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Abstract

The Online Student Medical Diagnosis and InformatioManagement System is a
web based electronic health recordsystem that eeahlsers to have access to the
services of the Igbinedion UniversityOkada (IUO) ustent free medical center
through a portal. The proposed system possessesoaline information system
containing databases of patients, staff medical oet, patient's appointment list,
doctor’s schedule, laboratory test results and so that can be used to adequately
manage the students’ healthcare services. It alsovides health tips and prevention
guide to patients.Presently, the IUO student freesdital center uses the manual
processing approach to carry out their various agties to their teaming patients.
This research is aimed at proffering a solution thavill eradicate the problems
associated with the present manual processes ofgulisis and information
management in the free medical center. Problemselikifficulties in searching
patients’ files, updating patients’ records, docunteng patient file, booking
appointment with the doctor, and waiting for queu&s see medical personnel can be
eradicated by the implementation of this system efidfore, the main purpose of the
research is to computerize the manual processingieélth services to the students of
the university. The development of this researctideed a very well defined software
development life cycle which involves planning, dysis, design, implementation,
monitoring and control processes and also utilizgetvarious languages: Hypertext
Markup Language (HTML), Cascading Style Sheet (CSSgva Script, MySQL,
Hypertext Preprocessor (PHP) for its design and ilementation.

Keywords:Online based, Igbinedion University free medicaltee, Paper-based, Electronic Medical Record
(EMR), Unified Markup Language (UML), Hypertextaprocessor (PHP), Object Oriented Design (OOD), DRU
Matrix

1.0 Introduction

Igbinedion University Okada (IUO) is the first pate university in Nigeria. It is located at Okadantlerland in Okada, a
town beside Benin City, Edo state. Igbinedion Ursity Student free medical center is situated aw@rEstate, Okada. It is
a sub-part of the Igbinedion University Teachingspital, with the major aim of providing free medit@atment and advice
to the students of Igbinedion University Okada.hgldiion University Student free medical center ffliatied tolgbinedion

University Teaching Hospital(lUTH), Okada.lt attentb matters pertaining to the medical aids of shedents in the
university which includes activities such as blomdting, diagnosis and treatment of various ailsédie clinic also

provides a broad range of in-patient and out-patiealth care services to match the needs of tliests of the university.
The in-patient services include medical, surgigeddiatric, obstetric and rehabilitation servicegTdut-patient services
includes emergency services, day procedures, ditignand assessment services, and therapy ser@8oee the opening
oflgbinedion University Student free medical centbe healthcare services to the students hastheemghest priority.As

such the need to computerize this process cannotdremphasized.

2.0  Statement of the Problem
This study is intended to look into the problem$eirent in the manual process of performing headthe cservices
inlgbinedionUniversity Student free medical centae current system prevalent in the Student FregiddeCenter has
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proven to be a much of a problem due to the gempeodlems associated with manual processing systemsdifficulties in
updating records, no flexible method of data ird¢ign, cumbersome process of carrying manual fiing documentation
etc.). The use of paper-based (also known as mamaakssing system) medical records has provere tiess rewarding
leading to the driving force for the automationnoédical records in the university. In a nutshélé problems associated
with the present system can be itemized as follq@ajslack of accurate and detailed records of ptienformation, (b)
Inefficient patient’'s data storage, organizationl aetrieval, (c) Inefficient patient records setwiand confidentiality, (d)
Scheduling an appointment with a doctor is a melialenge due to the fact thatwithout the patiept&ssence; appointments
with a doctor cannot be made and (e) Inadequatentorication with the health personnel. The propasetem is therefore
aimed at designing and implementing a system thkteliminate these problems currently associateth whe manual
processes being used in the student Free MedicdéCe

3.0  Objectives of Study

Online application is an internet based web sesvioeclients. With the advent of internet technglognhanced capabilities
of portable/mobile devices to support the Informatand Communication Technology (ICT) infrastruesuand advanced
Human Computer Interaction (HCI), online applicaichave become the computerized solutions to migah@ation needs
[1]. We are therefore motivated to take advantafgthese technologies with the aim to design andiéempnt an Online
Student Medical Diagnosis and Information Managensgatem using Igbinedion university free medioahter as a case
study.The objectives of this research are: (a) &epkirack of patient’s records, (c) To efficierglyse, update, retrieval and
storage of patients records, (d) To provide autethgilatform where patients can book for appointnetiine, (e) To
provide easy access of emergency services to pa@sra result the computerized process of admati®t in the hospital,
() To provide immediate access to data, (g) Tousnsadequate confidentiality of data by maintainengecured access
control mechanism in the online system.

4.0 Some Related Literatures

The world of Electronic Medical Record (EMR) is &xing; starting with computer stored medical records, and then
ComputerizedPatient Record (CPR), Computerized Medical Record (CMR), Computer-Based Patient Record system(CBPR),
Electronic Health Record (EHR) and Automated Medical Record (AMR)[2].The term of EMR is defined as computerized
medical records that can be accessed with condepat@nt privacy, confidential and security fronultiple integrated
systems at any point of care within the health @rterprise [3]. One of the healthcare experts §¢fines EMR as a
computer-based information system that integratasemis-specific information from diverse sourcew dracks that
information overtime to facilitate clinical managem and information retrieval, analysis and repgrtiBates [5]defines
EMR as a confined medical record offering littléeigration with other system and is much restridgteils scope.The EMR
replaces the paper records as the primary recocdref meeting all clinical, legal and administratrequirements. An EMR
is a structured and integrated approach to managatignt data with the end result of improving chsereducing the
number of incomplete charts, reducing the waitingetfor paper-based test results and enhancingalidecision making
with real-time or on-line access to patient infotima [6-7]. This way, a physician can have a congléew of a patient’s
medical history, which may allow him or her to ckdar duplicate prescriptions, overdosing, oveatmneents and such, thus
reducing medical errors. At the same time, a naeseaccess the same patient record, without waitinghe chart to be
physically transferred [8]. One of the huge advgesaof EMR is the ability to incorporate evidenesdd practices; and in
this way improve the quality of the services thapwvide [9]. For example, placing orders and predins, setting
reminders and alerts, communicating with othersugh a messaging system, if used properly can iveptioe efficiency
and quality of the services of the health orgammat

Adegbenijo et al. [10]developed a Health ManagerBgatem (HMS) capable of storing and retrievingrtteslical records of
patients as well as diagnosis of some diseases.ettwthis HMS application is a standalone appticat Although,
standalone applications are computerized, they atosopport services that will allow for online asseto information
contained in their database. Raenukolandaisamydéd¢loped a web based online medical diagnostersythat helps the
user to get the appropriate information neededrdégg hypertension and overall health conditiorighe system did not
offer the complete personalized service includiriggdosis, medicine, appointment reservation, treatm and file
integration; preparing data connection betweeraheratory information system, so that the doctans send laboratory test
request and read test results from the his commystiem.With modern technology in the delivery eflthcare system,
cloud-based electronic medical record (CloudMR}eyswas developed to improve the delivery of healtl system in the
rural communities of Nigeria [12].

5.0 System Methodology
A feasibility study of our case study was articelptcarried out. The existing medical system ofsrehe manual
processing of data. To establish the purpose ofesgarch objectives, we carried out a system figag®n on the existing

Journal of the Nigerian Association of Mathematic&hysics Volume 35, (May, 2016), 379 — 388
380



An Online Student Medical... Omorogiuwa and Jaiye-Tikolo J of NAMP

system and employed interviewing, direct observatmd inspection of documents as our fact finditeghniques.The
interview was set up with key stake holders atealels and department in the organization to enaurieh and complete
view of what is happening in the hospital. Thisessh work employed open ended questionnaires itpedrio achieve
effective interviewing. Some of the open ended tjoes are: (a) How often do you visit this hospit@) How do you find
the registration process in this process, (¢) HalN do you relate with your doctors, (d) How long ybu have to wait to see
a doctor, (e) Do you feel better booking an appoarit before coming to the hospital, (f) Does iphadowing your doctor’s
schedule. To achieve thoroughness of informatiour, 6ioctors, five nurses and one pharmacist, tworktory scientists and
two clerical staffs in the free medical center wpuot under direct observation. The staffs undeenlagion were notified of
the aim of the research to avoid suspicion. Thenrabjective of the direct observation carried oaswo have full insight on
the workflow of activities in the medical centeGeveral documents such as test result, diagnoset,sthrug prescription
sheet, and other important patient file informatieere carefully examined and analyzed. Data fiitewvas carried out to
enable us know the relevant information needetérrésearch.

Based on the analysis of the existing system,dheviing setbacks were identified:

0] Inefficient patient’s data storage, organization ad retrieval: Data within the system is generally stored inagy w
which makes it difficult for the management to i@te useful information. Data are stored in segafalders each with the
patient's name and are organized in cabinets irti@ith probably letters. Due to this poor data &tgr and organization,
retrieval of data proves much of a challenge. Retance, in the case of emergency reports, dateothe retrieved on time.
(i) Inefficient patient records security and confidentality:The possibility of medical papers slipping outrfrdhe
patient’s file is very high and patient’s privacgncalso be invaded.

(iii) Scheduling an appointment:the existing manual procedure poses a major clgdlene to the fact that without the
patient’s presence, scheduling appointments withcor cannot be done.

(iv) Inadequate documentation and integration of medicalfiles:files containingpatient fees payments, drugs
prescriptions and other vital information are maegrated. This makes decision making cumbersorpatéEnts may have to
open files at various units in the hospital whéeytare in need of services.

Considering the setbacks of the existing manuaksaysthere is a strong need and motivation to dgveal system that will
proffer a technology aided solution by developingamputerized system which can be used to rendecte®e online
medical services to the student free medical centearticular and in any manually operated hospitgeneral.

6.0 System Design

Object Oriented Design technique was used to aautythe proposed system design.Software desigrdeseription of the
structure of the software to be implemented, tha dadels and structures used by the system, tidnes between system
components and, sometimes, the algorithms used413-Our system design employs bothhigh-levelgtesind detail level
design.The high level design section provides mfation about the architectural analysis and raak tidesign. The
architectural design is further subdivided into tleenponent model, deployment design,logical compbriew and CRUD
MATRIX.The Detail level design section providesdnhation about the data flow diagram, lower levatadflow diagram,
and data structure, use case and use case spamific&kigure 1 represents all the various comptsand the relationship
that exist among them.

Platform
Informatior

Requirements
Specifica;[ion

v

Data Description Design Inputs

P Design Activities
Database Design Laesponent
b Qi; Design
System Database Interface Component Design Outputs
Architecture specificatiol specificatiol specificatiol |

Figure 1: An Abstract model of the design phase
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This research employs the following design inp&tsitform information, Requirements specificatiord dbata description
(Figure 1).Platform informationrefers to informati@bout the environment in which the software wilecute. For the
course of this research, the software platform withtboe employed is Windows XP or higher versidrivdindows Operating
System.Requirements specification is a descriptiothe functionality the software must provide atslperformance and
dependability requirements. The project considbes gystem, functional and non-functional requiretie8ome of the
functional requirements include (the patient shallable to book appointment online, the patientl &feable to login in
online, the patient shall be able to lookup thetdids schedule etc.) while some non-functional isgment includes (the
system should provide a simple and user friendigrface, the system should be able to detect amyrect input, the system
should be able to authenticate users’ informatidrenwlogging in etc.).The architectural analysessistrof component,
behavior and Enterprise classification models thgpict the Online Student Medical Diagnosis andltheiaformation
Management System of Igbinedion University Free i@dCenter. Figure 2shows the physical componeitsir proposed
system and also depicts the system from a genienal v

SERVER Wireless

Figure 2: Deployment diagram for component model

The deployment diagram shows the top-level vievhoiv the system will be deployed and it interactiaith the devices
used by the users of the system. It also depicts wtmponents of each part of the system: The Beoresists of the Web
Interface, Logic Layer/Business Logic and the Dasa) the devices also has web browser that wouldsée to access the
web interface. Figure 3 represent the access alomechanism used in determining the type of accgds granted to
users. For example, the System Administrator cafope Create, Read, Update and Delete operationsnwa patient wants
to book for an appointment, Create and Read Opersats required.

Patient | Doctor | Nurses | Adminstrator
Login R R R CRUD
Account C CRUD
Appointment | CR RU R CRUD

Create| Read Updale Deldte

[ R U | D

Figure 3: CRUD MATRIX of the Online Student Medical Diagnosisd Health Information Management System

CLINIC CONTEXT
DIAGRAM

PATIENTS Patient’s details Clinic detail L ADMIN

A

o
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SYSTEM nquiri
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Figure 4:Detailed level design of Online Student Medical &tehlth Information Management System.
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Figure 4: represent a detailed design illustratimat the various users (patients, doctors, nuredsadmin officer) of the
online system operates on a centralized databageh whn be accessed from their various locationutin the network.
Information processing, enquires and updates aesabred in the clinic database system.
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(APPOINTMENT
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BOOK t
» APPOINTME

Books appointmer

3
ENQUIRES BOOKED,
NURSE (" \ppOoINTMENTS — RETRIEVE PROVIDES NURSE
AF'PC'LI_’F‘TME WITH INFORMATION

Figure 5:Lower Level Data Flow Diagram of Patient Bookingpintment with the Doctor
Figure 5 shows a lower level diagram of processes patient booking an appointment with the dodnst, patient check
doctor’s schedule; this is provided by the schedutelule, if the doctor is free at that time, th@a@ptment can be booked
and the database is updated else patient cannbtappmintment. The users have access to the appminlisting and such
information is used in preparing the necessaryimédion that is required prior to the booked date.

LEVEL 1

See doctor———»| VISIT leAttend to patient— DOCTOR

DOCTOR

PATIENT

Prescribe drug:
] MPRESCRIPTION
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h
2 3
NURSE Checks——» CHECK FOR | Stock ~ INVENTORY UPDATE pdat ADMIN
DRUGS information INVENTORY
Upda(esQ
Drug
k. Is removed

4

ISSUE
DRUGS

Figure 6:Data Flow Diagram Of Online Student Medical Diage@nd Health Information Management System

Figure 6 represents the dataflow design structfirde various system components. It representslésign sequence of
activities that the patient follows to see a doctbagnose the patient illness, prescription ofgdrmnodule, and the admin
module updates drug inventory module, the nurseskcpatient module and issues drugs and the stdakmation is sent to

the database for update.
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Patient
o (o
Doctor

Pharmacist

Nurses Administrator

Figure 7: Use Case Diagram Of Online Student Medical Diagnasd Health Information Management System
The use case diagram(Figure 7) represents theugadotor and the actions that they can performhensystem. For
example, all users of the online application mustehto login to before they can be authorized tdope their operations.
The Pharmacist for example, can issue drugs, leuttinses and doctors cannot. But the nurse caméadenidrugs.
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Figure 8:Entity Relationship Diagram Of Online StudiMedical Diagnosis and Health Information Managen®&ydten
Entity Relationship Diagram (Figure 8) the varimmmponent design structure of the various actothénsystem and tt
interaction among them.

7.0 Design Implementation and Result

Hypertext Makup Language (HTML) was used to design the frowt ef the application (display images and Graphitser
Interface). The Hypertext Preprocessor (PHP) andScript languages were used to develop bothetiversand client side
The HTML also used th8tyle Sheet known as Cascading Style Sheet (C$S)yfiing the web pages. The backend utili
the Microsoft Server for the database Managemempoment.Each of the designed web pages was testatita, especiall
the login, Register, Appointment,edical history pages where tested. The variouts umére integrated and the ent
system test was conducted. The implementatiortesiihg of the system was carried out using thezegmal computers ar
one server with internet facilities meeting minimum software and hardware requirements. Wherotline application i
launched, the homepage is displayed (Figure 9)thérhomepage, the patient can log in by clickingpatient log in icon
doctor can login by clicking the doctor log in icard the Administration Officer can log in by clickirtaff log in icon.
This log in icons when selected displays a logagep(Figure 10, 11 and 12). The log in page igactéve and user frielly;
the patient, doctor or administration officer resfirg authorization enters his log in Identificationgieusername) ar
password, the system compares the details witletimthe database and grants access to the raspaséi

" Patient Login
HOmEW Patientlogn  Doctorlogn  StaffLogin =

Patient Account
About our Website Benifits

Patient Appointment

100X75x [N

atient Appointment
. Login
100X'5p.\ x St
) '- s Hew User

Click here to Register

Figure 9: Home Page the Online System Figure 10: Patient Login Page
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— Staff Login Page
o Doctors Account
.c’ G Staff Login ID
g&ﬁ‘ . Password
Type:
Select -
Forgot Password | Login
Figure 11: Doctor Login page Figure 12: Staff Login page

Home |SPAURABLOOAN Doctor Logn  Staff Logn

Patient Acco

Figure 13: Patient log out page
Users of the system can always log out by clickinghe log out icon. Figure 13 represents a piatigcking on log out and
in return a pop up page showing log out successisildlisplayed.

Moring  (§vi 0w We:Mv  Enabed v Doctors Account

Registration Page Afternoon Re:le Re: e Enabled »
Evening v v v v Enabled »

Update Tmngs
From To
Momning
Alflernoon
Evening
Rosel | Register
Figure 14: Patient Registration page Figure 15: Patient booking appointment

It is to be noted that before any user can havesscto the online system, registration of the udata is first carried out.
Figure 14 represents a registration page thatjisimed by a patient to fill if he/she wants to jullse the services of the
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application. Upon registration and login in, thetipnt can perform a lot of activities. Howeverr, fitustration, figure 15

represents a web page that can be used to boogpainanent by a patient. The web page contain®wsiperiods of the
day (morning, afternoon and evening) that the pattan decide to book an appointment. Once theiafpent is booked,
the doctor can view the appointment page when bedign in. At the backend, the databases arerattdyso it is possible
for the doctor to view the appointment list (Figdi® when he logs in with his ID and password. dhetor can also view
the time logs of all appointment time (Figure 17).

mntment 1ime
Home  (PABRBLOGRN Doctor Logn  Staff Logn Search Our Webste Patient Account

Morning Afternoon Evening
09.00 AM 12.000M | 04.00 PM
09.30 AM 12.15PM 04.15 PM
19.45 AM 12.30PM | 04.30 PM
10.00 AM 12.45PM | 04.45 PM
‘\'\‘ OIMLmen 10.15 AM o100PM | 05.00 PM
i 10.30 AM oLiseM | 05.15 PM
Patient Account 10.45 AM 01.30 PM 0530 PM

Doctors Record 11.00 AM orasem | 05.45 PM
11.15 AM 02.00 PM 06.00 PM
11.30 AM 02.15 PM 06.15 PM

11.45 AM | 02.30 PM 06.30 PM
““ SaATEN T i

03.00 PM 07.00 PM

03.15 PM | 07.15 PM
03.30PM 07.30PM
03.45 PM [ 07.45PM

Click Here to Continue.

Figure 16: Doctor viewing Appointments Figure 17: Time Appointment Log

8.0  Conclusion

The proposed benefits of an online medical diagnasd Information Management system from an integraealth record
and information system are eagerly anticipated, @&gimproved decision making, better medicatanagement, effective
booking of appointment, effective administratiordamproved resource utilization. These promise ifitant advantages
over the current manual-based system for clinigiahsdents and the healthcare system generallye pfbposed online
system is an event driven, friendly and easy to A#hough it may be costly to implement such tedbgy and even to
maintain, since maintenance cost is more expertsi@a development cost but enormous gain out weitjiféscost of

implementation.The need to tackle the problemsdatsa with the current manual based system caerddicated by the
implementation of the Online Student Medical Diagjsaand Health Information Management for the Sttudfeee Medical

Center IUO, as a means to surmount the currenémsybtanagement should allow for a parallel conversib the newly

developed system with the existing manual procgssystem. When satisfactorily convinced, they caradiay with the

manual processing system. To reduce cost, theyraavieloped system can be put into use by firstoyapy few systems in
the clinic center.Staff training should be made dzory for all involved staffs.Unauthorized persat®uld not granted
access to the computer’s system resources so &8 aintumvent the advantages of the newly devalapestem when fully
deployed.
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