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Abstract—Cyber-environments have become increasingly 
popular in disseminating scientific and educational resources. 
One of the primary methodologies for evaluating the scholarly 
impact of a cyber-environment is through bibliometric and 
scientometrics analyses of publication and citation data. 
However, it is often difficult to create a workflow and software 
environment that can address this problem in serious ways. This 
article presents the software architecture for creating a web-
based interface for managing citations and demonstrating 
visually the scholarly impact of a cyber-environment - 
nanoHUB.org, which has served over 310,000 users worldwide in 
just the last 12 months. 
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I. INTRODUCTION 
The advent of Internet and Web 2.0 has given rise to the 

emergence and popularity of cyber-environments. A cyber-
environment is defined as “a collection of computational 
resources, data, visualization resources made available through 
an online portal” [1], supported by underlying network, 
services, software, and hardware [2]. The academic use of 
cyber-environments helps disseminate educational tools, 
scientific workflow/simulations, academic publications, and 
other resources to benefit a much wider range of audience. For 
example, as a leading cyber-environment in nanotechnology, 
nanoHUB [3] has served about 310,000 users over the past 12 
months with over 4,000 presentations, teaching materials, 
simulation tools, and other nanotechnology-related resources as 
of today [4]. Another renowned cyber-environment, PhET [5], 
is a virtual lab environment that offers over 75 million science 
simulation tools for researchers, educators, and students. 

As more cyber-environments produce significant impacts 
on their intended communities, it is critical to precisely 
measure and demonstrate their scholarly performance. There is 
a large body of literatures discussing what methods to use for 
evaluating research quality and how to apply these methods in 
a specific context. These methods are usually classified as 
human-based approaches and data-driven approaches. As 
opposed to data-driven approaches, human-based approaches 
could be costly and inconsistent. The most widely used data-
driven assessment method is bibliometrics, which evaluate 

research quality by quantitative analyses of scientific 
publications. Tremendous prior studies have used bibliometrics 
to demonstrate the scholarly impacts of theories [6], journals 
[7] , research areas [8], and countries [9]. The long history and 
popularity of applying bibliometrics in research evaluation 
indicates the potential of using it to evaluate cyber-
environment. Other data-driven methods, such as altmetrics, 
also known as Scientometrics 2.0 [10] evaluate academic work 
based on social media data, measured by web-based metrics. 
[10-11]. To date, altmetrics has not been widely adopted in 
research evaluation. 

Citation analysis and content analysis are the two most 
popular methods in bibliometrics. Citation analysis refers to the 
examination of the frequency, patterns, and graphs of citations 
in articles and books [12]. It is widely used to evaluate and 
compare journal impacts of a given research area [7], [8], 
examine past governmental investments [13],  showcase 
institutes’ academic contributions to a field [14] , and compare 
geographical patterns in co-citation and co-authorship [15]. 
Content analysis, less popular, aims to study publications in 
greater depth and more descriptively than citation counting. In 
combination with citation analysis, some scholars define 
content analysis as the study of contexts in which citations 
occur [16]. Regardless of whether it is a citation analysis or a 
content analysis, it is up to the authors of a bibliometric report 
to decide what to report, how to report it, and how often to 
publish the results. 

Assessing a cyber-environment with bibliometric data 
places additional challenges that are not commonly 
encountered in the aforementioned prior studies. First, the 
scholarly impact of a cyber-environment is demonstrated not 
only by academic publications produced by the core team 
members who develop the platform, but also by those 
published by users who utilize resources in the cyber-
environment. Nevertheless, users rarely report their academic 
work built upon the cyber-environment facilities and resources 
back to the online community or cite the cyber-environment as 
a reference in their publications. Second,  Cyber-environment 
citations are acquired from a large variety of publishers and 
indexing engines. Therefore, due to the uncertainty and 
diversity of publications, the data quality is radically 
compromised. Third, most bibliometric analysis results are 



published once every few years and the most recent 
publications cannot be factored in until the next analysis, 
limiting the use of updated feedback for improvement 
purposes.  

This paper presents our attempt to demonstrate the 
scholarly impact of a cyber-environment based on bibliometric 
data. In particular, we aim to address the three challenges 
above by answering the following questions: 1) How to define 
the appropriate sample scope and increase data quality in 
evaluating cyber-environments’ scholarly impact? 2) How to 
keep the evaluation results up-to-date and allow audience to 
interact with them? 

To answer the first question, we present our workflow and 
implementation of a web-based citation management system. 
The system facilitates metadata collection, data quality control, 
and metadata annotation in managing citations of a cyber-
environment. For the second question, we construct a public 
data gateway with interactive visualizations and statistics to 
offer users the capability of interacting with the bibliometric 
data. To show the effectiveness of the system, we apply it to 
showcase nanoHUB’s scholarly impact. To our best 
knowledge, the present study is the first attempt to characterize 
an ill-defined bibliometric dataset and represent it in an 
interactive and visual form. The system we propose in this 
study can be used to evaluate a broad range of other cyber-
environments. It also has the potential in other contexts where 
sample scope cannot be easily defined. 

II. METHODOLOGY 

 

Fig. 1. The general workflow of our system for demonstrating the scholarly 
impact of cyber-environments 

 
Demonstrating the scholarly impact of cyber-environments 

has the difficulties of defining sample scopes, increasing data 
quality, keeping results up-to-date, and allowing user 
navigation. The first two difficulties can be overcome by a 
citation management system, which is a web-based platform 
we develop for managing a high-quality bibliographic 
database. The last two difficulties require development of a 
user interface for visually monitoring and interacting with the 
most up-to-date scholarly impact. In response, we design a 
workflow to tackle these problems. Figure 1 presents the two 
main components in our design: citation management and 
visual analytics. In citation management, E-team refers to an 
editor team that works via the web interface on adding and 
managing new citations relevant to the specific cyber-
environment. Part of the citation information comes directly 

from the data sources defined by the E-team, whereas 
supplemental information is added to each citation manually 
later. Any change made by the E-team will be saved into a 
bibliographic database. Those flagged as “approved” in the 
database are used to produce statistics and visualizations, 
which are available in the public view. Potential users such as 
project directors, evaluators, and hub users can interact with 
the presented data to explore them in different aspects. 

A. Citation management 
The citation management module aims to provide a set of 

services for importing and managing citation data with the E-
team involved. For a new citation to become valid and 
complete, it must go through a sequence of processes:  
Bibliographic metadata acquisition, Full text download,  
Bibliographic metadata correction and completion, Name 
disambiguation, Supplemental annotations, Final review and 
publications. 

1) Bibliographic metadata acquisition: There are two 
major challenges in acquiring bibliographic metadata of 
publications that are relevant to the given cyber-environment. 
First, the new citations must be relevant to the cyber-
environment and the definition of relevance may vary over 
time. This requires creation of a list of data sources and 
development of corresponding processors to detect and parse 
the new data. However, different sources of data, i.e. Web of 
Science, Google Scholar, and EBSCOhost, vary in the way 
metadata are downloaded and in the format the data is 
presented. For example, indexing engines such as Microsoft 
Academic Search offers JSON-RPC web services for querying 
their databases. Others such as Google Scholar have no 
infrastructure to facilitate a batch download and therefore a 
webpage crawl needs to be developed to mine information 
from their sites.  

Second, a regular routine must be set up to update the 
citation database so as to keep it always up-to-date. The 
downloader and extractor mentioned above run as a daemon 
program to pull new citations from the specified data sources 
and insert them into the pending queue for further processing. 

During the data acquisition step, the E-team decides 
whether to exclude certain citations from the list based on the 
publication titles. The blacklisted record is saved to prevent 
the same item from appearing in the future. However, the title 
per se is sometimes insufficient for making a decision about 
the citation’s relevance. In the following steps, the E-team will 
be offered opportunities to remove irrelevant citations. 

 
2) Full text download: Content analysis has to be 

performed over publication full text. When the data sources 
provide full text download, the metadata downloader 
mentioned earlier automatically retrieves the file and 
associates it with the corresponding metadata in the database. 
However, full text may sometimes be missing from the data 
sources. In such cases, the full text has to be downloaded by 
the E-team from other data sources that may not be defined 
before. It may also happen that the full text cannot be found 



anywhere online. In our implementation, we place an indicator 
of how long an item remains in the pending queue. An item 
that remains unresolved for a long time usually implies the 
unavailability of full text. 
 

3) Bibliographic metadata correction and completion: 
The bibliographic metadata acquired from the data sources in 
many cases contain incomplete and even incorrect data. For 
instance, a journal paper may miss the publication year or a 
book may have incorrect publisher information. Such errors 
significantly threaten the validity of the analysis results. To 
solve this problem, we build a user interface to facilitate the E-
team to input data for the missing fields and provide a link to 
the full text for reference. 

 
4) Name disambiguation: Name ambiguity problem is a 

common problem in bibliographic database [17]. It refers to 
cases where one individual is represented as various names 
and different individuals share the same name [18]. Failure to 
identify such relationships incurs errors in studying author 
collaboration and also affects other author-related statistics. 
we choose supervised solutions by involving human in the 
decision-making process of detecting suspected duplicates 
because the number of citations of cyber-environments is 
relatively small and data precision is more critical. The same 
approach was used in the case of duplicated tittles. 

 
5) Supplemental annotations: The bibliographic metadata 

provide basic information of a publication such as title, 
abstract, author, keyword, publication venue, and publication 
year. However, content analysis often requires more insightful 
and elaborative data, which are most likely to be produced by 
human. Depending on the nature of the cyber-environment 
and the purpose of the research evaluation, additional 
annotations may include the study type, related cyber-
environment resources, population studied, and sample size. 
However, the E-team may not agree on how to annotate a 
citation and therefore, we develop a voting mechanism and 
ensure that each citation has at least three editors’ annotations. 
Based on the aggregated results, the E-team leader decides the 
final annotation. 

 
6) Final review: In the last stage of the citation 

management process, the E-team leader reviews the 
bibliographic metadata and supplemental annotations and 
approves the citation if all seems appropriate. If there is a 
problem, he/she can rewind the citation to an earlier stage or 
even drop it. Once a citation is finally approved, it enters the 
pool of published data, based on which analyses and visual 
representations are created. 

 

B. Visual analytics 
The goal of the visual analytics module is to present the 

analytics visually and allow any user to freely explore the up-
to-date citation data. Traditionally, the scholarly impact is 

documented as reports and publications in which the authors 
can select what and how to report. Instead of restricting 
audience to what they can see, we offer many alternatives of 
looking at the bibliographic data and let audience decide what 
they prefer to view. To achieve this goal, we develop a web 
portal with various visualizations and statistics for citations 
approved in the citation management process. 

  
 

 
Fig. 2. Visual Analytics: Author’s network. Ilustration of how citations are 
linked by common authors. 

III. CASE STUDY: NANOHUB 
To demonstrate the usefulness of the workflow and 

implementations we propose, we select a cyber-environment 
called nanoHUB and study its scholarly impact. NanoHUB is 
selected in this study because it is a great example of cyber-
environments in academia with a long history and significant 
impact on many research and education communities. 

Before our system was introduced, the nanoHUB editor 
team collected and filtered citations manually on a timely 
basis. The team then compiled a list of new citations in an 
Excel spreadsheet and sent it over to the database 
administrator, who inserted and maintained the citation 
database. When there was a demand for demonstrating 
nanoHUB’s scholarly impact, statistics and graphs were 
created by the database administrator along with other 
visualization designers. It was not only a costly procedure but 
also led to many problems, for example, citation duplication, 
lenghtly name dissambiguation process and repetitive statistics 
calculation and graphs generation. 

We deploy our system using the cyber-infrastructure 
provided by nanoHUB and treat citations in the legacy 
database as new citations. The E-team is composed of one 
domain expert and four undergraduate students with no domain 
knowledge. A 30-minute training session is provided to the E-
team to learn the new system. From then on, the E-team works 
individually on the web-based interface to collect, correct, 
complete, and annotate bibliographic data of nanoHUB 
citations. The E-team leader reviews other team members’ 
efforts and the approved citations are presented as statistics and 
visualizations on the public site. The visual products are also 



included as part of the annual report submitted to the funding 
agency. 

By 3/27/2015, a total of 1,740 citations have been acquired 
from Google Scholar, out of which 281 are identified as 
irrelevant to nanoHUB or duplicate to existing citations. 1210 
citations have been approved with complete metadata, full text, 
and annotations. The rest are to be processed in the citation 
management system. Among the published citations, 1760 
author names are identified as ambiguous, out of a total of 
4354 author names. The supplemental annotations for 
nanoHUB citations are: (1) Whether the research project is 
NCN-affiliated; (2) Whether the research study contains 
experimentalist/experimental data; (3) What tools on nanoHUB 
are cited; and (4) What type of study it belongs to. 

IV. DISCUSSION 
We select cyber-environments as a stereotype to show the 

effectiveness of the workflow we propose. However, our 
solution is highly flexible and configurable so that it can be 
applied to other similar scenarios. The intended use of our 
approach is to showcase from many different perspectives the 
scholar impact of a relatively small, ill-defined, constantly 
growing dataset where data precision and real-time updates are 
of high priority. For example, our solution can also be used to 
show the evolution of an emerging discipline that has no 
dedicated journals or conferences and is on the way of forming 
its unique knowledge body. It can also be used to characterize 
the impact of a renowned theory in multiple domains. 

Besides web-based solutions, there are other alternative 
platforms for visualizing bibliometric data in an interactive 
way. In general, standalone applications such as ClaiMapper 
[19] have the advantage over web applications in performance. 
However, we deploy the computationally intensive 
components to a distributed environment and show the cached 
content to the users. Therefore, the overall performance 
exceeds that of a standalone application in some cases. We 
choose to develop a web-base data gateway for managing and 
presenting bibliometric data. 

One major limitation of our current design is the scalability 
problem in citation management. As discussed earlier, 
automating the citation management process can be achieved 
by adopting the unsupervised name disambiguation algorithms 
and overlooking missing data fields. However, automation 
compromises data quality and eventually affects the accuracy 
of analysis results. To sustain high data precision while 
lowering the cost of recruiting a dedicated team, we would like 
to explore in a future study the possibility of deploying our 
implementations on crowdsourcing platforms such as Amazon 
Mechanical Turk. Based on our observation of the E-team 
working on the nanoHUB dataset, we believe that it is feasible 
to crowdsource the tasks of downloading full text, correcting 
and completing metadata, and disambiguating names to 
ordinary novice users. 
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