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Abstract— Web automation is an approach to programmatically 
accessing websites to perform several tasks such as software testing, 
web scraping, forms completion or transferring data between websites. 
In this paper, we describe the development of a web automation tools 
to extract academic publication data from online bibliographic 
database namely Google Scholar and Scopus for an academic 
institution. The extracted data is then will be analyzed to produce 
publication reports to measure scholarly productivity and impact by 
academic staff, departments, institutions and research groups. With 
this information, the top management can monitor publication 
performance in a better way in term of decision making and 
organizational strategic planning. In addition, the reports can be used 
to emphasize and promote individual staff and grant applications from 
certain research group or department based of publication output. 

 
Index Terms— web automation, scraping, publication data, data 
extraction. 

I. INTRODUCTION 

cademic staff at any institute is assigned to a number of 
responsibilities such as teaching, research, supervision, 
publication and consultancy. In some condition research 

and publication may get a higher point on productivity than 
other responsibilities when evaluating them for appointment 
and promotion for certain position. Over time, awarding tenure 
and/or academic promotion has been linked to the publications 
and the citation of those publications [1].  

One of the important measurements related to publication 
data is the number of publications by an academic staff. The 
other measurement is citation analysis.  These measurements 
can be used to assess publication impact based on number of 
subsequent publications cite a publication [2][3][4].   

H-index is another important measure which is beyond 
simple citation counts. The h-index is an index that is used to 
measure the productivity and impact of the publications of an 
author. Nowadays, h-index is increasingly being used to 
evaluate performance of an author (academic staff). This 
measurement also important for funding agencies in comparing 
academic institutions performance. Beyond these 
measurements, the method of assessing author impact from a 
single perspective is lack in certain condition, for example how 
to measure performance for several authors in one research 
group. 

Currently, online bibliographic database and publication 
search engine are useful for searching publication records for 
academic staff. However, they do not provide feature for 
extracting and reporting tools at institution level. This tool is 
required to summarize articles and publication performance for 

particular entity such as academic staff, research group, 
department or institute. Tool with reporting functionality may 
help users to easily understand the data and make effective 
decision, such as which research domain are having better 
future directions for academic staff or research group. Whether 
to put more or reduce funding by the research management 
center or even provide prospects for investment by industries to 
invest in a research project.  

In this paper, we explain the development of a web 
automation tool to extract academic publication data from 
online bibliographic database and search engine namely Google 
Scholar and Scopus, then analyze these data to produce 
publication reports for a specific staff, research group, 
department or institute. This web automation tool is a part of 
the component in UTeMAIR crawling engine [5].  

By employing this automation tool, universities can now 
monitor and update their academic publication information 
automatically to keep track the performance of their academic 
staff particularly for their research and publication assessment. 
Besides that, this information can be utilized to develop 
statistical analysis and keywords analysis module to organize 
information through abstractions and aggregation. This can 
benefit university management i.e. research center unit finding 
trends and important information regarding staff publication. 
With the availability of this information, the university can 
monitor scholarly information in a better way and plan towards 
increasing the publication index among academics and 
ultimately improve the university academic impact. 

 
II. RELATED WORK 

Mostly, academic publication is published as journal article, 
book or thesis and are indexed by offline or online bibliographic 
database. Google Scholar is an example for online 
bibliographic database.  It indexes the full text or metadata of 
scholarly publication from numerous digital libraries, different 
types of publishing formats and disciplines. These databases 
and search tools basically provide an organized list of articles 
based on search query entered by user [6]. If the query in the 
form of article title, the result will show list of articles related 
to the given query. Besides that, Google Scholar have feature 
to view author profile page as in Fig. 1 and Fig. 2. Each author 
that has been recognized by Google Scholar will have their own 
profile page. As we can see in these figures, we can get author’s 
affiliation, research area, list of articles, year of publication, list 
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of co-authors, citation for each article and citation analysis for 
individual author.  

Scopus is another example of general bibliographic database 
that indexes journal articles, conference proceedings and books. 
Besides searching tool, Scopus also provides features to 
analyze and visualize research topics for specific author or 
institute as depicted in Fig. 3. As the data is in Scopus database 
it is difficult to customize the report based on institutional 
needs. For example, to summarize publication performance for 
certain academic designations or identify prominent research 
topics among research group members.  

 

 
 
Fig. 1. Google Scholar author’s profile page. 
 
 

 
 
Fig. 2. Google Scholar author’s citation analysis 

Besides general bibliographic database, there are also 
domain-specific databases for example, IEEE Xplore and ACM 
Digital Library in Computer Science and Informatics area. For 
biomedical topics and life sciences the most popular database 
is PubMed. Most online bibliographic database provides search 
engine to search for publication and return the result consists of 
relevant of articles, however there is no sufficient features to 
explore the search results for example the summarization the 
abstracts for a number of related articles and research areas. 
Most of the time, the search result is filtered and sorted based 
on relevancy, author name, author affiliations, publication date, 
article keywords and citation scores. 

 
 

 
Fig. 3. Scopus author’s profile page 
 

 
Web automation primarily used for software testing as 

automation tools to reduce human intervention and repeatable 
tasks. Automation testing able to automate the testing process 
or procedures including design and execution of test scripts. By 
using automation testing the quality of software testing has 
been improved and able to be simplifed since it can minimize 
human intervention [7]. 

Beside software testing, web automation also can be utilized 
and customized to programmatically accessing websites to 
perform other tasks such as web scraping, completing forms, or 
transferring data between websites. There are several tools that 
have been developed for this purpose namely, Ringer [8], 
Rousillon [9] and WebCombine [10]. These tools records 
user’s activities and uses it as input, then it will produce 
automation script that interacts with the page based on recorded 
user’s activities. Since these tools derive the automation scripts 
by recoding user demonstration or activities, it is an advantage 
for non-programmers to use web automation for to fulfill their 
purpose. However, it is lack of ability for customization 
especially when there is a need to manipulate the automation 
process. As for this paper the approach of programming by 
demonstration is not suitable since there are specific inputs are 
required (i.e a list user’s information) and the web data that is 
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extracted from the resources need to be kept in a specific 
database. 

For developing our own web automation tools, we will adapt 
web automation based on the script written in advance. Since 
the objective of this tool already been set so there is no need to 
create a recorded script. Besides, the development process is 
much simpler than automation by demonstration. Our system is 
implemented based on Selenium WebDriver [11][12] as the 
main automation tools for data extraction. Web automation 
using Selenium test-suite family has been widely adapted in 
software development lifecycle particularly is testing phase 
specifically for automation testing. Besides automation testing 
Selenium also can be used in web crawling [13] and web 
scraping [14][15].  

There many more libraries or application programming 
interface (API) that can be used to automate the extraction 
process. Some of the examples are BeautifulSoup, Scrapy, and 
Requests [16]. However, these libraries not applicable for 
dynamic pages. Beside Selenium, the other option that we can 
use is Puppeteer, a Node.js library that provides API to control 
Chrome or Chromium [17][18]. Selenium and Puppeteer are the 
web automation that can can operate by driving web browsers. 
This type of API provides interface for web browser to interact 
and manipulate the document object model (DOM). 

 
III. WEB AUTOMATION FOR DATA EXTRACTION  

In this research have developed a web automation tools to 
extract the academic publication data from Google Scholar and 
Scopus based a given list of authors. The extracted data is then 
will be analyzed to produce publication reports. Our web 
extraction tool consists of four main components as depicted in 
Fig. 4.  

This web automation is implemented using Selenium 
WebDriver. Selenium WebDriver is an API that enable browser 
automation to accept instructions to control and automate 
browser activities. It is implemented through browser-specific 
driver such as ChromeDriver for Chrome browser. Altenatively 
it also can be implemented using GeckoDriver for Firefox, 
OperaDriver for Opera or WebDriver for Microsoft Edge 
browsers. It controls browser based on pre-defined automation 
commands. Initialy, it is created for automating web-based 
application testing to verify that all the functions for web 
application are performed as it supposed [6]. However, we 
utilize the capability of this tool to achieve our objectives. We 
have implemented this browser automation framework to 
scrape web data from online bibliographic database (see Fig. 3).  

Communication between WebDriver and Python script is in 
JSON wire protocol. Basically, every statement in the 
automation script will be transformed into URL with the help 
of JSON Wire Protocol over HTTP. WebDriver uses a HTTP 
server to receive HTTP requests.  When the URL reaches the 
WebDriver, the request will be passed to the browser over 
HTTP. Then the instructions in automation script will be 
executed on the browser. Once the page is successfully loaded, 
WebDriver will extract HTML script from the browser and sent 
to scraping script to be parsed then update the Publication 
Database.  

To access all important data for each author, we need to 
create an automation script to automate browsing activities, for 
example, open each author profile page, scroll down the page, 
maximize the browser, and open certain hyperlinks. These 
activities are needed as some of the website content is loaded 
dynamically via JavaScript code which is activated based on 
user’s interaction with the page. Because of this reason, 
common web extraction API for Python cannot be used as the 
data that are retrived from the server dynamically generated. 
Therefore, it is not able to be extracted by BeautifulSoup or 
Scrapy Python API. 

 
Fig. 4. System overview 
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extracted from the resources need to be kept in a specific 
database. 

For developing our own web automation tools, we will adapt 
web automation based on the script written in advance. Since 
the objective of this tool already been set so there is no need to 
create a recorded script. Besides, the development process is 
much simpler than automation by demonstration. Our system is 
implemented based on Selenium WebDriver [11][12] as the 
main automation tools for data extraction. Web automation 
using Selenium test-suite family has been widely adapted in 
software development lifecycle particularly is testing phase 
specifically for automation testing. Besides automation testing 
Selenium also can be used in web crawling [13] and web 
scraping [14][15].  

There many more libraries or application programming 
interface (API) that can be used to automate the extraction 
process. Some of the examples are BeautifulSoup, Scrapy, and 
Requests [16]. However, these libraries not applicable for 
dynamic pages. Beside Selenium, the other option that we can 
use is Puppeteer, a Node.js library that provides API to control 
Chrome or Chromium [17][18]. Selenium and Puppeteer are the 
web automation that can can operate by driving web browsers. 
This type of API provides interface for web browser to interact 
and manipulate the document object model (DOM). 

 
III. WEB AUTOMATION FOR DATA EXTRACTION  

In this research have developed a web automation tools to 
extract the academic publication data from Google Scholar and 
Scopus based a given list of authors. The extracted data is then 
will be analyzed to produce publication reports. Our web 
extraction tool consists of four main components as depicted in 
Fig. 4.  

This web automation is implemented using Selenium 
WebDriver. Selenium WebDriver is an API that enable browser 
automation to accept instructions to control and automate 
browser activities. It is implemented through browser-specific 
driver such as ChromeDriver for Chrome browser. Altenatively 
it also can be implemented using GeckoDriver for Firefox, 
OperaDriver for Opera or WebDriver for Microsoft Edge 
browsers. It controls browser based on pre-defined automation 
commands. Initialy, it is created for automating web-based 
application testing to verify that all the functions for web 
application are performed as it supposed [6]. However, we 
utilize the capability of this tool to achieve our objectives. We 
have implemented this browser automation framework to 
scrape web data from online bibliographic database (see Fig. 3).  

Communication between WebDriver and Python script is in 
JSON wire protocol. Basically, every statement in the 
automation script will be transformed into URL with the help 
of JSON Wire Protocol over HTTP. WebDriver uses a HTTP 
server to receive HTTP requests.  When the URL reaches the 
WebDriver, the request will be passed to the browser over 
HTTP. Then the instructions in automation script will be 
executed on the browser. Once the page is successfully loaded, 
WebDriver will extract HTML script from the browser and sent 
to scraping script to be parsed then update the Publication 
Database.  

To access all important data for each author, we need to 
create an automation script to automate browsing activities, for 
example, open each author profile page, scroll down the page, 
maximize the browser, and open certain hyperlinks. These 
activities are needed as some of the website content is loaded 
dynamically via JavaScript code which is activated based on 
user’s interaction with the page. Because of this reason, 
common web extraction API for Python cannot be used as the 
data that are retrived from the server dynamically generated. 
Therefore, it is not able to be extracted by BeautifulSoup or 
Scrapy Python API. 
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System flow chart for the process of extraction the data is 
shown in Fig. 5, automation script will retrieve the citation page 
for each author based on author id which is used as seed 
keyword. For each page, the script will download its content to 
gather the details of publication data for each author. The script 
will perform pre-processing on the retrieved pages to clean the 
extracted content and perform analysis to identify unique data 
to avoid duplications. 

For each author, the are various information can be extracted. 
However, we choose only to keep author’s list of published 
articles, citation data and h-index. The data is then saved in 
local repository and we named as Publication database. The 
data from Publication database is then can be used to generate 
publication report for individual staff, faculty, designation and 
research group or. As shown in Fig. 6 - 9. The data also can be 
analyzed further for report generation and data visualization as 
in Fig. 10 
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System flow chart for the process of extraction the data is 
shown in Fig. 5, automation script will retrieve the citation page 
for each author based on author id which is used as seed 
keyword. For each page, the script will download its content to 
gather the details of publication data for each author. The script 
will perform pre-processing on the retrieved pages to clean the 
extracted content and perform analysis to identify unique data 
to avoid duplications. 

For each author, the are various information can be extracted. 
However, we choose only to keep author’s list of published 
articles, citation data and h-index. The data is then saved in 
local repository and we named as Publication database. The 
data from Publication database is then can be used to generate 
publication report for individual staff, faculty, designation and 
research group or. As shown in Fig. 6 - 9. The data also can be 
analyzed further for report generation and data visualization as 
in Fig. 10 
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To evaluate the performance of the automation tools we 
compare our automation tool which is developed using 
Selenium and the other automation tool developed using 
Puppeteer. There two main component that will be compared 
are (1) time taken for the task to be completed and (2) the 
resources (processor time, memory) used to complete the tasks. 
We have created two simple script to scrape data for 100 
authors (profiles) from Google Scholar using Selenium and 
Puppeteer.  

This experiment is done on the Windows 10 machine and 
resources parameters are captured using Windows’ 
Performance Monitor (Perfmon).  Perfmon is a utility tool that 
allows users to capture and monitor various parameters of 
system resources. Perfmon is included with Windows operating 
system. User can monitor performance data either in real time 
or from a log file. Basically, to setup the experiment, user need 
to create Data Collector Sets to configure and schedule 

performance counter, event trace and configure data collection 
so that it can be analyzed and viewed in a report.  

During the execution of each script, we capture three 
parameters (1) Duration of execution, (2) percentage Processor 
Time and (3) Working Set. Percentage of Processor Time 
shows the amount of CPU usage that a process (script) is using 
while Working Set indicate the amount of physical memory a 
process is using. On average the duration for Selenium script to 
finish the scraping process is 12 minutes while Puppeteer took 
about 14.5 minutes. In term of processor time Puppeteer used 
less processor resource compare to Selenium. However, for 
memory usage, Puppeteer use more the Selenium. Table 1 
shows the average result for these three parameters. 
 

TABLE I 
RESULT SUMMARY 

Parameter Selenium Puppeteer 
Duration 12 minutes 14.5 minutes 

Average % Processor Time 30% 1% 

Average Working Set 25 MB 50 MB 
 
 
Fig. 11 shows the details percentage of processor time used 

during the execution. Meanwhile, Fig. 12 shows the Working 
Set (memory usage) during scraping processes. These results 
are the sample of 50 data (timestamps) from Performance 
Monitor. Both show results for both Selenium and Puppeteer. 
For Processor time, Puppeteer use just around 1% of processor 
time while Selenium is in various values with maximum almost 
reach 70%. 

The result from this experiment shows that scraping 
performance for Selenium and Puppeteer not much different. 
There are advantages and disadvantages for each approach. 
Therefore, the selection of tool for scraping task either 
Selenium or Puppeteer is depending on the developer on how 
they want to conduct the data collection.  

There are trading-off between computational overhead, data 
accuracy, flexibility and developer effort need to be considered. 
For example, developer effort in term complexity of 
programming Selenium is much simpler and more direct to 
develop compare to Puppeteer. For flexibility, web automation 
with Selenium is develop using Python, therefore the tool can 
be enhanced and utilized all Python libraries. 
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To evaluate the performance of the automation tools we 
compare our automation tool which is developed using 
Selenium and the other automation tool developed using 
Puppeteer. There two main component that will be compared 
are (1) time taken for the task to be completed and (2) the 
resources (processor time, memory) used to complete the tasks. 
We have created two simple script to scrape data for 100 
authors (profiles) from Google Scholar using Selenium and 
Puppeteer.  

This experiment is done on the Windows 10 machine and 
resources parameters are captured using Windows’ 
Performance Monitor (Perfmon).  Perfmon is a utility tool that 
allows users to capture and monitor various parameters of 
system resources. Perfmon is included with Windows operating 
system. User can monitor performance data either in real time 
or from a log file. Basically, to setup the experiment, user need 
to create Data Collector Sets to configure and schedule 

performance counter, event trace and configure data collection 
so that it can be analyzed and viewed in a report.  

During the execution of each script, we capture three 
parameters (1) Duration of execution, (2) percentage Processor 
Time and (3) Working Set. Percentage of Processor Time 
shows the amount of CPU usage that a process (script) is using 
while Working Set indicate the amount of physical memory a 
process is using. On average the duration for Selenium script to 
finish the scraping process is 12 minutes while Puppeteer took 
about 14.5 minutes. In term of processor time Puppeteer used 
less processor resource compare to Selenium. However, for 
memory usage, Puppeteer use more the Selenium. Table 1 
shows the average result for these three parameters. 
 

TABLE I 
RESULT SUMMARY 

Parameter Selenium Puppeteer 
Duration 12 minutes 14.5 minutes 

Average % Processor Time 30% 1% 

Average Working Set 25 MB 50 MB 
 
 
Fig. 11 shows the details percentage of processor time used 

during the execution. Meanwhile, Fig. 12 shows the Working 
Set (memory usage) during scraping processes. These results 
are the sample of 50 data (timestamps) from Performance 
Monitor. Both show results for both Selenium and Puppeteer. 
For Processor time, Puppeteer use just around 1% of processor 
time while Selenium is in various values with maximum almost 
reach 70%. 

The result from this experiment shows that scraping 
performance for Selenium and Puppeteer not much different. 
There are advantages and disadvantages for each approach. 
Therefore, the selection of tool for scraping task either 
Selenium or Puppeteer is depending on the developer on how 
they want to conduct the data collection.  

There are trading-off between computational overhead, data 
accuracy, flexibility and developer effort need to be considered. 
For example, developer effort in term complexity of 
programming Selenium is much simpler and more direct to 
develop compare to Puppeteer. For flexibility, web automation 
with Selenium is develop using Python, therefore the tool can 
be enhanced and utilized all Python libraries. 
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are (1) time taken for the task to be completed and (2) the 
resources (processor time, memory) used to complete the tasks. 
We have created two simple script to scrape data for 100 
authors (profiles) from Google Scholar using Selenium and 
Puppeteer.  

This experiment is done on the Windows 10 machine and 
resources parameters are captured using Windows’ 
Performance Monitor (Perfmon).  Perfmon is a utility tool that 
allows users to capture and monitor various parameters of 
system resources. Perfmon is included with Windows operating 
system. User can monitor performance data either in real time 
or from a log file. Basically, to setup the experiment, user need 
to create Data Collector Sets to configure and schedule 

performance counter, event trace and configure data collection 
so that it can be analyzed and viewed in a report.  

During the execution of each script, we capture three 
parameters (1) Duration of execution, (2) percentage Processor 
Time and (3) Working Set. Percentage of Processor Time 
shows the amount of CPU usage that a process (script) is using 
while Working Set indicate the amount of physical memory a 
process is using. On average the duration for Selenium script to 
finish the scraping process is 12 minutes while Puppeteer took 
about 14.5 minutes. In term of processor time Puppeteer used 
less processor resource compare to Selenium. However, for 
memory usage, Puppeteer use more the Selenium. Table 1 
shows the average result for these three parameters. 
 

TABLE I 
RESULT SUMMARY 

Parameter Selenium Puppeteer 
Duration 12 minutes 14.5 minutes 

Average % Processor Time 30% 1% 

Average Working Set 25 MB 50 MB 
 
 
Fig. 11 shows the details percentage of processor time used 

during the execution. Meanwhile, Fig. 12 shows the Working 
Set (memory usage) during scraping processes. These results 
are the sample of 50 data (timestamps) from Performance 
Monitor. Both show results for both Selenium and Puppeteer. 
For Processor time, Puppeteer use just around 1% of processor 
time while Selenium is in various values with maximum almost 
reach 70%. 

The result from this experiment shows that scraping 
performance for Selenium and Puppeteer not much different. 
There are advantages and disadvantages for each approach. 
Therefore, the selection of tool for scraping task either 
Selenium or Puppeteer is depending on the developer on how 
they want to conduct the data collection.  

There are trading-off between computational overhead, data 
accuracy, flexibility and developer effort need to be considered. 
For example, developer effort in term complexity of 
programming Selenium is much simpler and more direct to 
develop compare to Puppeteer. For flexibility, web automation 
with Selenium is develop using Python, therefore the tool can 
be enhanced and utilized all Python libraries. 
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IV. CONCLUSION 
 
We have explained the development of web automation tool 

to extract academic publication data. The extracted data is then 
used to produce publication reports to measure scholarly 
productivity and impact by academic staff, departments, 
institutions, or research groups. The publication data were 
extracted from two popular online publication repository sites 
i.e. Google Scholar and Scopus. In designing this tool, our main 
goal is to collect publication data for a list of authors affiliated 
to an academic institute. To do so, we need a tool scrape the 
data from the web and save it in our own database. Web 
automation tools are very useful for scraping task. The initial 
purpose of web automation tool is for software testing, however 
with its automation feature, it is possible for data collection 
process specifically in web scraping. There are many options 
available for the developer to choose from. Since not all options 
are created equal or offer the same functionalities, and therefore 
the choice of option is critical.  

Regarding scraping issues, to avoid any denial of service by 
the web server, the automation tool needs to be is set on a sleep 
mode for a random n second. This approach is significant as the 
standards and ethics in web scraping are met [19]. The 
“politeness” of the scraping tool has also been ensured to avoid 
blacklisting of the current IP address that could cause future 
problems to the users in the network. However, this automation 
took must be scalable towards the growth in the number of 
academic staff. It must be able to retrieve a large amount of 
information as the number of staff increases. Therefore, future 
enhancement needs to be done to handle this issue. 

As for the future work, beside improvement in the 
automation tool, we hope to develop an expert search engine 
based on author’s publication data and academic impact 
analytics dashboard specifically for academics intitution. 
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IV. CONCLUSION 
 
We have explained the development of web automation tool 

to extract academic publication data. The extracted data is then 
used to produce publication reports to measure scholarly 
productivity and impact by academic staff, departments, 
institutions, or research groups. The publication data were 
extracted from two popular online publication repository sites 
i.e. Google Scholar and Scopus. In designing this tool, our main 
goal is to collect publication data for a list of authors affiliated 
to an academic institute. To do so, we need a tool scrape the 
data from the web and save it in our own database. Web 
automation tools are very useful for scraping task. The initial 
purpose of web automation tool is for software testing, however 
with its automation feature, it is possible for data collection 
process specifically in web scraping. There are many options 
available for the developer to choose from. Since not all options 
are created equal or offer the same functionalities, and therefore 
the choice of option is critical.  

Regarding scraping issues, to avoid any denial of service by 
the web server, the automation tool needs to be is set on a sleep 
mode for a random n second. This approach is significant as the 
standards and ethics in web scraping are met [19]. The 
“politeness” of the scraping tool has also been ensured to avoid 
blacklisting of the current IP address that could cause future 
problems to the users in the network. However, this automation 
took must be scalable towards the growth in the number of 
academic staff. It must be able to retrieve a large amount of 
information as the number of staff increases. Therefore, future 
enhancement needs to be done to handle this issue. 

As for the future work, beside improvement in the 
automation tool, we hope to develop an expert search engine 
based on author’s publication data and academic impact 
analytics dashboard specifically for academics intitution. 
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