
		
			[image: TTEH.jpg]
		

	
		
			[image: ]

			Mobile App for Self-Controlling Type 2 Diabetes 
Mellitus: Implementation and QoE Evaluation

			S Hamrioui 1, S Gongora Alonso 2, I de la Torre Díez 2*, P Lorenz 3, M López-Coronado 2, B Sainz de Abajo2 and Joel JPC Rodriges4 

			1Bretagne Loire and Nantes Universities, France

			2Department of Signal Theory and Communications, University of Valladolid, Spain

			3University of Haute Alsace, France

			 4National Institute of Telecommunications (Inatel), Santa Rita do Sapucaí, MG, Brazil

			*Corresponding author: Isabel de la Torre Díez, Department of Signal Theory and Communications, University of Valladolid, Valladolid, Spain

			submission: [image: ] June 26, 2018; Published: [image: ] July 26, 2018

			Abstract

			Type 2 diabetes mellitus is a set of metabolic disorders characterized by an increase of blood glucose. The management and progression of diabetes is linked to the behaviour of the patients, since to control their blood glucose levels they must perform a regular physical activity, control diet and weight, and if necessary use medication. Today the proliferation of mobile devices has led to the existence of millions of apps relating to mhealth. Among the advantages of this type of apps is to self-management of the patient diseases. Diabetes can be controlled through the mobile devices. The main objective of this paper is to develop and evaluate the Quality of Experience (QoE) of an Android mobile app for self-controlling of patients with type 2 diabetes mellitus. A total of 50 type 2 diabetic people answered the QoE survey. Most of the questions are based on Likert scale. Most users appreciate the presented information quality. The app can help in the traditional diagnosis method, but 69% of users do not have a clear opinion.
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			Introduction

			Type 2 diabetes mellitus is a metabolic disorder whose main characteristic is high level of sugar (glucose) in blood, caused by insulin resistance [1-2]. Diabetes is a chronic disease, so it is essential to periodically monitor patient to assess the disease status, treatment effectiveness and prevent complications [3-5]. 

			The analyzes that a physician performs to a patient as routine control can be done today by the patient of simple way through the respective measuring devices [6-7], so the patient can take their own self-control and thus make changes in your routine, in your insulin dose or diet, and in exceptional cases consult your specialist [8]. 

			The physician follow-up aims to keep the patient at the levels closest to the normal range to carry a healthy and active life, for this purpose are perform mainly controls of two parameters: glucose and HbA1c [9], in addition to blood pressure, exercise and feeding [10].

			To achieve a rigorous control of diabetes (children should not undergo this control type), the patient should give more attention to their diet and exercise [11] and measure their blood glucose 
levels more frequently, at this point is where enter the scene new technologies [12], which now can be used for many utilities. 

			In this paper the development and subsequent Quality of Experience (QoE) evaluation of a mobile app to self-control type 2 diabetes is shown. This mobile app has been developed for one of the main operating systems on mobile devices such as Android and has been used C# programming language. To carry out this development has been used Xamarin development platform which allows interpreting the C # code and converting it to the main development language of Android, Java, in addition to IDE Visual Studio. For the data storage entered by the user has been used SQLite database management system to data store in the device internal memory. After developing the app was carried out an on-line questionnaire to calculate QoE. 50 diabetic people answered the questions. The remainder of the paper is organized as follows. Section II elaborates on used methodology. The results analysis is presented in Section III. Finally, Section IV concludes the paper.

			Methodology

			For the application development it has been necessary to follow a fixed methodology based on specific resources such as: operating system, programming language, development platform, development environment and database management system.

			Flow diagram

			Once are clarified functionalities that should be included in application, the flow diagram is made that corresponds to the different processes can perform application. The first part of the application (login) should consist of 2 processes: Register a new user and identify user (Figure 1).
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			QoE questionnaire

			To evaluate the experience carried out, patients were passed the survey that shown in Table 1. It is based on the Likert scale, in which the surveyed evaluates each question with a value from 1 to 5, being 1 “Totally disagree” and 5 “Totally agree”.

			Table 1: Evaluation survey.

			
				
					
					
					
				
				
					
							
							Number of Question

						
							
							Description

						
							
							Response (from 1 to 5)

						
					

					
							
							1

						
							
							Does the application perform the expected function?

						
							
					

					
							
							2

						
							
							Could I do the same without the application?

						
							
					

					
							
							3

						
							
							Do you think that the information contained is reliable?

						
							
					

					
							
							4

						
							
							Can you relate health problems to the use of this application?

						
							
					

					
							
							5

						
							
							Has your quality of life improved with the use of the application?

						
							
					

					
							
							6

						
							
							Is there any content of it that you have found really useful?

						
							
					

					
							
							7

						
							
							Do you think there is a lack of content that you not should?

						
							
					

					
							
							8

						
							
							Have you found what you needed?

						
							
					

					
							
							9

						
							
							Do you think that the traditional method is more difficult or does not exist?

						
							
					

					
							
							10

						
							
							Is this application useful for diabetes control?

						
							
					

					
							
							11

						
							
							Do you have the guarantee of being able to use this application anytime and anywhere?

						
							
					

					
							
							12

						
							
							Do you think it could have a more optimized operation?

						
							
					

					
							
							13

						
							
							Did you find any errors while using the application?

						
							
					

					
							
							14

						
							
							Do you find the appearance of the application adequate?

						
							
					

					
							
							15

						
							
							What would you like to change the application’s appearance?

						
							
					

				
			

			Results

			Final application

			The development carried out has resulted in a tracking application, capable of receiving data on personal measurements and storing in telephone database and visualizing both graphically (bar diagrams) and in the history form.

			At the app start is displayed for 2 seconds a welcome screen where you can read “Welcome to my diabetes app” along with the application logo and a background image representing a blood sample to measure glucose, a very representative image of the disease. In Figure 2a is shown the application main screen.

			The New Registry window (Figure 2b) implements a button to add a new annotation to each of the 5 parameters that can be tracked. All the windows that open when press their respective button have a similar appearance, but with some details that differentiate. Figure 2c & Figure 2d show how to represent measurements with the different units.

			[image: ]

			The fourth window that can be accessed from the main menu is the “Alarm reminder”. On this screena clock appears, which is used to time select to alarm set; a brief text indicating that the button must be pressed to alarm on or off (according to the current status); and a button that shows the current status of the alarm and is used as an on / off switch for the alarm. When the button is enabled, alarm will be set at time indicated on clock and will be displayed message with text “Alarm activated”. When the button is disabled, the alarm will go off. If you want to alarm time change while is enabled must be turned off, select the new time and restart.

			QoE evaluation

			After performing the survey were obtained a total of 50 responses of diabetic people. As it has been verified in previous table, most of the questions are based on Likert scale, while three of them offer the possibility user to show their opinion. All the answers based on Likert have been collected in the following Table 2, have been classified according to the possible values for each question. The last two columns represent the average score and standard deviation for each question. Figure 3 show the average scores obtained for each block of the survey, obtaining all them a score higher than 2.5 points.
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			Table 2: Evaluation Results.

			
				
					
					
					
					
					
					
					
				
				
					
							
							Question

						
							
							# Of users

						
							
							# Of users

						
							
							# Of users

						
							
							# Of users

						
							
							# Of users

						
							
							Half

						
					

					
							
							P1

						
							
							1

						
							
							1

						
							
							10

						
							
							39

						
							
							16

						
							
							4,01

						
					

					
							
							P2

						
							
							6

						
							
							22

						
							
							27

						
							
							11

						
							
							1

						
							
							2,69

						
					

					
							
							P3

						
							
							1

						
							
							0

						
							
							2

						
							
							25

						
							
							39

						
							
							4,51

						
					

					
							
							P4

						
							
							16

						
							
							7

						
							
							16

						
							
							24

						
							
							4

						
							
							2,90

						
					

					
							
							P5

						
							
							4

						
							
							10

						
							
							29

						
							
							22

						
							
							2

						
							
							3,12

						
					

					
							
							P8

						
							
							0

						
							
							3

						
							
							15

						
							
							38

						
							
							11

						
							
							3,85

						
					

					
							
							P9

						
							
							0

						
							
							4

						
							
							42

						
							
							17

						
							
							4

						
							
							3,31

						
					

					
							
							P10

						
							
							1

						
							
							7

						
							
							19

						
							
							26

						
							
							14

						
							
							3,67

						
					

					
							
							P11

						
							
							5

						
							
							6

						
							
							8

						
							
							22

						
							
							26

						
							
							3,87

						
					

					
							
							P12

						
							
							0

						
							
							5

						
							
							27

						
							
							23

						
							
							12

						
							
							3,63

						
					

					
							
							P13

						
							
							26

						
							
							13

						
							
							12

						
							
							11

						
							
							5

						
							
							2,34

						
					

					
							
							P14

						
							
							11

						
							
							16

						
							
							17

						
							
							15

						
							
							8

						
							
							2,90

						
					

					
							
							P15

						
							
							0

						
							
							2

						
							
							22

						
							
							32

						
							
							11

						
							
							3,78

						
					

				
			

			Analyzing each survey block can be extracted valuable ideas to assess the user experience quality. Regarding the Figure 1 “Content quality” block, most users ensure that app performs the function they expected, as shown in Figure 4a. As to whether users could do same without using the tool offered by the application, most think that the tool use does not interfere with their task, reflected in Figure 4b. 

			[image: ]

			About the confidence in the information contained, practically all users think that clinical information of the app is very reliable, as shown in Figure 4c. In the “Ease of Use” block, most users found what hewanted while using the application, which means that tool is intuitive as shown in Figure 4d.

			25% of users think that the app can help in the diagnosis traditional method, but 69% of users do not have a clear opinion and are moderately agreement with the question, as shown in Figure 4e. As for the“Operation” block, most users think that application could present a more optimized operation, but they are satisfied withits operation, as shown in Figure 4f. Regarding the“Appearance”, about 72% of users are very satisfied with the app design and appearance, which is reflected in Figure 4g. Despite not has reached the hundred users, the responses number is considerable, and so can be take good conclusions after analyzing the survey responses.

			The evaluation of each block has obtained a rating higher than average value. Most users surveyed agree that app performs the function expected, and they really appreciate the presented information quality. As for the appearance, they agree that is an intuitive application and its appearance is appropriate.

			Conclusion

			In the developed app, the data visualization in list or history form is carried out instantaneously, this demonstrates that database query through SQLite is really fast.The time to visualize bar graphs is logically dependent on number of stored records, since it requires more resources to print graphic elements than text printing.In the mobiles case with less power, as in this case the first device, the time increases with respect to other mobiles, especially when data load is quite high. The results indicate that is slight application, and if a large number of data is reached the response times forthe data representation are practically inconsequential and even treat with quantities of 1000 records the application handling is not excessively tedious.
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Figure 4: Results for: Part a) Does application perform the expected function?. Part b) You could do same without the application?.
Part o) Believe that information is reliable?. Part d) You have found what you needed?. Part e) Believe that traditional method is
more difficult or does not exist?. Part f) The application could have a more optimized operation?. Part g) The appearance of this
application is adequate?
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Figure 1: Flow Diagram of main app.
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Figure 2: “My Diabetes” app. Part a) Main screen. Part b) New registry screen. Part ) Diagram of glucose - mg / dL. Part d)

Diagram HbAlc-Percentage.
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Figure 3: Average rating per block.






