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Abstract: Institutional performance assessment is one of the major challenges for various stakeholders including 

national and institutional policymakers. Existing popular approaches to performance measurement rely on various 

factors besides research output, which have been criticized on various grounds. In this work, we present a sciento-

text framework to assess the core competency/expertise of an institution at two levels: a broad thematic level, 

based on WoS subject categories, and a finer thematic level based on indexed keywords. The performance 

measures namely  𝑥𝑑- index and x-index are used for assessment at broad and fine thematic levels, respectively. 

While national policymakers can make use of 𝑥𝑑- index for the enhancement of national scholarly ecosystem, 

institutional policymakers and other stakeholders of the institution can make benefit from the wholistic usage of 

the framework to work for improving its broader expertise diversity as well as enhancing its fine level expertise 

within suitable disciplines.  

Keywords: Expertise Diversity, Expertise Index, Institutional Expertise, Research Portfolio, Research 

Management.  

 

1. Introduction 

The consequences of a recent shift from “trust-based” funding of institutions to “performance-

based” assessment is visible in many countries. This change is sometimes facilitated by 

government and non-government funding agencies globally, who look towards the adoption of 

comprehensive assessment methods. The major motivation behind adoption of performance-

based funding is to ensure the simultaneous determination of – (i) horizontal diversity and 

pluralism within the system and (ii) vertical differentiation and functional specialization 

between institutions (Sörlin, 2007). Some examples are– (i) the formation of the Research 

Excellence Framework (REF) in the UK (Boer et al., 2015), (ii) the allocation of 80 million 

USD towards a performance-based funding scheme by the Australian government (Maslen, 

2019), and (iii) the adoption of the Norwegian model of funding at a national level by Norway, 

Belgium, Denmark, Finland and Portugal (Sivertsen, 2016). These global activities have 

pushed institutions to strive for continuous improvement of performance. 

 

To some extent, the rise of major ranking frameworks like the QS, THE, ARWU, and CWTS 

can be attributed to the above-mentioned shift. These frameworks depend on several factors 

(which includes research, faculty, funding, etc.) for assessment. However, these frameworks 

face major criticisms– (i) the ARWU rankings use many irrelevant criteria, and a limited 

aggregation strategy (Billaut et al., 2010; Jeremic et al., 2011) (ii) the Times (THE) rankings 

have an anchoring effect (Beck & Morrow, 2010; Bowman & Bastedo, 2011), and (iii) the QS 

rankings have been commercialized and gives more focus on peer reviews (Anowar et al., 

2015). In addition, these rankings lack inclusivity, because many well-performing institutions 

from the developing countries gets overlooked. These factors forced some countries to go for 



their own national ranking frameworks, like the National Institutional Ranking Framework 

(NIRF) in India. However, these frameworks are usually deprived of utilizing the full potential 

of the bibliometric data, while they also miss out on factors like thematic strengths and areas 

of expertise. This shortcoming can happen on two levels- (i) a coarse level of overall thematic 

expertise diversity or broad expertise, and (ii) a fine level of thematic expertise within 

disciplines. 

 

To overcome these limitations, a network-based framework was introduced by Lathabai et al., 

(2021a, 2021b). This framework is useful for the analysis of the research portfolio of an 

institution on a finer level, and uses the keywords used in publications for mapping of 

publications to fine thematic areas within a discipline. A set of novel indicators, namely the x-

index and the x(g)-index, was introduced in this framework. These indicators are inspired by 

the h-index (Hirsch, 2005) and the g-index (Egghe, 2006), respectively and are used to 

determine the core-competency and potential core-competency areas of the institutions. The 

assessment framework was further developed into a recommendation system framework, 

where for converting some or all of the potential core competencies of an institution to core 

competencies, other institutions would be recommended which have corresponding thematic 

areas as core competency (Lathabai et al., 2022).  

 

On similar grounds, another indicator was also developed for reflecting the expertise and 

diversity at broad thematic level, which can be computed in similar fashion as that of the x-

index. This indicator, namely the 𝑥𝑑-index or Expertise Diversity index (Nandy et al., 2023), 

can be effectively utilized to retrieve coarse level core competency or broader core competency 

of an institution. This framework uses the WoS subject categories (to represent broad thematic 

areas or disciplines), which is a curated list of broad thematic areas. 

 

For a comprehensive or wholistic research performance assessment of an institution, we need 

to analyze both levels of expertise – (i) a broad level core competency to determine the diversity 

of the research portfolio, and (ii) a fine level core competency within a subject category. The 

main motivation for this study is the lack of a framework for wholistic research portfolio 

management that requires determination of expertise at both broad and finer levels. Such a two-

level assessment of institutional expertise or research performance will be immensely helpful 

to policymakers and other stakeholders. The details of such a framework design are discussed 

next. 

 

 

2. Methodology 

Network analysis forms the crux of both the broad level as well as find level frameworks. For 

broad level, the metadata field related to WoS subject category is used and for fine level, the 

meta data field for keyword is used. Network analysis is mainly used for the formation of work-

category affiliation network and work-keyword affiliation network creation and analyses. The 

schematic diagram of the proposed framework is shown in Figure 1. This framework shows 

how the research portfolio is determined for each institution, at the two different levels. The 

methodology involves only publication data, which puts more focus on the research output, 

rather than outside factors that are prone to manipulation. 

 

The proposed methodology uses 4 different fields from the Web of Science data – (i) ‘UT 

(Unique WOS ID)’, (ii) ‘ID (Keywords Plus)’, (iii) ‘WoS Categories’, and (iv) ‘Z9 (Times 

Cited, All Databases)’. The data was pre-processed and cleaned based on these fields, before 

further analysis. The ‘Keywords Plus’ field provides the Index keywords, ‘UT (Unique WOS 



ID)’ field provides the unique publication IDs, the ‘WoS Categories’ provides the subject 

categories, and the ‘Times Cited, All Databases’ provides the citation information. Using this 

data, the framework has been divided into two separate sections based on the level of expertise 

computation– (i) Level 1 – for core-competent WoS subject categories, where the 𝑥𝑑-index is 

calculated for institutions, and (ii) Level 2 – for core-competent Index keywords, where the x-

index is calculated within necessary WoS categories.  

 

Figure 1. Framework for determining research portfolio.  

 

 

 

2.1. Level 1 – Broad area core competency determination using WoS Subject Categories 

The core competent categories for Level 1 are computed based on the concept of the 𝑥𝑑-index. 

The framework for the 𝑥𝑑-index is based on similar grounds to that of x-index (Lathabai et al., 

2021a, 2021b), and was adopted on the notion of h-index. The indicator 𝑥𝑑-index can be 

described as – 

 

𝒙𝒅-index: An institution is supposed to have an 𝑥𝑑-index value of 𝑥𝑑 if it has published articles 

in at least 𝑥𝑑 subject categories, and has the strength of at least 𝑥𝑑 in those 𝑥𝑑 categories. These 

𝑥𝑑 categories would be considered as the 𝑥𝑑-core competent areas of the institution. A high 

𝑥𝑑- index value indicates that the institution’s research portfolio is more diverse. 

 

For the computation of the  𝑥𝑑-index, the standard procedure for determination of h-index can 

be done. At first, a W-C (Work-Category) network is created. The W-C network is then 

transformed into a W-C* network, by “injecting” the citation values through an injection 

method described by Lathabai et al., (2017). Using the network, the weighted in-degree values 

of the WoS category nodes are extracted. This will provide the strengths of that institution in 

different subject categories (broad thematic areas). The subject categories are then sorted and 

ranked according to the thematic strength values. The 𝑥𝑑-index of the institution is then 

computed in an h-index fashion, by computing the Citation-Rank-Ratio (CRR) and identifying 



the point where the CRR crosses below 1. In other terms, the 𝑥𝑑 is the first occurrence of one 

of the following cases –  

𝑥𝑑 = {
𝑟, 𝑖𝑓 𝐶𝑅𝑅 =

𝑐𝑖𝑡𝑎𝑡𝑖𝑜𝑛 𝑎𝑡 𝑝𝑜𝑖𝑠𝑖𝑡𝑖𝑜𝑛 𝑟

𝑟
= 1

𝑟 − 1,    𝑖𝑓 𝐶𝑅𝑅 =
𝑐𝑖𝑡𝑎𝑡𝑖𝑜𝑛 𝑎𝑡 𝑝𝑜𝑖𝑠𝑖𝑡𝑖𝑜𝑛 𝑟

𝑟
< 1

      (1) 

So, a WoS category would be considered a core-competency category if CRR ≥ 1 for that 

category in the institution. Using this approach, all the core competent subject categories 𝐶𝑐𝑜𝑟𝑒 

for an institution are calculated.  

 

2.2. Level 2 – Fine area core competency determination using Index Keywords / Keyword Plus 

keywords 

For a finer level of expertise within a subject category, the x-index is used to compute the core-

competent keywords within each of the core subject categories. The x-index is an indicator 

which is quite similar to the 𝑥𝑑-index but is based on keywords instead of subject categories. 

This ensures a finer level of assessment, since keywords are a more specialized set of meta-

data for a publication. The x-index can be described as –  

x-index: An institution is supposed to have an x-index value of x if it has published papers in 

at least x thematic areas with thematic strengths of at least x. Here the thematic strengths are 

computed as total citation scores or altmetric scores received for those areas. These x areas that 

form the x-core can be treated as the core competency areas of the institution. 

 

Here, each of the core-competent categories 𝑐 ∈ 𝐶𝑐𝑜𝑟𝑒 is taken iteratively, and the list of core-

competent keywords within 𝑐 is calculated. This is done by extracting a subnetwork 𝑊𝐶𝑐 from 

the WC network, where the list of publications W’ is restricted to only those which have 

category c in their publication metadata while taking each 𝑐 ∈ 𝐶𝑐𝑜𝑟𝑒.  Using this W`, we create 

a W`K or Work-Keyword network. Using the W`K network, a similar approach was used as 

described in 𝑥𝑑-index to compute x-index within that category. W`-K network is converted to 

W`-K* network using injection approach. The keywords are then ranked, and a ratio of the in-

degree value to the ranks is obtained for each keyword. The list of core-competent keywords 

𝐾𝑐𝑜𝑟𝑒 is then obtained, where any keyword 𝑘 ∈ 𝐾𝑐𝑜𝑟𝑒 would have the CRR ratio ≥ 1. This gives 

us a list of core-competent keywords 𝐾𝑐𝑜𝑟𝑒
𝑐 , for each of the category 𝑐 ∈ 𝐶𝑐𝑜𝑟𝑒. A bridged 

version of the portfolio for “University of Madras”, which has a 𝑥𝑑-index of 89, is shown in 

Figure 2. 

 

The two-level list retrieved for each institution is then used to rank institutions and subject 

categories. We can use the 𝑥𝑑-index to rank institutions based on core-competent categories, 

and further rank the categories with the x-index computed using core-competent keywords.  

 

 

3. Data 

The article meta-data was collected from a list of 136 Indian Institutions from WoS, which 

were ordered based on their number of publications. This list excluded all possible observations 

of institutional systems comprising of multiple institutions like the IIT system and included the 

individual institutions only. A total of 467,550 articles were fetched and further used for the 

study. Although the study represented data from 2011 to 2020 only, the framework itself is 

easily capable of being effective for a larger span of data if needed. Similarly, this exercise can 



be done for data at different intervals to determine the expertise of institutions at various points 

of time. Table 1 provides more insights about the data. For the data about Indian institutions, 

it was found that publications span across 250 WoS subject categories, and there are 292,267 

Keyword Plus (or Index) keywords from the whole dataset.  

 

Table 1. Description of the WoS data used. 

No. of institutions 

used in the study 

Total no. of articles 

retrieved 

Total no. of WoS 

subject categories 

Total no. of WoS 

Index Keywords 

136 467,550 250 292,267 

 

 

Figure 2. The two-level portfolio of an example institution - University of Madras (the index 

values are not included in the figure) 

 

 

 

4. Results 

From the whole data for 136 Indian institutions, we have calculated the 𝑥𝑑-index and x-index 

for the full data. The analysis shows that “University of Delhi” has the highest 𝑥𝑑-index of 156, 

followed by “Banaras Hindu University BHU” with an 𝑥𝑑-index of 140. This means University 

of Delhi has publications in 156 WoS subject categories, where it has at least 156 citations in 

each. Similarly, BHU has publications in 140 subject areas with at least 140 citations in each. 

The lowest 𝑥𝑑-index value was for “Inter University Accelerator Centre”, with 36 subject areas 

with at least 36 citations. This shows that the institutions with high 𝑥𝑑-index values have a 

diverse research portfolio, while institutions with relatively lower 𝑥𝑑-index values might have 

more focused research areas. The full list of 136 institutions with their 𝑥𝑑-index is shown in 

Figure 3. The 𝑥𝑑-index values are a reflection of disciplinary diversity/ expertise of these 

institutions.   



Figure 3. The 𝑥𝑑-index values for the 136 institutions. 

 



 



The 𝑥𝑑-index values are compared with h-index, g-index and the Shannon’s Entropy. 

Shannon’s Entropy is an indicator used to verify the standard diversity measure. The SRCC 

value of the 𝑥𝑑-index based rankings with that h-index and g-index are 0.6013 and 0.4437 

respectively, suggesting that 𝑥𝑑-index is different from these indicators.  The SRCC value of 

𝑥𝑑-index with Shannon’s Entropy value is 0.8648, indicating a high correlation. The h-index 

and g-indices, on the other hand, have SRCC of 0.2791 and 0.1932 with Shannon’s Entropy, 

which tells that they cannot be effectively used to measure the diversity of the portfolio, while 

our proposed framework is more capable of demonstrating the diversity. 

 

While our study incorporates the use of both the x-index and the 𝑥𝑑-index, the finer thematic 

areas extracted using x-index provides more information like specificities of the research within 

a broad area of expertise of an institution. For example, the x-index of the subject category 

“Chemistry, multidisciplinary” for “University of Madras” is 45, which means there are 45 

core competent keywords within the category, which have at least 45 citations. This framework 

thus showcases both the diversity as well as the quality of the research portfolio of an 

institution. Both of these indices are necessary for the framework, since they provide 

information at two different levels. The SRCC between the overall x-index and the 𝑥𝑑-index 

for the institutions is 0.6946, which shows that they are positively correlated, and should be 

simultaneously used within the framework.  

 

 

5. Discussion 

A comprehensive portfolio is a vital resource for institutional as well as national level 

policymakers, researchers, and other academicians. The proposed methodology focusses on the 

core-competent research categories, and further into the core-competent keywords within the 

research areas for each of the 136 institutions. A higher value of 𝑥𝑑-index would reflect that 

the institution has good quality research in a higher number of WoS subject categories. 

Although this index is quite similar to the h-index, the latter only demonstrates the overall 

quality and quantity of research for an institution and fails to bring out how diverse the research 

area of the institution is. 

 

The use of WoS subject categories as a level 1 portfolio has many benefits. At this level, the 

portfolio is formed using 𝑥𝑑-index, which uses the WoS subject categories for performance 

assessment. The WoS category list for each publication is a subset of the 254 subject categories 

in the WoS database. This is a curated list and is selected based on the publication source details 

of the publication (Singh et al., 2020). The use of broad subject categories also helps in studying 

the institutional level diversity. This can be used to make decisions like expansion of more 

research areas within an institution on a broader scale (for example, establishing a new 

department), or the policymaker choosing an institution for further collaboration, based on the 

broad subject categories in which it excels at. 

 

Along with the broad level assessment, a second level of the portfolio is also presented. This 

is to determine the finer level thematic areas of research within the core subject categories, 

using the x-index. The x-index, when proposed, used an NLP module since the work was with 

Author-provided keywords, which is prone to redundancy and errors of various kinds (Lathabai 

et al., 2021b). Rather, we propose the use of Index keywords (“Keywords Plus” field of the 

metadata), which is extracted using various algorithms and is less prone to the previous issues. 

This ensures a refined set of keywords for computing the finer-level core competency of the 

institution. This level of the portfolio can be used to determine which specific themes the 

institution is working on, within the core subject categories. This can be used in applications 



like selecting an individual/group within a core-competent department of an institution for 

collaboration, who has been working on the core-competent keyword. 

 

This two-level portfolio can be used by institutional level policy-makers to keep a track of the 

core-competent broad level subject categories as well as further finer level keywords which the 

institution excels at. This research portfolio can be used to induce collaboration possibilities 

between institutions which lack core-competency in a certain subject area, with an institution 

that has a core competency in the same. This can also be used to put more focus on keywords 

which are not core-competent within a core-competent subject category, and thus further 

enhance the quality of research in the specific category within an institution. 

 

National level policymakers can also effectively use the research portfolio to further enhance 

the overall research diversity of an institution and the country as well. Such policy makers may 

take decisions like –  

 

(i) Develop policies for establishing novel research collaboration between institutions 

with similar core-competency at either one or at both levels of expertise. Such 

collaborations may be among Academic institutions themselves (A2A), with the 

government (A2G), or even with the industry (A2I).  

(ii) Develop policies for further growth of international collaborations based on the two 

levels of expertise. 

 

Although the proposed indicator can be used to compute the diversity of an institution at two 

different levels, the methodology has been tried on WoS database only. The robustness of the 

framework can be affirmed if a different database is used, like the Scopus database (which 

contains Subject Areas for level 1, and author keywords for level 2), or the Dimensions 

database (which contains the FOR field for level 1, and concepts for level 2). This extension 

of the current work would be reserved for further study. 

 

 

6. Conclusion 

In this study, we have proposed a framework for a research portfolio of an institution. This 

research portfolio consists of two levels – (i) a broad level thematic area classification to 

determine the core competent subject categories in which an institution excels, using an 

Expertise index 𝑥𝑑-index, and (ii) a finer level thematic area classification, to determine the 

core competent keywords within the core competent categories. This two-level research 

portfolio may benefit institutional as well as national-level policy makers. Institutional 

policymakers can use the portfolio to showcase their core competent research areas and 

keywords to other institutions for further possibilities of collaborations. National level 

policymakers can use the institutional portfolios to define policies based on institutions with 

similar portfolios, or propose international collaborations. This framework can be easily used 

to enhance the scholarly ecosystem of an institution, and present an institution’s research 

interests at two different levels. 
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