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Abstract

Open and community-responsive tool repositories and Workflow Management Systems
aid in the automation and repeatability of large-scale data analysis. However, such repositories do
not include evaluation methods on those components, which could help scientists to determine
which research object could satisfy their requirements. Furthermore, the problem of misattribution
expands the gap of ignorance and misguided information, where users do not get acknowledged
for their contributions in the scientific field. Moreover, the problem of profile building does not
allow researchers to expand their contributions to different platforms and therefore, further assist
with their knowledge.

This thesis aimed to find solutions to some vital problems in the domain of bioinformatics.
It contributes to a tool and workflow repository, the OpenBio platform, by adding a rich set of both
automatically acquired and user-provided quality metrics. Those metrics are displayed in an
intuitive user interface, allowing users to quickly explore them in order to make the most suitable
and informed decision regarding the optimal component that suits best their analysis. Next, it tried
to find a solution for the misattribution issue of bioinformatics tools, where tools were used without
being properly cited in academic papers by connecting the OpenBio platform with ORCID. This
acted as a counter incentive for authors when it came to submitting tools in open science
repositories. Thus, it allowed users to be properly cited for the work that they could submit in open
science environments that deviate from the typical “academic journal” setting such as tool
repositories, and open Workflow Management Systems. Finally, it provided clear and objective
indications of the expertise and the scientific activity of users, acting as an incentive for them to
be more open and active by ranking them according to their quality and quantity of contributions.

The User Experience Questionnaire was used in order to evaluate the implementation of
those added components. The questionnaire was filled out by 8 participants after they had tested
those components on the OpenBio platform. The overall results showed that the user experience
regarding the added components produced positive results. The calculation of the confidence
interval showed that more participants could be needed in order to express a more stable result.
However, the Lambda-2 coefficient per scale showed that the answers that were given in the UEQ

had high percentages to be true and valid.
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Iepiinyn

Ta avoytd kot kowvevikd amobetipla epyoieiov kot o Xvotiuata Awyeipiong Pong
Epyaciag Bonbovv 6tOV OLTOHOTIGHO KOU TNV ETOVOANYILOTNTO TNG OVAALONG OEOOUEVMV
peyaang kiipokag. Qotdco, térota amodetnpla dev meptlappdvoovv pebodovg alordynong avtov
TOV oTolEl®V, Ol omoieg Ba pmopovoav va fondncovy Tovg EMGTHUOVES VO TPOGIOPICOVY TO
EPELVNTIKO OVTIKEILEVO TTOL Bl UTOPOVCE VO IKOVOTOIGEL TIG OOLTHOEL TovS. EmumAéov, 10
TPOPANUO NG EGPAAUEVNG OTOSOOTG GLVEIGPOPAS OEVPVVEL TO YAGUO TNG (yVOlug Kot TNg
AavBaopévng TANpoeopNoNS, OTOL 0L YPTNGTEG OEV OvVOyVMPILOVTOL Y10 T GLUVEIGPOPE TOVG GTOV
emotNUoVIKO topéa. EmmAéov, 10 mpdfAnua g dnuovpyiag mTpoeid dev emTPENEL GTOVG
EPEVVNTEC VO EMEKTEIVOVV TIC GUVEICPOPES TOVG GE OLOPOPETIKES TAUTPOPLES KOl CUVETMG VL
BonBnoovv mepattépw e TIG YVOGELS TOVG.

Avti 1 daTp1Pn lxe g GTOHYO VO AVTILETOTIGEL CNUAVTIKA TPOPALATO GTOV TOUED TNG
BromAnpopopiknc. Xvvelc@épel o€ Eva amofeTiplo epyareimv, dedOUEVOV KO pODV £PYACIAG, TNV
mhatedpua OpenBio, TpocBétovtag éva TAoHG10 GUVOAD LETPNCEMY TOLOTNTOS TOV UTOPOVV VL
Aok TNOoVV ALTOHOTO 1) KOl VO, TOPEYOVTOL At TOV YPNOT. AVTEG O HETPNOELS Epavilovtal o€
pio SlooOnTiKn SEmaPn ¥PNOTY, EMTPETOVING GTOVG YPNOTEG VO TIG EEEPEVVIICOVY YPIYOoPL
TPOKEEVOL VO AAPOVV TNV MO KATOAANAN Kol EVIUEPOUEVT] OTOPOCT GYETIKA UE TO PEATIOTO
avTIKeipeVo oL Taptalel KOADTEPO TNV OVAAVGY| TOVG. TN GLVEXELN, TPOOTAONGE Vo Bpet o
Adom o o {Tnpa TG EGEAAUEVIC ATTOJ00TG GUVELGPOPAS 6T EpYAAEin BLOTANPOPOPIKNG, OTTOL
T EPYOAEL YPNOIHOTONONKOY Y®PIG VO GLVOEOVTOL COGTA LE TV OKOONUOIKT) GUVEIGQOPE TOV
emotnuova, cuvoéovtag TV TAateopua OpenBio pe 1o ORCID. Avtd Aettobpynoe o¢ Kivntpo
Y10 TOVG GLYYPOAPELG OTOV ETPOKEITO VO VITOPAAOVY EpYUAEiD GE avOLYTA amOBETNPLO EXCTHUNG.
‘Etol, enétpeye 0TOLG ¥PNOTES VA AVAPEPOVTOL GMOGTA Yo TNV €PYAGIN TOL O UTOPOLGAV VO
vrofdAovv og mePPAALOVTIO AVOLYTHG EMGTHUNG OV OMOKAIVOLV Omd TNV TLTIKY POOIGN TOV
«OKOOMUOiIKOD  TEPLOSIKOV», OM®MG To OmOBETNPLO EPYOAEI®V KOl TO OVOLXTA XLGTHUOTO
Awyeipiong Pong Epyocuwv. Téhog, mapelye cageic kot ovtikeylevikég evoeigelg yia v
TEYVOYVAOGIO KOL TNV EMGTNUOVIKY OpacTnploTnTo TOV YPNOTOV, AEITOVPYADVTAS MG KIVITPO Yo
va givol mo ovolytol Kot dpacTiplol, TaVoudVTAS TOVG OvVOAOYO pe TNV moldTNnTo Kot TNV
TOGOTNTO TV GLVEIGPOPDV TOVG.

To User Experience Questionnaire ypnoiporodnke ya vo a&lodoyndei n viomoinon

AVTOV TOV 6ToLY eIV oL TpooTédnkay. To ep®@TNUATOAGYI0 GLUTANPOONKE OO 8 CLUUETEXOVTEG



apov elyav dokydoer ovtd to otoyeio otnv mhotedppo Tov OpenBio. Ta cuvolkd
amoteAéopato £0e1E0V OTL 1 eUmEPio. TOL XPNOTN CYETIKA UE TO TPOCSHETA GTOLYEIOL TOPTYAYE
Oetikd aroteréopata. O VTOAOYICUOG TOV SAGTNUOTOG EUTIGTOGUVNG £0€1Ee OTL Ba pmopovoay
VO YPELOCTOVV TTEPICCOTEPOL CLUUETEYOVTEG YLOL VO EKQPPUCTEL £va TO oTafePO OMOTELEGLO.
Qo1000, 0 cuvtereotng lambda-2 ava kKhipoko veédei&e 6Tt ol amavtioelg Tov d60nkav oto UEQ

elyav vynAd TocooTd aAnBetag Kot yKupdTTaGS.

AéEgrg-kreond: OpenBio, OpenBio.eu, BlomAnpogopiky|, amobetplo, epyaleio, dedopéva, pon|
EPYAOIADV, TOPATOUTT), AELOAOYNON, LETPNGELS, orcid, EcQUAUEVT amddoon, dnpovpyia TPoPil
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1 Introduction

As a scientific discipline, bioinformatics has advanced over the last few years. It is a
relatively modern interdisciplinary field that promises to join a disparate type of resources with
the single purpose of advancing healthcare with the help of computer science. The advancement
of Deoxyribonucleic acid (DNA) profiling techniques, the availability of HPC (High Performance
Computing) infrastructure, and the introduction of big data technologies, has enabled the large
scale and whole genome analysis in a personalized fashion. In this large and complicated scientific
study field, many tools have been created to analyze the ever-increasing volumes of data.
Therefore, large-scale data analysis necessitates the sequential execution of several command line
applications. The development of workflow engines aid in the automation and repeatability of
these processes. Through their graphical interfaces, systems like Biopipe [1], Taverna [2], Galaxy
[3], GeneProf [4], or PegaSys [5] are simple to learn and use. Others, such as Ruffus [6], Pwrake
[7], GXP Make [8], and Bpipe [9], use text-based workflow interpretations, which can be useful
because workflows can be edited without a graphical interface, and programmers can cooperate
on them using source code management tools.

Some of the long-term visions of bioinformatics are to bring genomics to the everyday
healthcare clinical practice, to advance personalized medicine and to offer reliable and secure
health monitoring from small and accessible devices that surround the individual. A common
denominator of these visions is that bioinformatic methods are gradually becoming more critical
and vital in healthcare and health monitoring. Healthcare is considered one of the most sensitive
and crucial software development areas, where quality, resilience and robustness is of paramount
importance. Yet, various surveys and studies in this area have pinpointed that despite the quantity
of available tools, various quality indicators, such as the availability, maintainability, support,
documentation and availability of tests is the exception rather than the norm [10]. A common
method to augment the quality of a large and dispersed set of software components is to include
them in a uniform repository that continuously tests it over various metrics. Some examples
include the Advanced package tool (APT) interface for Linux systems [11], the Python Package
Index [12] for the python language, and the npm for JavaScript [13]. Today, almost all available
tool repositories for bioinformatics, such as bio.tools [14] and Datasets2Tools [15], act as plain/flat

lists without the ability to actually test the listed components. Therefore, given the importance of

1



bioinformatics in several biological and biomedical investigations, substantial effort should be
made to make computational analyses repeatable and workflow systems and tools maintainable.
A scientist should have the option to determine which tool, data, or workflow (known as research
objects) could satisfy their requirements. Consequently, the methods of evaluation on any set of
components should be investigated.

The term of misattribution refers to the incorrect or lack of acknowledgement of a
scientist’s contribution to the scientific field. Ignorance or misguided information can lead to
incorrect attribution. Although numerous conventional methods are currently being used to
evaluate a researcher's scientific career in publications, there is a lack of recognition in a scientist’s
developed software programs. Linking research data to publications and software, in an open and
semantically consistent manner, can be critical for improving academic communication quality
and openness. Manual labeling, developed algorithms, and third-party authenticators can assist to
the linkage between an author and their published paper. Producers and consumers are still
enamored of forms devised during the period of print publishing, and research reward schemes are
still based on old delivery techniques. Although research papers and different publications have
long benefited from an architecture that makes it simple to cite them, the same values do not apply
to software data. Research on this subject is mandatory, in order to find different ways that can
semantically connect authors and developers with their publications and created software.

An open tool repository and Workflow Management System should allow its users to build
their profile and get acknowledged for their content. Indicators regarding their expertise and
activity can help in their evaluation by other users and the increment of their popularity on the
platform. Because the maintenance of such platforms and systems is dependent on the contribution
of its users, those sites’ creators should pay attention to them and look for methods to reward them
through different approaches. Since awards can serve as social status indicators, greater prestige
values can be given to different users based on their contributions, fulfilling a variety of socio-
psychological roles. Therefore, those approaches should be researched as they can be part of strong
indicators of a system’s long-term worth.

The main purpose of this Master Thesis is to find solutions to some vital problems in
bioinformatics, by extending a repository of tools and data that continuously tests and measures
the included components. Based on the above-mentioned issues, three research questions were

formed:



RQ1:How can we effectively solve the problem of misattribution?

RQ2:How can we approach the evaluation, in terms of effectiveness and efficiency, of a
tool or workflow that exists in a repository?

RQ3:How can we evaluate the expertise and contribution of users, and assist them in the

problem of profile building?

The different approaches that can answer those research questions will be embedded in the
OpenBio platform [16], which is an open and community-responsive platform, that can function
as a tool repository and Workflow Management System. OpenBio.eu [17] is developed in the
CBML lab of the Institute of Computer Science of FORTH. It currently contains an environment
where users can submit a tool or a dataset along with the commands and scripts that install it. Users
can also combine these tools into workflows in an online graphics environment. Moreover,
OpenBio.eu allows users to grade and comment on existing components. Every action in
OpenBio.eu is semantically connected to a user. This master will implement the methods to collect
all quality metrics presented on OpenBio.eu platform and display them in a user-friendly User
Interface. It will allow users to query tools, data and workflows based on these metrics and will
automatically generate a user profile that has all the indications regarding their expertise and
popularity of these users. Finally, one of the most important objectives of this thesis will be to
connect the platform with ORCID so users can be able to build an online profile and get

acknowledged for their content whether that includes publications of created tools and workflows.



2 Systematic Literature Review

The expansion of the research community's ability to collect and transmit data has created
major prospects. It is altering traditional scientific research methodologies and allowing the
development of new ones. The capacity to identify, verify, obtain, and understand published digital
data is essential. Data citations are required for these activities, as well as additional purposes such
as credit attribution and authenticity verification. However, unlike references to literature, data
references pose unique issues. In the lack of common standards like page numbers or chapters,
how can one describe a specific subset of data? In the case of journal articles and other literature,
the traditions and good practices for keeping the academic record through accurate citations to a
publication are well established and known but assigning acknowledgment to data through
bibliographic references is still not widely applied. Acknowledging the need for improved data
reference and citation standards, as well as putting up the effort to solve such needs, has developed
in various professions and disciplines. Errors and mismatches can obstruct the interchange and use
of scientific data as conflicting traditions and practices evolve in different communities. Sharing
experiences across groups may be required, or at the very least beneficial to achieve the full
capability of public data.

Complex algorithms and data analysis are increasingly being used to create meaningful
technological discoveries. These computations may include hundreds of stages, each of which may
use several models and data sources developed by different organizations. The construction and
maintenance of such highly advanced distributed algorithms has many obstacles, and the
increasingly ambitious scientific research is constantly testing the limitations of current
technology. Research objects, such as tools and workflows, have evolved as a paradigm for
describing and managing these massive scientific computations, while accelerating technological
discovery. Scientific workflows may both organize dataflow across relevant data processing and
analysis stages and provide the tools to execute them in a dispersed context. However, the
assessment of those research objects receives limited attention. The researcher should be able to
assess the effectiveness and usability of each research object to determine whether it meets their
criteria. Metrics can play a significant role in any research system, particularly an open one, and
they can be utilized to accelerate development. As a result, many types of metrics should be
investigated since they can help lead qualitative assessments and increase the understanding of the
value of study outcomes and research objects.



As technological innovations and platforms are being developed, the software and
computer environments react rapidly. The environment of programming languages, techniques,
and developments is extremely complicated, with tools and actions adjusting to different factors
on a regular basis. The rise of integrated learning environments has altered the perceptions of social
relationships, which are always crucial in the learning process, as being especially significant in
the development of personal forms of collaboration and environments. Because there is commonly
a lack of social communication in these situations, virtual awards and badges can be utilized to
increase social context visibility and improve learning frameworks. Those rewards adopt
gamification methods that have been utilized to enhance human productivity and involvement in
a range of systems and applications. Because users participate without receiving financial rewards,
it is difficult for online communities to motivate them to actively engage. Therefore, it is important
to research appropriate gamification methods to maintain a system’s long-term worth and evaluate
the user’s contribution and expertise on the platform.

This section represents a systematic literature review that was conducted to find possible
solutions to the problems of misattribution, research objects evaluation, and profile building and
user evaluation. The review analyses the issues of misattribution in publications and software and
proposes solutions. The importance of nanopublication and microattribution is also described and
reviewed. Additionally, the evaluation metrics for research objects are examined, the proposed
research on workflow systems is mentioned, and statistics about the maintenance and execution of
tools are presented. The various principles that exist for research objects are discussed, the
importance of evaluation metrics in open science is analyzed, and the three different categories of
evaluation metrics (traditional, usage, altmetrics) are examined. Finally, the gamification methods
for profile building are introduced, the reward systems on Github [18] and Stack Overflow [19]

are analyzed, and the user evaluation through virtual rewards is reviewed.

2.1 Search Strategy

In order to find the articles that were relevant with the research purpose of this systematic
literature review, a search strategy based on the PRISMA guidelines [20] was conducted. The
strategy included electronic database searching, references list checking and citations searching.

The main databases on which relevant papers were searched are the PubMed [21], ScienceDirect
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[22], ACM Digital Library [23], and SpringerLink [24] databases, and the Google Scholar [25]
web search engine.

To be able to keep the most relevant results based on the search string, at each database,
the articles in the first one-two pages were collected, as they were sorted by relevance. The search
was conducted at the databases by using different keywords relating to misattribution,
microattribution, nanopublication, evaluation metrics, research objects, profile building, and user
evaluation in bioinformatics. The search diary that was maintained (Table 2.1), details the
keywords that were used, the names of the databases that were searched, and the search scope. In
order to minimize the chance of missing pertinent studies, the electronic search was augmented
with reference list checking and citation searching. For each paper that was collected from the
electronic search, its references were checked, and the relevant papers were also collected.
Moreover, for the citations searching, the Google Scholar search engine was used to look for
papers that cited the already collected articles.



Table 2.1: Search Diary

Search String Database Scope
((“misattribution” OR  “microattribution” OR “nanopublication”) AND | PubMed Title,
(“repository” OR “citation” OR “publications”) AND (“bioinformatics”)) Keyword,
OR Abstract
((“research object” OR “tool” OR “workflow”) AND (“evaluation metrics”))

OR

((“profile building” OR “user evaluation”) AND (“virtual rewards” OR

“gamification”) AND (“Q&A system”))

((“misattribution” OR  “microattribution” OR “nanopublication”) AND | ScienceDirect Title,
(“repository” OR “citation” OR “publications”) AND (“bioinformatics”)) Keyword,
OR Abstract
((“research object” OR “tool” OR “workflow”) AND (“evaluation metrics”))

OR

((“profile building” OR “user evaluation”) AND (“virtual rewards” OR

“gamification”) AND (“Q&A system”))

((““misattribution” OR “microattribution” OR “nanopublication”) AND | ACM Digital | Title,
(“repository” OR “citation” OR “publications”) AND (“bioinformatics”)) Library Keyword,
OR Abstract
((““research object” OR “tool” OR “workflow””) AND (“evaluation metrics”))

OR

((“profile building” OR “user evaluation”) AND (“virtual rewards” OR

“gamification”) AND (“Q&A system”))

((“‘misattribution” OR  “microattribution” OR “nanopublication”) AND | SpringerLink Title,
(“repository” OR “citation” OR “publications”) AND (“bioinformatics”)) Keyword,
OR Abstract
((““research object” OR “tool” OR “workflow”) AND (“evaluation metrics”))

OR

((“profile building” OR “user evaluation”) AND (“virtual rewards” OR

“gamification””) AND (“Q&A system”))

((“misattribution” OR “microattribution” OR “nanopublication”) AND | Google Scholar Title,
(“repository” OR “citation” OR “publications”) AND (“bioinformatics”)) Keyword,
OR Abstract

((““research object” OR “tool” OR “workflow”) AND (“evaluation metrics”))
OR

((“profile building” OR “user evaluation”) AND (“virtual rewards” OR
“gamification””) AND (“Q&A system”))




2.2 Selection Criteria

In order to be certain that only relevant studies were included in the review, inclusion and
exclusion criteria were set on the collected articles [26]. To be considered for the review, the
searched articles had to focus on solutions to the stated research questions about misattribution,
research object metrics and evaluation, and profile building and user evaluation. The results were
restricted to English or Greek language; However, the final selected papers were all written in
English. The third inclusion criteria referred to the date of publish. The initial thought was to
include articles that were written in the last five years, as so to keep the review up to date with the
current studies. However, the relevant articles that were collected were not enough to formulate a
comprehensive review and therefore, it was decided to include articles that were published from
2005 to 2022.

Although only articles that were published from 2005 and onward were accepted, if older
articles were found important to be analyzed and presented, they would also be accepted as an
exception. Those four inclusion criteria were applied by reviewing every article’s title, abstract,
and keywords. The articles that met the inclusion criteria were obtained and then analyzed as to

their content and were evaluated.

2.3 Search Results

The literature research on PubMed, ScienceDirect. ACM Digital Library, Springer, and
Google Scholar gave a result of 394 different publications. 125 records were excluded because
they were found irrelevant based on their title, keywords or abstract. 52 reports failed to be
retrieved and 200 reports were excluded because they failed to meet the inclusion criteria.
Therefore, a total of 17 publications from the literature search were deemed eligible for review.

Apart from the literature search, the references of each eligible paper were also examined,
and 32 relevant publications were collected. Furthermore, the Google Scholar web search engine
was utilized to search for publications that cited the selected articles. From the citation searching
36 articles were collected. Out of the 68 reports, 9 failed to be retrieved and 51 failed to meet the

inclusion criteria. Therefore, 8 publications were deemed eligible for review.
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Figure 2.1: The search and screening process based on the PRISMA flow diagram

In order to illustrate the search and screening process, the PRISMA flow diagram was used.
The PRISMA flow diagram [20] illustrates the way information moves through the various stages
of a systematic review by summarizing the screening process. It displays the number of records
found, the number that was included and excluded, as well as the reasons for those exclusions.
Figure 2.1 represents the PRISMA flow diagram that was followed for the conduction of this
systematic literature review.

For the final review, this method identified 25 publications in total, published between
2004 and 2020. The list of the included studies with their authors, publication year and title are

presented below in alphabetical order (Table 2.2).



Authors Year | Title

P. H. Russell, R. L. Johnson, S. | 2018 | A large-scale analysis of bioinformatics code on GitHub

Ananthan, B. Harnke, and N. E.

Carlson

H. Kawashima and H. Tomizawa | 2015 | Accuracy evaluation of scopus author ID based on the largest
funding database in Japan

I. Tahamtan and L. Bornmann 2020 | Altmetrics and societal impact measurements: Match or mismatch?
a literature review

J. Priem, D. Taraborelli, P. Groth, | 2010 | Altmetrics: a manifesto

and C. Neylon

T. Mutter and D. Kundisch 2014 | Behavioral mechanisms prompted by badges: The goal-gradient
hypothesis

D. Hicks, P. Wouters, L. | 2015 | Bibliometrics: The Leiden Manifesto for research metrics

Waltman, S. De Rijcke, and I.

Rafols

R. C. Gentleman et al. 2004 | Bioconductor: open software development for computational
biology and bioinformatics

H. Cavusoglu, Z. Li, and K. W. | 2015 | Can gamification motivate voluntary contributions? The case of

Huang StackOverflow Q&A community

S. Mangul et al. 2019 | Challenges and recommendations to improve the installability and
archival stability of omics computational tools

L. Mamykina, B. Manoim, M. | 2011 | Design lessons from the fastest Q&A site in the west

Mittal, G. Hripcsak, and B.

Hartmann

D. Van Dijk, M. Tsagkias, and M. | 2015 | Early detection of topical expertise in community question

De Rijke answering

Z. Lacroix and H. Ménager 2005 | Evaluating workflow management systems for bioinformatics

Y. Gil etal. 2007 | Examining the challenges of scientific workflows

M. Martone 2014 | Joint Declaration of Data Citation Principles

F. Kern, T. Fehlmann, and A. | 2020 | On the lifetime of bioinformatics web services

Keller

N. Immorlica, G. Stoddard, and V. | 2015 | Social status and badge design

Syrgkanis

N. P. Chue Hong et al. 2019 | Software Citation Checklist for Authors

N. P. Chue Hong et al. 2019 | Software Citation Checklist for Developers
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A. M. Smith, D. S. Katz, and K. E. | 2016 | Software citation principles
Niemeyer

D. S. Katz et al. 2016 | Software vs. data in the context of citation

A. Anderson, D. Huttenlocher, J. | 2013 | Steering user behavior with badges

Kleinberg, and J. Leskovec

B. Giardine et al. 2011 | Systematic documentation and analysis of human genetic variation

in hemoglobinopathies using the microattribution approach

G. K. Sandve, A. Nekrutenko, J. | 2013 | Ten Simple Rules for Reproducible Computational Research
Taylor, and E. Hovig

Y.Hu, S.Wang, Y.Ren, and K. K. | 2018 | User influence analysis for Github developer social networks
R. Choo
R. Abdalkareem, E. Shihab, and J. | 2017 | What Do Developers Use the Crowd For? A Study Using Stack
Rilling Overflow

Table 2.2: Selected articles included in the review

2.4 Analysis of Literature

2.4.1 Misattribution in Bioinformatics

Although being cited can be extremely important in advancing one's academic and
scientific career [27], studies have proved that references in academic literature are commonly
inaccurate due to the premise that authors do not check their references or may not even read them,
or that credit is often assigned to a review paper rather than the original source of the idea [28]-
[31]. This can create the problem of misattribution where an author may not get the proper credit
of their contributions to the scientific field. Therefore, it is highly important to find solutions in
order to eliminate the incorrect attribution due to ignorance or misguided information.

The conventional methods being used to evaluate a researcher's scientific career may
include their publishing track record in international peer-reviewed scientific journals (ISI Impact
Factor [32]), the number of citations that each article receives, or the aggregated measure H-index
[33] of the total number of citations that each article receives. However, apart from publishing
scientific publications, there are additional ways for academics to contribute to the scientific
community, one of which is their ability to submit and claim their developed software programs.

Linking research data with publications in an open and semantically stable way, has become
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important for the improvement of the quality and transparency of academic communication [34].
It is essential for confirming study results and allowing data reuse. The relatively recent practice
of citing data begins to solve the long-standing issues that have limited the collective capacity to
find data and use it effectively in science. Citations assist the research infrastructure by giving
attribution detail, allowing future access, and encouraging cross-collaboration and inquiry, as well
as, providing attribution detail, facilitating future access, and promoting cross-collaboration and
investigation. Therefore, the scientific community can highly benefit from the widespread use of
data citation [35]-[38].

2.4.1.1 Misattribution in Publications

A traditional method to create a linkage between the authors and their publications is the
manual labeling by humans. Many studies have been conducted for the evaluation and
effectiveness of the algorithms that support that method. Results from those studies showed that
manually labeling data can be a difficult task [39]-[42]. Furthermore, labeling selections made by
humans may be incorrect, time-consuming or need numerous verification steps [43], [44].
Therefore, manual labeling is frequently insufficient for assessing a clarification task with a high
number of name occurrences.

To surpass the weaknesses of the human factor on the manual labeling, researchers
developed several algorithms for labeling data. Some studies relied on the published article’s
additional attributes, such as the co-authors, in order to validate the author [45]. Others, determined
the linkage based on the shared e-mail addresses or self-citation [46], [47]. These labeling
approaches can determine the linkage of the author and their articles on a vast scale at a short time,
yet their correctness is seldom checked. They frequently need negative, like non-matched labels,
sets created by heuristic rules, because they are meant to yield positive sets of name instance
pairings. For instance, names with distinct strings that do not share co-authors are presumed to
correspond to separate authors. An iterative clustering algorithm that triangulates various matching
characteristics including co-authors, e-mail addresses, and self-citation has been proposed to solve
this problem [48]. However, if those distinguishing qualities are inadequately documented for a

particular group of name occurrences, the algorithm’s usefulness may be limited.
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Other set of studies depended on localized third-party authentication sources to validate
the researcher’s information. Kawashima H. et al. [49], tested SCOPUS's [50] disambiguation
performance on a list of Japanese author names in different publications. They utilized the KAKEN
Database [51], which keeps track of a researcher's unique ID number, as well as, a list of their
confirmed publications in Japan. By comparing name strings, publication data and affiliations,
each KAKEN researcher profile was matched to the author’s name occurrence in a SCOPUS-
indexed publication and the KAKEN researcher ID was applied to the author’s name instance if
the match was validated. Similar studies have employed this approach to labeling on Italian and
Dutch scholars, utilizing each nation's administrative scholarly databases [52], [53]. NIH
EXPORTER [54] and Highly Cited Researchers [55] databases were also used in studies [46],
[56]-[58]. These record linking approaches yield large-scale and precise results, but they can
produce skewed findings. Names of researchers who are not active in a specified country or
discipline, or are not widely referenced, with these methods, they cannot be linked with their
publications [57].

Numerous studies have started using ORCID [59] as the globalized third-party
authentication source that can link authors with their publications [48], [60], [61]. Various studies
provide information on how ORCID could be used for authority control across different
repositories and digital libraries [62]-[64]. ORCID is an open platform with millions of researcher
profiles that include information about their authorship, education and employment [64]. Like
other authority sources, using ORCID can result in large-scale linking data [61]. However, unlike
other third-party authentication sources, profiles in ORCID are not restricted to certain disciplines,
geographic locations, organizations, or high-profile researchers. Therefore, ORCID can identify
the identities of researchers from a wide range of backgrounds, overcoming the weaknesses of

existing authentication sources.

2.4.1.2 Misattribution in Software

New knowledge is generated because of research and scholarship. The transmission of this
information has a significant influence on how society evolves and progresses, while also feeding
back to better future study and scholarship. The internet is altering the way things function in the
scientific community, as it does in several other areas of everyday life. It offers up potential for
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new procedures that can speed the evolution of learning, including the establishment of new ways
to communicate that information among scholars and the wider community. The potential for
considerably more effective higher education has been revealed by two decades of emerging and
more prevalent information technology.

However, the application of this technology is still restricted as research methods and
distribution of research findings have yet to completely embrace the web's and other digital media's
possibilities. Producers and consumers are still enamored of forms devised during the period of
print publishing, and research reward schemes are still based on old delivery techniques. Although
research papers and different publications have long benefited from an architecture that makes it
simple to cite them, the same values do not apply to software data. During the last decade, the
scientific community and open science required the increment of accessibility, openness, and
reproducibility, as well as the support of FAIR-aligned data repositories. The concept of FAIR
data is a set of criteria that assure that data are findable, accessible, interoperable and reusable [65].
To support the full understanding and distribution of research, software is just as important as a
journal article. Citing is an important part of the research and academic discourse process in all
disciplines. Therefore, just like other papers or books, software should also be mentioned and
referenced.

FORCE11 [66] is a group of academics, publishers and research funders that worked
together in order to promote the transition toward better knowledge production and sharing. Their
aim is to revolutionize academic communication via the integration of information technology,
both individually and collectively. The digital publishing of papers facilitates efficient scholarly
collaboration, which can include stronger data connections, the dissemination of software
applications, mathematical models, protocols, workflows, and research interaction via social
media channels [67]. They support that software should be cited in the same way as a paper is
referenced in a journal article and therefore, have developed guidance for software citation.

In 2016 [68], a working group aimed to establish a unified set of citation guidelines based
on a survey of existing community standards in order to encourage widespread adoption of a
general protocol for software reference across domains and platforms. Their work was presented
as a collection of software citation standards and reviews about the motives for generating the
principles, the existing community procedure, and the obligations these principles would impose

on various stakeholders. Their work was motivated due to prior research [69] that presented a list

14



of guidelines for data in academic literature or research object in order to support and encourage
ethical behavior. These Data Citation Principles addressed the aim, function, and qualities of
citations. They emphasized the need of developing citation methods that would be both intelligible
by humans and usable by machines.

Since software can be an executive tool that operates on data, another study [70] provided
instances and references to results in the form of citations to highlight the distinctions among
software and data in the context of citation. They recognized that software, while comparable to
data in regards of not being typically mentioned in publications, is nevertheless distinct from data.
The term “data” is used in research to refer to electronic recordings of observations made during
a research project (raw data), information obtained from such observations via some type of
processing (processed data), and the result of modeling software (simulated data). The term “data”
has a broader meaning in electronics and information systems, because it refers to everything that
can be processed by a computer and that contributes to the confusion over the separation between
software and data.

Future research [71], provided a standard checklist that authors of academic work, such as
papers, books, conference abstracts, etc., could use to ensure that they are referencing and citing
software they have used, whether they have created it for their research or they obtained it from
other sources, according to best practices. Furthermore, the same research could also be used as
the foundation for more specific instructions for writers and reviewers by journal editors,
publishers, or conference chairs. On the same note, the “Software Citation Checklist for
Developers” [72] provided a simple, standard checklist that software developers (both open source
and closed source) may use to ensure the adoption of best practices when it comes to software
citation. This would aid developers in receiving credit for their work, as well as promote
transparency, repeatability, and reuse.

Citing software enhances research by allowing other researchers to access it in order to
support proper citation and credit, enable peer-review, affirmation and reproducibility of findings,
support association and reuse and promote building on the work of others [73]. Software citation
raises software to the status of a first-class object in the academic environment, reflecting its

current importance.
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2.4.1.3 Nanopublication and Microattribution

A nanopublication does not have to be linked to a complete scientific paper (though that is
also a possibility), but it might instead refer to a repository from which it was produced.
Furthermore, nanopublications can be represented in Resource Description Framework (RDF) and
shared across computers using the Extensive Markup Language (XML). Nanopublications may
now be processed, searched, and retrieved easier through the Internet, as well as subjected to
computer reasoning, which is not possible with conventional papers [74]. Most crucially, because
nanopublications may be acknowledged and cited in the same manner as conventional papers, they
could motivate potential data contributors to publish their data in the public domain for everyone
to openly access and exploit [75]. This could have a big influence on future academic publication
methods since it makes data mining and data sharing easier, which raises the chances of a
publication being found and referenced.

Microattribution can be used for the academic acknowledgement of a specific author's
small contributions. The objective of microattribution is to create a publication procedure that is
available to all journals and that depends on the knowledge of all individuals with a commitment
in the unambiguous linkage of data to their contributors via a unique identifier [76]. Many
scientific fields allow for data sets to be compiled from multiple sources. It may appear that listing
every inventor is inconvenient, but technological advancements can alleviate this view and enable
equal attribution methods. While in the past these sources were simply ignored in the academic
contribution, today a table detailing the data and source serves as a contribution and is provided as
supplemental data. Microattributions can also be important for giving credit to nanopublications.
The components of assertion and attribution can be used to attribute these sorts of publications. In
2011, Giardine B. et al. [77], concluded that microattribution significantly increased the reporting
of different human variations, resulting in a complete online resource for comprehensively
characterizing human genetic variation.

Contributions to the construction and preservation of collected data are frequently
overlooked. This is due to a lack of formal data citation processes, as well as the low precision of
several contributions and the difficulty of distinguishing author names and identities [78]. Recent
approaches to this problem include internet identification frameworks such as OpenlD [79], name-

authority databases such as VIAF [80], scholar and professional profile networks such as
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ResearchGate [81], and bottom-up and top-down researcher identifier databases such as ORCID
[59] and ISNI [82].

ISNI is an [SO-certified worldwide standard number (ISO 27729:2012) [83] for
distinguishing the millions of people who contribute to creative works and those who are involved
in their dissemination, such as researchers, inventors, authors, artists, visual designers,
entertainers, producers, publishers, aggregators, and others. It is member of a community of
international standard identifiers, such as DOI, ISBN, ISSN, etc. that contain identifiers for works,
recordings, products, and copyright owners in all contexts. The ISNI International Agency's
mission is to assign a persistent unique identifying number to the name of a researcher, inventor,
writer, artist, performer, publisher, etc. in order to solve the problem of name confusion in search
and discovery; and to spread each designated ISNI across all forms in the global market so every
published work can be unequivocally attributed to its creator wherever that research is mentioned.
By meeting these objectives, the ISNI will serve as a cross-domain identifier and a major element
in Linked Data and Semantic Web services.

ORCID built a database for researchers aiming to give a solution to the name - ambiguity
problem in academic research by providing each researcher with a unique ID. It has created an
author self-registration service, as well as an author claim system for publications, and is working
with participants such as publishers, research organizations, and funders to connect digital research
to this database [84]. Most major scientific publications, CrossRef [85], and the Wellcome Trust
[86] are among the adopters. Such identifier systems could benefit microattribution, because it can
allow researchers to keep track of their advancements in science in real time and exceed the
conventional publication list [87].

2.4.2 Evaluation Metrics for Research Objects

Due to the introduction of new technology and lower costs related with sequencing
equipment, the availability and creation of new data has expanded significantly over the previous
decade. One of the major problems in biomedical research is the integrated analysis of massive
and increasingly complex sets of data in order to comprehend biological mechanisms, such as the
genesis and course of human illnesses. To detect and interpret the biological insights accessible

from this amount of data, it is critical to have efficient and useable sets of research objects, such
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as tools and workflows. Usability, according to the International Organization for Standardization
(1S0), is the degree to which a product can be used by specific people to achieve specific goals
with efficiency, effectiveness, and satisfaction in a specific context of use (ISO 9241-110:2020)
[88]. Therefore, research requires computer-assisted technique in order to bring new solutions for

maintaining scientific quality standards and repeatability.

2.4.2.1 Research on Workflow Systems

In bioinformatics, the workflow concept is gathering steam as the preferred method of
capturing the phases of computer experiments [89]-[92]. Using workflow formulation and
implementation tools like Taverna [93] and Galaxy [3], as well as workflow sharing platforms like
myExperiment [94] and CrowdLabs [95], it allows scientists to outline the phases of a complicated
analysis and expose them to peers. Data outputs are created from data inputs in a standard
workflow by a group of (possibly distributed) computational operations that are coordinated
according to a workflow design. Workflows, on the other hand, do not give a complete solution
for gathering all data and meta-data required to fully comprehend the environment of an operation.
As a result, sometimes it can be difficult (or impossible) for scientists to reuse or adapt existing
procedures for their own research. A recent report [96] of Taverna workflows on myExperiment
identified inadequate meta-data as one of the primary reasons of workflow degradation, because
they were unable to execute it again after it was created.

Table 2.3: Ten rules for reproducibility of computational research, derived from Sandve G.K. et
al. [97]

Rule # | Rule
1 For Every Result, Keep Track of How It Was Produced

Avoid Manual Data Manipulation Steps

Archive the Exact Versions of All External Programs Used

Version Control All Custom Scripts

Record All Intermediate Results, When Possible, in Standardized Formats

For Analyses That Include Randomness, Note Underlying Random Seeds

Always Store Raw Data behind Plots

| N o o | WO DN

Generate Hierarchical Analysis Output, Allowing Layers of Increasing Detail to Be Inspected

18



9 Connect Textual Statements to Underlying Results

10 Provide Public Access to Scripts, Runs, and Results

A few research works [98], [99] discussed the issue of study reproducibility.
Reproducibility criticality impacts a wide range of scientific domains to varying degrees [98].
Given the importance of bioinformatics in several biological and biomedical investigations
nowadays, substantial effort must be made to make computational analyses repeatable [97], [100],
[101]. The short service of bioinformatics software, the intricacy of pipelines, the uncontrollable
effects generated by changes in system frameworks, the inconsistent data or inaccuracy in
workflow specification, and other factors may all contribute to reproducibility concerns in
bioinformatics. Sandve G.K. et al. [97] proposed ten good practice criteria for the creation and use
of a computational workflow aiming to address reproducibility difficulties in bioinformatics (Table
2.3). The Bioconductor [102] project, that offers version control for a significant number of
genomics/bioinformatics packages, complies with several of Sandve's principles. Users can access
previous versions of any Bioconductor package in this way. Nevertheless, Bioconductor does not
support all phases of any bioinformatics process; for instance, in an RNAseq workflow, fastq
trimming and alignment are often executed with tools that are not available in Bioconductor [103].
Both professional and open-source cloud systems, such as BaseSpace [104] and Galaxy [105], also
substantially fulfill Sandve's objectives. Furthermore, in such systems, procedures cannot be
significantly changed; for example, BaseSpace [106] has tight restrictions for application

submission. Additionally, cloud applications must address legal and ethical concerns [107].

2.4.2.2 Maintenance and Execution of Tools

With the mass production of scientific studies and publications accompanied by the
development of bioinformatic software tools little attention is being given to the importance of
maintaining bioinformatic tools. Scientific journals require data and code sharing, but none
currently require authors to guarantee the continuing functionality of newly published tools.
Multiple studies have identified the deterioration of long-term archival stability of published
software tools [108]-[112].

Russell P. et al. [113] investigated the state of source code in the bioinformatics community

using Github repositories. In order to find such repositories to investigate, they had to search public
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journal articles in bioinformatics topics and look through the high volume of posts about certain
projects on the online forum of Biostars [114]. The result was 1720 repositories based on the
journal articles, and 23 by Biostars. The conducted research showed that mostly the larger
development teams tend to revisit the code and keep it maintained, which also suggests that users
tend to choose that software. In another research, Mangul S. et al. [115] estimated the archival
stability of computational biology software tools by performing an empirical analysis of the
internet presence for 36702 omics software resources published from 2005 to 2017. They found
that almost 28% of all resources were not accessible through URLs published in the paper they
first appeared in. Lastly, Kern F. et al. [116] provided an up-to-date and comprehensive evaluation
of the general availability of web services, by collecting 2727 articles describing 2396 unique tools
published by PubMed indexed journals from 2010 onwards and testing their availability over time.
Their results analysis generalized the results of the Schultheiss study [117] described 10 years ago,
as they found that of the 2396 tools extracted from 2767 articles published in PubMed between
2010 - 2020, 74.3% were still working, whereas 25.7% had gone offline.

Moreover, besides the troubling maintenance of tools, testing them for their installation
and general usability seems to be another difficulty. Mangul S. et al. [115] selected 98 software
tools to test for their installation usability, which resulted in 51% being deemed “easy to install”,
and 28% of the tools having failed to be installed at all due to problems in the implementation.
Among those problems are the license restrictions that come with the use of the created code. As
Russell P. et al. [113] mentioned, many repositories, despite being made public on GitHub, do not
feature explicit licenses, which results in restricting the rights of others to reuse and modify their
code. Furthermore, a common wonder is the number of accessible tools compared to the published
ones. Kern F. et al. [116] found that of the 2396 tools, only 40.5% is listed in bio.tools [118], one
of the largest known sites when it comes to bioinformatics software tools, and 59.5% is not. Most

importantly, 3.5% of the listed tools are not accessible by users.

2.4.2.3 Principles for Research Object Systems

There are several software solutions that may be classified as scientific workflow
management systems, each with its own set of features. The applications and technology in this
field are quite diverse. These systems have many properties, such as being adapted to support
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specific processes, or being scientific or commercial [119], [120]. As a result, while choosing
software, a scientist must determine which satisfies his requirements the best. To determine how
well a piece of software matches a user's demands, related software must be found, and the
advantages offered by each must be evaluated. Because of the range and complexity of the existing
alternatives, as well as the fact that each user has their own unique demands, comparing various
systems can be a difficult process. Therefore, each of the potential criteria should be given a
different level of priority.

A set of criteria for assessing various bioinformatics workflow management applications
were proposed by various studies [121], [122]. These criteria ought to be simple to evaluate and
relate to the software category's requirements. The requirements they suggested included: the
description of the workflow’s definition; the completion of the prescribed tasks in accordance with
the workflow's coordination characteristics; the insurance that the outcomes and effects are
accessible; the provision of a secure multi-user framework, which is essential in any commercial
software system; the provision of data gathering tools that allow scientists to take advantage of the
abundance of resources available; the provision of high processing capabilities that could match
the data-intensive processes performed; the maintenance of data traceability and, as a result,
establishment of repeatability in a highly dispersed and dynamic context; and the provision of
easier system use by maintaining a high level of transparency between workflow design and
execution, automatically resolving translation and interoperability difficulties between the many

databases and tools utilized.

2.4.2.4 Evaluation Metrics in Open Science

Even though open science has widespread acceptance throughout scientific and
technological organizations, institutional and cultural hurdles remain. The existing structure of
scientific research across disciplines is insufficiently favorable to information sharing between
professions and among researchers and the general public. The way colleges are divided into
departments and separated from society might make information, expertise, and data more difficult
to obtain. Local initiatives to promote open science may be limited by an underinvestment in
education and data systems, and therefore, open data and open access publication may be affected
by fund limitations and the use of private data and tools in research [123]-[125]. The institutional
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systems of academic research, which frequently fail to recognize, appreciate, and reward attempts
to open-up the scientific procedure, are one of the most major impediments to the objectives of
open science. As a result, if researchers embrace innovative methods of working and publishing
rather than conforming to old procedures, their career development may be inhibited [126]-[128].
In any research system, especially an open one, evaluation metrics can be critical. It is crucial to
recognize however, the inherent limitations of them as they can be employed in ways that could
slow down the development rather than speed it up.

Some studies claim that metrics contribute to colleges' increasingly bureaucratic and
control-driven cultures [129], [130]. Three main problems are frequently raised. First, managers
and funders are focusing their attention on items that can be assessed rather than those that cannot.
Second, there is a decline in variety when a concentration on certain metrics or ranking tables leads
universities to embrace similar strategic goals, and individual academics focus on reduced,
progressive work directed at larger publications [126]. Third, there is a misalignment of incentives,
which exacerbates issues with research quality, integrity, and reproducibility [131], [132].

However, metrics help in keeping track of the scientific system's progress toward openness
at all levels, and in measuring performance, in order to recognize and reward better methods of
functioning in groups and individuals. Such objectives need the creation of new indicators as well
as the more responsible application of current measurements. Several projects to solve these
concerns have been made, including DORA [133], which urged for research to be evaluated on its
own qualities and for journal impact factors to be eliminated from funding, hiring, and promotion
choices; the Leiden Manifesto [126], which lays out ten principles for using key measures in
research evaluation; The Metric Tide [127], which established a framework and specific
suggestions for appropriate metrics by conducting an objective review of the use of metrics in

scientific evaluation and monitoring.

2.4.2.5 Traditional Evaluation Metrics

Research papers, primarily journal publications, are measured using traditional measures.
The number of publications and the citation count an article obtains are the two most fundamental
types of metrics. These variables can be combined at various levels. A single article, a scholar, a

research unit, or an organization can all be evaluated.
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More advanced metrics have been developed from the data of publication and citation
counts including the H-index [134], the Journal Impact Factor (JIF) [135], the SCImago Journal
Rank indicator (SJR) [136], source normalized citation indicators [137], the Eigenfactor [138], the
Source Normalized Impact Per Paper (SNIP) [139], and CiteScore [140]. When items from various
fields or aggregation levels are compared, it is necessary to standardize indicators since publication
and citation practices differ substantially. Several studies complain that the JIF is misused as a
measure of an article's impact. JIF is an average for the whole journal, and therefore does not truly
reflect the citation significance of different articles. However, neither the Leiden Manifesto nor
the Metric Tide dismiss the JIF or other metrics outright; rather, they recommend that they should
be utilized appropriately [141]-[144]. Although the h-index has been criticized for biasing towards
older academics and failing to capture the influence of highly cited papers, it is still commonly
utilized. Bibliometricians suggest that it is critical not to depend just on numbers and indicators,

but to combine them with qualitative evaluation of the object of evaluation [126], [145]-[148].

2.4.2.6 Usage Evaluation Metrics

Usage metrics are frequently generated by the count of views or downloads of an object.
Because many users, such as students, policymakers, and the general public, read articles or utilize
data without ever publishing, usage metrics differ from citations [149], [150]. Furthermore, even
though a study may be included in a paper, it might not get acknowledged [151]. Attention and
acceptance are evaluated with usage metrics, such as the usage impact factor [152] or libcitations
[153].

Usage metrics are extremely important in open science, not just for measuring traditional
publishes (posts, blogs), but also for the re-use of open data and software. Open access and
commercial publishers give usage information for different articles. Several organizations, such as
ACM [23], provide the number of downloads of a particular article from their platform. In
collaboration with Mendeley [154], Elsevier's ScienceDirect [22] offers researchers the number of

downloads of their articles on the ScienceDirect platform.
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2.4.2.7 Altmetrics

Altmetrics were created to cover further areas of influence that traditional and usage
metrics do not address. With the creation of the web technologies, new opportunities for evaluating
the effect of research papers have emerged, including published journals, books, reports, data, and
other non-traditional publication types. Altmetrics have evolved into a tool for assessing the
sociocultural effect of scientific research [155]. In 2009 [156], the term “article-level metrics” was
proposed, whereas in 2010 [157], the word “Scientometrics 2.0” was introduced. Priem J. et al.
[158], further explored and refined the idea of alternate ways to measure academic activities, and
the term “altmetrics” was used as an abbreviation for alternative metrics. Blogs, Twitter [159],
ResearchGate [81], and Mendeley [154] are among the most popular social media applications for
Altmetrics.

Using altmetric signals has numerous benefits including that they are quick in comparison
to citations; they cover a wide range of objects, including datasets, code, exploratory research,
nanopublications, blog entries, comments, and tweets; and they are diverse, because they provide
a variety of indicators for the same object, such as downloads, likes, and comments [158].
Although they are typically thought of as purely quantitative measures, they also allow for
qualitative examination of academics and beneficiaries, such as by analyzing the content of user
profiles or comments [155]. As a result, they can contribute to the guide of qualitative analyses,

expanding our knowledge on the significance of study results.

2.4.3 Gamification for Profile Building

Several online Q&A sites exist to exchange knowledge for a variety of disciplines ranging
from technology to art. Because the maintenance of such platforms is dependent on the
contributions of its users, those sites’ creators pay attention to them and look for methods to reward
them by building and expanding their profiles. Therefore, to encourage and reward user
engagement, many systems employ gamification methods. Gamification is the application of game
concepts and tactics to non-game settings to encourage and attract people in a variety of tasks. It
recognizes the accomplishments of users, it motivates them as they go through stages, and
ultimately engages them mentally in the intended behavior [160]. The gamification methods may

include reputation score, upvotes, downvotes, rewards, and badges, that assist the Q&A platforms
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in attracting new users, and ensure their long-term viability, while also motivating users to
continue learning [161], [162]. Several developer social network platforms have adopted those
methods including Github [18] and Bitbucket [163], where software developers that register up for
an account, connect with other users and share information, such as making contributions to

software application projects or repositories, or answering questions.

2.4.3.1 Reward System on Github

Github is among the most widely used social networking platforms because of its features
and usefulness. Users may quickly browse through vast quantities of code with Git, fork content
from other members, and create project branches. The vast volume of data generated by its social
development activities can be mined for social and collaborative aspects [164], [165]. It offers
social network capabilities such as following people, starring, and forking projects in addition to
code hosting and maintenance. Users may use Github to follow different users, star, fork, commit
or create projects, open issues, and make pull requests. The user's potential influence is
transformed into real effect through those activities. More active engagement implies that a person
has a higher degree of interest and contribution, and regular interaction can improve mutual trust.
These are important qualities of social power. Furthermore, the likelihood of a user being
recognized by others is proportional to his or her degree of activity. For example, an active social
media person is more likely to be recognized by other users. As a result of activities, the user's
online impact increases. Hu Y. et al. [166], conducted a study to analyze the data that describe the
users’ sociability on Github. The results showed that changes in the number of followers may
indicate a user's impact over time, as users with a lot of influence have a greater effect on the

platform.

2.4.3.2 Reward System of Stack Overflow

The technical Q&A platform Stack Overflow [19], which is part of the Q&A community,
has piqued the interest of developers and has risen to the top of the Stack Exchange network.
Developers get a social purpose on the platform by submitting questions or reading and responding

to them. Users engage with each other in the community and create crowd-sourced content through
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their posting behaviors [167]. Furthermore, posting allows users to improve their programming
abilities and expertise. Users can improve or acquire new skills by engaging with other coders in
the community, as the complexity and knowledge level of queries varies. Furthermore, they can
build a programming expertise portfolio because of their social engagement and involvement to
aid their job research [168]. In general, the human component in software development is one of
the most important factors impacting the industry's long-term viability and evolution [169].
Because users contribute without receiving financial reward, it is difficult for online
communities to motivate members to engage effectively in them. However, the Stack Overflow
platform managed to overcome those problems by creating distinctive participation features, and
a reputation system, which is based on social approval and balances the quality and quantity of
contribution. Its members review each other's contributions, and the marks of their
accomplishments include points, badges, and levels for quality engagement. Stack Overflow used
gamification concepts to utilize the potential of the public for meaningful participation. Cavusoglu
et al. [170] conducted an empirical study to research the way awarded badges on the Stack
Overflow platform can motivate users. Consequently, their findings indicated that users who got

badges for giving answers were more likely to answer even more questions.

2.4.3.3 User Evaluation through Virtual Rewards

Stack Overflow has grown to a vast social platform where knowledge seekers and suppliers
of all levels and skills connect to solve programming problems [171]. It altered the way developers
learn, interact, and collaborate to create information repositories for future use [172]-[174]. It
became a vital element of the software development system and developers are increasingly
relying on it for their everyday programming needs. Furthermore, users on other platforms, such
as Github, actively urge their members to look for answers on Stack Overflow [175]. The
platform’s users may discover several high-quality solutions for multiple programming languages,
tools, frameworks, or software [176]. Moreover, if what they require is not accessible, they can
publish a post and obtain responses almost immediately [177]. Also, users are encouraged to
participate to obtain virtual awards, such as reputation points and badges [178]. Most importantly,
by gaining those virtual awards, they can demonstrate their knowledge to potential recruits using
their profile page that lists their contributions and achievements [179]. As a result, other users and
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recruiters can form impressions about their expertise of topics, their programming abilities, skills,
and experience. In such a highly competitive environment, users that stand out are those that
successfully acquire visible traces to attract attention. One such significant way for users to stand
out is by acquiring many reputation points and badges. Consequently, fellow users and recruiters
may create opinions about their expertise, programming skills, capabilities, and knowledge. Users
who effectively collect visual traces to draw attention are those who stand out in such a competitive
setting [180], [181]. Obtaining a big number of reputation points and badges is one important
method for users to identify themselves.

Despite having no stated value, virtual awards serve as social status indicators. Some
badges are difficult to get because they demand a lot of work. These have a greater prestige value
since they differentiate community members. Others are easy to get and serve as motivators and
learning tools. On crowdsourced systems, badges fulfill a variety of socio-psychological roles
[182]. The function of badges in reward systems has been a frequent topic in research [183]-[186].
According to Immorlica N. et al. [187], the best design utilizes predefined badges, which are
awarded only to individuals who have made a certain number of contributions, and to assess the
efficacy of such badge systems.

Virtual rewards have been studied qualitatively and quantitatively in a variety of scenarios,
including open-source software and data libraries [175], [188], [189]. Anderson A. et al. [190]
provided a mathematical model for predicting how badges influence user behavior. Mutter T. et
al. [191] proved that when users are close to earning a badge, their participation level increases.
First-time badges, which are granted after a user performs a certain activity for the first time, have
an indirect effect on user behavior and improves the platform’s functionality [192]. Therefore,
reputation points and community activity patterns could be strong indicators of a system’s long-

term worth and a user’s evaluation of contribution and expertise on the platform [171].

2.5 Findings

The problem of misattribution has been widely addressed and researchers have underlined
the problems that result from not acknowledging an author’s contribution to scientific fields,
especially, bioinformatics. Manual labeling by humans is a traditional method that creates a

linkage between the authors and their publication. However, due to human-errors and time-
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consuming processes, researchers tried to surpass those weaknesses by developing algorithms for
labeling data. Although fast, those algorithms showed limitations when distinguishing qualities
were inadequately documented. In an effort to overcome the limitations of those algorithms,
several studies depended on localized or globalized third-party authentication sources to validate
each researcher’s information. Among many authenticators the open platform of ORCID was most
widely used. Various studies provided information on how ORCID could be used for authority
control across different repositories and digital libraries. Therefore, ORCID could identify the
identities of researchers from a wide range of backgrounds, overcoming the weaknesses of existing
authentication sources.

Apart from publishing scientific articles, there are additional ways for academics to help
the scientific community, one of which is their ability to submit and claim their developed software
programs. Linking research data with publications in an open and semantically stable way, became
important for the improvement of the quality and transparency of academic communication. The
scientific community and open science required the increment of accessibility, openness, and
reproducibility, as well as the support of FAIR-aligned data repositories. Several studies supported
that software should be cited in the same way as a paper is referenced in a journal article, and
therefore have published guidelines, principles, and checklists for software citation. It has been
proved that citing software enhances research, therefore, allowing other researchers to access
proper citation and credit, can enable peer-review, affirmation and reproducibility of findings,
association and reuse, and promote building on the work of others.

Nanopublication and microattribution are terms that have also been used by researchers in
the limitations of supporting authors’ contributions to the scientific fields. As research shows,
nanopublications should be acknowledged and cited in the same manner as conventional papers,
because they could motivate potential data contributors to publish their data in the public domain
for everyone to openly access and exploit. Open-access journals, such as Scientific Data [193], or
JMIR Data [194] have acknowledged, adopted, and shared the importance of publishing open
datasets for analysis and reuse of scientific data. This could have a big influence on future
academic publication methods since it could make data mining and data sharing easier and raise
the chances of a publication being found and referenced. Microattribution can be used for the
academic acknowledgement of a specific author's small contributions. The objective of

microattribution is to create a publication procedure that is available to all journals and that
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depends on the knowledge of all individuals with a commitment in the unambiguous linkage of
data to their contributors via a unique identifier. These technological advancements can enable
equal attribution methods and therefore, contributions to the construction and preservation of
collected data should not be overlooked. ldentifier systems, such as ORCID, could benefit
microattribution and nanopublication, because it could allow researchers to keep track of their
advancements in science in real time and exceed the conventional publication list.

The integrated analysis of massive and increasingly complicated sets of data is difficult in
biomedical research. It's vital to have efficient and usable sets of research objects, such as tools
and workflows, to discover and analyze the biological insights available from this massive amount
of data. In bioinformatics, the workflow concept is gathering steam as the preferred method of
capturing the phases of computer experiments. Using workflow formulation and implementation,
several tools and platforms allow scientists to outline the phases of a complicated analysis and
expose them to peers. Given the importance of bioinformatics in several biological and biomedical
investigations, substantial effort must be made to make computational analyses repeatable and
workflow systems and tools maintainable. A scientist should have the option to determine which
research object will satisfy their requirements. Various studies have proposed a set of criteria for
assessing various bioinformatics workflow management applications. Those criteria, among
others, included the insurance that the outcomes and effects are accessible; the provision of high
processing capabilities that could match the data-intensive processes performed; the maintenance
of data traceability and, as a result, establishment of repeatability in a highly dispersed and
dynamic context; and the provision of easier system use by maintaining a high level of
transparency between workflow design and execution, automatically resolving translation and
interoperability difficulties between the many databases and tools utilized.

Despite growing support of open science and research across scientific and technology
institutions, institutional and cultural barriers still exist. The current framework of scientific
research across disciplines is not conducive to information exchange within professionals, as well
as between researchers and the general public. Evaluation metrics can help in keeping track of the
scientific system's progress toward openness at all levels, and in measuring performance, in order
to recognize and reward better methods of functioning in groups and individuals. Three types of
evaluation metrics exist. The most fundamental traditional metrics measure the number of

publications and the citation count that an article obtains. The usage metrics are frequently
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generated by the count of views or downloads of an object. Altmetrics assess the sociocultural
effect of scientific research as they cover a wide range of objects, including datasets, code,
exploratory research, nanopublications, blog entries, comments, and tweets. All these types of
metrics can contribute to the guide of qualitative analyses, expanding our knowledge on the
significance of study results and research objects.

Several online Q&A sites can be researched in order to better understand the expanding
and profile building of a user. Because the maintenance of such platforms is dependent on the
contributions of its users, those sites’ creators pay attention to them and look for methods to reward
them through gamification methods. Github is among the most widely used social networking
platforms because of its features and usefulness. Users can use Github to follow different users,
star, fork, commit or create projects, open issues, and make pull requests. The user's potential
influence is transformed into real effect through those activities. Stack Overflow gives developers
a social purpose on the platform by having them submit questions or read and respond to them. By
creating distinctive participation features and a reputation system, which is based on social
approval, the Stack Overflow platform managed to keep its users engaged and awards them with
popularity points and badges. Those virtual badges, despite having no stated value, they serve as
social status indicators. Different awards have different prestige values, and they can differentiate
community members. Many studies proved that reputation points and community activity patterns
can be strong indicators of a system’s long-term worth and a user’s evaluation of contribution and

expertise on a platform.
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3 Methodological Approaches

Although the big data revolution has drawn attention to several bioinformatics databases
and tools, using them successfully frequently necessitates specialized knowledge. Many
organizations lack the necessary bioinformatics competence, and they commonly discover that the
software's documentation is insufficient while their local counterparts can be overworked or
uninitiated with certain programs. Such issues frequently result in data analysis bottlenecks that
impede the advancement of biological research. This section presents different platforms that share
similarity to the OpenBio project and explores the proposed solutions they incorporated in their

systems.

3.1 The Galaxy Platform
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Flgure 3.1: The Galaxy platform

Galaxy [195] is a web-based scientific research platform that scientists use to study huge
biomedical datasets like those found in genomes, proteomics, metabolomics, and imaging. Galaxy,
which was founded in 2005, continues to focus on three fundamental issues in data-driven
biomedical science including the accessibility of analyses to all scientists, ensuring analyses are

entirely repeatable, and making it easy to communicate analyses so they can be reused and
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extended. The Galaxy team and the open-source community behind Galaxy have made significant
changes to Galaxy's fundamental framework, user interface, tools, and training materials. Galaxy
can now analyze hundreds or thousands of datasets due to improvements to its framework and user
interface. The Galaxy ToolShed currently has over 7500 tools [196]. Its community has
spearheaded a project to provide several high-quality tutorials on popular genomic analysis.
Galaxy's developers and user communities are continuously growing and play an important role
in the company's development. The number of Galaxy public servers, the developers who
contribute to the Galaxy framework and tools, and users of the main Galaxy server have all grown
considerably.

The Galaxy software ecosystem is made up of several different parts, including an
integrated repository of tools for a variety of biomedical studies, a web application that allows data
analysis through using integrated tools via a web interface, a large number of customized
installations of the web application, a training network that offers tutorials and provides workshops
on using Galaxy for various studies, and a diverse and inclusive community of users [197].

Through its community hub, the Galaxy provides updates and news. The Galaxy
Community offers support for many active regional communities that write programs for the
software framework depending on their requirements, manage Galaxy instances for their users,
and host localized meetings and training courses. Although each user can rate a research object,
they cannot open a discussion, raise questions, offer solutions, or mention possible issues that
object may have. Furthermore, the Galaxy project lacks the ability to evaluate users based on their
contribution to the platform. Moreover, it cannot semantically connect users with their

accomplishments.
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3.2 The Bio.tools Website
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Figure 3.2: The bio.tools web site

Bio.tools [198], a web site offered by the European Infrastructure for Biological
Information ELIXIR [199], can help with the discovery of bioinformatics resources, such as
software programs, web applications, and database sites. Users can find and review materials using
its graphical user interface. Providers of bioinformatics resources could use bio.tools to increase
the visibility of their services. Although it may lack the power for a user to evaluate research
objects, they provide the ability to identify and connect a user with their software and publications.

Over the last years, bio.tools has progressively grown to contain great quantity of citations
and sources [200]. Globally, all life science areas are within the scope of application software of
any kind. From straightforward command-line tools and Web apps to databases, workflows, and
integrated workbenches, everything falls under this category. Most articles discuss open source or
publicly available tools with simple features that may be combined into useful workflows. An
exclusive tool identifier, which is a carefully checked, URL -safe variant of the specified tool name,
is given to each access. The tool IDs offer a practical way to cite and track software when
accompanied by a version label given by a developer, given the complete lack of a standard
publication. The IDs can be used in permanent bio.tools URLSs that resolve to informational Tool

Cards. Only the basic information is required by bio.tools (name, brief description, and webpage),
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but it supports extensive descriptions of 50 key scientific, technological, and administrative aspects
[14]. Resources must adhere to strict semantic and syntactic requirements that are outlined in the
documented schema known as biotoolsSchema [201]. For the user's convenience, controlled
vocabularies are widely used and give information that is clear, dependable, and hence
comparable. In the EDAM ontology, for instance, tools may be labeled with subjects, procedures,
input and output types of data, and compatible formats [202]. Wherever feasible, standard
identifiers are utilized, such as DOIs for publications, and descriptive content, such as manuals or
citation guidelines, are referred by URL. As a result, the difficulty of bioinformatics software is
simplified to groups of easily comprehendible functional units that are placed in a scientific and
technological context and include data that facilitates access and usage. Therefore, end-users can

benefit from the platform’s collection and standardization of data in a plethora of different ways.

3.3 The Datasets2Tools Platform
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Figure 3.3: The Datasets2Tools platform

Datasets2Tools [203] is a detailed index and platform for the exploration and assessment
of a preliminary collection of numerous canned bioinformatics analyses performed to datasets by
carefully chosen tools that give durable canned analysis URLs. Several software tools have been
indexed by Datasets2Tools and published in prominent bioinformatics journals. Users can quickly
locate pertinent datasets, tools, and digital objects with Datasets2Tools. Additionally,
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Datasets2Tools is provided as an Application Programming Interface (API) and a Google Chrome
browser plugin.

The ability to assess datasets, tools, and canned analyses according to their adherence to
the discoverable, accessible, interoperable, and reproducible (FAIR) principles is one special
feature of Datasets2Tools. Datasets2Tools has three different sorts of digital items: datasets, tools,
and canned analyses. Users can respond to nine Yes or No questions on how findable, accessible,
interoperable, and reusable these three types of digital objects are. Evaluations are kept in a
database and shown next to each dataset, tool, or canned analysis as an indicator. All listed
bioinformatics tools in Datasets2Tools come from publications, hence next to each tool's card are
listed its Altmetric Attention Score, PlumX rating, and PubMed citations. This metrics display can
help users to easily recognize and rate bioinformatics tools.

An online interface allows users to view the data included in the Datasets2Tools database.
A search engine enables unrestricted queries, as well as keyword and metadata-based filtering.
Several indicators, including the date of upload, the publication's Altmetric Attention Score, and
the digital object's compliance with FAIR assessment, can be used to rate the digital objects
returned by search results. The opportunity to quickly identify the digital items most pertinent to
the user's interests is made possible by the combination of search query, metadata filtering, and
sorting. Users may acquire details about the list of retrieved digital items by going to the landing
pages that correspond to them after doing a search. There are landing pages for every dataset, tool,
and canned analysis. The digital object's name, description, identification number, external links,
and metadata, as well as connections to pertinent publications and related metrics, are all
summarized on these landing pages. References to the most relevant digital objects are also
provided by landing sites. Natural Language Processing (NLP) is used to determine such
suggestions for similar digital objects. Links to more relevant digital objects that are connected to
the specific object through canned analyses are also displayed on landing pages for digital
objects. Access to datasets that have been examined by a tool are included on its landing pages,
along with links to all its canned studies. Similar to this, dataset landing pages provide links to
both the canned analyses that correlate with each tool that was used to examine the dataset. Finally,
landing pages for canned analyses provide access to the datasets and software used to create them.

As mentioned above, landing pages make it simple for users to access evaluation forms so

they may rate digital objects based on how well they adhere to the FAIR principles. After the user
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submits their rating, the database stores the results, which are then combined with all other users'
ratings and shown as a grid icon on the respective landing sites [15]. Users may prioritize and
choose services depending on their total FAIRness score using the search ranking algorithm, which
also incorporates the FAIRness evaluation data.

Datasets2Tools is a prototype for a platform that allows for the effective management of
three different categories of biomedical digital objects, however it focuses primarily on indexing
a new category of digital item known as the canned analysis. Tens of thousands of previously
conducted bioinformatics studies may be found, accessed, integrated, and reproduced thanks to the
Datasets2Tools architecture, which is built in accordance with the FAIR principles [15].
Developers looking to market their computational tools may find Datasets2Tools a useful platform
since it enables users to add their own canned analyses to the database. Bioinformatics developers
may be able to connect with additional users who are not familiar with their tools by sharing
analyses produced by the computational techniques they create. Additionally, researchers may find
Datasets2Tools to be a useful platform for promoting their data analysis methods and experimental
findings.

Finally, Datasets2Tools presents a technique for assessing digital objects in accordance
with the FAIR principles. By responding to a brief questionnaire, Datasets2Tools users may assess
the FAIRnNess of research objects. The database stores evaluation findings, which are then made
accessible on the landing pages of each research object via a FAIRness indicator. Users can rank
resources by their adherence to the FAIRness principles using Datasets2Tools' ranking of search
results according to FAIRness ratings. Additionally, FAIRness evaluations may be automated by
quickly checking if a digital item in the Datasets2Tools database complies with the FAIR
standards. The work done to formulate and execute Datasets2Tools is assisting in achieving the
goal of the NIH Data Commons [204].
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3.4 The BioStar Forum
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Figure 3.4: The BioStar forum

BioStar [205] is an online forum, derived from the Stack Exchange platform, that hosts
discussions between specialists and others looking for answers to computational biology issues.
The main advantages of BioStar include its significant and engaged community of knowledgeable
users, quick response times, the way in which questions and answers are arranged so that
discussion stays on the subject at hand, as well as the way in which questions and answers are
ranked so that their usefulness can be determined. These rankings, which are based on community
feedback, also apply a reputation score for each user, that keeps knowledgeable contributors
interested.

By enabling researchers to ask questions and provide answers to bioinformatics-related
issues, BioStar fosters a strong bioinformatics community. Based on the Stack Exchange
technology, which enables users to ask or answer questions for a specific problem and aims to
form a concise discussion limited to a single question, BioStar was developed by associates of the
Bioinformatics Consulting Center in late 2009. Members of the site evaluate the questions and
answers, and anybody can update them in a way that is similar to a wiki. The programming and
informatics groups on the Stack Overflow website have utilized this technology with notable
success [114]. Since its launch, BioStar has numerous active registered users and has gathered an

immense knowledge base questions in the bioinformatics and programming fields.

37



The BioStar online interface offers a setting where beginner users can ask questions while
interacting with experienced users who are effective to assist with the answers. The process for
submitting a new technical question to the forum is quick and easy, and individuals with greater
experience frequently advise rewording queries that are poorly written. To motivate users to
provide accurate, relevant, and helpful responses, BioStar uses a system of user ratings, badges,
and privileges. As a result, the authors of the original inquiry as well as those who submit a
response are rewarded for their work. In addition, compared to a typical forum, keyword tags and
a search option make it incredibly simple to identify similar topics or explore a certain topic.

Another significant function of BioStar is the awarding of reputation points based on user
votes for good questions, correct or acceptable responses, and relevant comments. Users increase
their involvement to improve their reputation, and the competition raises the overall site's response
rate and quality [114]. The responses that have received the highest support from voters for each
question rise to the top. BioStar has profited from the fact that bioinformaticians seem to be more
familiar to this discussion style as early visitors have also advertised the website on various internet
networks.

In conclusion, due to these features functioning altogether, BioStar has developed into a
vibrant, dynamic, and quickly expanding online forum for bioinformaticians and computational
biologists. It has quickly gathered a substantial and diverse group of users, serves as a point of
reference for other smaller groups that have developed around other social sites, and has had

measurable influence on how some research projects were conducted.

3.5 Findings

Many databases and tools have been developed by a wide range of providers, including
small businesses and big service organizations, to serve the dynamic fields of biology,
biotechnology, and medicine. Researchers must deal with biological data that is inherently
complicated and has been incorporated into myriad of data formats for examination using a wide
variety of techniques and software, installations, and interfaces. It is difficult to judge the extent
and compatibility of emerging resources in the context of global offers since developments are
frequently made on the spot and there is no clear source of consolidated information. For instance,

software may lack a codified definition of its scientific and technological purpose, and the lack of
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permanent, specific tool IDs makes it difficult to cite sources accurately and ensure that analyses
can be repeated. The task of bioinformatician, that create useful workflows for scientific discovery,
is difficult since there are considerable obstacles to finding and connecting the appropriate tools
among a wide range of options.

To solve the problems of research objects and users’ evaluation, the aforementioned
platforms used suitable metrics and rewarding systems that could help with the engagement of
their users. To solve the profile building issue, they provided the ability to identify and
semantically connect users with their software and publications. Constantly changing
computational and technical requirements has caused the biomedical research to become
increasingly data intensive. Many biomedical researchers need to be able to acquire and utilize the
appropriate datasets and methodologies despite the increasing biological data. Therefore, the
adoption of evaluation methods can overcome the substantial obstacles for replication, distribution,

and widespread reuse.
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Figure 3.1: The OpenBio system with the added components

This thesis aimed to find solutions to some vital problems in the domain of bioinformatics.
It tries to find a solution for the misattribution issue of bioinformatics tools, where tools are used
without being properly cited in academic papers. This acts as a counter incentive for authors when
it comes to submitting tools in open science repositories. Thus, it allows users to be properly cited
for the work that they submit in open science environments that deviate from the typical “academic
journal” setting such as tool repositories, and open Workflow Management Systems. Next, it

contributed to the tool, data and workflow repository, the OpenBio platform, by adding a rich set
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of both automatically acquired and user-provided quality metrics. Those metrics are displayed in
an intuitive user interface, allowing users to quickly explore them in order to make the most
suitable and informed decision regarding the optimal component that suits best their analysis.
Finally, it provided clear and objective indications of the expertise and the scientific activity of
users, acting as an incentive for them to be more open and active by ranking them according to
their quality and quantity of contributions. All those components were added to the open scientific
environment OpenBio. The overview of the OpenBio platform and the added components (green
colored elements) are presented in Figure 3.1.

4.1 The OpenBio Platform

The OpenBio platform [17] is an open scientific online environment where researchers
may build, modify, share, re-combine, export, run, evaluate, and contribute on maintaining tools,
data, and workflows [16]. Its goal is to provide data stewardship capabilities that will facilitate the
reuse of content outside of its original context. Any code that can be executed on a local computer
can be used as research object code. This includes simple scripts, source code, binaries, Docker
files, or any other containerization format. Without the need to learn any Domain Specific
Language (DSL), all data can be loaded into research objects using a user-friendly interface.
Importing a tool into OpenBio.eu involves the same processes as importing it into an operating
system like Linux; a user simply must include the installation instructions that they would have to

put in an execution environment [16].
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Figure 4.2: The OpenBio platform
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4.1.1 Fair Principles of Research Objects in OpenBio

Even though the FAIR rules are focused on data, they can easily be applied to tools and
workflows as well. By establishing suitable formats, data, for instance, may define biomedical
entities (i.e., gene expression). Similar to this, describing tools and workflows may be represented
by data structures. All research objects that participate in scientific analysis should thus follow the
FAIR standards. This last attribute necessitates the fulfillment of another key criteria, namely, that
the digital source must be embeddable. As a result, the FAIR principles are conceptualized as
FAIR-E (where "E" stands for embeddable), which adds an embeddable dimension.

The included research objects in OpenBio are thought of as integrated constructions that
include both the code needed for installation (or download in the context of a dataset research
object) and the semantic specification needed to connect them to other research objects. The
method, when combined with semantic web technologies, enables the usage of linked-data
structures as linkages across FAIR research objects while also masking users from the specifics of
the representation, enabling a more abstract level of engagement with the system [206]. Since
issues are often articulated in terms of the job to be undertaken, and software is typically
characterized in terms of functionality, FAIR-E bridges the fundamental contradiction between the
problem to be addressed and its computational solution in this context [207]. To describe it more
plainly, the design philosophy that guides OpenBio views the software that manipulates the
data, as well as the data itself, as neighbor ideas, if not same concepts at least in the context of

their semantic meaning.

4.1.2 The OpenBio Execution System

The execution of research objects, on a system a user has access to, is a vital component of
any repository. Although there are several repositories that preserve and provide access to tools,
data, and workflows in the biomedical field, such as OSF [208] and bio.tools [14], only OpenBio
offers the ability to execute these integrated items. A new tool, set of data, or workflow may be
imported into OpenBio.eu by giving clear instructions on how to install, validate, and execute a
research object.

OpenBio uses the programming language BASH [209] to install and run objects. A

programming language is required because precise instructions on how to install a tool, retrieve
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data, or carry out a workflow is mandatory to install and run objects. BASH is the
existing language of the majority of Unix-like operating systems, therefore, by hosting code in
BASH, it is immediately executable in as many environments as needed. However, this does not
imply that other languages are not supported when code is hosted in BASH. It was chosen because
it makes it possible to combine several programming languages, programs, and scripts into a single
script. OpenBio serves as a repository for BASH scripts supplied by users. These scripts are
independent, so other people who want to use them don't need to download or install any other
programs. Additionally, OpenBio provides a method for connecting these user-provided programs.
The same situation can be applied when various tools and data are brought together through a user
interface to create workflows. OpenBio serves as a repository for BASH scripts in this way,
ensuring that scripts are compatible when integrated together in a workflow.

All objects on OpenBio.eu are of the same type, including tools, data, and workflows.
Typically, there is a distinction between data, tools, and workflows in workflow management
systems and open science environments. For each, users usually must specify unique attributes, or
store them in structures and tables. However, this does not apply in the OpenBio platform, because
in the context of a workflow management system there are no distinctions between tools, data, and
workflows from a semantic perspective. Data can be considered meaningless without the existence
of other data, whereas tools and workflows have dependencies. Therefore, OpenBio considers that

tools, workflows, and data are all the same type of research objects.

4.1.3 Research Objects in OpenBio

The OpenBio platform is structured according to four primary components (Figure 4.3):
the research object repository, which features workflow execution reports, references, and
(possibly) inquiry answering discussions in addition to free-text search operations to find the tool,
data, or workflow object most pertinent to the given task; a tool data, workflow definition or
description component; the primary component of the platform, responsible for workflow creation,
tool, data, or workflow object installation with its validation, and their dependencies description
where a Graphical User Interface is provided to drag-and-drop the necessary research objects; and
the module for defining environments and carrying out workflows themselves, together with a

resource manager to keep track of the execution process.
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Figure 4.3: The four primary components of OpenBio

Users of OpenBio can establish a research object by just importing the installation scripts.
The utility may be installed using these instructions on any machine with a BASH shell terminal.
Many variations of the same research object are possible. Research objects with the same name
and version can be imported by many users. A research object can also be complemented by rich-
format text in markdown in addition to the BASH commands. Users of OpenBio may easily create
dependencies between research objects by dragging and dropping objects. There are two stages for
research objects: “Draft” and “Finalized”. Future revisions to objects in the “Draft” stage are
possible. Users have the option to “Finalize” an imported item after they are certain that it doesn't
require any more adjustments. An object that has been finalized is no longer editable and it is an
unchangeable object that may be used in a pipeline that is repeatable and secure for the future.
Users may also “Fork” either a draft or finalized version of an item in any scenario. Software

development has influenced the idea of forking, where users can make an exact copy of a source

code and make whatever changes they choose.

44




Additionally, commenting and evaluation is an important component that is lacking
from workflow management systems and biomedical text annotation tools. It can be difficult to
determine the current opinion regarding a research object or whether there is a strong view about
it, especially for students and beginners to the subject. Additionally, people are unable to convey
and publish their own thoughts using the tools that are now available. This has an impact on the
existing competition in the field, restricts the development of current research objects, and hinders
the collaborative emergence of innovative ideas that can advance research and emphasize
innovative paths. By enabling ratings and comments on each research object, OpenBio can satisfy
this demand. Moreover, it has a Q&A collaborative feature where any user may post a query, ask
for help, or just leave a general comment. A collaborative component that facilitates the
establishment and development of a semantically rich discussion graph regarding any research
object found on the OpenBio platform underpins these functions [210]. The nodes on this discourse
graph can be of various kinds, such as issues where a question may be posed by a user for
discussion, solutions where a suggestion may be made by a user to address an issue in question,
positions in favor where an argument may be in support of a suggested solution, positions against
where an argument may aim to disprove or contest a solution, and notes where a comment may be
offered to include additional information without changing how the discussion is evaluated. The
collaboration feature also includes cutting-edge search capabilities, a variety of choices to enhance
graph display, and the capability to score graph nodes by assigning likes or dislikes. In general,
the OpenBio platform's collaboration feature enables users to establish a highly participatory
process in which they can quickly choose which research objects should be taken into account,
pinpoint and discuss their advantages and disadvantages, and manage the intricacy of biomedical

workflows.

4.1.4 Workflows in OpenBio

A core principle in computation biology and bioinformatics is the concept of a workflow,
where a workflow, strictly speaking, is a collection of interconnected computing stages. Common
workflow management systems used in bioinformatics include Nextflow [211], and Galaxy [3].
Although the building of workflows using a flow-centric approach has a lengthy tradition in

bioinformatics, it was inspired by strict industrial design systems and is thus not entirely
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appropriate for the adaptability and flexibility of contemporary bioinformatics research.
Additionally, the flow-centric design of workflows necessitates superior IT capabilities. Users of
OpenBio may create workflows by simply entering the instructions that carry out each step. Once
more, these are the exact commands that would be entered into a BASH terminal. The primary
distinction is that they may explicitly call steps from other steps rather than implicitly establishing
step order via a dependency resolution method. Users with little programming knowledge are
familiar with the “function calling function” paradigm, which is followed by this abstraction.
Moreover, OpenBio offers a Docker container that connects to its web server and serves as
a customized execution environment. Users are allowed to have an unlimited number of execution
environments; each time a Workflow is executed, a unique object (report) is created that stores the

results and logs. Users can share these with others.

4.1.5 The OpenBio Development Frameworks

Upon its creation, the OpenBio platform uses three main development frameworks: the
AngularJS framework for the front-end development of the platform, the Django web framework
for the back-end development of the platform, and the Materialize framework for the construction
of the user interface components that exist in the platform.

Angular [212] is an open-source JavaScript framework that enables the development of
RICH Internet Apps and offers scalable infrastructure and productivity to the most important
applications. A framework for client-side Model View Controller architectures is offered by
Angular, which makes it easier to design and test any single-page apps. It is an essential front-end
development framework that makes the development process easier by establishing a
comprehensible and open environment.

Django [213] is a high-level Python web framework that enables the quick creation of safe
and dependable websites. Django, which was created by established programmers, handles a lot
of the pain associated with web development, allowing to concentrate on development of the app
without external problems. It is open source and free, has a strong community, excellent
documentation, and a variety of free and paid support options. Among its many benefits is its fast

development completion, its inclusion of many implemented development tasks, its security
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algorithms, and its scalability and versatility. The database that is connected to Django on the
OpenBio platform is the PostgreSQL [214], which is the default configuration database of Django.

Materialize [215] is a modern responsive front-end framework based on Material Design
[216] and is developed using HTML, CSS, and JavaScript. By adhering to contemporary web
design concepts like browser adaptability, device freedom, and progressive degradation, the
Materialize components assist in creating visually appealing, consistently designed, and
functioning online pages and web apps. It facilitates the development of attractive, responsive, and
fast websites.

4.2 Implementation of the Connection with ORCID

According to the systematic literature review findings, regarding the issues of
misattribution and lack of acknowledgment of any form of attribution, ORCID seemed to be an
appropriate solution to those problems. Therefore, to find an answer to the first research question
of how an effective solution to the problem of misattribution can be found, a part of implementing
this thesis was to connect the OpenBio platform with ORCID. This could offer the user the ability
to connect their account with ORCID and therefore allow the seamless connection of any activity
in OpenBio with any other activity in a service that also uses ORCID as an authentication

mechanism.

4.2.1 Overview of ORCID

One of the most important research fields in scientometrics is the examination of the
scholarly pursuits of specific academics [217]-[219]. For a greater analysis of data sharing
activities, a targeted examination of each researcher's actions is very relevant [220]. In order to
properly analyze the actions of different researchers, researcher name disambiguation has been a
lengthy issue within the discipline of scientometrics [46], [221]. In more recent years, algorithmic
solutions have been found, though each one has some drawbacks [222]. Released in 2012, ORCID
can give academics personalized alphanumeric identities with the aim of giving writers in the
academic and scientific communities authoritative control. Authors can set themselves apart from

others with similar or identical names by using an ORCID identification. It represents a more
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fundamental answer to the name ambiguity problem. The ORCID identification was created to
provide the scientific community with a special registry to maintain their information and records,
either manually or by integrating automatically with other sources of data, given the difficulties
associated with identifying individual researchers' outputs [84], [223]. Multiple research
workflows are integrated into ORCID for the goal of making it simple to link data about various
research outcomes. Even though scientific and conference papers are two of the most popular
academic activity outputs, ORCID-registered researchers have access to a wider range of output
options.

Opposed to other systems, the goal of ORCID is to offer a register of distinct persistent IDs
for researchers. It collaborates with the community to enable “collection and connection points”
for identifiers in systems that researchers frequently use, including systems for submitting
manuscripts or applying for grants. It also enables automatic updates to a researcher's record when
their innovative and academic works are posted [224]. Researchers determine what may be
associated to their ORCID identity, as well as the privacy settings for their account. Registration
is separate from membership, allowing for career-long usage of the identification regardless of
changes in field, location, name, or affiliation. The only information found in ORCID records is
relationships between identifiers and references to the source objects.

It primarily advertises to institutions and scholars. Researchers can use ORCID's distinctive
IDs, and organizations can help their members maintain their profiles. To help them distinguish
writers from one another more easily, several publishers have started to ask or demand authors to
provide an ORCID identification when submitting in their journals recently. Additionally, ORCID
identifiers are indexed in important citation databases including Scopus [50], Web of Science
[225], and PubMed [21].

Researchers may register for free ORCID identities very quickly and easily by simply
filling out a brief registration form. An ORCID id is connected to the researcher, not their employer
or industry (Figure 4.4). Researchers can therefore use ORCID identifiers throughout their whole
careers. It can also be useful to have all of the works posted in one place so that people can view
the research of different researchers in different disciplines and in different formats. Researchers
may readily share their whole lists of works by connecting to their ORCID profiles, for example

on a CV or personal website. Due to the identifier's individuality, it also enables the tracking of

48



works prior to and following a name change, which is quite advantageous for individuals who
modify their names throughout their employment [226].
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Figure 4.4: The ORCID iD usage

The vast array of works that academics may add to their profiles with ORCID IDs,
including as papers, newsletters, conference posters, presentations, videos, datasets, and many
more, is one of the main benefits of this system. Researchers may easily enter each of these using
the straightforward template that is given in the profile. Researchers can also keep track of and
exhibit grants and other financial awards in addition to their published work. Moreover, the issue
of incorrect author attribution caused by shared or ambiguous author names is eliminated by
assigning distinct ORCID iDs to scientific journals, datasets, and other research products [227].
Additionally, by connecting ORCID profiles to other systems as well as enabling automatic
information transfer between systems, reporting workload and time is reduced. Furthermore, as
ORCID iDs are allocated to specific researchers, researchers can keep the same iD over the course
of their careers even if their academic affiliation changes. The ORCID registry clearly benefits

both researchers and libraries [228]. When a researcher uses ORCID iDs to collect citations,
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calculate their h-index, or write a small bio for government funding organizations, it can be easier
to identify their works (Figure 4.5).
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Figure 4.5: ORCID importing and exporting information

Being a completely transparent organization is important to ORCID. They offer a publicly
accessible public API (applications programming interface) that anybody may utilize [229].
Anyone may create apps that obtain an authenticated ORCID identification for a user; obtain the
public ORCID record of a user in machine-readable form; do a computer-generated search of the
ORCID registry's open data; and enable users to login using their ORCID login credentials and
passwords on non-ORCID applications. All its presentations and materials are available online
under the Creative Commons Zero license [230], which has no restrictions on use. Its software
code is also published on a public repository with an open-source MIT license [231].

It has long been difficult to distinguish between writers with similar names or to follow
down researchers who have altered their identities in the scientific and publishing worlds.
Scientists, journals, and organizations may trace a person's whole scholarly career with the use of
ORCID identifiers. Having an ORCID identification is becoming increasingly desirable for anyone
looking to publish because of publishers demanding them and reference databases indexing them.
Getting an ORCID identification is worthwhile an individual researcher's cost and effort to sign
up for and manage a free account, whether an institution pays in a membership. A thorough list of
academic activity reported by researchers may be found at ORCID; it may not always be widely
adopted by academics [232], [233], but it is the sole source that explicitly links specific researchers

to their research results.

50



4.2.2 The OAuth 2.0 Standard

OAuth 2.0 [234] is a standard that enables an application or website to access resources
maintained by other web applications on a user's behalf. OAuth 2.0 stands for "Open
Authorization." It became the industry's accepted standard for online authorization in 2012, taking
the place of OAuth 1.0. Without ever disclosing the user's credentials, OAuth 2.0 offers consented
access and limits the activities that the client app can carry out on resources on the user's behalf.
OAuth 2's primary platform is the web, but the standard also explains how to manage delegated
access for additional client types, such as web apps, server-side web apps, native/mobile apps,
linked devices, etc.

OAuth 2.0 is a protocol for authorization, not for authentication. As a result, its main
purpose is to enable access to a range of resources, such as external APIs or user data. Access
Tokens are used with OAuth 2.0. An Access Token is an information piece that symbolizes the
end-authority user's to access resources. There is no set structure for Access Tokens in OAuth 2.0.
However, the JSON Web Token (JWT) format [235] is frequently utilized in some situations. This
allows token issuers to embed data directly into the token. Access Tokens may also have a deadline
due to security concerns.

The OAuth2.0 authorization framework's main definition includes the concept of roles.
The fundamental parts of an OAuth 2.0 system include:

e The Resource Owner, where a person or machine is the legal owner of and has access to
the restricted resources.

e The Client who is known as the system that needs access to the resources that are secured,
and the Client must possess the necessary Access Token in order to access resources

e The Authorization Server which accepts requests from Clients for Access Tokens and
provides them upon successful resource owner authentication and consent. The

Authorization endpoint, which manages the user's interactive authentication and consent,

and the Token endpoint, which is used in a machine-to-machine connection, are the two

endpoints that the Authorization Server exposes.
e The Resource Server that handles access requests from the Client and safeguards the user's
resources. The necessary resources are then returned to the Client after accepting and

validating an Access Token from them.
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The idea of scopes is crucial to OAuth 2.0. They are used to precisely define the grounds
for granting access to resources. The Resource Server determines whether resources are relevant
to acceptable scope values.

After the Resource Owner has given permission for access, the OAuth 2 Authorization
server could not immediately return an Access Token. An Authorization Code may instead be
returned and subsequently traded for an Access Token for more security. Along with the Access
Token, the Authorization server could also send a Refresh Token. Refresh Tokens, in contrast to
Access Tokens, often have lengthy expiration dates and may be traded for fresh Access Tokens as
the former do. Due to these characteristics, clients must securely store Refresh Tokens.

The Client must first get its own credentials from the Authorization Server, a client id and
client secret, in order to uniquely identify and verify itself when seeking an Access Token before
OAuth 2.0 may be utilized. Access requests are made via OAuth 2.0 by the Client, such as a
desktop application, smart TV app, website, mobile app, etc. The overall flow of the token request,
transaction, and answer starts when the with the client id and secret as means of identification, the
client submits an authorization request to the authorization server together with the scopes and an
endpoint URI (redirect URI) to which the access token or the authorization code should be sent.
Then, the Client's identity is verified by the Authorization server, which also confirms that the
requested scopes are legal. Then, to allow access, the resource owner communicates with the
authorization server. Depending on the grant type, the authorization server redirects back to the
client using either an authorization code or an access token. The refund may also include a Refresh
Token. Finally, the Client asks the Resource server for permission to the resource using the Access
Token. Grants in OAuth 2.0 are the series of actions a Client must do to get access authorization.
The authorization framework offers a variety of grant types to handle various circumstances that
include the Authorization Code grant, the Implicit grant, the Authorization Code Grant with Proof
Key for Code Exchange (PKCE), the Resource Owner Credentials Grant Type, the Client
Credentials Grant Type, the Device Authorization Flow, and the Refresh Token Grant.

4.2.3 Solving Misattribution with ORCID

To overcome the problem of misattribution, a part of this thesis was to connect the platform
of OpenBio with ORCID. This can offer the user the ability to connect their account with ORCID
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and therefore allow the seamless connection of any activity in OpenBio with any other activity in

a service that also uses ORCID as an authentication mechanism.

4.2.3.1 Implementation of the Association of ORCID with OpenBio
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Figure 4.6: Association of user with ORCID

The user can associate his account in OpenBio with ORCID by navigating to his “Profile”

and clicking the button “Associate” that appears next to the “ORCID iD” input field, under the

“Profile” section. After clicking the “Associate” button, the user is sent to ORCID, where ORCID

asks the user to login to their account. By accepting to grant permission to the OpenBio platform,

the user is redirected back to the OpenBio platform, and the association is complete. The “ORCID
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iD” input field, after the successful association, it changes its text from “Not associated with

ORCID” to the user’s ORCID iD (Figure 4.6).
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Figure 4.7: Sequence diagram of the association of OpenBio with ORCID

The implementation of the code regarding the connection with ORCID starts after the user
clicks the “Associate” button. The “3 legged OAuth” method is used by ORCID integrations to
authenticate users and ask for permission to connect with their information. Using the Public API,
any integration can request read rights. The user is redirected to ORCID in order to login using
their credentials. The redicted URL is a customized authorization URL that includes the user’s
details and the scopes that indicate the precise parts of their record the OpenBio want to access.
After accepting the permissions, the user returns back to OpenBio with an authorization code. The
OpenBio exchanges the authoriziation code for an access token. Their ORCID iD and access token
that is valid for the specified scopes are obtained in JSON format [236]. Python’s social auth [237]
was used as the social authentication and authorization mechanism for the OpenBio project that
supports OAuth 2 protocol. After the association is complete, the user’s ORCID iD is stored in the

database for future use. The sequence diagram of this process is presented in (Figure 4.7).
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Figure 4.8: User claim reference with ORCID

Once the user has associated their account with ORCID, they can claim credits for the

publications in which they are authors or coauthors. Regardless of whether they have uploaded the

publication on OpenBio or not, the user can request their contribution rights. In order to claim a

publication, the user can click the “Claim” button that is located on the top right of each opened

reference. If the users ORCID account includes the requested DOI, then the publication is
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successfully claimed. A success message notifies the user that the paper is claimed, and their

username appears as an author with a redirection link to their OpenBio profile (Figure 4.8).
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Figure 4.9: Flowchart of the credits claim process
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The implementation of the code regarding the claim of a user’s reference starts when the
user clicks the “Claim” button. Using Django, the system first checks that the reference name, the
user, and the connection with ORCID exists. It then retrieves the reference’s DOI and compares it
with the list of DOIs that exist in the user’s ORCID profile. If the DOI is found, the user
successfully claims that reference. The list of DOIs on the user’s ORCID profile are accessed
through a URL that includes the user’s ORCID iD. The URL returns the requested information in
JSON format [236], which is then modified to extract all the available DOIs for comparison. The

flowchart implementation of this process is presented in (Figure 4.9).

4.3 Implementation of the Evaluation Metrics on Research Objects

In biomedical research, the integrated analysis of large and increasingly complex volumes
of data is challenging. For the purpose of extracting and analyzing the biological insights from this
enormous quantity of data, it is critical to have effective and practical sets of research objects, such
as tools and workflows. Given the significance of bioinformatics in several biological and
biomedical research, great effort must be placed into creating workflow systems and tools that are
maintainable as well as reproducible computational analyses. A scientist should be given the
freedom to choose the research object that best fits their needs. Evaluation metrics can help in
keeping track of the scientific system's progress toward openness at all levels, and in measuring
performance, to recognize and reward better methods of functioning in groups and individuals. All
these measures can aid in the direction of qualitative analyses, enhancing the understanding of the
importance of research findings and study objects.

To answer the second research question on the method a research object can be evaluated,
this thesis integrated a set of metrics on each tool and workflow that exist on the OpenBio platform.
The implementation of these metrics is to assist users on evaluating research objects and examine

on whether they could fit their needs.

4.3.1 Data Visualization

Visual representations give data contexts that engage viewers' minds and disclose

information that is typically hidden in data tables. Using visual elements to represent the actual
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substance of data is typically far more natural. Data may be used to create tales through charts and
maps in a compelling, understandable, and efficient way. They make it simpler to compare data,
offer insights, and expose trends, correlations, causation, and other characteristics hidden in the
numbers. They may also compress a lot of information into a short amount of space.

INFOGRARHIC

Figure 4.10: Data visualization charts

Statistical and informational charts, graphs, data maps, and other visual displays of
quantitative information are examples of data visualization (Figure 4.10). However, it can also
include any type of visual representation of data, including mathematical graphics, path networks
(subway systems, roadways, and circuit design diagrams), musical and sound representations,
timelines, geographic information systems, and any other visual artifact used to code data [238].

Data values can be utilized in visualizations based on three types that include the
quantitative value that can be counted or measured, such as a number, a length, an area, or an
angle; the ordinal value that may be ranked or contrasted, such as words, area, angle, length, or
color saturation; and nominal that can be a category, such as a name.

It is possible to categorize visualizations, making it simpler to select the chart type. Most
maps and charts fall into one of these groups: time-series that plots a single variable over a period
of time, such as a line chart showing a trend; temporal/linear that are categories placed in a time-
line, such as a sequence of activities; spatial/planar/volumetric that are categories distributed in a
spatial map, such as an illustration that might be a cartogram or choropleth that displays data
scattered across a map; comparison that exists within a specific time period, or categories related

to amounts that are compared and rated, such as a bar chart that compares values; part-to-whole
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that are categorical subdivisions as ratio to a whole, such as a pie chart displaying percentages for
the slices; and correlation that compares two or more variables, such as a bubble chart comparing
three variables or a scatterplot comparing two variables [239].

Edward Tufte [240] outlined a few criteria that may be used to assess the validity and
reliability of visualizations. These include the “data-ink ratio”, which is the percentage of ink (or
pixels) used to display the data; the “chart junk” which is the visual junk that is often distracting
and unrelated to the data being displayed; and the “liec factor”, which is a measurement of the
integrity of a visualization and is being used to identify charts that are inaccurately depicting
lengths and proportions.

By eliminating unneeded lines and labels from charts, one may increase the data-ink ratio.
Interactive Web visualizations should be quite minimalistic even if the lines can occasionally be
crucial for context. Information about demand can be expressed with tooltips and other engaging
resources. Human perception of graphics has a significant impact on communication, which may
be influenced or enhanced through optical illusions. There are no charts with a zero “lie factor”,
but a good selection can greatly reduce it. A poor decision raises the likelihood of a falsehood and
can lead to viewers' having incorrect impressions. Quantitative information is best represented by
position and length. After that, area, volume, curvature, angles, and lastly shadows, brightness,
and color. Data in a bar chart is seen more accurately compared to the same data in a pie chart
because lengths and locations are simpler to understand and compared than angles and areas [241].

Charts draw the viewer's attention while highlighting and revealing facts. They can help
viewers evaluate and reason about data in many situations by deconstructing complicated data sets
to encourage discovery and comprehension. They can, however, also exaggerate, deceive, and
even lie. It's crucial to create aesthetically appealing charts, but designers should also learn how to
strike a balance between function and form. Both art and science are involved in data visualization.
Not everything needs to be explained in a chart. It's not always necessary to be exact. It may be
intended for a particular audience, which would give the essential background information to

comprehend and decode it.
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4.3.2 The Chart.js Library

.

Chart.js

For the visual representation of the charts that were implemented in this thesis, the Chart.js
library was used. Chart.js [242] is open source and free JavaScript charting library for designers
and developers. It is maintained by a strong developer community on GitHub [243]. Following
D3.js [244], it is the second most popular data visualization package on GitHub in terms of stars.
Chart.js is a simple and small sized library that is available under the MIT license. It is based on
JavaScript, but uses additional Web standards like HTML, CSS, DOM, and Canvas. Charts are
automatically drawn in Canvas and provide complete control over canvas dimensions, pixel ratios,
and settings. Furthermore, charts on chart.js are responsive and chart are redrawn on window resize
supporting scale granularity. Chart,js supports eight basic chart types that include bar (horizontal
and vertical), line or area (including stacked), radar, polar area, scatter, bubble, pie, and doughnut

chart.
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4.3.3 Implementation of the Metrics Charts
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Figure 4.12: The Statistics tab in OpenBio

Each tool and workflow that exist on the OpenBio platform has a set of metrics that can
assist a user in their evaluation. For the user to view those metrics they must click on the tool or
workflow that they want to investigate and then open the tab that exists under the name “Statistics”.
Inside that tab they can find all the available metrics for their evaluation (Figure 4.12). Those

metrics are categorized in three different charts: the Custom chart, the Standard chart, and the

61



Comments chart. Each chart represents a different category of metrics, and they can all collectively

be used to evaluate the effectiveness and usefulness of the selected research object.

4.3.3.1 The Custom Chart
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Figure 4.13: The Custom chart in Statistics

The custom chart offers the user the ability to create their own chart with custom data

metrics. By default, the editor contains a multi-axis chart with sample values. The user can modify,

add, or remove an axis and its values. The supported types of charts in the custom chart include

the linear and bar chart. After the user has modified the chart data in the editor, they can click the
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button “Update Chart” to see their results in the chart below (Figure 4.13). The implementation of
the custom chart functions in the same way for both tools and workflows. The user can hide or
show any of the values that appear on the custom chart by clicking on the respective label on top
of the chart. Tooltips are also included; hovering over the chart, a tooltip appears displaying all the
values (y-axis) and each value’s number at that specific date (x-axis).

The text editor that was used in this implementation is the Ace code editor [245]. Ace is a
JavaScript-based embeddable code editor. It matches the capabilities and efficiency of native
editors like TextMate, Sublime, and Vim. Any web page and JavaScript application can quickly
embed it. Ace is the replacement for the Mozilla Skywriter (Bespin) project and is being followed
up as the main editor for the Cloud9 IDE.

The implementation of the code, regarding the custom chart, starts once the user clicks the
“Update chart” button. The function that’s connected to the “Update button” gets called and the
data from the ace text editor are retrieved. The custom chart changes its values according to the

formatted data and gets updated so the user can view the results.

4.3.3.2 The Standard Chart

Table 4.1: Standard available metrics for tools and workflows

Metrics Tool Workflow
Upvotes v v
Downvotes V4 N4
Downloads v v
CPU Time V4

Memory v

Export Variety v

The standard chart contains the standard metrics that a user can use to evaluate whether
that specific tool or workflow is credible and can meet their needs. The findings from the

systematic literature review helped to formulate the necessary values that should be viewed by the
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user in order to make their assessment. Therefore, in the tool statistics tab, the standard chart
contains metric values for the number of upvotes, downvotes, and downloads of the selected tool,
as well its CPU time and memory allocation upon its execution (Figure 4.14). In the workflow
statistics tab, the standard chart contains metric values for the number of upvotes, downvotes, and
downloads of the selected workflow, as well its export variety (Figure 4.15). The available metrics

are represented in Table 4.1.
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Figure 4.14: Tool Standard chart

Regarding the chart’s functions, the user can change the time range of the x-axis on the
chart and see the results of the past month, past 3 months, past 6 months, or all the values since
the research object’s creation date. The time can change by selecting one of the buttons: ““1 month”,
“3 months”, “6 months”, or “all” that exist right below the standard chart. Furthermore, the user
can hide or show any of the values that appear on the standard chart by clicking on the respective
label on top of the chart. Moreover, tooltips are also included; hovering over the chart, a tooltip

appears displaying all the values (y-axis) and each value’s number at that specific date (x-axis).
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Standard Chart
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Figure 4.15: Workflow Standard chart

The standard chart is defined as a canvas object in a HTML file. A JavaScript [246] file
named “statistics.js” also exists and contains all the necessary functions that are needed for the
charts to be loaded to the webpage. After the user clicks on a tool or workflow, a function in the
JavaScript file gets called to load the standard chart with the research object’s necessary metric
values. The research object’s metric values are retrieved from the database using the Django
framework. For each tool, the retrieved values include the date the tool was created, its upvotes,
downvotes, downloads, CPU time, and memory allocation with the timestamps that each of those
values occurred. For each workflow, the retrieved values include the date the workflow was
created, its upvotes, downvotes, downloads, and export variety with the timestamps that each of
those values occurred. Those values are transferred, with the help of the Angular Framework [212],
to the “statistics.js” JavaScript file so the corresponding function can load them into the canvas

and present the chart to the user.

65



4.3.3.3 The Comments Chart

Comments Chart

Note Agree Disagree Solution Issue
. g g
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Figure 4.16: The Comments chart in Statistics

The comments chart represents an overview of the discussion tab that each research object
has (Figure 4.16). The discussion tab, on each tool and workflow, offers users the ability to post
questions or remarks regarding that research object and open a discussion panel where other users
are able to comment and reply to each other. Upon each discussion, the user can label their
comment as a way to present their purpose of posting them. The available labels are “Note”,
“Agree”, “Disagree”, “Solution”, and “Issue”. Those labels can be monitored, and an overall
evaluation of the research object can be extracted from them. Therefore, the comments chart
captures the labels of those comments and the dates where each of those occurred and presents
them to the user.

Regarding the chart’s functions, the user can change the time range of the x-axis on the
chart and see the results of the past month, past 3 months, past 6 months, or all the values since
the research object’s creation date. The time can change by selecting one of the buttons: “1 month”,
3 months”, “6 months”, or “all” that exist right below the comments chart. Furthermore, the user
can hide or show any of the values that appear on the comments chart by clicking on the respective
label on top of the chart. Moreover, tooltips are also included; hovering over the chart, a tooltip

appears displaying all the values (y-axis) and each value’s number at that specific date (x-axis).
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The comments chart is defined as a canvas object in the HTML file. After the user clicks
on a tool or workflow, a function in the JavaScript file “statistics.js” gets called to load the
comments chart with the research object’s necessary metric values. The research object’s metric
values are retrieved from the database using the Django framework. For each tool or workflow,
the retrieved values include the date the research object was created and its comments thread.
Those values are transferred, with the help of the Angular Framework, to the “statistics.js”
JavaScript file. The comments thread is formatted, and for each comment its label and creation
date are extracted. The corresponding function loads those values into the canvas and present the

chart to the user.

4.4 Implementation of the Profile Building and Evaluation of Users

The developers of many platforms pay attention to their users and search for ways to reward
them through gamification techniques, especially when the upkeep of these platforms depends on
their contributions. The findings from the systematic literature review, regarding the user profile
building and evaluation, revealed that Github and Stack Overflow are among the most widely used
social networking platforms because of their features and usefulness. In those platforms, the users
gain reputation based on their contributions, and differentiate from other community members.
Their potential influence is transformed into real effect and therefore, can be evaluated by others.
Numerous studies have demonstrated the power of reputation points and community activity
patterns in predicting a system's long-term value and users' perceptions of contributions and
platform expertise.

To answer the third research question about finding a solution for the problem of profile
building and evaluation of users, a set of metrics were calculated that represented the overall
activity of the user on the OpenBio platform. Those metrics were created to assist users in

evaluating other users based on their contributions.
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4.4.1 Implementation of the User Metrics

The user metrics are visible in two different sections of the OpenBio platform. They are
available on the public profile of the user, and they are also available on the private profile page,
that each user has to edit their info.

4.4.1.1 The Public Profile User Metrics
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Figure 4.17: The public profile user metrics

The user can view the metrics of another user by clicking on their profile and navigate to
the tab “User Metrics” (Figure 4.17). The “User Metrics” tab contains all the available metrics that
can assist another user to evaluate them and see their contributions to various parts of the OpenBio
platform. The metrics are separated into five different sections: the “Tags”, “Account”,
“References”, “Tools”, and “Workflows”. Upon hovering on each metric, a tooltip appears that

briefly explains the use of that metric.
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The “Tags” section refers to the keywords of the user’s tools and workflows. The user
enters tags upon creating or editing a tool or workflow. The tags’ purpose is to navigate other users
with the help of keywords to better understand the purpose and goal of a specific tool or workflow.
Showing the tags that the user has enters in their tools and workflows can be useful because it
shows their main interests and expertise on different fields.

The “Account” section contains information regarding the contribution of the user on the
platform. It includes the “Reputation” and “Comments” metrics, where the reputation refers to the
level of expertise the user has based on their evaluated contributions to the platform, and the
comments refer to the number of comments the user has posted on the discussion tabs of tools and
workflows, or on the “Q&A” section. Reputation is very important and plays a major role on the
evaluation of the user as the systematic literature review results revealed. It can assist users to
evaluate others and decide whether to count on their opinions and contributions. The number of
comments can offer users the ability to evaluate others on their level of contribution and how often
that occurs.

The “References” section contains information regarding the references that exist on the
OpenBio platform. It includes the number of the references the user has created, and the number
of references the user has claimed with their ORCID account. These metrics can be useful because
they can assist users to analyze the level of contribution of other users and the claimed references
can show their level of expertise in the research field.

The “Tools” section contains information regarding the user’s created tools. It includes the
number of tools the user has created, the number of upvotes and downvotes those tools have
received, and the number of forks that they have. This section offers others the ability to examine
the contribution of tools of the user on the platform. The number of upvotes and downvotes the
user’s tools have received can reveal their expertise on the tools that they have created, and the
number of forks shows the effectiveness and usefulness of those tools.

The “Workflows” section contains information regarding the user’s created workflows. It
includes the number of workflows the user has created, the number of upvotes and downvotes
those workflows have received, and the number of forks that they have. This section offers others
the ability to examine the contribution of workflows of the user on the platform. The number of

upvotes and downvotes the user’s workflows have received can reveal their expertise on the
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workflows that they have created, and the number of forks shows the effectiveness and usefulness

of those workflows.

4.4.1.2 The Private Profile User Metrics
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Figure 4.18: The private profile user metrics

The user can view their own metrics by clicking on their profile and navigate to the tab

“User Metrics” (Figure 4.18). The “User Metrics” tab contains all the available metrics that can

assist them to evaluate their contributions to various parts of the OpenBio platform. The tab

contains the same categories and metrics that exist in the public profile user metrics.
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The “Tags” section can show the user the fields in which they contribute the most on the
OpenBio platform. The “Account” section is very important and can show to the user their
popularity points and therefore, their influence level on the platform. The comments also allow
them to see their contribution level. The “References” section helps the user to keep track of their
references record and the claims that they had with connection to ORCID. The “Tools” section
allows the user to examine their contribution in tools. The number of upvotes and downvotes can
help them evaluate and improve themselves. The number of forks can assist them to see the
effectiveness and usefulness of their created tools. The “Workflows” section allows the user to
examine their contribution in workflows. The number of upvotes and downvotes can help them
evaluate and improve themselves. The number of forks can assist them to see the effectiveness and

usefulness of their created workflows.

4.4.1.3 The Code Implementation in User Metrics
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Figure 4.19: The user metrics system architecture

The implementation of the code regarding the user metrics functions in the same way for
both the public and private profile of the user. The necessary information that is needed for the
metrics is retrieved from the database using Django. The variables that are accessed refer to the
classes of tools, workflows, references, users, comments, upvotes, and downvotes. In the
“views.py” Python file the retrieved data are modified and assigned to new variables. Those
variables are retrieved from the OBC controller JavaScript file using Angular. Those retrieved

variables are assigned to variables under the Angular scope and get bind to the front-end HTML
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template that refers to the user metrics on the webpage. Any change automatically updates the
corresponding variable, and the results are presented to the user. The architecture of the front-end,

Angular, and Django connection is present in Figure 4.19.

Table 4.2: Points analysis in the reputation formula

Tool Workflow | Comment | Tool Workflow Comment
voted up | votedup |votedup | voted down | voted down | voted down
Points | +10 +10 +10 -2 -2 -2

The reputation of each user is formed based on their overall activity and level of
contribution to the OpenBio platform. The formula from which the reputation is calculated was
inspired by the Stack Overflow reputation system [247]. Therefore, the reputation of each user is
affected by the evaluation of their created tools, workflows, and comments. Table 4.2 presents the

given points for each evaluation.

4.5 The User Experience Questionnaire Evaluation

Ensuring that a product or service has a good user experience is essential for producing
successful products or services. Because they have distinct requirements or varied capabilities or
skills to utilize the product, various users or groups of users may evaluate the same product's user
experience somewhat differently. Therefore, using validated questionnaires to do such assessments
is an effective and affordable strategy.

In 1ISO 9241-210 [248], the term “user experience” is described as a person's perceptions
and responses that emerge from the usage or expected use of a product, system, or service.
Throughout this approach, user experience is viewed as a comprehensive notion that encompasses
all different kinds of emotional, cognitive, and physical responses to the actual or even just
hypothetical use of a product. However, in the evaluation of a product’s quality, this definition,

which is rather wide and abstract, is of little use.
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45.1 Overview

The User Experience Questionnaire (UEQ) [249] is a questionnaire that can measure user
experience quickly and directly. The UEQ takes into account hedonic and pragmatic quality
elements [250]. The UEQ's initial German version was developed in 2005. In order to guarantee

the produced scales' applicability, a data analytical technique was applied, indicating the scales

were developed from data pertaining to a larger pool of objects. Each scale outlines a certain facet

of an interactive product's quality.

Attractiveness
annoying / enjoyable
bad / good
unlikable / pleasing
unpleasant / pleasant
unattractive / attractive

unfriendly / friendly
Pragmatic Quality Hedonic Quality
Efficiency Stimulation
slow / fast inferior / valuable
* inefficient / efficient boring / exciting
impractical / practical not interesting / interesting
Cluttered / organized demotivating / motivating
Perspicuity Novelty
not understandable / understandable dull / creative
difficult to learn / easy to learn conventional / inventive
complicated / easy usual / leading edge
confusing / clear conservative / innovative
Dependability
unpredictable / predictable

obstructive / supportive
not secure / secure
does not meet expectations / meets expectations

Figure 4.20: Scale structure of the UEQ

The UEQ initially included several user experience-related possible elements. Following

extensive research, the final version of the questionnaire was created, and it had six scales with a

total of 26 items: attractiveness, perspicuity, efficiency, dependability, stimulation, and novelty.

The proposed scale structure of the UEQ in its final form is shown in Figure 4.20.
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1 2 3 4 5 7
annoying © © O © O O  enjoyable
not understandable © © © O O O | understandable 2
creatve O O O O O O dull

easytolearn © © C O O O | difficult to learn 4

valuable © © O O O O  inferior 5

boring © © O O O O | exciting B

notinterestng © © O © O O  interesting 7

unpredictabe © © O O O O | predictable 8

fast O O O O O O  slow

inventive © © O© O O O | conventional 10
obstructive © ©O O © Q O supportive 11
good O © O O O O | bad 12
complicated © © O O O O easy 13
unlikable © © © O O O | pleasing 14
usual © © O O O C | leading edge 15
unpleasant © © O O O O | pleasant 16
secure O O O O O O  not secure 7
motivating © © O © O © | demotivating 18
meets expectations © © O O O C | does not meet expectations 19
inefficient © © O O O O | efficient 20
cear © © O O O O  confusing 21
impractical © © O O O O | practical 22
organized © O O O O O | cluttered 23
attractive © O O O O O | unattractive 24
fiendy © © O O O O unfriendly 25
conservatve © © O © O O | innovative 26

Figure 4.21: The User Experience Questionnaire

The items take the shape of a semantic difference, with two terms with opposing meanings
standing in for each item. The terms are randomly arranged for each item, so that for a scale, half
the items begin with the positive phrase and the other half with the negative phrase. To lessen the
regression coefficients bias for these kinds of items, the UEQ utilizes a seven-stage scale. The final

version of the 26 evaluation items to be answered is presented in Figure 4.21.
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4.5.2 The UEQ Evaluation Process

The User Experience Questionnaire was used in order to evaluate the user experience of
the implemented components in OpenBio and validate whether those components could be applied
as solutions to answer the research questions that were formed as part of this thesis. Because the
OpenBio platform is designed for bioinformaticians, inclusion criteria were set for the selection of
the participants. More specifically, in order to be deemed adequate to participate in the evaluation,
the participant had to have a good knowledge of computer and bioinformatics skills. The inclusion
criteria did not consider the age, ethnicity, or gender as important factors for the participation. The
application of those criteria resulted in the gathering of 8 participants, ages between 26 and 30 and
fair knowledge of bioinformatic skills.

After the participants were introduced to OpenBio, its purpose, and basic functions, they
were asked to navigate through the platform and focus on the added components. After they were
satisfied with the browsing on the OpenBio platform, they were instructed to fill out the User

Experience Questionnaire.

User Experience Questionnaire

Figure 4.22: The UEQ in Google Forms
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The introduction to OpenBio and description of the evaluation process was explained to
the participants through Skype. The navigation on the platform was done by the participants on

the OpenBio platform that is up and running under the URL: https://www.openbio.eu/platform/.

The UEQ was filled out with the help of Google Forms. More specifically, the 26 pairs of
contrasting attributes were added in a newly created Google Form and was given to the participants
through a link. The form was anonymous, and all the 26 questions were considered mandatory to

be answered. Figure 4.22 presents the adaption of the UEQ in a Google Form.

4.5.3 The UEQ Data

Table 4.3: The UEQ answers

Items
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The UEQ answers were obtained after all 8 participants had completed the questionnaire.
The recorded answers for each question is presented in Table 4.3. Each row represents the
participant, and each column represents the question (1-26). Each cell represents the answer (1-7),
where the participant gave for that question.

Table 4.4: Transformed value per answer

-3 -2 -1 0 +1 42 +3
complicated o o o o o o o easy

As explained, each item has the appearance of a semantic difference, with two terms with
opposing meanings in each side. Scales for the items range from -3 to +3. Therefore, the most

negative response is represented by -3, the neutral response by 0, and the most positive response

76



https://www.openbio.eu/platform/

by +3 (Table 4.4).

Table 4.5: Transformed values per item

Items
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26
112]3[2]3]|3 3] 2] 3] 2| 3] 3] 3] 3] 3 3] 2] 3] 3] 3] 3
3|3 312|2]|2 2|1 3| 3| 3| 3 2| 3] 2 3] 3] 3| 3| 2| 3
oj1j1{12,2y0)1/3y2y-1y 0,041,202, 0/,0}]-1}-1}]-1]-1}] 2] 1]0] 0
1]1|]0]1]1]1]1 -1 -1 -1|-1/-1/-1}-1}-1/-1}-1}-1]-1]-1]-1
2|2 3133 1] 3 1] 3] 2] 3| 2| 2| 3] 3] 3] 2] 3|1
1111 1111 -1 11 0 0/-1] 0] 1 1] -1 0 0] 0] 1
1120 1111 1] 1] 1 1] 0] 1] 0 1)1 1 1 1
1102 2|1 1] 2 1] 1) 1] 1 21 1 1
Table 4.6: Scale means per participant
Attractiveness Perspicuity Efficiency Dependability Stimulation Novelty
2.67 2.00 3.00 2.50 3.00 2.75
2.67 3.00 3.00 2.75 2.00 1.25
0.67 -1.00 0.50 0.50 0.75 0.00
-0.83 -0.25 -0.50 -0.50 -1.00 -0.50
2.67 2.25 2.75 2.00 3.00 1.25
0.17 0.50 0.25 0.50 -0.25 -0.50
1.00 1.25 1.25 0.25 0.75 0.50
1.50 1.00 1.25 1.50 1.50 1.25

Table 4.5 presents the transformed values per item, according to the given answers in Table
4.3. The +3 represents the most positive and -3 the most negative value. From those transformed
values, the scale means per participant were calculated and categorized in the 6 scales of the UEQ.

Table 4.6 presents the scale means per participant.

4.5.4 The UEQ Evaluation Results

Data analysis was applied to the UEQ data in order to estimate the effectiveness of user

experience in the implementation of this thesis. Although the UEQ does not produce an overall
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score for the user experience, the calculation of certain values can allow the detection of outliers

in the evaluation, and therefore, use these big deviations to follow a probable result.

Table 4.7: Calculated values per item

td.

Item Mean Variance gg/ No. Left Right Scale
1 1.0 1.4 1.2 8 annoying enjoyable Attractiveness
2 1.0 2.3 15 8 not understandable understandable Perspicuity
3 1.1 1.0 1.0 8 creative dull Novelty
4 1.3 1.4 1.2 8 easy to learn difficult to learn Perspicuity
5 1.6 1.7 13 8 valuable inferior Stimulation
6 1.1 2.7 1.6 8 boring exciting Stimulation
7 1.1 2.4 1.6 8 not interesting interesting Stimulation
8 2.0 0.9 0.9 8 unpredictable predictable Dependability
9 2.0 0.9 0.9 8 fast slow Efficiency
10 0.9 2.1 1.5 8 inventive conventional Novelty
11 1.0 1.4 1.2 8 obstructive supportive Dependability
12 1.4 2.6 1.6 8 good bad Attractiveness
13 1.3 2.2 1.5 8 complicated easy Perspicuity
14 1.6 1.7 1.3 8 unlikable pleasing Attractiveness
15 0.5 1.7 1.3 8 usual leading edge Novelty
16 1.3 1.9 1.4 8 unpleasant pleasant Attractiveness
17 1.1 2.1 15 8 secure not secure Dependability
18 1.0 2.3 15 8 motivating demotivating Stimulation
19 0.6 3.1 1.8 8 meets expectations does not meet expectations | Dependability
20 0.9 3.0 1.7 8 inefficient efficient Efficiency
21 0.9 2.7 1.6 8 clear confusing Perspicuity
22 1.3 3.1 1.8 8 impractical practical Efficiency
23 1.6 2.0 1.4 8 organized cluttered Efficiency
24 1.3 1.6 1.3 8 attractive unattractive Attractiveness
25 1.4 2.6 1.6 8 friendly unfriendly Attractiveness
26 0.5 1.1 1.1 8 conservative innovative Novelty
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Mean value per Item
-3 -2 -1

0 1 2
annoying/enjoyable | |

not understandable/understandable
dull/creative
difficult to learn/easy to learn
inferior/valuable
boring/exciting
not interesting/interesting
unpredictable/predictable
slow/fast
conventional/inventive
obstructive/supportive
bad/good
complicated/easy
unlikable/pleasing

usual/leading edge |

unpleasant/pleasant

not secure/secure

demotivating/motivating

does not meet expectations/meets expectations
inefficient/efficient

confusing/clear

impractical/practical

cluttered/organized

unattractive/attractive

unfriendly/friendly

conservative/innovative

Figure 4.23: Comparison of mean values per item

Table 4.7 presents, for each item in the UEQ), its mean value, variance, standard deviation,
number of inputs, its left and right term, and its scale category. Based on the mean value, Figure
4.23 presents the comparison of mean values per item. Although the range of scales is between -3
and +3, in real-life applications it is extremely unlikely to observe values above +2 or below -2.
Therefore, values < -0.8 represent a negative evaluation, values between -0.8 and 0.8 represent a
neutral evaluation, and values > 0.8 represent a positive evaluation. From Table 4.7 and Figure

4.23, the overall user experience evaluation proves to be positive; most items have mean values >
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99 ¢

0.8, with the exception of “leading edge”, “meets expectations”, and “innovative”, where their

means, although > 0, result in a neutral evaluation.

Table 4.8: Mean and Variance values per scale

UEQ Scales (Mean and Variance)
Attractiveness 1.313 1.71
Perspicuity 1.094 1.77
Efficiency 1.438 1.82
Dependability 1.188 1.37
Stimulation 1.219 2.08
Novelty 0.750 1.21
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Figure 4.24: Comparison of mean values per scale

Table 4.8 presents the calculated mean and variance values per scale; most scales seem to
have an overall positive evaluation, with exception of the scale “Novelty”, which produces a
neutral result. Figure 4.24 presents the comparison between the mean values per scale; the
“Efficiency” scale seems to have the most positive results, and the “Attractiveness” scale follows

shortly after.
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Table 4.9: Mean values of Attractiveness, Pragmatic, and Hedonic Quality

Pragmatic and Hedonic Quality

Attractiveness 1.31

Pragmatic Quality 1.24

Hedonic Quality 0.98
3
2
1
0
-1
-2
-3

Figure 4.25: Comparison of mean values of Attractiveness, Pragmatic, and Hedonic Quality

The scales of the UEQ can be grouped into “Pragmatic Quality” (Perspicuity, Efficiency,
Dependability) and “Hedonic Quality” (Stimulation, Originality). Pragmatic quality describes the
task related quality aspects, while Hedonic quality describes the non-task related quality aspects.
Table 4.9 presents the calculated mean values for the groups of “Attractiveness”, “Pragmatic
Quality”, and “Hedonic Quality”. Based on those values, the three different groups in the UEQ
seem to produce a positive evaluation. Based on the comparison between the groups, as presented
in Figure 4.25, the most positive evaluation belongs to the “Attractiveness”, followed by the

“Pragmatic Quality”, and last the “Hedonic Quality”.
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Table 4.10: Confidence interval of 5% per item mean

Confidence interval (p=0.05) per item
Confidence
Item Mean Std. Dev. N Confidence interval
1 1.000 1.195 8 0.828 0.172 1.828
2 1.000 1.512 8 1.048 -0.048 2.048
3 1.125 0.991 8 0.687 0.438 1.812
4 1.250 1.165 8 0.807 0.443 2.057
5 1.625 1.302 8 0.903 0.722 2.528
6 1.125 1.642 8 1.138 -0.013 2.263
7 1.125 1.553 8 1.076 0.049 2.201
8 2.000 0.926 8 0.642 1.358 2.642
9 2.000 0.926 8 0.642 1.358 2.642
10 0.875 1.458 8 1.010 -0.135 1.885
11 1.000 1.195 8 0.828 0.172 1.828
12 1.375 1.598 8 1.107 0.268 2.482
13 1.250 1.488 8 1.031 0.219 2.281
14 1.625 1.302 8 0.903 0.722 2.528
15 0.500 1.309 8 0.907 -0.407 1.407
16 1.250 1.389 8 0.962 0.288 2.212
17 1.125 1.458 8 1.010 0.115 2.135
18 1.000 1.512 8 1.048 -0.048 2.048
19 0.625 1.768 8 1.225 -0.600 1.850
20 0.875 1.727 8 1.197 -0.322 2.072
21 0.875 1.642 8 1.138 -0.263 2.013
22 1.250 1.753 8 1.214 0.036 2.464
23 1.625 1.408 8 0.976 0.649 2.601
24 1.250 1.282 8 0.888 0.362 2.138
25 1.375 1.598 8 1.107 0.268 2.482
26 0.500 1.069 8 0.741 -0.241 1.241

Table 4.11 Confidence interval of 5% per scale mean

Confidence intervals (p=0.05) per scale

Confidence
Scale Mean Std. Dev. N Confidence interval
Attractiveness 1.313 1.308 8 0.906 0.406 | 2.219
Perspicuity 1.094 1.329 8 0.921 0.173 | 2.015
Efficiency 1.438 1.348 8 0.934 0.503 | 2.372
Dependability 1.188 1.171 8 0.811 0.376 | 1.999
Stimulation 1.219 1.442 8 0.999 0.220 | 2.218
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In order to measure the precision of the estimation of the scale mean per item and per scale,

the confidence interval was also calculated. Regarding the confidence interval value, the smaller

it is, the higher is the precision of the estimation and the presented results can be more trustfull.

The width of the of the confidence interval depends on the number of available data and on how

consistency the participants judged the evaluated product. Table 4.10 and Table 4.11 present the

5% confidence intervals for the scale means and the means of the single items. Due to low number

of participants, the margin error proves that the evaluation by a different group of participants, can

possibly lead to different results. Therefore, it should be noted that in order to be more precise and

certain of the result’s output, the evaluation could benefit with the inclusion of more participants.

Table 4.12: Guttman's lambda-2 Coefficient per scale

Attractiveness Perspicuity Efficiency Dependability
Lambdal 0.80823905 Lambdal ‘ 0.69740998 Lambdal ‘ 0.69410319 Lambdal | 0.6563518
Items Covar? Items Covar? Items Covar? Items Covar?

1,12 1.89 2,4 1.31 9, 20 1.27 8,11 0.14
1,14 0.77 2,13 4.00 9, 22 1.00 8,17 0.39
1,16 1.00 2,21 4.00 9,23 1.00 8,19 0.56
1,24 0.77 4,13 1.47 20, 22 6.41 11, 17 1.89
1,25 1.89 4,21 1.75 20, 23 2.49 11,19 1.56
12,14 2.30 13,21 4.75 22,23 2.54 17,19 3.69
12,16 3.17 Sum 17.27 Sum 14.70 Sum 8.24
12,24 2.74 Lambda2 0.94 Lambda2 0.91 Lambda? 0.87
12,25 4.99
14,16 2.16
14, 24 1.49
14,25 2.30
16, 24 2.07
16, 25 3.17
24, 25 2.74
Sum 33.44

Lambda? 0.95

Stimulation ‘ ‘ Novelty

83




Lambdal | 0.7267848 | | Lambdal | 0.6930147
Items Covar? Items Covar?
5,6 2.39 3,10 0.41
57 2.39 3,15 0.88
5,18 2.25 3, 26 0.32
6,7 4.45 10, 15 2.07
6,18 4.00 10, 26 1.41
7,18 3.52 15, 26 1.27

Sum 19.00 Sum 6.35

Lambda2 0.94 Lambda2 0.90

In order to estimate the reliability of the UEQ answers, the Guttman’s Lambda-2
Coefficient was used. In general, the items in the UEQ that belong to the same scale should show
a high correlation. The Lambda2 statistic can show what variance is due to true scores. Table 4.12
presents the calculation of the Lambda2 for each scale; the calculations show that the lambda

values are > 0.8, and therefore the scales have a high percentage that their answers are due to true

Scores.
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5 Discussion

This thesis aimed to find solutions to some vital problems in the domain of bioinformatics
by contributing the results to the OpenBio platform. The implementation included the development
of components as a mean to answer the three research questions that were formed as part of this
thesis.

The first research question was: “How can we effectively solve the problem of
misattribution?”. Since misattribution is an issue that the literature review has widely addressed,
this research question was formulated in order to examine an appropriate solution to this problem.
Researchers have underlined the numerous problems that can result from not acknowledging an
author’s contribution to scientific fields, and especially in bioinformatics. In an effort to try and
overcome the problem of misattribution, many methods have been developed including the manual
labeling, or the development of corresponding algorithms. Although every approach can be
beneficiary in the appropriate context, the ORCID authentication seem to be an effective method
to authority control across different repositories and digital libraries. Consequently, the
implementation of this thesis considered to examine whether the connection of OpenBio with
ORCID can effectively minimize misattribution. The results from the UEQ indicate positive
outcomes in the user experience of considering ORCID as an effective method to address this
problem. ORCID can identify the identities of researchers from a wide range of backgrounds,
overcoming the weaknesses of existing authentication sources, and therefore may be viewed as an
efficient method to overcome the problem of misattribution.

The second research question was: “How can we approach the evaluation, in terms of
effectiveness and efficiency, of a tool or workflow that exists in a repository?”. Literature review
indicates the importance of efficient and usable sets of research objects, such as tools and
workflows, that can help discover and analyze the biological insights available from the massive
amounts of complicated sets of data. Given the significance of bioinformatics in several biological
and biomedical research, great effort should be given into creating workflow systems and tools
that are maintainable and reproducible. A scientist should be given the freedom to choose the
research tool that best fits their needs. A set of standards for evaluating various bioinformatics
workflow management tools has been presented in various studies. Therefore, in order to approach
a method, under which a tool or workflow can be evaluated, a set of various metrics were

developed for each tool and workflow that exists on the OpenBio platform. Those metrics aimed
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to assist users to evaluate the effectiveness and efficiency of a tool or workflow, and make an
informed decision of whether that research object could meet their requirements. The UEQ results
support that the implemented components have a positive user experience, and the “Efficiency”
section is produced the most positive results. By taking into account those results, the assumption
that the presentation of the implemented metrics can help in the evaluation of a research object can
be made.

The third research question was: “How can we evaluate the expertise and contribution of
users and assist them in the problem of profile building?”. The analysis and review of literature
regarding the methods, in which the profile building and evaluation of users can be achieved,
support the creation of distinctive participation features and reputation systems. Different set of
metrics can indicate the level of expertise and contribution of a user on a platform. The literature
supports that Q&A platforms can be a guidance for the embedment of such metrics, since the
maintenance of those platforms is depended on the contributions of their users. Thus, in order to
examine a method in which the evaluation of users can be effectively achieved and the problem of
profile building can be eliminated, a set of metrics were developed and added on the OpenBio
platform. The UEQ results suggest that the implementation of those metrics produce a positive
user experience, which can indicate that the developed components are effective. Therefore, the
calculated metrics that exist for every user on the OpenBio platform can possibly assist users in
their profile building, and help other users to evaluate their expertise and level of contribution.

Despite the positive results regarding the user experience, it should be noted that the
confidence interval calculations revealed that additional participants could be required to convey
a more stable outcome. The Lambda-2 coefficient per scale, however, demonstrated that the
responses provided in the UEQ had a high proportion of being accurate and reliable., and therefore,

can be accounted as true.
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6 Conclusion and Future Work

The main purpose of this Master Thesis was to create a solution to some vital problems in
the domain of bioinformatics, by extending the repository of OpenBio, which includes tools and
data that continuously tests and measures the included components. Three research questions were
formed that would search for solutions about the problem of misattribution, the evaluation of
research objects, and the problem of profile building and evaluation of users. Respectively, three
components, aiming to solve those issues, were developed and embedded in the OpenBio platform.

The connection of OpenBio with ORCID was implemented with the help of the ORCID
API and the Auth2.0 standard. The ORCID authentication assisted users to the linkage between
the OpenBio platform and the wide database of ORCID which also includes their list of
publications. With the implementation of this linkage, users were also able to claim their
publications that exist on the OpenBio platform and semantically connect it to them. This
connection assisted to the solution of misattribution, by linking research data to publications and
software, in an open and semantically consistent manner, giving users the ability to take credit for
their contributions to the scientific field.

For the purpose of this thesis a set of various metrics were also developed for the evaluation
of tools and workflows that exist on the platform. For each tool, the users are presented with a
chart that includes information on its standard metrics that include its number of upvotes,
downvotes, and downloads, its CPU time, and memory allocation. For each workflow, its standard
metrics include its number of upvotes, downvotes, downloads, and export variety. Each tool and
workflow also include a chart that describes the overall activity of its discussion panel; the
comment chart include the labels under which a comment was posted and its date. Furthermore,
each tool and workflow include a custom chart with a text editor in which the user can create and
visualize their own metrics with the ability to include multiple lines and bar charts in one single
chart with multiple axis.

Another component that was added to the OpenBio platform, as part of this thesis, was the
implementation of user metrics. The developed component offered users the ability to see and
evaluate other users by the presentation of various metrics that showed their overall contribution
and level of contribution on the platform. The user metrics include their used tags for tools and
workflows; their overall reputation; the number of their posted comments; the numbers of their

created and claimed references; the number of their created tools and the upvotes, downvotes, and
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forks those have; and the number of their created workflows and the upvotes, downvotes, and forks
those have.

In order to evaluate the implementation of those added components, the User Experience
Questionnaire was used. The questionnaire was filled out by 8 participants after they had tested
those components on the OpenBio platform. The overall results showed that the user experience
regarding the added components produced positive results. The calculation of the confidence
interval showed that more participants could be needed in order to express a more stable result.
However, the Lambda-2 coefficient per scale showed that the answers that were given in the UEQ
had high percentages to be true and valid.

Nevertheless, there are still a lot of research avenues that can be explored, such as the
research and inclusion of more evaluation metrics on the research objects, or the creation of award
badges on users as reward methods. Another future consideration could be the implementation of
a usability evaluation that would include a large number of participants in order to produce more

stable results.
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