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Abstract- One of the widely used database management 
systems is based on Relational Databases (RL). Although there 
are other systems to manage data, such as graph database, 
hierarchical databased, etc., RL has become popular due to its 
simplicity and intuitiveness.  However, RL has challenges to 
model some data dependencies such as the well known Many-to-
Many (M:M) relationships. This paper demonstrates the use of  
RL databases to effectively manage and monitor research 
activities in higher educational institutions. This management 
simplifies the generation of reports, time trends, and event tables. 
A comparison between RL and other database management 
systems is also presented showing advantages of the use of RL in 
this field, thus it is evident that such research is disseminated to 
interested universities in the nation and abroad. 

Keywords- Higher education research management, 
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I. INTRODUCTION 

 
The database management systems DBMS are very 

essential in our world today, especially that decisions based 
on data, are more powerful, and more successful.  There are 
many platforms to facilitate DBMS, such as Oracle Database, 
mySQL, IBM db2, Microsoft SQL, Microsoft Access, SQLite, 
etc. It’s a designer choice to select the platform of choice. 
Some of the reasons of such selection can be available firm 
licensing, ease of use, prior training and or experiences. 

 
 The objective of transferring data to ordered data into a 

DBMS is not only to provide electronic data storage, but most 
importantly, to process such data. Data processing can be 
based on search queries, (that’s why Structured Query 
Language SQL is very important), reporting, analysis, 
predictions, monitoring graphs, and so on.  
 

In this paper we first compare between different 
architectures of databases in Section 2, then in Section 3, we 
show how the dilemma of Many to Many (M:M) relationship 
can be resolved in Relational Databases. In Section 4 we show 
a step-by-step illustration on how we selected the relational 
database management system and Microsoft Access to design 
an effective software tool to manage and monitor higher 
institution’s research publications and scientific activities. In 
Section 5, the paper concludes and we present suggestions of 
future work. 

 
II. COMPARISON BETWEEN RELATIONAL DATABASE 

AND ALTERNATIVE DATABASE TECHNIQUES 

Conventual ways to manage data include: 
• Graphical Database 

• Hierarchical Database 
• Relational Databases 

 
Graphical databases are based on a labeled-property 
graph data model consist of four components: 

 
• Nodes - the main entities in a graph.  
• Relationships - the connections between the 

nodes. 
• Labels - attributes that group similar nodes 

together. 
• Properties - key/value pairs that are stored 

within nodes. 
 
Graph databases use Cypher Query Language to query, 
manage and manipulate data [1, 2, 3]. Even though it is 
more efficient than RL in handling complex relations, 
it is not widely used such as in RL databases due to 
their complexity.  

 
Hierarchical databases HDB are also known as 
navigational databases. HDB are a means of organizing 
data with one-to-many pointers. Parent structures (e.g., 
tables) can have many “children,” but each child can 
only have one parent pointer. Adding and deleting new 
data is easy in this system; compared to RL. 
Furthermore, HDB does not support many-to-many 
relationships. Because of these disadvantages, it is not 
widely used. 
 
Relational databases  RL store data in tables consisting 
of rows and columns. Every row is a record, and every 
column is field of that record. Relational databases are 
usually composed of set of tables. Multiple tables can 
be linked to each other using keys. Primary keys are 
unique to each row in a table, (such as researcher ID), 
while other keys are used to link rows in one table to 
rows in another table. Relational databases use 
Structured Query Language (SQL) to query, manage 
and manipulate data. One of the main advantages of 
Relational databases is their wide use in various in 
applications such as in agriculture, medical, academic, 
banking, and inventory management systems [4-23]. 

 
 

III.  HOW CAN MANY TO MANY RELATIONS BE 
MODELED IN RELATIONAL DATABASES  

As mentioned earlier, Relational databases (RL) store 
data in tables consisting of rows and columns. Every row is a 
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record, and every column is field. Examples include table of 
students, where each student must have a unique student ID. 
Similarly, classes that can be taken each has a class ID, along 
with course title, description, and so on. Evidently, many 
students can take a particular class, and a class can be taken 
by many students. To represent such a complex relationship, 
we create another table, as shown in Figure 1, were a single 
value of the primary key from the student table, is joined with 
a single value of a primary key of the classes table. In this join 
table, student ID can be repeated (since a student my desire to 
have more than one class), and course ID can be repeated 
(since a class is taken by many students). But the pair of 
Student ID and Class ID should not be repeated. This is how 
a M:M relationship is represented easily in RL databases. 
 

IV. USING MICROSOFT ACCESS TO DESIGN EFFECTIVE 
SOFTWARE TOOL TO MANAGE AND MONITOR HIGHER 

INSTITUTION’S RESEARCH PUBLICATIONS AND 
SCIENTIFIC ACTIVITIES 

We first create tables for faculty and staff, then we use 
Microsoft Access forms to allow ordered data entry in such 

table. Figure 2 shows an example form to enter faculty and 
staff data. Multiple data records are entered, and shown in the 
figure the record of the author (no. 121 of total 136), who are 
affiliated with Horus University- Egypt, faculty of 
Engineering. We used multiple tabs to enter more specific 
data about faculty members. Figure 3 shows how some further 
(research specific) data was entered. Notice how the primary 
key was specified so that this record can be joined with the 
faculty member research work, and scientific events. An easy 
choice for the faculty ID is the email ID, which is unique over 
the domain of the whole institution. 
 

A similar form was used to enter research publications 
for each faculty member (using replications of the Faculty 
ID(s), who were authors of the same publication). As shown 
in Figure 4, each publication has a unique Publication ID. 
Joining these two keys, automatically ensures that there are 
no duplicates of research publications listing in the same 
institution. Each publication can be given a code to specify 
its type, and for quicker data entry, we created these codes: 

 
C: Conference paper 
J: Journal paper 
Pt: Patent 
BC: Book chapter 
B: Book 
M: Master thesis 
P: PhD dissertation 
 
Figure 5 shows an example report showing one article 

per row, and list of authors (internal, or external), as well as 
the type of each publication (C/J/BC/B/M/P/Pt). Using codes 
reduces typing errors. Of course, more codes can be added as 
desired. Joining two tables to create such report is very useful 
in the next steps when we report trends, and helps in getting 

 

 
 
 

Figure 1: Example of M:M relationship 

 
 
Figure 2: Example Form for Faculty and Staff data entry (some of the 

data are removed here to maintain privacy)  

 

 
Figure 3: Using the same form for the same Faculty member to enter 

more data (showing research specific data entry tab)  
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more accurate predictions of the faculty performance as 
desired. One of the nice features in the platform we chose is 
the ability to create graphs, and calculate trends. Figure 6 
shows a computed trend: Publications/Authors over the years. 

 
 

 
 
 
 

 

Similarly, we designed forms to monitor and manage 
scientific activities. In the data entry phase of each scientific 
even, group of coordinators can be assigned. This is also a 
M:M relationship. Thus, another join operation was used. 
Figure 7 shows the data entry form for events, and the tab for 
assigning coordinators. The data entry personnel will only 
need to navigate (possibly by entering the first letter of the 
desired name using the keyboard), select from list and the 
name will be stored. Shown in the figure multiple choices for 
a single event. Notice how can attachments for relevant 
documents can be inserted in the form. This helps in easy 
navigation of relevant documents, and even for the 
presentation of proofs for accreditation authorities. 
 

 

 

 
Figure 5: Publication Report showing ordered list, and abbreviation of 

publication types, participating authors, and year of publication 

 
 

Figure 6: Automatically computed graph showing the trend of 
Publications/Authors over the years for the institution 

 

 
 

Figure 4: Publication data entry form  

 
 
 
Figure 7: Event form, and the attachments window (pictures, pdf files 

can be added and stored in the database) 
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V. CONCLUSIONS AND FUTURE WORK 

 
In this paper, the we presented a design of a relational 

database management system for higher educational scientific 
research activities. Detailed step by step illustrations were 
give, so that other institutions can use it to duplicate the 
experiences and benefit from them. Furthermore, we 
compared various database management systems, showing 
that relational database, even in complex form is easier to 
manage, and useful to apply.  

In the future, we plan to add more queries and prediction 
functions to facilitate the management of such important 
reservoir. We also plan to evaluate the migration of data to a 
NoSQL platform such as the research cited in [10, 11]. Some 
of the desired functions is to extrapolate research publications 
(of the recent past) and predict research outcome in the 
upcoming years. This can be very useful to evaluate the 
performance of research faculty, especially in the endeavor of 
achieving accreditation by agencies such as the National 
Authority for Quality Assurance and Accreditation of 
Education NAQAE  in Egypt [24], and the International 
Accreditation Board for Engineering and Technology 
(ABET). Needless to say, ABET is ISO 9001:2015 certified 
[25]. 
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Figure 8: Event form, and the coordinator assignment tab (for a 
different scientific event) 
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