Literature Review
Usability and smartphone applications
Usability indicates the ability of users to overcome tasks adequately and accurately [1], it also determines the ease of use of the smartphone applications and websites [2]. Usability can be divided into five areas, which are; understandable, easy to learn, easy to operate, captivation and compliance [3]. One of the eldest explanations of the term usability comes from Nielsen [4] as it is explained that usability through the software should include learnability, memorability, alongside the efficiency of use and the ability to stay clear of and handle errors for the user’s satisfaction.  
 Both usability and user interface design (UI) belong to a specific research field known as Human Computer Interaction (HCI). HCI is a scientific study which examines the communication between humans and computers [5]. Many software engineers have made every effort to consistently revolutionise the usability recommendations expected by the HCI community. To successfully complete this the software engineers must deal with the implications farther than the user interface (UI), executing an interactive software which includes many usability features is not simple [6]. 
The user interface design of smartphone applications contrasts the user interface design of a desktop computer, this is because the physical aspects and capabilities of both devices differ [7]. The way both of these devices differ is because the smartphone traits gravitate towards larger buttons and they do not usually include menus with multiple items. Whereas the desktop computer does include menus, and commonly larger paragraphs of text as it is easier for the user to read on a larger screen. A study [8] has shown that out of the 63 participants only 28% of those preferred browsing Facebook on the desktop computer, and 62% favoured browsing Facebook via an app on their smartphone. Many businesses are not incorporating smartphone applications as a central supply for their business to achieve more ambitious advantages against their other competitors. There are now applications for health advice, shopping, learning and banking. The expanding number of smartphone customers has generated enormous growth in the demand of mobile applications. This has been shown by the amount of applications on both the Android and Apple stores. The Android store currently has 3.8 million apps for users to select from, whereas Apple is not far behind at 2 million available applications [9]. Usability is a compelling part of the success and credibility of mobile applications [10], therefore is it essential to understand and evaluate the usability of hybrid applications first. User interface usability is a crucial aspect of the design process as it will guarantee an accurate usability rate of the application on contrasting platforms. Mobile application usability can be demanding as the screen size is much smaller compared to a desktop computer, they also have different resolutions as well as limited processing capabilities [11]. 
Hybrid applications combine both native and web applications together, they aim to produce mobile compatibility, based on web technologies. There are many hybrid applications that exist which grant web applications access to native platform features such as the camera [10]. The main benefit of a hybrid application is that it is flexible as it has the capability to change the performance of devices fast and efficiently [12]. The leading disadvantage is that they present some drawbacks about the performance, user interface testing and security [10]. Mobile organisation manufacturers each have an expected number of user interface guidelines for them to create usable applications.  
Different companies use various guidelines for usability evaluations. Apple specifically provide the IOS Human Interface Guidelines (HIG) which is used explicitly for IOS applications [13]. The Human Interface Guidelines aim to aid the developers and designers to build the best quality User Interfaces for the IOS applications, which will in turn propose the best user experience [13]. There are three main themes throughout the Human Interface Guidelines within IOS applications, these include: 
• Clarity, [14] throughout the application the text size must be coherent, with any icons precise. All text and icons must be clear to view. 
• Deference, which understands fluid motion, with a clear interface to guide users to understand and interact with the application. The content within the application should cover the whole screen, with minimal use of gradients or shadows [14].
• Depth, the application must have distinct visual layers to simplify understanding. The touch and the conditions the user can appreciate will heighten contentment [14].
Whereas Android developers have slightly different usablility guidelines to Apple, Android have many more guidelines than Apple do. But their main principles are:
• Visual design and user interaction, which aids users to operate the application smoothly and the developers must use common user interface patterns and icons [15].
• Functionality which will ensure the application administers the expected functional behaviour, with an acceptable level of permissions [15].
• Security [15] ensures that applications manage the user’s personal information safely. Android also provides the developer with guidelines on how to protect user’s privacy. 
	Many users download smartphone applications to gain medical advice, as obesity increases the risk of many chronic illnesses, such as heart disease, diabetes and many cancers. Smartphone application developers can program an application which will monitor changes in activities, based on the information it gathers it can then show the user specific information which potentially could lead to health-related behaviour changes [16]. A usability study [16] was carried out on the relation between smartphone applications and losing weight, this study also included participants who were using paper instead of mobile phone applications. Overall, the impact of the usability study showed that the smartphone application scored higher on the comfort of social changes, changing physical activity and their eating habits. Also, the participants claimed that they had increased awareness of physical activity and eating habits [16]. Mobile health applications will give good advice to patients for managing their health, it has been discovered that mobile applications have advanced so much within recent years, they can provide users with in depth health care knowledge. Another healthcare smartphone application usability study [17] has been executed in more recent years. It included an application known as mHealth which aimed to assist a healthy lifestyle for the participants. According to the International Organisation for Standardisation (ISO), usability is described as a target achieved by the user with regards to effectiveness, efficiency and satisfaction [11]. Usability was the central component within the study of the application mHealth, as if it was designed inadequately it would cause disruption, for example; elderly people may find it difficult interacting with smartphones. This study found that the mHealth application could potentially improve the usability of healthcare organisations alongside the security and privacy of each patient’s data information. 


Measuring mobile usability
There are two main ways in which the usability of a mobile application can be assessed and measured. They all include participants and an application which have already been created, the developers should be aware about all the information given out to the participants within the three different techniques. The main approaches to determine the usability of a mobile application are: 
	Laboratory experiments [11], where it is compulsory for participants to perform specific tasks using a smartphone application in a controlled environment. Through controlling the environment and providing the participants with a task which had been previously decided, it is possible to establish that the participants have tested all the aspects of usability. The advantages of laboratory experiments are that they are effective for comparing other mobile application interfaces and designs. The experimenters could also record the participant’s activity while they use the mobile application and they are then able to evaluate the results later [11]. However, as the environment of laboratory experiments are so controlled it could affect the usability which could then potentially cause changes in the user experience, as it does not resemble the real world and participants may be consciously aware of this [18].
	Field studies [11], participants are provided with a mobile application and then questioned about their experience. This is the more general technique for collecting data about the participants, their needs and requirements, this involves observations and interviews. The experimenters observe the participants whilst they use the mobile application, during this time they take notes and ask questions. The usability of a mobile application is deliberated based on the participants who are performing each task in a real-life environment [11]. The main advantage of this is that it takes the mobile context and untrustworthy wireless internet into debate, which cannot be easily stimulated within laboratory experiments [18]. However, there is lack of control with the field experiment. The main way to measure the usability of an application through using a field study is for the developers to present the users with a questionnaire or a survey. The questionnaire or survey must be of good quality and designed for the specific application in order to measure the usability and performance both qualitatively and quantitatively [19]. A quantitative research study can produce exact answers to the research questions, whereas a qualitative research study is organised in order to explore and explain the participants answers to improve the mobile application [20]. 
It has been shown that children benefit from field studies as they are not familiar with a laboratory, location plays a substantial role in how the children behave, as they are more likely to feel at ease in a recognisable environment [21]. This concludes that if the usability study need children as participants then the most effective study will be through field studies, not laboratory studies. 







Usability test methods
The user interface must aim to meet all the various types of users needs, this is the reason why the usability research of interface design has become so crucial. The first difficulty which needs to be overcome is the cognition of the users in the usability design of a human computer interface [22]. The users must understand how the interface works and how to navigate around the application, then they are able to use it. The designers should add less formats and actions, then intentionally create the interface on the goal itself. Users must be able to clearly understand what the mobile application expresses. A usable human computer interface must provide users with learning approaches, which means the aspects of being clear for the user to learn [22]. The mobile application designers are required to maintain exceptional communication and unification between the user’s expectations and the interface design. The interface must also consider the experience which the user will be confronted with, and it must provide a good area in which the user can learn from [22]. 
	The usability test is a fundamental process in the human computer interface design, it is a process which collects the usability data consistently through assessing and developing the data [22]. Developers are able to improve the quality of the usability through examining and enhancing the interface, through assessing the interface they are able to fulfil the usability goal more adequately. This should reduce the time it will take users to learn the application, which will in turn improve the performance and satisfaction. There are three main test methods which can be used to determine the usability of the human computer interface, these include:
	The virtual test method [22], this includes specialists and numerous different guiding principles. This method uses imaginary users to attempt to predict the potential issues within the interaction of the user and the device. This will instruct the developers on how to improve the interface of the application. By performing this role play, the usability test of the applications interface is communicated by languages, so that the demands and feedbacks of the imaginary users are recorded in real time [22]. 
	The user examine method [22], this is much like the field study which is mentioned above, as it includes users in real life through natural observation and computers which automatically record the user’s behaviours, actions and expressions. Through analysing the usability of an application through real environment situations, it helps the developers completely understand the users needs. They can also get feedback from the users about what they were feeling during using the application and the whole usability of the applications interface. Furthermore, aiding the developers in being able to improve the interface to match the needs of the users.
	Additionally, the final method is the experimental comparison method [22]. Before the developers create the application interface, they should analyse and measure the usability of a different interface but through the same product, for example; the interface of other smartphone applications. Through doing this the developers can fully understand the ways of effectively developing an interface through seeing the usability of an existing interface design. This could shorten the amount of time it takes the developers to create an application, and to enhance the usability interface [22].
Heuristic evaluation is a long-established, well recognised usability assessment method [23]. The heuristic evaluation is an inspection method, where three or five usability experts judge whether each aspect of a user interface follows traditional usability principles, known as heuristics [24]. The heuristic evaluation technique is the most popular technique as it is less expensive than other techniques. The evaluation must be executed by a minimum of three experts, and a maximum of five experts is enough to establish nearly all of the usability issues of a user interface. Nielsen proposed a set of guidelines which are known as the ten usability heuristics of Nielsen [24]. These guidelines include:
• The visibility of the system status [25], where the system must keep users knowledgeable about what is happening, through relevant criticism within reasonable time.
• Match between the system and real world [25], means the system should communicate the user’s language with words and expressions which are known to the user. Instead of using system-oriented phrases which the user may not understand. 
• User control and freedom [25], so if the user choses a function by mistake they can leave the unwanted section without any confusion. 
• Consistency and standards [25], shows that the users do not have to be uncertain whether different words, situations or actions are alike. 
• Error prevention [25], which is more improved than good error messages, which is an accurate design that prevents the problem from arising at the start. To complete this is to either, remove the error-prone conditions or supply the users with a confirmation choice before they decide to commit to the action
• Recognition instead of recall [25], to minimise the user’s memory load by letting the objects, actions and options noticeable. The users should not have to recall information, the instructions of use should be recoverable whenever it is needed.
• Flexibility and efficiency of use [25], where accelerators that are unseen by a novice user, often speeds up the communication for an expert user. This is so the system can accommodate to both experienced and inexperienced users.
• Aesthetic and minimalist design [25], this explains that dialogues should not contain information which is not important or needed.
• Help users recognise, diagnose and overcome errors [25]. This suggests that error messages should be communicated in plain language, for the user to understand the issue and attempt to overcome it. 
• Help and documentation [25] understands that even though it is helpful if the system can be managed without documentation, it may be fundamental to provide such help and documentation. 
Many studies have been carried out using the heuristic evaluation method to measure the usability of a product, whether that product be smartphone applications or not. One particular study looked at the heuristics for second-screen applications [26]. This study used six heuristic guidelines to be carried out on their study, the study concluded that using the heuristic guidelines were helpful and have even decided to consider the heuristics identified in the previous study in a new study. This new study includes a portable medical device which is used to oversee the quality of sleep as an indicator of a patient’s health. 
  

Usability inspection methods
The inspection of usability is a general term for a specific type of methods which are all formed on possessing evaluators which look at the interface [27]. Generally, the inspection of usability is directed at locating the usability issues within the interface. This is completed through particular methods which inspect the problems such as what the seriousness of the usability issue is and what the overall usability is of the whole application. Numerous usability inspection methods contribute themselves to the inspection of the user interface requirements which may have not been enforced at that time. This suggests that the usability inspection could perhaps be carried out early in the usability lifecycle [27].
	As explained above the heuristic evaluation is the most relaxed and informal of the usability inspection methods. It includes acquiring usability specialist make a professional opinion on whether each section of the interface or application pursues the established usability principles [27]. 
	Another inspection method which inspects the usability of an application is cognitive walkthroughs, this uses a more in depth detailed operation. In which stimulates the users investigative and problem-solving skills at every single part of the development, looking at if the user’s goals and understanding is able to be concluded to guide to the next action [27]. The cognitive walkthrough can be implemented on an interface at any time throughout the development, from the original ideas through to the endmost release [28]. The cognitive walkthrough is made up of the preparatory phase, which requires the experimenters to determine to interface, its predicted users, the assignment and the actions which may be taken throughout the assignment. Throughout the analysis phase the evaluators must undertake four steps of human-computer interaction, these four steps are: The user sets an objective which must be concluded within the system. The user determines the accessible behaviours. The user selects the behaviour that they decide will push them closer to their goal. The user performs the behaviour and evaluates the reviews which are given to them by the application [28]. 
	The formal usability inspections include a six-step strategy with rigorously defined roles which incorporate the heuristic evaluation and a simplified style of the cognitive walkthrough [27]. The formal usability inspection is an analysis which is developed by the interface developer. The main goal of the formal usability inspection is to determine the ultimate number of imperfections within the interface of the application as accurately as possible [28]. This process includes task performance models and the heuristics, numerous human-factors skills and imperfection disclosure within the structure of the software development existence [28]. Similarly, to the cognitive walkthrough, formal usability inspections depend upon the definitions of the profiles of the user, and the task scenarios. Also, the reviewers adopt a cognitive model of the performance of the task, this can be drawn-out through using a checklist of cognitive steps [28].
	The final inspection method is the pluralistic usability walkthrough, this walkthrough modified the classic usability walkthrough to include users, developers, members of the product team and usability expects within the development [28]. This inspection method is defined by five components which are: The involvement of the users, developers and human factor professionals. The applications screens are shown in the same order as they would be presented to the user. All the participants are asked to consider the user role. The participants also have to note down what behaviours they would take for each screen ahead of the group discussing the screens. Finally, when the group are discussing the screens one by one, the users must speak first [28]. This inspection method gains the feedback from the participants even before the interface is completed.
Usability and real data
The usability testing of a system or interface is usually fully equipped to aid developers understand the issues through a range of products and systems, often identifying problems that were originally overlooked. Furthermore, in particular instances the usability testing fails to produce results which are both reliable and valid. There are considerate concerns when the studies connect with users own personal data, such as an email or calendar application [29]. In this circumstance, the data is often formulated specifically for the usability test. This makes the study unrealistic and can even affect the user’s capability to understand, recognise and interact with the data in a suitable manner. Additionally, the usability testers potentially identify with false positives, as the users may not understand fully what is on the smartphone screen as the data on the screen is unknown to them. 
	One of the leading benefit of including user’s real data in a usability study is an increase in ecological validity.  Ecological validity understands the use of the real world within the use of a system, the ecological validity of a study will be low if the experimental design differs from the conditions which are experienced in a real-life setting. Conversely, the ecological validity of a study will be high if it is carried out in the participants natural environment, or if they are unaware that they are involved in a study [30]. Through gaining high ecological validity the developers are more likely to get a better understanding of the usability of the product or application, this is because participants will act naturally when the application is using their own data and they are in an environment which is natural to them. 
	Another benefit of including the user’s real data within the usability study is that the developers can then expose problems which would not have been presented by a more direct set of fake data [29]. 
	However, there are some challenges whilst incorporating users real data into a usability study. These include, being able to recruit participants who are willing to give the experimenters their data, addressing the security and privacy issues which relate to user’s real data and analysing the results of the study [29]. Recruiting the participants who are willing to expose their data could be an issue as some people are not willing to share any of their data with anyone other than themselves. Also, depending on the type of data that needs to be collected, it could either be straightforward, such as the researcher asks to participants to bring their data along with them to the study. Or it could be more complex and involve having to extract the data from the participants data files from multiple different systems before the study begins [29]. Once the researchers have recruited all the participants who are willing to use their own data, and the data itself, they must understand all of the security and privacy guidelines which they must follow. They must make absolutely sure that none of the participants data is at risk and protected at all times throughout the study. The data must then be destroyed within four weeks of the study ending. Finally, with using the participants real data it is relatively difficult to analyse the data and results once the study has finished. The way the data can be analysed is to establish the average scores for each participant in a given task, and then combine all the average scores together to create one large average.





Usability design principles
The usability design principles accepted guidelines which describe how visual techniques influence the concept and cognition [31]. Predominantly, design principles are wide, abstract and difficult to convert into substantial design elements [32].
	The design principles include, the principle of humanity [22] which suggest that the interface of the device should completely understand the elements of a human and be human-orientated. As humans are the ones who are interacting with the system, the interface design must not shock the users. It should advance their knowledge and understanding.
	The principle of safety and stability [22] requires the systems design to grant the users to operate the interface and not misplace or eradicate the user’s data. The interface should conscientiously consider each issue which may arise and reduce the number or user miscalculation. This suggests that a safe interface is a respectable interface.
	Principle of consistency [22] recommends that an acceptable interface should be orderly, the functions and tasks which are controlling the interface should be restricted with the topics which users understand and recognise.
	The usability design principles must also include the principle of flexibility [22], this principle explains that the design of the interface must meet the different types of needs that the users have in different environments. Once the flexibility of the interface is enhanced it will complement the usability.
	The principle of memory is another principle that should enhance usability of a smartphone application [22]. Through creating the interface so that it is easy for the users to memorise it will make it clearer and more efficient to use, therefore the users should operate the smartphone application more skilfully. A way to achieve this is for developers to use familiar symbols and features within the interface so that users will find it simple and easier to memorise.
	  The usability design of a human computer interface understands the market possibilities of the particular product or application. Developers should be educated by the human and natural ideas and creating a collective innovation through using the ideas of the application or product. Through accomplishing this the understanding of the users needs and wishes of an application can be correctly understood. Developers are then able to progress the use of the application and the operation of the interface for many contrasting fields, for example; the design, ergonomics, psychology and fundamentally achieving the practical goal of improving the usability of the application or product [22]. 
	






Usability measure structure
The usability measure structure pulls together the knowledge gap between the users and the developers within a user focussed design process. The objective of a usability measure structure is for it to guide communicating information about design towards a convenient goal, specifically expressing the characteristics of usability [33].
	The development of establishing a usability measure structure can be separated in to four parts, which are explained below:
	The definition of issue [33] is the foundation for any usability study, where it should explain; when, where, who and why are the developers carrying out a usability study. These responses should provide the condition and limitation of the study and also the intention of the study. 
	Definition of the use of context [33] is the most fundamental process within the usability measure structure. Authenticating the use of the context, possibly could result in contrasting usability levels for the exact same design. ISO 9241-11 (1998) [33], characterises six aspects of the use of context which are: Characteristics of users, characteristics of the task, characteristics of the task, technical environment, physical environment, organisational environment and social environment. 
	The final outline of the usability measure structure is the decomposition of factors [33] as previously expressed there are three simple factors of usability which are known as, effectiveness, efficiency and satisfaction. Usability is then measures in three aspects which are, before use, during use and after use. 
	Below shows a table which summarises what the measure structure of usability is.
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Interactive product design
The relationship between users and human computer interaction is very important when looking at usability. Therefore, it must be addressed before determining the usability of a smartphone application. Science and technology are advancing so rapidly that it is essential that humans are able to adapt to it, this is where the humanisation design comes into practice. Through one attitude humanisation design is explained as an unavoidable result of the development of technology and science [34]. Another attitude explains that the humanisation design is the ways and the approaches that humans create items are proceeding to progress, especially through the information society, where multiple concepts are made possible with additional scientific and technical needs. This is administered by the digital technology, which in turn advances the extent of humanisation design [34]. The humanisation design presents high respect to humans, the eventual ambition of humanisation design is to understand user’s needs and wishes, in order to solve the issue about humans interacting with products which interact with the environment. Within the online generation, technology continues to advance, this makes it more difficult to understand how to create products so they are easier to analyse and manage. This becomes the main focus for developers as they want to generate an application which is simple for the user to navigate around therefore making it user friendly [34]. 
	Interactive product design is unlike the long-established product design, interactive product design targets end-users and how it can have a personal impact on them. Interactive product design has positive interactive characteristics, which is through the users operating the products and applications. The users can then gain experience and knowledge from the application or product, this creates a substantial emotional component through this design [35]. Through the subject of interactive product design, many times the old theory is used, however, within the computer interaction design principle it is difficult to analyse and explain. Thriving interactive designs have legitimate and essential components, these are; firstly, developers must understand how to perform and respond to certain situations and how the users communicate with the situations. Next, the developers are required to recognise how to design different interactive model principles and guarantee that they are easy to use [35]. Within interaction design, developers must always implicate three aspects, which are:
	• To establish anticipated targets and create a user’s requirements section [35].
	• To accomplish types of designs which should appease the requirements of the user [35]. 
• To create an interactive version of the design precursor, so multiple user testing and evaluations can be carried out [35]. 
Some examples of human computer interaction within the product design are; touch-sensitive restaurant [35], Inamo is a restaurant in London which implements the customers with a one in a kind restaurant experience. It includes a touch sensitive table with an in depth and diverse menu section, this suggests that no waiter is required and the people who attend the restaurant must request what meal they want themselves.
	Another example of human computer interactions within the product design is a debris voice recorder [35] which means that within people’s daily lives, there are many items which can be bought. However, when attending the place to buy the specific items, they are forgotten about which is a problem. By using the debris voice recorder, the user is able to click on the history list button of the product and it shows up a list of what the user previously said to the system. 
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