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ABSTRACT Automatic report generation is an emerging technology that mechanically generates documents
in the form of a report consisting of text, tables, and figures about a specific topic. This paper proposes a
model for automated generation of a scientometric research analysis report for any selected country. The
scholarly database utilized in this study is Microsoft Academic Graph. Given the two-letter code of the
selected country, starting study year, and ending study year data concepts to the employed database, the model
extracts the datasets, including the scientific research information for the selected country in the specified
period, and generates an in-depth analysis report about the country’s research publications. The model
consists of two main stages. The first stage extracts the datasets for the selected country from the utilized
database using Azure Databricks and Azure Blob Storage services. The second stage utilizes a predefined
scientometric research analysis report for generating a new report for the selected country. A case study on
big data analysis for Saudi Arabian research publications was conducted. An evaluation was performed on
the report within 10 evaluators to understand the practicability of the proposed model. They evaluated the
report through four-point criteria on the user perceptions. The results indicated that the model was able to
successfully create quite a pleasing scientific report in terms of factuality, coherency, sufficiency, and its
ability to impart new knowledge for the readers.

INDEX TERMS Automated report generation, big data, coefficient collaboration, collaborative research,

growth rate, scientometrics.

I. INTRODUCTION

Big Data analysis has gained enormous attention in recent
years. It can be defined as a process of gathering data from
different sources, organizing them in a meaningful way and
then analyzing these data to uncover underlying facts and
figures from that data collection [1].

Massive scientometric databases have recently created
inspiration for much big data analytics and have been a
treasure trove of insight ranging from scientific productivity
and the science of collaboration to policy design. Scientomet-
rics is a discipline which analyses scientific publications to
explore the structure and growth of science. It is a scientific
field that studies the evolution of science through quantita-
tive measures of scientific information. It is important for
measuring the growth of research, research quality, author
productivity, obsolescence of publications, and collaborative
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research by country, all of which help to monitor the growth
and pattern of research [2].

The scientometric research study can be made by analysis
at a micro level (that involves authors analysis); a meso level
(that includes institutions analysis); and/or a macro level (that
includes countries analysis). The micro level shows the high
active authors in a specific field and how they collaborate with
each other through co-authorship. The meso and macro levels
show deep insight about productive institutes and countries
and how they collaborate with each other [3]. Together, they
have been used to study the research trends in the past and
predict the directions in patent and publications in the future.

For some researchers, writing such a scientific report that
presents any single or combined level of analysis in an orga-
nized and professional manner is a challenging task. Text
should be clear and interesting to the reader. Claims must be
supported with reliable evidence. Figures and tables should
be placed in the right place. Data should be presented clearly.
Experimental details should be reported in enough details.
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All of these concerns require a highly developed level of
writing skills [4], [5]. With the rapid growth of information
and the emergence of big data, a new challenge in the life of
reporting data analysis needs to be developed.

To the best of the research team’s knowledge, no exist-
ing work proposing a model for generating scientometric
research analysis report had been proposed prior to this
study. Accordingly, this paper introduces a model to gener-
ate an automated scientometric analysis report. The aim is
to automatically generate a report that presents a compre-
hensive view of research by illustrating all major aspects
of study collaboration on micro, meso, and macro levels,
including a study of period-wise research output for each
field of study and growth rate, authorship and collaboration
pattern, major collaborative countries, and citation rates for
any selected country. The main contributions of this paper are
the following:

- designing a model for generating scientometric research
analysis report.

- developing and evaluating the proposed model.

The rest of the paper is organized as follows. The related
work is provided in Section 2. The proposed methodology is
presented in Section 3. The case study is presented in Section
4. The evaluation results are described in Section 5. Finally,
the conclusion and future work are presented in Section 6.

Il. RELATED WORK

With the development of document automation technology,
automatic report generation has found an increasingly wide
utilization in many fields [6]-[10]. It can be used as a tool
to lighten the load of writing frequent reports, especially
the daily reports that carry the same patterns. It can also be
utilized to present daily news, medical reports, students’ feed-
back, and monitoring. In this section, several existing systems
that generate automated generation reports in different fields
are reviewed.

MIT SciGEN was an interesting experiment which
attracted significant attention to the auto-generation of scien-
tific papers. However, its goal was to generate seemingly ran-
dom papers which had the appearance of a research paper in
the field of computer science, but with no meaning to cleverly
test the review process bogus conferences than generating
high value papers [6].

Noh et al. [7] proposed an automated report generation
system called Wise Issue Reporter (WIRE) that generates
two types of well-summarized reports for emerging topics:
Today’s Briefing and Full Report. The first report provides
five brief summaries for the five hot daily topics. It uses the
Elasticsearch! as an IR engine to select the five topics from
the topic pool and the neural multi-document summarization
model (MDS) model [11] to generate an abstractive summary
for each of the topics. The second report provides an in-depth
report of a selected topic from the five daily hot topics. It uses
the IR engine to return the related articles of the selected

IElasticsearch (https://www.elastic.co/)
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topic. Then, it applies the MDS model and the temporal-event
summarization model (TES) [12] to generate two summaries
that are combined to create the Full Report. The output of the
system is a text report which consists of a number of para-
graphs and an image related to the report topic selected from
Google Image by using an image recommendation system.

Gkatzia and Hastie [8] presented a model for automatically
generating a feedback report to students that describes their
performance in a specified semester. The produced report is
a feedback text summary based on trends in time series data.
Its content can be formulated as a classification task based
on a set of factors (marks, hours studied, understandability,
difficulty, deadlines, health issues, personal issues, lectures
attended and revision), where each factor can have a set
of templates by different evaluators. A multi-label classifier
(MLC) [13] is used for tackling the content selection and
making a decision for all the templates. The selected content
is presented as a text summary.

Mass et al. [9] created a Care2Report (C2R) system that
generates automated medical consultation reports. The sys-
tem combines the hardware of a camera, a microphone, and
sensor technology with advanced software. The system trans-
forms the medical dialogues, examinations, treatments and
sensor data captured by the hardware into text by using speech
and action recognition technology. It then extracts the con-
cepts and relations from the text in a form of triples (subject,
predicate, object) using Python-Frog and a FRED tool and
adds the triples to prebuild an ontology of human anatomy,
medical signs, and symptoms to populate a knowledge graph.
Using the NaturalOWL system [14], it generates an automatic
medical consultation report text from the knowledge graph.

Morita et al. [10] proposed a system called Movable-
Beacon and Fixed-Scanner (MBFS) that monitors nursing
home residents’ activities and generates an automatically
daily report for each resident. The system consists of four
components: a BLE beacon, a scanner, a server, and a web
application. The BLE beacon is carried by a resident. A scan-
ner is installed in each target area where activities occur.
The system determines the specific activities areas by the
BLE signals observed by each scanner. The data for each
resident is then sent from each scanner to the server database.
Machine learning techniques were then used to classify the
area of the residents based on their received data in the server.
The system automatically generates a daily report for each
resident via a web application which shows a combination
between time windows of the time spent in all the nursing
home areas.

On the other hand, several countries have been conducting
scientometric analyses to evaluate their research productivity
in a general or in a specific field at both a local and a global
scale [15]-[20].

Jalal revealed [15] the international collaboration in pub-
lications between India and Bangladesh based on a Web
of Science (WoS) database from 1991 to 2017. He focused
on Scientometric tools such as the yearly growth of inter-
national collaboration in publications, preferred journals,
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authorship patterns, and the countries which collaborated the
most between the two countries. Likewise, Nguyen et al. [16]
explored the international collaboration in scientific research
in a WoS database in Vietnam during the period from 2001 to
2015. They studied the collaborative research in terms of
author collaborations, the number of publications in each
field of study, collaborating countries, and citation rates.

Low et al. [17] investigated the pattern of research col-
laboration in scholarly publications in the field of clinical
medicine in Malaysia during the period from 2001 to 2010.
The bibliographic data were downloaded from the journal
of clinical medicine covered in the ISI database during the
study period. The authors studied the collaboration patterns
in terms of journal impact factor, citation impact of domestic
and international publications, and collaborating countries.
Farooq et al. [18] explored the pattern of research in the
field of energy indexed in the Scopus database in Pakistan
from 1990 to 2016. Their study revealed the category of
the publications, the geographical distribution of the research
collaborations around the globe, the contributions in the pro-
ductive journals, citations, major research areas, authorship
patterns, active researchers, and the most productive institutes
in the field of energy research in Pakistan. Zha et al. [19] stud-
ied the characteristic of research collaboration in the field of
biotechnology in the Science Citation Index journals indexed
in the WoS database in China from 1991 to 2014. The study
explored the collaboration networks of the global academic
institutions in the field of biotechnology, and collabora-
tion types, collaboration degree, and collaboration fields of
the Chinese academic institutions in biotechnology. Fakhree
and Jouyban [20] compared scientific publications published
by the researchers of 7 major Iranian medical universities
from 2004 to 2009 and indexed in the Scopus database. Their
comparison was in terms of the number of publications per
year, the number of citations per year, the number of citations
per year for each publication, H-indices, top ten authors, and
top ten journals for the medical universities.

The work in this paper combines the automatic report gen-
eration and the scientometric analysis approaches in order to
generate an automatic scientometric research analysis report
for any selected country.

lll. METHODOLOGY

In this paper, a model for an automatic report generation
that gives a comprehensive insight about a country status in
science publications during a specific period of time is pro-
posed. The method used in the model reads several features
from a report requester such as the country’s name, classifi-
cation of the country, and scope of the start and the end of
publications. It reads the research publication data, including
affiliations belonging to the selected country and performs an
insightful scientometric analysis about the publications using
a scholarly database. Then, it generates a high-level report,
presenting information about the country’s overall research
status in the given period of time. The main content of the
report is made up of text, figures, and tables illustrating details
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FIGURE 1. Generating automated report stages.

regarding the research performance of the selected country in
the given time zone.

The proposed methodology generates an automated report
similar to the one created for Vietnam [16] for any selected
country. The report identifies the total publications released in
each respective selected country, the number of publications
in the fields of study, and the growth rate. It also presents the
coefficient of collaboration, the collaboration status in each
field of study, and the top collaborative countries. In addition,
it shows the average citation classified by the fields of study
and the collaborative status, and by each field of study and the
first authors’ affiliation. In this study, the Vietnam scientific
research report is called the based report and the automated
generated scientific research report is the case report.

The proposed methodology consists of two main stages:
1) the data extraction; and 2) the report generation; The
overview of the two stages is shown in Fig.1.

A. DATA EXTRACTION

1) DATA SOURCE

The data repository employed in the proposed method is
Microsoft Academic Graph (MAG) [21]. MAG is the largest
free scholarly database licensed under ODC-BY 1.0 pub-
lished by Microsoft. It provides information about papers,
authors, journals, conferences, affiliations, and citations.
It receives regular updates every 1 or 2 weeks, providing more
than 250 million scientific publications as of January 2021
[22], [23]. It was chosen because it has the largest coverage
of publications, including journals, conferences, books, and
patents, when compared to WoS, Scopus, Dimensions, and
CrossRef. In addition, it offers free and unrestricted access to
the complete list of publications [24].
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In this study, five datasets from MAG are utilized:
Affiliation, PaperAuthorAffiliations, Papers, PaperFieldsof-
Study, and FieldofStudy. The Affiliation dataset records
institution-related information such as affiliation name and
country. The PaperAuthorAffiliations dataset lists informa-
tion about the authors and the affiliations of each paper such
as paper id, author id, affiliation id and author sequence
number. The Papers dataset consists of paper information
such as title, digital object identifier (DOI), publication year,
and publisher. The PaperFieldsofStudy dataset records infor-
mation about the fields of study for each paper such as field of
study id. The FieldofStudy dataset includes detail information
about each field of study such as the field of study name and
level. The database schema among the utilized datasets from
MAG are presented in Fig. 2.

2) EXTRACTION ENGINE

Two Microsoft Azure services are utilized to extract the
research publication data for the selected country: Azure
Databricks and Azure Blob Storage. Azure Databricks is a
cloud Apache Spark programming platform used to process
big data and supports code written in Python, R Scala, Spark,
and SQL. Azure Blob Storage is a cloud storage system
optimized for storing massive amounts of unstructured data.
It was used for the storage of MAG datasets and for the
storage of the extracted datasets for the country’s research
publications. Microsoft Academic distributes the database
for free through Microsof’s Azure Storage, but they charge
for storage of the data and any computation done on the
Azure platform [22], [23]. When working with Databricks,
the configuration of the Spark Cluster affects the performance
of the algorithm and the executing time. For the scope of this

paper, the suggested configuration of the clusters created on
Databricks is presented in Table 1.

3) DATA COLLECTION

Given the two-letter code of country X, starting study year S,
and ending study year E, find all the publications included
affiliations belong to X between the period S and E. In this
research, the code for extracting the data was written in
Python 3.7. Fig. 3 presents the pseudocode for getting the
paper ids for country X. The input of the algorithm con-
sists of the Affiliation and PaperAuthorAffiliations datasets.
Is03166Code is a code published by the International Organi-
zation for Standardization (ISO) that defines two letter’ codes
for the names of countries. It returns a dataset Paperlds_X of
paper ids that have at least one author belongs to an affiliation
located in country X.

The pseudocode for getting the publication year and the
number of citations for the country X papers is presented in
Fig. 4. The input of the function is Paperlds_X, S, E, and
the Paper dataset. The output of the algorithm is a dataset
Paper_X_info which consists of id, year, and citation count
of the country X’s papers.

Fig. 5 presents the pseudocode for getting the field of study
for country X’s papers. The input of the algorithm consists
of Paperld_X, PaperFieldsOfStudy, and FieldOfStudy. The
algorithm in lines 1 and 2 receives the ids of all fields of
study to which each paper belongs. To avoid classifying the
paper into more than one field, the algorithm from lines 3 to 6
selects the field of the study name of level 0, as it is considered
the abstract classification of the paper. The algorithm returns
a dataset Paper_X_fos of country X’s papers and their fields
of study.

MNormalizedName: string
DisplayName: string
Gridld: string
OfficialPage: string
WikiPage: long
PaperCount: long
PaperFamilyCount: long
CitationCount: long
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FIGURE 2. Subset of MAG database schema.
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TABLE 1. Configuration of the created cluster on Databricks.

Databricks Runtime Version 9.0 (includes Apache Spark 3.1.2,

Scala 2.12)

Worker Type 14 GB Memory, 4 Cores
Driver Type 14 GB Memory, 4 Cores
Number of minimum workers 2
Number of maximum workers 8

Getting the number of author participation in each paper is
presented in Fig. 6. The input of the algorithm consists of the
Paperld_X and PaperAuthorAffiliations datasets. The output
is a dataset Paper_X_author_count of country ’s papers and
the number of authors for each.

According to the number of authors for each paper, the
pseudocode in Fig.7 presents the classification of paper types.
The algorithm input consists of the Paper_X_author_count,
PaperAuthorAffiliations and Affiliations datasets. In line 5
and 6, the algorithm checks if the number of authors in a
paper is 1. If this occurs, the paper is classified as a single
author paper. From lines 7 to 12, if there is more than one
author for a paper, the algorithm receives the affiliations for
all authors participating in the paper and checks if all belong
to country X affiliations. If this occurs, the paper is classified
as a domestic paper. Otherwise, if at least one author does
not belong to county X affiliations, the paper is classified
as an international paper. The algorithm returns a dataset
Paper_X_type of country X’s papers and their types.

The affiliation country of the paper’ authors is considered
one of the most important factors in the citation purposes.
Fig. 8 presents the pseudocode for getting the country of
the author’s affiliation. The algorithm input is Paperld X
and PaperAuthorAffiliations and Affiliations datasets. The
algorithm returns a dataset Paper_X_authors_affiliation of
country X papers, along with the author sequence number and
the affiliation country for each author.

By generating the Paper_X_info, Paper_X_fos, Paper_X_
author_count, Paper_X_typw, and Paper_X_authors_
affiliation datasets, the country X scientific research data is
ready for further analysis.

B. REPORT GENERATION

1) GENERAL FORM

The purpose of this stage is to convert the based report into a
general scientific research report that can be used to present
the scientific research data for any selected country. In this
stage, all data concepts related to the country of Vietnam,
whether quantitative or qualitative, and the used scholarly
publication database are manually extracted and replaced
with data concept variables in the based report. Fig. 9 shows
an example of multiple types of data in the based report before
and after replacing them with data concepts to generate the
general form report.

2) ROW CASE FORM
The data concepts assigned in the entire report are classified
into three groups.

VOLUME 10, 2022

Get_paperid (X, Affilition, PaperAuthorA ffiliations) {

1. Paperlds X= PaperAuthorAffiliations\

2. join(Affiliation, PaperAuthorAffiliations.AffiliationId
==Affiliation.Affiliationld, 'inner') \

3. .where(Affiliations.Is03166Code = X) \

4. .select(PaperAuthorAffiliations.Paperld)

5. Return Paperlds X}

FIGURE 3. Getting country X paper ids pseudocode.

Get_paperinfo(Paperld X, S, E, Paper){

1. Paper X info = Paper.where (Paper.Paperld.isin (Paperlds X) &&
(Paper.Year >= S) && (Paper.Year <=E)) \

2. .select(Paper.Paperld, Paper.Year, Paper.CitationCount)

3. Return Paper X info }

FIGURE 4. Getting country X papers information pseudocode.

Get_paperfos(Paperld_X, PaperFieldsOfStudy, FieldOfStudy){

1. Paper_fos_id = PaperFieldsofStudy.where
(PaperFieldsOfStudy.PaperId.isin (Paperlds X)) \
2. .select(Paper.Paperld, PaperFieldsOfStudy.FieldsofStudyld)

3. Paper X fos = FieldsofStudy \

4. join(PaperFieldsOfStudy, PaperFieldsOfStudy.
FieldsofStudyld== FieldsofStudy.FieldsofStudyld)

5. .where (FieldsOfStudy.FieldsofStudyld.isin (Paper fos id)&&(
FieldsOfStudy.Level ==1))\

6.  .select(PaperFieldsofStudy.Paperld, FieldsOfStudy.DisplayName)

7. Return Paper X fos }

FIGURE 5. Getting country X papers field of study pseudocode.

Get_authorcount(Paperld_X, PaperAuthorAffiliations){

1. Paper_author = PaperAuthorAffiliations.where
(PaperAuthorAffiliations.Paperld.isin (Paperlds X)) \
.select(PaperAuthorAffiliations.Paperld)

Paper_X author_count = Paper_author [Paperld].value counts()
Paper_author_count.columns =[ ‘Paperld’,” Authorcount’]
Return Paper X author count }

S

FIGURE 6. Getting country X papers authors count pseudocode.

Group 1

This group includes a set of data concepts given by the
report designer.

Group 2

The data concepts in this group are given by the report
requester.

Group 3

This group includes the data concepts that need to be
calculated or concluded from the generated datasets. All types
of data concepts are calculated automatically. Some data
concepts have to be calculated before others. For example,
the total number of publications for each study period must
be calculated before calculating the rate of growth. Some data
concepts need to be concluded from others. For example,
it can be concluded from the growth rate values if it increased
or decreased during the study period. Thus, data concepts
in this group are classified into six sub-groups, according to
their relations and the sequence of their calculations.
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Get_papertype(Paper X author count, PaperAuthorAffiliations,
Affiliation){

1. Affiliations_X= Affilition.where (Affiliation.Is03166Code = X) \

2. .select(Affiliation.AffiliationId)

3. Paper_X_ type=[]

4. for p in Paper X author count:

5. if p. Authorcount ==1:

6. Paper_X_type.add(p.Paperld, ‘single_authored_paper’)

7. else:

8. author_affiliation= get_authors_affiliattions(p.Paperld,
PaperAuthorAffiliations)

9. if all(author_affiliation (is in(Affiliations_X)))

10. Paper X type.add(p.Paperld, ‘domestic_paper’)

11. else

12. Paper X type.add(p.Paperld, ‘International paper’)

13.  Return Paper X type }

FIGURE 7. Getting country X papers type pseudocode.

Get_authors_affiliation(PaperAuthorAffiliations, Affiliations,
Paperlds X){

1. paper X authors_affiliation = PaperAuthorAffiliations \

2. .join(Affiliation, PaperAuthorAffiliations.Affiliationld ==
Affiliation.Affiliationld, ‘inner’) \

3. .where (PaperAuthorAffiliations.Paperld.isin (Paperlds_X))

4.  .select(PaperAuthorAffiliations.Paperld,
PaperAuthorAffiliations. AuthorSequenceNumber,
Affiliations.Iso3166Code)

5. Return paper X authors_affiliation }

FIGURE 8. Getting country X papers authors affiliation pseudocode.

a: FIELD OF STUDY (FOS)
The data concepts in this group are about the number of
publications for each field of study.

b: GROWTH RATE (GR)

This group includes data concepts about the publications’
growth rate (GR) for each field of study. The rate of growth
is estimated by Compound Annual Growth Rate (CAGR).
Given that n is the number of the study period years, C is
number of publications in the ending year, and Y is number of
publications in the beginning year, CAGR can be calculated

by (1) [25].
c\ G
CAGR = <?) -1 (1)

c: COEFFICIENT COLLABORATION (CC)

This group includes data concepts about the coefficient col-
laboration (CC) for each field of study in each study period.
In this paper, CC is calculated by (2) [26], where P; is the
number of publications that have j authors in the research
area, A is the greatest number of authors in the research area,
and N is the total number of publications in the research area.

Z?:l (%) P;

N

cC=1- )
d: PUBLICATION TYPE
This group includes data concepts about the publication types
for each field of study (single authored paper, domestic paper,
or international paper).
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e: COLLABORATIVE PUBLICATIONS
The data concepts in this group include information about the
collaborative publications with the international countries.

f: CITATION
This group covers information about the citation of domestic/
international collaborations in each field of study.

Table 2 presents examples of the data concepts and their
appropriate groups. The complete list of the data concepts is
presented in the Appendix.

By using the extracted datasets for country X, the data con-
cepts for group 3 are calculated. The sequence of calculating
the Group 3 data concepts is shown in Fig. 10. The figures
are constructed using a combination of the data concepts
calculated in Group 3. Three figures were considered in
the generated report. The first figure is a bar chart showing
the percentage of publications of each field of study for the
selected country. This can be formed by utilizing data concept
values from the field of study group. The second figure is a
network structure visualizing the international collaborations
between the selected country and other countries. This figure
can be drawn from data concept values in the collaborative
publications group. The last figure is a set that shows the
distribution of citations classified by both the field of study
and collaboration types. This figure can be formed using data
concepts from the citation group.

After finding the data concept values, the data concepts of
each group and their values are saved in a.csv file. By using
the MS Word “mail merge” feature available in MS Office
and importing the.csv file, all the data concepts in the general
form report are substituted by the assigned values generat-
ing the row case form report. The figures in the report are
uploaded by the report requester.

3) REVIEWED CASE FORM
In this stage, the row case form report is given to three
reviewers to check the report’s consistency. They are asked
to classify each sentence in the row case report as relevant/
irrelevant, correct/incorrect, and interesting/not interesting,
and to specify the type of problems for the sentences clas-
sified as irrelevant, incorrect, and/or not interesting. They
are also asked to suggest solutions for these problems and,
if possible, create new sentences for the ones with problems.
After the reviewers complete their tasks, they send the sug-
gested solutions and the newly created sentences to the editor.
The editor reconciles among the new sentences, updates the
row case form, and generates the reviewed case form.

IV. CASE STUDY

This section describes the case study using the proposed
method to generate the reviewed case form. Given the
data concepts by the report requestor, the country of
Saudi Arabia (SA) was selected as a case study, and the
study period ranged from 2001 to 2020. Using the MAG
database and the suggested Azure services, a dataset of
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“Using the Thomson Reuters’ Web of Science data (2001—
2015) we found that 77% of Vietnam’s scientific output (n
= 18.044 papers) involved international collaborations,

most frequent partners. The proportion of international
collaborations has decreased over time at the expense of an
increased rate of domestic collaborations.”

(@

with the United States and Japan researchers being the ‘

Using the «$V1009»

(«8V1010» — «$VI1011») we found that «$VI345» of
«8V1001» scientific output (n = «$V1003» papers) involved
international collaborations, with the «3V1368» and «$V1369»
researchers being the most frequent partners. The proportion
of international collaborations has «$V1364» over time at the
expense of an «$V1575» rate of domestic collaborations. ”

(b)

FIGURE 9. Example of the data in the based report before (a) and after replacing them by data concepts (b).

181,130 publications were extracted. After removing records
that have incomplete information such as missing year and
field of study, 158,860 publications were considered in the
statistical analysis.

All the data concepts for Group 3 were calculated and
analyzed using Python 3.7 and MS Excel in Office 365. The
data concepts’ values for the three groups were inserted into
the row case form using the ‘“mail merge” feature from MS
Word in Office 365. Table 3 shows some of the data concepts’
values for the country of Saudi Arabia. The used reviewed

TABLE 2. Data concepts groups and descriptions.

row case form and all the case study data concepts values for
the three groups are shown in the Appendix.

The generated row case form was evaluated by three
reviewers. Among 200 sentences in the row case form report,
an average of 55% of the sentences were found that had
problems and needed to be adjusted. The problems in the
sentences were divided into five types. The first type appeared
in the sentences with information about the country of
Vietnam and its history. The second type appeared in the
sentences in which information was presented about the used

Group Data Concept Data Concept description
Group 1 $V1009 The name of the scholarly database used in the study.
$V1004 The number of the entire publications in the used database.
Group 2 $V1001 The selected country.
$V1580 The classification of the selected country (developed/ developing).
$v1010 Starting study year.
$Vv1011 Ending study year.
Group 3.1 $V1266 Number of papers in field of study n.
$V1083 Number of papers in field of study n for study period m.
$v1040 Percentage of publications of the top five field of study.
$V1362 The difference in publications between last and first study period.
Group 3.2 $V1163 Percentage of growth rate for field of study n.
$V1601 The field of study has the strongest growth rate.
$V1182 Percentage of the growth rate between the starting and the ending study year.
Group 3.3 $V1187 Coefficient collaboration in field of study n for study period m.
$V1206 Coefficient collaboration in all field of study for study period m
$V1597 The status of coefficient collaboration during all study periods.
Group 3.4 $V1286 Percentage of single authored paper in field of study n
$V1306 Percentage of domestic paper in field of study n
$V1326 Percentage of international paper in field of study n
$V1887 The field of study has the highest international collaborations.
Group 3.5 $V1368 The first international collaborative country.
$V1889 First international developed country has the highest number of collaborations.
$V1388 Total number of published papers with the first international collaborative country in study period m
$V1468 Total number of published papers with the first international collaborative country in all study period.
Group 3.6 $V1515 Percentage of citation of domestic collaboration in field of study n
$V1534 Percentage of citation of international collaboration in field of study n
$Vv1610 Field of study has the highest citation in the international publications.
$V1624 Percentage of international paper has international first author in field of study n
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Find the number of
publications for each field
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,| affiliations participating in
cach international
publication.

7 v
Find the country of the
affiliation of the 1* author
in cach international
publication.

A

Find the Collaboration
Coefficient for the data
concepts in Group 3.3

Find the publication
growth rate for the data
concepts in Group 3.2

Find the publication type
for each FOS for the data
concepts in Group 3.4

8 v

Find the information
related to the international
collaborative for the data

Create Figure 2

FIGURE 10. Sequence of calculation of groups values.

database. The third type appeared in the sentences which
presented information about the type of publications used
in the analysis. The fourth type of problem appeared in the
sentences which contained deep information, where the last
type appeared in the sentences that referred to the tools used
for analysis. The reviewers suggested three types of solutions:
adding data concepts for the information related to the coun-
try or the history of the country; rephrasing the sentences
which have irrelevant or incorrect information; and/or remov-
ing the sentences. After the reviewers sent their solutions to
the editor, the editor reconciled among the suggested solu-
tions and generated the reviewed case form, which is the final
generated report. Table 4 presents examples about the prob-
lem types and their solutions, where rendering sentence-1
presents the sentences in the row case form and rendering
sentence-2 presents the suggested sentences by the reviewers
to be in the reviewed case form. In the table, the problem is
underlined in rendering sentence-1, and the solution is written
in bold in rendering sentence-2.

V. EVALUATION
A. EVALUATION MECHANISM

In order to evaluate the generated report, the classical peer
review was mimicked by an expert model used by most
scientific publications, albeit slightly modified for scientific
objectivity. (A typical review process does not assess the
knowledge of the reader). An evaluation questionnaire using
Qualtrics Survey API was designed and distributed online.
The questionnaire inclusion criteria included evaluators who
could read and understand English, who had technical writing
skills, who were interested in scientometric research analy-
sis, and who had completed the survey. A single response
per evaluator was requested. The questionnaire asked the

3930

concepts in Group 3.5
10 v

Find the citation information of each
collaborative publication types for each
FOS for the data concepts in Group 3.6

11 I

Create Figure 3

Strongly Disagree Neutral Agree Strongly
Disagree Agree
A. Factuality
1- Sentences do not contradict each other’s. [m] a [m] m] a
2- Sentences do not have incorrect data.
3- Sentences do not have incorrect information. [ [m] [m] [m] a
4-  Sentences do not have grammatical errors. [m] [m] o [m] o
B. Coherency
1-  The figures are compatible with the written [m] a [m] [m] a
description.
2- The tables are compatible with the written [m] o [m] [m] o
description.
C. Sufficiency
1- The report does not have irrelevant part. m) [m] o o o
2- The report does not have missing [m] a [m] [m] [m]
information.
D. Report quality
1. Overall report quality. [m) [m] [m] [m} a
2. Ilearn something new from the report O o o m] o

E. Understanding
Please give a short answer to the following questions.

1-  What is the country the report presents its scientific research analysis?
[ ]
2-  What is the field of study having the highest number of publications during the entire study period?
[ J
3- What is the field of study having the highest growth rate during the entire study period?
[ |
4-  What is the field of study has the highest number of collaboration during the last study period?
[ J
5- What is the field of study having the highest number of international collaborations?
\ J

6-  What is the international country having highest number of publications with the country which the
report presents its scientific research analysis?

7-  What is the field of study having the highest citation of its international collaboration?

FIGURE 11. Report evaluation questionnaire.

evaluators to evaluate the report on four key criteria: A. Fac-
tuality (F); B. Coherency (C); C. Sufficiency (S); D. Overall
Quality (Q). Each of the criteria includes a set of question
measurements. Factuality measures focus on the correctness
and accuracy defects. Coherency measures check for logical
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TABLE 3. Example of data concepts/values for Saudi Arabia country.

Group Data Concept Data concept value
Group 1 $V1009 Microsoft Academic Graph (MAG)
$V1004 244,000,000
Group 2 $V1001 Saudi Arabia
$V1580 Developing
$V1010 2001
$v1011 2020
Group 3.1 $V1266 28872
$V1083 544
$V1040 73%
$V1362 84751
Group 3.2 $V1163 23.18
$V1601 Political Science
$V1182 17.16%
Group 3.4 $V1286 7.32%
$V1306 22.70%
$V1326 69.98%
#V1887 biology
Group 3.5 $V1368 United States
$V1889 United States
$V1388 454
$V1468 25158
Group 3.6 $V1515 23.45%
$V1534 67.29%
$V1610 Biology
$V1624 81.40%

soundness and flow. Sufficiency measures focus on obvious
superfluity or gap perceptions in the reading. Overall Quality
measures check for delivering new knowledge to the readers.
A fifth control criterion, User Understanding (U), was also
included to evaluate whether the particular evaluator had
read the report or not. Response styles included a five-point
Likert scale ranging from ““Strongly disagree” to ““Strongly
agree” which was used for criteria A, B, C, and D; and short
answers for criterion E (as shown in Fig. 11). The evaluators
were asked to read the reviewed case report and fill out the
questionnaire after reading. For the measurements of the first
four criteria, a score of 1 to 5 was given from strongly disagree
to strongly agree. For the understanding, a score of 1 was
given for a correct answer and a score of zero for an incorrect
answer.

The score for U criterion for each participant was calcu-
lated by (3.A), where M is the number of measurements in U.
u; , denotes the score of responded i for answer of question .
The net understanding of evaluator i is the average score.

M
Ui=)  _ tim/M (3.A)

Understanding criterion was chosen as a checkpoint to
assess the evaluators and used as a weight for F', C, S, and Q.
These criteria are computed by (3.B, 3.C, 3.D, and 3.E),
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where P is the number of evaluators. f; m, Cim, Si.m» OF Gim
is the score of evaluator i for measurement .

4 P
Yom=12i=1 Ui *fim

F= (3.B)
Y, Uit4
2 P
_ . l].*
C = Zm=1 le—l {_Ctm (3.0
Zi:l Ui * 2
2 P
P 1. %,
§ = Zm=1 PZ'=1 i Sim (3.D)
Yi1Ui*2
2 P
0= Yom=12i=1Ui" Gim GE)
ShiUi*2

B. EVALUATION OF RESULTS
While typical scientific peer review uses an average of 3-4
evaluators [27], in this study a group of 10 domain experts
(who regularly peer review papers) judged the reviewed case
form generated by the proposed method. Fig.12 (a) plots the
scores for F, C, § and Q for each measure. Fig.12 (b) plots
the scores for U. Fig.13 plots the evaluation scores given by
each evaluator for each criterion.

For F, C, §, and Q, it can be seen from Fig. 12 (a)
that most evaluators ‘strongly agreed’ on the Coherency
and Sufficiency of the report. When asked to evaluate
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TABLE 4. Example of problem’s types in in the row case form and their solutions in the reviewed case form.

Sentence [Rendering-1]

(Row case form) Problem Type

Sentence [Rendering-2]

Suggested solution (Reviewed case form)

Information about
the interesting study
period of Vietnam
country

The present study sought to examine the trend and
impact of international collaboration in scientific
research in Saudi Arabia during the period after the
introduction of a reform policy and the
normalization of relations with the United States.

Information about
the history of
Vietnam country

Prior to the "Doi Moi" policy and prior to the lifting
of the United States trade embargo on Saudi Arabia
(1995), Saudi Arabia scientists had had little contact
with the Western world and did little research.

Information about
the publications type
used in the analysis

We downloaded the entire set of papers published in
Microsoft Academic Graph (MAG) indexed
journals during the period of 2001 and 2020.

In general, papers with a US author or authors had
attracted more citations than non-US authored
papers, and this pattern is observed in virtually all
research areas.

Deep information

Information about
the tools used for
analysis

All analyses were conducted using the R statistical
software version 3.13 (R Foundation for Statistical

Computing, Vienna, Austria) on the Window

platform.

Adding data
concepts to the
interesting study
period of the selected

The present study sought to examine the trend and
impact of international collaboration in scientific
research in Saudi Arabia during the last two
decades that are permeated with King

country Abdullah Scholarship Programme (KASP).

Remove

Rephrase We downloaded the entire set of publications
published in Microsoft Academic Graph (MAG)
that include any of the Saudi Arabia affiliations
in the paper affiliations during the period of
2001 and 2020.

Remove

Adding data All analyses were conducted using python 3.7

concepts to the tools
used for analysis

and Excel workspace on the Window platform.
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FIGURE 12. Survey results. (a) criteria (A-D). (b) criterion (E).
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FIGURE 13. Participants’ evaluation scores for the report.

contradictions (F.ql), incorrect data (F.q2), incorrect infor-
mation (F.q3), and grammatical errors (F.q4) they were
slightly less sure (slightly less ‘Strongly Agree’). Also, 10%
of the evaluators were not sure if the report had missing
information (S.q2). It is interesting to note that when asked if
they had learned any new information/insight (Q.q2) from the
paper the scores were unanimously high. Gaining new insight
is possibly the most important goal of big data analytics.
Descriptive summary statistics are presented in Table 5,
which contains data on the weighted average, the standard
deviation (SD), and the average for each report criteria. The
weighted average for £ C, S, and Q for the 10 evaluators
are 0.88, 0.99, 0.96, and 0.96 respectively. This seems to
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TABLE 5. Report evaluation descriptive summary.

U P F C S Q
Weighted - 10 0.88 099 | 096 | 0.96
Average
SD 0.23 10 0.15 0.08 0.14 | 0.06
Average (U>0) 0.71 10 0.87 | 0.98 0.94 | 0.96
Average (U>0.5) 0.84 7 0.89 1 1 0.96
Average (U>0.8) 0.93 6 0.94 1 1 0.98

be overall high score. However, it should be noted that few
standard deviations, especially for the U (.23), are high. It is
possible that some of the evaluators had read the paper more
thoroughly than the others. Because it was of interest to see
how the final evaluation might have been influenced by the
users’ reading of the report, this study’s researchers looked
into all the scores for the three evaluator groupings: i) U > 0,
which includes all evaluators; ii) U > 0.5 which includes
evaluators who scored at least 0.5 in U; and iii) U > 0.8,
which includes only evaluators who scored above.8 in U.
The last group indicated the evaluators who possibly read the
report most thoroughly. It is interesting to note that all of the
E C, S, and Q scores improved from the U > 0 grouping to
the U > .5 grouping. It improved even more for the U > .8

grouping.

VI. CONCLUSION AND FUTURE WORK
The overall approach of this paper was to take creative work

from human experts and multiply its usefulness and impact
by using automation. It entails a human expert to ‘design’ the
template paper. Computing was used for massive data analyt-
ics. Humans were also used to ‘domain-edit’ the final report.
To show the effectiveness of the proposed model, an experi-
mental human/computer co-authored report for Saudi Arabia
was generated and evaluated. Preliminarily, it achieved a
satisfactorily evaluation. The human/machine co-authored
proto-type paper was rated very high for its ability to provide
new learning amongst the readers. This is often the highest
goal as well as the biggest challenge of big data analytics [28].

The proposed model can have academic implications on
scientometric researchers by providing them with the struc-
ture and the main steps that can help multiply the impact and
effectiveness of scientometric research analysis reports. For
future work, an obvious next step is increasing the level of
automation, possibly leading to a full paper. For this model,
it means research in automating the current model’s human
steps and generating a further automated report. Moreover,
aplan to generate an automated report comparing the research
analysis amongst multiple countries is also suggested. Fur-
thermore, developing a web-based service that can manage
extracting the scholarly dataset and generating an automated
updated report for any selected country or comparing the
research analysis for multiple countries and make it available
to the public will be addressed. The first results in this paper
indicates that this idea is achievable.

APPENDIX
Please visit http://medianet.kent.edu/techreports/TR2021-

09-01-ScientometricAnalysis/TR2021-09-01-Scientometric
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Report.html for supporting files, including the data concept
definitions, the reviewed row case form, and the data concept
values of the case study.
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