher coupling strength is shown 

by a high number of shared citations referenced by the two publications. The similarity of the 

subject matter is also indicated by bibliographic coupling.  

 It can be said that the coupling strength is higher when more citations, the two referring 

works have in common. This coupling determines the subject similarity between the two works. 
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Bibliographic coupling is equally valuable in the fields of research, and it helps the researcher to 

find the research done in the past on the particular topic or area.  

 Even though there are various approaches for mapping the intellectual structure of a field, 

such as co-citation analysis and citation analysis, these methods fail to discover developing 

themes (Boyack & Klavans 2010; van Oorschot et al., 2018).  

Figure 3 depicts the bibliographic coupling of the top 194 cited works on option pricing by using 

Black Scholes model. The publications are highlighted based on the quantity of recurring 

citations. The various node colours represent the results of applying the Louvain group 

identification algorithm on the bibliographic matrix. Community detection algorithm was applied 

which led to formation of four varied clusters Figure 4. 

 To answer our fourth research question (i.e. what are the major clusters within the 

domain of Option pricing and Black Scholes model?), we conducted bibliographic coupling 

using VOSviewer. In this analysis, the unit of analysis can be the author, document, or countries. 

We selected author as the unit and full counting as the analysis method as per (Perianes-

Rodriguez et al., 2016). The minimum threshold for the number of articles per document was set 

to 4, minimum number of documents per author was set at 3 and the minimum number of 

citations of an author were set at 2, which resulted in 194 documents, out of which 187 were 

linked together. Five clusters were retrieved from this analysis. Table 1 reports the details of the 

articles retained in each of the five clusters with their citations, links, and total link strength.  

 
FIGURE 4 

BIBLIOGRAPHIC COUPLING- AUTHOR MAP 

Source: Based on data extracted from VOSviewer 

 

 The cluster analysis and manual reading of papers in the different clusters gave insights 

into the inter and intra cluster relationships. There are significantly 5 clusters, which are 

distinguished by the theoretical concepts, the area, the methodology used and interrelation 

among the papers. In the red cluster and blue cluster also, there are some papers thought 

connected but far from the closely related points (Bulan, 2005; Makhudu, 2011).  

 The cluster analysis and manual reading of papers in the different clusters gave insights 

into the inter and intra cluster relationships Similarly, “pricing of options” and “Black Scholes 

model” were referred to in papers in almost all the clusters. Besides these inter-cluster 

comparisons, the intra-cluster insights included the similarity in themes and methodology besides 

correlated citation networks. Due to the segregation of papers, the clustering helped in the easy 

mapping of research. It also facilitated developing a pool of ideas, a few of which highlighted the 

gaps in extant literature that can be explored further (Alan et al., 1990). 
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 The first cluster (red colour) includes the work of (Madan, 2017; Carvalho, 2010; 

Anderson et al., 2015). The second cluster (green colour) includes papers by (Christoffersen & 

Jacobs, 2001) Figure 5. 

 

FIGURE 5 

 COUNTRIES AND THE PUBLICATIONS 

Source: Based on data extracted from VOSviewer 

 The map above shows the countries with maximum documents. United States has 533 

documents / articles on the topic option pricing using black Scholes model. While China and UK 

stand as countries with second and third highest number of publications. The other countries with 

maximum publications are Canada, Germany, Australia, Italy, France, Netherlands and Taiwan. 
 

Table 4 

TOP COUNTRIES WITH PUBLICATIONS AND CITATIONS 

Country Publications Citations 
United States 533 19329 

China 162 913 

United Kingdom 139 2113 

Canada 126 2875 

Germany 101 1049 

Australia 79 759 

Italy 51 375 

France 47 757 

Netherlands 47 574 

Taiwan 47 169 

Source: Based on data extracted from VOSviewer 

 

 

FIGURE 6 

TOP 10 COUNTRIES WITH PUBLICATIONS AND CITATIONS 
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Source: Based on data extracted from VOSviewer 

 

 The chart above Table 4 and Figure 6 shows countries with maximum publications and 

their citations. USA has maximum publications 533 and the total citation for these articles is 

19329. Canada stands second in terms of citations though it stands 4th in the number of 

publications, Taiwan stands 10th in terms of publications but its articles are cited 1690 times and 

stands 3rd. 

 Co-authorship and Author 

 It is examined from the below table that there are predominantly four categories for 

author and co-authorship analysis namely based on documents, citations, total link strength and 

average citation. In term of highest documents in Black Scholes option pricing model, Jacob Kris 

leads while Ross Stephen has a highest citation as well as average citation. Authors, Turvey 

Calum G; Core John E; Madan has good number of documents but do not fall in top five citation 

and average citation category. Christoffersen & Jacobs (2001) has second highest number of 

documents as well as leads in terms of total link strength. The term named ‘total link strength’ 

indicates the number of publications in which two keywords occur together. It is considered as 

the stronger connections with more links between two items Table 5. 
 

Table 5 

CO-AUTHORSHIP AND AUTHOR 

Rank Author Documents Author Citations Auth

or 

Total Link 

Strength 

Author Avg 

Citation 
1 Jacobs, 

Kris 

15 Ross, 

Stephen 

A. 

3,629 Christo

ffersen, 

Peter 

19 Ross, 

Stephen 

A. 

605 

2 Christoff

ersen, 

Peter 

14 Guay, 

Wayne 

R. 

1,476 Jacobs, 

Kris 

19 Kedia, 

Simi 

315 

3 Turvey, 

Calum 

G. 

9 Kedia, 

Simi 

944 Nikkin

en, 

Jussi 

9 A  t-

Sahalia, 

Yacine 

287 

4 Core, 

John E. 

9 Galai, 

Dan 

903 Li, Zhe 9 Galai, 

Dan 

226 

5 Schouten

s, Wim 

9 A  t-

Sahalia, 

Yacine 

862 Liu, 

Yong-

Jun 

8 Guay, 

Wayne R. 

211 

Source: Based on data extracted from VOSviewer 

Co-Authorship and Country 

 Co-authorship is a metric that tracks scientific collaboration and relationships across 

networks, teams, institutions, and countries. It is a result of a collaboration between 

organizations and officials from many countries taking part in a study project. Such research 

establishes relations among researchers, institutions, and countries. Individual contributor’s 

number of links can be identified, measured, and shown using co-authorship (Fonseca et al., 

2016). 

 Co-authorship is regarded as an effective tool for scientific collaboration in research 

publications and it is one of the most concrete and well-known methods of collaboration. 
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Through this, any component of research collaboration networks can be traced (Aldieri et al., 

2018; Razera, 2018). 

 Based on the data retrieved, the global research network in Black Scholes option pricing 

model was composed of 33 countries, which presents the solid international collaborative 

research efforts in this field. The top three most central countries, as per their degree centrality 

are United States, Canada and United Kingdom as represented by the larger nodes (Figure No. 7) 

For the given period considered for the study, these countries have collaborated with 152, 81 and 

64 partner countries respectively Table 6.  

 
Table 6 

CO-AUTHORSHIP AND COUNTRY 

 Country Documents Country Citat

ions 

Country Total link st 

gth 

Country Avg 

1 United 

States 

544 United 

States 

23,429 United States 152 Israel 64 

2 China 169 Canada 3,054 United 

Kingdom 

81 United 

States 

43 

3 United 

Kingdom 

146 United 

Kingdom 

2,265 China 73 Canada 23 

4 Canada 130 Germany 1,119 Canada 64 France 18 

5 Germany 103 China 973 Australia 40 Belgium 17 

Source: Based on data extracted from VOSviewer 

Co-authorship and Organization (university) 

 Co-authorship analysis is known to determine patterns of collaboration in a field and 

network of researchers and relationship among them. The Table 7 and Figure 7 present 

visualizations of the university co-authorship networks using full counting method. In the figure, 

each circle represents a university and to avoid overlapping of the universities name, names are 

shown only for a subset of the universities. The size of the circle reflects the number of 

publications of the corresponding universities. In other words, the closer two circles are related 

to each other, the stronger the co-authorship link between the universities. Colours indicate the 

clusters of universities with strong co-authorship links; lines show the co-authorship links 

between universities and the distance between two circles approximately shows the strength of 

the co-authorship link between the corresponding universities.  

 Below table shows the presentation of the co-authorship and university network based on 

documents, citations, total link strength and average citation of top five universities. For the 

chosen area of black-Scholes and option pricing; in term of number of documents New York 

University is ranked number one followed by University of Pennsylvania, University of 

Waterloo, Rutgers-the State university of New Jersey and the University of Illinois. 

Massachusetts Institute of Technology and the Stanford University has the highest number of 

citations followed by University of California, University of Pennsylvania, and Princeton 

University. In term of average citation, Stanford University is leading even if it does not come 

under top 5 universities with highest documents. Chinese University of Hongkong is the only 

university outside US Zone which stands at the fifth position in terms of total link strength. From 

the below table and figure, it can be inferred that for Black-Scholes Option pricing model US 

universities are more prominent.  
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Table 7 

CO-AUTHORSHIP AND ORGANIZATION 

 Organization Doc

ume

nts 

Organizatio

n 

Cit

atio

ns 

Organizati

on 

Total 

Link 

Strengt

h 

Organiz

ation 

Avg 

Citation 

1 New York 

University 

27 Massachusetts 

Institute of 

Technology 

4,26

8 

University of 

Houston 

17 Stanford 

University 

388 

2 University of 

Pennsylvania 

25 Stanford 

University 

4,26

7 

University Of 

Waterloo 

17 University 

of 

California, 

Berkeley 

374 

3 University of 

Waterloo 

24 University of 

California, 

Berkeley 

3,74

4 

McGill 

University 

12 Massachu

setts 

Institute 

of 

Technolog

y 

328 

4 Rutgers, The State 

University of New 

Jersey 

21 University of 

Pennsylvania 

3,11

8 

New York 

University 

12 University 

of 

Chicago 

184 

5 University of 

Illinois Urbana-

Champaign 

20 Princeton 

University 

1,56

1 

Chinese 

University of 

Hongkong 

11 National 

Bureau of 

Economic 

Research 

173 

Source: Based on data extracted from VOSviewer 

 

 

FIGURE 7 

CO-AUTHORSHIP AND ORGANIZATION 

Source: Based on data extracted from VOSviewer 

 In this figure 7, the visualization shows a very clear pattern, for positioning and clustering 

of the universities. A few distinct groups of the universities are visible and to a large extent, 

universities turn out to be grouped by country. From the visualization, it is found that US 

universities are located towards centre and left of the figure, while Chinese universities are in the 

bottom area.  
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 This visualization suggests that research-based collaboration mainly takes place mostly 

within national borders.  

Co-citation with Cited Authors and Cited References 

 Citation rates evaluate the impact of documents, authors, or journals; and through co-

citation journals, documents, and authors are connected based on the joint presence in the 

reference list. Co-citation is defined as the frequency with which two documents are cited 

together and co-citation analysis helps researchers to classify scientific literature and gives an 

idea about the evolution of a certain research field (Surwase et al., 2011). 

 In other words, it is used to identify, trace, and visualize the intellectual structure of a 

research field by counting the frequency in which any work of an author is co-cited with another 

author in the references of citing it (Alan et al., 1990). 

 By identifying which papers cited with which pairings of articles, co-citation analysis is 

used to identify links between articles. This strategy is based on the idea that when two 

publications are cited in other articles, they are more likely to have similar research backgrounds. 

 The most popular and well-validated bibliometric approach for connecting authors, 

publications, and journals is co-citation. Co-citation is not the best method for mapping research 

fronts because it is done on cited papers only. It is not possible to map articles that are 

infrequently cited because it takes a long time for citations to accrue, fresh publications can only 

be linked by knowledge base clusters, and mapping requires multiple citations. This helps to 

filter out most important work Table 8. 

Table 8 

CO-CITATION WITH AUTHORS AND CITED REFERENCES 

 Author Citatio

ns 

Author Total Link StrengthCo-

Citation and Cited 

Authors 

Total Link Strength for 

Co-Citation and Cited 

References 

1 Black, Fischer 1,274 Black, Fischer 37,925 43,216 

2 Scholes, Myron 1,039 Merton, Robert C. 30,876 35,379 

3 Merton, Robert 

C. 

977 Scholes, Myron 28,947 32,996 

4 Ross, Stephen 

A. 

662 Ross, Stephen A. 27,549 30,898 

5 Rubinstein, 

Mark 

598 Rubinstein, Mark 23,008 25,602 

Source: Based on data extracted from VOSviewer 

 

 Co-citation is the frequency in which two documents are cited together by other 

documents. In other words, co-citation means at least one other document cites two documents in 

common and the more co-citations two documents receive, the higher their co-citation strength 

and more likely they are semantically related. Additionally, it is noticed that research works 

which have already gained much credit and reputation in a particular area/field receives more 

recognition and citations in future research studies (Trujillo & Long, 2018). As Black and 

Scholes and Black Scholes and Merton were pioneers in the option pricing theories; Black, 

Scholes and Merton have highest co-citations of 1274, 1039 and 977 respectively as well as total 

link strength for co-citation and cited authors and co-citation and cited references. 
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 From the below figure 8 too, same inference can be derived as most of the researchers 

have cited research work of Black, Scholes and Merton either directly or through cross-

referencing.  

 

FIGURE 8 

CO-CITATION AND CITED REFENCES 

Source: Based on data extracted from VOSviewer 

Content Analysis/Research Synthesis 

 Content analysis is one of the research approaches to present and analyze the contents of 

previous studies in actual, methodical and qualitative manner (Berelson, 1952). For this study, 

narrative synthesis approach is applied in which actual content of previous studies are used to 

classify literature (Zupic & cater, 2015; Eduardsen & Marinova, 2020). In content analysis, 

authors found various themes of option pricing like Black-Scholes model of option pricing, 

Investor sentiments and its impact on option pricing, monte carlo simulation, volatility in stocks 

and asset pricing. The other categorization based on method, topic, objectives are given in the 

below Table 9.  
 

Table 9 

BLACK-SCHOLES OPTION PRICING MODEL 

Sr. No. Category Areas 

1 Theme Black-Scholes option pricing model 

Investor sentiments and its impact on option pricing 

monte Carlo simulation 

volatility in pricing 

2 Method for study Qualitative 

Quantitative 

Conceptual 

Qualitative and Qualitative 
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Case study 

3 Topics Black-Scholes model 

  Black-Scholes Merton model 

  Volatility Analysis 

  Arbitrage in assets pricing 

  Option pricing using volatility 

4 Objective Empirical study 

  Conceptual 

  Case study 

  Literature review 

 

 Black-Scholes option pricing model assumes some crude assumption like absence of 

transaction cost and dividends, efficient market, risk-free rate for borrowers and lenders etc 

(Black & Scholes, 1972, 1973; Merton, 1976). Even if these assumptions are far from the real 

world, there is a widespread acceptance of the model.  

 As the Black-Scholes-Merton formula calculates the option price, the Monte Carlo 

simulation enhances the accuracy of the method used. Simulation is run to calculate the price of 

options dependent on more than one underlying asset. As per Boyle (1977) and Hull & White 

(1987) factors such as basic Gauss-Weiner process, number of jumps and the amplitude of these 

jumps govern the distribution of stock prices. Moreover, it assigns probability distribution to 

each outcome to determine the possible outcome with the highest probability of occurrence 

which helps to assess the risk and uncertainty associated with the investment. As per Carmona et 

al, (2012), it provides best and the worst scenarios along with default risk analysis. Longstaff & 

Schwartz (2001); Fernandez et al. (2013) used it to calibrate various parameters like Alpha, Beta 

and Rho etc. Das & Padhy (2017) tested Black–Scholes–Merton and Monte Carlo Simulation 

versus nonparametric machine learning models 

 Volatility measures the dispersion in prices and a higher volatility means higher swing in 

the asset prices. The expected volatility signals about the position of the size of the investment 

and can also cause short fall in margin requirements. It also gives an indication to active 

investors about where to enter and exit. It is the central part of the Black-Scholes-Merton Model, 

and it was studied by Chaudhary (2017) and concluded that asset beta, volatility, moneyness and 

maturity of the option drives the direction and magnitude of the option. Study by Christoffersen 

& Jacobs (2001); Markellos & Psychoyios (2017) concluded that short term interest rate risk 

reduces when the maturity rises to a substantial level. Further, authors developed a model to 

demonstrate the quadratic variation of a stochastic price process. Research by Cao & Han (2013) 

found that return on equity option decreases in a monotonic way when the volatility trend is up. 

 In common term, asset pricing means mechanism of “general equilibrium asset pricing” 

which is usually based on the supply and demand mismatch or rational pricing. In option pricing, 

“general equilibrium option pricing” means devoid of any arbitrage with respect to the price of 

the underlying asset. Black-Scholes, Garman-Kohlhagen, Heston etc have applied various risk-

neutral asset pricing strategies. These models are useful to price single assets opposed to the 

basket of assets.  

 Study by Han (2007) indicated that the index option volatility smile has a higher gradient, 

and the risk neutral skewness of monthly index returns has a negative return in consonance with 

the market sentiment and this makes the trend bearish. Study by Brown & Cliff (2004) said that 

investor sentiment does not impact near term returns which are in contradiction to study by Han 

(2007). Most prominent economic theory like rational choice theory (Arrow, 1986), nudge 

theory (Parkinson et al., 2014) revolves around rationality which is far from the real world’s 
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investor actions. Bollen & Whaley (2004) empirically tested and found that implied volatility 

and net buying pressure are directly correlated. Jackwerth (2000) said that mispricing in option 

pricing, display an alpha in returns, possibility of further crashes largely affects investors’ 

sentiments. Research by Baker said that investors sentiments do not allow arbitrage 

opportunities. Sheu & Wei (2011) found negative correlation between volatility and investor 

sentiment. This was further confirmed by (Zheng, 2015; Saade, 2015).  

CONCLUSION 

The present structured review aims to organize and synthesise the existing literature on 

Black – Scholes option pricing model. Fisher Black and Myron Scholes introduced the first 

entirely equilibrium option pricing model pricing approach in 1973. Many researchers later 

extended the Black Scholes model in various keyways, with the intention of fitting in unique 

circumstances. The black Scholes model was the first and most well-known option model. The 

black Scholes model is most suited for pricing European-style options, but it can also price 

American-style call options with no dividend payment on the underlying equities. 

A substantial body of empirical evidence suggests that the black Scholes model, which 

assumes asset returns follow a continuous diffusion process with constant conditional volatility, 

is incompatible with the statistical features of many asset prices. The implied volatilities obtained 

by reversing the Black-Scholes model are larger for deep in the money and out of the money 

options, indicating a mispricing problem. Researchers also discovered that the Black Scholes 

Model most certainly overpriced short-term options. 

Most of the articles are from the journals: International Journal of Financial Studies, 

Fuzzy Optimization and Decision Making, Computational and Applied Mathematics, Computers 

and Mathematics with Application, Applied Mathematics and Computation, Finance and 

Stochastic, Journal of Financial Economics, Journal of applied economics, Risk etc.  

The current work gives a structured assessment of the literature on option pricing using 

the Black Scholes model, utilising a combination of bibliometric and content analysis. We 

attempted to find annual trends in publication, geographical locations of all contributing 

organisations, contribution of organisations based on geographical regions, journal quality 

analysis, citation analysis, author influence, and keyword statistical analysis using bibliometric 

analysis. The current study illustrates an evolution of influential publications and contributes to 

the study on option pricing and Black Scholes model by establishing deeper connections between 

the higher impact works. 

Limitations of the Study and Scope for Future Research 

Like many other studies, this study is also not free from limitations. The first limitation is 

related to the source of data extraction. The study retrieved the data from Dimensions and tried 

to extract only those research studies which are Scopus and above indexed and whose citations 

are above 25. Immense care was taken to minimize error in data cleaning; but errors may be in 

the inbuilt in the source might have affected analysis and outcome.  

The study has certain limitations, and it also offers some directions for the future 

research. The study has used Dimensions database for the search. Multiple databases can provide 

more information. The current analysis excluded 'grey literature,' such as non-peer reviewed 

journals, books, and conference proceedings. Inclusion of these materials may provide useful 

insights. 

https://link.springer.com/journal/780
https://link.springer.com/journal/780
https://www.sciencedirect.com/journal/journal-of-financial-economics
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From the experience, we would like to suggest to future researchers to use multiple 

datasets to retrieve the data or use Scopus or Web of Science in case of quality research articles. 

We have remained confined to only Black-Scholes model for option pricing, future researchers 

can remain open to any valuation technique for option pricing. This will provide further insights 

for theme based systematic literature review and bibliometric reviews to get better understanding 

of each option-based pricing theory separately and independently. 
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