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Abstract. The evaluation of research impact of publications is a crucial aspect of
academic research. In the recent years, h-index has become a widely used metric
for assessing research productivity and impact. In this paper, we shall explore the
use of various web crawling techniques and Python programming language to
collect publication data from Google Scholar and calculate the h-index of aca-
demic researchers. We would also demonstrate how the Scholarly package in
Python can be used to retrieve publication data and perform h-index calculations,
providing an efficient and objective means of evaluating research impact. Our
proposed methodology combines the power of web crawling, h-index, and Py-
thon to enable comprehensive research analysis and evaluation. The Workflow
for various steps of the process have been listed along with their individual steps
and the corresponding code which implements the said functionality. Web crawl-
ing stands as an integral part of this process since the data is fetched from sources
such as google scholar. The data used for analysis has been collected using the
code snippets provided. This paper presents a valuable contribution to the aca-
demic research community by providing an objective and efficient method for
evaluating research impact.

Keywords: Web Crawling, H-index, Python, Research Impact, Google Scholar
Metrics.

1 Introduction

The H-index is a bibliometric indicator that has become widely used for examining
research performance and impact of scholars. It measures both the quantity and quality
of publications that a researcher has done, based on the number of publications and the
number of citations those publications receive.
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A research paper is a comprehensive written report that presents the findings of a
research study or investigation. It is an essential medium for communicating research
outcomes to the scientific community and the general public. Research papers can take
various forms, such as empirical studies, literature reviews, case studies, and theoretical
or conceptual papers. These papers are critical for advancing knowledge in a particular
field and driving scientific progress. [1]

We chose to analyze the H-Index of research papers using web crawling techniques
because it is widely used in the research domain and is crucial for evaluating the impact
of academic publications. We desire to evaluate H-Index as a metric for measuring re-
search significance, enhancing our understanding of research impact assessment in ac-
ademia.

The H-index provides a measure of the productivity and citation impact of a re-
searcher's work, allowing for a comprehensive assessment of their research contribu-
tions. However, the H-index has limitations, such as its inability to distinguish between
different types of publications and its lack of sensitivity to the recency and impact of
citations. Despite these limitations, the H-index remains a valuable tool for evaluating
research impact and is widely used in academic settings. [2]

Recent research has highlighted the strengths and limitations of the H-index as a tool
for evaluating research performance. While the H-index is a straightforward and objec-
tive measure that can quickly assess the research productivity and impact of scholars,
it is influenced by disciplinary coverage and citation practices, which may limit its ac-
curacy in capturing the true impact of research [2]. Additionally, the H-index does not
distinguish between different types of publications or account for the recency and im-
pact of citations, which can lead to biased assessments of research performance [3].

Despite these limitations, the H-index remains a widely used and influential biblio-
metric indicator in research evaluation. It is important for researchers and institutions
to be aware of the strengths and limitations of the H-index and to use it in conjunction
with other metrics and qualitative evaluations to provide a more comprehensive and
balanced assessment of research quality and impact [4]. Numerous studies have exam-
ined the usefulness of the H-index in research evaluation. For instance, one study con-
cluded that the H-index is a reliable indicator of research impact, particularly when used
alongside other metrics [5]. Another study demonstrated that the H-index is a useful
tool for identifying high-impact research and guiding funding decisions [6].

While the H-index is a widely used bibliometric indicator for evaluating research
performance and impact, it has faced criticism for its limitations. Specifically, the H-
index can be influenced by field-specific citation practices and self-citation, which can
lead to inaccurate assessments of research impact [8]. Additionally, the H-index does
not consider the recency of citations, which can limit its usefulness in evaluating current
research [9].

Despite its limitations, the H-index remains a viable tool for evaluating research per-
formance and impact. However, it needs to be used in addition to other metrics and
qualitative evaluations in order to provide a more precise assessment of research quality

[71.



Table 1. H-index Insights

Paper | Advantages Disadvantages

Cited

[4] It is the most widely used indi- | It needs to work in conjunction with other
cator for research impact metrics to provide a clear picture

[7] It possesses the lowest degree | The h-index value does not consider pa-
of discrimination amongst in- | pers and citations outside h-core which
dices of a similar nature results in inaccurate measurements

[8] Good for evaluation of Re- | Prone to self-citation and outsized values
search impact of an author’s | in case of fewer publications
work.

[9] Is useful for checking past re- | Does not consider the recency of research
search impact publications

2 Technology used for H index Analysis

2.1  Techniques used in Web Crawling

Web crawling is an automated process of extracting relevant information from web
pages using crawlers or spiders. These programs systematically browse websites to col-
lect data such as text, images, links, and metadata for various applications such as data
mining, search engine indexing, and research studies [10]. It has become an indispen-
sable tool for different industries, including academia, e-commerce, and government
agencies. In academia, web crawling has been utilized to study a wide range of topics
such as social media behavior, online communication patterns, and information diffu-
sion [11].

For example, researchers have utilized web crawling to collect data from Twitter to
examine the spread of rumors and misinformation [12]. In e-commerce, web crawling
is employed to extract product information from online marketplaces, which can be
used to monitor prices, analyze customer behavior, and enhance marketing strategies
[13]. In government agencies, web crawling is used to monitor online content and detect
potential security threats [14].

One of the primary challenges in web crawling is the dynamic nature of web pages,
which can change frequently, making it difficult to ensure the quality and consistency
of the data collected. Additionally, web crawling can potentially violate the terms of
service of websites, leading to legal issues. Therefore, ethical considerations and nec-
essary permissions must be taken into account when conducting web crawling activi-
ties. [10]

Web crawling is a valuable approach for data extraction and retrieval in various fields,
and different web crawling techniques are available depending on the specific require-
ments of the research or application. One commonly used technique is Breadth-First



Search (BFS), which prioritizes crawling URLS that are closer to the root of the website.
This technique is useful for collecting a broad range of data from a website [15].

In contrast, Depth-First Search (DFS) is a technique that crawls URLSs that are fur-
ther from the root of the website, making it suitable for web crawling tasks that require
the extraction of specific data from a website [16].

Another web crawling technique is the Focused Crawler, which is ideal for extract-
ing specific information from websites. This technique uses keywords to prioritize
URLSs that contain relevant information, making it useful for applications such as sen-
timent analysis and opinion mining [17]. By utilizing different web crawling tech-
niques, researchers and practitioners can efficiently retrieve and extract the necessary
data from websites for their research or applications.

2.2 Existing Web Crawling techniques for H-index Analysis

H-Index and Web-Crawling Mindmap
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Fig. 1. H-index and Web Crawling Mind Map

Service providers and web services which can be utilized to access information from
the service registry exist. These can be used as a starting point for web crawling activ-
ities. [19]. Web crawling has become increasingly prevalent in bibliometrics and re-
search evaluation for automating the process of collecting scholarly data from online
sources. One study proposed a novel approach that combines web crawling with natural
language processing to extract and analyze the publication and citation data of individ-
ual researchers from various online sources [20].



Another study presented a web crawling methodology to collect publication data
from multiple sources, including Google Scholar and Scopus, to compute a more accu-
rate H-index compared to using data from a single source [21]. Moreover, a recent study
introduced a web-based tool that enables users to retrieve and analyze citation data from
various sources, including Google Scholar and Microsoft Academic, to compute the H-
index of individual researchers and institutions [22]. These studies demonstrate the use-
fulness of web crawling in facilitating the collection and analysis of research data for
bibliometric purposes.

3 Proposed methodology for H Index using Web Crawling

3.1 Flow Chart

Web Crawling Workflow
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Fig. 2. Web Crawling Workflow

i) Query Google Scholar for Author Publications: Send a query to Google Scholar
to retrieve the list of publications by the author.



ii) Crawl Author Publication Pages: Extract data by crawling the web pages of the
author's publications.

iii) Process Data to Generate Citation Counts for Each Publication: Analyze the ob-
tained data to determine the citation counts for each publication.

iv) Calculate H-Index: Calculate the H-Index based on the citation counts of the pub-
lications

3.2  Developed Code
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Fig. 3. Data File Creation Workflow



a) Steps

i) Search for Author ID: Find the unique ID of the author.

ii) Fill Author Information: Gather relevant details about the author.

iii) Create Data Objects with Results and Author: Combine findings with author in-
formation.

iv) Dump Data Object to Local File: Save the data object in a file.

b) Code

import pickle

from json import dumps

from scholarly import scholarly

scholar id="scholar id value"

results=scholarly.search author

author=scholarly.fill (results)

data=[results,author]

with open(scholar id+'.p','wb') as fp:
pickle.dump (data, fp)

id(scholar_id)

This script fetches the data of a given author from google scholar given their
google_scholar_id as an input.
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{"conteiner type': "Author', "filled": ["basics'], ‘scholar id’
1 ‘affiliation': "Assiatant ofessor’,
as Agility®], ‘email domein': "@spit.ac.in', ‘homepage': 'h
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Fig. 4. Fetching Data from Scholarly

>>> | ARpubs ["p
'Choreogz

riinzx
AKpubs [

‘Choreography and orchestration using business process execution language for soa with web services'
‘Weight assignment algorithms for designing fully connected neural network'
‘Working of web services using BPEL workflow in SOA'
'‘Business process analyzed factors affecting business model innovation'
'Web service selection based on QoS using tModel working on feed forward nectwork'
'Image captioning based smart navigation system for visual impaired’'
'Selection of optimal es working on SCM strategies fuzzy decision making methods'
'*Solving enterprise so. complexity in SCM domain through business process agility'
', Working of Web Services using SOA™'
'IOT Smart Locker'
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Fig. 5. Data retrieved using python




2) data_master.py
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Fig. 6. Data Master File Workflow

a) Steps

i) Read Google Scholar ID from Command Line Arguments: parse the gs_id from
the command line arguments given to the function.

ii) Read Output Type from Command Line Arguments: obtain the desired output
type as specified by the args.

iii) Read Data from Pickle File: Retrieve data from the saved pickle file

b) Code

import sys

from json import dumps

import pickle

scholar id = sys.argv[l] #Google Scholar ID as first ar-
gument to the command line

op = sys.argv[2] #Type of Output you require.



with open(sys.path[0]+'/../../stor-
age/app/pydata/'+scholar id+'.p','rb') as fp:
data=pickle.load (fp)

This script loads the pickle file containing the data and returns the output in the form
you specify to it.

3.3  Observation
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Fig. 7. H-index Visualization

By analyzing the graph for the number of citations against the number of journal articles
published by a given sample of authors, we could observe that if an author has made
fewer publications but has a high number of citations on those select few, they garner
a higher h-index. On the flipside, a large number of journal articles with fewer citations
results in a lower h-index.
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Conclusion

This research paper demonstrates that the H-Index serves as a valuable metric for meas-
uring the impact of research papers, considering both the number of publications and
citations received. It provides valuable insights when the author in question has multi-
ple articles published. However, it can tend to be biased when there are a large number
of citations for fewer publications. These issues can be suitably addressed by using
another metric such as i10-index alongside h-index or by taking into account the h-
index over the recent few years comparing it against the overall h-index of an author.
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