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Preface  

 

Innovation Arabia 9 Congress 2016, was held under the patronage of His Highness Sheikh Hamdan 
Bin Mohammed Bin Rashid Al Maktoum, Crown Prince of Dubai and President of HBMSU. The 
Congress was held at the Jumeirah Beach Hotel Dubai from 07 – 09 March, 2016. The main theme of 
the Congress this year was “Accelerating Innovation towards Sustainable Economy”. This theme 
endorses our belief that innovation is the engine that can drive sustainable economic and social 
development for the Arab region. Economies based on innovation and knowledge can help in 
promoting greater growth and spur competitiveness.   

Keeping up with the tradition, Innovation Arabia 9 featured three scientific conferences under its 
umbrella, having their themes in line with the main theme of the Congress.  

• Quality and Business Management Conference 

• Smart Learning Conference 

• Health and Environment Conference 
  
The main objectives of Innovation Arabia 9 Congress are: 

1. To discuss theoretical and applied research related to innovation in Quality & Business 
Management, Smart Learning, and Health and Environment. 

2. To analyze current issues and challenges facing the Arab world and the role of innovation in 
creating sustainable development. 

3. To provide a forum for exchange of research ideas and practices and the creation of new 
ideas to assess the current state of knowledge and development of the discipline in theory 
and practice. 

4. To provide an environment for the discussion of new concepts, research developments, and 
applications in innovation in Quality, Smart Learning, and Health and Environment. 

  

One important purpose of the Congress was to unleash the economic opportunities in the region as 
well as spread the culture of innovation in the private and government research institutes, 
universities and the private sector, in order to capitalize on the successes and potential of the Arab 
World.  
 

This Congress served as a platform to give scholars, researchers, thinkers and practitioners the 
opportunity to share thoughts, debate issues and exchange knowledge, with the aim to discuss and 
address trends, solutions and challenges in the development of sustainable economies and societies 
in the Arab world through innovation..  

  

The Congress featured many other activities including keynote talks, best practices presentations, 
social media panels, workshops, research papers and poster presentations, and several formal and 
informal networking opportunities including an exclusive Gala Dinner, bringing together researchers, 
industry leaders from local, regional and international organizations, government entities, the 
corporate sectors and NGOs.  

  

Professor Moustafa Hassan  

Chair, Innovation Arabia 9 Congress, 2016   
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From drone data to decisions: Turning images into 

ecological answers 
 

Meyer E. de Kock  

Al Bustan Zoological Center, Sharjah, UAE. 

 

David Gallacher 

Zayed University, Dubai, UAE.

 

Abstract 

Ecological monitoring in arid rangelands is highly suited to the use of low-altitude aerial 

imagery captured by drone, due to the habitat consisting of large areas with low biomass and 

biodiversity.  Adoption of the technology requires broad expertise in ecology, drone hardware, 

and data interpretation, usually by a very small team or even an individual.  Typically, an 

ecologist will first understand hardware, and only later develop the skills for interpretation.  

The aim of this paper is to facilitate this final step, by providing a detailed guide for optimizing 

image quality during data collection, combining images into a 3D photomosaic, and then using 

object based image analysis to extract useful information.  Two case studies illustrate methods; 

Vegetation footprint calculation in a Prosopis cineraria plant community and distribution of 

Uromastyx aegyptia leptieni population via analysis of burrow entrances. 

Keywords: Unmanned aerial system; object based image analysis; photogrammetry; dhub; 

ghaf 

 

Introduction 

The worldwide civilian drone market is expanding rapidly (“Welcome to the Drone 

Age,” 2015) and are increasingly being adapted to conservation work.  Robotic 

monitoring of natural disasters (volcanic eruptions, tsunamis) and environmental issues 

(e.g.; oil spills) is now routine at the macro scale (Dunbabin & Marques, 2012).  Until 

recently, platforms for aerial photography were largely limited to satellites and manned 

aerial vehicles (MAVs), though a history of military photogrammetry extends more 

than a century and includes unmanned aerial vehicles (UAVs) such as kites and hot-air 

balloons, as well as many types of UAVs (Watts, Amrosia, & Hinkley, 2012).  Low-

altitude aerial imagery has much potential for improving the study of spatial ecology 

(Anderson & Gaston, 2013) and biodiversity assessment (Getzin, Wiegand, & 

Schöning, 2012). 

Nevertheless, adoption by the conservation sector has lagged behind the 

resources sector, such that many technological possibilities remain untapped.  Applying 
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low-altitude aerial imagery to conservation requires the coming together of three skill 

sets; ecology, drone hardware, and data interpretation.  An ecologist might recognize 

the potential of low-altitude imagery and study the wide variety of available platform / 

sensor combinations.  Often however, the third step is lacking; that of understanding 

how to manage the enormous volume of data that is produced, and turn it into 

meaningful answers to real questions.  The aim of this article is to work toward a Best 

Practice of data acquisition through to analysis, for conservation purposes. 

Computer Hardware 

Standard office computers are insufficient for analysis.  The main limitations are 

operating memory, necessary for creating georeferenced photomosaics, and data 

storage, necessary for the large volume of data produced.  Other hardware features, 

such as choice of processor and graphics card, are less important for photogrammetry, 

but may be important for image analysis.  An entry-level system for this work has at 

least 32 GB RAM, fast and mutable core processors and extended graphics data 

management hardware in the form of additional graphic cards.  

A seemingly endless amount of money can also be spent on software.  Relevant 

program categories include the following: 

 Photogrammetric software (e.g.; Agisoft PhotoScan, Pix4D) takes individual 

pictures and combines them into one large two-dimensional or three-dimensional 

file.  Open-source versions are available, particularly for creating three-dimensional 

digital objects, but they are of lower quality than commercial programs and 

inadequate for georeferencing. 

 Geographic information software displays geographic information from a range of 

sources in multiple layers. The industry standard is ESRI ArcGIS, but several open 

source options are available (GRASS GIS, QGIS, uDig, openjump, gvSIG). 

 Object Based Image Analysis (OBIA) (e.g.; eCognition) uses predefined rule sets to 

separate an image into ‘objects’.  Such programs can automatically detect standard 

imagery, such as roads and buildings. There are currently limited open source 

options for OBIA software. 

Sensors 

Digital sensors provide an interpretation of real-world objects that, for imagery, is 

stored as pixel values. Sensors are usually cameras that can be as simple as a compact 

off-the-shelf RGB (Figure 1) digital camera, or a custom designed camera for specific 

bands along the electromagnetic spectrum. 

All digital off-the-shelf cameras have a filter to prevent near infrared (NIR) 

wavelengths from reaching the CMOS (Complementary metal-oxide semiconductor) 

sensor. If removed (Figure 2) the NIR wavelengths are added to the red layer of an 

RGB camera. Most NIR modified digital cameras have the filter replaced with one that 

limits ultraviolet and RGB exposure. Near-infrared (NIR) from 750 nm to 1400 nm 

modified or developed sensors (Figure 1b), are used in a range of fields and are popular 

in vegetation, agriculture and archeological data acquisition. Other sensors include 

LiDAR (laser measurement of 3D structures), sonar (sound), and a wide range of 
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atmospheric measurements.  Sensor options are limited by weight, cost, and in the case 

of sonar, rotor noise. 

Color Standardization 

Off-the-shelf cameras are designed to optimize the quality of individual images, rather 

than for processes that require multiple images.  Lighting conditions change throughout 

the day, season, and with orientation to the sun, resulting in different color intensities.  

Standard cameras automatically compensate the white balance of each exposure 

separately, thus ‘correcting’ the actual color reading for every pixel recorded.  Images 

taken within one drone flight < 1 hour duration in cloudless conditions tend not to vary 

much, but the differences among time series data (images of the same geographic 

location taken over time) can be substantial.  Hence, ecological applications require the 

white balance of time series data to be standardized.  This can be achieved by placing 

one or more color references on the ground (e.g.; an 18% grey scale square) during 

each flight, preferably in the same location.  White balance within image sets can then 

be standardized in post-processing. Setting white balance manually is preferred since it 

a   b  

Figure 1: Normalized response spectra of Canon S110 RGB (a) and NIR (b) cameras 

(Sensefly 2014) 

 

Figure 2: Digital SLR Canon 450D, spectral response without an  IR Cut Filter 

(ICF) (MaxMax 2015). 
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more accurately compensates for different lighting conditions among data collection 

days (Remondino, Menna et al. 2013). 

Lens Calibration 

All lenses have distortions that reduce the quality of any post-processing if adjustments 

are not made.  Most photogrammetry software accepts lens calibration data.  We 

recommend calibrating each lens specifically rather than using generic lens data, since 

the process is quick and effective. Agisoft Lens© software applies Brown’s Distortion 

Model (Brown 1966, Fryer and Brown 1986, Group 2015) to a pinhole camera model to 

estimate corrections.  In practice, the software projects a checkerboard image onto a 

computer screen and the operator takes several photographs and uploads them to the 

software to produce a calibration file. The software works by calibrating the square 

corners to a Cartesian grid. 

Ground Control Points (GCPs) 

Aerial imagery is collected as a set of discrete photos that are later merged into a single 

photomosaic file.  Open source software is available, but professional software (e.g.; 

Agisoft Photoscan or Pix4D) is currently needed to ensure the photomosaic is 

geographically accurate.  Even so, all photomosaic files have distortions.  Ground 

control points (GCPs) minimize distortion and therefore improve the accuracy of 

subsequent measurements.  A ground control point is either a permanently fixed or 

temporary object of known GPS coordinates that is visible in the aerial imagery. 

The geographic accuracy of a single pixel on a photomosaic is a function of: 

a) Distance of the pixel from pixels assigned to a GCP, in each Cartesian direction 

(Figure 3). 

b) Accuracy of the GCP estimates. 

c) Time adjustment.  The Arabian tectonic plate is moving north at a rate of 

approximately 20 mm per year and is slowly rotating anticlockwise.  Tectonic 

movement is therefore significant for sub-meter GPS accuracy. 

d) Vertical accuracy.  Satellite Z-axis estimates are weaker than X (left, right) and Y 

(forward, backward) because satellites can only physically occur in the positive Z 

(above ground surface) plane. 

Current best-practice is to use time-stamped real time kinematic (RTK) GPS. 

 

Figure 3: Typical patterns of Ground Control Points (GCPs) within a study area (Tahar 2013). 
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File formats 

GIS is crowded with file formats, and file conversion is usually necessary.  

 Raw – conserves all available information, but the file format is specific to the 

producer 

 Tiff – a standardized file that conserves all information, but is large (see below).  

 jpg / jpeg – is the standard default of off-the-shelf cameras.  The format offers 

substantial compression with a small reduction of visible quality, and automatic 

adjustment of white balance and exposure level.  It should not be used for 

producing orthomosaics.  

The Aldus-Adobe's public domain Tagged Image File Format (TIFF) is one of the 

most commonly accepted raster file formats for GIS analysis. The TIFF imagery file 

format can be used to store and transfer digital satellite imagery, elevation models, 

photo mosaic and projected orthophotos (Mahammad and Ramakrishnan 2003). Most 

GIS software extracts the projection of the image from the TIFF header file and 

therefore eliminates the need for an additional projection file. 

Image Overlap 

Increasing the amount of overlap between images used to create an orthomosaic 

increases both the accuracy of the final product, and the processing time.  It is 

particularly important for accurate estimation of the vertical (Z) coordinate of pixels.  

An overlap ratio within a range of 55% to 60% is recommended for drone surveys 

(Hasegawa, Matsuo et al. 2000). 

 

Analysis 

An orthophoto is produced when multiple images with sufficient overlap are stitched 

into a single image by software tools. Stitching must be georectified so that the final 

orthophoto is not substantially distorted, and each pixel represents approximately the 

same surface area in the real world. Currently, the transformation from photomosaic to 

orthophoto requires manual analysis settings and perimeter inputs to ensure the best 

representation of the stitched image within a GIS. If a poorly digitized orthophoto is 

used it will reduce the usefulness of the layer in GIS analysis. Off-the-shelf satellite 

images are geo-rectified by the vendor, eliminating the need to perform this step.  A 

comparison of data acquisition by drones and satellite is given in Table 1. 

 



ISSN: 2414-6102 

10 
 

Output quality 

Most photogrammetry software will export results to a variety of file formats, 

including: 

 2- or 3 dimensional model - .obj, .3ds, .kmz, .pdf 

 Image - .tiff, .jpg, .kml, .png 

 Z value grid file - .tiff, .bil. .xyz, .kmz 

 Point cloud - .las, .obj, .u3d, .txt 

Accuracy assessments play a vital role in drone data output verification, but 

information describing data quality is typically difficult to access and understand. 

Therefore, data quality is often neglected by users, leading to risks of misuse (Devillers, 

Bédard et al. 2007). Data quality can have a variable impact on model results 

(Burrough, Rijn et al. 1996, Di Luzio, Arnold et al. 2005) and should be evaluated with 

context to the intended use for best practice. 

Since UAVs miniature on-board autopilots cannot deliver precise positioning and 

orientation of the recorded images, post-processing is key in the generation of relatively 

highly accurate geo-referenced orthomosaics and digital elevation models (DEMs) 

(Tahar 2011). The geometric accuracy of digital elevation models generated from 

digital images is mainly dependant on the terrain type and sampling procedures 

(Torlegård, Östman et al. 1986).   

The procedure for assessing DEM quality involves examination of: 

 Ortho-images, to provide a qualitative check on stereo-matching performance; 

 DEM collection statistics which quantify the percentage of correctly matched pixels 

as a function of those interpolated; and 

Table 1: Considerations for choosing between using satellite and drone imagery 

Factors to be considered Orthophoto (via drone) Satellite images  

Study area size Max of 2000ha (single flight 
with current battery power.  

Unlimited 

Resolution (land surface 
represented by each pixel) 

Can be <10 mm, depending on 
the sensor setup and flight 
height. 

Current minimum is 300 mm 

Setup (equipment) cost High  None 

Ongoing (data) cost Low High 

Airspace restrictions Possibility May need governmental/land 
owner permission.  

Possible human error High risk Low risk 

Image channels / bands Normally 3-4 (Red/Green/Blue 
plus near infra-red) 

Normally 3-11  

Z values, for producing a digital 
elevation / surface / terrain 
model (DEM / DSM / DTM) or 
point cloud 

High resolution possible Sometimes available as a 
separate file for purchase, but 
lower resolution 
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 Height differences between check-points, measured using independent field survey, 

and corresponding DEM points (Butler, Lane et al. 1998).  

Object-based image analysis 

Object-based image analysis (OBIA) groups pixels with similar values together into an 

‘object’, according to rules that the user defines. This object can be compared with a 

range of user-defined inputs known as a rule-set. Rule sets can be saved and applied to 

other datasets. 

Remote sensing imagery was first used for wildlife management in 1980. A 

population size of hairy nosed wombats (Lasiorhinus latifrons) was estimated by 

identifying burrows on Landsat imagery (Löffler 1980). Recent advances in drone-

based image data capture and OBIA software have provided a basis for new areas of 

applied remote sensing, one of which is the direct counting and mapping of individual 

animals.  OBIA is relatively new, and even more so as a tool in environmental 

management. One of the first articles to be published using drones and OBIA was to 

estimate water bird populations and their distribution (Groom, Stjernholm et al. 2013). 

Development of a rule-set is done in four stages: 

 Segmentation Pixels are grouped into an object with a range of user 

defined inputs and complex mathematical algorithms 

 

Figure 4: Data acquisition: UAV/Drone 
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 Object identification The user defines identifying characteristics for specific 

objects.  These may include object size, color, shape and 

texture.  

 Object classification The user defines objects and classes 

 Data export Exports may include points, lines or polygons.  

Case studies 

Two case studies are described; vegetation footprint calculation of a Prosopis cineraria 

(ghaf tree) plant community, and population distribution of Uromastyx aegyptia leptieni 

(dhub lizard) via analysis of their burrow entrances. Data was collected from the Dubai 

Desert Conservation Reserve (DDCR) using drone-acquired imagery at a ground 

resolution of 45 x 45 mm per pixel. This data was processed into orthophotos using 

Figure 4 as a guideline.  

A Canon S110 camera was modified by changing the CMOS filter to one that 

allows both visible light and near infrared to pass through (680 – 800 nm). A second 

unmodified Canon S110 camera was also used.  This resulted in two orthophotos,each 

with three layers: green / red and near infrared from the NIR camera, and red / green / 

blue from the RGB camera. 

Vegetation footprint of Prosopis cineraria 

Vegetation data extraction analysis with the use of OBIA rule-set, RGB and NIR drone 

acquired images to extract vegetation that spanned at least two adjacent pixels. A 

vegetation footprint rule-set was developed using five of the six layers.  The green layer 

from the NIR camera was discarded because it contained very little NIR information. 

The “blue” layer was subtracted from the NIR layer to get a closer representation of the 

true NIR layer.   

Classes: 

a) ERRORS (Class to separate errors) 

b) Vegetation (Shown in Figure 5) 

Customized Features: 

a) NIR layer: [Mean NIR (Red)]-[Mean NIR (Red)] 

This customized calculation will extract a better representation of the true NIR 

image, in this instance.  

b) NDVI_1: ([NIR layer]-[Mean Red])/([Mean NIR Red]+[Mean Red]) 

The Normalized Difference Vegetation Index (NDVI) formula. 

c) NDVI RAGE X: ([NDVI_1]*-1)*125 

Pixels in eCognition can be assigned a value from 0 to 255, but NDVI is an 

index that ranges from -1 to +1.  The formula above enables the greatest range 

of data to be conserved within the application. 

First segmentation 

a) delete image object level: delete 'Level 1' 

This step deletes any ‘Level 1’s from previous attempts. 

b) Multi-resolution segmentation: 10 [shape:0.1 compct.:0.5] creating 'Level 1' 
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More than 44 million objects were identified in the study area (Figure 5).  

 

c) Spectral difference segmentation: at Level 1: spectral difference 10 

Second segmentation, classification 

a) Assign class: unclassified with NDVI RAGE X >= 104 at Level 1: Vegetation 

b) Merge region: Vegetation at Level 1: merge region 

c) Assign class: Vegetation with Area >= 100000 Pxl at Level 1: ERRORS 

d) Assign class: ERRORS with Area <= 2Pxl at Level 1: Vegetation 

e) Export vector layer: Vegetation at Level 1: export object shapes to All Vegetation 

SHP 

The segmentation process identified more than 44 million objects in the study 

area (Figure 6).  

Export 

The analysis produced 7173 polygons each with 17 to 196215 pixels, equating to a 

vegetation footprint of 20 267 m2.  Vegetation was concentrated in the lower altitudes 

and in depressions between sand dunes (Figure 5). A significant increase in vegetation 

is visible in the northeastern part of the study area. 

Prosopis cineraria is the only large tree in the vegetation class and therefore 

two conditions were implemented to extract the Prosopis cineraria from this class 

(Figure 7). Firstly, an object size >= 488 pixels (1m2) was specified and secondly a 

vegetation objects with a Near infrared value >= 70.  

 

Figure 5: Vegetation overlay on DSM raster layer. 
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Figure 6: The segmentation view of the area and the extracted vegetation objects (vegetation objects in 

green). 

 

         

Figure 7: False color near infrared (NIR) image, showing Prosopis cineraria object extraction. 
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Figure 8: Study area for Uromastyx aegyptia leptieni burrows within the Dubai Desert 

Conservation Reserve. 

 

 

Figure 9: Clipped image of the study area, comprising of gravel plains with a 10 m buffer into 

the surrounding low dunes. 
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proved to be an efficient process in extracting vegetation data with a customized rule-

set. The rule set can be used in the future for the same area for comparison analysis. 

The rule-set has a dual purpose in the context of comparative analysis; firstly to extract 

the vegetation data and secondly to standardize the extraction process. 

Population estimation of Dhub lizards via burrows 

A gravel plain area of 178.53 ha within the DDCR was selected for its high density of 

Uromastyx aegyptia leptieni burrows that had previously been surveyed on foot (Figure 

8).  RGB and NIR orthophotos were produced in the same way as for the previous case 

study. Dune areas were clipped from the orthophoto before OBIA was applied, to 

reduce processing time.  Burrows are found only on gravel plain habitats.  A 10 m 

buffer was used so that objects at the edge of the gravel plain could still be identified by 

the OBIA algorithm (Figure 9). 

A burrow entrance footprint rule set was developed using the red, green and 

blue layers of the RGB orthophotos. The burrow profile (Figure 10) shows a circular 

depression of approximately 1.8m2 within which is an entrance of approximately 

0.07m2.   

  

Figure 10: Location of the Dubai Desert Conservation Reserve (DDCR) showing location of gravel plains 

suitable to Uromastyx aegyptia leptieni (left) and profile of a U. aegyptia leptieni burrow (right). 
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 The rule set was developed on the shape and size of the depression area due to 

its larger visibility over the entrance.  Also, the entrance of inhabited holes can be 

temporarily blocked by sand, and is therefore a less reliable ecological indicator.  

Images had been collected at 9:20 am on 16 Sep 2015, relating to a 38.5o solar elevation 

angle (Kaison 2016), while the surface of the depression was angled at around 17.5o 

(Figure 10).  Hence the angle of the sun to one side of the depression was around 56.0o, 

resulting in this slope being captured at a higher level of brightness than most of the 

gravel plain. The rule set was thus developed to identify patches of higher brightness 

(180-190) sized 25 to 110 pixels and patches of lower brightness (161-169) sized 25-

200 pixels (Figure 11).  The burrow opening was darker still, but was ignored since it 

was small, and not always visible.  Patches of brightness and darkness that shared at 

least 25% of their perimeter were then classified as burrows (Figure 12), and saved as a 

point file in .shp format. 

 

Figure 11: eCognition Developer 9 process tree view. Ruleset development to identify borrow 

entrances. 

 

           

Figure 12: Segmentation and classification of the Dark areas smaller than 200 pixels (purple), 

bright areas smaller than 110 pixels and the burrows (green). 
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Conclusion 

Small scale, high resolution drone acquired aerial imagery can be used in 

environmental monitoring. Best practice processes need to be implemented in the raw 

data transformation with photogrammetry software to assure high data quality for 

analysis. With software capabilities and performance enhancement in photogrammetry, 

OBIA, the increase in small scale aerial imagery capture by UAV/drones and increased 

data processing capabilities of modern-day computers, make the field of environmental 

monitoring on a small scale more accessible to institutions as an in-house 

environmental monitoring tool.  

The ability to develop OBIA rule-sets for a specific task enables analyses to be 

developed for a range of purposes.  It also allows for the sharing of rule sets across 

organizations that face similar challenges. 

Ground-truthing of both case studies will allow the validation of correlation 

between real-world features and the extracted data. Both case studies looked at dynamic 

features that change over time, therefore ground-truthing and drone-based data 

collection should be conducted within a short time period. 
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Abstract 

The recent explosion of civilian drones on the world market has opened many new 

possibilities for environmental monitoring.  Similarly, reductions to the size and cost of 

sensors, and the bundling of multiple sensors into single units, means that a single 

drone is now able to complete multiple tasks more easily.  However the use of drones in 

urban spaces remains limited due to legitimate safety, security and privacy concerns, 

and because fixed platforms offer a viable, safer alternative for some applications.  The 

aim of this presentation is to discuss situations for which the benefits of mounting 

sensors on drones have the potential to outweigh the risks.  Examples to be discussed 

include (a) monitoring compliance of industry to municipal regulations, (b) evaluating 

the efficiency of irrigation and temperature control systems at an urban block level, and 

(c) extending the sampling of air and water quality beyond fixed sensors. 

Keywords: Drone; environmental monitoring; air quality; water quality; efficiency 

 

Introduction 

Swarms of drones flying through a city centre; finding leaks in water pipes, delivering 

coffee, recording accidents, and generally making a Smart City hum with efficiency.  Is 

this the city of tomorrow, or a contemporary example of over-reaching futurism?  The 

recent focus on drones internationally has sparked a wide variety of proposals for their 

use, as seen through the range of entries to the UAE Drones for Good awards (Prime 

Minister’s Office, 2015).  The announcement of Prime Air by Amazon in 2013, a 

project to develop a delivery drone to cover the ‘last mile’ of small parcel distribution, 

grabbed the attention of the wider community.  Prime Air has been described as viable 

only as a public relations stunt (Wohlsen, 2013), and alternatively to have commercial 

merit for its novelty and facilitation of rapid purchases (Welch, 2015), but if it does 

become reality, it is likely to remain a niche service due to high costs and operating 

constraints (McKinnon, 2015). Drones can carry a wide range of sensors with an 

equally wide range of applications, to aerial points that were previously expensive, or 

impossible, to reach.  Additionally they can broadcast (e.g.; insecticides, pollen), 

retrieve (e.g.; air, water, leaf samples) or transport physical items (e.g.; feed) with 

precision and, perhaps, reduced disturbance to the site. 
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However, drones also pose a risk to public safety, privacy and security (General 

Civil Aviation Authority, 2015).  Their implementation must be weighed against the 

financial and other costs associated with these risks, and also against less risky ground-

based alternatives.  Some proposed applications for drones would be delivered more 

safely through emerging Internet of Things networks, whereby a vast amount of data is 

collected from a vast number of fixed points and vehicles, centralized through the 

internet, and analysed in real time.  Some monitoring applications may be more 

practically delivered through multipurpose drones operating permanently at high 

altitude, delivering data to the community in much the same way that satellites now do, 

but better.  The aim of this article is to explore the niche of the low-altitude drone in 

urban settings, with a particular view to environmental management.  In what 

circumstances are the risks to the public lower than the benefit gained? 

The word ‘drone’ is not clearly defined, but is the preferred term for public 

discourse (Stanley, 2013).  Like the term ‘unmanned aerial vehicle’ (UAV), it refers to 

an unmanned flying object that is capable of aerial self-stabilization and is not a kite, 

balloon or satellite.  The term ‘unmanned aircraft system’ (UAS) is broader, including 

any wireless communication and detached hardware used to control the flight path.  A 

fourth term, ‘remotely piloted aircraft systems’ (RPAS) refers to the subset of UASs 

that are incapable of fully autonomous flight missions, and may also include remotely 

controlled aircraft that are not self-stabilizing. Most drones are not operated 

autonomously even if they have the capability, for reasons of economy, legality, or 

convenience. Large military drones, for example, are too expensive to justify any 

increased risk of crashing, however small.  Even when programmed for autonomous 

flight, drones require substantial human input between flights to perform safety checks, 

change batteries (or refuel) and in many countries, to fulfil the legal requirement to 

remain within line-of-sight. 

The world market for civilian drones is significant, and growing.  Units sold in 

the US currently exceed 15000 per month (“Welcome to the Drone Age,” 2015).  

Forecasters predict growth to a volume measured in multiple billions of US dollars by 

2020 (Grand View Research, 2015; Research and Markets, 2015).  This growth is being 

driven by adoption in agriculture, law enforcement, media (news and entertainment), 

and the energy sector.  A worldwide drone-based service industry for wind farm 

maintenance has been projected to reach US$6 billion by 2024 (Navigant Research, 

2015).  Currently around 70 countries use drones for national defence surveillance, and 

approximately five also use for armed conflict (Franke, 2014). 

Applications 

Current proposals for drones mostly involve sensing some aspect of the electromagnetic 

spectrum.  This includes maintenance inspections of infrastructure, broad scale 

environmental impact assessment, and numerous other examples.  Amazon’s Prime Air 

project, on the other hand, is an attempt to use drones for delivery of commercial 

products.  The future may reveal new applications for drones, but the list below is an 

attempt to categorize the range of possible uses.  Some applications may cross 
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boundaries; samples for air and water quality could be collected for laboratory analysis, 

or assessed in situ with on-board sensors. 

Platform for aerial sensing 

 Electromagnetic spectrum (visible light, infrared, ultra violet).  For these 

applications, a drone is different to a satellite only in that it operates at a much 

lower altitude.  This enables much greater detail with less atmospheric 

interference, but will normally require research and development to automate 

the analysis of the enormous amount of data produced.  It also enables sensing 

of wavelengths that decay over long distances. 

 Atmospheric composition.  An emerging field is the use of drones for pollution 

monitoring (see below), but drones might also replace weather balloons for 

some circumstances 

 Data collection from detached sensors (e.g.; camera traps, sound recorders, 

animal tracking devices). 

 Sound.  Aerial sensing of sound could theoretically be achieved with a drone 

that can switch from powered to gliding modes.  This might be a useful method 

in future for detection and/or population estimation of some species. 

Platform for aerial transport  

In each case below, drones may have the advantage of being able to conveniently reach 

locations that are otherwise difficult or expensive to get to.  

 Delivery.  Movement of an object from point to point. 

 Broadcast.  Dispersal of liquids, gases or particulates (e.g.; pollen) over a wider 

area. 

 Retrieval.  Collection of liquid, gas, or solid samples for later analysis. 

The following is an attempt to outline current research into applications that could be 

applied in an urban environment. 

Water 

Several research teams are working on drones that can collect water samples.  Higher 

end models are in demand by the oil industry to meet environmental regulations 

(Rosenblum, 2015).  Monitoring of natural and public waterways near intensive 

farming is focused on nitrate runoff, which is a major cause of water acidification, 

eutrophication and toxicity.  Hence, the US Department of Agriculture is backing a 

$1m UAS water sampling project (University of Nebraska-Lincoln, 2014), and 

researchers at the Spanish Doñana National Park have systems under trial 

(Schwarzbach, Laiacker, Mulero-Pazmany, & Kondak, 2014).  There is potential to 

greatly improve the efficiency of routine water monitoring by eliminating the need for 

boats, but current models are limited to calm weather and stationary or slow-moving 

water.  Some collect samples while hovering above the surface, but there are both 

fixed-wing and multirotor models that can land on and take-off from a water surface.  

Within lakes, drone sampling is preferable to boats not just for time-saving, but also 

because repeated sampling of the same location can be performed to sub-meter 

accuracy (Thaler, 2014) and site disturbance is minimal.  Commercially available 
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sensors for in situ water analysis include temperature, conductivity (a proxy for 

salinity), pH, dissolved oxygen, and oxidation reduction potential. 

Air 

Drones are routinely employed to assess volcanic activity and other large scale 

environmental events (Dunbabin & Marques, 2012).  China’s use of micro-drones to 

monitor air pollution moved from experimental to large scale in late 2013 (Xuefeng, 

2015), but adoption elsewhere has been slower.  Recent developments in sensor 

technology has resulted in compact, bundled packages (Snaddon, Petrokofsky, Jepson, 

& Willis, 2013)  that measure a variety of air pollutants and natural components.  These 

packages have been developed for Smart City / Internet of Things (IoT) projects, in 

which mass produced sensors are placed throughout a city to produce real-time 

geographically based air quality information, but are also suitable for a drone platform.  

The list of sensors available from one IoT supplier (Libelum) in 2015 included 

temperature, humidity, air pressure, CO, CO2, O2, O3, NO, NO2, SO2, NH3, CH4 (and 

combustible gases), H2, H2S, HCl, HCN, PH3, EtO, Cl2, and particulate matter (PM1, 

2.5 and 10). Wind can be measured without additional sensors, by assessing the 

compensation required to maintain a steady GPS position or flight path. 

 The arguments for using drones to measure air quality are less direct than for 

water quality, since human health is affected only by near-ground air.  Potential 

applications include: 

 Sampling air quality over a broad area in a short period of time, using a fixed-

wing drone.  This application would dramatically improve air quality 

information but at a significant risk to safety. 

 Sampling pollution point sources, such as an industrial or a construction site.  

Research is required to determine the reliability of air samples taken by drone 

from above a site, compared to those taken at or near-ground.  This may lead to 

greater compliance of industry to environmental regulations. 

 Sampling vertically, using a multirotor drone at a single GPS location.  This 

may help to predict near-future changes in ground-level pollution, particularly 

of particulate matter. 

 Models of wind movement may be useful for assessing the impact of a new 

construction on surrounding areas, or to optimize the placement of a wind farm 

(Jensen, Morgan, Chen, Clemens, & Hardy, 2009). 

 Research.  Improve our understanding of the movement of pollutants during 

specific meteorological and temporal conditions.   

Sprays 

Two separate Chinese drone retailers (DJI and MMC) released a product in 2015 

specifically designed for spraying crops.  The same equipment could be used for weed 

control on golf courses and public urban green spaces, or for insect control throughout 

an urban settlement.  The potential for reducing labour costs is probably less significant 

in urban settings, but there are other advantages, including: 

 Greater precision of chemical application, thus reducing wastage and pollution 
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 Easier access to slopes, canopies, waterways, rooftops, and green traffic islands 

 Reduced human exposure to airborne spray particles 

Electromagnetic spectrum 

There is a wide range of sensors to measure aspects of the electromagnetic spectrum, 

and models developed specifically for drones are becoming more common.  The scope 

for drone inspection services is potentially endless. Energy companies have made 

substantial investments already.  A drone-based service industry to inspect wind 

turbines could reach US$6 billion by 2024 according to a commercial intelligence 

company (Navigant Research, 2015).  Drones are a practical way to evaluate safety 

compliance on a construction site (Irizarry, 2012). Urban settings have a range of 

possibilities, but there is little, if anything, that has moved beyond experimental stage to 

routine application. 

 There is little doubt that higher altitude drones will become commonplace over 

cities for security and communication purposes, once risks have been addressed.  It is 

likely that data will be disseminated for other applications, as currently happens with 

satellite data. 

Visible light (RGB) 

Cameras for visible (red / green / blue) light (380 – 750 nm) are common and relatively 

cheap due to their retail market, though are not optimized for aerial operation.  Satellite 

cameras, for example, use a ‘push broom’ method in which a one-dimensional strip of 

image is collected as the platform moves. An inventory of urban trees was developed 

for a suburban block using RGB sensors, but the process required streamlining to 

improve efficiency (Ritter, 2014). 

 Repeated sampling can be used to identify changes in land structure (Carvajal, 

Agüera, & Pérez, 2011; Niethammer, Rothmund, Schwaderer, Zeman, & Joswig, 2011; 

Rau, Jhan, Lo, & Lin, 2011) such as water erosion, sand accumulation, or land 

subsidence.  A specific example involves Japanese solar farms, which are often built on 

reclaimed land and therefore subject to reduced efficiency if that land subsides 

(Matsuoka et al., 2012). 

Heat 

Far infra-red cameras (8 – 15 µm) have theoretical value for evaluating the energy 

efficiency of individual buildings, or over a broader scale.  Thermal variation can also 

indicate water or industrial leakages, or illegal water discharge into public water bodies 

if there is a sufficient temperature difference or evaporative cooling in the affected area. 

Near infra-red 

Plant health can be estimated by observing the ‘red edge’, a ratio of visible red light 

(670 – 680 nm) to non-visible near infra-red light (750 – 850 nm) that is a proxy for 

chlorophyll (Cho, Sobhan, Skidmore, & de Leeuw, 2008).  Several vegetation indexes 

can be calculated (Cho & Skidmore, 2006; Miller, Hare, & Wu, 1990), the best known 

of which is the Normalized Difference Vegetation Index (NDVI).  Vegetation indexes 
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can be calculated from broad (NIR camera) or narrow bands (multispectral camera), 

with slight differences in results. 

Undiscovered applications 

A multispectral camera focused on specific bands might be able to quickly detect the 

presence / absence of specific chemicals.  Research into absorption spectra has been 

focused on the use of satellite data to explore geology, so knowledge of the absorption 

spectra of specific pollutants is lacking. 

Benefits of staying grounded 

The main alternatives to the use of drones in urban monitoring (i.e.; using a drone as a 

platform for sensors), are satellites and Internet of Things (IoT) technology.  Satellites 

have low resolution and frequency of sampling, but this technology continues to 

improve.  A ground-based sensor can record information from a fixed geographic 

location continuously, whereas a drone-based sensor records a fixed point in time over 

a wider geographical range.  An IoT system involves many (perhaps thousands) of 

sensors being placed in fixed locations throughout a city, providing real-time feedback 

that can be used for such things as regulating traffic flow or indoor temperature 

(Kyriazis, Varvarigou, Rossi, White, & Cooper, 2013). IoT is subject to concerns of 

data security and privacy (Patton et al., 2014), but not the safety concerns of drones.  

Public concerns of privacy are less than with drones, since people soon cease to notice 

the presence of a fixed sensor (Jarvis, 2014).  Use of the term ‘IoT’ began to rise in 

2013/2014, but appears far less frequently than the term ‘drone’ (Figure 1). 
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Figure 1: Trends for the terms (a) Internet of Things, its acronym IoT, and Smart City 

as recorded by Google Trends (www.google.com/trends).  Figure 1(b) contains the 

same terms, plus the terms Drone and Unmanned aerial vehicle. 

An example from medicine is live human organ transfer between hospitals; a 

time-sensitive application which currently occurs by road.  The drone solution is to 

have a customized UAV within timely reach of every hospital within a region, but 

doing so would require flying over roads and populated spaces, and out of the 

operator’s direct line-of-sight.  The IoT solution is to continue to improve the 

management of infrastructure (traffic lights, road works, and police diversions) to 

minimize transit time by road.  The IoT solution is low risk and transferable to other 

tasks (e.g.; other ambulance work, diversions for heads of state), while the drone 

solution is high risk to both the public and the payload, and requires the maintenance of 

specialized equipment.  The drone solution is therefore impractical in cities with even a 

basic IoT infrastructure. 

The rise of cellular phone data to predict road traffic conditions in real time is a 

sobering reminder that solutions may come from unexpected sources.  Before 2007, 

traffic conditions were compiled from helicopter observations, police communications, 

and voluntary calls to radio stations.  It was easy to imagine an IoT solution to provide 

early warning of problems, by placing thousands of sensors on, say, streetlights 

throughout the city, but it never happened.  In 2007 Google combined ZipDash, a 

traffic analysis company it had purchased three years prior, with its Google Maps 

engine, and provided real-time traffic data for 30 US cities.  The system is superior to 

an IoT solution, since in addition to traffic flow, it records the start and finish of each 

journey, and thus is highly informative for city infrastructure planning. 

Limitations 

The benefits of a drone-based service must outweigh the risks, and also be competitive 

with ground-based methods.  A balance between benefits and risk can only be found 

once drones have been more widely adopted, and thus their benefits investigated 

(Volovelsky, 2014).  This is justification for having legislation at a local / state level, so 

that different benefit/risk ratios can be explored (Kaminski, 2013).  Three broad types 

of risk can be identified (General Civil Aviation Authority, 2015). 

 Safety 

 Security, including privacy 

 Aircraft delays 

Aircraft delays have an economic consequence to the airline, environmental 

consequences to the public through increased emissions and noise pollution, and 

consequences to passengers.  The airline cost estimate for US aircraft operating 

worldwide in 2014 was US$81 per aircraft per minute, though varies with aircraft type, 

whether the delayed aircraft is in flight, and other factors (Airlines For America, n.d.). 

Consequently, a delay of just ten minutes to a single aircraft can be more expensive 

than the retail price of a drone that caused the delay, and precautionary closure of a 
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busy runway for an hour may collectively cost the airlines US$100 000.  On the other 

hand, unwarranted legislation can lead to significant delays and cancellation of 

conservation work (Vincent, Werden, & Ditmer, 2015). 

Safety and aircraft delays 

Safety concerns include the risk of aerial collisions with piloted aircraft, wildlife and 

inanimate objects, and collisions to ground level (Figure 2).  Operation in the tightest 

airspaces can only be permissible when the safety record of a drone category is equal or 

superior to manned aerial vehicles (MAVs) (General Civil Aviation Authority, 2015).  

Commercial MAV accidents resulting in at least one fatality are 0.73 per million 

departures (Boeing, 2014), though accidents are far more frequent at civil air shows, 

with 31 crashes per 1000 shows, of which 16 involve fatalities (Ballard & Osorio, 

2015).  Operational reliability of a specific UAS can only be established once a large 

number of flights have been logged (Stevenson, O’Young, & Rolland, 2015) and is 

therefore currently very limited due to continued innovation of products, and the 

absence of a requirement for operators to keep log books of all flights.  A 2003 study 

concluded that UAS accident rates were 100 times higher than those of MAVs (Rash, 

LeDuc, & Manning, 2006), but the study is dated, and safety will improve as the 

evolving technology builds greater redundancy into the systems (Haddal & Gertler, 

2010). 

Since UAVs do not carrying people, there is a strong argument that legislation 

developed for MAVs is unnecessarily restrictive, particularly in sparsely populated 

 

Figure 2: Safety concerns for UAVs separated by altitude and risk of fatality. 
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areas.  The obvious testing ground for the technology is rural locations (Hinchliffe, 

2015) where drone delivery systems can be improved, and safety records established 

with minimal risk to human injury.  Models for ground impact risk unfailingly include 

population density under the flight path (Weibel & Hansman, 2006; Wu & Clothier, 

2012).  The propellers of small (<5 kg) drones are capable of inflicting serious injury, 

while medium (5-25 kg) drones could potentially kill an inattentive operator or 

spectator.  Medium sized remote controlled aircraft have caused the death of a 14 year 

old girl in the UK (Sapsted, 2003) and two spectators at a 2006 event in Hungary 

(Stevenson et al., 2015).  Nevertheless, when the US Federal Aviation Administration 

offered to shortlist six locations for drone experimentation, it was flooded with 

applications (Mildenberg, 2013) that were then granted throughout 2014 (Federal 

Aviation Administration, n.d.). 

Drone sightings reported by MAV pilots to the US Federal Aviation 

Administration have increased dramatically in 2015, averaging more than 100 sightings 

per month (Levin, 2015).  An industry report on the potential damage of a collision 

between UAV and MAV predicted significant damage to a commercial airliner, and be 

not survivable for a rotor MAV (Smith & Main, 2015).  Components of a drone are 

potentially more damaging than bird tissue.  Wildlife collisions have destroyed 245 

aircraft and killed 258 people globally since 1988.  In the US there were 13 668 

collisions reported during 2014, causing 172 000 hours of aircraft downtime and 

costing $208 million (Dolbeer, Wright, Weller, Anderson, & Begier, Michael J., 2015).  

With indirect costs added, the bill may be as high as $951 million (Smith & Main, 

2015).  However, FAA requirements that jet engines be tested for resilience to bird 

impact have not yet been extended to drones (Smith & Main, 2015).  Drone 

manufacturer DJI has responded with geo-fencing software, whereby the drone will not 

cross a pre-programmed line delineating an airport or national border.  Additions to DJI 

geo-fencing in November 2015 enable models to even detect temporary no-fly zones, 

such as sporting events.  NASA is developing an air traffic control system, whereby 

drones are fed information about the locations of other drones within the airspace. 

Risk to wildlife is another matter, which may lead to a public backlash against 

UAS technology if not addressed.  UAVs operate at an altitude that is more susceptible 

to wildlife collisions than commercial aircraft (Lambertucci, Shepard, & Wilson, 2015).  

Most MAV collisions with birds occur below 150m altitude even though MAVs spend 

very little time in this altitude range, and decrease proportionately with increasing 

altitude (Dolbeer, 2006).  Ground-based objects, such as power lines and wind farms, 

cause the death of millions of birds annually (Martin, 2011) and have been publicly 

blamed for decline of some species.  However, the significance of collisions to wildlife 

populations and biological systems is poorly understood, requiring further research to 

understand how different species utilize three-dimensional space at the local scale (Dai, 

Bergot, Liang, Xiang, & Huang, 2015). 

Research into sense and avoid technologies for use on small UAVs has been 

recently reviewed (Yu & Zhang, 2015).  Currently there are no solutions that combine 



ISSN: 2414-6102 

29 
 

the requirements of weight, reliability, and ability to function in a range of 

meteorological conditions, but research continues.  Additionally, MAV sense and avoid 

systems must be updated to better detect smaller craft (Chait, 2010).  Systems that 

require UASs to broadcast their position, direction and intention are somewhat 

promising, but don’t allow for avoidance of wildlife or ground objects.  Software that 

enables multiple drones to coordinate their movements in-flight have been developed, 

but require further improvement (Marques, Ribeiro, Pinto, Sousa, & Martins, 2015).  

An approach not covered in the review is to use memristors to mimic a biological 

neural network, and thus ‘learn’ to recognize classes of objects (Hambling, 2015).  For 

MAVs it is well recognized that human observation is a vital addition to automated 

sense and avoid systems (Yu & Zhang, 2015). 

Security and privacy 

Security includes risks to the public, to commercial interests, and to national interests.  

A breach of security may involve a UAS being used for unlawful actions, or may 

involve the illegal blocking or intercepting of signals between lawful UAVs and their 

ground controls.  Of particular concern is the risk to privacy, particularly for camera-

carrying UASs (currently the majority). There are still many gaps and uncertainties in 

the regulation of small drones, including micro-drones (Clarke & Bennett Moses, 

2014). 

Security 

On August 25, 2010 the US Navy lost control of a UAV, and could only intervene after 

it had flown 37 km toward, and then over, Washington DC airspace (Bumiller, 2010).  

On January 26, 2015 a DJI Phantom drone crashed into vegetation of the South Lawn.  

It was undetected by the White house radar system, which couldn’t distinguish it from a 

bird, and Secret Service officers who heard it were unable to intervene before it crashed 

(Schmidt & Shear, 2015).  Multiple other events have occurred near the Whitehouse, 

including two since then (CBS News, 2015; Schmidt, 2015).  The incident prompted 

DJI to include the White House in its no-fly areas demarcated by the drone’s GPS 

software, but this has two vulnerabilities; (1) that a drone be spoofed to enter a no-fly 

area, and (2) that a drone be forced to land by spoofing it to think it’s already in a no-fly 

area (Fox-Brewster, 2015) 

Communications between civilian UAS components are typically unencrypted, and 

therefore susceptible to jamming, hacking and/or spoofing attacks (Rivera, Baykov, & 

Gu, 2014).  By using a GPS spoofer it is possible to change the location calculation of a 

UAV without any direct contact with a UAS component, thus making the UAV 

‘believe’ that it is at a different coordinate (Shepard, Bhatti, Humphreys, & Fansler, 

2012).  This threat could be mitigated by requiring that receivers are capable of 

recognizing and ignoring a spoofed signal, but such a fix would not replace existing 

receivers, or prevent the manufacture of illegal receivers.  Spoofing of drones has been 

demonstrated by industry, but not yet used maliciously. 
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 In 2013 a security researcher modified a Parrot AR Drone 2 so that it could 

automatically detect and disconnect another UAV from its ground station, then 

reconnect it to an alternative ground station (Fincher, 2013).  The researcher 

Samy Kamkar, a former hacker, managed this soon after Amazon announced 

plans to deliver parcels by drone. 

 In 2015 a team at Chinese internet security company Qihoo demonstrated 

spoofing of a DJI Phantom 3 using open source software (Fox-Brewster, 2015) 

Several security breaches of military drones have been publicly discussed (Rivera et al., 

2014). 

Privacy 

Governments are increasingly using UASs for civilian purposes such as surveillance of 

borders and suspected crimes and criminals (Chait, 2010), and rescue missions (Karp & 

Pasztor, 2006).  Photojournalists will increasingly use them to cover scenes that are 

otherwise difficult to capture, such as protests and natural disasters (Jarvis, 2014).  

There is potential conflict with the US constitution’s Fourth Amendment, and to the 

United Nations’ Article 12 of the Universal Declaration of Human Rights.  For higher 

altitude UASs, these conflicts are an extension to those already discussed for satellite 

information, but low-altitude UASs are more akin to paparazzi.  Privacy is a 

fundamental human right, but definitions of this right are vague (Volovelsky, 2014).  

Public concern for domestic surveillance is muted due to familiarity with pre-existing 

helicopter and satellite surveillance (Greenwald, 2013) and to widespread acceptance of 

security cameras (Jarvis, 2014).  Parliamentary concerns regarding Amazon’s Prime Air 

announcement were of excessive surveillance, including for commercial purposes; 

“checking out a person’s patio to see if that individual needs new patio furniture from 

the company” (Horsey, 2013).  However, any legal restrictions to protect privacy will 

also limit freedom of speech and freedom to gather legal information (Kaminski, 2013).  

Until recently, civilian drone use in the US was not restricted by privacy laws, but 

instead by the Federal Aviation Administration (Calo, 2011).  During 2013 eight US 

states enacted drone surveillance legislation and another 34 states had introduced bills 

and resolutions (Farber, 2014). 

Conclusion 

Drones have the potential to be used for an enormous range of applications, many of 

which involve urban settings.  A wide range of sensors, improvements in data post-

processing, and continuing evolution of the drones themselves, are expanding the 

potential uses.  However the risks to safety, security and privacy remain significant and 

often underappreciated.  Security and privacy issues are solvable, though may take time 

and result in increased take-off weight, but protecting the safety of people, 

infrastructure, and wildlife is likely to curtail the range of permitted uses for some time. 

Low risk urban applications include monitoring that involves vertical flight 

only, or flights over unpopulated areas such as water bodies or steep slopes.  Other 

applications may be better performed by an alternative platform.  Satellite data is 

improving, but still limited by cost, convenience and resolution.  Internet of Things is a 
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technology still in its infancy with the advantage that data collection is continuous.  It is 

preferable for any application that requires frequently repeated measurements from a 

location that is proximal to existing infrastructure, whether the infrastructure is fixed or 

mobile.  This includes most air quality and some maintenance applications. 

Applications involving remote sensing may shift to higher altitude drones, 

which can be larger and thus carry more safety and security features.  These drones are 

likely to become a permanent platform above cities, providing a range of data services 

that can be disseminated appropriately. 
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Abstract 

This research was based on a unique approach to managing medical operational systems by 

implementing scorecards based on “Performance Leading Indicators”. (PLIs) Traditionally, 

medical systems have managed their performance based on lagging indicators which was an 

“after-the-fact” approach focusing on past performance. It helped medical systems by studying 

and scrutinizing what had already taken place and if accidents happened, the damage had 

already been inflicted to their reputation, credibility and goodwill. Unlike performance lagging 

indicators, leading indicators consistently monitor the reliability and capability of medical 

systems to perform effectively in future. This research was based on applied projects for the 

development and implementation of “Performance Leading Indicator Scorecards” by the 

presenters in hospitals. Healthcare is a highly regulated industry with a strong focus on safety 

and reliability; medical systems needed a control mechanism that could effectively predict and 

control quality of services with ever improving reliability. The presenters were tasked with 

conceptualizing and developing a set of PLIs which could be good predictors of safe and 

reliable performance in future. A set of PLIs were selected representing quality of human 

resources, training, patient perception, product & process integrity, daily accountability, 

auditing and corrective actions. The study showed promising results and significant 

improvement in lagging indicators consequently. 

 

Keywords: Performance Leading Indicators (PLIs), Kiken Yochi Training (KYT), Total Patient 

Experience (TPE), Medical Services Value Streams (MSVS), Neuro Linguistic Programming 

(NLP) 

 
 

Introduction 

The services and products have been become more expensive gradually in recent years. 

In United States of America, it has been estimated that the federal government will 

spend around US$4.0 trillion or 20% of the national budget on healthcare by year 2017. 

It has also been estimated that most of the medical services and products prescribed by 

doctors directly cure the symptoms or the presentation conditions by 35% ~ 65% only 

and sometimes patients have to be treated subsequently or develop adverse side effects 
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which require another set of treatments, similarly there have been an estimated one 

million cases of medical errors committed every year [1]. Further, approximately 

US$450 ~ US$650 billion was spent on “unwarranted” medical treatments. These 

numbers suggest a compelling case for performance improvement in medical 

operational systems and their support services. Additionally, several researches 

conducted in the field of medical operations management, many opportunities for 

improvement have been identified. With so many system and operational losses, there 

have been massive improvement opportunities in core healthcare delivery processes 

which were the focus of this research to identify areas that can be improved with simple 

tools and techniques instead of complex modeling [2]. 

 

Historically, the medical sciences have been treated as a specialized field of study 

where doctors and medical professionals spent many years in training and acquiring 

knowledge relevant skills to pertinent medical profession and patients relied on their 

expertise exclusively but with the recent advances in information technologies, 

including the Internet, access to analytics, social and conventional media; patients have 

become far more informed about diseases, their treatments and cures, risks associated 

with different delivery methods, costs associated with different treatment choices and 

the value proposition of medical services [3]. With these evolutionary changes, patients 

wish to be “co-innovators” and to actively participate in designing and developing 

future medical services which are more efficient and cost effective [4]. Consequently, 

these trends have also been opening healthcare institutions to external the environment 

and scrutiny by non-medical stakeholders. Faced with new business realities, many 

medical businesses have approached other industries that have demonstrated 

tremendous improvements in safety, quality, cost and operational efficiency. Hospitals 

and supporting medical organizations have been learning many useful tools and 

techniques from automotive industry and more specifically from Toyota Motor 

Company’s coveted Toyota Production System (TPS) as popularly known in the West 
[5]. 

 

It’s TPS’s approach of seeking commonsense and simple solutions to complex 

problems has a tremendous appeal to the healthcare industry because approaches like 

process simplification, standardized work protocols, workplace organization (5S), 

visual controls, error proofing (Poke Yoke), effective hazard planning (Kiken Yochi), a 

good understanding of past problems (Kako Tora) and managing for daily improvement 

(Kaizen), have helped many hospitals in US improve their performance and attain 

higher levels of patient satisfaction [6]. 

 

The purpose of this research was not to propose complex Predictive Analytics and 

Forecasting Models housed and retrieved from large data warehouses. Predictive 

Analytics have been become very popular recently and play significant role in overall 

policy formulation and long term planning but have not yet shown any promise for day-

to-day medical operations. The reasons cited for limited effectiveness of Predictive 

Analytics include; having too much information that has to be processed before medical 
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staff can reach a decision, it is not good for daily business. Before medical businesses 

can make use of unlimited potential of analytics, they would need to understand how 

they work, technically and programmatically. In the absence of protocols and patient-

specific outcomes data, predictive analytics are largely academic exercises rather than 

practical tools. Lastly, gaps in healthcare industry data limit the effectiveness of Neuro 

Linguistic Programming (NLP). In simple words, it means all complex information has 

been stored in higher level codes and transferring it to daily routine work is not simple 

and requires expert help [7].  

 

Research was conducted to discover a set of PLIs which when properly identified 

and managed, can significantly improve operational efficiency of a health system. A 

literature survey was conducted, case studies from automotive, aerospace, airlines, 

hospitality, pharmaceutical, education, recreational and sports sectors, were reviewed 

and benchmarked. It was observed that all efficient organizations had some common 

characteristics irrespective of industry, size or geographic location. They shared the 

same drivers of success or less than perfect performance. Further, they had the same 

operational and leadership philosophies. Their daily operations were managed by 

empowered and knowledgeable employees and had a built-in capability to identify and 

correct abnormal situations [8].  After completion of the literature survey and global 

benchmarking of most efficiently managed organizations, assumptions were drawn for 

an effective set of PLIs metrics. Many studies have demonstrated that for operational 

systems to have an enduring effectiveness they must have four basic characteristics 

because systems cannot stay healthy for long by constant top down intervention of 

senior leadership. Only if people at the lowest level understand the concept, get 

indoctrinated into the concept and internalize the new system, long term effectiveness is 

ensured. 

 
 

Assumptions and Metrics Model Design 

The four fundamental characteristics of an efficient operational system were identified 

as being transparent, simple, self-correcting and appealing [9]: 
 

Transparent 

Transparency means the ability of the people to assess system capability and health by 

direct observation. If people cannot determine what could go wrong by direct 

observation and have to rely heavily on massive data and numbers crunching, there 

would be a probability that it would not happen frequently and they would only realize 

the existence of abnormality when it would be too late and or costly to correct.   
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Figure – 1: Ability to see number and what is behind numbers 
 

Simple 

Generally, people have the tendency to avoid complex work and have been prone to 

making more mistakes when they were presented with complex tasks. That is why some 

industrial psychologists have recommended considering a simplicity index to be one of 

the metrics when designing a new or redesigning an existing job. Further, research 

studies have shown that work and process simplification, shortened learning period, 

improved skill levels, reduced or eliminated errors and raised interest in work making it 

more interesting and appealing to people.  

 
 

Figure 2: Simplicity has shown a strong correlation to effectiveness in several researches 
 

Self-Correcting 

An added advantage of managing by PLIs is that such systems have the ability to self-

correct themselves. Since people would be proactively involved and would have the 

ability to observe and correct abnormal trends before they become major issues, they 

would get resolved and the system would be restored back to normal operating 

conditions.  
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Figure – 3: In a transparent and simple system, all critical facts were on finger tips and self-

correction was easier. 
 

Appealing 

Literature reviews also revealed that the healthcare operational systems that are 

transparent, simple and self-correcting had inherent appeal. The most appealing 

attribute of any future state system design was attributed to process simplification, and 

when unnecessary complexities were removed from the process, it improved their 

motivation and they subsequently expressed higher levels of interest in work.  
 

 
 

Figure – 4: Effective systems have shown spontaneous appeal to people using them. 
 

This research had two underlying assumptions; first, it was based on exhaustive 

medical analytic data but it did not recommend using it on a daily basis by frontline 

staff, rather they were encouraged to deploy standard protocols based on data analysis 

because the primary objective of the study was to help understand their core capabilities 

and build on them. Second, the selection of PLIs was an evolutionary and dynamic 

process; no simple metric was effective over long periods. It was critical to periodically 

review inclusion and exclusion of individual PLIs in performance scorecard. 

Sometimes individual PLIs, which were being monitored, either matured so much that 

they were not left with any opportunity for improvement without dramatic process re-

engineering or became irrelevant due to changes in other processes. In the course of 

research which spanned a period of twenty months, the PLI scorecard was revisited and 

adjusted four times. It was observed that some PLIs where critical and held their values 
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as good predictors of performance while some were critical in the beginning and lost 

their usefulness over time; these were either replaced or consolidated with other PLIs. 
 

PLI Predictive Model – Equation 1 
 

Future Performance (Y)  =  Ʃ {Human (H) + Skills (S
1
) + Perception (P)  

+ Improvements (I) + Responsiveness(R)  

+ Standardization (S
2
) + Billing (B) + Complaints (C)  

+ Maintenance (M) + H*S
1
 + H*P + H*I + H*R + 

H*S
2 
…} 1 

Performance Leading Indicators 

As can be observed from the model in the previous section, that the PLI metric was a 

simple regression equation as shown in Equation – 1 with nine variables accounting for 

improved future performance which included human resources, training, patient 

perception, a discipline of accountability, quick response system, standardized 

processes, on-time and accurate billing, number of complaints closed effectively and in 

a timely manner and the number of improvement suggestions received and 

implemented in a given period [10]. Explanations about each PLI have been provided 

below. 

 

Resources (People) 

The most critical indicators of success in any organization are people. People are 

unique because they influenced all other indicators and had a strong correlation in the 

regression analysis. It was not the intension of this research to explore and explain 

every aspect of human capabilities, which would require complete analysis by itself. 

For this research, two aspects of human nature were studied and the results were 

analyzed including the level of performance and probability of making mistakes. 

Professional capability of human beings at work is derived by three traits, i.e. 

knowledge, skills and abilities formally known as K-S-A. According to the principles of 

cognitive psychology, knowledge is what people accumulate over time by formal and 

informal education, skills are the ability to do work in a prescribed way with an 

expected level of efficiency and abilities are considered natural aptitude and personality 

traits of people to undertake kind of work they wish to do [11].  

 

For a medical facility to be competitive like any other business, it was concluded 

through data that if they hired, developed and retained the best industry talent using the 

20/80 rule of performance, a hospital can attain best in class performance levels [12]. 

20/80 rule simply meant that using any industry specific performance standards, 80% of 

the workforce of a hospital would perform equivalent to top 20% of the industry 

workforce, which means that the majority of the workforce were top performer as 

compared to the competition (Figure – 5). 

 

When it was determined that most of the performers in the hospital met the best 

industry standards, the second critical performance aspect was to study probability of 
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making mistakes. An exhaustive review of research literature revealed that medical 

errors had been the biggest cause of concern both to patients as well as medical staff. 

Further, the rate of errors had no correlation with the knowledge, experience or skills of 

any provider. The rates of making mistakes were uniformly scattered over the whole 

medical staff evenly, which led to conclude that human beings have the same tendency 

of being wrong irrespective of their background or professional experience. There had 

been a heightened awareness in the medical profession about errors and have devised 

different ways to eliminate but the medical industry had been heavily relying on the 

principles of cognitive psychology to deal with the issue, for example, improving focus 

and attention, removing distractors, holding meditation sessions etc. For reduction of 

errors, medical industry can learned a lot from the Japanese manufacturing industry 

which proposes completely error proofing (Poke Yoke) critical processes. Poke Yoke is 

essentially based on the principle, “The only way to do a job is the right way” and it 

designed out the possibility making a mistake. Poke Yoke strategy has gained 

prominence in medical industry and has been widely applied in many core processes 
[13].  

 
 

Figure – 5: 20/80 rule for organizational performance levels 
 

Training  

Review of historical records showed that in spite of acquiring great talent initially, 

many medical systems did not develop good training and skill development programs, 

which led to less than full potential utilization of talent. In some cases, it caused 

frustration in highly motivated people. This research proposed that a training program 

and its effectiveness must be used as a key PLI. It was proposed that consistent training, 

re-training, certifications and re-certifications were the best way to keep people up-to-

date about professional knowledge and advances in medical sciences.  
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Figure – 6: Three Dimensions of training 
 

For an effective training program, three dimensions of training were proposed; 

first training to build higher skill levels in the basic job function of a person; second, 

training in technical skill set in downward and upward delivery processes to make the 

workforce more flexible and deal with service demand fluctuations; and finally, training 

people outside of their core functions to develop a sense of big picture operations when 

these workers become more resourceful in dealing issues that required understanding of 

cross functional operations. It was also proposed to raise recognition and pride 

associated with successful completion of training so that people feel motivated to 

acquire more training and certifications [14]. 
 

Patient Perception   

Perception has been defined as a very subjective measure of performance but recently 

many statistical models have been generated to estimate the cost-benefit of human 

perception [15]. In general, all service industries and specifically in medical business, 

patient perception plays a critical role in success or failure of a hospital. In spite of the 

difficulty of estimation, patient perception had been a key PLI in the research. Also, it 

was challenging to improve perception in the short time period and required 

tremendous effort but perception could become negative quickly. In this study, poor 

perception about the timeliness of the service provided in an Emergency Room (ER) of 

a chain of hospitals was considered for analysis. This chain of hospitals promised their 

patients that they would be seen by an ER doctor in 30 minutes or less. A review of 512 

records showed that their actual wait time was around 29 minutes and they were well 

below their goal, yet the patients felt that the wait time was too long. A Level I, II and 

III analysis of the wait time has been provided in Figure – 7 below.  
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Figure – 7: Wait time in a hospital ER for Actual vs. Perceived 
 

Wait time data was collected from two different sources; one from the hospital IT 

system as it was entered by triage staff and the other by asking the patients verbatim 

without checking their watches in a focused Gemba exercise. When the averages of 

times verbally reported by same population of patients were calculated, overall average 

wait time reported was 38 minutes – a gap of 9 minutes or 31% longer than hospital’s 

official numbers. Further investigation was conducted to reach the true root cause for 

the difference between actual and perceived wait times reported in Level II Pareto 

chart. It can be observed that 72% of the people complained about wait times to be long 

were the source of dissatisfaction in ERs and the people who felt that the time was too 

long, their condition was analyzed in Level III Pareto, where it was found that 54% of 

them had some kind of pain, 19% had itching or a similar discomfort, 13% had high 

blood pressure and 11% had social matters of equal importance. These observations 

validated results of several reported studies conducted in the field of perception 

management where it was reported that when human beings have feelings of 

discomfort, time tends to prolong before the symptoms of discomfort were treated. Two 

strategies were recommended to improve perceived length of time in ERs. First, the 

internal goal of seeing a patient by a triage staff was reduced to 22 minutes. Second, a 

supplemental fast track treatment system stream was created for patients with relatively 

severe symptoms [16]. When these two proposals were implemented, perception 

improved significantly in around 3 ~ 4 months’ time by a magnitude of 37%. 
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Managing for Daily Improvements (MDI) 

This PLI was selected based on the spirit of Kaizen; several research studies have 

demonstrated that better run organizations do not wait for a long time to get feedback 

about poor performance and act when it is too late. Rather, they look for small 

opportunities on the daily basis and implement incremental changes in small chunks so 

that they do not disrupt current state and permit people to carry out their routine work 

while improvements were being tested and implemented.  
 

The success of Managing for Daily Improvements as a PLI metric depended on a 

hospital’s culture to actively look for doing minor things in more efficient way. When 

people were used to doing their work in a specific way, it was difficult for them to see 

things in different ways but once they were apprised about the new way, they showed 

strong interest in making daily improvements. The metric was designed to consider the 

total number of tasks completed vs tasks identified on a daily basis. When fully 

indoctrinated into the concept, the completion rate reached 100%.  
 

Quick Response System 

Although all medical facilities have different kinds and versions of quick response 

systems, in some areas, the discipline of execution of a responsive system was less than 

perfect. In the interest of time and other priorities, some standardized protocols for fast 

response were either omitted or were completed partially, as a result of this the 

outcomes were not uniform and the quality of service had large variations. As a part of 

this research, a fast response station was created, where all necessary information and 

tools were provided to deal with the abnormal conditions; responsiveness metrics was 

created to ensure timeliness and effectiveness of response and roles and responsibilities 

were assigned for a clear understanding of tasks to be accomplished. It was observed 

that when people had clarity about their work and how to react to emergency situations, 

performance improved to a significantly higher level. 
 

Standardized Processes  

Several studies have successfully implemented standardized processes and protocols for 

routine repetitive work especially in the area of industrial engineering. Work processes 

basically had two distinct advantages; first variation in quality of service improved and 

second, it helped in predicting and enhancing productivity. Yet, it was important to 

consider that it was not possible to completely standardize protocols in a medical 

setting. Furthermore, it cannot be accomplished in a single iteration. Process 

standardization was achieved using many iterations for transformation using P-D-S-A 

cycles and current processes were gradually changed. For example, a metric was 

created where target was set to improve a minimum number of processes and then a 

target was set to establish what percentage of protocol would be standardized, usually 

in the range of 10% ~ 20% in every iteration. So, any current protocol which had 

around 30% content standardized would attain 80%+ standardization in 3 ~ 4 iterations. 

Finally, time and motion studies were conducted to validate standardization using cycle 

time or Length of Stay (LOS) being the basis of comparison. Generally, LOS variation 

could be reduced for the same presenting conditions but not for all presenting 

conditions. LOS also varied across providers due to difference in their education levels, 
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training, years of experience and schedule of work. Several common and special causes 

for variations in LOS were studied and eliminated. 

 

It is important to note that standardization in service industries has been 

traditionally far more challenging to accomplish as compared to product industries 

because in latter’s output is tangible and can be ascertained using objective standards 

where in service industries, decision making depends heavily on subjective standards 

and people have to make several assumptions. Specifically in medical systems, 

patient’s presenting conditions are the basis of judgment and different people describe 

their conditions for the same symptoms differently and medical staff has to consider 

several options and diagnostic procedures before they can confirm the symptoms [17].  

 

On-Time and Accurate Billing 

Billing might not be a problem in countries outside United States where medical 

treatment and supporting services have either been subsidized by governments or have 

been free. In the United States, the majority of people have to manage their insurance 

by personal means or via their employers. At times, medical billing gets difficult to 

manage. Rather in this study, accuracy and timeliness of billing were the major source 

of patient dissatisfaction after the delivery of medical services. The most commonly 

cited problems were inaccuracy, mistakes and timeliness. Several lean tools including 

Medical Services Value Stream, error proofing and visual controls were proposed and 

implemented to improve billing processes. It helped in reducing the errors and many 

hours of work attending to follow up calls by patients to adjust the bills. Since billing 

accuracy was a critical part of the medical process, a metric was created to monitor it 

on regular basis. 

 

Number of Improvement Suggestions Received and Implemented   

This metric was proposed and implemented to ensure active contribution of all hospital 

employees on a regular basis and was monitored with two sets of numbers because one 

number did not provide a complete picture of employee involvement in improvements. 

In one set of numbers, suggestions submitted a given time period were counted, for 

example number of suggestion every month increased after people understood the 

concept but it did not consider the quality of suggestions. If the number of suggestions 

submitted increased but they did not have a notable impact on performance 

improvement, they were ignored and did not add any value. So, the second set of 

numbers reported the percentage implemented as a fraction of total suggestions 

submitted. When both the set of numbers were reviewed, it helped in estimating the 

effectiveness of sustaining efforts. 
 

Predictive Maintenance 

Hospitals have many pieces of capital equipment that are complex and require a high 

degree of maintenance to keep them operational. Historical data from research sites 

indicated that there have been instances of unplanned downtime due to breakdown of 

MRI scanners, which caused bottlenecks in patient diagnostics and a lot of capital to get 

them either fixed or replaced. Several equipment uptime and maintenance procedures 
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were recommended and implemented including Total Predictive maintenance (TPM). A 

fixed interval maintenance schedule was created where irrespective of the use of capital 

equipment, maintenance was done at a fixed time each month, medical staff were 

informed in advance for the scheduled downtime and were expected not to schedule 

any patients during that time, usually at non-peak times. Initially, it increased the 

planned down time but slowly dropped unplanned down time due to sudden breakdown 

and operational errors. Numerically, the number of completed maintenance work orders 

as a ratio of total work orders was monitored with an assumption that the total number 

of work orders would include all kinds of equipment that needed periodic maintenance.  
 

Conclusions 

Managing by Performance Leading Indicators (PLIs) has been a great way of managing 

the system proactively and predicting problems before they become full blown crisis 

and cause many problems for the organizations. Medical services systems in particular 

cannot succeed by managing through lagging indicators of performance like the number 

of people who lose their lives or the number of people who were readmitted for not 

having the correct diagnosis in the first place or were not properly treated, or the 

number of people who interacted infections etc. Whenever an organization is presented 

with the idea of managing by PLIs, there are always some reservations and reluctance 

shown by stakeholders because it is completely new way of looking at their work, yet 

when that phases passes and people understand the true philosophy and spirit of 

managing by PLIs, it becomes easier to transform the system. It is important to note 

that implementation of PLIs metrics is a constantly evolving and self-correcting process 

and should be carried out in many iterations. 
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Abstract 
The study was conducted among two residential areas to assess the annoyance level and the 

respiratory illnesses developed as a result of air pollution. This air pollution might be a result 

of presence of industrial activity especially the landfill. Annoyance: Most of the respondents 

evaluated the badness of the smell 10 (very bad). The smell was very strong at the evening time. 

Respiratory illnesses: the study proved that there is negative impact of the air quality on 

respiratory health regardless of the preventive measures taken by the concerned entities.  

 

Introduction 

In the last decades, the UAE experienced rapid development due to industrialization. 

This development had an impact on the environment and the human health. The 

prevalence of asthma and other respiratory diseases increased accordingly. (Caroline 

Barakat-Haddad, 2015) Studies were conducted to correlate between the respiratory 

health deterioration and environmental changes. They focused on the human behavior, 

the nature on residential area and the housing condition impact on the respiratory 

health. Also, most of the studies were done among school students. (Al Behandy N. S., 

2015) (Bassam H Mahboub, 2012) This research studied the impact of the industrial air 

pollution on the respiratory health targeting the families living near industrial activities 

which was not done by previous studies. 

The landfill was constructed after obtaining the permission from the concerned 

authority. Besides that, people living in the selected residential areas still complaining 

about the strength of the smell and experiencing some respiratory illnesses.  

The objectives of the report are to:  

1- Better explain the relationship between air quality and the respiratory health.  

2- Classify the respiratory illnesses developed into genetically or air quality related.  

3- Try to identify other causes for the increased prevalence of respiratory illnesses than 

the one identified by previous studies.  
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Background and Significance 

1- The UAE emirates are having discrepancy in implementing the preventive 

measures to reduce the industrial air pollution.  

2- Previous studies did not involve other emirates like Sharjah where the 

prevalence of respiratory illnesses was high. 

3- The victims of the industrial air pollution were not targeted in previous studies 

(people living near the industrial activity). 

4- The cost on healthcare is very high.  

 

Literature Review  

Article 1: The article addressed the indoor and outdoor air pollution as a major 

environmental problem that directly impacts the respiratory health. Also, it focused on 

the chronic respiratory diseases that result from the air pollution. In addition, criteria 

like the nature of residential area and the targeted population behavior were used in the 

survey tool to correlate between the factors and the symptoms developed. It stressed on 

the high cost on healthcare as a result of having poor respiratory health. (Caroline 

Barakat-Haddad, 2015) 

Article 2: This paper studied two major diseases related to the respiratory health; 

allergic rhinitis and asthma. The tool used contained some symptoms including the used 

medication like Ventolin and steroids. Moreover, the family history was considered in 

the tool to better explain the casual relationship between respiratory disease symptoms 

and factors behind developing it. (Alsowaidi S, 2010)  

Article 3: The third article presents a study of the air pollution impact on respiratory 

health. It proved the relationship between the geographical area and air pollution. The 

types of air pollutants depend on the location. Also, the article focused on the chronic 

respiratory impacts of air pollution which lead to frequent visits to clinics and 

hospitalization. The current asthma prevalence in UAE was compared with the GCC 

ones. (Kevin Teather, 2013)  

Article 4:  At this article, the prevalence of asthma per emirate was presented. To 

add, symptoms of respiratory distress were considered in the tool used to survey the 

targeted group. The results of developing such symptoms were mentioned at the end of 

the article. Moreover, the current medications which the participants are taking were 

part of the survey. (Bassam H Mahboub, 2012) 

Article 5:  The last article is about childhood asthma. The impact of having asthma 

is increase on hospitalization and the missing school days. Several symptoms were 

considered when the study conducted. It listed the possible factors that may enhance the 

development of respiratory diseases. To add, the frequency of taking medication was 

part of the survey. (Al Behandy N. S., 2015) 

 



ISSN: 2414-6102 

52 
 

 

 

 

SNO Article 1 Article 2 Article 3 Article 4 Article 5 

R
esp

irato
ry

 sy
m

p
to

m
s 

S
im

ilarities 

 Wheeze 

 Asthma 

 Chronic 

bronchitis 

 Dry cough 

 Wheezing  

 Dry cough at 

night  

 Sleep 

disturbed 

 asthma 

 bronchitis 

 

 Wheezing 

 Attack of 

asthma 

 

 Wheezing  

 Sleep 

disturbance 

 

D
ifferen

ces  

 Emphysema 

 

 Speech 

limited 

 

 Pneumonia 

 Stroke 

 hypertensio

n 

 cancer 

 Nasal allergies 

(including hay 

fever) 

 Wheezing 

associated with 

other 

complains 

 Frequency 

of asthma 

symptoms 

 Wheezing 

frequency 

 

T
h
e u

se o
f m

ed
icatio

n
 

S
im

ilarities Medication not 

mentioned 

Nil 

Medication 

mentioned 

Medication not 

mentioned 

Nil 

Medication 

mentioned 

Medication 

mentioned 

D
ifferen

ces 

Type of medicine 

used 

Currently using 

medication  

Frequency of 

using asthma 

medication 

F
acto

rs affect th
e resp

irato
ry

 h
ealth

 

S
im

ilarities 

 Residential 

crowding 

 Reside near 

industrial 

plants/gas 

stations/const

ruction sites 

 Ventilation 

of the house 

Nil Nil Nil  Ventilation 

of the 

house 

 Residential  

crowding  

D
ifferen

ce 

 Residential 

air 

conditioning 

Family history 

 

Geographical 

location 

Air pollution 

Nil  parents 

education 

 



ISSN: 2414-6102 

53 
 

The main reason behind the variations in the 5 articles is that the tools adopted by 

the researchers were different; International Study of Asthma and Allergies in Children 

(ISAAC) and European Community Respiratory Health Survey (ECRHS). The second 

reason that the hypotheses of the 5 articles are different.  

Research Method and Data Collection 

This study will focus on exploring the relationship between industrial air pollution and 

development of respiratory disease in Sajaa and Rahmaniyah residential areas. 

Moreover, it provides an idea about how many people where directly impacted by the 

industrial air pollution and what types of illnesses they developed. This research will 

help to better explain the current debate about the importance of planning the zones and 

deciding which activity can take place in each land and how this impacts the respiratory 

health in UAE.  

Method: In this study, a self-administered survey conducted to collect the data.  

Total 15 families randomly surveyed from Sajaa and Rahmaniyah residential areas to 

assess the respiratory illnesses developed by the family members after the 

establishment of Landfill near the residential areas taking into consideration the family 

history of the parents in each family. 

The research questions included: location of the family, total number of family 

members, total number of family members suffering from respiratory illnesses, the 

types of respiratory illnesses developed, the severity of the illnesses, the impact of the 

illnesses like hospitalization and regular visits to clinic, history of the parent in regards 

of the respiratory illnesses, whether any of the family members is on current medication 

for respiratory illnesses, the level of annoyance from the smell resulted from Landfill 

activities and if the company had any initiatives to reduce the resulted smell based on 

the residents complains (Appendix 1). Analysis: The collected data analyzed using 

excel as appropriate. Some descriptive statistics done, pivot chart, bar chart and pie 

chart. 
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Findings 

Demographics of the participants 

Location: the sample collected included 

families from both selected areas; Sajaa and 

Al Rahmanyah. The number of families was 

almost equal (Figure1). 

Education level: The families 

surveyed varied in education level. 

80% of the parents had certain level of 

education (Figure2).   

 

 

 

 

 

Monthly income: 67% of the families 

have good monthly income that enables them to 

select the best living condition for their family 

member especially the housing conditions 

(Figure3). 

  Figure 4 presents the percentage of family members with respiratory illnesses. 

The percentage in some families is very high reaching 71% whereas it is 23% I other 

families which is considered low. The fact that the sample was taken from different 

locations is the main factor behind this variation. 
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Public annoyance:  

 

 

 

 

 

The families surveyed assessed the badness of the smell and gave it very 

high score Firgure5). This indicates that the smell released from the landfill is 

not accepted by the public. When enquired about the time that the families feel 

that the smell is very strong they all agreed that the evening time is the worst 

(Figure 6). 
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Figure 6: What time during the day you feel the smell is 
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More than 50% of the surveyed families preferred the media life programs to 

raise their concerns (Figure 7). Unfortunately, all the families that participated 

didn't state the reason behind selecting the live media programs. When I asked one 

on the family members in unofficial interview about their reasons he replied that 

this type of programs are followed by the leaders and the governance so the action 

will be taken immediately. 

 

Respiratory illnesses: 

The parents in the surveyed families were asked if any of them is having any 

history of respiratory illnesses in order to exclude the factor of genetics impact on 

respiratory illnesses. Three forth of the families were clear from genetics factor (Figure 

8). 
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The symptoms that were experienced by the families in Al Rahmanyah mostly 

were walking up cough and shortness of breath followed by the nasal allergy, asthma 

and wheeze (Figure 9).    

The symptoms that were experienced by the families in Sajaa mostly were 

current wheeze followed by the asthma attack and walking up with cough attack 

(Figure 10).  When comparing figure 9 and 10, it is evident that the frequency of 

experiencing the symptoms varies from Sajaa to Al Rahmanyah. The families in Sajaa 

tend to experience the respiratory illnesses more frequent the than the families in Al 

Rahmanyah. 
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Figure 11: the most effective treatment based on the feedback from the public is 

the hospitalizations. The second effective treatment is the use of inhalator.  

Selected Question:  

The education level is key player in making decisions and recommending 

actions to improve the situation. In (Figure 12) the university graduates preferred to 

start with education of public and improving the current housing condition. The fact 

that the more educated people recommend  cost effective solutions to reduce the risks 

rather than costly solutions like transfer to new residential area. The air quality 

monitoring stations was the least recommended. This might be due to lack of awareness 

about its importance.  

 

 

Conclusion 

To conclude, the two areas that were studied proved that the families are suffering from 

the presence of the landfill and focus study is required to help in better understand the 
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consequences of mixing residential areas with industrial areas. Families living in Sajaa 

require tertiary level of treatment whereas the families in Al Rahmanyah need 

preventive measure to reduce the exposed risks. 

In this study, the tool used should be improved further to help in exploring the 

situation. The question related to the effective treatments and the recommended actions 

should be changed to (prioritization and ranking) rather than section of multiple 

options. Also, a follow up interview is recommended to gather more information and 

help in understanding the families concerns. 
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Appendix 

Appendix: Questionnaire 

Name of residential area: ……………………. 

Section 1:  

Q1: Using scale from 1-10, how bad is the smell released from landfill? 

Not bad        extremely bad 

1 2 3 4 5 6 7 8 9 10 

Q2: What time during the day you feel the smell is strong? 

1- Morning    2- Afternoon   3- Evening 

Q3: In case of annoyance from the bad smell, which of the following way you will use 

to raise your concerns and why? 
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1- Call the concerned company hotline 2- Social media 3- Media live 

program  

 Reason for selection: ………………………………………………. 

 

Section 2:  

Q4: Are any of the parents having history of respiratory illnesses? 

1- Yes   2- No 

Q5: Rate the frequency of experiencing the following symptoms by your family 

members: 

Scale  Never  Very 

Rarely 

Rarely Occasionally Frequently Very 

Frequently  

Current wheeze        

Speech limited        

Wheeze after 

exercise  

      

Walking up with 

shortness of 

breath  

      

Walking up with 

cough attack 

      

Nasal allergy       

Asthma attack        

Q6: What type(s) of treatment is more likely to be effective to treat the developed 

symptoms (select one or more)?  

1- Use of salbutamol  2- Use of steroid (oral/ inhaled)  3- Hospitalization 

Q7: From your point of view, what could be done to improve the current situation 

(select one or more)? 

1- Transfer to another residential area away from the landfill. 

2- Improve the housing condition to more appropriate one, example: fixing air 

filter. 

3- Educate the public about the situation and address the risks if any. 

4- To have air quality monitoring stations. 

5- Others: ………………………………………….. 

 

Section 3: 

Q8: How many members are there in your family? ............... 

Q9: How many members in your family experienced respiratory illnesses in the last 

year? ........... 

Q10: Family income level: 
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1- Less than 10,000 Dhs 2- 10,000-20,000 Dhs  3- More than 20,000 Dhs 

Q11: Parents education level: 

1- Illiterate    2- High school   3- University 
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Abstract 

A community-based nursing home visiting program called "Tazawor" (Visiting) will be 

established in Nursing College in Princess Nourah Bint Abdullrahman University 

(PNU) in collaboration with King Abdullah bin Abdul-Aziz University Hospital 

(KAAUH), Riyadh, Saudi Arabia. Constructed by the analytic framework introduced by 

Gilbert and Terrell in 2012, “Tazawor” will be an in-patient community center in PNU 

that will apply a timely-scheduled home visits, managed by a team of specialist nurses, 

administrator staff and volunteers. Service users who need continuous treatments and 

supervision at home after discharge from the hospital are identified by KAAUH doctors 

during the period of hospitalization. Subjects are the community of Princess Nourah 

University staff and students; including: children, mothers, elderly and adults. It is 

estimated that through conducting professional visits to service users, it will be possible 

to have a direct and positive effect on the health  and well-being of PNU community.  

"Tazawor" will be operated by Community Health Nursing specialist nurses with valid 

Saudi Health Council License to implement the project protocols and recruit the 

administrator staff, RN nurses with a variety of clinical experiences, and volunteer 

students. RNs and volunteers will be enrolled in the training program to learn effective 

fundamental and advanced practical nursing services, referrals to doctors, 

coordinating and managing services, education, training and counseling. Each staff 

will be expected to contribute 10 hours each week and to continue with "Tazawor" for a 

period of not less than 3 months.  

"Tazawor" will function with full time staff members. Project directors (Leaders) will 

provide total management of the Center's tasks. Periodic evaluations (Formative and 

Summative Evaluations) will be conducted to evaluate the significance of "Tazawor" on 

a) helping the staff and student volunteers to become effective educators, b) the 

development of new understandings on the part of local community and c) the 
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improvement of the overall well-being of target population in PNU (Rest, 

Trautsamwieser &Hirsch, 2012). 

 

 

Introduction 

Background 

Princess Nora Bint Abdurrahman University (PNU ) is the largest women’s university 

in the world where is located in the capital city of Riyadh in the Kingdom of Saudi 

Arabia. It has over 60,000 students in 15 colleges, and a preparatory year program for 

all first year undergraduate students. Moreover, the University buildings include King 

Abdullah bin Abdul-Aziz University Hospital (KAAUH), with total capacity of 300 

beds, and the largest simulation center in the Middle East 

(http://www.pnu.edu.sa/arr/University/Pages/Intro.aspx). 

 

Home-visiting programs are derived from many forms and scopes, and because 

it is a method of service delivery, individual home visit programs can be modified into 

many practices. They differ with respect to the age of the target population, the risk 

status of the clients, the diversity of services accessible, the strength of the home visits, 

and the fulfillment of the program that is used. 

The Ministry of health in Saudi Arabia have given priority to health care 

services at all levels (Primary, Secondary and Tertiary), as stated in Saudi Ministry of 

Health vision for 2020, it is intended to  provide all citizens and residents with high-

quality general and specialized health services, and insure all the population with these 

services (Ministry of Health [MOH], 2014).  

Furthermore; as a result of demographic change, annual population growth rate 

was estimated to be 2.55%, for those aged less than 5 years were 10.3%, and the group 

of elderly people were 2.9% among total Saudi population in 2014 (MOH, 2014). As 

stated by United Nations statistical report, life expectancy will reach 76.4 years by the 

end of 2025 in Saudi Arabia, and, ultimately, the total population will increase to 32.3 

million (United Nations, 2012). It is worthy to mention that the ratio of nurses to 

population became almost (23.1:10000) according to MOH book of statistics (2014), 

and that clearly leads us to the necessity of employing more staff to cover up the 

shortage of services provided to population. 

To explain the population aging phenomenon in Saudi Arabia, figure (1) below 

will better show that he age group between 0 and 14 has declined since 1980, while the 

60+ age group has increased since then. Based on previously said, it is predictable that 

health costs will rise between 2015 and 2050, while the public payments on education 

will fall in the same period equally to the decrease of dependency of young ages ratio 

from 41 percent to 24 percent. Eventually, this will counterbalance each other (Hussain, 

2015). 

http://www.pnu.edu.sa/arr/University/Pages/Intro.aspx
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Figure 1: Age structure changes in Saudi Arabia 
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Source: The United Nations, 2014 (Derived from Hussain I. Abusaaq, (2015) “SAMA Working Paper: 

Population Aging In Saudi Arabia”. Economic Research Department) . 

Home-based care program in Riyadh was announced in April, 2010 to include 

15000 patients (Emerald, 2012), and then efforts was escalated to serve approximately 

45318 patients by the end of 2014 with the engagement the total of 20 hospitals and one 

specialized home visit center (MOH, 2014). The purposes of this program are to ensure 

the delivery of curative, preventive, rehabilitative, palliative and counseling services. It 

was significantly effective in relation to hospital costs, by lowering admission rate, and 

declining the frequency of hospital visits, particularly by patients with chronic and age-

associated illnesses (Emerald, 2012). 
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To find out the genuine value of home visit programs in literature by searching 

recent databases, a randomized controlled trial compared between intervention patients 

having recent ischemic stroke and received home rehabilitation program with control 

patients who only got the standard care. The intervention group got home-based 

physiotherapy once a month for 6 months, beside an educational support, counseling 

and audiovisual materials. The control group received rehabilitation as prescribed by a 

physician and educational materials after discharge. After 2 years of follow-up home 

visits, functional outcomes of ischemic stroke had improved and incidence of 

depression had reduced among intervention group, but not dementia (Chaiyawat & 

Kongkiat , 2012). 

Meanwhile, a retrospective review of 145 records in a cross-sectional study was 

conducted by Vanderburg, Wright, Boston and Zimmerman (2010), indicated that 

enhanced practices in relation to the protection and confidentiality of women led to the 

raise of abuse disclosures by applying a postpartum screening protocol for women 

abuse into a current maternal-child home visiting program in Ontario/ Canada. 

Furthermore; in order to value cost-effectiveness of home visiting programs for 

prevention of child maltreatment, another retrospective study done by Australian 

researchers found that using professional home visitors in a multidisciplinary team, 

aiming high risk population, and including beyond merely home visiting were the most 

cost-effective programs among 33 programs nationwide (Dalziel, Kim, Segal & 

Mortimer, 2008). 

In the light of all before said, evidence-based practices urges the necessity of 

adopting a home visit program at any given community. For example, in 2012 a 

descriptive research was conducted in Rhode Islands, USA, revealed that health care 

cost and acute care services indicator was lowered by 17-33%  of health care costs 

among primary care patients, and in regard to health outcomes and quality of care 

indicator, it showed improved quality of care measures: 44% for family and children’s 

health, 35% for women’s care and 24% for internal medicine (CDPHP, 2011). 

Our theoretical framework is a reliable tool to apply the home visit program in a 

specific community-based health care setting (PNU for this matter), which was 

proposed by Gilbert and Terrell (2012). According to this analytic tool, there are four 

components of social welfare: users (Patients who need continuous treatments and 

supervision at home after discharge from hospital), services (Home care program 

content, how the quality of home visits is controlled, and what requirements visiting 

nurses must fulfill), source of funds (Public, private, or both), and service delivery 

process (how the delivery system is constructed) (Lim, Noh, Kim, & Choi, 2014). 

Goals and Objectives 

To institute the milestone of home visit program, some goals and objectives should be 

set first: 
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Goal # 1 _To integrate the home visiting system as part of PNU mission of 

Community Health Services. 

Objective # 1.1: To plan for a comprehensive approach of home visit program 

and family support.  

Objective # 1.2: To work in partnership with a health care provider (KAAUH) 

to implement home visit program.  

Objective # 1.3: To confirm that home visit program services are informed and 

influenced by families, consumers, and stakeholders. 

Goal # 2 _ To regulate finance policies and create resources to develop and endure 

the home visiting system in PNU. 

Objective # 2.1: To find funding from existing, public, and private sources.  

Objective # 2.2: To explore opportunities for influencing, interlacing, and 

combining funding sources through the home visit program. 

Objective 2.3: To secure resources to fund home visit services and the 

infrastructure to sustain quality in home visiting program and at the university 

level. 

 

Goal # 3 _To efficiently utilize women volunteers as a major factor in helping people 

to learn. 

Objective #3.1: To train a group of undergraduate students (15-20 students each 

semester) at PNU to become volunteers in the “Tazawor” Program. 

Objective #3.2: To design a 3-month training program for the volunteers to 

accomplish a) basic home visit information for each target population, and b) 

information on adult teaching methods. 

Objective #3.3: To enroll the volunteer students in PNU home visit center to 

offer tutoring services to target population. 

Goal # 4 _ To build up the concept (Women’s learning through community as a 

learning tool) 

Objective # 4.1 : To empower PNU students to develop both professional 

nursing values and competencies, while meeting community needs through 

public participation. 
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Objective # 4.2 : To perform activities beyond the scope of the core curriculum, 

allowing them to cultivate an attitude towards public commitment . 

Objective # 4.3 : To practice a focused professional relationship, a genuine self-

awareness to concern for people, and understanding of them, their capabilities 

and the social systems with which they interact. 

 

 

Target Population 

Service users are the community of PNU, including university administrators, 

academics, students and their families, who are living within a radiance of 50 

Kilometers from PNU location in Riyadh, and need continuous treatments and 

supervision at home after discharge from the hospital are identified by KAAUH doctors 

during the period of hospitalization. 

Methodology 

The principal methods for achieving the goals and objectives of the Project will be: 

1. Establishing a Home Visiting Center in PNU that will become the main office at 

PNU Nursing College. 

2.  Recruiting the staff and volunteers according to a pre-set inclusion criteria. 

3. Developing training courses to staff and volunteers. 

4. Receiving referred cases from KAAUH, and supervise the process and practice 

of home visiting program. 

5. Documentation/Dissemination strategy will be developed by program leaders to 

secure the systematic collection of information about the project. 

6. Sharing the basic project information with PNU administration, KAAUH 

administration, and other similar projects. 

Process of the project 

The home Visit program “Tazawor” will be Running through three phases referring to 

Australian Primary Health Care Nursing Association (APNA) nurse home visit 

guidelines (2015): 

1. Planning: The planning process will include: a) Raising an entire practice 

awareness of risks, benefits, processes and roles, b) Secure resources, Safety of 

the nurse, Clinical safety, Safety for the patient, Billing arrangements for the 

program, and Scope of nursing competencies. 

2. Implantation: After the planning process have been considered, it passes to 

implementation process relying on Gilbert and Terrell Model (2012). 

3. Review: After completing the first three visits, our reviewing process will start 

to evaluate the process, what problems emerged, and what progresses can be 

completed.  

Staff/ Administration 

1. Program leaders: Responsible for establishing the home visit center,  recruiting 

project staff, supervising project development and operation, instituting and 
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sustaining relations with PNU and KAAUH administrations, and budget. The 

Project Director will be Khulud Rezq , ania Alsabi’ and Fidaa Alsaran (authors 

of this proposal). 

2. Volunteers Coordinator: Responsible for recruiting volunteers from PNU 

students, helping to develop and maintain training program, schedule 

volunteers to work in center, and evaluate the process and outcomes of project 

using Formative and Summative evaluation tools (Ms. Fidaa Alsaran). 

Available Resources 

1. Location: home visit center will be located in PNU Nursing College building. 

2. Staff/ Volunteers recruiting and Training offices: will be provided by Nursing 

College on demand. 

 

Needed Resources 

1. Personnel: 

a) General Physician (One). 

b) Administrator staff (Two). 

c) Reception Staff (Two). 

d) Specialist home visit Nurses (Four). 

e) Volunteer students (15-20). 

 

2. Equipments/Supplies/ Communication:  

 Suitable transport and current driver’s license. 

 GPS navigation system. 

 Means for documentation (laptop, tablet). 

 Nurse’s bag for equipment and consumables. 

 Means for communication (mobile phone). 

 Insurance coverage system. 

 Templates for logging kilometer traveled, Logging time taken to conduct 

Visit, patient visit list, and patient feedback questionnaire.   
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Abstract 

UAE is growing very fast , this growth has triggered different environmental issues that will have 

some potential challenges to the country’s growth. Water pollution and scarcity, air pollution, indoor 

air quality, unsustainable fishers and many other issues are already present in UAE. These issues 

have different causes, and impacts. UAE is trying its best to control and monitor these issues and 

their impacts. The paper presents some of these issues with their current control measures. 

Introduction 

Background of the project 

UAE is one of the fastest growing countries in the world. It changed a lot comparing what it 

was in 1970’s. Massive changes happened in just 45 years. As it is said nothing comes with 

no cost. UAE’s growth has triggered many environmental issues which may create a concern 

for the country’s sustainability. Issues like air pollution, water pollution, land pollution, 

resource scarcity and many others are raised. Keeping the challenge in the mind this project 

has being assigned with the objective of highlighting UAE’s seven most critical issues with 

deep research on one these issues which is water scarcity. 

Some gaps and limitations have been encountered during this project such as 

difficulties in finding updated statistics, publications from emirates of Ras Al Khaima, and 

Ajman and very few studies have been done taking into account the primary sources. 

This project provides an adequate overview of the environmental issues in UAE for 

readers considering the following objectives: 

 Determine the main environmental issues in UAE 

 Describe UAE’s indoor air quality condition, impact and controls. 

 Describe solid waste management related issues 

 Describe the issue of soil contamination and its causes and the measures taken by 

the country to overcome it. 

 Discuss the impact of unsustainable fisheries in UAE. 

 Brief description of land reclamation related issues and desertification 

 Discuss water scarcity in UAE with data presentation. 

 Briefly determine the existing control measures for water scarcity. 

 

The report is a descriptive one focusing mainly on the secondary research that relies on 
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extensive research from different secondary references which included credible websites, 

Environmental studies related Journals, newspaper articles, publications from DEWA, Abu 

Dhabi Environmental Agency, Ministry of Environment and water, National Bureau of 

statistics and many other important and reliable sources. 

 

Findings 

List of environmental issues 

The most important environmental issues in UAE are as the following 

1. Poor indoor Air quality 

2. Water scarcity 

3. Solid waste management issue 

4. Soil contamination 

5. Unsustainable fishers and marine biodiversity 

6. Land reclamation related issues 

7. Desertification 

 

Rational for this prioritization 

The rationale behind the sequence of the issues in UAE is very simple. My approach is to 

address the issues from the most important one with high consequences to least import ones. 

Poor Indoor air quality issue is the most import issue in UAE since its causes are 

triggered in the day to day activities such as cooking, heating, painting, burning fuels and so 

on. Its consequences are high too, it causes illness that may cause critical conditions leading 

to death. According to WHO, 3.8 million premature deaths happens annually due to exposer 

to indoor air pollution. (WHO, 2014). Air pollution contribute to other type of issues such as 

water pollution. 

When water is polluted the access to clean drinkable water becomes limited, the water 

becomes acidic, and the chemical structure of it gets disturbed. And this has the potential to 

trigger another major environmental issue which is water scarcity. Water scarcity is one of 

the most important issues in UAE, hence this is the reason of placing it as the second most 

major environmental issue. UAE is facing an extreme growth in the population which created 

a pressure on the resources especially water and the increased demand has caused water 

supply controversy. 

 Its consequences are very high, since it has multiple impacts. If UAE run out of water 

this will impact its growing large population, agricultural industry, tourism industry, marine 

life hence creating an issue for fisheries stock in the country. 

The third issue that I considered important is solid waste management. Since the 

population is growing, they are using many resources leaving behind what is called waste. 

Waste is disposed but the way it is disposed is creating an issue since it is raising many issues 

related to the soil pollution, ground water pollution and health related issues. 

As mentioned above waste disposal issue has triggered another issue which is soil 

contamination. I placed it as the fourth important issue. Since its consequences are visible in 

the medium to long run period of time. It mainly affects the quality of the soil and impacts 

the crops and the vegetation planted. 
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because of the air pollution. 

Figure 1: Common sources if indoor air 

pollution 7 

The fifth important issue is unsustainable fishers and marine biodiversity. The large 

population and pressure on the resources has changed the volume of fish stocks being caught. 

Some sort of fishes are very limited in numbers and will run out very fast. The issue is not as 

critical as the first mentioned since there are other options of fish stocks available for people, 

however sustainable practices are recommended and the country is taking all the required 

steps to save the remaining stocks from depleting. 

The last two issues are as the following: land reclamation related issues and 

desertification. I find them the least critical issues in UAE, giving desertification the least 

consideration, since they didn’t affect much on the country’s environment condition yet. 

 

Brief of environmental issues in UAE 

Poor Indoor air quality 

When we talk about air pollution, we always consider it from the outdoor pollution’s perspective, 

we think about smog, power planets, and emissions from vehicles. Indoor air quality issue is as 

important as the outdoor air quality’s issue, even considered much important. A study from EPA 

concluded that our indoor environment is 2 to 5 times more contaminated and toxic compared to 

our outdoor environment (EPA, 2014). In china, indoor air pollution kills about 2.2 million each 

year (Schirnding, et al., 2011). A study was published by Journal of Environmental Protection in 

2014 considering the indoor air pollution in UAE, the indoor air quality was measured inside 628 

UAEs personal residence, and pollutants such as CO, SO2, NO2 and PM were monitored 

correlating it with sources of pollution such as air condition, smoking and attached kitchen. 

Collected data showed that the indoor air quality (IAQ) is contaminated due to several reasons and 

sources starting from cooking or heating that require combustion of coal or biomass. It revealed the 

leading concerns for mortality risks in the country were due to continuous exposure to indoor air 

pollution. Also a risk assessment analysis showed that 290 deaths and 89000 hospital visits per year 

may be  because  of  the 

exposure to the bad indoor air 

quality (Funk, et al., 2014). Figure 

1 shows common sources of indoor 

air pollution (Adler, 2014) 

Impact: 

Air pollution can affect health in 

several ways, irritation of  eyes,  

nose and throat; wheezing, coughing 

leading to breathing difficulties; lung 

and heart problems that may end up 

with lung cancer, and increased risk 

of  heart attacks, damage of nerve 

system and many other health 

impacts can be caused 

 

 

Control measures: 

There are several companies in Dubai which are specialized in the treatment of the indoor 
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air quality. However, there are some steps can be taken by anyone in the attempt of stopping 

or minimizing the impact of such pollutants. These steps can be as the following (Adler, 

2000) 

 

 Usage of water filtration 

 Basement pressurization 

 Use of air filters 

 Maintaining humidity between 30% - 50% 

 Use building materials with less formaldehyde 

 

And many other measures can be used to minimize the impact of the poor indoor air 

quality.  

 

Abu Dhabi’s measures to enhance good air quality: 

The Emirate of Abu Dhabi has put efforts to improve indoor air quality .indoor air quality 

management at Emirate level Several laws and local regulations for the United Arab Emirates 

and Abu Dhabi Emirate exist to accomplish good indoor air quality “(e.g. the Federal Law 

No. 24 of 1999, article 55 to 57; the Federal Cabinet of Ministers Decree .No. 12 of 2006, 

article 12 and 13; the Federal Law No ;15) of 2009; the Ministerial Decree No. (42) of 2008) 

the Federal Cabinet of Ministers Decree No. (39) of 2006; Urban Planning Council’s 

ESTIDAMA building requirements; and the Health Authority - Abu Dhabi’s Environment 

Health and Safety Management System” (Environment Agency - Abu Dhbai, 2014) The legal 

framework for indoor air quality management must be every so often reviewed and revised 

where necessary . 

The city is following approaches to reduce poor indoor air quality, by doing the followings: 

 Source control and it includes for example the control by imposing regulation for 

emissions from some construction materials and banning smoking in public and 

enclosed places. 

 Setting ventilation requirements 

 Requiring proper operation and maintenance of buildings and ventilation systems 

 Raising awareness and education in order to prevent indoor pollution. 

 

Solid waste management issue 

Population of UAE stood in 2014 at 9.3 million, and it will carry on growing with the 3.1%. 

The increase in the population means more consumption of resources hence more waste 

generation (BTI , 2014). This generated waste should be managed indeed, or else it will 

impose a threat to the health of the environment. Colleting, transporting, treating, and 

disposing solid wastes is a big challenge. Waste are generated in different types, yet solid 

waste is an important one and managing it is one of the priorities of any country, so as UAE’s. 

The characteristics and quantity of the solid waste generated is not only a function of the 

living standards of the inhabitants, but also the type of one place’s natural resources. Waste 

can be organic and inorganic. The graph below show the waste statistics of emirates of Abu 

Dhabi for the years 2009, 2010, 2011 (The Center of Waste Managment - Abu Dhabi, 2013) 
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According to the 2011 figures (2011), the total amount of waste generated in the 

Emirate of Abu Dhabi is 10.69 million tons/year. 10.565 million /tons/year is non-hazardous 

and 126,155 tons year for hazardous waste. The largest amount of waste is generated by 

Construction and Demolition (C&D), which accounts for 71% of the total waste generated in 

Abu Dhabi Emirate followed by Municipal Waste (MSW), which is about 10.3% of waste 

generated (Ibid.). 

Abu Dhabi’s infrastructure is clearly insufficient to address the issues of waste 

management and treatment, hence allowing for waste streams to be mixed and unsuitable 

for recycling resulting in following the dumping approach for disposing waste. Al Dhafra 

Landfill is the largest engineered dumpsite. Currently Abu Dhabi’s approach is toward the 

integrated waste management system, and it has its vision of 2030 of diversion of more than 

85% of waste from landfills, and initially increase waste reduction and call for recycling and 

reuse (Ibid.) 

Measures to control 

There are some projects going on for waste management system such as: 

 Energy Recovery Strategy ( waste to Energy) by Abu Dhabi National Energy Company 

 UPC’s Estidama’s Pearl Rating System 

 Paperless day 

 

 Some policies are in place in the Emirate of Abu Dhabi that promote waste 

reduction and management (Ibid.) 

 Increase waste-dumping penalties from AED 5,000 to AED 100,000 

 Enhance anti-dumping and fly-tipping controls especially for hazardous wastes 

sewage water. 

 EAD is licensing and inspecting all existing waste management facilities 

 UAE free of plastic bags approach, In 2011, Ministerial Resolution 451 was issued by 

Ministry of Environment and Water for appropriate registration of plastic bags 

factories and suppliers 
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Soil contamination 

Also known as soil pollution, happens when solid, or liquid hazardous human made chemical 

are mixed with the soil affecting its composition. Acids disposing, usage of pesticides and 

chemicals, sewage and disposal of hazardous waste has become of the most dangerous 

contributor to the soil pollution. This contaminated land causes threat to people living in the 

area and other wildlife plus the environment. 

Causes of soil contamination 

 Industrial Activity: it is a major contributor since the amount of mining and 

manufacturing activities has increased this led to increase in the amount of waste 

generated hence impacting the soil structure of our plant. Activities such as mineral 

extractions is playing a major role in soil contamination. 

 Agricultural Activities: technology introduction in the agricultural industry led to the 

chemical utilization in the shape pesticides and fertilizers. These chemicals cannot be 

broken in the nature, hence creating a concern to all of us. They seep into the ground 

after they get mixed with the water and start to impact slowly and reduce the fertility 

of the soil. 

- Pesticide use in India is increasing at 2-5% per annum, in 2013, 175 

million hectares of total area of 329 million hectares was considered 

degraded, mainly because of pesticides and fertilizers usage that led to soil 

sanitation, air pollution and water pollution  (Dhere, 2013) 

 Waste Disposal: waste disposal includes two type of wastes that causes a concern to 

the environment, industrial waste and personal waste. These ways are adding to the 

pollution. Wastes are moved to landfills through sewer system or dumped directly into 

the landfills. Which then becomes full of pollutants that both pollute soil and water. 

- Studies in 2010 showed that Sharjah produces 1.8 million tons of waste 

annually and Centre of Waste Management Abu Dhabi showed that the 

Abu Dhabi produces waste between 1.8kg and 2.4kg per person per day. 

This high amount of waste allowed the adoption of Recycling schemes that 

play a major role in tackling the issue. Sharjah recycles about 52% of the 

emirate's waste with about 70% to 75% accuracy in recycling. This 

encouraged the Centre of Waste Management Abu Dhabi in 2011 to 

launch Nadafa, a waste-reduction scheme targeting commercial 

establishments aiming reduction of waste hence minimizing soil pollution 

(Todorova, 2013) 

Impacts 

Impacts of soil pollution are many, it effect human health causing congenital illness and 

chronic health problems. It also effect the growth of plants, where many plants cannot adapt 

when the chemistry of their soil is changed, it also affect the fertility of the soil hence 

decreasing the soil yield and produce fruits and vegetables that lack nutrients and cause 

problems. 

Unsustainable fisheries and marine biodiversity 

Some type of fisheries in UAE has dropped in its stock. Scientific assessments show that 8 of 

our most valuable commercial fish are being overexploited. These fishes are Hamour, Fersh, 
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Kanaad, Safi, and Shaari. About 80 per cent of these fish stocks in the UAE have either been 

overexploited or depleted (Leon & Ponce, 2015). It is caused by overfishing, with the increase 

in the UAE's population that stood at 9.3 million last year (BTI , 2014), the demand for fish has 

never been as high as it is now. 

Causes 

Causes of these fishes scarcity includes the following: 

 

 Oil spill: it is estimated that two million barrels of oil are spilt annually into the 

sea area. Which indeed affect the water livings and kill them many of them (Ibid.). 

 Open access to fisheries and illegal fishing both creates fishing pressure 

 Poor fisheries management 

 Subsidies: the government provides incentives for national fishermen by subsidizing 

fishing boats, marine engines and fishing gear. 

- In 2010: subsidies worth dh3.8 million per year will be given out to local 

fishermen to support the industry. Subsidies will allow the fishermen to fish more, 

hence impacting the catch percentage (Todorova, 2010). A total of 581, of more 

than 6,000 local fishermen in UAE are given the subsidy. The total number of 

fishermen is now around 22,000 persons. This growth has led to pressure on the 

UAE's fishing resources (Ibid.). 

 

Current demand for fishes in 

UAE is that 66% of UAE 

residents eat fish at least once 

a week. With a fast rise in 

consumer demand for fish, 

current catch levels are 

greater than what UAE's 

coastlines can sustainably 

provide. Table 1 (UAE 

Statistics, 2014)shows the 

quantity    of    Fish    Caught  

by 

Emirate, 2010 - 2013 (Ton) and how the amount of fishes changed throughout the years. 

 Data shows that the amount of fishes caught have increased by 0.7% in 2013 

compared to 2012 amount caught (Ibid.). However the amount of fishes caught in 

2010 was higher than what was caught in 2013. 

 It is also indicated that the largest amount of fishes was caught in Sharjah and Ras Al- 

Khaimah, since their caught quantity was about 47% of the total quantity (Ibid.). 

Another study showed that in 2013, the consumption of fishes was 210000 tons, 

causing a deficit of 136797 tons if compared with the caught amount which was 73203 

tons (de Leon, 2015). This high demand is causing uncertainty, supporting these 

statistics, a study showed that in just 20 years some specific fish stocks of UAE could 

disappear (Salama, 2015). 

Emirate 2013 2012 2011 2010 

Abu Dhabi 1 3,862 4,399 3,922 6,333 

Dubai 10,809 11,830 8,060 8,948 

Sharjah 17,420 16,894 18,650 18,487 

Ajman 6,379 6,360 6,700 5,892 

Umm Al - Quwain 5,674 5,490 5,735 6,649 

Ras Al - Khaimah 16,920 16,673 17,412 17,898 

Fujairah 12,139 11,082 14,668 15,403 

Total 73,203 72,728 75,147 79,610 
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Impact 

Impact of unstainable fisheries and marine diversity is: it will create the imbalance of marine 

life, where fishes are very important component of marine habitats, they are related to other 

creatures through the food web. Overfishing will not only decimate the fish species, it will also 

affect the other biological communities hence decreasing food security 

Control Measures 

UAE’s is following many control measures to sustain its marine resources by: 

 Investing in aqua-farming to bridge the gap between demand and consumption 

without taxing the environment. 

 By 2017, the Shaikh Khalifa Marine Research Centre-Hatchery is going to introduce 

in stages new species that will be used for aquaculture 

 Imposing legislations, regulations and standards that call for sustainable fishing practices. 

 continuous monitoring of the fishermen’s associations 

 Increasing awareness and education of all stakeholders in the fishing sector 

 UAE has established more marine reserves, which placed it the first globally in the 

EPI of 2014 in term of marine protected areas. 

Land reclamation related issues 

It can alternately be used as land alternation, According to OSPAR Commission report 2010, 

land reclamation is defined as “the gain of land from sea or coastal wetlands for industrial use, 

harbour expansion”. Simply it can be explained as creating an artificial structure. A good 

example of it can be found in Singapore, Bahrain and Dubai (Moffat, 2010) 

 

 The recent history of land reclamation can be found in Dubai, which has couple of land 

reclamation projects such as Burj Al Arab Islands, Palm Jumairah Island, and Dira Island 

which is still under process. The objective of creating these artificial islands was to attract and 

increase number of tourist in the city. Alongside increasing Dubai’s shoreline by 520Km , It 

was stated that this project provided another advantage which is the breakwater attracted new 

marine species to the area. 

 

Land  reclamation  has  impacted  the  marine  life  in  many ways,  damaging  the marine 

ecology. it disturbed the physical and the chemical structure of the sea by noise pollution while 

the construction process, water pollution and also air pollution hence creating disturbance to the  

ecosystem and to the wave conditions. It also resulted in the change of the wildlife distribution and 

erosion. One of the negative impacts of Palm projects is that it reduced the amount of sunlight 

which filters down to seashore plants. It was categorized by Greenpeace, one of the 

environmental NGOs as one of the most unsustainable projects. The project has some risks in 

the future, such risks include: Earthquakes, weak soil, and exposure to high waves up to 2m. 

To avoid such consequences the city is relying on its coastal monitoring program. 

 

Desertification 

This environmental issue happens when fertile land turned into deserts, in simple terms it 

happens when green land turned to desert. It directly affects more than 250 million world’s 

population; it threatens 1.2 billion lives in 110 world poorest countries that depend on the land 

and agricultural activities. More than 4 Billion hectares of earth’s surface is threatened by 

desertification (Kadomura, n.d.) 
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Causes 

Desertification is caused by combination of several factors that vary from place to another and 

change over the time. Some factors are indirect such as the following 

 Population pressure which creates a pressure on land by human activities 

 International trade 

 

And other direct factors which are as the result of climate variations and human activities: 

 Climate change 

 Drought due to over extraction of water : this led to the partial desertification in Liwa Oasis 

 Moisture loss 

 Overgrazing 

 Deforestation 

 Incorrect irrigation practices that build up salt in the soil 

 Poverty since it will not allow the country to invest in land maintenance 

 Indeciduate and poor infrastructure such as roads 

 Inadequate research and development hence inappropriate technologies. 

 Lack of land use policies 

 

Impact 

Some of the consequences of desertification include: 

 Reduced food production because of reduced soil productivity 

 Reduced water quality 

 Health problems due to dust and drought 

 Loss of biodiversity and livelihoods hence pushing people to migrate. 

 

Control measures 

UAE has shown continues effort to combat desertification. In 2014, Minister of 

Environment and Water (MoEW) announced the completion of national strategy to combat 

desertification for 2014 -2021. It adopted preventive measures of reducing CO2 emissions, 

imposing regulations that protect the ecosystem and enforce efficient water management 

practices. 
 

Analysis: Water scarcity (UAE’s Case Study) 

 Introduction to the Case 

It is very notable that many countries are entering the water shortage era, UAE is one of 

them. UAE’s climate is known for the high temperatures, low precipitation and varied 

humidity levels. The average temperature of UAE in the summer is in 40s with 50% to 60% 

of humidity levels. Whereas the temperature in winter fluctuate between 26ºC-28ºC in 

daytime and falling to 15ºC to 16ºC in nighttime. Generally UAE has a low rainfall rates. It is 

rapidly growing and this growth level have triggered exceptional demand for water. Since 

1970 the demand for water by each Emirates has raised by 10 to 40 times (global water 
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intelligence, 2011) 

Water Supply vs Demand 

Water sources in UAE are either from conventional resources such surface, ground water and 

falajes and springs as or from non-conventional resources such as desalinated and treated waste 

water. In 2010, Dubai Electricity and Water Authority DEWA mentioned that water supply 

has raised by 4.5% to meet the raising demand of the market (DEWA, 2014). Italian Trade 

Commission (ITC) published a report stating that UAE is among the biggest consumers of 

water. In Dubai 2013, the consumed water was 100,114 MIG by 580,678 consumers and 

increased to 106,184MIG consumed by 605,178 consumers in 2014. The figure bellow shows 

the breakdown of water consumed and number of consumers as published by (DEWA, 2014) 

  

In 2012, as shown in the figure the 

biggest consumption of water in Abu 

Dhabi was in the agricultural sector 

accounting about 49% of total water 

consumption, moreover it is estimated 

that the consumption level for the same 

sector will decrease by the end of this 

year to 45% (Kumar, 2012) 

 

Causes of water scarcity 

• Growing population: which has increased the demand for water. Bellow’s graph 

shows how the population is growing continuously creating a pressure on the current 

resources (Trading Economics, 2014) 
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 Industrialization and rapid economic development have led to scarcity of water in 

many countries. UAE is one of the countries which is growing very fast, and moving 

towards urbanization in a rapid rate. As the figure shows the increase in country’s 

GDP from year to year and that it is continuing to grow without stopping (Trending 

Economics, 2014) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Pollution: Increased pressure on the resources and usage of pesticides, fertilizers and 

increased oil spills has allowed the pollution to occur, which is affecting the ground 

water. 

 High temperatures in UAE which is increasing evaporation levels leading to the 

drainage of the surface waters. 

 Continuous water extraction for agricultural activities: Masdar published that the 

ground water in UAE is being pumped at the rate of 860b L/year for irrigation hence 

depleting at the rate of 0.5 cm/year (Masdar , 2015) 

 

Impacts of Water Scarcity 

Water scarcity and stress has numerous impacts. It has an impact on business, health, food 

production, agriculture, environment, economic activity, and on tourism. Most of the 

published materials mention about water scarcity’s implications in a very general way. Here 

is the actually impacts of water scarcity that countries with water scarcity are facing. 
 

 In Austria, 2007 water scarcity led to drought which shaved around 1% of the GDP 

(World Economic Forum,2011) 

1
8 
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 In Botswana, 2013 water scarcity pushed the residents of the country to drink from 

Thamalakane river “untreated water”, which lead to diarrhea outbreaks. As a 

consequence, 5 children in Maun and 19 in Ngamiland died (Keakabetse, 2013) 

 In Brazil, 2013 water scarcity has increased water price in Rio from $400 to $1800 for 

around 20000L of water (Barchfield, 2013) 

 In china, 2011 water scarcity cost the country a year around $38 billion in lost crops, 

and lower production. It pushed around 400000 persons to relocate (Hays, 2011) 

 Between 1998 – 2003, in Arizona, water shortage in the Lake Mead led to decrease of 

900000 tourists, loss of 680 jobs, loss of $28 million of the visitors spending and loss   

of 

$9.5 loss in personal income ( (Morehouse, et al., 2007) 

 

 In India, 2013 water scarcity “shortage” and power outages dropped the attendance at 

schools and universities in Hyderabad by 25% (The Time of India, 2013) 

 In Saudi Arabia, 2013, Madinah is experiencing water scarcity and water cuts which 

forced the water truck prices that used to be 48 Saudi Riyals to increase between 250 to 

300 Riyals and may reaches to 500 if the demand for water increases ( Arab News, 

2013) 

 In US, Florida 2011, around 1200 water rights got suspended because of the water 

shortage with outdoor water restrictions in place (L’Oreal,2012) 

 In Frence, 2011 water scarcity forced a 13% drop in wheat crop production (Carvajal, 

2012) 

UAE started to face some of these challenges created by water scarcity and may face more if 

adequate steps against the issue is not taken as soon as possible. 

Control and Solutions 

Potential water scarcity issue is recognized by different authorities at regional and national 

levels. UAE’s government has taken number of actions to prevent water scarcity issues and 

consequences, through different steps from awareness campaigns, seeking for technological 

advancement and innovation to imposing roles and regulations. Below is some of the actions 

taken by both Emirates “Dubai and Abu Dhabi”. 
 

 UAE has created a policy of increased reliance on desalination to satisfy the growing 

demand for water. 

 UAE has 70 desalination plants, out which 2/3 are in Abu Dhabi, while 18% of them 

are located in Dubai and remaining are in the rest of emirates (Szabo, 2011) 

 Abu Dhabi launched a project that will contain around 26 million cubic meters of 

desalinated water for emergency usage, and this project is considered the largest 

unground reservoir worldwide (Ibid.) 

 UAE continuously highlights the importance of water management 

 In 2011, DEWA introduced new tariffs for water and electricity usage to control the 

consumption levels of both water and electricity. 

 Abu Dhabi introduced a law that require drilling contractors to obtain drilling license 

so that the emirate can manage the use of water within it. The emirate also has 

number of other regulations relate to groundwater usage. 
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 The government of Abu Dhabi has introduced a subsidies initiatives for farmers to 

encourage them to reduce or cut the production of water intense plants. 

 The country has adopted a major tool which is the water conservation strategy that 

will allow the country to manage water usage to 2021. 

 

 

 

 

 

 

 

 

 

 

 

SWOT Analysis – summarized. 

Strengths Opportunities 

 Great solar radiation 

 Presence of coastal areas 

 Rapid economic growth 

 seawater availability, 

 seawater desalination potential 

Weakness Threats 

 Shortage of groundwater, will 

force to depend on desalinated 

water for agriculture activities. 

 Desalination increased capacity 

will require an increase in the 

capital expenditures. 

 It may also require high 

dependence on natural gas. 

 Growing population 

 Continues increase in water demand. 

 Increase the volume of disposed 

brine and cooling water into the 

Gulf is impacting the marine 

ecosystem and fisheries. 

 High dependence on the 

desalination will increase the CO2 

emissions making it doubled than 

before. This may cause farther 

increase in temperature and cause a 

change in the sea levels effecting 

the population’s well-being, food 

production hence the ecosystem. 

 Water scarcity will impact the jobs 

related to the agriculture industry 

and fishing industry. 

 Environmental pollution and 

emission costs 

 

Conclusion and Recommendations 
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In conclusion, the project report provided an outlook of the environmental issues in UAE from 

the most critical issues to least critical one. It started with explaining the rationale behind 

prioritizing the issues, then provided an overview of each issue mentioning its definition, 

causes, impacts and controls. A deep research was done about water scarcity issue, the report 

stated the history of water scarcity, supply and demand of the water, causes of water scarcity, 

real life impacts of water scarcity, measures taken to face water scarcity and finally ending it 

with a very summarized table of water SWOT analysis in UAE. The following 

recommendations are derived from this report. 

 

 The country should focus more on the eco-friendly water production systems, hence it 

needs to invest more in research and development and innovation related projets. 

 The country needs much stronger regulatory framework in the agricultual sector since 

it is the biggest contributor to the water shortage and the potential scarcity of water. 

 The country should strictly monitor all the activities of water extraction and production. 

 Awareness campaigns should increase its levels so that it can reach more people. 

 

 Tariffs for exceeding the water usage cap should be imposed both on nationals and 

foreigners. 

 Steps to control water usage should not be only on national levels, it should start from 

individual levels. 
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Abstract 

In the era of globalization and competition, service quality has become a significant determinant of 

an organization’s success and survival.  Quality service delivery has become an essential 

prerequisite even in the healthcare sector. Hence, it is imperative for the healthcare providers to 

understand patients’ perspective of the quality of service.  Parasuraman and co-workers designed 

and pioneered the SERVQUAL instrument to measure service quality and the potential gaps. This 

tool explains the client’s perception of quality service considering the differences between expected 

and received service. 

The purpose of this study is to gain an understanding on the factors that influence the quality of 

emergency and inpatient services and compare the difference in perceived and expected quality of 

the patients.  Previous studies conducted on this subject were mainly concentrating on state and 

private hospitals in other countries; however, little research has been conducted in the UAE 

hospitals. This initial study aims to understand service quality on a smaller scale and to test the 

validity of SERVQUAL instrument for quality improvement in a private hospital.  

Daa were collected from 100 respondents, from the inpatients (IP) and emergency departments 

(ER) of a tertiary private hospital in the UAE with a confidence interval of 95% and a margin error 

of 5%. Data were collected during a one month period through a 32 items questionnaire using the 

SERVQUAL scale. For reducing the language bias the questionnaire was translated into Arabic. 

Data were analysed using appropriate descriptive and inferential statistical techniques. 

Cronbach's alpha for the evaluation of reliability and validity for the five service-quality 

dimensions (tangibles, reliability, responsiveness, assurance and empathy) perception and 

expectation were above 80% in ER and IP respectively and these values indicate that the 

SERVQUAL instrument proved to be reliable, valid and appropriate. Results indicate a moderate 

negative quality gap for both departmental service qualities and some items under certain 

dimensions exceeded the customer expectations. Demographic factors did not play a vital role in 

influencing patients' satisfaction in both departments as expected.  

The study’s major contribution is that it offers a way to assess healthcare service quality in a 

hospital setting. In addition, this work will be helpful to hospital administrators to identify 

improvement areas from the patients’ perspective. Further research on a larger scale in different 

departments and hospitals can yield good results, which can be used in healthcare policy and 

practice. 

Key words: Service Quality, Healthcare, SERVQUAL 
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Introduction 

The healthcare sector has become a competitive business market and is facing the 

challenge for growth and survival. In response to this challenge, healthcare sector is 

focusing on customer service and customer satisfaction as key strategies to leverage the 

market and gain a stronghold that guarantees survival and profitability. Many studies have 

shown that patient satisfaction influences the rate of patient compliance with physician 

advice and the healing process in addition to its positive impact on patient retention and 

loyalty (Calnan, 1988; Roter et al., 1987). Nowadays, healthcare providers have started to 

apply modern marketing ideas to serve customer markets in a more efficient and effective 

way. Service Quality acts as an important strategic variable in this respect which largely 

determines patient’s satisfaction. Many organisations have recognised that improving 

customer satisfaction through the delivery of service quality will consequently increase 

success, profitability and survival and bridge the gap between service expectation and 

service performance (Parasuraman et. al., 1988).  

 

Healthcare related legislations and policies have been endorsed worldwide to 

promote the active participation of the patients and family in the provision of their care 

such as the ‘Caring for our future: reforming care and support’ in the United Kingdom 

(Department of Health, 2012).  One of the UAE Government’s strategies is to elevate the 

standards of healthcare services by focusing on quality excellence in both public and 

private sectors through a variety of schemes that guarantees health practices and attaining 

international health accreditation. The use of SERVQUAL tool to measure service quality 

in the UAE healthcare settings is limited. Therefore, this study attempts to understand the 

influencing factors affecting service quality using the SERVQUAL tool in a private 

hospital in Dubai.  This study was conducted to ascertain any perceived service gap 

between clients’ expectations and perceptions about quality of the Emergency (ER) and In-

Patient department (IP) services being offered by the hospital. Findings of this work will 

increase the body of knowledge related to measuring service quality to identify the 

influencing factors specifically the use of the SERVQUAL tool in a healthcare setting. 

Literature Review 

Importance of Quality in Healthcare  
Health care services hold a unique position among other services due to its very nature of 

the highly involved risks, which makes measuring of customer satisfaction and service 

quality in a health care setting more important and complex (Rashid & Jusoff, 2009). A 

deeper and accurate understanding of patient's service-quality perceptions and expectations 

has become important to the healthcare sector due to the competition between public and 

private hospitals.  When these perceptions and expectations suggest gaps, it becomes 

critical to remedy the situation with appropriate policies (Abuosi & Atinga, 2013). 

Service Quality 

Service quality has become an important topic among academicians and practitioners 

(Negi, 2009) and services marketing literature has defined service quality as the overall 
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assessment of a service by the customer (Eshghi et al., 2008). Parasuraman et al. (1985) 

defined Service Quality (SQ) as the gap identified between perceived quality and expected 

quality. If the expectation is greater than the quality of service provided, it will affect the 

perceived quality, which will identify the gap between service qualities. A negative gap 

does not mean that the service, which is provided, is of low a quality rather it means that 

the customer expectations have not been met and that area needs improvement. Service 

quality is viewed from two perspectives namely the functional and technical perspectives. 

Technical quality refers to the technical accuracy and procedures of the medical diagnoses 

procedures and the competence of the staff as they go about performing their routines. On 

the other hand, functional quality refers to the manner in which service is delivered to the 

customer, such as facilities, cleanliness, quality of hospital food and hospital personnel's 

attitudes (Rashid & Jusoff, 2009).  

SERVQUAL Instrument 

The SERVQUAL scale was based on the conceptual foundation and qualitative research 

that derived the meaning of service quality and the dimensions on which customers 

perceive and evaluate service quality (Parasuraman et al. 1988). Service quality and 

customer satisfaction study results show that SERVQUAL is an effective service quality 

measure (Cronin and Taylor, 1992; Zeithaml et al., 1993). The SERVQUAL scale was 

initially founded on the following ten determinants namely: tangibles, reliability, 

responsiveness, communication, credibility, security, competence, courtesy, understanding 

the customer and access. These determinants were further reduced to five and were 

identified as Tangibility, Reliability, Responsiveness, Assurance and Empathy. The 

dimensions, definitions and number of items on the SERVQUAL are listed in Table 1 

below. 

 

Table 1: Dimensions of Service Quality 

Dimensions Definition Number of 

Items 

Tangibility Appearance of physical facilities, equipment, 

personnel and communication materials 
4 

Reliability Ability to perform the promised service 

dependably and accurately 
4 

Responsiveness Willingness to help customers and to provide 

prompt service 
4 

Assurance Knowledge and courtesy of employees and 

their ability to convey trust and confidence 
5 

Empathy Provision of caring, individualized attention 

to customers 
5 

Source: Ziethaml et al., 1993 

 

Healthcare service quality research, using the SERVQUAL model, brings mixed 

results. Few have found SERVQUAL a reliable instrument, while others suggest there are 

certain healthcare service dimensions that are not captured by the original SERVQUAL 
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scale (Babakus and Mangold, 1992; Bowers et al., 1994). Therefore, it is important to 

tailor the SERVQUAL scale to a sector’s specific needs, culture or nation (Parasuraman et 

al., 1991). This tool has been modified and tested in several healthcare environments 

around the world (Butt & de Run, 2010; Luis et al., 2014: Bakr et al., 2008).  However, 

little research was conducted in the Middle East and particularly in the UAE (Al Qatari & 

Hanan,1999; Rashid & Jusoff, 2009; Al Bouri & Damhouri, 2013). The purpose of our 

research, therefore, is to test and report SERVQUAL scale and identify the influencing 

factors in a private healthare setting. 

 

Research Objective 

The aim of this research is to measure and understand the factors affecting service quality 

in the emergency and in patients departments of a private hospital using the SERVQUAL 

tool and to offer suggestion based on results of the study.  

 

Methodology 

Sample 

This study sought to assess patients’ satisfaction using the SERVQU 

AL model. The study population was made up of patients who had visited the hospital 

units (ER & IP) at the time of research. Questionnaires were distributed to those visiting 

the emergency and in patients departments in a period of one month from October to 

November 2015. A total of 200 questionnaires were distributed in both departments, of 

these, 100 were used for further analysis. Non-response and missing answers accounted for 

the rest.  

 

Ethical Consideration 

An ethical approval was received from the hospital leadership to ensure ethical research 

practice was maintained.   Prior to participating in the study, participants were requested to 

sign a consent form and the data was reported as an aggregate. Completed questionnaires 

were stored in a secure locked cabinet accessible only to the researcher and data 

management personnel.  

Research Instrument 

The five dimensions of SERVQUAL as proposed by Parasuraman et al. (1988) was 

adapted and modified in this study. Data was collected using a structured self-administered 

tool with a pre-determined set of statements and questions based on the five dimensions of 

service quality proposed by Parasuraman et al (1988). There are two parts to the tool. Part 

1 focused on the demographic questions and part 2 consisted of the 32 structured and 

paired questions of expectation and perception directed to ascertain the customer’s 

expectation (E) of service provision and performance and perception (P) of what was 

actually delivered. One section measured customer expectations and the other customer 

perceptions (see Table I). This simultaneous expectation and perception measurement is 

consistent with past research (Parasuraman et al., 1988). Part 3 aimed at obtaining the 

weights assigned to each dimension by the customers. The 32 questions were distributed 

according to the five dimensions namely:  Tangibles (questions 1-6), Reliability (questions 
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7-13), Responsiveness (questions 14-20), Assurance (questions 21-26), Empathy 

(questions 27-32). A seven-point Likert type scale was used from ‘strongly disagree’ with 

a minimum score of 1 to ‘strongly agree’ with a maximum score of 7.  

 

The tool was translated into Arabic since majority of the customers have Arabic as their 

first language. A pre-test of the tool was conducted with a group of patients, and minor 

changes to the scales were made accordingly to ensure that the questions were not 

repetitive and revisions to language, semantics and grammar were made prior to the study. 

Data Analysis 

Data were analysed using the Microsoft Excel and Statistical Package of Social Sciences 

(SPSS) version 23. Following data cleaning, the data was quantitatively analysed using 

descriptive statistics and to summarize, and explain the analysis of the data. The following 

were calculated: 

 The total means for perception and expectations for the two departments were 

calculated and compared. 

 The mean gap scores were calculated for all dimensions and compared 

 Reliability coefficient were calculated for all dimensions for perception and 

expectation 

 The means for the individual five dimensions for perception and expectations for 

the two departments were calculated and compared. 

 The means of individual questions for all dimensions and in the two departmental 

services were calculated and high and low scoring questions were identified. 

 The means of the weights for the five dimensions for the two departmental services 

were calculated 

 

Results  

Totally 200 surveys were distributed to patients visiting ER (125) and inpatients (75) 

departments during the months of October November 2015. Interestingly, fifty respondents 

in each department submitted completed questionnaires. Response rate in emergency was 

80% (n=50) and 66.6% (n=50) in the inpatients department. The surveys which represent 

50% (n=100) were considered suitable for inclusion in the statistical analysis. 100 surveys 

were eliminated from data analysis due to incomplete surveys and high percentage of 

missing data. 

Demographic Profile of Respondents 

Demographic characteristics such as age, gender, and nationality characteristics are 

important in influencing satisfaction of patients. Table 2 shows detailed information on 

demographic data and background characteristics of respondents in ER and IP 

departments. In ER 40% respondents were males whilst the remaining 60% were females. 

Whereas in IP department male respondents were 34% and the remaining 64% were 

females.  The respondents’ age as illustrated in table 1 indicates that the age range varied 

<=30, 31-40, 41-50, 51 - 60 and > 60 years. Interestingly, a higher percentage of the 

respondents belonged to age groups below 40 years.  UAE has a multicultural population 
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and the patients visiting the hospital were from different parts of the world. Nationality 

was used as demographic characteristic in order to identify if cultural values has an 

influence on the perceived service quality.  Nationalities were categorized according to the 

main continents except for the local population (Emirati) namely: Middle East, Asian, 

American, European and African.  In both departments highest percentage of respondents 

was Asians.  All these could have very important implications of how respondents 

perceived satisfaction of the service delivery. Respondents were skewed towards a younger 

population and a specific nationality, causing concern that the results might not represent 

all UAE age groups and majority of the population. 

 

Table 2 Patients Demographic Information 

  
Demographic 

Characteristic 

 

ER 
  
  

 

IP 

Frequency Percentage 

% 
Frequency Percentage 

% 
Gender    
Male 20 40 17 34 
Female 30 60 33 66 
Age    
<=30 13 26 16 32 
31-40 21 42 19 38 
41-50 8 16 5 10 
51-60 7 14 6 12 
>=60 1 2 4 8 
Nationality    
Emirati 6 12 6 12 
Middle East 12 24 8 16 
European 1 2 4 8 
American   2 4 3 6 
Asian 22 44 18 36 
African 7 14 11 22 

 ER – Emergency Room    IP – In Patients 

Reliability Measurement 

Coefficient alphas were used to measure internal reliability for each expectation and 

perception dimension and overall expectation and perception scales (see Table 3). 

Reliability analysis determines data trustworthiness obtained from questionnaires and the 

results are strong overall and consistent with those reported in Parasuraman et al. 1988. 
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Table 3 Cronbach’s Alpha Coefficient for Perception and Expectation dimensions 

 

Dimension 
ER 

Perception 
ER 

Expectation 
IP 

Perception 
IP 

Expectation 
Tangible  0.779 0.813 0.780 0.813 
Reliability 0.930 0.977 0.911 0.775 
Responsiveness 0.704 0.958 0.905 0.873 
Assurance 0.771 0.989 0.738 0.851 
Empathy 0.988 0.961 0.862 0.847 
Mean 0.835 0.939      0.839       0.832 
 

 

Service Quality Measurement 

The first step in assessment of service quality is the calculation of gap score. 

Gap score = Perception (P) – Expectation (E) 

Table 4 SERVQUAL Rating  

SERVQUAL rating: Perception - Expectation 

Servqual rating = 0 There is quality service. 

Servqual rating > 0 There is an excellent or extraordinary quality level. 

Servqual rating < 0 There is a deficit or lack of quality (deficient 

quality). 

Source: Parasuraman et al.1982 

The overall gap scores were negative for all dimensions in ER and IP departments 

(Table 5 & Table 6).  The lowest gap score was observed for the Empathy dimension in ER 

and Reliability in IP respectively. The highest gap score was for Responsiveness and 

Assurance in ER and IP services. Interestingly Empathy dimension had the highest 

perception and expectation mean score for both departments.  

 

A detailed item wise perception, expectation and gap score is depicted in Table 7&8.  

Although, the overall gap score is negative, positive and zero gap scores were observed for 

certain items.  Positive gap scores imply that certain items of the main dimensions 

exceeded customer expectation.  The positive gaps score in ER was for Tangible (T1,T2 

T3) Reliability (Rel 13), Responsiveness (RS15), Assurance (As 22) and Empathy (E32).  

The positive gaps score in IP was for Tangible (T1, T6) Reliability (Rel 9,10,12), 

Responsiveness (RS15, RS17). There was significant difference between patients 

perception (p<0.05) and expectation (p<0.05) between the two departments.  

Figure 1 shows the weights that have been assigned to the five dimensions by the 

respondents from the ER and IP departments. From the figure the highest weight in ER 
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was awarded to the Responsiveness dimension (22.17), in IP department it is the Reliability 

dimension (21.94).  

 

These above results clearly state that there are differences in patient perception and 

expectation in relation to different departments and that the respondents have different 

opinions of what in a service is important to them. This contributes to the prevailing 

challenge experienced by hospital administrators in understanding the needs of customer. 

 

Table 5: Service Quality dimensions mean perception, expectations and gap scores in 

the ER department 

 Dimension Perceptions Expectations Gap Score 

Tangible  6.427 6.571 -0.144 

Reliability 6.447 6.623 -0.176 

Responsiveness 6.481 6.663 -0.183 

Assurance 6.582 6.748 -0.167 

Empathy 6.674 6.767 -0.093 

 

 

Table 6: Service Quality dimensions mean perception, expectations and gap scores in 

the IP department 

 

Dimension Perceptions Expectations Gap Score 

Tangible  6.093 6.167 -0.073 

Reliability 5.978 6.034 -0.056 

Responsiveness 6.061 6.280 -0.220 

Assurance 6.075 6.332 -0.257 

Empathy 6.207 6.448 -0.241 
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Figure 3: Comparison of the weight of the five dimensions  

 

 

 ER- Emergency   IP – In Patient

Table 7: Item wise Perception, Expectation and Gap Scores of dimensions in Emergency 

department 

Dimensions Items 
Item

s 
Perceptio

n 
Expectatio

n 
Gap Score 

Tangibles There should be signboards to guide you in and around the hospital. T1 6.42 6.24 0.18 
  The waiting room should be comfortable and well-maintained T2 6.26 6.10 0.16 
  The hospital staff should be dressed properly and well-groomed T3 6.58 6.54 0.04 
  Availability of prescribed medicine in the pharmacy T4 6.41 6.56 -0.15 

  
The physical facilities should be visually appeal (i.e. Parking, reception, rooms, bathrooms, 

ramps for wheelchairs) T5 6.42 6.44 -0.02 
  

Diagnostic facilities like CT, MRI scans, ultra sound, operation theatres, labs, etc. should be state 

of the art and available. T6 6.24 6.64 -0.4 
            
Reliability Administration staff aware of hospital procedures Rel7 6.56 6.56 0 
  Variety of communication channels for the patients Rel8 6.36 6.50 -0.14 
  Staff provide accurate information about the diagnostic tests Rel9 6.46 6.76 -0.3 
  Easy to understand the diagnosis and treatment plan by doctor Rel10 6.46 6.64 -0.18 
  Personnel information & illness history should be kept up-to-date and can be checked regularly Rel11 6.46 6.46 0 
  The hospital should offer a flexible schedule for appointments timing Rel12 6.14 6.56 -0.42 
  The health care services provided by the hospital must meet your trust Rel13 6.54 6.52  0.02 
            
Responsiven

ess The services in the hospital should be performed at the promised time RS14 6.35 6.42 -0.073 
  The hospital staff should be willing to answer your questions RS15 6.54 6.44 0.1 
  The hospital staff should inform you and take your approvals before conducting any service. RS16 6.66 6.72 -0.06 
  The hospital staff should do their best to manage and control your pain. RS17 6.62 6.54 0.08 
  Hospital administration must take immediate response to solve complaints of patients RS18 6.43 6.68 -0.25 
  The complaint officer should be easily identified and accessible RS19 6.43 6.46 -0.03 
  Waiting time spent should be reasonable before seeing the doctor. RS20 6.22 6.36 -0.14 
            
Assurance The behaviour of hospital staff should build your confidence  As21 6.68 6.59 0.09 
  Hospital staff should be consistently courteous with patients  As22 6.66 6.56 0.1 

  
Hospital staff must have the knowledge to answer your questions (follow-up appointment and 

emergency information) As23 6.52 6.70 -0.18 
  You should be able to trust the medical staff and technicians in the hospital As24 6.48 6.62 -0.14 
  The hospital premises should be safe and secure. As25 6.36 6.70 -0.34 
  The hospital should have specialized, competent doctors  As26 6.20 6.80 -0.60 
            
Empathy The hospital staff should greet and smile  E27 6.7 6.78 -0.08 
  The hospital staff should practice privacy so you can discuss issues confidentially. E28 6.58 6.76 -0.18 
  The doctors should take enough time to understand your specific needs E29 6.42 6.78 -0.36 
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  The staff should be respectful of your decisions. E30 6.74 6.74 0 
  The hospital should be concerned about the patient’s traditions and the community E31 6.78 6.80 -0.02 

  
When you have a problem the staff should show a sincere interest in solving it with 

transparency E32 6.68 6.64 0.04 
Table 8: Item wise Perception, Expectation and Gap Scores of dimensions in In Patients 

department 

Dimensions Items Items Perception Expectation 
Gap 

Score 
Tangibles There should be signboards to guide you in and around the hospital. T1 5.94 5.86 0.08 
  The waiting room should be comfortable and well-maintained T2 5.80 6.00 -0.20 
  The hospital staff should be dressed properly and well-groomed T3 6.52 6.56 -0.04 
  Availability of prescribed medicine in the pharmacy T4 6.06 6.18 -0.12 

  
The physical facilities should be visually appeal (i.e. Parking, reception, rooms, bathrooms, ramps 

for wheelchairs) T5 5.88 6.18 -0.30 
  

Diagnostic facilities like CT, MRI scans, ultra sound, operation theatres, labs, etc. should be state 

of the art and available T6 6.36 6.22 0.14 
            
Reliability Administration staff aware of hospital procedures Rel7 6.02 6.08 -0.06 
  Variety of communication channels for the patients Rel8 5.65 6.04 -0.39 
  Staff provide accurate information about the diagnostic tests Rel9 6.16 6.12 0.04 
  Easy to understand the diagnosis and treatment plan by doctor Rel10 6.16 6.14 0.02 
  Personnel information & illness history should be kept up-to-date and can be checked regularly Rel11 5.88 5.98 -0.10 
  The hospital should offer a flexible schedule for appointments timing Rel12 5.91 5.80 0.12 
  The health care services provided by the hospital must meet your trust Rel13 6.02 6.06 -0.04 
            
Responsiveness The services in the hospital should be performed at the promised time RS14 5.88 6.04 -0.17 
  The hospital staff should be willing to answer your questions RS15 6.35 6.22 0.12 
  The hospital staff should inform you and take your approvals before conducting any service. RS16 6.35 6.39 -0.04 
  The hospital staff should do their best to manage and control your pain. RS17 6.29 6.20 0.08 
  Hospital administration must take immediate response to solve complaints of patients RS18 5.43 5.82 -0.39 
  The complaint officer should be easily identified and accessible RS19 5.19 5.57 -0.39 
  Waiting time spent should be reasonable before seeing the doctor. RS20 5.88 6.10 -0.22 
            
Assurance The behaviour of hospital staff should build your confidence  As21 6.14 6.18 -0.04 
  Hospital staff should be consistently courteous with patients  As22 6 6.37 -0.37 
  

Hospital staff must have the knowledge to answer your questions (follow-up appointment and 

emergency information) As23 6 6.19 -0.19 
  You should be able to trust the medical staff and technicians in the hospital As24 6.02 6.35 -0.33 
  The hospital premises should be safe and secure. As25 6.10 6.44 -0.34 
  The hospital should have specialized, competent doctors  As26 6.18 6.46 -0.27 
            
Empathy The hospital staff should greet and smile  E27 6.43 6.49 -0.06 
  The hospital staff should practice privacy so you can discuss issues confidentially. E28 6.27 6.51 -0.24 
  The doctors should take enough time to understand your specific needs E29 6.20 6.63 -0.43 
  The staff should be respectful of your decisions. E30 6.22 6.29 -0.06 
  The hospital should be concerned about the patient’s traditions and the community E31 6.12 6.35 -0.22 
  When you have a problem the staff should show a sincere interest in solving it with transparency E32 5.79 6.40 -0.61 
 

Conclusion & Managerial Implications 

The objective of the study was to measure the service quality in a UAE private healthcare 

setting in two different departments using the modified SERVQUAL tool. Service quality 

perception and expectation of patients were different in both ER and IP departments as 

expected. The gap scores demonstrated that in all five dimensions and in both 

departments, perceived service was below the expectation of the customers, implying that 

in this study both departments were unsuccessful in providing the expected service. 

However, certain individual items exceeded and met patients’ expectation. The perception 

that service costs more in private hospitals and therefore customers expect a higher level 

of service performance and this is matched with customer’s high expectations of the 

service in this study.  
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 This study has certain limitations. Firstly, the findings are limited to only one 

hospital in one region of the UAE thereby reducing the ability for generalizing to state and 

private hospital in the other regions since the demographical features may change from 

region to region. Respondents were skewed towards a younger population and a specific 

nationality causing concern that the results might not represent all UAE age groups and 

the majority of the population. For future studies it is recommended to expand the study to 

include other hospitals in the regions and more private hospitals to compare effectively. 

Secondly, this study was conducted in the emergency care and inpatients units, and, 

therefore it is not possible to generalize the results to other hospital units and departments.  

 

 To conclude, SERVQUAL is a valid and reliable tool to monitor and measure 

service quality in private hospital settings. This study has a series of important 

implications for hospital administrators to identify the areas that require an improvement 

from patient’s perspective and the results could be used in a planning process to enhance 

the quality in private hospitals. 

 Further investigation should be carried out to determine the root causes of the gaps 

identified within each hospital unit and follow up with solutions to bridge the gap in order 

to continue to provide a high quality service and care to patients. Similar study should be 

extended to replication and comparative studies in state and private hospitals which would 

be very useful in healthcare service quality improvement and could be used in healthcare 

policy and practice. 
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Appendix 

English & Arabic Questionnaires 

Dear Patient,  

This questionnaire will take a few minutes from your time to express your opinions about 

the availability and quality of health care in the hospital.  

Your answers are important and highly appreciated to the success of this survey. 

Few instructions before conducting the survey: 

The survey questions include two parts:  

1- Expectations 2- Perceptions 

Expectation: refers to your expectation before the services delivered  

 

Perception: refers to your experience and feeling after the services delivered. 

 

Both parts need your rating by circling the number using the below rating structure  

 

 

             Strongly Disagree                                       Strongly Agree 

 

                 1          2          3          4          5          6          7 

 

 

At the end of the questionnaire, please weigh the importance of the five given aspects (the 

total should be 100%) 

 

Thank you for your collaboration 

 

Note: Your personal information and responses will be treated with confidentiality and 

will only be used for quality improvement purposes. 
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A. Respondent information 

1. Name: 2. Birthdate (dd/mm/yyyy): 

3. Gender:              Male              

Female 

4. Nationality: ________________________ 

Views 

E –Expectation                                  P-Perception 

Strongly 

Disagree 

Strongly 

Agree 

1 

 

 

E 

There should be signboards to 

guide you in and around the 

hospital. 

1 2 3 4 5 6 7 

P 
There are signboards to guide 

you in and around the hospital. 
1 2 3 4 5 6 7 

 

2 

 

E 
The waiting room should be comfortable and 

well-maintained 
1 2 3 4 5 6 7 

P 
The waiting room is comfortable and well-

maintained 
1 2 3 4 5 6 7 

 

 

3 

 

 

E 
The hospital staff  should be dressed properly 

and well-groomed 
1 2 3 4 5 6 7 

P 
The hospital staff are dressed properly and 

well-groomed 
1 2 3 4 5 6 7 

 

4 

 

E 
Prescribed medicines should be available at 

the hospital's pharmacy 
1 2 3 4 5 6 7 

P 
Prescribed medicines are available at the 

hospital's pharmacy 
1 2 3 4 5 6 7 

 

5 

 

E 

The physical facilities should be visually 

appeal (i.e. Parking, reception, rooms, 

bathrooms, ramps for wheelchairs…..) 

1 2 3 4 5 6 7 

P 

The physical facilities are visually appealing 

(i.e. Parking, reception, rooms, bathrooms, 

ramps for wheelchairs …….) 

1 2 3 4 5 6 7 
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6 

 

E 

Diagnostic facilities like CT scans, MRI scans, 

X-rays and ultrasound, operation theatres, 

labs, etc. should be state of the art and 

available. 

1 2 3 4 5 6 7 

P 

Diagnostic facilities like CT scans, MRI scans, 

X-rays and ultrasound, operation theatres, 

labs, etc. are state of the art and available. 

1 2 3 4 5 6 7 

 

Views 

E –Expectation                                  P-Perception 

Strongly 

Disagree 

Strongly 

Agree 

7 

 

 

 

E 

The administration staff must be 

aware of the hospitals’ 

procedures 

1 2 3 4 5 6 7 

P 

The administration staff are 

aware of the hospitals’ 

procedures 

1 2 3 4 5 6 7 

 

8 

 

 

E 

The hospital should have a variety of 

communication channels with the patients 

(i.e. Phone, Email, Online, and Onsite 

Customer Service) 

1 2 3 4 5 6 7 

P 

The hospital has a variety of communication 

channels with the patients (i.e. Phone, Email, 

Online, and Onsite Customer Service) 

1 2 3 4 5 6 7 

 

9 

 

 

E 

The hospital staff should provide you with 

accurate information about the  diagnostic 

test results 

1 2 3 4 5 6 7 

P 
The hospital staff provide you with accurate 

information about the diagnostic test results 
1 2 3 4 5 6 7 

 

1

0 

 

 

E 

Level of explanation by the doctors regarding 

the outcome of treatment or diagnosis 

should be easy to understand 

1 2 3 4 5 6 7 

P 

Level of explanation by the doctors regarding 

the outcome of treatment or diagnosis is 

easy to understand 

1 2 3 4 5 6 7 
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1

1 

 

 

E 

Your personnel information & illness history 

should be kept up-to-date and can be 

checked regularly 

1 2 3 4 5 6 7 

P 

Your personnel information & illness history 

is kept up-to-date and can be checked 

regularly 

1 2 3 4 5 6 7 

 

1

2 

 

 

E 
The hospital should offer a flexible schedule 

for appointments timing. 
1 2 3 4 5 6 7 

P 
The hospital offers a flexible schedule for 

appointments timing. 
1 2 3 4 5 6 7 

 

1

3 

 

 

E 
The health care services provided by the 

hospital must meet your trust. 
1 2 3 4 5 6 7 

P 
The health care services provided by the 

hospital meet your trust. 
1 2 3 4 5 6 7 

 

Views 

E –Expectation                                  P-Perception 

Strongly 

Disagree 

Strongly 

Agree 

14 

 

 

E 

The services in the hospital 

should be performed at the 

promised time 

1 2 3 4 5 6 7 

P 

The services in the hospital are 

performed at the promised 

time 

1 2 3 4 5 6 7 

 

1

5 

 

 

 

 

E 
The hospital staff should be willing to answer 

your questions 
1 2 3 4 5 6 7 

P 

The hospital staff answers your questions 

1 2 3 4 5 6 7 

 

1

6 

 

 

E 

The hospital staff should inform you and take 

your approvals before conducting any 

service. 

1 2 3 4 5 6 7 

P 
The hospital staff informs you and takes your 

approvals before conducting any service. 
1 2 3 4 5 6 7 
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1

7 

 

 

 

 

E 
The hospital staff should do their best to 

manage and control your pain. 
1 2 3 4 5 6 7 

P 

The hospital staff will do their best to 

manage and control your pain. 
1 2 3 4 5 6 7 

 

1

8 

 

 

E 
Hospital administration must take immediate 

response to solve complaints of patients 
1 2 3 4 5 6 7 

P 
Hospital administration takes immediate 

response to solve complaints of patients 
1 2 3 4 5 6 7 

 

1

9 

 

 

E 
The complaint officer should be easily 

identified and accessible 
1 2 3 4 5 6 7 

P 
The complaint officer can be easily identified 

and accessible 
1 2 3 4 5 6 7 

 

2

0 

 

 

E 
Waiting time spent should be reasonable 

before seeing the doctor. 
1 2 3 4 5 6 7 

P 
Waiting time spent is reasonable before 

seeing the doctor. 
1 2 3 4 5 6 7 

 

Views 

E –Expectation                                  P-Perception 

Strongly 

Disagree 

Strongly 

Agree 

21 

 

 

E 
The behavior of hospital staff 

should build your confidence  
1 2 3 4 5 6 7 

P 
The behavior of hospital staff 

puts confidence in you 
1 2 3 4 5 6 7 

 

2

2 

 

 

 

E 
Hospital staff should be consistently 

courteous with patients  
1 2 3 4 5 6 7 

P 

Hospital staff consistently courteous with 

patients 1 2 3 4 5 6 7 

 

2

3 

 

E 

Hospital staff must have the knowledge to 

answer your questions (follow-up 

appointment and emergency information). 

1 2 3 4 5 6 7 
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P 

Hospital staff have the knowledge to answer 

your questions (follow-up appointment and 

emergency information). 

1 2 3 4 5 6 7 

 

2

4 

 

 

 

E 
You should be able to trust the medical staff 

and technicians in the hospital 
1 2 3 4 5 6 7 

P 

You trust the medical staff and technicians in 

the hospital 1 2 3 4 5 6 7 

 

2

5 

 

 

 

E 
The hospital premises should be safe and 

secure. 
1 2 3 4 5 6 7 

P 

The hospital premises are safe and secure. 

1 2 3 4 5 6 7 

 

2

6 

 

 

E 

The hospital should have specialized, 

competent doctors with good (knowledge, 

skills and, experience) 

1 2 3 4 5 6 7 

P 

The hospital has specialized, competent 

doctors with good (knowledge, skills and, 

experience) 

1 2 3 4 5 6 7 

 

Views 

E –Expectation                                  P-Perception 

Strongly 

Disagree 

Strongly 

Agree 

27 

 

 

E 
The hospital staff should greet 

and smile  
1 2 3 4 5 6 7 

P 
The hospital staff greet and 

smile  
1 2 3 4 5 6 7 

 

2

8 

 

 

E 
The hospital staff should practice privacy so 

you can discuss issues confidentially. 
1 2 3 4 5 6 7 

P 
The hospital staff practices privacy so you 

can discuss issues confidentially. 
1 2 3 4 5 6 7 

2

9 

 

 

E 
The doctors should take enough time to 

understand your specific needs. 
1 2 3 4 5 6 7 

P 
The doctors take enough time to understand 

your specific needs.  
1 2 3 4 5 6 7 
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3

0 

 

 

E 
The staff should be respectful of your 

decisions. 
1 2 3 4 5 6 7 

P 
The staff is respectful of your decisions. 

1 2 3 4 5 6 7 

 

3

1 

 

 

E 
The hospital should be concerned about the 

patient’s traditions and the community 
1 2 3 4 5 6 7 

P 
The hospital is concerned about the patient’s 

and traditions of the community 
1 2 3 4 5 6 7 

 

3

2 

 

 

E 

When you have a problem the staff should 

show a sincere interest in solving it with 

transparency 

1 2 3 4 5 6 7 

P 

When you have a problem the staff show a 

sincere interest in solving it with 

transparency 

1 2 3 4 5 6 7 

 

Weigh the important of the following aspects (the total should be 100%) 

1 

The appearance of the hospital physical facilities, 

equipment, personnel and communication 

materials. 

_____ 

points 

Tangibles 

2 
The hospital ability to perform the promised service 

dependably and accurately. 

_____ 

points 
Reliability 

3 
The hospital’s staff’s willingness to help patients and 

provide a prompt service. 

_____ 

points 

Responsiven

ess 

4 
The knowledge and courtesy of the hospital staffs 

and their ability to convey trust and confidence. 

_____ 

points 
Assurance 

5 
The individual attention the hospital provides to its 

patients. 

_____ 

points 
Empathy 

 

TOTAL 

_____ 

points 

 

 

Comments:………………………………………………………………………………………………………………………

……. 

…………………………………………………………………………………………………………………………………………

…… 
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 عزيزي المريض 

هذا االستبيان سوف يأخذ عدة دقائق من وقتك للتعبير عن رأيك حول توفر وجودة الخدمات الطبية 

 .المستشفى في

 مشاركتك بالرأي مهمة لدينا . 

 تعليمات قبل البدء بإجابة االستبيان 

 

 األسئلة تحتوي على جزئين : 

 الخدمة الفعلية . -2   الخدمة المتوقعة  -1

 : توقعاتك الشخصية حول الخدمات المقدمة في المستشفى . المتوقعة ةالخدم

 : هي خبرتك الفعلية اثناء تقديم المستشفى للخدمة الصحية . الخدمة الفعلية

 الأوافق بشدةاالسئلة بحاجة إلى تقييم بوضع دائرة حول الرقم المناسب في المقياس التالي بدءاً بــ 

 . اوافق بشدةحتى 

 

بشدة اعارض                                                              أوافق بشدة               

 

                 7 6 5 4 3 2 1 

 

 

كون فى نهاية االستبيان الرجاء تسجيل نسبة  اهمية كل من الجوانب الخمسة المذكورة على ان ي

  %100المجموع مائه فى المائه 

 

 شكرا على تعاونكم .

 

وتحسين  غراض تطوير المعلومات الشخصية واإلجابات سوف تعامل بسرية تامة ال مالحظة : 

 خدماتنا الصحية فقط .
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 أ.معلومات المشارك

 . األسم :1 .تاريخ الميالد:2

 انثى                  ذكر  .الجنس : 3              .الجنسية :4

ينبغي ان يكون هناك لوحات  اعارض بشدة اوافق بشدة

ارشادية لتوجيهي داخل المستشفى 

. 

الخدمة 

 المتوقعة

1 

7 6 5 4 3 2 1 

7 6 5 4 3 2 1 

هنالك لوحات ارشادية لتوجيهي 

 داخل المستشفى .

 

الخدمة 

 الفعلية

 

غرفة االنتظار سوف تكون مريحة  اعارض بشدة اوافق بشدة

الخدمة  ومصممة بشكل جيد .

 المتوقعة

2 

7 6 5 4 3 2 1 

7 6 5 4 3 2 1 

غرفة االنتظار مريحة ومصممة 

 بشكل جيد .

 

الخدمة 

 الفعلية

 

ان العاملين في المستشفى يرتدون  اعارض بشدة اوافق بشدة

الخدمة  مالبس الئقة ونظيفة .

 المتوقعة

3 

7 6 5 4 3 2 1 

7 6 5 4 3 2 1 

العاملون في المستشفى يرتدون 

 مالبس الئقة ونظيفة.

 

الخدمة 

 الفعلية

 

 

سوف تكون االدوية متوفرة في  اعارض بشدة اوافق بشدة

الخدمة  صيدلية المستشفى .

 المتوقعة

4 

7 6 5 4 3 2 1 

7 6 5 4 3 2 1 

االدوية متوفرة في صيدلية 

 المستشفى .

 

الخدمة 

 الفعلية
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ذات  سوف تكون مرافق المستشفى  اعارض بشدة اوافق بشدة

 موقف) مثل جاذبية جمال و

الحمامات ,  االستقبال,  السيارات

 ( . ... المصاعد

الخدمة 

 المتوقعة

5 

7 6 5 4 3 2 1 

7 6 5 4 3 2 1 

 ذات جمال و مرافق المستشفى 

,  السيارات موقف) مثل جاذبية

 المصاعد,  الحمامات,  االستقبال

... . ) 

الخدمة 

 الفعلية

 

التشخيص  سوف تكون اجهزة  اعارض بشدة اوافق بشدة

 فعال بشكل حديثة ومتاحة

 التصوير, التصوير الطبقى)

, االشعة,  المغناطيسي بالرنين

 إلخ,  المختبرات,  العمليات غرف

.)... 

الخدمة 

 المتوقعة

6 

7 6 5 4 3 2 1 

7 6 5 4 3 2 1 

 التشخيص حديثة ومتاحة اجهزة 

, التصوير الطبقى)فعال  بشكل

,  المغناطيسي بالرنين التصوير

,  العمليات غرف, االشعة

 ...(.  إلخ,  المختبرات

الخدمة 

 الفعلية

 

ان موظفي االستقبال على معرفة  اعارض بشدة اوافق بشدة

الخدمة  تامة بإجراءات المستشفى بدقة .

 المتوقعة

7 

7 6 5 4 3 2 1 

7 6 5 4 3 2 1 

موظفي االستقبال على معرفة و 

دراية تامة بإجراءات المستشفى 

 بدقة .

الخدمة 

 الفعلية

 

لدى المستشفى سوف يكون  اعارض بشدة اوافق بشدة

 قنوات من متنوعة مجموعة

البريد ,  الهاتف) مثل اإلتصال

 خدمة,  اإلنترنت,  االلكترونى

 ( . العمالء

الخدمة 

 المتوقعة

8 

7 6 5 4 3 2 1 

7 6 5 4 3 2 1 

 متنوعة مجموعة المستشفى لديها

, الهاتف) مثل اإلتصال قنوات من

,  اإلنترنت,  البريد االلكترونى

 ( . العمالء خدمة

الخدمة 

 الفعلية
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المستشفى  سوف يقوم العاملون في اعارض بشدة اوافق بشدة

 حول دقيقة بمعلومات بتزويدك

 . االفحص الطبي نتائج

الخدمة 

 المتوقعة

9 

7 6 5 4 3 2 1 

7 6 5 4 3 2 1 

 يقومون المستشفى العاملون في

 حول دقيقة بمعلومات بتزويدك

 . الفحص الطبي نتائج

الخدمة 

 الفعلية

 

 

سوف يكون مستوى شرح الحالة  اعارض بشدة اوافق بشدة

المرضية والنتائج الطبية من قبل 

الطبيب متناسبة  مع مستوى فهم 

 المريض .

 

الخدمة 

 المتوقعة

10 

7 6 5 4 3 2 1 

7 6 5 4 3 2 1 

مستوى شرح الحالة المرضية 

والنتائج الطبية من قبل الطبيب 

مستوى فهم المريض تتناسب مع 

. 

دمة الخ

 الفعلية

 

سوف يتم تحديث المعلومات  اعارض بشدة اوافق بشدة

 الشخصية والتاريخ المرضي لي.

 

الخدمة 

 المتوقعة

11 

7 6 5 4 3 2 1 

7 6 5 4 3 2 1 

يتم تحديث المعلومات الشخصية 

والتاريخ المرضي لك بصورة 

 منتظمة .

 

الخدمة 

 الفعلية

 

سوف يقدم المستشفى جدول  اعارض بشدة اوافق بشدة

زمني مرن لتقديم الخدمات الطبية 

. 

 

الخدمة 

 المتوقعة

12 

7 6 5 4 3 2 1 

7 6 5 4 3 2 1 

تقدم المستشفى جدول زمني مرن 

 لتقديم الخدمات الطبية .

 

الخدمة 

 الفعلية
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سوف تحصل  الخدمات الصحية  اعارض بشدة اوافق بشدة

 الثقة لديك .المقدمة على 

 

الخدمة 

 المتوقعة

13 

7 6 5 4 3 2 1 

7 6 5 4 3 2 1 

الخدمات الصحية المقدمةتحصل 

 على الثقة لديك .

 

الخدمة 

 لفعليةا

 

 اعارض بشدة اوافق بشدة
سوف  يتم تقديم الخدمات الطبية 

 . في الوقت المجدد لها

الخدمة 

 المتوقعة

14 

7 6 5 4 3 2 1 

7 6 5 4 3 2 1 

 المستشفى في الخدمات الطبية 

. لها المحدد الوقت في تقديمها يتم

  

لخدمة ا

 الفعلية

 

ستتم االستجابة على اسئلتك بشكل  اعارض بشدة اوافق بشدة

الخدمة  مباشر من قبل العاملين .

 المتوقعة

15 

7 6 5 4 3 2 1 

7 6 5 4 3 2 1 

 على المستشفى العاملين في 

 على لإلجابة مباشر استعداد

 . اسئلتك

الخدمة 

 الفعلية

 

 

سوف يتم ابالغك واخذ موافقتك  اعارض بشدة اوافق بشدة

 قبل البدء بتقديم اي خدمة طبية .

 

الخدمة 

 المتوقعة

16 

7 6 5 4 3 2 1 

7 6 5 4 3 2 1 

يتم ابالغك واخذ موافقتك قبل 

 البدء بتقديم اي خدمة طبية .

 

الخدمة 

 الفعلية

 

سوف يقوم العاملون في  اعارض بشدة بشدةاوافق 

المستشفى بتقديم  افضل ما لديهم 

 للتخفيف من الم المريض .

 

الخدمة 

 المتوقعة

17 

7 6 5 4 3 2 1 

7 6 5 4 3 2 1 

العاملون في المستشفى يقدمون 

افضل ما لديهم للتخفيف من الم 

 المريض .

الخدمة 

 الفعلية
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تقوم ادارة المستشفى سوف  اعارض بشدة اوافق بشدة

باتخاذ اجراءات سريعة لحل 

 الشكاوي المقدمة .

 

الخدمة 

 المتوقعة

18 

7 6 5 4 3 2 1 

7 6 5 4 3 2 1 

ادارة المستشفى تقوم باتخاذ 

اجراءات سريعة لحل الشكاوي 

 المقدمة .

 

الخدمة 

 الفعلية

 

سوف يكون التواصل مع  اعارض بشدة اوافق بشدة

الشكاوى عملية المسؤول عن 

 سهلة .

الخدمة 

 المتوقعة

19 

7 6 5 4 3 2 1 

7 6 5 4 3 2 1 

يمكن التواصل مع المسؤول عن 

 الشكاوي بسهولة .

 

الخدمة 

 الفعلية

 

سوف يكون وقت االنتظار  اعارض بشدة اوافق بشدة

الخدمة  للخدمات الطبية مقبول نسبيا ً.

 المتوقعة

20 

7 6 5 4 3 2 1 

7 6 5 4 3 2 1 

وقت االنتظار لتقديم الخدمات 

 الطبية مقبول نسبياً.

 

لخدمة ا

 الفعلية

 

ان تصرفات العاملين في المستشفى  اعارض بشدة اوافق بشدة

الخدمة  سوف تمنحني الثقة 

 المتوقعة

21 

7 6 5 4 3 2 1 

7 6 5 4 3 2 1 

تصرفات العاملين في المستشفى 

 تمنحك الثقة .

 

الخدمة 

 الفعلية

 

موظفو المستشفى سوف يتعاملون  اعارض بشدة اوافق بشدة الخدمة  22 
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 المتوقعة بطريقة الئقة دائما. 1 2 3 4 5 6 7

7 6 5 4 3 2 1 

موظفو المستشفى يتعاملون 

 بطريفة الئقة دائما .

 

الخدمة 

 الفعلية

 

سوف يكون لدى العاملين في  اعارض بشدة اوافق بشدة

الكافية لالجابة المستشفى المعرفة 

 على اسئلتك .

الخدمة 

 المتوقعة

23 

7 6 5 4 3 2 1 

7 6 5 4 3 2 1 

العاملين في المستشفى لديهم 

المعرفة الكافية لإلجابة على 

 اسئلتك .

 

الخدمة 

 الفعلية

 

سوف يكون لديك ثقة باالطباء  اعارض بشدة اوافق بشدة

الخدمة  والفنيين في المستشفى .

 المتوقعة

24 

7 6 5 4 3 2 1 

7 6 5 4 3 2 1 

لديك ثقة باالطباء والفنيين في 

 المستشفى  .

 

الخدمة 

 الفعلية

 

سوف تكون مباني المستشفى  اعارض بشدة اوافق بشدة

الخدمة  مؤمنة الحوادث .

 المتوقعة

25 

7 6 5 4 3 2 1 

7 6 5 4 3 2 1 

ان مباني المستشفى مؤمنة 

 الحوادث .

 

الخدمة 

 الفعلية

 

سوف يكون لدى المستشفى  اعارض بشدة اوافق بشدة

 اخصائيين ذوى كفاءة عالية.

 

الخدمة 

 المتوقعة

26 

7 6 5 4 3 2 1 

7 6 5 4 3 2 1 

لدى المستشفى اخصائيين ذات 

 كفاءة عالية .

 

لخدمة ا

 الفعلية
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سوف  يلقاني العاملين في  اعارض بشدة اوافق بشدة

 واالبتسامة .المستشفى بالتحية 

 

الخدمة 

 المتوقعة

27 

7 6 5 4 3 2 1 

7 6 5 4 3 2 1 

العاملين في المستشفى يلقونك 

 بالتحية واالبتسامة .

 

الخدمة 

 الفعلية

 

 

سوف يحرص العاملين في  اعارض بشدة اوافق بشدة

المستشفى على خصوصيتى  

حتى اتمكن  من مناقشة مشاكلي 

 بسرية تامة .

 

الخدمة 

 المتوقعة

28 

7 6 5 4 3 2 1 

7 6 5 4 3 2 1 

يحرص العاملين في المستشفى 

على الخصوصية حتى يتمكن 

المريض من مناقشة مشاكلهم 

 بسرية تامة .

 

الخدمة 

 الفعلية

 

سوف يأخد االطباء وقتا كافيا  اعارض بشدة اوافق بشدة

الخدمة  لفهم احتياجات المريض.

 المتوقعة

29 

7 6 5 4 3 2 1 

7 6 5 4 3 2 1 

يأخد االطباء وقتا كافيا لفهم 

 احتياجات المريض .

 

الخدمة 

 الفعلية

 

سوف يحترم العاملون في  اعارض بشدة اوافق بشدة

 المستشفى قرارات المريض .

 

الخدمة 

 المتوقعة

30 

7 6 5 4 3 2 1 

7 6 5 4 3 2 1 

يحترم العاملون في المستشفى 

 قرارات المريض .

 

الخدمة 

 الفعلية

 

 

 

سوف تحترم المستشفى عادات  اعارض بشدة اوافق بشدة الخدمة  31 
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 وتقاليد المجتمع . 1 2 3 4 5 6 7

 

 المتوقعة

7 6 5 4 3 2 1 

تحترم المستشفى عادات وتقاليد 

 المجتمع .

 

الخدمة 

 الفعلية

 

عند حدوث مشكلة مع المريض  اعارض بشدة اوافق بشدة

العاملين اهتماما سوف يظهر 

 حقيقيا لحل المشكلة بشفافية.

الخدمة 

 المتوقعة

32 

7 6 5 4 3 2 1 

7 6 5 4 3 2 1 

عند حدوث مشكلة مع المريض 

يظهر العاملين اهتماما حقيقيا لحل 

 هذه المشكلة بشفافية .

 

الخدمة 

 الفعلية

 

 

ان يكون المجموع مائه فى المائه :الرجاء تسجيل نسبة  اهمية كل من الجوانب الخمسة التالية على   

 

 

نقطة-----------------------شكل المستشفى الخارجى / المرافق/المعدات/العاملين......الخ                           

Tangibles 

 

نقطة        ---------------------قدرة المستشفى على الوفاء بالتزماتها فى تقديم الخدمات بطريقة صحيحة               

        Reliability 

 

ةنقط-----------------------استجابة العاملين لمساعدة المرضى و تقديم الخدمات الطبية فى موعدها                   

Responsiveness 

 

طةنق-----------------------المستوى العلمى و المهنى للعاملىن وقدرتهم على كسب ثقة المرضى                       

Assurance 

  

ةنقط-----------------------قدرة العاملين فى المستشفى على اظهار االهتمام بكل مريض على حدة                    

Empathy 

 

 

 مالحظات عامة
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A new and simple method of isolating  seminiferous tubule-
enriched fractions and revealing the fine details of  the 
seminiferous tubules in rats (Rattus norvegicus) 

 
 

Hayfaa A. Alshammary  
College of Science – Thi-Qar University, Nassriha , Iraq 

 
 
Abstract 
In this study, a novel mechanical approach to generating interstitial tissue- and seminiferous tubule-

enriched fractions was developed. This new method does not require enzymatic digestion. Both 5% 

and 10% solutions of acetic acid or glacial acetic acid were used for the isolation of relatively pure 

seminiferous tubule-enriched fractions. The testes were incubated for 24, 12, and 6 h in the room 

temperature, after which the seminiferous tubules could easily be isolated. This method also removed 

Leydig cells from the suspension and allowed for the observation of the basement membrane and 

myoid cell arrangement. Some seminiferous tubules were found to be branched. Histological 

sectioning revealed that no histological changes in the structure of the seminiferous tubules. This 

approach allows for the rapid production of large quantities of relatively pure seminiferous tubule-

enriched fractions. 

 
Key words: Seminiferous tubule -enriched fractions isolate, acetic acid, glacial acetic acid, rats. 

 
 
Introduction  

Sperm cells are produced at a high rate in the seminiferous tubules of adult male rats. Each 

testicle includes more than 250 seminiferous tubules in its lobules, with each tubule 

measuring about 150–250 μm in diameter and 30–70 cm in length. The tubules each form a 

convoluted loop and are linked via a short, narrow segment known as the straight tubule to 

the rete testis, a labyrinth of epithelium-lined channels embedded in the mediastinum testis.  

The seminiferous tubules are surrounded by a basement membrane to which the 

myoid cells are also attached.  Myoid cells have been shown to be contractile and are 

involved in the transport of spermatozoa and testicular fluid through the tubule. [1] In 

addition, Howl et al. [2] demonstrated that the myoid cells possess receptors for vasopressin, 

which plays a role in the regulation of testicular function and fertility in adult male rats. In 

addition, it has a secondary role, in that it secretes activin-A in vitro. Activin-A  affects 

Sertoli cell function via PmodS [3]. 

    The staging of isolated rat seminiferous tubules, using transillumination, and 

verified using phase-contrast or conventional histology, has facilitated biochemical studies of 

tubular fragments containing sperm cells in specific spermatogenic stages. These studies have 

revealed that a number of biochemical, receptor dynamics-mediated, and molecular events 
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occurring during spermatogenesis are stage-dependent. [4,5] The isolation of seminiferous 

tubule fragments via enzymatic digestion has elucidated the spermatogenic wave occurring in 

horse testes. [6] 

The objective of this study was to determine the effectiveness of two different 

concentrations of glacial acetic acid and acetic acid to isolate the  seminiferous  tubules of 

rats. In addition, it included a study of their morphological structure. These findings facilitate 

the following:  

(1) The isolation of individual  seminiferous tubules, which provides the opportunity 

to study the different cell types comprising  seminiferous tubules, such as spermatogonia, 

primary spermatocytes, secondary spermatocytes, and spermatids. In addition, it allows the 

examination of the different developmental steps of spermatozoal development and facilitates 

the study of impaired fertility in rats. 

(2) It allows for the possibility of cutting sections of tubules after fixation in  

glutaraldehyde or wax embedding, in order to study single tubules using a  microscope. 

(3) It allows the separation of the tubules into groups based on their presence, size, 

and the intensity of the dark region in the center of each tubule. 

 

Material and methods 

Adult male rats > 60 d old were used to conduct this study. They were maintained at suitable 

room temperature and under a 12 h:12 h light-dark cycle. Food and water were provided ad 

libitum. Animals were euthanized using chloroform, after which the testes were removed and 

kept in 5% or 10% solutions of acetic acid or glacial acetic acid for 6, 12, or 24 d. 

Results 

Both concentrations of acetic acid and glacial acetic acid could be used to successfully isolate 

the seminiferous tubules (Fig.1&2). The major categories of tubule cells were identified using 

the both acids: 

 1. In some testes( about three testes from 4), seminiferous tubules exhibit a branched 

morphology and possess a narrow space that acts as a  

sphincter prior to the branching point (Fig.3&4). 

 2. Prominent thin and thick tubule patterns could be identified (Fig.5). 

 3. The seminiferous tubules narrowed slightly at the bending point when the  

seminiferous tubules become convoluted. (Fig.6). 

 4. The seminiferous cells arranged in the bent area were distributed in different spatial 

patterns than were seen in the other area in not convoluted part of seminiferous tubule (Fig.7). 

 5.  Appear the two layers of  seminiferous tubule 's membrane  (Fig.7), 
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also, the myoid cells were restricted to the space between the two layers of the basement 

membrane (the basal lamina and the reticular lamina) (Fig. 8). 

 6. Isolated the lydige cell (Fig. 9), Sertoli cell(Fig. 10)., the secondary  spermatocyte 

(Fig.11), Primary spermatocyte (Fig.12), finally the late spermatids (Fig.13) . The smear made 

by  sedimentation the digestion solution of tests  and  made smear for it  by putting some drops 

of this sedimentation solution  on dry slides then drying it at room temperature, then staining it 

with E&H. 

 7. The preservation of the structure of the seminiferous epithelium was normal after  

digestion with both acids in both solution concentrations. 

 

 

 

 

 

 

 

 

 

 

 

 

(Fig.1) 

 

 

 

 

 

 

 

 

 

 

 

(Fig. 2) 
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(Fig. 3) 

  

 

 

 

 

 

 

 

 

 

 

 

(Fig. 4) 

 

 

 

 

 

 

 

 

 

 

 

 

 (Fig. 5) 
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(Fig. 6) 

 

 

 

 

 

 

 

 

 

 

 

 

 

(Fig. 7) 
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(Fig.8) 

 

 

 

 

 

 

 

 

 

 

     (Fig.9) Leydig cell (100X) 

 

 

 

 

 

 

 

 

 

 

    (Fig.10) Sertoli cell with another spermatogenesis cytes (100x) 



 
ISSN: 2414-6102 

 

119 
 

 

 

 

 

 

 

 

 

 

 

 

 

(Fig.11) secondary  spermatocyte (100x) 

 

 

 

 

 

 

 

 

 

 

  

 

(Fig.12) Primary spermatocyte(100 x) 
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      (Fig.13) late spermatide with some cytes  (100 x) 

 
Discussion 

Awareness of the branched morphology of some seminiferous tubules could be important for 

the detection and characterization of some seminiferous tubule and spermatogenetic 

abnormalities. Prior to the use of enzymatic digestion, seminiferous tubules were obtained 

from boars and rams and mounted whole in order to study undifferentiated spermatogonia. 

[7,8] 

    In this study, the branching pattern of some tubules was elucidated using acetic acid and 

glacial acetic acid (Fig. 1). This morphology was previously observed by Silva and 

Are´chaga, [9] who observed rare branches in the  seminiferous tubules of the mouse using a  

transmission electron microscope. 

    In this study, it was demonstrated that there are two types of seminiferous tubules present 

in some rat testes (thick and thin); however, this was not observed in all rat testes examined. 

Thus, it is possible that branching represents a morphological abnormality, possibly 

associated with fertility or aging. 

    The narrow section at the bend prior to the point where the  seminiferous tubules become 

convoluted may play a role in the mechanism driving the contractions that aid the propulsion 

of sperm cells through the tubules. 

    The myoid cells are restricted to the space between the two layers of the basement 

membrane, and could possibly assist in producing the aforementioned contractions. 

Peritubular myoid cells, which surround the seminiferous tubules in the testis, have been 

found in all mammalian species, but their organization in the peritubular interstitial tissue 

varies by species. 
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Abstract 

Knowledge is an understanding of a subject that are gained through study and/or experience. One of 

the most common dreams students have reported is to be a scientist who can contribute to the country 

developmental process.. However, in reality students are facing a lot of obstacles such as difference 

in nationality of academic stuffs , language, study pressure and duties, and lack of time. These 

obstacles leads to a state of shock and disappointment that can hinder the students in achieving their 

dreams. A Club of Scientific Research and Innovation become established at College of Health and 

Rehabilitation Sciences  in Princess Nourah bint Abdulrahman University (PNU) to help students 

achieving their goals. It has been founded  three years ago and has  participated with 55 scientific 

research and 31 innovation, at different competed levels. Accordingly, the club won 17 awards locally 

and internationally. One of these awards is an innovation called “Innovation of device for 

rehabilitation and stimulation sensation for patients with sensory neuropathy disease’. Sensory 

neuropathy is a disease that affect the peripheral nerves. The innovation passed through three phases 

; A) data collection and analysis. B) Sensory re-educate process. C) finally, innovation of a treatment. 

The purpose of this device is to stimulate the cells, to extend the patient's ability to acquire a mental 

experience skills, linguistic skills and motor skills through a continuously and intensively training so 

that the sensory system can perform its functions again. The re-function of the sensory system occurs 

by alerting the senses of visual, auditory and smell. Thus, the function of muscles, cognitive sensory 

organ and the balance in fingers sensory functions can be improved.  

 

Introduction 

Knowledge is the information and skills acquired through education, experience and practice. 

It '' is an understanding of  information about a subject that got by experience or study, either 

known by one person or by community '' (Cambridge dictionary, 2016). It is well known that 

Arabs have contributed very much in the progress in all fields of human intellectual activity 

especially in medicine and biomedical sciences. Their glorious historic background and 

achievements were mostly made during the Golden Age of Arabic-Islamic science (8th to 13th 

centuries C.E.).  They discovered basic information that are still very useful and applicable at 

the present time in all science and invention aspects.  
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To retrieve and maintain the high standard of Arab achievements in science and 

innovations, the college of Health and Rehabilitation Sciences at Princess Nourah University 

had the idea of establishing a special club for scientific innovation and research. The club was 

named as “ the  Club of Scientific Research and Innovation” which  has been established to 

be convenient to the vision and massage of Princess Nourah bint Abdulrahman University 

(which is the largest female university in the world). Thus, the vision of the club is to initiate 

the scientific research and innovation club in the college of health and rehabilitation sciences 

and the message is to promote the culture and practice in innovation and scientific research. 

The club has intended to follow an international vision in terms of creating a group of 

researchers and innovators. This was achieved by using an approach that is compatible with 

the requirements of international standards within a unique academic environment. The club 

aims to achieve the highest level of quality in academic work and to develop the awareness of 

the community. It also encourages and helps other students in other colleges to be excellent 

researchers either locally and/or internationally. This is achieved by creating an appropriate 

environment and conditions  for students to answer their questions and to help them to be 

creative in innovations and scientific researches. Moreover, the college of Health and 

Rehabilitation Sciences aims to make the club one of the main references and scientific 

resources of medical services in the Saudi community and all Arab communities. Such vision 

and goals have made the college one of best standardized model in research and innovation at 

least in Princess Nourah University .  

The Club of Scientific research and innovation has been established more than three years 

ago. The supervisor of the club is Dr. Huda Mohammed Zakaria who helped and encouraged 

the club members to participate with 55 scientific researches and 31 innovations at different 

competed levels in local, regional, or global level. Accordingly, the club won 10 international 

awards and other 7 awards either at locally or regionally competition. The club conducted 

many courses and lectures such as: 1) How to  convert your idea into an innovation, 2) How 

to Prepare a Proper Scientific Poster Presentation, 3) Clinical Reasoning In Neurological 

Physiotherapy Practice,  4) How to avoid plagiarism in your research paper, 5) How to  

Overcome the pressure of work and make an achievement , and 6) how to make the 

internship year easier and more successful.  

In clinical practice, well trained medical students engage in multiple clinical reasoning 

episodes for each patient in their care. The medical student may enter a patient's room and 

immediately observe significant data, draw conclusions about the patient and initiate 

appropriate plan of treatment. Because of their knowledge, skill, and experience, the medical 

student may appear to perform these processes in a way that seems automatic or innate. 

Furthermore medical student need to learn how to manage complex clinical scenarios 

effectively. As a result of their critical observation and practice with patient suffering from 

peripheral neuropathy, there was a need to innovate a device for rehabilitating such patients. 

This new management approach was suggested to help patients to reactivate their lost senses 

by motivating the impaired sensory system through increasing the sensitivity and improving 

its function in the impaired area of nerves. The device had underwent through three different 
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phases ; A) Data collection and analysis. B) Sensory re-educate process. C) Achievement of 

the innovation.   

Define the Problem and Challenges 

Define problem 

Diabetes is one of the common comorbid disease and it is spread worldwide. In the world, 

a 487 million of people has diabetes (IDF, 2014). Diabetes can cause multiple complications, 

one of them is Diabetic Neuropathy which is a progressive damage to the nerves. Till now, 

there is no cure for it but there are some drugs that can be used to control the discomfort 

experienced by them. A good diabetic control can also help in preventing disease 

progression. Diabetes can lead to sensory neuropathy  which is '' any disease of the 

peripheral nerves, and usually causing weakness and numbness'' (Martin, 2010). Sensory 

neuropathy may create some challenges in interacting with external environment and carrying 

out a daily tasks such as involuntary movements, behavioral problems, stress, depression and 

may lead to academic failure (Prendergast et al., 2004). In Saudi Arabia, there is a number of 

diabetic patients in Saudi Arabia which can reach up to 3.8 million cases (IDF, 2014) and its 

prevalence reach to 30% among Saudi population (Alqurashi, 2011).   

Challenges 

There were some challenges which include: 

 Lack of time and resources.   

 How to create and design the innovation.  

 Lack of  hospitals/institutions that can give the permission to apply and take 

on the treatment.  

Phase I: Data collection and analysis  

 Review current information (e.g. patient history, patient charts, results of 

investigations and medical assessments previously undertaken). 

 Gather new information (e.g. physical examination). 

 Recall knowledge (e.g. physiology, pathophysiology, pharmacology, 

epidemiology, therapeutics, culture, context of care, ethics, law etc.)  

 Interpret: analyze data to come to an understanding of signs or symptoms. 

Compare normal Vs abnormal.  

 Match current situation to past situations or current patient to past patients.  

 Predict an outcome. 

 Identify problem / issue: synthesize  facts and inferences to make a definitive 

diagnosis of the patient's problem. 

 Establish goals: Describe what you want to happen, a desired outcome, a time 

frame. 

 Take action: Select a course of action between different alternatives available. 

 Evaluate the effectiveness of outcomes and actions. Ask: “has the situation 

improved now?”. 

 Reflect on process and new learning. 
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 Contemplate what you have learnt from this process and what you could have 

done differently. (NSW Health, 2007). 

Causes of Peripheral Neuropathy 

 Variety of systemic diseases. 

 Exposure to toxic medications. 

 Infections and hereditary disorders. 

 Diabetes. 

 Hypothyroidism. 

 Nutritional deficiencies. 

 Some of chemotherapy and drugs used to treat cancer. It might lead to damage of 

peripheral nerves which  called chemotherapy-induced peripheral neuropathy 

(CIPN)( National Diabetes Information Clearinghouse, 2009). 

Symptoms 

 Neuropathies  have different symptoms and/or patterns and the type of nerve fibers involved 

i.e. sensory, motor or autonomic. (Azhary et al., 2010) ( National Diabetes Information 

Clearinghouse, 2009) 

The early symptoms of peripheral neuropathy include 

• Tingling 

• Burning 

• Pricking, stabbing, or shock-like pain 

• Muscle cramping 

• Numbness 

• Sensitivity to touch 

Over the years, nerve damage may worsen.  

Also, the symptoms can include 

• Weakness 

• Loss of muscle mass 

• Digestive problems 

• Erectile dysfunction in men 

• Dizziness 

• Balance and walking problems 

• Increased risk of ulcers or infections in the feet. 

 Researchers who implemented the multi-sensory stimulation approach program 

discovered that most of the therapeutic treatments that are used in rehabilitation centers 

care focus on treating and enhancing motor nerve functions rather than focusing on 

sensory nerve functions. Based on that, researchers worked on developing and 

implementing the nerve sensory functions. The procedure of applying this treatment will 

be clarified  in phase II and phase III.   
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Phase II: Sensory re-education  

Sensory re-education is a way to help the patient to recover from hand injury if the hand's 

nerves have been injured. It should help the patient to recognize different textures and shapes 

with the injured hand. 

Exercises for patients with neuropathy: the following two-stages should be repeated three 

times a day by the patient.     

Stage 1: Localization 

• Close the patient’s eyes.  

 • Place a pen over the affected area of the patient's hand and gently rub the pen over a 

small area.  

 • The patient needs to try to recognize the exact position of the pen.  

• If  the patient  choose the wrong position, rub the pen again with an open eyes and ask 

the patient to concentrate on the feeling.  

 • Then, repeat it as the patient closes his/her eyes and again the patient tries to remember 

the feeling and the position of the pen. 

 • Then, apply the same steps in different areas of the patient’s hand. Repeat for each 

appropriate area of the patient's hand.   

Stage 2: Texture and shape discrimination 

 • Use a number of objects that are different in shapes, sizes, weights and textures.  

• Close patient's eyes , then let the patient pick up an object – (Encourage the patient to 

start first with a large object) 

 •Then, ask the patient to concentrate on the feeling of the weight and texture of the 

object. Then try to identify what it is.  

 • If the patient is not sure about the weight and/or the texture, ask him/her to put the 

object in the uninjured hand to recognize the feeling of the object’s weight and texture. 

 • Then, ask  the patient to feel it again with the injured hand. If he failed or still not sure, 

ask him/her to look at the object, memorize the texture, and weight with open eyes.  

•  Then, ask the patient to close his/her eyes and to try to recall the feel of texture and 

shape of the object.  

• Use the same objects until the patient can easily recognize them.  

• Try placing the objects in a pillowcase or non-see through bag instead of closing eyes.  

 
Phase III: Found Solution (innovation phase)  

God created a human with a specific number of nerve cells (UCSB, 2015). Some of the nerve 

cells are active and others are silent. Using this innovation can motivate  the activation of 

silent cells and make them work, therefore, doing the lost function. 

The multi-sensory stimulation program that has been innovated for rehabilitating and 

stimulating sensation for patients with sensory neuropathy disease is considered to be unique 

and the first multi-stimulus program for rehabilitating sensory system by alerting visual, 

auditory, and cognitive sensory organs . Furthermore, the program can alert the sense of 

smell and sense of muscles. Also, it can improve the balance in fingers’ sensory functions. 
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The device is designed based on the principle that nerve cells have the flexibility to re-

sense through re-habilitating the sensory system. Hence, stimulated cells can help to enhance 

the patient's ability to acquire a mental experience of skills, linguistic skills and motor skills 

through a continuous and intensive training. The training will be under different conditions to 

simulate normal cells. Subsequently,  the  sensory system will be able to perform its functions 

again. 

Main goal of the innovation 

To enhance the sensory system so it can re-gain the lost function as much as possible. 

Vision of the innovation 

To raise the level of health awareness in the community. Also, to  increase the perception 

of the concept of adequate sensory neuropathy. Furthermore,  how to avoid sensory 

neuropathy and  how to treat it. 

Innovation Journey 

1. After creating the device, the size was not appropriate and suitable for its role. It was 

also not appropriate for applying the machine's function. 

2. Then, a decision has been made to participate in the Arab Gulf innovations primarily 

conference at the University of Imam. We had not had the luck or effort to success 

and complete the participation.  

Through this experience we learned that the failure is not the end of life or the end of the 

day, we need to learn how to obtain success and to overcome failure. Success does not come 

as easily as we expected but it could come through hard work and consecrate the job at hand.  

3. It was a frustrated beginning but needed to retry and to make some adaptations to the 

idea. 

4. Next, registered in the fifth Conference of Scientific and scientific research for 

Higher Education in Saudi Arabia. Unfortunately, we didn't win but it was a great 

experience. 

5. The fifth Conference of Scientific and scientific inspired us to participated in 

international exhibitions. 

6. Then, we won a silver medal in global kiwi exhibition for women invented primarily 

in Korea in 2014.  As well as received an award about the best scientific poster 

submitted by Foundation pot innovation gold medal.  

7. Participated in the international exhibition for inventors in London and received the 

first and major award among all countries in the world. 

8. Participating in Innovation Arabia 9 annual congress in 2016. 

9. Participating in  future congress and competition. 

10. The stuff received an un-expected call from international company to manufacture 

the device and make it available for all the patients around the world and use it for 

community services. 
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Recommendation 

After the greet success achieved only in three years. It is highly recommended: 

1- To increase the awareness for the importance of innovation and research in creating a 

better future.   

2- To achieve the  highest level of qualification in scientific  innovation and research, 

especially in health aspects.  

3- To enhance health innovation and research among students.  

4- To help student to express herself, build a scientific base, and convert her creativity 

into real career  

5- To be an effective member in  the world of scientific research. 

6- Create a library that contains the latest scientific innovations and researches. 

7- Strengthening the role of innovation and scientific researches in the medical fields. 

8- Facilitate the process of obtaining innovation's patent. 

9- Never give up to seek your dream, it does not matter how long it takes.   

Conclusion  

In this report we had proven that, Arabs still care about scientific innovations. This is because 

of several reasons which include: increasing the awareness and knowledge about health in the 

communities, continuous working to be successful and making positive changes in their 

communities. It is helpful to find new effective treatment that could be an applicable 

approach in different health sectors.   

Finally, for all the creators and those who have any idea, do not doubt in your ability, 

fight until you win. “Nothing succeeds like success”.  
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Abstract  
During the last few decades, there were significant developments in UAE which in turn have imposed 

tremendous pressures on the available natural resources. UAE is classified as a water scarce country 

with a limited diversity and quantity of fresh-water resources. The major part of UAE water needs is 

fulfilled through the available ground-water resources. Recently, ground-water resources in different 

locations in the country started to be affected by excessive extraction of fresh -water. The aim of this 

study is to assess the ground-water quality in some selected ground-water wells in northern areas of 

Ras Al Khaimah, United Arab Emirates, focusing on evaluating the suitability of groundwater to the 

different intended purposes. Furthermore, the findings of this study can be used as baseline data to 

follow up on any future change in the ground-water quality. The study has been conducted by 

collecting a number of groundwater samples from different ground-water wells in the study area. 

Samples were analyzed for different physico-chemical parameters to assess the water suitability for 

different uses. The results indicated that the TDS contents of groundwater in the gravel aquifer vary 

from 440 mg/l (fresh-water) in Sha'am to more than 10,000 mg/l (saline water) in Khor Khawir where 

the increased level of the TDS may be due to sea water intrusion. Three types of water found in the 

study area: fresh, brackish in Al Jir, Sha'am and Ghalilah, and saline water are found in Khor 

Khawir and is harmful when used for irrigation. The values of SAR for the collected samples showed 

that the SAR in the studied area ranged from 4 to 22. The hazard of SAR to the soil is considered 

significant for SAR in the range of 2- 4 and severe for SAR above 9. Accordingly, the ground-water 

quality with respect to SAR and electrical conductivity can be considered as fair to poor quality which 

can interfere with the intended use of water in agriculture.   

 

Keywords: Ground-water, Water contamination, Water Quality, UAE.  

 

 

Introduction 

There is enough fresh-water on the planet for the world’s population but unfortunately this 

freshwater is unevenly distributed.  In addition to that, in many countries the freshwater 

resources are either exposed to various forms of pollution or subjected to unsustainable 

management practices (Water, 2007). United Arab Emirates (UAE), because of its 

geographic location, is classified as one of the world’s most water scarce countries. 

Projections of renewable water resources in the country by the year 2030 are expected to be 
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about 37 m3/capita/year. This Figure falls significantly below the water scarcity level which 

is 1000 m3/capita/year (Qadir, Sharma, Bruggeman, Choukr-Allah, & Karajeh, 2007).    

 

 Historically, the conventional water resources in the country were mainly 

groundwater and intermittent seasonal surface water resulting from rainfall. These resources 

were considered to fulfill all the water needs in the country. Recently, with the advancement 

in water desalination techniques and the increased pressure on the existing fresh -water 

resources, the desalinated water is used as a non-conventional water resource to fulfill the 

increasing domestic demands and some industrial requirements. Treated wastewater effluent 

is used for landscaping and irrigation of public parks which can be considered as an 

additional nonconventional water resource that will help to reduce the stress on existing water 

supplies (Asam, 2003). Currently, groundwater is used mainly for irrigation and for limited 

applications of domestic use in some remote villages. During the last 25 years, there was an 

increasing demand for groundwater which has led to excessive pumping of existing ground-

water, causing decline in the groundwater levels and increase in salinity levels in some area. 

As a response to manage the situation, a monitoring network was built to observe the changes 

in the groundwater quality. Furthermore, a number of dams were built on wadis (seasonal 

water courses formed due to rainfall) to enhance the groundwater recharge (Al-Nuaimi & 

Murad, 2007).  A previous study conducted in United Arab Emirates found that the 

groundwater recharge from the ponding area  behind the dam constitutes up to 70% of the 

total recharge (Sherif, Al Mulla, & Ebraheem, 2011). On the other hand, UAE started to 

adopt different water saving strategies such as water saving technologies, enhancing public 

awareness and education, and enacting strict policies to enhance water conservation in 

different sectors.  It is worth mentioning that the availability of groundwater in the shallow 

aquifer started to decline as a result of overexploitation of these waters and low rainfall which 

impacted the rate of renewability of these shallow aquifers. On the same note, groundwater is 

collected from four main aquifers in the country as follows: limestone aquifer (north and 

southeast), ophiolite aquifer (east), gravel aquifers (adjacent to the eastern mountain ranges), 

and the sand dune aquifers (south and west). The total amount of ground-water production 

from 2000 to 2006 declined from 35,557 to 20,033 million gallons (134.5 to 75.8 million m3) 

which corresponds to about a 44% decline in a period of 6 years (Ahmed, 2010).  

 

  The purpose of this study is to assess the groundwater quality in some selected farms 

at Khor Khawair, Ghalilah, Sha'am, and Al Jir areas northern Ras Al Khaimah Emirate, 

United Arab Emirates. The assessment will include the suitability of the existing ground-

water for different uses such as domestic and agricultural activities.  

  The study area is located in the northern part of Ras Al Khaimah, which is 

characterized by an arid climate, with hot summers and mild weather from November to 

March. During this period, more than 90% of the annual rainfall occurs. According to the 

UAE’s National Center of Meteorology and Seismology, from 2009 to 2014 the air 

temperature in the study area showed a wide variation. It reached a minimum value of 5.1 ᴼC 

in winter (January 2013) and a maximum of 48.8ᴼC during summer (June 2013). The average 

minimum temperature ranged from 11.6ᴼC to 14.9ᴼC, and the average maximum temperature 
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varies between 43.2ᴼC and 45.2ᴼC. The hottest months are June, July, and August with an 

average maximum temperature of 45.2ᴼC recorded in August 2012 at the Ras Al Khaimah 

Airport Metrological Station. The relative humidity is an important climatic factor because it 

affects the hydrologic conditions of the study area. It also affects the evapotranspiration rates 

and groundwater recharge. The monthly mean relative humidity at Ras Al Khaimah Airport 

Station ranged from 10% to 95%. The months of December-February are the most humid, 

while May is the least humid month. The variation in relative humidity is of an extreme 

nature in the region as the 90% winter relative humidity drops to zero during summer. 

Rainfall occurs primarily in the winter months from January to March. According to Ras Al 

Khaimah Monitoring Station, from 2009 to 2014 the minimum rain fall was 16 mm in 2012 

and the maximum was 195 mm in 2009 (FCSA, 2016).  

 

 Material and Methods  

A survey was conducted to collect water samples from farms located in Khor Khawair, 

Ghalilah, Sha'am and Al Jir in northern Ras Al Khaimah as shown in Figure 1. A total of 12 

groundwater samples were collected for chemical and microbiological examination. Samples 

were chemically analyzed for major cations (calcium, magnesium, sodium, and potassium), 

major anions (carbonate bicarbonate sulfate and chlorides), and minor anions such as 

phosphate and nitrate. Inductivity coupled plasma atomic emission spectroscopy (ICP-AES) 

was used for measurements of trace elements (copper, lead, zinc, chromium, nickel, cadmium 

and manganese). Microbiological samples were collected and examined for total coliforms 

and E.coli. All samples (chemical, physical and microbiological) were collected and analyzed 

according to the standard methods for examination of water and wastewater (Eaton & 

Franson, 2005).   

  

 
 Figure 1:Map of Ras Al Khaimah shoing the location of water samples  
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Results and Discussions 

Table 1 shows the well depth and general uses of water collected from each well. Samples 

were collected from two main areas as shown in Figure 1. The first area is presented by 7 

samples collected from farms located in Al-Jir and Sha’am areas. The second main area is 

presented by 5 samples collected from farms located in Ghalilah and Khor Khawir. On some 

farms, water is mainly used for agricultural purposes; however, on other farms water is used 

for domestic purposes. The depth of the wells in the studied samples showed significant 

variabilities as the minimum depth was 9 meters and the maximum well depth was 46 meters.  

  The physico-chemical and microbial properties for the collected samples are 

presented in Table 2 and Table 3. It was found that the pH value ranges from 7.1 to 8.2. In all 

collected samples, the level of organic contamination was very low where all BOD 

measurements in the twelve collected samples were less than 5 mg/l which is the minimum 

detectable concentration of the test. It was found that 83% of samples were with low COD 

levels less than 40 mg/l./ Only two samples showed higher COD results. This high level of 

COD may be an error in the analytical technique due to the increased chloride concentration 

in the sample. It is well known that high levels of chloride concentrations (>2000 mg/l) may 

lead to positive interference with COD readings. Apparently, there is an increase of COD 

values at higher chloride concentration (Eaton & Franson, 2005).   

 

Table 1: Samples locations, well depth and uses  

  area  Depth (meter)  Water uses  Sample code  

Area 1  

Al Jir  

12  Agriculture  J-1  

20  Agriculture  J-2  

46  Agriculture  J-3  

10.5  Domestic  J-8  

Sha’am  

46  Agriculture  S-5  

13.5  Domestic  S-7  

9  Domestic  S-11  

Area 2  
Ghalilah  

12  Agriculture  G-4  

39.5  Domestic  G-6  

10.5  Domestic  G-9  

10.5  Domestic  G-10  

Khor Khawir  13.5  Agriculture  K -12  

  

  Analysis of the collected ground-water samples showed high levels of electrical 

conductivity, TDS, chlorides, and relatively low levels of phosphate, nitrates, and metals. 

Determination of trace metals showed low levels of metal contamination where all analyzed 

samples were less than minimum detectable concentration of the applied analytical procedure 

0.05 mg/l only in two samples G4 and G6 the zinc concentration was 0.2214 and 0.1179 mg/l 

respectively which still in the safe range of WHO guidelines. Accordingly, it can be 

concluded that there are no signs of either organic or metal pollution in the areas included in 
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this study. With respect to the bacterial quality of water, it was found that some samples were 

positive for both total coliform and fecal coliforms. It is highly recommended to use a 

suitable disinfection device such as UV disinfection or chemical disinfectants if the well 

water is going to be used either for domestic purposes or recreational purposes such as 

swimming pools.  

 Table 2: Physicao-chemical and microbial analysis of the studied samples.  

Parameter  J-1  J-2  J-3  J-8  S-5  S-7  S-11  G-4  G-6  G-9  G-10  K -12  

pH   7.1  7.3  7.53  7.7  7.5  7.2  8  7.7  7.8  8.2  8.1  7.6  

conductivity µs/cm ×103  13.97  14.93  3.34  2.38  13.57  0.936  1.114  1.151  7.9  3.75  2.23  19.48  

TDS  8420  9044  1886  1044  7976  376  442  688  4892  1754  1034  10170  

BOD mg/l  < 5  < 5  <5  < 5  < 5  <5  < 5  < 5  < 5  < 5  < 5  < 5  

COD mg/l  11.2  281.6  17.6  16  171.2  < 10  <10  40  4.8  < 10  < 10  16  

Cl- mg/l  3918.8  4278.7  859.7  379.9  3718.8  209.9  229.9  219.9  1719.5  619.8  364.9  5048.4  

total alkalinity mg/l  324  332  190  300  350  53  63  141  295  239  200  360  

carbonate as CO3 mg/l  0  0  0  0  0  0  0  0  0  0  0  0  

bicarbonate as HCO3 mg/l  395.3  405  231.8  366  427  64.7  76.9  172  359.9  291.6  244  439.2  

TH as mg CaCO3 /l  1840  2020  500  370  1530  170  100  266  1280  410  360  1960  

Ca hard. as CaCO3 mg/l  800  920  270  250  680  40  50  156  500  150  170  980  

 Ca mg/l  320  368  108  100  272  16  20  62.4  200  60  68  392  

 Mg mg/l  253.7  268.3  56.1  29.3  207.3  31.7  12.2  26.8  190.2  63.4  46.3  652.8  

SO4
-- mg/l  658.6  668.4  124.3  93.8  756.5  46.9  23  121  1093.2  298.8  137.5  0.07  

PO4
-3 mg/l  0.15  0.14  0.08  1  0.1  0.22  0.06  0.12  0.25  0.05  0.23  ---  

NO3
- -N) mg/l  7.8  9.7  5.6  ---  9.4  ---  ---  3  3.1  ----  ----  ---  

Metals(mg/l)       

Cu  <0.05  <0.05  <0.05  <0.05  <0.05  <0.05  <0.05  <0.05  <0.05  <0.05  <0.05  <0.05  

Pb  <0.05  <0.05  <0.05  <0.05  <0.05  <0.05  <0.05  <0.05  <0.05  <0.05  <0.05  <0.05  

Zn  <0.05  <0.05  <0.05  <0.05  <0.05  <0.05  <0.05  0.2214  0.1179  <0.05  <0.05  <0.05  

Cr  <0.05  <0.05  <0.05  <0.05  <0.05  <0.05  <0.05  <0.05  <0.05  <0.05  <0.05  <0.05  

Ni  <0.05  <0.05  <0.05  <0.05  <0.05  <0.05  <0.05  <0.05  <0.05  <0.05  <0.05  <0.05  

Cd  <0.05  <0.05  <0.05  <0.05  <0.05  <0.05  <0.05  <0.05  <0.05  <0.05  <0.05  <0.05  

Mn  <0.05  <0.05  <0.05  <0.05  <0.05  <0.05  <0.05  <0.05  <0.05  <0.05  <0.05  <0.05  

Choliform group (+)       

Total coliform  ++++  ++++  +  ++++  ++++  ++++  ++++  +  ++++  +  ++++  ++++  

E.coli  ++++  ++  -  -  ++  +  -  -  +  -  ++  -  

(+) MPN/100 : ++++ >20, +++= 10 to 20, ++= 10 to 1, += 1 to 0.1, - = less than 0.1)  
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Suitability of Groundwater for Different Uses  

Water quality determines its suitability for different purposes. The following discussion 

intends to evaluate the suitability of groundwater in the study area for domestic and 

agricultural purposes. The suitability of groundwater for a particular purpose depends on 

specific quality criteria. Quality limits of water supplies for drinking, irrigation and industrial 

uses apply to groundwater because of its extensive development for these purposes (Todd & 

Mays, 1980).  

Domestic Uses  

The collected samples showed high TDS and hardness values. Only two samples, both 

collected from Sha’am showed relatively low TDS less than 500 mg/l. Other collected 

samples showed high solids contents and high hardness contents. Accordingly, it can be 

concluded that the treatment of the ground-water before being used in different domestic 

water applications is very important to avoid maintenance and health problems that may be 

associated with the use of hard water (Sengupta, 2013; Tihansky, 1974).  

Table 3: Mean, range and standard deviation for the collected samples  

  Average  Minmum  Maximum  Standard deviation  

pH   
NA  7.2  8.2  0.3  

conductivity µs/cm ×103  
7.1  0.9  19.5  6.6  

TS  
3,977.2  376.0  10,170.0  3,854.8  

BOD mg/l  
NA  NA  NA  NA  

COD mg/l  
87.8  4.8  281.6  103.4  

Cl- mg/l  
1,797.4  209.9  5,048.4  1,876.1  

total alkalinity mg/l  
237.3  53.0  360.0  108.2  

carbonate as CO3 mg/l  
0.0  0.0  0.0  0.0  

bicarbonate as HCO3 mg/l  
289.5  64.7  439.2  132.0  

TH as mg CaCO3 /l  
900.5  100.0  2,020.0  759.8  

Ca hardness as CaCO3 mg/l  
413.8  40.0  980.0  346.3  

 Ca mg/l  
165.5  16.0  392.0  138.5  

 Mg mg/l  
153.2  12.2  652.8  183.9  

SO4
-- mg/l  

335.2  0.1  1,093.2  363.0  

PO4
-3 mg/l  

0.2  0.1  1.0  0.3  

NO3
- -N) mg/l  

6.4  3.0  9.7  3.0  
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Agricultural Uses  

For evaluation of the suitability of groundwater in the study area for agricultural uses, the 

effect of water on plants and soils is assessed. The sodium ion concentration is important in 

classifying irrigation water because sodium reacts with soil and reduces its permeability. The 

Sodium Adsorption Ratio (SAR) is an important parameter that can be used to assess the 

solubility of water to agriculture. SAR can be computed using the following equation (Clark 

& Mason, 2006):  

  

Where Sodium, Calcium and Magnesium are expressed in mill equivalents/liter.  

The values of SAR for the collected samples are presented in table 4. It is apparent that the 

SAR in the studied area ranged from 4 to 22. The hazard of SAR to the soil is considered 

significant for SAR in the range of 2- 4 and severe for SAR above 9. Accordingly, the 

ground-water quality with respect to SAR and electrical conductivity can be considered as 

fair to poor water quality that can interfere with the intended use of water in agriculture.  

Table 4: Sodum Adsorption Ration for the collected samples in the area of the study.  

sample no  Ca2+  Mg 2+  Na+  SAR  

AL-Jir 1  320  254  2157  22  

AL-Jir 2  368  268  2317  22  

AL-Jir 3  108  56  474  9  

AL-Jir 8  100  29  260  6  

Ghalilah4  62  27  143  4  

Ghalilah6  200  190  1186  14  

Ghalilah9  60  63  467  10  

Ghalilah10  68  46  230  5  

Sha'am5  272  207  2230  25  

Sha'am7  16  32  104  3  

Sha'am11  20  12  143  6  

Khor Khwir12  392  653  1754  13  

  

Conclusions 

The TDS contents of groundwater in the studied samples varied from 440 mg/l in Sha'am to 

more than 10,000 mg/l in Khor Khawir. There are no signs of organic or metal contamination 

in the studied areas. With respect to the suitability of ground-water in the studied area, the 

water must be treated prior its use for domestic and recreational purposes. On the other hand, 

the suitability of the ground-water for agriculture applications may be limited by the elevated 

SAR in some of the collected samples. Precaution must be taken when selecting different 

crops that are not sensitive to elevated sodium concentration.   

  

Study limitations  

The study is limited to the areas under study. The major limitation of the study is the small 

number of samples, accordingly a thorough study in the area should be conducted to assess 
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the overall ground-water quality in the area on a bigger scale over a longer period of time 

with more numbers of samples.  
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Abstract 

To identify the level acceptance of performing a cosmetic surgery among students in Princess Norah 

University, Riyadh.  

This cross-sectional study of a convenient sample encompassed 500 students in all colleges at 

Princess Nourah Bent Abdul Rahman University was conducted between 1st of September 2014 and 

5th of June 2015.  Self-administrated questionnaire was distributed to all participants. Data collected 

included; sociodemographic data, acceptance, prevalence and religious beliefs of plastic surgeries 

and the self-esteem.  

A total of 500 students accepted to participate in the study, their average age was 20.9±1.9 years. 

Students who were divorced/widow significantly scored higher acceptance scores when compared to 

other students (44.7±24.0, p=0.04). Students who reported having minor or major cosmetic 

procedures, themselves or their relatives, had shown higher acceptance scores when compared to 

those who did not have similar history. Students, who believed that cosmetic surgeries are prohibited 

by Islam, scored the lowest acceptance score (23.6±13.8) when compared to students who disagreed 
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(27.8±15.2). Negative correlation was confirmed between self-esteem and acceptance of cosmetic 

procedures. 

Acceptance of cosmetic surgeries is widely affected by the marital status, self-esteem and the religious 

background. 

 

Introduction 

Background 

After being almost restricted to celebrities and the wealthy members of society decades ago, 

cosmetics nowadays have reached their peak and became a very popular trend among all 

classes and age groups, especially the youth.[1] A study conducted back in 2010 by the 

International Society of Aesthetic Plastic Surgeons (ISAPS), showed that Saudi Arabia was 

ranked 23rd  with a total number of  96,667 surgical and non-surgical procedures, among 25 

countries with the highest rates of Cosmetic procedures worldwide. [2] 

 People’s opinions differ when it comes to plastic surgeries. While some believe they 

are an abuse of facilities, by occupying the operating rooms instead of using them for treating 

serious life-saving surgical situations, others believe they are necessary for those with low 

self-esteem, struggling through their daily lives. [3] As expected, these surgeries may have an 

effect on society in so many ways. Some might consider it manipulation or even a type of 

cheating between married couples, which will further cause endless marital problems that 

could eventually lead to divorce.  Addiction to plastic surgeries is another common effect, 

especially in young girls who easily get obsessed with them. [4] 

 There are multiple factors that affect the decision making of undergoing those kinds 

of surgeries, certain psychological disorders such as "Body Dysmorphic Disorder" could be 

the main reason behind motivating girls to do cosmetic surgeries. [5] Not to mention the 

effect of media through television shows, magazine and internet, reflecting a perfect image of 

beauty that has lead girls to imitate it through cosmetics. [6]  

 Like any other surgical procedure, plastic surgeries carry certain risks. There is 

always a high possibility that some undesired complications or side effects may occur, such 

as: an allergic reaction to anesthesia, nerve damage and rejection of implants. Infection, 

skin discoloration, tissue necrosis and scarring are also considered serious complications.[7]  

 Apart from these side effects, a Muslim person must consider the Islamic opinion on 

these surgeries, as Allah said in the holy Qur'an: "We have certainly created man in the best 

of stature". Although Islam doesn't object the needed cosmetic surgeries such as those for 

burn and accident victims, or genetic malformations, [8] it certainly objects having these 

surgeries without a valid medical reason. 

 The ultimate objective of this study is to assess the acceptance of plastic surgeries 

among young females in Princess Noura Bent Abdulrahman University in Riyadh, Kingdom 

of Saudi Arabia, and up to what extent they are prevalent. In addition to that, we also 
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examined the relationship between the acceptance of cosmetic surgeries and self-esteem, 

which is thought to be associated with the willingness of undergoing such surgeries 

Methods 

Study design and study sample  

A descriptive cross-sectional study was conducted at all colleges of Princes Nourah Bent 

Abdul Rahman University (PNU) Riyadh, Saudi Arabia between 1st of September 2014 and 

5th of June 2015. The study was approved by the Research and Ethical Committee at PNU. A 

convenient sample of students aged between 18-25 years was invited to participate in the 

study. The objectives of the study were explained to the students, and a verbal consent was 

obtained from each of the participants. The total sample size amounted to 500 representing 

students enrolled from all colleges. 

Data collection 

The research tool was a self-administered close ended questionnaire consisting of 39 

questions. The questionnaire included 4 sections: the first section comprises socio-

demographic data such as age, college, year of study, marital status and monthly income. The 

second section included 15 –items validated from previous literatures measure the acceptance 

of plastic surgeries. These items measure the acceptance on 5-likert point's scale. Some 

examples from these items are” I will definitely go for plastic surgeries if they are free, “I 

will agree to do plastic surgeries if my partner would like it.” The maximum score of 

acceptance was 60. 

 The third section was 10 questions assessing the self-esteem derived from validated 

literatures. These answers are on 5-likert scale points and reflect how people feel about 

themselves whether they're delighted with their self-esteem or not. Examples are “I feel as a 

looser” and “I have lots of things to make me feel proud”. The maximum score for the body 

image was 40. 

 Other questions added in the fourth section, related to religious beliefs and the 

frequency of different cosmetic interventions among the selected sample. Examples: “Did 

you perform a minor cosmetic surgery?”, and “Before I undergo cosmetic surgery I will ask 

for Fatwa about cosmetic surgery.”  Question were prepared in the English language and 

translated into Arabic for better understanding of students. The questionnaire was tested for 

face and content validity as well as reliability by a pilot study carried out on 40 students. The 

Cronbach’s Alpha for the acceptance of cosmetic procedures was 0.93 and of the self-esteem 

questions was 0.78. 

Data analysis 

Statistical analysis 

Descriptive statistics in terms of means, standard deviations, and proportions were used to 

describe criteria of the studied sample. Analysis of quantitative data by t-test and association 

of qualitative variables by chi-square test conducted. Pearson correlation coefficient was used 

to test correlation between acceptance score and self-esteem score. P-value less than 0.05 

considered as statistically significant. All statistical analysis conducted by SPSS software. 
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Results 

A total of 500 students accepted to participate in the study, their average age was 20.9±1.9 

years. Table 1 shows the sociodemographic characteristics of the studied sample. The 

majority (90%) was unmarried; the middle social class took the highest percentage (49%) 

while only (7%) belong to the low social class. Most of students (82.6%) were from non-

health colleges while the rest (17%) were from health colleges. Regarding the educational 

year most of the students were from the first year (43.4%) and the least (11.8%) were in 

fourth year and above.  

Table 2 describes the average acceptance scores among all subgroups in the studied sample. 

No statistically significant difference in the acceptance score was detected among students 

belonging to various social classes, colleges or educational levels. Students who were 

divorced significantly scored higher acceptance scores when compared to other students 

(44.7±24.0, p=0.04). Students who reported having minor or major cosmetic procedures, 

themselves or their relatives, had shown higher acceptance scores when compared to those 

who did not have similar history (p<0.01). 

 Table 3 shows the different acceptance scores among students according to their religious 

considerations. Students, who believed that cosmetic surgeries are prohibited by Islam, 

scored the lowest acceptance score (23.6±13.8) when compared to students who had a neutral 

response (27.1±12.3) and those who disagreed (27.8±15.2). Moreover, students who believe 

that Islam allows cosmetic surgeries in case of deformities only scored the lowest acceptance 

rate. Students who reported that they will ask for “Fatwa” before deciding to have a cosmetic 

surgery scored the lowest acceptance rate while students who did not bother to ask for fatwa 

had highest acceptance score. 

Figure 1 shows the correlation between acceptance and self-esteem scores.  It shows that the 

higher the self-esteem score, the lower the acceptance score (r= -0.14,p=0.01). 

Table 1: Socio-demographic data of the studied sample. 

 Number (n) Percentage (%) 

Social statue   

Married 44 8.8 

Unmarried 450 90.0 

Divorced/widow 6 1.2 

Social Class   

More than 15,000 SR 220 44.0 

From 5,000 – 15,000 SR 245 49.0 

Less than 5,000 SR 35 7.0 

Colleges   

Health colleges 87 17.0 

Non health colleges 413 82.6 

Educational year   

First year 217 43.4 
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Second year 89 17.8 

Third year 138 27.6 

Fourth year and above 56 11.8 

 

Table 2: Acceptance scores among various groups  

 Acceptance Score 

Average ±SD 

p-value 

Social class:   

High 25.51±13.85 0.58 

Middle 24.21± 13.09 

low 25.11± 15.78 

Marital statue   

married 25.93± 14.59 0.04 

unmarried 24.54± 13.24 

Divorced/Widow 44.66± 24.01 

Colleges   

Health colleges 26.32± 13.83 0.27 

Non-health colleges 24.54± 13.57 

Educational year   

1st year 24.27± 14.03 0.13 

2nd year 26.51± 12.99 

3rd year 23.49± 12.83 

4th year and above 27.7± 14.4 

Minor Cosmetic procedures    

yes 29.37± 13.76 <0.01 

no 22.41± 12.91 

Major Cosmetic procedures    

yes 36.65± 14.45 <0.01 

no 24.15± 13.23 

Major Cosmetic procedures among the 

relatives 

  

yes 28.16± 13.49 <0.01 

no 22.29± 13.04 
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Table 3: Relation between Acceptances with religious consideration 

 

In Islam, cosmetic procedures is forbidden   

Acceptance P-value 

Agree 23.56± 13.78  

Disagree 27.76± 15.19 0.01 

neutral 27.13± 12.33  

Before deciding , I shall ask for fatwa   

Agree 24.08± 13.53  

Disagree 31.43± 14.06 0 .01 

neutral 27.61± 13.22  

Cosmetic procedures allowed only in deformities    

Agree 24.32± 13.63  

Disagree 31.43± 12.03 0.04 

Neutral 27.64± 13.26  

 

 

Discussion 

Cosmetic surgery is considered a very popular trend nowadays in Saudi Arabia as the country 

has been ranked 23rd worldwide by the International Society of Aesthetic Plastic Surgeons 

(ISAPS) with almost 100,000 procedures.[2] The results of this study are interesting in that 

they represent the factors influencing acceptance of such procedures rather than studying the 

acceptance rates only.  
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 In the current study, the potential willingness to undergo plastic surgery was relatively 

high among high social class when compared to other classes. This can be explained by the 

expected extra expanses needed to afford plastic procedures in general. 

 The data from this study were analyzed additionally by marital status, which revealed 

an interesting trend. Females who were married, especially those who were divorced or 

widows had significantly more acceptance rate to undergo cosmetic procedures when 

compared to females who have never been married. This supports the finding found by 

Salehahmadi et al[9] who have done a quiet similar study. It  stated that most of their 

respondents were married showing that married population were just as eager as single ones 

to undergo cosmetic surgery. 

 The data show that females who personally - or their relatives - previously had minor 

or major cosmetic procedure were significantly more willing to undergo another cosmetic 

procedure in comparison to those who had never undergone such procedures in the past. This 

can be attributed to the fact the people are usually hesitant about any new experiensce that 

they had never met or heard about. 

 Furthermore, this study was unique in the fact that it studied the impact of religious 

beliefs on the acceptance of cosmetic procedures. Students, who believed that cosmetic 

surgeries are prohibited by Islam, scored the lowest acceptance score (23.6±13.8) when 

compared to students who had a neutral response (27.1±12.3) and those who disagreed 

(27.8±15.2). Moreover, students who believe that Islam allows cosmetic surgeries in case of 

deformities only scored the lowest acceptance rate. This may be supported by the fact that 

Islam forbids some cosmetic procedures as stated by Satan in holy Quran "And I will mislead 

them, and I will arouse in them (sinful) desires, and I will command them so they will slit the 

ears of cattle, and I will command them so they will change the creation of Allah". 

Additionally, Students who reported that they will ask for “Fatwa” before deciding to have a 

cosmetic surgery scored the lowest acceptance rate while students who did not bother to ask 

for fatwa had highest acceptance score. A review done in 2008 by Atiyeh et al [8] stated that 

the rule in Islam is that individuals should be satisfied with the way Allah has created them. 

Islams welcomes, however, the practice of plastic surgery as long as it is the benefit of 

patients. Even if it clearly considers "changing the creation of Allah" as unlawful, Islamic law 

is ambiguous regarding cosmetic surgery. Its objection to cosmetic surgery is not absolute. It 

is rather an objection to exaggeration and extremism. It has been mentioned that "Allah is 

beautiful and loves beauty". 

 In the current study, negative correlation was confirmed between acceptance of 

cosmetic surgeries and self-esteem scores.  It shows that the higher the self-esteem score, the 

lower the acceptance score (r= -0.14,p=0.01). This confirms the finding brought by Thornton 

et al [4] which indicated that women's negative emotional feelings about their body image 

were more strongly accepting of cosmetic surgery to help improve their appearance and 

functioning. This is consistent with other research whereby cosmetic surgery is viewed as a 

means to enhance their self-esteem and improve their social and career potential. 
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Conclusion 

This study suggests that the level of acceptance of plastic surgeries among female university 

students is vastly affected by their marital status and their perceived self-esteem. Relatives 

and friends own experience of plastic procedures intensively encourage the female students to 

decide for themselves. Religious beliefs are crucial in taking the decision to undergo plastic 

surgery. 
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This case study is intended to present the Sewage and Irrigation Infrastructure, Network and 

Treatment Plants in Emirate of Dubai, United Arab Emirates and will detail out the positive 

environmental impacts from an effective operation of the Sewage System and reusability of 

Treated Sewage Effluent (TSE) as irrigation water.  

This case study will also expand the horizon of Methane Gas usability, which are 

produced from treatment of Sewage Waste at Jebel Ali Sewage Treatment Plant (JASTP) in 

the Emirate of Dubai, and will assess the opportunity of using Methane Gas as Compressed 

Natural Gas (CNG) to be used in vehicles as an alternative fuel instead of fossil fuels. 

Additionally, the case study will carry out an analysis of current and future of CO2 

from global perspective and a change in paradigm of CO2 to a renewable energy, rather than a 

pollutant. This case study will conclude Dubai’s future opportunity for alternative uses of 

CO2, which is also known as a renewable energy via the process of Carbon Capture & 

Storage (CCS).  

  JASTP in Dubai as illustrated in figure 1 is designed in 2007 and commissioned in 

2009. The plant is also designed to accommodate the sewage and pre-treated industrial 

wastewater via road tankers in addition to sewage waste via sewage network. The design 

capacity of JASTP as shown in Table 1 is 300,000 m3/day. 
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Figure 1 Aerial View of JASTP 

 

 

Table 1: Main Figures for JASTP as follow: 

Cost of Construction AED 1.550 

Billion 

Commencement of Construction 15 April 2007 

Designed Capacity 300,000 m3/d 

Total Land Area plot  680 hectares 

Constructed Area 43 hectares 

Date of Start of Operation (TANKER’S SEWAGE) August 2009 

Date of Receiving Network Sewage 17 October 2010 

 

Table 2 shows the history of inflow, effluent outflow comparison of 2013 and 2014 on 

monthly basis with an increase pattern of sewage inflow that demonstrates the increase in 

challenges of continues effective treatment and inline with environmental and health 

standards. 
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Table 2: Influent and effluent of JASTP for years 2013 and 2014 

 

        
Inflow Tankers 

m3/month 

Inflow Network  

m3/month 

Total Inflow  

m3/month 

Total Effluent 

m3/month 

2014 2013 2014 2013 2014 2013 2014 2013 

Jan 1420596 1280916 5582387 4721894 7002983 6002810 6872902 5950501 

Feb 1329192 1252974 4997384 3624351 6326576 4877325 6255054 4851843 

Mar 1488600 1260972 5373071 5160790 6861671 6421762 6764070 6415503 

Apr 1466280 1239683 5194523 4583511 6660803 5823194 6555804 5791745 

May 1574316 1277208 4883244 5441006 6457560 6718214 6428712 6683498 

Jun 1474884 1234440 5311578 5388716 6786462 6623156 6698099 6551762 

Jul 1545912 1196676 5141665 5224079 6687577 6420755 6649487 6385750 

Aug 1552068 1189728 5254028 5261245 6806096 6450973 6793679 6356227 

Sep 1517148 1140336 5562033 5268846 7079181 6409182 6992341 6438163 

Oct 1626660 1259892 5610649 5474798 7237309 6734690 7181234 6736038 

Nov 1795752 1275588 5365390 4948059 7161142 6223647 7127496 6190386 

Dec 1996537 1340856 5376437 5284985 7372974 6625841 7252875 6629561 

Sum 18787945 14949269 63652389 60382280 82440334 75331549 81571753 74980977 

 

Additionally, as demonstrated in Table 2 an increasing trend of sewage inflow into 

JASTP, in turn results to an increase of TSE as well as gases production such as Methane gas 

and Carbon Dioxide. To ensure the sustainability of the sewage treatment, an integrated 

network infrastructure is made available not only to deliver the sewage wastes to JASTP but 

also to deliver the TSE to end users and public areas. Figure 2 and figure 3 respectively show 

the sewage and irrigation network layouts in the Emirate of Dubai.  
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Figure 2: Sewage Network Layout 

 
 

Figure 3 Irrigation Network Layout 

 

Table 3 details out the 2014 recorded effectiveness of treatment of sewage wastewater 

at JASTP. The treatment quality is compared to JASTP’s design parameters to ensure the 

environmental and health compliance of such for the reusability of TSE as irrigation within 

the city.  
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Table 3: Effectiveness of Sewage Treatment at JASTP for the year 2014 
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Design 
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of 
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it 
In  
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t  
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val  % 
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In  
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val  % 
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C. 
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2 
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% 
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2 
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% 
255 2 
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% 
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C. 
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9 
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52 
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6 
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C. 
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2 
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.0 
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% 
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5 
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.4 
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.3 
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2 
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.4 
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NH4-

N 

CON

C. 

mg

/l 

40

.2 
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7 
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% 
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8 
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3 
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PO4
-3 
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C. 
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6 

4.
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4.
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21.3

% 
6.6 

4.

7 

28.8

% 

7.

0 

4.

4 

37.1

% 
25 59% 

 

In 2013, it’s recorded that total of 199 Million m3 of Sewage waste was treated in the 

Emirate of Dubai in which 169 Million m3 was used as TSE for irrigation (Table 4). 

Additionally, total quantities of 6863 metric tons of organic fertilizers were produced from 

sewage sludge. These organic fertilizers are used to as soil conditioners and are also sold to 

public for a minimal price of AED 10 per a bag of 25 kg.  

Table 4: TSE & Organic Fertilizer Production and Reuse 2011-2013 

Year Quantity 

of Treated 

Water 

(Million M3) 

Quantity 

of Water 

Used for 

Irrigation 

(Million 

M3) 

Sales of Irrigation 

Water 

Quantity of 

Fertilizers 

(Tons) 

Sales of Fertilizers for 

Public 

Value in 

000 AED 

Quantit

y in 

Million 

M3 

Value in 

000 AED 

Quantit

y in Tons 

2011 177 149 51 62889 4598 4185 1674 

2012 180 167 49 59493 5857 4227 1782 

2013 199 169 69 80484 6863 5619 785 

 

As shown in Table 5, this quantity of TSE covered a total of 29,076,408 m2 of green 

area in Dubai in which it served a total number of 3,175,218 trees including 42,193 date trees 

and 478,759 m of plant fences.  

Table 5: Green Areas and Number of trees irrigated using the Treated Effluent from Dubai’s 

Jebel Ali STP 

Year Green Areas (M2) Number of Trees Plant 

Fences 

(M) 

Total 

Cultivated 

Green Area 

(M2) 

Gree

n 

Area 

Ground 

Covers 

Flower

s and 

Plants 

Total Plam Trees Trees 

and 

Shrubs 

Total 

2011 6,6

41,48

1 

1,953,27

7 

1,191,

309 

9,786,

067 

41,311 2,943,

544 

2,984

,855 

439,754 26,218,07

1 

2012 7,1

53,34

9 

2,231,69

7 

1,287,

301 

10,672

,347 

41,568 3,044,

916 

3,086

,484 

461,081 27,996,09

1 
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2013 7,2

10,21

3 

2,387,23

3 

1,323,

543 

10,920

,989 

42,193 3,133,

025 

3,175

,218 

478,759 29,076,40

8 

 

Figure 4: TSE Reuse in Bur Dubai Area 

 

 

 

 

Figure 5: TSE Reuse in Bur Deira Area 
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Current Gas Production from the anaerobic digesters at JASTP is measured on an 

average of 30,000 m3/day. Table 6 reveals that there are potentials in Methane gas recovery 

as there is an increasing trend of production of such from JASTP. Figure 6 also reveals that 

69% of gases generated at JASTP is Methane gas.  

Table 6: Annual Methane Gas from Digesters at JASTP during 2013 and 2014 

 

Methane Gas Production m3/month 

 

2014 2013 

Jan 1021669 677474 

Feb 867520 477680 

Mar 793631 599044 

Apr 769860 630690 

May 629424 553412 

Jun 451800 634608 

Jul 563766 600983 

Aug 919491 523871 

Sep 740250 782621 

Oct 800705 793735 

Nov 872580 750995 

Dec 823484 726050 

Sum 9254180 7751163 

 

For years, Middle East and Gulf Countries have been looking into Carbon Dioxide 

(CO2) as a pollutant or Greenhouse Gas (GHG) that contributes to Global Warming. However 

recent approach towards climate change provides the ground and necessitates for a change of 

paradigm from consumption to conservation in the region. Therefore, there is an opportunity 

to capture Carbon Dioxide from the flare where gases are burnt at JASTP. Jebel Ali Sewage 

Treatment Plant, with an average operating capacity of 260,000 m3/day produces about 29% 

CO2 from the total Gas amount as indicated in figure 6. 
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Figure 6: Gas Content Production at JASTP 

 

 

Treatment of Sewage Wastewater for the purpose of irrigation contributes to service 

quality delivered to public by not only minimizing the negative impacts of sewage wastes to 

human health and environment; it also minimizes the usability of desalinated water for 

irrigation purpose. The minimization of desalinated water results to reduction of negative 

impact to marine environment due to the return of saline to marine environment in addition to 

reduction of usability of fossil fuels, which means a reduction of emission of pollutants and 

GHG into ambient air. 

Furthermore, this case study reveals potential opportunities in using Methane gas for 

usability of Compressed Natural Gas (CNG) in addition to capturing Carbon Dioxide to use 

as renewable energy or other usability as per best practices.  
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Abstract  

The protection against computer viruses is becoming increasingly difficult, and they are becoming 

risk on every one who uses computers, especially large companies and institutions.  The viruses are 

becoming more intelligent day after day, which has made the Anti-viruses mission more complicated. 

Detecting viruses has been considered a hot and important topic. 

This paper aims to develop an algorithm, which is based on the concepts of the Artificial Immune 

System to detect viruses. 

Several studies have been concerned with the Artificial Immune System, which is inspired by the 

natural immune system of humans and animals. This subject is relatively considered recent, and is not 

matured yet. This system has been applied in different fields, most importantly viruses. The 

Evolutionary Programming Algorithm (EP) is used to tune and optimize the parameters of the 

artificial immune system. The Genetic Algorithm has been tried in [1][2]. In this work we test the EP 

as the optimizer algorithm in a similar benchmark learning and testing environments for 

standardization.  

The algorithm suggested in this paper, is based on the Artificial Immune System.  A colonial selection 

Algorithm has been developed to detect viruses for the artificial immune system. The developed EP-

IMMUN algorithm is subjected to validation by two phases; learning and testing.  

The paper results have shown that the detection rates of viruses, by using the developed algorithm are 

very competitive. These rates are confirmed by the Evolutionary programming. 

The Paper has concluded that the developed algorithm (EP-IMMUN), which is created to detect 

viruses, is good, and can be used in this field. The developed algorithm can be utilized to be applied 

on other types of Malware that have signatures. 

Keywords- artificial immune system (AIS) ; virus detection algorithm; colonial selection, 

Evolutionary Programming (EP). 

 

Introduction  

Over the last few decades, there has been an ever increasing interest in the area of the 

biological inspired systems; such as Artificial Neural Network (ANN), Evolutionary 

algorithm (EP), Evolutionary Computation (EC), and Artificial Immune System (AIS) [3]. 
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The AIS is relatively recent innovation, and the main idea behind it is to build a system based 

on the immune system in human beings and other animals.  

 The biological immune system is a massively parallel system which is robust, 

complex, adaptive system; that is able to deal with changes in individual bodies, changes in 

environment, and even to adapt rapidly by defending the body from the foreign pathogens 

(infection elements such as microbes, virus, bacteria, tumor cells, … etc) [4]. 

 There are two inter-related systems by which the body identifies foreign pathogens: 

the innate immune system and the adaptive immune system. The innate immune system is so 

called because the body is born with the ability to recognize certain microbes and 

immediately destroy them. In this paper we proposed innate immune system which could 

destroy many pathogens on first encounter. The adaptive immune system enables the body to 

recognize and respond to any pathogen, even if it has never faced the invader before. The 

most important aspect of innate immune recognition is the fact that it induces the expression 

of co-stimulatory signals in Antigen Presenting Cells (APCs) that will lead to T cell 

activation, promoting the start of the adaptive immune response [5]. 

 The tissues and organs that compose the immune system are distributed throughout 

the body. They are known as lymphoid organs, and these organs can be divided into primary 

(or central), responsible for the production of new lymphocytes, and secondary (or 

peripheral) where the lymphocyte repertoires match pathogen's antigen (each pathogen has a 

specific receptors called antigens) [5]. 

 The immune system's characteristics were exploited to build algorithms which are 

called AIS. The AIS is a diverse area of research that attempts to bridge the divide between 

immunology and engineering and is developed through the application of techniques such as 

mathematical and computational modeling of immunology, abstraction from those models 

into algorithm (and system) design and implementation in the context of engineering. The 

AIS has become known as an area of computer science and engineering that uses immune 

system metaphors for the creation of novel solutions to problems. So it is a type of 

optimization algorithm inspired by the principles and processes of the vertebrate immune 

system. The AIS has several concepts: colonial selection, negative selection, and network 

immune theory. And it's used in many applications; such as Pattern recognition, Robotics, 

Control, Optimization, Learning, and virus detection and elimination, this research will 

concern on the last mentioned application which is virus detection and elimination [4]. 

 A computer virus is a computer program that can copy itself and infect a computer 

without permission or knowledge of the user. This is one type of malware, which are a 

variety of forms of hostile, intrusive, or annoying software or program code. Malware 

includes (beside computer viruses) worms, Trojan horses, logic bombs, backdoor, and other 

malicious and unwanted software [6]. This research will refer to all types of malware as 

computer viruses. They can be harmless, such as a message on the screen, or damaging, such 

as the destruction of programs and data files.  

http://en.wikipedia.org/wiki/Computer_program
http://en.wikipedia.org/wiki/Computer_worm
http://en.wikipedia.org/wiki/Trojan_horse_%28computing%29
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 The computer viruses become cleverer day after day, and their signatures are 

changeable periodically, which makes them hard to be detected and eliminated by the 

antivirus, in addition to that, the databases and knowledge bases which store these signatures 

are enormously increasing, so they are not sufficient. Hence, the problem of virus detection 

and elimination is a hot key issue. This research proposes an artificial solution to fight viruses 

adaptively using the characteristics of our immune system, and then to tune the parameters 

using the Evolutionary algorithm (EP). 

 The Immune System; It can be defined as a complex of cells, molecules and organs 

that represent an identification mechanism capable of perceiving and combating dysfunction 

from our own cells (infectious self) and the action of exogenous infectious microorganisms 

(infectious non-self). The interaction among the IS and several other systems and organs 

allows the regulation of the body, guaranteeing its stable functioning [7]. 

 The Artificial Immune System (AIS); Artificial immune systems can be defined as 

abstract or metaphorical computational systems developed using ideas, theories, and 

components, extracted from the immune system. Most AIS aim at solving complex 

computational or engineering problems, such as pattern recognition, elimination, and 

optimization [7]. 

 Virus; A computer virus is a computer program that can copy itself and infect a 

computer without permission or knowledge of the user [8]. 

 Anti-virus; Antivirus software is a computer program that attempts to identify, 

neutralize or eliminate malicious software (malware) [8]. 

 On the other hand, Evolutionary Programming (EP) is a Global Optimization 

algorithm and is an instance of an Evolutionary Algorithm from the field of Evolutionary 

Computation. The 1966 book, "Artificial Intelligence Through Simulated  Evolution" by  

Fogel,  Owens  and  Walsh  is  the  landmark  publication  for EP applications. 

  The approach is a sibling of other Evolutionary Algorithms such as the Genetic 

Algorithm, and Learning Classifier Systems. It is sometimes confused with Genetic 

Programming given the similarity in name, and more recently it shows a strong functional 

similarity to Evolution Strategies.  

 EP is inspired by the theory of evolution by means of natural selection. Specifically, 

the technique is inspired by macro-level or the species-level process of evolution (phenotype, 

hereditary, variation) and is not concerned with the genetic mechanisms of evolution 

(genome, chromosomes, genes, alleles). 

 A population of a species reproduces, creating progeny with small phonotypical 

variation. The progeny and the parents compete based on their suitability to the environment, 

where the generally more fit members constitute the subsequent generation and are provided 

with the opportunity to reproduce themselves. This process repeats, improving the adaptive 

fit between the species and the environment.  

http://en.wikipedia.org/wiki/Computer_program
http://en.wikipedia.org/wiki/Computer_program
http://en.wikipedia.org/wiki/Malicious_software
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The Problem Statement  

It is getting harder every day to protect your data from the dangers posed by computer 

viruses. These malicious programs have evolved into multiple forms and can be contracted 

through a variety of ways, including opening email attachments, opening spam or by visiting 

corrupt websites [9],[10], or even by other types of networks such as LAN, WAN. Such 

software has been used to compromise computer systems, to destroy their information, and to 

render them useless. It has also been used to gather information, such as passwords and credit 

card numbers, and to distribute information, all without the knowledge of a system’s users. 

As more and more novice users obtain sophisticated computers with high-speed connections 

to the Internet, the potential for further abuse is great. One shortcoming is that we must obtain 

a copy of a malicious program before extracting the pattern necessary for its detection. 

Obtaining copies of new or unknown malicious programs usually entail them infecting or 

attacking a computer system. To complicate matters, writing malicious programs has become 

easier: There are virus kits freely available on the Internet. Individuals who write viruses 

have become more sophisticated, often using mechanisms to change or obfuscate their code 

to produce so called polymorphic viruses. Indeed, researchers have recently discovered that 

simple obfuscation techniques foil commercial programs for virus detection. These 

challenges have prompted some researchers to investigate learning methods for detecting new 

or unknown viruses, and more generally, malicious code [11],[12].  

 The computer viruses become cleverer day after day, and their signatures are 

changeable periodically, which makes them hard to be detected and eliminated by the 

antivirus, in addition to that, the databases and knowledge bases which store these signatures 

are enormously increasing, so they are not sufficient. Hence, the problem of virus detection 

and elimination is a hot key issue. This research proposes an artificial solution to fight 

computer viruses adaptively using the characteristics of the proposed immune system, and 

then to tune the parameters using the Evolutionary algorithm (EP) [13]. 

Figure 1 illustrates the major steps of the research and steps details will be described at the 

methodology section. 

 

Figure 4: Major steps of research 

Use the EVOLUTIONARY 

ALGORITHM to tune 

parameters 

Build the Virus detection 

and elimination AIS 

system 
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Research Questions 

This research will answer the following questions, which related to the statement of the 

problem: 

1) Is the proposed AIS system will be better in detecting and eliminating computer 

viruses? 

2) Are the AIS and (EP) applicable for solving the problem of detection and 

elimination of computer viruses? 

3) Is the tuning process by (EP) will improve the AIS system accuracy, and speed, or 

not? 

 

Research Contributions 

The contribution of this research indwells in the modernity of this field. The scientists start 

interest in the AIS in the last few years. While the virus problem is old but it is considered as 

a progressing problem and very important since it affects everyone uses computers. This 

means millions of users are involved. In addition to this, the international studies considered 

it as immature. So this research is expected to: 

1) Produce virus detection and elimination AIS system that uses the Clonal selection 

algorithm illustrated in Figure 2, using signature scanner method. 

 

 

Figure 5 : The Basic Algorithm of Clonal Selection  [EPSRC, 2008] 

S: set of viruses signatures (library). 

M: set of detected virus signatures, with mutation to the highest affinity. 
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A: set of detectors created randomly. 

 

The suggested parameters for this system include: 

|s|: the size of S. 

|m|: the size of M. 

|a|: the size of A. 

n: the number of worst elements to select for removal. 

t: the number of bits to be mutated. 

 

 This research will use the clonal selection algorithm for detection viruses using the 

signature scanner, and then it will be extended to include other detection methods; such as 

integrity checking, activity traps. 

2) Optimize the suggested parameters, they will be used as the population strings in the EP, to 

increase the accuracy of the detection system. 

 The AIS is still immature as a tool that can be efficiently used to learn and discover 

solutions for narrow domain knowledge based problems. Few works have been done on 

tuning this AIS and optimizing its performance. A challenging application such as the 

viruses' detection is expect to be a suitable benchmark for testing the tuned AIS compared to 

standard AIS. For different types of viruses, the researcher expect different types of AIS 

configurations, and as the viruses keep modifying and altering themselves the optimized AIS 

should be capable of adjusting itself to this ever changing environment. The AIS is expected 

to have a self-organizing ability in addition to the supervised learning ability. Learning at first 

stages must be done with a supervisor until the supervisor gives all it has, and then the 

unsupervised learning ability of the AIS should enable it to classify new viruses' features and 

add them to its knowledge base. A benchmark of standard viruses from all types is needed to 

test both standard AIS and optimized AIS. Moreover, the AIS lacks formal description and 

stochastic analysis that helps in understanding the nature of this real life adopted algorithm. 

Much work needs to be done on the convergence analysis and correctness proof of these 

algorithms with proper modeling methods such as Markov chains. The AIS optimizer is the 

(EP) that is a general-purpose optimization algorithm, which can be hybridized with the AIS 

to come up with efficient dynamic machine learning tool. 

The Evolutionary Programming Algorithm (EP) 

The objective of the (EP) algorithm is to maximize the suitability of a collection of candidate 

solutions in the context of an objective function from the domain. This objective is pursued 

by using an adaptive model with surrogates for the processes of evolution, specifically 

hereditary (reproduction with variation) under competition. The representation used for 

candidate solutions is directly assessable by a cost or objective function from the domain 

[14]. 
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 PSEUDO CODE 

     Algorithm EP is 

   // start with an initial time 

   t := 0; 

   // initialize a usually random population of individuals 

   initpopulation P (t); 

   // evaluate fitness of all initial individuals of population 

   evaluate P (t); 

 

   // test for termination criterion (time, fitness, etc.) 

   while not done do 

        // perturb the whole population stochastically 

        P'(t) := mutate P (t); 

        // evaluate it's new fitness 

        evaluate P' (t); 

        // stochastically select the survivors from actual fitness 

        P(t+1) := survive P(t),P'(t); 

        // increase the time counter 

        t := t + 1; 

   od 

     end EP. [15] 

Methodology 

This section will describe the used tools and the proposed stages followed in the research 

which are emanated from the literature review and related work. 

Research tools 

In this research, the researchers used MATLAB program under Windows XP to implement 

the system. And there are three open sources: the CLONALG by Castro and Zuben under 

Matlab.[9] and the B-Cell Algorithm (BCA) by Kelsey as C++ files.[9] AIRS by Watkins 

[10] . 
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Research stages 

The research went through six stages, as illustrated in Figure 3: 

1. Design virus detection using the Signature Scanner method with Clonal Selection 

algorithm.  

2. Implement and test the system with a simple virus, using MATLAB to implement and 

test the system and a benchmark for a simple virus.  

3. Use the (EP) to tune system parameters,  

4. Extend the system to include other methods of detection, so this step will concentrate 

on the activity trap method or the behavior monitor for the viruses as stimulatory for 

the AIS system to start working.  

5. Add the elimination process to the system,  

6. Compare the standard Virus detection and elimination AIS system with the (EP) 

based system, this comparison will be based on criteria as the accuracy (the number of 

correct detection), the speed for detection, and the speed for elimination.  

 

Figure 3: Detailed stages of research 

Learning and testing  

The strategy of validation includes two parts: learning and testing. The learning part   takes in 

consideration the filling of the signatures' groups   with the new signatures after applying the 
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algorithm in addition to the already known signatures (original signatures that was gathered 

before mutation).  

 To apply the algorithm the files' groups   are needed to complete the matching process 

between files and signatures. At the beginning, all files contained in the files' group   are 

benign (clean), then 10 % of the files are infected, after that 25%, 50%, 75%, 100% of the 

files are infected. Only the files' groups   with 5%, 25% and 75% infected files are used in the 

learning process, whereas all the six files' groups   are used at the testing process. 

 Several parameters in the algorithm are changed to search for better performance, 

with different values for each parameter: Learning Gen, Pm and Fat. These parameters are 

chosen as examples but not exclusive, and that because the probabilities of the parameters 

values are infinite. The parameters values the resulting signatures' groups   are: Sig1, …, 

Sig12, which are used in the testing part .  

 The testing part   starts after finishing the learning part. The testing is concerned with 

the calculation of fitness function, which means searching for matches between the files' 

group   and the virus signatures' pool. Therefore, the testing algorithm does not contain the 

Hyper mutation, Cloning nor reselection steps.  

 The signatures' groups that are obtained are employed with the files' groups    

(0%, 5%, 25%, 50%, 75%, and 100%) in the testing process as illustrated using Gen=100 for 

all of them. 

 The testing starts on the files' group   0%, which contains 500 benign files, and the 

signatures' groups   Sig1, Sig5 and Sig8, are conducted to examine the concept of the false 

positive (when detecting benign files as infected files).  

 For the five files' groups   that are left, the testing is performed by running each file's 

group   with the corresponding signatures' groups   then: 

 When testing files' groups   with 5% and 75%  of infected files, new 100 files are 

added to the files' group   at the testing iteration (testing Gen) of 5.   

 When testing files' groups   with 25%, 50% and 100% of infected files, new 100 files 

are added to the files' group   at the testing iteration (testing Gen) of 50.   

 Regardless of the time when the new 100 files are added to the files' pool, the 

algorithm must be able to detect the infected files. 

 The 100 files include benign files and infected files. The infected files are categorized 

into three:  

 Files with signatures already exist in the original files pool. The signatures are used at 

the learning part.  

 Files with signatures that do not exist in the original files pool. The signatures are not 

used at the learning part.  

 Files that have signatures with mutations. These mutated signatures are obtained from 

the signatures' groups   that are produced in the learning part  . 
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The Optimized Based on Evolutionary algorithm 

The used (EP) in this paper is the evolutionary algorithm toolbox under MATLAB, where the  

algorithm is called as the Fitness function for the ga. The algorithm is pre-appended with the 

minus sign to maximize the problem. The inputs are the Pm and Fat, and the output is the 

Mean fitness. 

 The purpose of applying the (EP) is to find the best values of the Pm and Fat, to tune 

these values in order to get better optimized algorithm. So there are three processes: 

 (EP) Optimization: the process to find the values of the Pm and Fat by using the ga. 

 (EP) Learning: to employ the values resulted from the (EP) Optimization process to 

create the signatures' pools. 

 (EP) Testing: to test the resulted signatures' pools. 

A. The (EP) Optimization 

 This process to find the values of Pm and Fat after running the (EP) with the  

algorithm. The lower bound of Pm and Fat are [0.01, 0.02] and the upper bound = [1, 1].   

B. The (EP) Learning 

The (EP) learning process includes the creation of the signatures' pools, and uses the Pm and 

Fat which resulted in the (EP) optimization. For each (EP) optimization run, there is a (EP) 

learning run, to end up having 4 learning runs.  

C. The (EP) Testing 

The (EP) testing checks the signatures' groups   resulted in the (EP) learning process where 

the number of runs is 10. 

Discussion  

Discussion part involves the results of the learning part   and the testing part   of the 

algorithm, in addition to the results to the results of the optimized algorithm based on (EP).  

A. The Learning Part    

The 12 runs results of the learning part   are summarized in Table (1). As noticed in this table 

there are changes in the Mean fitness values and the number of signatures which is resulted 

by the changes in the variable values (Learning Gen, Pm, Fat and Learning pool).  

B. The Testing Part    

The 24 runs results of the testing part   are summarized in Tables (2) and (3). 

 Table (2) shows the detection rate on the 24 testing runs, where in the case of 0%  

infected files (all files are benign), the detection rate is 100% as it has detected zero number 

of infected files, and this is the false positive testing which is considered as a good result. 

 Table (3) is explained in regards to the ∆Best fitness (the change on the Best fitness), 

the Mean fitness and the Mean fitness (the change on the Mean fitness). 
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 ∆Best fitness: in some cases of the testing the Best fitness changes, while in other 

cases it does not. The change in the Best fitness depends on the repetition of the 

signatures that have the higher fitness in the initial signatures' pool, where this 

repetition leads to increase the value of the Best fitness. 

 The Mean fitness and the ∆ Mean fitness: Table (3) shows the change on the Mean 

fitness in all the cases of the testing.  

C. The (EP) Optimization Part    

After running the 4 runs, Pm and Fat values have resulted, as illustrated in Table (4), and 

these values are used in the next process; the (EP) learning. 

D. The (EP) Learning Part    

After finalizing the (EP) Learning process, which includes 4 runs, the results are recapitulated 

in Table (5). The table reveals the Mean fitness, which has resulted from defining the 

parameters values, (EP) Learning Gen, Pm, Fat, (EP)  Gen, and the (EP) Learning pool. 

 The learning Gen has been set to equal 100 for all the learning cases. As mentioned 

previously, the Pm and Fat control the Hyper mutation process. These values have been 

gained from (EP) Optimization, and they are high, which increases the Hyper mutation rate. 

It is recalled that the (EP)  Gen has affected the choosing of these values for Pm and Fat. 

 The values of the (EP) Learning group   are 5%, 25%, 50% and 75%, and these values 

are the same as used for the (EP) learning group   in the previous stga((EP) Optimization), 

whenever the number of infected files increases at the learning files’ pool, the Mean fitness 

increases. 

 It is noticed in the results of the previous 4 runs that the number of signatures = 1200 

for all of them. The reason for this is that the used (EP) Learning Gen is 100. 

 In order to produce the signatures’ groups   (Sigga1 … Sigga4) for the (EP) testing 

process, the (EP) learning process has been performed. 

E. The (EP) Testing Part    

The results of the (EP) testing process, which includes 10 runs, are summed up in Table (6), 

which is elaborated in regard to: 

 The Mean fitness: 

 The Mean Fitness and the ∆Mean fitness change, because the following 5 Variables: 

Pm, Fat, (EP) Learning Pool, (EP)  Gen, and (EP) Testing Group   have changed. Hence the 

(EP) Learning Gen = 100 for all runs, it is not considered as a variable. 

 For the (EP) Testing group   variable, when the number of infected files increases 

inside the pool, the Mean Fitness increases by a small value. Notably, the (EP) Testing group   

is the main variable that affects the ∆Mean fitness. The reason for that is that when infected 

files increase in the (EP) Testing pool, the ∆Mean fitness increases, because each detection 

increases the fitness by . As it is noticed in Table (6), even though there have been changes 
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in the values of the (EP) Learning pool, Pm and Fat, like when the (EP) Testing groups   

equals 100%, the ∆Mean fitness value does not change, but the Mean fitness changes. The 

detection rate is the same with average of 94.4%. 

Comparisons 

This part presents a comparison between the standard algorithm and the optimized  algorithm 

based on EP, While comparing the learning processes for both algorithms, Tables (1) and (5) 

should be referred to, it can be perceived from this comparison that the (EP) has improved the 

values of the Mean Fitness enormously in the learning part  . This is because the values of the 

Pm and Fat increase largely after using the EP. 

 In the testing processes for both algorithms (and Optimized), a comparison between 

the results in the tables (3) and (6) is held. The Mean fitness in the signatures' group   

increases significantly, after applying the EP, more than with the standard .  

 There have been 5 variables (Learning Gen, Pm, Fat, Learning group   and testing 

pool) that are discussed in regard to their effects on the Mean fitness and ∆Mean Fitness, 

which are chosen because they can be measured. 

 Learning Gen: when its value is higher, the Mean Fitness increases, in contrary to the 

∆Mean fitness. When the Learning Gen value is less, the ∆Mean Fitness is higher in the 

testing part  .  

 Learning pool: it affects the Mean fitness, as when it increases, the Mean fitness 

increases. But the ∆Mean Fitness is not affected significantly. 

 Pm and Fat: as they both control the Hyper mutation process, their effect is combined 

together. When their values are small (as before using the ga), the Hyper mutation rate 

decreases, and thus the Mean fitness decreases. While when their values are high (as after 

using the EP), the Hyper mutation rate increases, and consequently the Mean fitness 

increases. But the increase in the Hyper mutation rate does not increase the value of the 

∆Mean Fitness. 

 Testing pool: whenever the number of infected files increases inside the testing pool, 

the Mean fitness and the ∆Mean Fitness are higher. This variable reflects the actual reality 

and it can not be controlled nor interfered with. 

 The using of (EP) enhances the learning process by improving the properties of the 

resulted signatures' pools, in regard to producing a higher Mean fitness for these signatures. 

So when the testing process is executed, the detection speed is better and faster, and this is 

due to the fact that before applying the detection process in the testing, the signatures are 

sorted in descending order according to their fitness, which leads to having a faster detection. 

During the comparison, neither the detection rate nor the false positive is changed. 
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Conclusions 

We may summarize the conclusions briefly in the following points: 

1. If one of the following (the number of generations, the number of the infected files 

inside the files' pool, the Hypermutation rate during the learning part  ) increases, the 

fitness of the signatures will be increased as well. 

2. Employing the (EP) to optimize the algorithm, improves the Detection Speed of the 

algorithm, by increasing the Mean fitness, which leads the algorithm to be faster in 

detecting viruses. 

3. Regarding the average detection rate, which is 94.4%, and the false positive which is 

0%, these rates are considered good, and they do not change with the use of the EP, 

on the contrary, they are confirmed. 

4. The results of the paper prove the ability of using the algorithm to detect viruses. 

 This paper agreed with the studies of [4], [6], [3], [8] and [10] in concentrating on the 

(AIS) with virus detection, but deviated from them, in applying the Negative Selection 

Algorithm. This work employed the Clonal Selection Algorithm. Note that [10] had the 

detection rate of 97%, and the false positive of 3.6%, and also enclosed a list of detection 

rates for antivirus companies which were: Eset NOD32 = 94%, Kaspersky = 88%, Panda 

2008 = 67%, KV 2008 = 55% and Kingsoft = 44%. But, the results of this research (i.e. 

detection rate of 94.4% and the false positive of 0%) are considered good and accepted. 

  After accomplishing this paper, and getting the results, the following points are 

recommended: 

1. The initial fitness of the signatures is used as random numbers. It is suggested to use the 

Data Mining in categorizing the viruses according to their wide spread.  

2.  Our method employed the exact match between signatures and files. It is recommended 

that different matching methods to be applied. Such as Euclidean Distance, Manhattan 

Distance or Hamming Distance. 

3. The Negative Selection Algorithm should be added to the algorithm, to make possible to 

distinguish between Self and Non-self in regard to the existing files and later the detected 

infected files. 

4. Different methods of mutation; such as gauss Mutation, Cauchy Mutation or Mean 

Mutation should be used. 
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Appendix 

Table(1) The Summary of some learning results 

Parameters 
Signatures 

Mean 

fitness 
#of 

signatures Learning Gen Pm Fat 

10% infected files    

100 0.06 0.05 Sig1 240.1486 1198 

100 0.1 0.05 Sig2 241.2893 1200 

      

15% infected files    

100 0.008 0.05 Sig4 439.6050 1200 

100 0.2 0.05 Sig10 618.7423 1200 

80% infected files    

350 0.015 0.1 Sig9 1243.0 3400 

100 0.22 0.1 Sig13 871.7612 1100 

 

Table(2)  The detection rate of some testing results 

Testing pool Signatures' pools Detection rate 

0% Sig1, Sig6 98% 

5% Sig7, Sig9, Sig10 92% 

25% Sig1, Sig2, Sig12 94.4% 

50% Sig4, Sig8 95% 

75% Sig1, Sig3, Sig6, Sig12 91% 

100% Sig2, Sig4, Sig7, Sig10 92% 

The Average of detection rate 93.4% 

 

Table(3)  Some testing cases 

Signatures 

Pool 
Learning 

Gen 
Pm Fat 

Learning 

Files' 

pool 

Testing 

Pool 

Sig6 100 0.2 0.05 25% 5% 

Sig7 100 0.2 0.05 75% 5% 

Sig10 100 0.2 0.05 25% 5% 

Sig11 100 0.2 0.10 75% 5% 

Sig1 100 0.05 0.05 5% 25% 

Sig2 100 0.1 0.05 5% 25% 

Sig12 100 0.05 0.1 5% 25% 

Sig4 100 0.05 0.05 25% 50% 

Sig5 100 0.1 0.1 25% 50% 

Sig8 150 0.1 0.1 75% 50% 

Sig1 100 0.05 0.05 5% 75% 

Sig3 100 0.05 0.1 5% 75% 

Sig6 150 0.2 0.05 25% 75% 

Sig9 100 0.05 0.1 75% 75% 

Sig12 100 0.05 0.1 5% 75% 

Sig2 100 0.1 0.05 5% 100% 

Sig4 100 0.05 0.05 25% 100% 

Sig7 100 0.2 0.05 75% 100% 

Sig10 100 0.2 0.05 25% 100% 

Sig11 100 0.2 0.1 75% 100% 

Sig12 100 0.05 0.1 5% 100% 
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Table(4)  The (EP) optimization results 

Run Pm Fat (EP) objective function value 

1 0.636 0.935 382.2162 

2 0.96 1.0 2220.2172 

3 0.65 0.96 1330.2085 

 

Table(5)   The Summary of the (EP) learning results 

(EP) 

signatures' 

pool 

(EP) 

Learning 

pool 

Pm Fat 
(EP)  

Gen 

Mean 

fitness 

Sigep 1 5% 0.636 0.935 10 445.2282 

Sigep 2 50% 0.96 1.0 20 2595.2 

Sigep 3 25% 0.65 0.96 30 1205.2 

 

Table(6) The (EP) testing results 

Signature 

Pool 

Mean 

fitness 

Sigep 3 2652.2 

Sigep 1 2229.3 

Sigep 1 384.0925 

Sigep 3 2452.4 

Sigep 1 364.3105 

Sigep 6 374.4327 

Sigep 7 2229.6 

Sigep 8 1188.5 

Sigep 9 2662.6 
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Abstract 

Since the United Arab Emirates (UAE) has adopted the universal health insurance plan, to be 

successful, it will have to restructure the healthcare system delivery strategies, as well as its own 

policies toward the achievement the universal health insurance plan. In case of service delivery, UAE 

particularly have critical challenges in its health personnel or available facilities to serve the 

community and therefore all the human resources activities in the health system should focus in 

improving the current situation. The main input of this dissertation is that it gives empirical data on 

the cost of medicines as it is one of the main source of cost in any given healthcare system, and its 

burden in case of chronic diseases. Besides, this study strengthen the awareness into the complex 

nature of patients’ adherence to medicines and will explain how cost or the availability of insurance 

will affect the patients’ adherence to treatment modalities. 

Keyword: Cost of medicines, medication, adherence, Ischemic Heart Diseases, United Arab 

Emirates 

 

Introduction  

UAE Historical and Socioeconomic Landscape 

The United Arab Emirates was established in December 1971 from the federation of the 

seven emirates; Abu Dhabi, Dubai, Sharjah, Ajman, Fujairah, Umm Al-quwain and Ras Al-

Khaimah. Sheikh Zayed Bin Sultan Al-Nahyan was the ruler of Abu Dhabi and the first 

President of the United Arab Emirates (UAE), the founder of the UAE development into 

healthcare, education and infrastructure through the utilization of oil revenues (Clements, 

1998). The UAE's oil reserves are the seventh-largest in the world (cia.gov, 2012) while its 

natural gas reserves are the world's seventeenth-largest (web.archive.org, 2012). According to 

the UAE Economic Report 2013, the real Gross Domestic Product (GDP) of the UAE 

showed a growth of 4.4 per cent in 2012 reaching AED 1025.6 billion compared to AED 

982.7 billion in 2011; with the support of the oil sector and the huge funds in the 

infrastructure which helped generate an innovative infrastructure and contributed to building 

a robust non-oil economy which promoted the growth of non-oil sectors in 2012 that grew by 

3.4 per cent thereby increasing from AED 667.3 billion in 2011 to AED 690.3 billion in 

2012, representing 67.3 per cent of the GDP in 2012 (economy.ae, 2013). The UAE is facing 
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a huge growth in its population; which is mainly coming from the male expatriates working 

in constructions. According to the UAE National Bureau of Statistics (2012) around 95% of 

the population is below 50 years of age, with 3:1 male to female ration among the 25-50 age 

group (UAE National Bureau of Statistics, 2012).  

       Emirates of Abu Dhabi in 2001 made its local government related health services which 

was call the Health Authority of Abu Dhabi (HAAD) and the Abu Dhabi Health Services 

Company (SEHA) to manage the government-owned health care facilities (SEHA) in 2007 

which consist of 12 hospital, 37 healthcare center, 10 screening centers, 9 dialysis centers and 

2 blood banks (SEHA, 2014). The Dubai Health Authority (DHA) was created, in June 2007, 

by Law 13 issued by His Highness Sheikh Mohammed bin Rashid Al Maktoum, Vice 

President and Prime Minister of the UAE, Ruler of Dubai, with an expanded vision to include 

strategic oversight for the complete health sector in Dubai and enhance private sector 

engagement. His Highness Sheikh Hamdan Bin Rashid Al Maktoum, Deputy Ruler of Dubai 

and UAE Minister of Finance is the President of the Dubai Health Authority and His 

Excellency Humaid Mohammed Obaid Al Qatami is the chairman of the board of the Dubai 

Health Authority (DHA, 2015). Beside the Dubai Health Care City (DHCC) is a health care 

free zone that was launched in 2002 with two hospitals and over 120 outpatient medical 

clinics and diagnostic laboratories (Latham and Watkins, 2013). While the northern emirates 

(Ajman, Fujairah, Ras Al Khaimah, Sharjah, and Umm Al Quwain) are taken care by the 

Ministry of Health (MoH) since 2011 (MoH, 2015) proper governance in health systems 

supports active provision of health services. In UAE with the current health challenges and 

needs for proper standards, budgets, information, improved health care are key factors in 

achieving good standard healthcare services.  

Health Finance in UAE 

The main health financing issues that can be faced in any organization are highlighted long 

back in the literature in four main categories. Starting with sickness and accidents are sudden 

but expensive occasions, and for that reason health insurance is necessary. Unluckily, the 

existence of health insurance means that individuals are protected from paying the real costs 

of medical care, leading to high service usage and too high medical expenditure. This moral 

hazard issue is aggravated by the tax-subsidy while subscribing for the health insurance plan. 

The other issue is resulted from the draw of the low risk people from the market because of 

the adverse selection strategies, so that a single-pooling equilibrium with one premium for 

both low- and high-risk is frequently unmaintainable and low-risk people are usually not 

insured. Then the knowledge gap between what the physicians knows and what the patient 

really knows creates another problem of information asymmetries leading to market failures. 

Lastly, fears about equity might lead to redeployment in health care (Rosen et al, 1995). 

Since then health economics was used to enhance health while examining the health care 

providers, hospitals and clinics practices, delivered services and total health promotion 

activities (Goeree and Diaby, 2013). Therefore, health economics might be able to guide the 

government while planning the rules, health strategies, goals, shaping the insurance market in 

the country according to the community need and other national health programs (King et al, 

2013).  
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       UAE is enthusiastically growing its general healthcare system to face the rising 

necessities of its population and to manage the rising economic variation through worldwide 

standard medical services. In UAE there are five government healthcare regulators: the 

Ministry of Health (MOH), Ministry of Finance (MOF), Federal Health Insurance Authority, 

Dubai Health Authority (DHA), and the Health Authority Abu Dhabi (HAAD) 

(usuaebusiness.org, 2014). Moreover, UAE healthcare sector is shared between public and 

private healthcare providers. Public healthcare services are managed and controlled by 

federal and emirate-level government bodies such as the MOH, DHA, HAAD, and the Abu 

Dhabi Health Services Company (SEHA). Private healthcare facility suppliers such as Dubai 

Healthcare City (DHCC). With the intention of sustaining all of its healthcare expenses, UAE 

has been moving in the direction of the universal coverage through a law announced in 2005 

which obligate all expatriates and their families living in Abu Dhabi to have private medical 

insurance, and a law approved in 2007 gave HAAD the command to develop insurance 

policy and recently mandated that the population of the whole UAE must be covered by 2016 

(usuaebusiness.org, 2014). Dubai is following the same path of the whole country; as per the 

internal rules of the Government of Dubai all companies with 1,000 or more staffs have 

already covered their employee before the end of October 2014. Businesses with 100 to 999 

were having time until the end of July 2015 and businesses below 100 employees have until 

end of June 2016 to insure their workers. All spouses, dependents and domestic workers will 

also have to be covered by June 2016. The WHO defines universal health coverage as a 

structure that “ensures everyone has access to the health services they need without suffering 

financial hardships as a result” (WHO, 2013). UAE is following the general standards set by 

the World Health Organization of equity and access to high quality health care, despite the 

relapses in the real figures evaluating the UAE healthcare services performance. Figure 2 

shows that UAE is lagging behind the international standard in terms of total expenditure on 

health as percentage of GDP (3.2%) compared to UK (9.1%), France (11.7%), Germany 

(11.3%), USA (17.1%) and Singapore (4.6%). Keeping in mind that the French health care 

system is praised globally for its fairness and balance compared to the over controlled system 

in UK or the competitive system in USA (Karouby et al., 2013). While the general 

government expenditures on health as percentage of the total health expenses which include 

final consumption and investment expenditures (70.3%) is tallying with global expenses (UK 

83.5%, France 77.5%, Germany 76.8%) as UAE is still building the health infrastructure and 

working hard to accommodate the national needs of its citizens.  
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Figure 1: Health Expenditure Ratio among Six Countries in 2013 

Source: WHO, 2013.  

UAE in terms of real moves toward the vital aim of universal coverage is facing real 

fundamental issues as shown in the country data of 2013, for example the out-of-pocket 

expenditure as a percentage of private expenditure on health was 63.2%, while the out-of-

pocket expenditure as a percentage of total expenditure on health was 18.8% and the private 

expenditure on health as a percentage of total expenditure on health was 29.7% (Figure 1). 

Despite the fact that 95% of the population are between 25-50 years (UAE National Bureau 

of Statistics, 2012) which means sickness prevalence should be low among the majority of 

the population. In addition the UAE per capita government expenditure on health is low 

compared to the country GDP per capita as shown in figure 3.  
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Figure 2: Source (WHO, 2013) 

Statement of the Research Problem 

Various modern improvements have been made in health service coverage and in financial 

risk protection by many countries to adopt the World Health Organization metaphor of 

universal coverage. In spite of this improvement, the gap between the current coverage of 

health services and universal health coverage remains huge for various diseases in many 

countries and people suffer financial disaster each year as they have to pay cash out-of-pocket 

for the health care they require. Since the United Arab Emirates (UAE) has adopted the 

universal health insurance plan, to be successful, it will have to restructure the healthcare 

system delivery strategies, as well as its own policies toward the achievement the universal 

health insurance plan. In case of service delivery, UAE particularly have critical challenges in 

its health personnel or available facilities to serve the community (WHO, 2014), and 

therefore all the human resources activities in the health system should focus in improving 

the current situation. 

France Germany Singapore UAE UK USA

3,360 3,696
1,424 1,570 2,766 4,307

37,592

43,887

80,295

63,117

38,255

52,980

Comparison Between GDP Per Capita & Per Capita Government 
Expenditure on Health

Per Capita Government Expenditure on Health GDP Per Capita Based on PPP



 
ISSN: 2414-6102 

 

177 
 

 

 

Figure 3: source (WHO, 2014) 

For the policy or reform point of view, this paper will analyze the current situation in the 

country, analyze the real health care demands and estimate the cost of prescribed medicines 

for one of the most prevalent non-communicable disease in the country. In addition, the real 

cost of those medicines will be critiqued against the patients adherence. That will allow us to 

give clear picture on the lapses in practice and give recommendation to policy makers based 

on scientific data to help UAE achieve its ultimate goal.  

Ischemic Heart Disease in UAE        

Ischemic heart disease (IHD) is a condition that affects the supply of blood to the heart. The 

blood vessels are narrowed or blocked due to the deposition of cholesterol on their walls, 

which is also known as coronary artery disease and coronary heart disease. Ischemic Heart 

Disease can ultimately lead to heart attack (Falk, De Feyter and Shah, 2009). Ischemic heart 

disease follows a repeated chest pain or discomfort that happens when a part of the heart does 

not get an adequate amount of blood (Mann, 2011), which usually will be triggered by 

circumstances that requires the heart to pump greater amount of blood flow mainly during 

excursion or excitement. In the International Statistical Classification of Diseases and Related 

Health Problems 10th Revision (ICD-10 version: 2016) Chapter IX is about the diseases of 

the circulatory system (I00-I99) which include subdivision including the ischemic heart 

diseases (I120-I125) (WHO, 2013). The ICD-10 coding provide a great help in terms of the 

ability to use the information technology in data collection for better statistical analysis, 

research input, reimbursement and medical error reduction.  

       Ischemic heart disease (IHD) was responsible for 8.1 million deaths in 2013, which was 

14.8% of deaths worldwide (Shepard et al, 2015). Besides IHD is still considered the primary 

reason of death globally (Blackwell, Lucas and Clarke, 2014), despite the fact that the 

developed countries have shown drops in their mortality rates from IHD (Scarborough et al, 

2012), but in another places of the world the image is not promising due to the continuous 

recorded increase in the IHD related mortality rates (Levi et al, 2009). 
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Table 1: Selected CVDs percentage from total among certain countries. 

Country 

Hypertensive 

Heart Disease 

% total death 

Diabetic % 

from total 

death 

IHD % from 

total death 

IHD related 

DALYS* 

Global 1.95% 2.37% 14.84% 6.14% 

France 0.84% 2.14% 14.15% 5.81% 

Germany 2.08% 2.25% 21.55% 9.37% 

Singapore 2.01% 2.17% 19.40% 8.98% 

UAE 0.93% 2.72% 16.83% 5.47% 

UK 0.52% 1.02% 16.92% 7.80% 

USA 1.29% 2.79% 20.37% 9.08% 

Qatar 0.35% 6.93% 11.76% 2.48% 

Oman 1.04% 8.11% 18.69% 5.97% 

Jordan 4.32% 5.78% 15.26% 4.78% 

*DALYS: Disability-Adjusted Life Years 

Source: The Institute for Health Metrics and Evaluation, 2013 

In UAE the Ischemic Heart Disease was the second leading cause of death after road injury 

by accounting for 16.83% of the total deaths in 2013. Disability-Adjusted Life Years 

(DALYs) of IHD was 5.47% of total DALYs in UAE for 2013. Even with the largely young 

population (median age is 18 for UAE nationals and 31 for expatriates), cardiovascular 

diseases are the primary cause of mortality across the country (Loney 2013; Hajat, Harrison 

and Shather, 2012).  

Patient Adherence to Medicine 

The treatment of chronic illnesses usually contains the long-term use of medicines. Even 

though these drugs are effective in fighting disease, their ultimate advantages are frequently 

not recognized as around 50% of patients do not take their medications as advised by the 

healthcare providers (Brown and Bussell, 2011). Treatment of cardiovascular diseases 

including IHD varies from lifestyle modifications, chemical treatments in term of 

medications and certain invasive measures such as Angioplasty and Coronary Artery Bypass 

Surgery (CABG). Various medications are also used to reduce the load on the heart, reduce 

the symptoms and cut off the possibilities of having heart attack. These contain cholesterol-

lowering medications; anti-clotting medications; blood pressure lowering medications such as 

Angiotensin Converting Enzyme Inhibitor (ACE-inhibitor), Angiotensin II Receptor Blockers 

(ARB), Beta-blockers, and Calcium channel blockers; and chest pain relieving agents like 

Nitroglycerin and Long-acting Nitrates (Anderson, Grégoire and Hegele, 2013). While 

speaking about adherence we have to mention the difference between “adherence” and 

“compliance”. Compliance which was until recently used to defined “The extent to which the 

patient’s behaviour matches the prescriber’s recommendations” (Haynes, Taylor and 

Sackett, 1979). Even though the term compliance is normally used in the literature, it has 

been critiqued for it has bad associations in relations of the physician patient relationship 

(Horne, 2005). It look as if it represent an association in which the role of the physician (or 

healthcare worker) is to decide the correct treatment and give the right instructions, whereas 
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the role of the patient is to passively follow “the doctor’s orders”. Therefore, noncompliance 

might be defined as patient inability to follow the orders, or in the worst scenario as 

disruptive behaviour. Adherence has been mainly approved in the psychological and 

sociological literatures, as an alternate to compliance, in a trial to stress that the patient is free 

to choose whether to follow the prescriber’s instructions and the patient should not be blamed 

for any failure to do so (Horne, 2005). Adherence matures the definition of compliance by 

highlighting the necessity to avail the patient approval on the plan as: “The extent to which 

the patient’s behaviour matches agreed recommendations from the prescriber” or “The extent 

to which the patient’s behaviour matches the prescriber’s recommendations” (Haynes, 

Taylor and Sackett, 1979). 

Medicine Utilization 

Drug utilization is the “marketing, distribution, prescription, and use of drugs in society, with 

special emphasis on the resulting medical, social, and economic consequences” (WHO, 

2003). Therefore drug utilization study aim at describing the users population of a given 

medicine or class of medicine is a qualitative and quantitative manner. For statistical 

purposes and generalizability of the research findings, the WHO has made Defined Daily 

Dose (DDD) and the Anatomical Therapeutic Chemical (ATC) tools that help in measuring 

the drugs utilization statistically. In the ATC classification system, the medicines are 

distributed into various groups according to the organ or system on which they act and their 

chemical, pharmacological and therapeutic properties (WHOCC, 2015). The DDD is the 

expected usual therapeutic dose per day for a medicine used for its core indication in adults 

and will be used with medicines already with ATC codes (WHOCC, 2014). 

𝐷𝐷𝐷𝑠/1000 𝑃𝑒𝑜𝑝𝑙𝑒/𝐷𝑎𝑦 =
𝐴𝑚𝑜𝑢𝑛𝑡 𝑜𝑓 𝐷𝑟𝑢𝑔 (𝑚𝑔)𝑠𝑜𝑙𝑑 𝑖𝑛 1 𝑌𝑒𝑎𝑟

𝐷𝐷𝐷 (𝑚𝑔)𝑋 365 𝐷𝑎𝑦𝑠 𝑋 # 𝑃𝑒𝑜𝑝𝑙𝑒
 𝑋 1000 

DDDs should be used carefully to compare the expenses of two formulations of the same 

medicine, as it cannot be used to compare the costs of different medicines or medication 

groups. 

*OECD: The Organisation for Economic Co-operation and Development 
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Figure 4: OECD Health Statistics, 2013 

Hypertension is a main community health problem. It has been expected that one in three 

adults globally is having hypertension, and 13% of mortality is related with high blood 

pressure (WHO, 2012). Hypertension is a significant risk factor for cardiovascular and other 

diseases. The usage of antihypertensive medicines has approximately doubled on average in 

OECD countries over the past decade, it is the highest in Germany, Hungary and the Czech 

Republic, and the lowest in Korea 

*OECD: The Organisation for Economic Co-operation and Development 

Figure 5: OECD Health Statistics, 2013 

Australia, UK and the Slovak Republic had the highest usage per capita in 2011, with levels 

that were over 40% higher than the OECD average. Although these cross country variation 

may partially reveal differences in the prevalence of cholesterol levels in the population, 

variation in clinical guidelines for the treatment modalities and protocols of drug usage. 

Significance of the Study 

This dissertation expects to have a number of key contributions to the current body of 

knowledge. First, the main input is that it gives empirical data on the cost of medicines as it is 

one of the main source of cost in any given healthcare system, besides its burden in case of 

chronic diseases. Second, this study strengthen the awareness into the complex nature of 

patients’ adherence to medicines and will explain how cost or the availability of insurance 

will affect the patients’ adherence to treatment modalities. Third, this dissertation directly 

reflects to the World Health Definition on Universal Health Insurance “ensures everyone has 

access to the health services they need without suffering financial hardships as a result” 

(WHO, 2013) by identifying the pitfalls or the grey zones in the current practices to allow the 

policy makers mainly in Dubai to fill the gaps and to achieve the Dubai Health Strategy 

2016-2021 which aim at having a world-class affordable health care with appropriate 

insurance system (DHA, 2015).  
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Theoretical Background (Literature Review)  

Cameron et al. (1993) concluded in their research study that the individual fear from the 

disease condition and his inability to cop up with it will affect his trigger toward seeking 

medical care. In this study the participants who seek healthcare were having more clear 

symptoms of their condition or it was in more critical stage compared to the participants who 

did not seek medical care. Therefore the severity of the medical illness will affect the 

patient’s attitude toward the medical care and its related commitments. To detect risk factors 

related with patient’s inability to adhere to treatment a cross-sectional study of randomized 

trial data conducted by Crowley et al. in 2012 on six hundred and thirty six primary care 

patients with hypertension. Demographic, socioeconomic, psychosocial, and health belief 

related factors, the medicine usage, diet and exercise requirements, all were collected in 

combination with the blood pressure readings. First the authors identified patient aspects 

related with patient’s non adherence events to medicines, diet, and exercise in hypertension. 

After that they combined risk factors related to one or more adherence measure into a tool 

which was made of three compound variables (medication, diet and exercise composites), 

reflecting the number of risk factors exist for non-adherence to the agreed self-management 

behaviour. The identified variables were associated with high levels of medication, diet and 

exercise non adherence.  

 Despite those facts, but the healthcare providers are also affecting the patient’s 

success in the circle of care seeking. To study the effect of doctors' characteristics and 

treatments methods on patients' adherence to treatment DiMatteo et al. (1993) studied 

diabetic, hypertensive and cardiac patients and their 186 treating doctors through two years in 

longitudinal study. A physician-level investigation was done, adjusting for basic patient 

adherence degrees and for the patient adherence in relation to their characteristics. Basic 

adherence ratio were related to adherence rates after two years. Other characteristics were the 

physician job satisfaction which has affected the patients general adherence ratio, while the 

number of patients seen per weeks, the scheduling a follow-up appointment, the doctor 

speciality and the patient health status have affected the medication adherence part. Finally 

the ability to answer patients' questions, the number of tests ordered, seriousness of illness all 

has affected the patient adherence to lifestyle modifications. As a result the healthcare 

providers must understand their role in the treatment of the patients and should take the 

responsibility of helping the patients to succeed in the trip toward better healthy life.  

 Traylor et al. (2010) studied the relation between the patient and the doctor race, 

ethnicity and language on the adherence to medicine among patients. They examined 131,277 

diabetic patients in Kaiser Permanente Northern California in 2005. The Probit models were 

used to assess the outcome of patient and doctor race, ethnicity and language on adherence to 

cardiovascular drugs after controlling for patient and physician features. The research finding 

revealed that percent of 10% of the African American, 11 % of the Hispanic, 63% of the 

Asian, and 47% of the white patients had same race and ethnicity physicians. Besides 24% of 

the Spanish-speaking patients were linguistically related with their doctors. In addition 46% 

of the African American, 49% of the Hispanic and 52% of the Asian patients were 

significantly less likely than the white patients (58%) in terms of adherence to all of their 
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cardiovascular medicines (p<0.001). Moreover, the Spanish-speaking patients were less than 

the English speaking patients in their adherence to medicines (51% vs. 57%, p<0.001). As 

well the Race factor in the African American patients was related with adherence to all their 

cardiovascular medicines (53% vs. 50%, p<0.05), while the language factor was related with 

drug adherence for the Spanish-speaking patients (51% vs. 45%, p<0.05). As a result, the 

patient’s adherence might be boosted by giving him the needed medical consultations in their 

own comfort zone, by consulting doctors from the same race/ethnicity and language.  

 Several patients do not adhere to their medicines as they cannot pay for their 

prescription medicines, which as a result put them at a high risk of adverse health outcomes. 

A study conducted in Canada by Law et al. (2012) predicted the prevalence of cost-related 

non adherence and examined its related features keeping in consideration the presence of 

drug insurance. The authors used the data from the 2007 Canada Community Health Survey 

and the answers of 5,732 patients who have responded to the questionnaire in relation to the 

cost of the treatment. Logistic regression was used to examine the cost related non adherence 

and some key demographic variables including age, sex, income, health condition, place of 

residency and the availability of health. The study findings revealed that cost related non 

adherence was reported by 9.6% of Canadians who had received a drug prescription in the 

previous year (p<0.05). In the adjusted model, they found that 2.64% were in poor health, 

3.29% were with lower income, 4.52% were without drug insurance and 2.56% were the 

patients who live in British Columbia were more likely to report cost related non adherence. 

Moreover, the study predicted rates of cost related non adherence ranged from 3.6% between 

patients with health insurance and high incomes to 35.6% between patients without health 

insurance and low incomes. In other words one in every ten Canadians who get a medicine 

prescription is at risk of cost related non adherence. Which might be a risk created by the 

health insurance system due to the inconsistency in insurance coverage for medications.  

 Patients due to the cost of medicines or their cultural background and believes might 

go for herbal medicines with or without combination with the chemical medicines. In 2014 

Açikgöz et al. examined the effect of herbal medicine use on drug adherence among 

cardiology patients. A questionnaire was answered by 390 patients at the outpatient 

cardiology clinics of a tertiary care education hospital in Ankara, Turkey. The research 

contributors were enquired if they have used any herbals during the past one year with an 

anticipation of positive outcome on health. The medication adherence was measured by using 

the Morisky Scale and the statistical analysis outcomes were: 54.9% male, 45.1% female and 

the mean age of the participants was 58.9 years. Among those 29.7% had consumed herbals 

in the last year. The median Morisky score was significantly higher in herbal users than non-

users (p<0.001). Rate of low adherence, according to the Morisky Scale, was also higher in 

herbal users (61.2% vs. 29.9%, p<0.001). Number of herbals used was moderately correlated 

with the Morisky score (ρ=0.313, p<0.001). In stepwise, multivariate logistic regression 

analysis, herbal use was significantly associated with low medication adherence. Therefore 

the patient’s history on herbal use will help in determining their probability on drug 

adherence.  
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 Aljefree and Ahmed (2015) reviewed the epidemiological data on Chronic Heart 

Disease, strokes, and the associated risk factors among adult population in the Gulf countries 

through a systematic analysis of the published data from 1990 to 2014. The review of 62 

relevant study shown that the GCC countries lack the data collection on the prevalence of 

CHD with the exception of Saudi Arabia as it was published in one national survey that the 

prevalence of CHD is 5.5%. On the other hand, it is important to mention that the published 

report was in 2004 and for sure will not be reflecting the current situation after all that time. 

 Another study was conducted in Saudi Arabia by Osman, Alsultan and Al-Mutairi 

(2011) to approximate the direct medical costs accompanied with IHD at Prince Sultan 

Cardiac Center in Riyadh, Saudi Arabia.  The researchers recruited all inpatients ≥18 years of 

age who were diagnosed, or already had IHD between April to June 2009 were followed up 

until discharge, or listed for surgery, mainly coronary artery bypass graft (CABG), or 

changed diagnosis. The IHD were stratified into 4 types depending on physician’s diagnosis. 

The total sample size was 205 patients with various types of IHD. The study population were 

mostly between 40-75 years old (90%). Moreover, 80% of the study population were male 

and 32% were overweight. The total cost of all medical care was SAR 8,233,531 (US$ 

2,195,608) and the average cost of care per patient was SAR 40,164. The medications cost 

was SAR 261,220 (US$ 69,658.7), or 3.2% of the total costs, including 1577 medication 

prescriptions, which has revealed a high economic burden on the healthcare system in Saudi 

Arabia.  

 Another cross-sectional community based study conducted in Al-Ain City, UAE from 

February 2004 to February 2005 to identify the risk factors associated with cardiovascular 

diseases. Subjects were interviewed, their blood pressure, weight, height, fasting blood sugar, 

and lipid profile were measured and the Framingham risk scores were used to decide on their 

risk levels. 817 patients finished the survey, of these 28.4% had a Framingham risk 

assessment score of more than 20%, 23.3% had diabetes, 20.8% high blood pressure, 37.3% 

obesity, 22.7% metabolic syndrome, and 19.6% were smoking (male). Coronary heart disease 

was reported in 2.4%. Lipid profiles were abnormal in 64% of the males, and in 53.9% of the 

females, generally due to low high-density lipoproteins or high triglycerides levels 

(baymouna et al, 2008). 

 Part 1 

Research Questions 

1. What are the main methods of funding IHD medications? 

2. What is the real cost of IHD medications? 

3. What is the medication burden compared to the patients income? 

Aims and Objectives of the Study 

 To estimate the cost of prescribes medicines for Ischemic Heart Diseases in Dubai.  
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 To highlight the current pitfalls in the healthcare system that might affect the patient’s 

ability in getting the medication 

 To recommend (if needed) strategies that help patients to get their medications 

without jeopardizing their financial status.  

Research Hypothesis  

H1: Healthcare services utilization among IHD patients is affected by the funding methods of 

IHD medications, the IHD medications cost and the patient demographic data 

H0: Healthcare services utilization among IHD patients is not affected by the funding 

methods of IHD medications, the IHD medications cost and the patient demographic data 

Sub-Null Hypothesis 

Ha: Healthcare services utilization is not affected by the funding methods of the IHD 

medications 

Hb: Healthcare services utilization is not affected by the IHD medications cost 

Hc: Healthcare services utilization is not affected by the patient’s demographic data 

Methodology 

Theoretical Framework  

Andersen (1968) established a model of health care utilization which tackle three categories 

of determinants: 1) predisposing characteristics. 2) Enabling characteristics. 3) Need based 

characteristics. In the 1970’s, Andersen’s model was later extended and advanced to contain 

the health care system. The health care system contains health policy, resources, and 

organization, along with the variations in these over time. Resources include the size and 

distribution of both labor and funds, as well as education of health care workers and existing 

equipment. Organization refers to how a health care system be able to manage its properties, 

which eventually impacts access to and structure of health services. Furthermore, the 

restructured model includes acknowledgement of the consumer satisfaction and its effect on 

the health care use. Besides, the model includes the belief that there are several health 

services available, and both the type of service available (a hospital, dentist, or pharmacy) 

and the purpose of the health care service (primary or secondary care) will determine the type 

of service utilized (Andersen, 1995; Andersen & Newman, 2005). 
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Figure 6: Andersen’s Model of Health Services Utilization 

 

 

 

 

 

 

 

 

 

 

 

 

Method 

This is a descriptive retrospective study used to analyze the e-claim data available in DHA 

related to prescribe medication for IHD patients over a period of 12 months.  

Study Population 

All patients with IHD available in the e-claim data in DHA system over a period of 12 

months  

Data Collection 

Purposive sampling technique will be used due to the aim of the study and it was collected 

during the period from 01/01/2014 to 31/12/2014.  

Data Analysis  

Multivariate statistical analysis will be done through the use of the current version of SPSS 

data analysis program.  

 Part 2 

Research Questions 

1. What are demographic characteristics that might affect the patient’s adherence? 

2. Is the presence of insurance will affect the adherence to medication? 

 

Population Characteristics: 

1. Predisposing 

2. Enabling 

3. Need  

 

Healthcare System: 

1. Policy  

2. Resources  

3. Organization  

Use of Health Services: 

1. Type 

2. Purpose  

3. Time Interval  

Consumer Satisfaction: 

1. Convenience  

2. Quality  

3. Availability  

4. Financing  

5. Provider Characteristics 
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Research Hypothesis  

H1: Medication adherence among IHD patients is affected by their demographic data, the 

availability of health insurance and the patient’s use of herbal medicines 

H0: Medication adherence among IHD patients is not affected by their demographic data, the 

availability of health insurance and the use of herbal medicines 

Sub-Null Hypothesis 

Ha: Medication adherence among IHD patients is not affected by their demographic data 

Hb: Medication adherence among IHD patients is not affected by the insurance availability 

Hc: Medication adherence among IHD patients is not affected by the patient’s use of herbal 

medicines 

Aims and Objectives of the Study 

 To identify the reasons that might affect IHD patients’ adherence to treatment.  

Theoretical Framework 

Initially, the health belief model (HBM) was intended to define a model of disease 

prevention, not a model of disease treatment. Health beliefs based on the individual's 

perception of Susceptibility to, and Severity of, diseases or disorders as well as the 

understanding of Benefits of, and Barriers to, taking action to avoid diseases or disorders 

(Becker, 1974). These insights can be reformed by the physical, social, and cultural 

environment. The perceptions of Susceptibility and Seriousness join to form a predicted 

threat of a disease or disorder. If the assumed Benefits of taking preventive action to prevent 

a disease are considered as greater than the supposed threat of the disease, the individual is 

expected to change or involve in health behavior. If the apparent Barriers to taking preventive 

action are seen more negatively than the harm from the resulting disease or condition, the 

individual is unlikely to modify or engage in healthy behavior. The supposed Benefits of 

healthy behaviors minus the perceived Barriers to the healthy behavior determine the 

likelihood of an individual taking preventative action (Kim, Ahn and No, 2012). 

 

 

 

 

 

 

 

Figure 7: Health Believe Model 

Demographic Variable: 

(Age, gender, education …) 

Psychological Characteristics: 

(Personality, peer, group pressure …) 

Perceived Susceptibility 

Perceived Severity 

Health Motivation 

Perceived Benefits 

Perceived Barriers 

Action 

Cues to Action 
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Using the Health Belief Model in this study tries to examine the IHD patients' adherence 

behavior, to address the determinants of non-adherence to medication among those patients 

and to evaluate if those underlying factors are interrelated. The understanding of how and 

why certain health behaviors are taking place is vital in the success and compliance of 

patients to the treatment modalities including medication. 

Method 

This is a cross-sectional study, from March 2016 to May 2016. The study site will be the 

Cardiology Clinic in Rashid hospital. The study ethical approval will be obtained from the 

administration prior to the study implementation (Appendix 1),  

Study Population 

The IHD attending DHA facilities for follow up or treatment will be included and the 

questionnaire will be given to them after getting their approval to participate in the study.  

 Inclusion criteria 

 Receiving medication for a IHD conditions 

 Exclusion criteria 

 Under 18 years of age 

 Pregnant or Breastfeeding  

 Not responsible for their own medication intake 

Sampling and Sampling Procedure 

Several references were found in the literature regarding the sample size in factor analysis 

have been made, but no one are regarded as solid reference based on the experimental 

findings. The most commonly used rule uses the ratio of the number of subjects (N) to the 

number of items (p), and this varies from three to 10 according to the author’s 

recommendations (Green and Yang, 2008; Von Tress, 1983; Everitt, 1975). While other 

researchers have suggested an absolute minimum sample size of 50 to 500 to enable factor 

analysis (Price, Comrey and Lee, 1993; Loo, 1983; Aleamoni, 1973). According to Kirby, 

Gebski and Keech (2002) the sample size for any study depends generally on the following 

factors: 

 Acceptable level of significance 

 Power of the study 

 Expected effect size 

 Underlying event rate in the population 

 Standard deviation in the population. 

 Additional factors can be considered while calculating the final sample size including 

the expected drop-out rate, an unequal allocation ratio, and the objective and design of the 

study (Larsen et al., 1985). In our study the population size is not known due to the 

unavailability of statistical data or previous research findings. Moreover we are going to 

predict that the non-adherence to IHD among our population is around 60% based on the 
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pilot study findings. Therefore, the following formula will be used to estimate the sample size 

(Murphy and Myors, 2004): 

 𝑛 = (
Zα

2
)

2

× p(1 − p)/𝑚2                            \ 

 The margin of error 5% (p = 0.05), n= required sample size; Zα= Z is a constant (set 

by convention according to the accepted α error and whether it is a one-sided or two-sided 

effect) as shown below: 

α errors 5 % 1 % 0.1 % 

Two-sided 1.96 2.5758 3.2905 

One-sided 1.65 2.33 _____________ 

 p = estimated prevalence of non-adherence based on pilot study results (≈ 60%); m= margin 

of error at 5% (standard value of 0.05). Consequently, the computed sample size was around 

350 and by accounting for the dropouts or lost subjects the sample size was 400. So the 

population will be the patients attending the cardiology clinic and the sample will be the 

patients diagnosed with IHD selected randomly from the registries of the outpatient clinic.  

Data Collection  

 Questionnaire survey 

Standardized structured questionnaire was adopted from the Morisky Medication Adherence 

Scale-8 (MMAS-8) together with socioeconomic over 25 question (Appendix 2) after getting 

the approval of the MMAS-8 owner (Appendix 3).  The Morisky Medication Adherence 

Scale (MMAS-8) remains one of the most widely used instruments to evaluate patient 

adherence (DiBonaventura et al., 2013).  

 Procedure of Questionnaire Validation 

The validation included translation and assessment of validity and reliability of the 

questionnaire. A pilot study was conducted on a sample on 40 patients with IHD and they 

were similar to the study sample in our study. The tool after that was modified accordingly 

and then it was tested against reliability. The analysis of the internal consistency reliability 

revealed a Cronbach's alpha of 0.94 which in our case shows a sufficient reliability of the tool 

used. 

Case Processing Summary 

 N % 

Cases Valid 40 100.0 

Excluded 0 .0 

Total 40 100.0 

 

Reliability Statistics 

Cronbach's Alpha N of Items 

0.946 25 
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Moreover, the English version of the tool was translated to Arabic using the forward and 

backward translation methodology which was tested also for validity and reliability. The 

procedure has included expert panel review which included seven expert health care 

providers (n = 7) from Latifa Hospital (DHA) including two medical doctor, one 

neonatologist, two nurses and two pharmacists (WHO, 2015). The piloting of the instrument 

was on 40 patients with hypertension who were recruited based on their similarity to the 

study sample. The Cronbach alpha of 0.93 was acceptable and the translated version shown 

the ability to collect the needed information with simplicity and clarity (Appendix 4) 

Case Processing Summary 

 N % 

Cases Valid 40 100.0 

Excluded 0 .0 

Total 40 100.0 

 

Reliability Statistics 

Cronbach's Alpha N of Items 

0.933 25 

Data Analysis  

For this part the data analysis will be carried out through the Statistical Product and Services 

Solution (SPSS) version 22. Descriptive analysis will be carried out for the demographic 

data. The chi-squared test will be carried out also to examine the relation between the 

different demographic data and the adherence to medication. Moreover, multivariate 

regression analysis will be done to identify the predictors of adherence and to relate the 

adherence to medication with other factors. 

Study Limitations  

 Time limitations was an obstacle for conducting the study in two hospitals to assure 

sample variability and add more power to the findings. 

 Instrumentation threats may also pose a threat to internal validity. 

 The study was based on the assumption that the participants will be honest and will 

provide accurate survey response 
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Abstract 

Arab countries are facing serious fresh water resources problem in terms of degradation in quantity 

and quality of fresh water. In most Arab countries it is estimated that the per capita of renewable 

water supply is below the 500 cubic meters/year, which is far below the UN’s threshold. This issue 

was a result from mainly the rapid developments and population growth that led to high water 

consumption in various sectors. It is predicted that by 2025 all Arab countries will either face water 

stress or severe water scarcity if the current water management methods continues. This paper 

focuses on two approaches for dealing with this problem. The first is to increase the water supply to 

meet the demand through adopting unconventional water management approaches to deal with the 

water shortage such desalination and waste water treatments. The second is to manage the 

continuously increasing water demand through different innovative techniques. 

 
 

Introduction 

Water is a key element of life for everyone on Earth, it is essential for survival, the 

environment wellbeing, social stability, and economic growth. Water is a major factor in the 

rise and fall of civilizations, the first great civilization began on the banks of great rivers like 

the Nile in Egypt, the Tigris and Euphrates of Mesopotamia and the Hwang Ho in china. 

(AFED,2010) 

As per UNWater (2015) the whole world is facing water crisis in both quantity and 

quality, this crisis is linked to degradation of life-supporting ecosystem, poor management, 

inadequate policies and regulations, insufficient investment for water supply and lack of 

pollution control. Further, rapid population growth is a major contributor to water scarcity 

crisis, the growth in population means more stress on water demands for domestic, industrial 

and agriculture uses. The world population tripled in the 20th century which led that the water 

usage had increased by six fold. (AFED,2010) 

 This report will be mainly reviewing the situation of water crisis in Arab region, it 

shall be noted that most of the Arab countries cannot meet their current water demand and the 

per capita water availability are below 500M3 (i.e. scarcity) in most of them and based on the 

projected population growth shown in figure -1, the Arab countries will face more stress in 

water resources in all the sectors.   
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Figure -1: Population Pressures on Water. 

 

 

 

 

 

 

 

 

 

 

 

Overview of Water Resources in Arab Countries- Brief Profile   

The area of Arab countries coversaround10% of the world area and has only 0.3% of the 

global annual renewable water resources. Large areas of the Arab countries are very dry with 

an annual rate of2.1% of precipitation and the average annual rainfall is about 250 

mm.(UNDP, 2013).Nine Arab countries named Mauritania, Algeria, Morocco, Tunisia, 

Egypt, Sudan, Iraq, Lebanon and Syria are relying mainly on rivers and limited groundwater 

sources, the remaining countries depend mainly on shallow and deep groundwater sources 

and surface run off during floods. 

 The Arab countries are facing serious threats regarding the availability of the fresh 

water resources, they are ranked the last compared to the other regions of the world. As per 

the UN (2013) data, 13 Arab countries out of 19 countries are considered between the most 

water scarce countries and their per capita per year of renewable water supply is below the 

500 cubic meters. Those countries are Algeria, Tunisia, Libya, Jordan, Lebanon, Palestine, 

Kuwait, Bahrain, United Arab Emirates, Saudi Arabia, Qatar, Oman and Yemen, it can be 

noted that all GCC countries are located in absolute shortage zone. The below map in figure 2 

shows all countries around the world with their water resources status.  

 

 

 

 

http://www.un.org/waterforlifedecade/scarcity.shtml
http://www.un.org/waterforlifedecade/scarcity.shtml
http://www.un.org/waterforlifedecade/scarcity.shtml
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Figure-2: World renewable water per capita (Source: (UN FAO, 2013)) 

 
 

Further the below figure 3 shows the water availability and usage in Arab countries in 2003 

and projection for 2025, it can be observed that Iraq had that largest value from the natural 

water resources and Saudi Arabia had the largest water resource from desalination. 

Figure-3: Water availability and Usage in Arab countries (Source: (World Bank, 2003)) 

 

 

http://www.fao.org/nr/water/aquastat/data/query/index.html?lang=en
http://www.fao.org/nr/water/aquastat/data/query/index.html?lang=en
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Future Challenges in Arab Countries 

There are two main challenges facing water resources in Arab countries, they are: 

1. Sustainable water management 

Water demand is influenced by the population growth, urbanization, food and energy security 

and with the Arab government failure in managing the available water resources sustainably 

they had failed in meeting the demands of water in both quantity and quality in their 

countries.(UNwater.2015). The below figure 4 demonstrate that by 2025 all Arab countries 

will either face water stress or Water severe scarcity if the current water management 

methods are counties. 

Figure-4: Projection of Freshwater availability in Arab Countries.(Source: FOA-UNESCO 

2006) 

 

 

2. Access to clean water  

There are many reasons that effect the water quality in Arab region such as the over 

exploitation of aquifers which had increased the salinity of water, water pollution due to 

improper waste management by industrial sectors and pollution from farming activities which 

diffused into underground water. This result in approximately 83 million people do not have 

access to safe drinking water and approximately 96 million people need access to sanitation 

services. (World bank,2011). 

Recommended Solutions  

The Arab countries are considered the most water scarce countries in the world and the 

situation will become worse if not solved, all stakeholders from decision makers, 

governments, investors, consumers to scientists are facing challenges either to come up with 

solutions or put them into practice.  This part of the report will present some solutions that 

can be considered or studies further to cope with water scarcity in the Arab world. The 

proposed solutions will tackle (support) mainly two approaches, they are increasing water 

supply and managing water demand. Additionally, this part will include a SWAT analysis for 

one solution under each strategy.   
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Increasing Water Supply Approach 

The solutions that will be mentioned under this part had being already adopted in some Arab 

countries and the lessons learnt need to be considered to improve and expand the 

implementation in other countries. The two main solutions are desalination and waste water 

treatment. 

Desalination 

Desalination can enable Arab countries to increase their water supply and reduce the pressure 

on fresh water in domestic and industrial sectors, however, it is expensive. The same was 

mainly adopted by the Gulf countries, since both energy and finance were available and by 

which they were able to overcome their water shortage till date. Gulf countries shares 60% of 

world’s desalination and the share of Saudi Arabia alone is 30%. (Cech,2005) Table1 below 

shows the share of desalination water supply in the Gulf countries. 

 

Table-1: Desalination Water Supply share in Gulf Counties in 1990 and 2005 (Source:Raouf 

,2009)) 

 

Waste Water Treatment 

Reuse the treated wastewater had been adopted in Arab countries in limited fields and table 2 

below shows the total waste produced and the volume of treated water produced in Arab 

countries. The main countries for waste water reuse are Tunisia, Jordan and GCC countries.  
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Table -2: Raw Waste water generated and treated wastewater in Arab countries:  

 

 

As mentioned by Murad (2010), the total treated wastewater reused in the Middle East 

region is 2,663 million m3, these treated waste water is being used primarily for irrigation.  In 

Kuwait, the Sulaibiya Wastewater Treatment and reclamation plant is considered the largest 

facility in the world with a capacity of 375,000m3/day and in Abu Dhabi alone, there are 

around 19 waste water plants.  

This solution can have huge potential in agriculture sector if the technology is expanded to all 

Arab countries and more research are carried out and investments are allocated to improve 

the treatment technologies to have high water purity which will allow using the treated waste 

water for irrigation for all kind of crops.  

Further there are some other solutions/recommendations that can be considered under 

increasing the supply of water: 

 Adopt harvesting rainwater methods   

 Establish reliable data center on the status of fresh water in Arab countries, which can 

help in monitoring and evaluating and situation and help the decision makers in 

setting the regulatory laws and policies and investing in technologies and solutions. 
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Managing Water Demand Approach 

The solutions that will be listed in this part mainly required changes or producing 

polices and regulations to successfully adopting them. It will also require cooperation by 

many stakeholders and intensive awareness camping to consumers. 

 Switching to more drought-tolerant crops and importing any crops that required a lot of 

water and coordinate irrigation with seasonal rains. Water management through 

prioritization i.e crops comes first and then landscaping. (Shahin,2015) 

 Incentives should be adoptedas follows: 

- where farmers reduce their water consumption level through different method 

- For industry section where factories adopt waste water treatment or reduce their water 

consumption especially in food, beverage and dairy processing factories. 

- Through the house hold consumption level and payments. 

 Using efficient technologies in different sectors for example: 

- Using the pressurized water systems technologies like sprinklers and drip irrigations. 

The dripping system can save between 30 to 70% of water used and the sprinkler 

irrigation system can save from 10 to 35% of the applied water. (Negri& 

Brooks,1990).. 

- Smart water metering technology in homes, offices, malls,..etc, it enable the 

consumers to monitor their water usage online and install water efficient appliances 

and other water-saving technologies for demotic use. 

 Introducing monitoring and controlling systems to identify the water leakages in 

distribution network.  

 Review of Water Tariffs schemes. 

 Water Conservation Strategy should be the top priority in the Arab countries; it should 

aim to secure sustainable water resource development for future generation. It should be 

discussed, action plans to be considered and monitored on higher level in the country and 

it should be extended to regional level. 

 As a long term solution, a strategy for slowing population growth should be considered. 

(Fahimi, Creel & e- Souza,2002)   

 

SWOT Analysis 

The SWOT analysis for adopting desalination solution in Arab countries is shown in the 

below diagram:  

STRENGTH 

1. Expertise and know/how available. 

2. Reduce around 30 to 40% of water 

stress related domestic and industrial 

WEAKNESS 

1. Expensive  

2. Technology that Oil dependent  

3. Only for costal countries 

OPPORTUNITIES 

1. Using alternative renewable energy 

sources to produce desalinated water.  

2. Handled by private (investor) sector. 

3. Improve the water tariff 

THREATS 

1. Oil depletion  

2. Sea Pollution 

3. Low water tariff can effect the 

revenues.  
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The SWOT analysis for using efficient technologies in all sectors in Arab countries is shown 

in the below diagram:  

STRENGTH 

1. Expertise and know/how available. 

2. Reduce around 30 to 75% of water 

used in agriculture alone. 

WEAKNESS 

1. Expensive for some countries or 

people. 

2. No incentives. 

3. No policy and regulation 

4. Lack of public Awareness 

OPPORTUNITIES 

1. Setup regulations, policies and 

incentive system. 

2. Improve the water tariff. 

3. Increase the research and 

development for innovative 

technology. 

4. Arab countries with sufficient 

capabilities & fund can support other 

countries in exchange of water trades 

THREATS 

1. Poor people will be effected if water 

tariff increased.  

2. Depending on developed countries for 

the technology. 

 

 

Conclusion 

Water availability is fundamental to reduce poverty and grow economy, for centuries, it 

allowed countries to develop and without the same the wellbeing of whole population will be 

effected. As reported by Worldwatch the amount of available water/person will reduce by 

74% by year 2050. (Chiras,2015) 

This report demonstrates that the availability of adequate water resources in Arab 

countries is considered major concern that can effect their wellbeing and development. 

Further, it has shown that many challenges are being faced in the Arab region to overcome 

the water crisis such as rapid population growth, lack of investments in water technologies, 

lack of policies, regulation and incentives, lack of research and development in water 

sustainability solutions, ..etc. Actions and participations are required from everyone i.e 

governments and water consumers to drive the change towards sustainable water 

management by using efficient available technologies, supporting policies, investment in the 

new technologies and other solutions that had been briefed in this report.   
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Abstract 

To determine barriers and motives influencing patients reporting adverse drug reactions (ADRs). 

A systematic review guided by the Cochrane Handbook was conducted using electronic searches of 

MEDLINE, EMBASE, PSYCHINFO, CINAHL, PUBMED and the Cochrane Database of Systematic 

Reviews from 1964 to December 2014. Eligible studies addressed patients’ perceptions of ADRs 

reporting and factors influencing their reporting. Studies about healthcare professionals (HCPs) 

reporting ADRs were excluded. Studies were quality appraised and results analyzed descriptively. 

Of 1435 citations identified, 22 studies were eligible. Studies were primarily conducted in the UK, 

Netherlands, and Australia. Common barriers to patients reporting ADRs (n =16 studies) were poor 

awareness, confusion about who should report the ADR and to whom, difficulties with reporting 

procedures and forms, lack of feedback on submitted reports, mailing cost, ADRs resolved and prior 

negative reporting experience.  Common motives for patients reporting ADRs (n =11 studies) were: 

preventing others from having similar ADRs, wanting personal feedback, improving medication 

safety, informing regulatory bodies, improving HCP practices, responding to HCPs not reporting 

their ADRs and having been asked to report ADRs by HCPs. 

Most patients are not aware of reporting systems and others are confused about reporting. By 

increasing patient familiarity, reporting systems could better achieve patients’ motives to help others 

avoid ADRs. 

 

Introduction  

Adverse drug reactions (ADRs) are a worldwide problem that affects diverse populations. 

They cause significant disability, mortality, and are expected to be associated with an 

economic drain on the healthcare system (1). ADRs are monitored in many countries and by 

the World Health Organization (WHO) since the 1960s using spontaneous reporting systems, 

referred to as  “Pharmacovigilance”(2).  The pharmacovigilance system encompasses the 
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science and activities relating to monitoring, detection, assessment, understanding, and 

prevention of ADRs (3). Pharmacovigilance methods include post-marketing surveillance, 

interrogation of large electronic data sets, and spontaneous ADR reporting (4).  

In 1964 following the thalidomide tragedy, a reporting system was formally initiated 

by the World Health Organization (WHO) as a voluntary spontaneous process for collecting 

and analyzing ADRs (5). Thalidomide to help treat pregnancy-related nausea and vomiting 

unexpectedly resulted in infants born with limb deformities. Subsequently most countries 

established a process for spontaneous ADRs reporting by prescribers, pharmacists, nurses, 

midwives, manufacturers as well as patients to complete a form (hard copy or electronic) for 

submission to designated governmental health authorities (e.g., Health Canada, US Food and 

Drug Administration, or Medicines and Healthcare Products Regulatory Agency of UK).  

A common problem with these reporting systems is the underreporting. Although 

there is no estimation of patient reporting, a median of 95% Health Care Professionals 

(HCPs) do not report ADRs (range 6% - 100%) (6).  In 1976, a British physician, Inman, was 

the first to publish the seven deadly sins of underreporting by HCPs (7).  His reasons for 

under-reporting are; 1) complacency (believing that serious ADRs are well documented when 

the drug is released in the market); 2) fear of being involved in a lawsuit (legal process); 3) 

guilt for having been responsible for the damage observed in the patient; 4) ambition of group 

and publish case series or financial benefit; 5) ignorant of notification process (believing that 

only serious and unexpected ADRs must be reported); 6) insecurity about reporting 

suspicions of ADR (belief that there should be notification only if there is certainty that the 

damage was caused by the use of specific medication); 7) and indifference (lack of interest, 

time, or other excuses related to postponing the notification of damage due to drug use). 

These factors were confirmed in findings from two systematic reviews of barriers and 

motives of HCPs reporting ADRs (6, 8). One of these systematic reviews with studies from 

12 countries concluded that direct reporting from patients may be one means of reducing 

underreporting rates (6).  

 

However, there is no systematic review reporting the factors influencing patients 

reporting ADRs. Given that patients are often knowledgeable about health conditions and 

their treatments, they are well positioned to participate in reporting ADRs and improve drug 

safety (9). The aim of this study was to determine the barriers and motivators that influence 

reporting of ADRs by patients.  

Methods 

A systematic review guided by the Cochrane Handbook (10) was conducted and reported in 

accordance with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses 

criteria (PRISMA)(11). In accordance with the guidelines, our systematic review was 

registered with the International Prospective Register of Systematic Reviews (PROSPERO) 

on December 4, 2014 and was last updated on January19, 2015 (registration number 

CRD42014015310)(11). 
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Search Protocol 

A Health Sciences Librarian (E.W) was engaged to create search strategies specifically for 

our purposes. Literature search strategies relied on medical subject headings (MeSH) and text 

terminology related to patients reporting of ADRs. The following databases were searched 

without language restriction: MEDLINE, EMBASE, and PSYCHINFO (all Ovid interface; 

CINAHL; PUBMED; Cochrane Database Of Systematic Reviews; and Grey Literature. The 

PROSPERO registry was also searched for ongoing or recently completed pertinent 

systematic reviews. 

Search terms were designed for Medline (see Figure 1) and for other databases to 

include the following terms: patients, consumers, public, adverse drug reactions, report, 

reporting, spontaneous, pharmacovigilance, and surveillance. Reference lists of qualifying 

studies were also scanned. Citations published from inception of spontaneous ADRs 

reporting in 1964 to December 5, 2014 were searched.  

Figure 1: MEDLINE Search Strategy 

 

Selection process 

Studies were eligible for inclusion if: (1) they addressed patients’ perceptions on ADRs 

reporting and (2) focused on factors influencing reporting of ADRs by patients. No language 

requirements were imposed, although only non-English publications amenable to Google 

Translate conversion were included due to resource limitations (Table 1).  

 

After identification of studies, duplicates were removed using standard software 

(ENDNOTE 7). Two independent reviewers conducted three levels of screening. Level one 

screening, using citation titles only, was to determine study relevance to the overall objective 

of the systematic review. Only citations judged as exclude by both reviewers were removed. 

Level two screening, using title and abstract, was to determine if citation met the inclusion 

criteria (see Table 1). Level three screening with full text, to determine if citation met 

inclusion criteria. The two reviewers independently extracted data with disagreement 

resolved through discussion. 

 

Study findings were extracted using a data extraction form that was initially pilot 

tested. Quality appraisals and data extraction were conducted by both reviewers using the 

Critical Appraisal Skills Program (CASP) criteria for all included studies (12). Studies 

considered of high quality if they scored 80% or above, medium quality if they scored 67 – 

79.9%, and low quality if they scored <60% of CASP criteria.  

 

Data Analysis 

The data was synthesized by classifying the different study types, and by comparing and 

contrasting study findings. Characteristics of included studies were analyzed descriptively 

and the results were presented in a narrative format recommended by the PRISMA statement. 
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The Measurement Tool to Assess Review (AMSTAR) was used to assess the 

methodological quality of this systematic review(13).  AMSTAR characterizes quality of the 

systematic review at three levels: 8 to 11 is high quality, 4 to 7 is medium quality, and 0 to 3 

is low quality(14). 

Table 1: Systematic Review Inclusion Criteria 

 

Results 

Of 1435 citation reviewed, 22 studies published in 26 papers were eligible to be included (see 

Figure 2). 

Figure 2: Flow of Identified Studies through Review 

The 22 studies were published between 2008 and 2014 with most published in 2013. 

Studies were conducted in: UK (n=6), the Netherlands (n=4) Australia (n=3) and one each in 

Italy; Portugal; Romania; Bulgaria; Malaysia; Nepal; Pakistan; Uganda; and Saudi Arabia 

(see Table 3). Of these 22 studies, 12 were cross-sectional, 8 were qualitative, and 2 used 

mixed methods. Overall, quality ratings for 20 studies in this context were medium to high 

and 2 were low.  

Table 3: Characteristics of Included Studies 

Barriers to report ADRs by the patients 

Sixteen out of 22 studies reviewed described barriers to the ADRs reporting process 

as: 1) poor awareness; 2) difficulties with reporting; 3) lack of feedback on ADRs submitted; 

4) confusion as to who reports ADRs; 5) mailing costs; 6) ADRs resolved; and 7) prior 

negative reporting experience (see Table 4).  

Table 4: Barriers to Report ADRs by the Patients 

Poor awareness of ADR reporting. Of the 16 studies, 14 qualitative and quantitative 

studies cited poor public awareness of ADRs reporting systems. The seven quantitative 

studies had a median of 75% (range 44.1 – 93.8 %) being not aware (15-21).  

Confusion on who should report ADRs and to whom. In 5 countries that reported on 

this issue, reporting mechanisms mentioned were reporting to family doctor, regulatory 

authority, or pharmacists. In eight out of 16 studies, patients were not sure who should report 

an ADR and to whom. For example, in the UK, some participants considered it their duty to 

report ADRs, whereas others held HCPs responsible (22-24). One of the included studies 

indicated that individuals having little personal or informal contact with HCPs were unlikely 

to be cognizant of reporting systems (24).  

Difficulties with reporting procedures and forms. Five quantitative and qualitative 

studies identified difficulties with procedures and forms that interfered with ADRs reporting. 

The difficulties were recounted as 15.9% in the UK and 80% in Saudi Arabia(15, 16). For 

example in the three UK studies, participants noted that a) paper forms were tedious, lengthy, 

awkwardly constructed, inconsistent with online forms, and available only in English; b) 

telephone reporting was limited to working hours, which was found to be inconvenient and 

time consuming; and c) technical problems encountered online often resulted in a loss of 
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information (16, 22, 25). 

ADRs Resolved.  Five qualitative studies reported that patients believed that the 

ADRs would resolve after stopping or completing their treatment. As well, patients did not 

think they would benefit by submitting an ADR report(16, 21, 23, 26, 27).  

Lack of feedback. Two out of 16 studies reported patients concerns over lack of 

feedback to the submitted ADRs reports. For example, 32% expected feedback from the 

ADR report, and 1.9% felt that lack of detailed feedback might discourage them from 

completing an ADR report in future(16, 24).  

Mailing costs. Only two out of 16 studies, conducted in Uganda and Nepal, identified 

that poor economic status of the patients was a barrier to reporting their ADRs, as they could 

not afford the cost of mailing their reports (27, 28). 

Prior negative experience. One study in Uganda described prior negative experience 

given that patients reporting ADRs were associated with fear of reproach by HCPs (27).  

 

Motives for Patients to report ADRs 

There were 11 qualitative and quantitative studies that addressed motives for patients to 

report ADRs (see Table 5). Motives were: 1) preventing similar ADRs in others; 2) 

improving drug safety; 3) being a serious ADR; 4) wanting personal feedback; 5) informing 

others; 6) improving HCP practices; 7) responding to HCPs not reporting their ADRs; and 8) 

having been asked to report ADRs by HCPs.  

Table 5: Motives for Patients to Report ADRs  

Preventing similar ADRs in others. Eight of 11 studies reported that patients wanted 

to prevent others from suffering similar problems and perhaps lead to better treatments. (16, 

22, 24, 29-33). 

Improving drug safety. Patients in six out of 11 studies believed that improved drug 

safety could be achieved by reporting ADRs(16, 22, 24, 29, 31, 32). For example, in the 

Netherlands, patients were willing to invest time in ADR reporting to enhance drug safety 

(29). 

Being a serious ADRs. Three quantitative studies and two qualitative studies 

indicated that having a serious ADR was the main personal motivation for patients to 

report(18, 20, 22, 23, 31).  For example, in two UK surveys, the majority of respondents (62 

– 86%) declared that only serious ADRs requiring hospital admission or impacting daily life 

were worthy of reporting (18, 23, 31). Similar opinions emanated from Portugal, where 

participants agreed or strongly agreed that the severity of reaction was the primary reason to 

report ADRs (20). 

Wanting personal feedback. One quantitative study and four qualitative studies out of 

11 studies discussed patients’ desire for personal feedback and getting more information 

about the experienced side effect. Participants were anxious to learn and find others, who 

shared the same experience, to acquire more details of the ADRs and to seek confirmation 

(16, 20, 24, 29, 31). 

Informing others. In four out of 11 studies, patients felt that informing regulators, 

drug manufacturers, HCPs, and the public of ADRs were the only way to create awareness of 

such incidents(16, 22, 31, 32). 

Improving HCPs practice. In three quantitative studies and one qualitative study, 
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patients raised the view that HCPs need to be informed about ADRs and perhaps change their 

practice. They felt that reporting ADRs would inform HCPs about unknown ADRs and this 

would improve their knowledge and practices (16, 22, 29, 31).  

Responding to HCPs not reporting their ADRs. Three out of 11 studies cited that 

failure of HCPs to report patients’ ADRs motivated patients to report their ADRs. 

Participants emphasized how health practitioners they consulted had not taken their concerns 

about their ADRs seriously(24). This motivated some patients in UK to self-report (22). 

Given that HCPs have limited time to complete patients ADRs reports and may be incapable 

of providing precise details, patients had less confidence that HCPs would report their ADRs 

accurately (16). 

Asked to report ADR by HCPs. Two qualitative studies described that patients were 

urged by HCPs to self-report ADRs. For example, in the Netherlands, participants were 

encouraged by pharmacy assistants to self-report ADRs (29), while in the UK pharmacists 

promoted them to do so(16).  

 

Discussion 

The intent of this systematic review was to identify barriers and motivators that influence 

patients reporting ADRs. All of the 22 included studies were published since 2008, 

suggesting that this is an area of recent growing interest. Our finding showed that 16 studies 

were focused on the barriers to report ADRs by patients, while 11 studies reported factors 

that motivated reporting. 

Common barriers to patient reporting ADRs were similar to barriers to HCPs that 

were identified in two previously reported systematic reviews (6, 8).  Poor awareness about 

the available reporting system, uncertain of the responsibility to undertake such reports, and 

lack of feedback to the submitted reports were the major barriers for both groups to report 

ADRs. Barriers to patients that are unique from HCPs were mailing cost, prior negative 

experiences, and ADRs resolved. 

However, motives for patients to report ADRs were either altruistic or personal. 

Altruistic motives were patients noted that reporting of ADRs might prevent harm to others 

(31). They stated that they felt responsible for the reporting of ADRs, disseminating them 

publically to improve medication safety (16).  Moreover, personal motives for patients to 

report ADRs primarily were related to the severity of reactions and a desire for personal 

feedback. This motive was similar for HCPs to report ADRs (8).  Another personal motive 

for patients to report ADRs was lack of interest and time limit for HCPs to report ADRs were 

patients felt that HCPs failure to report their ADRs and that encouraging them to start self-

reporting(8). 

Strategies to enhance ADR reporting by patients need to focus on increasing 

awareness of both patients to the reporting systems and HCPs awareness that patients can 

directly report. If patients are ignorant of available reporting systems, how they work, and 

how they are accessed, their contributions will continue to languish. Also, patients reporting 

ADRs for the first time were unsure of what happened to their submitted information, which 

discouraged return ADR reporting. National regulatory agencies perhaps would benefit from 
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issuing letters of acknowledgment and potentially include link to websites providing quality 

drug information, thus motivating patients to make future efforts. By increasing awareness 

about the importance of ADR reporting by patients, there will be an opportunity to promote 

educational interventions as well as drug safety. 

Interestingly, most of the included studies were conducted in the UK, Netherlands, 

and Australia and none were conducted in North America. This may be related to the 

establishment of separate national ADRs registration systems since 1968 in Ireland, 

Netherlands, Sweden, and the UK. These countries were invited to participate in the Program 

of International Drug Monitoring of the World Health Organization for the purpose of 

assessing the safety of commercially available medications (8). However, most other 

countries joined the program in the 1990s and several years into 2000.  

By identifying factors that influence patients’ reporting, input strategies can be 

developed to encourage feedback on drug-related risks and better defining the role that the 

patients can play in drug safety.  

Limitations & Strengths 

Notwithstanding the important contribution of this review, some limitations exist. Three full-

text articles were not accessible to determine if they were eligible to be included(34-36). 

Although each author had their own interpretation of the factors influence ADRs reporting by 

patients measured using a variety of approaches, this descriptive systematic review is 

appropriate for synthesizing diverse forms of evidence identified. High level was scored by 

AMSTAR instrument (9 out of 11) to assess the methodological quality of the systematic 

review. Items nine and ten of the AMSTAR instrument were excluded because they were not 

applicable (were the methods used to combine the findings of studies appropriate and was the 

likelihood of publication bias assessed). 

 

Conclusion 

Several barriers and motives influencing patient reporting of ADRs were identified in 22 

studies. Poor patient awareness of available reporting systems was the main barrier to them 

reporting ADRs. Patients were mainly motivated to make their ADRs known to prevent 

similar suffering in other patients. Recognizing that patient reporting of ADRs must be 

actively elicited, their needs to be greater patient familiarity with availability of ADR 

reporting systems and clear guidance on using them. Furthermore, resources should be 

allocated to support and aim for more-user-friendly reporting systems. With a better 

understanding of related factors, strategies may then be developed to improve patients’ 

spontaneously reporting ADRs.  
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Figure 1: MEDLINE Search 

1     exp "Drug-Related Side Effects and Adverse Reactions"/ (91869) 

2     (adverse adj2 (event* or effect* or reaction*) adj2 (drug* or medication*)).tw.   

(18310) 

3     or/1-2 (105036) 
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4     Self Report/ (10502) 

5     (underreport* or over report* or report*).tw. (2716324) 

6     Product Surveillance, Post marketing/ (5926) 

7     databases, factual/ or databases, pharmaceutical/ (47311) 

8     (regulatory adj1 (agenc* or authorit*)).tw. (6439) 

9     or/4-8 (2766445) 

10     3 and 9 (20774) 

11     adverse drug reaction reporting systems/ or pharmacovigilance/ (6281) 

12     pharmacovigilan*.tw. (2370) 

13     or/10-12 (25934) 

14     Patients/ (16871) 

15     attitude/ or attitude to health/ or health knowledge, attitudes, practice/ (186227) 

16     Behavior/ (27521) 

17     or/15-16 (211128) 

18     14 and 17 (2422) 

19     ((patient* or consumer*) adj2 (awareness or attitude* or perception* or 

perspective* or belief* or behavior* or participation).tw. (34287) 

20     consumer participation/ or patient participation/ (33633) 

21     report* behavior*.tw. (1831) 

22     or/18-21 (69254) 

23     13 and 22 (225) 

Table 1: Systematic Review Inclusion and Exclusion Criteria 

 

 Inclusion Criteria Exclusion Criteria 

Study 

Design 

Regardless of methodology, 

qualifying studies answered the 

question: what factors influence 

reporting of ADRs by the public?  

Were included 

Letters, Editorials, and Narrative 

Reviews were excluded 

Participants All studies addressing patients 

perceptions of ADR reporting were 

included 

Studies addressing patients and 

HCPs role in pharmacovigilance; 

perception of HCPs on ADR 

reporting; studies comparing 

frequencies of reported ADR by 

patients versus HCPs; frequencies 

of ADR reported by patients; and 

studies addressing role of regulators 

on pharmacovigilance 

Language Studies reported in all languages if 

able to translate 

Unable to translate 
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Figure 2: PRISMA Flowchart of Study Selection Process 

 

 

 

 

 

 

  

Citation identified through databases and 

other sources    (n=1435) 

Studies excluded at title/abstract not 

matching the (n=998) 

 

Full text retrieved for more 

detailed evaluation (n=155) 

Studies excluded after full review 

Did not meet inclusion criteria 

(n=133) 

22 eligible studies published in 26 

papers 

 

Duplicate Removed (n=282) 

 Role of patients in 

pharmacovigilance (n = 87) 

 Comparison on the frequencies 

of ADR reporting between 

patients and HCP (n = 16) 

 Frequencies of ADRs reported 

by patients (n = 16) 

 Role of HCPs in 

pharmacovigilance (n = 2) 

 Role of Health Regulator in 

pharmacovigilance (n = 3) 

 Perceptions of HCPs on ADR 

reporting (n = 6) 

 Cannot access (n = 3) 
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Table 3: Characteristics of Included Studies 

Author/Year  Location Design Participants Data Collection  Quali

ty 

Ratin

g 

Aljadhey, 

(2013)(15).  

Saudi 

Arabia 

Observationa

l - cross-

sectional 

study 

204 adults Self-administered 

structured 

questionnaire  

Mediu

m 

Anderson, 

(2012)(25).  

UK  Qualitative 5 adults  Focus group High 

Arnott, 

(2013)(24).  

UK Qualitative  17 Parents 

without previous 

experience of 

submitting ADR 

report and 27 with 

previous 

experience of 

submitting ADR 

report 

Semi-structured 

telephone and face to 

face interviews  

High 

Avery, 

(2011) (16).  

UK Cross-

sectional 

Patients reported 

ADR (30 for 

telephone 

interviews, 48 for 

focus group, and 

62,018 for 

Omnibus survey) 

Semi-structured 

telephone interviews, 

and Focus group, 

Omnibus survey 

 High 

 Braun, 

(2010) (26).  

Australia Observationa

l - cross-

sectional 

study 

620 patients at 60 

community 

pharmacy and 

rural pharmacies 

in three 

Australian states 

Self-administered 

structured 

questionnaire 

Mediu

m 

Bukirwa, 

(2008) (27).  

Uganda Qualitative  16 adults  Focus group  High 

Elkalmi, 

(2013) (17).  

Malaysia Qualitative-

Descriptive 

334 adults  Face to face interview 

using a structured 

High 
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questionnaire 

Farcas, 

(2010) (33).  

Romania Qualitative 50 patients taking 

antidepressant 

Self-administered 

structured 

questionnaire 

Mediu

m 

 

Gujral,(2010

) (37).  

UK Cross-

sectional 

154 adults   Self-administered 

structured 

questionnaire 

 Medi

um 

Harmark, 

(2013) (29).  

Netherland Mixed model 

approach 

combining 

qualitative 

and 

quantitative 

research 

methods 

21 adults Face to face interview 

using a structured 

questionnaire 

High 

Jha, 

(2014)(28).  

Nepal Cross-

sectional 

study using 

qualitative 

and 

quantitative 

methods 

23 adults  Face to face interview 

using a semi-

structured 

questionnaire 

High 

Krska,(2011) 

(18).  

UK Qualitative 272 adults Face to face interview 

using a semi-

structured 

questionnaire 

High 

Lebanova, 

(2014) (19).   

 Bulgaria Cross-

sectional 

study  

211 adults  Self-administered 

questionnaire 

High 

Lorimer, 

(2012) (23).  

UK  Qualitative 15 adults Face to face interview 

using a semi-

structured 

questionnaire 

Highe

r 

Matos, 

(2014) (20) .  

Portugal  A 

descriptive-

correlational 

study 

948 adults Closed-answer 

questionnaire 

Low 
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Parrella, 

(2014) (38).  

South 

Australia 

Cross-

sectional 

2002 adults  Face to face interview 

using a structured 

questionnaire 

 Highe

r 

Qamar, 

(2014) (39).  

Pakistan  Cross-

sectional 

 1566 adult  Face to face 

interviewed using a 

structured 

questionnaire 

  

 

Robertson,(2

013) (21). 

Australia Cross-

sectional 

study  

2484 adults  Structured telephone 

interview and online 

survey.  

Highe

r 

 Rolfes, 

(2014) (30).  

Netherlands Qualitative 3 adults  Face to face 

interviewed using a 

semi-structured 

questionnaire 

Lower 

Salvo, (2013) 

(40) .  

Italy Cross-

sectional 

study  

744 adults Structured 

questionnaire 

telephone interview 

Mediu

m 

Van Hunsel,  

(2010) (31).  

 Netherland Cross-

sectional 

study  

1005 adults Web-based 

questionnaire  

Highe

r 

 Van Hunsel, 

(2010) (32).  

Netherlands Qualitative 21 adults  Face to face 

interviewed using a 

structured 

questionnaire 

Mediu

m 
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Table 4: Barriers to Report ADRs by the Patients 

 

 Included 

studies, 

Country 

Poor 

Awarenes

s  

Confusio

n on who 

should 

Report 

ADRs 

and to 

Whom 

Difficultie

s with 

Reporting 

Procedur

es and 

Forms 

ADRs 

Resolved 

Lack of 

Feedback  

Mailing 

Cost 

Prior 

Negati

ve 

Exper

iences 

Aljadhey, 

(2013) (15).   

Saudi Arabia 

87%  80%     

Anderson, 

(2012)(25).  

UK 

       

Arnott, (2013) 

(24) 

UK 

       

Avery, (2011) 

(16)   

UK 

74%  15.9%     

 Braun, 

(2010)(26) 

Australia 

       

Bukirwa, 

(2008) (27) 

Uganda 

       

Elkalmi, 

(2013) (17)  

Malaysia 

65.6%       

Gujral, (2010) 

(37) 
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UK 

Jha, (2014) 

(28) 

Nepal 

       

Krska,(2011) 

(18) 

UK 

93.8%       

Lebanova, 

(2014) (19)  

Bulgaria 

78.7%       

Lorimer, 

(2012) (23) 

UK 

       

Matos, (2014) 

(20)   

Portugal 

44%       

Parrella, 

(2014)(38) 

Australia 

       

Robertson, 

(2013) (21) 

Australia 

89.7%       

Salvo, (2013) 

(40) 

Italy 

       

Total 14 8 5 5 2 2 1 
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Table 5: Motives for Patients to report ADRs 

 Preventi

ng 

similar 

ADRs in 

others 

 

Improvi

ng drug 

safety  

Having 

a 

serious 

ADRs  

Wantin

g 

personal 

feedbac

k 

Informi

ng 

others 

Improvi

ng 

HCPs 

practice 

Respon

ding to 

HCPs 

not 

reportin

g their 

ADRs  

 Being 

asked to 

report 

ADR by 

HCPs 

Anderso

n, 

(2011) 

UK . 

(22) 

26% 12.7%     7% 12.2% 7.8%   

Arnott, 

(2013). 

UK (24) 

                

Avery,  

(2011). 

UK- 

(16) 

13.3% 13.9%  60.8%  12.3%  13.4% 8%   

Farcas, 

(2010). 

Romani

a  (33) 

                 

Harmar

k,(2013)

Netherl

and (29) 

89%            84%     

Krska, 

(2011). 

UK  (18) 

    86%           

Lorimer

,(2012).

UK (23) 

    62.4%           

Matos,(

2014). 

    81.1%           
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Portuga

l (20) 

 

Rolfes,(

2014). 

Netherl

and (30) 

                 

van 

Hunsel, 

(2010). 

Netherl

and (31) 

                

van 

Hunsel, 

(2010).  

Netherl

and (32) 

            

 Total  8 6  5  5  4 4  3  2 
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