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Abstract: In this paper, we address the predicted fourth generation of e-services, i.e. 

mobile e-services. As the research area is still new, we examine the fundamentals of 

mobile e-services, but also more specifically focus on the deployment and usage of 

these services. We present a prototype e-service, manifesting the characteristics of 

mobile e-services. User testing is conducted in a real world setting, resulting in 

qualitative empirical data, which is iteratively analysed, resulting in seven guidelines 

for the design of mobile e-services. These guidelines are suggestions to design for 

application and service accessibility, individualization, location utilization, platform 

independence, service mobility, two-way communication, and usefulness. It is our 

belief that these guidelines will inform the work on implementing better service 

mediators in general, and mobile e-services in particular. 

1. Introduction 

Providing e-services to citizens is a challenging task for the public sector. There are many 

stakeholders, e.g. users, service developers, owners, administrators, maintainers, and 

regulators, whose interests need to be attended. These stakeholders often form a very 

heterogeneous group. [1] 

 The definitions of e-services vary, from information-services, self-services, and 

interactive services delivered over the Internet, to customer support, sometimes also 

including e-commerce and e-government [2]. The common denominator is the mediation of 

services through information technology, available anytime. 

 The first generation of e-services contained information retrieval, information issued in 

a unilateral way by the service provider, e.g. downloadable forms. Second generation e-

services added the possibility not only to read, but also to write and add to the information 

within the system. Third generation e-services are characterized by user access to processes 

and functionality within the operational system. A strong candidate characteristic for the 

fourth generation of e-services is mobility. Traditionally, there are four different types of 

mobility [3]: terminal mobility, personal mobility, session mobility, and service mobility. 

Personal and terminal mobility allow people to use a wide range of computers at arbitrary 

locations, taking advantage of wireless connections. Session mobility (or continuous user 

mobility) is the sustentation of media streams, regardless of user location, device or 

network. Statistics from the International Telecommunication Union [4] show that the 

number of mobile broadband subscriptions has exceeded 1 billion worldwide. The same 

mark has also been broken with smartphones. The GSM, UMTS, and LTE technology is 

wide spread, and the advent of 4G network technologies will offer peak data rates of 100 

Mbit/s in mobile scenarios. This, along with e.g. emerging web technology standards such 

as HTML5 and related APIs, sets the scene for service mobility, making services available 

to the user regardless of terminal or network [5]. Mobile e-services become available not 
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only anytime, but also potentially anywhere. As such, there is certainly a mating surface 

with Mark Weiser’s [6] vision of the ubiquitous computing paradigm. 

 The mobile e-service is more than a mere adaptation of an existing e-service onto a 

mobile device. The mobile e-service capitalizes in the fact that the user and the terminal are 

mobile, and enhances the e-service, e.g. through location-based services [7]. In our 

definition, mobile e-services have (in addition to the ability of mediating the services to the 

user through information technology): 

1. Full service mobility 

2. Increased functionality due to terminal and user mobility 

3. Cross-platform functionality 

4. Support for offline usage 

 In this paper, we will address the predicted fourth generation of e-services, i.e. mobile 

e-services. As the research area is still new, we will examine the fundamentals of mobile e-

services, but also more specifically focus on the deployment and usage of these services. 

We will develop a prototype e-service, manifesting the characteristics of mobile e-services 

and conduct experiments with real users in a real-world setting. Results will inform the 

work on implementing better service mediators, and specifically result in requirements for 

the design of mobile e-services. 

2. Objectives 

We have three main objectives with this paper. The first is to prove our hypothesis that 

mobile e-services are qualitatively different from traditional e-services (i.e. e-services from 

generation one to four) in several aspects, mainly because of the provisioning of full service 

mobility and the increased functionality due to terminal and user mobility. 

 Our second objective is to inform the work on implementing better service mediators. 

Related research underlines the challenges associated with mobile e-services, e.g. constant 

accessibility, security, simplicity, cross-platform support, etc. Through the involvement of 

real users and a real-world deployment of our mobile e-service, we hope to create an 

authentic use situation that we will use to capture empirical data, supporting, shedding 

further light, and/or elaborating on existing mobile e-services research. 

 The third objective of this paper is to define requirements for the design of mobile e-

services. Requirements should build on user, developer, and service provider interests. 

3. Methodology 

We follow a traditional scientific method, well proven within the field of computer science. 

First our questions are posed in the context of existing knowledge, i.e. we compare our 

work with related work to show the novelty of our research. To the best of our knowledge, 

there are no papers presenting guidelines for mobile e-services, and theoretical discussions 

concerning the nature of mobile e-services as such are scarce. Second, we present our 

hypothesis that mobile e-services are qualitatively different from traditional e-services and 

require particular development guidelines. As a third step we try to make predictions that 

we then, in a fourth research step, test through the conduction of controlled experiments, 

consisting of a real-world setting with real users. This places our research within the 

scientific method of experimental computer science, effective on problems hard to solve 

through logic and mathematics or computer simulations. The approach is largely based on 

the identification of concepts (such as requirements/guidelines) trying to solve problems 

and meet existing challenges, evaluating these by construction of prototype systems. [8] 

 This study uses a qualitative approach, trying to capture heterogeneous data and achieve 

an in-depth understanding of the subject studied [9]. Some complementary quantitative 

measurements are also carried out, e.g. measuring latency and service availability. 



Copyright © 2013 The Authors www.eChallenges.org Page 3 of 7 

4. Technology 

When it comes to the delivery of mobile e-services, there are two main alternatives for 

implementation: native apps or web apps [10]. Native apps are applications installed 

directly on the user’s device, designed for a specific platform (e.g. an Android or iOS 

environment, often with certain demands on OS version). Native apps generally have good 

performance due to the local runtime environment’s ability to take advantage of the 

computational resources of the device, and they can easily access device hardware through 

dedicated APIs. Web apps on the other hand use web technology and are accessed through 

a browser. In practice, this means that the app is run on a web server, making all the 

calculations and computational work, while the browser functions largely as a user 

interface. With the emerging HTML5 standard [11], web apps have become more powerful. 

Most modern web browsers support non-proprietary enhanced functionality such as the 

delivery of graphics, audio and video not requiring vendor specific plug-ins. HTML5 also 

contains support for offline work and focuses on semantics to facilitate understanding of the 

app composition. Add to this open source APIs offering e.g. the creation of web sockets, 

geolocation support [12], interactive 3D graphics and feature detection, the gap between 

native apps and web apps has decreased. Also, the cross-platform functionality of web apps 

is better than its native counterparts, as the web app is run within a browser, thus at least in 

theory platform independent. Updates are also carried out instantly, as the app is located at 

the web server and downloaded anew each time it is used. 

4.1 The e-Service Framework 

In our system we use a combination of native apps and web app technology. Our main 

application is a native app, existing in both an Android version and an iOS version. The 

application can be seen as a dedicated browser, used to collect mobile e-services targeted 

for the citizens in our municipality. The user herself can decide for which e-services to 

include within the main application, from simple e-services informing about opening hours 

to remote reading of water meters. There is no upper limit concerning how many e-services 

a citizen can include in the main application. The actual e-services are implemented using 

web app technology, suitable for offering cross-platform functionality. 

 The main application can be seen as a container application for the e-services offered by 

the municipality, but it also offers built-in APIs, e.g. supporting information retrieval, 

statistics, alerts and user dialogue. It also allows the developer to call external APIs, adding 

functionality such as geolocation and feature detection to the e-services. Beyond the main 

application, the framework also contains a catalogue service, keeping track of all available 

e-services offered. This catalogue service also contains information about registered 

developer devices, as any citizen can use the framework free of charge to develop her own 

e-services. Also, the framework offers background services for developers, running on 

servers supporting different execution environments (e.g. .NET, PHP, mySQL and Java), 

and additional services such as RSS. The framework is described and analyzed in [13]. 

 Using an existing framework for the delivery of applications/e-services along with 

cross-platform implementation technology gives us good opportunities to evaluate mobile 

e-services within an authentic setting. Back-end data can be collected to a certain extent, 

although integrity aspects much be carefully considered. To this date, more than 10,000 

users have downloaded the application from either AppStore or GooglePlay. 

4.2 The Mobile e-Service Prototype 

Our prototype consists of a mobile e-service is called “Inform us” (see Figure 1). It is 

intended for citizens, and the main functionality is to send multimedia messages to a 
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municipality customer service. These messages could be error reports, comments about the 

environment, suggestions for improvements or other things that the citizens want to inform 

the municipality representatives of. A message is composed of a written note and an 

optional image attachment. Metadata is also included, consisting of personal data, user 

location and location accuracy. This data is automatically gathered through the main 

application, and the geolocation API included in the mobile e-service respectively. The user 

can always edit the metadata before submitting the message to the municipality customer 

service. Overall, the graphical user interface is designed with simplicity in mind, while 

being consistent to the templates and guidelines for conformance and style included in the 

existing e-service framework. HTML5 [11] is used as implementation technology, along 

with future detection to cope with special occurrences where different platforms need 

different versions of a certain function or styling to work correctly. 

 

Figure 1. 

 When receiving the message, the backend system compares the location stated in the 

multimedia notice to other messages in the database. Using information about location 

accuracy, a clustering algorithm is applied, trying to group incoming messages so that many 

reports about the same issue (or, more accurately, reports from roughly the same location) 

are clustered. The goal is to offer a better overview to the municipality customer service, 

responsible for forwarding reports to the right people or departments. 

 Our prototype fulfills the criteria of a mobile e-service, featuring full service mobility, 

increased functionality due to terminal and user mobility, cross-platform functionality and 

support for offline usage. Due to the cross-platform web technology used for 

implementation, the e-service is accessible anytime and anywhere (given that the user’s 

device meets the system requirements of the main application), thus offering full service 

mobility. The requirement of increased functionality due to terminal and user mobility is 

achieved using the Geolocation API [12], while the offline usage capability is supported 

within the HTML5 specification.  
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5. Evaluation and Results 

The prototype manifesting the characteristics of mobile e-services was evaluated by a user 

group consisting of seven citizens, four females and three males. This is in line with the 

recognized evaluation guideline put forth by Nielsen [14], claiming five subjects to be 

enough for an empirical usability test. The second requirement to participate in the study, 

except being a citizen of the municipality offering the e-services, consisted in a wish that 

the user was accustomed to use a smartphone. As for the rest, selection of subjects was 

carried out with heterogeneity in mind, trying to capture representatives of different groups 

of citizens, e.g. different ages, different experience of app usage and different preferences 

regarding smartphone model and OS. Three subjects described themselves as Android-

users, while the remaining four subjects favored different models of the iPhone. 

 Information about the subjects was collected through a pre-study questionnaire. Each 

subject was then informed about the purpose of the test, that the subject of evaluation was 

mobile e-services in general and a specific mobile e-service in particular, thus not the 

subject’s ability or skill. A short demonstration of existing traditional, non-mobile e-

services was also carried out, so that the test subject could form an understanding of the 

context of e-services. 

 Each test subject was then introduced to the actual evaluation. The subject’s goals were 

presented, being to visit three different pre-defined locations and use the “Inform us” 

mobile e-service to report an incident at each of the three locations, both indoors and 

outdoors. Two of the locations where covered by wireless local area network, while the 

third location had 3G coverage only. Test subjects where followed by an observer, taking 

notes about the subjects’ actions, otherwise not interfering with the subjects’ service usage. 

To better convey subject reasoning during the tests, the Think aloud protocol [15] was used, 

encouraging the subjects to say what they were thinking and doing while carrying out the 

given tasks. During the tests, complementary quantitative measurements (e.g. latency and 

service availability) were also carried out in the background. 

 Afterwards, test subjects were interviewed. Questions were open-ended and covered 

both the specific e-service prototype, and mobile e-services in general. Neutral questions 

were emphasized, striving not to influence the subjects in any direction. The researcher 

conducting the interviews encouraged the subject to speak freely and tried to interfere as 

little as possible and rather let the subjects speak and elaborate in an open fashion.  

5.1 Analysis 

All user comments during both user tests and interviews were transcribed, producing a solid 

amount of empirical data. All comments where then carefully sorted under different 

categories, aiming to group comments about the same phenomenon, facilitating analysis. 

The categories where not pre-defined, but emerged during the data analysis. During the first 

round of analysis, more than twenty different categories where defined. Closely related 

categories were then combined, resulting in the following main categories: Application and 

Service Accessibility, Ease of Use, Individualization, Location Utilization, Platform 

Independence, Responsiveness, Robustness, Security and Integrity, Service Mobility, Two-

way Communication, and Usefulness. Some comments where hard to classify and was 

consequently sorted under an additional category called Miscellaneous. 

 During the next round of analysis, comments about general application and graphical 

user interface design were separated from opinions more specifically targeting mobile e-

services. Ease of use (e.g. minimalist design), responsiveness (e.g. informative feedback), 

robustness (e.g. error prevention), and security and integrity (e.g. user control) has already 

been thoroughly investigated by researchers such as Nielsen [16]; Shneiderman and 

Plaisant [17]; and Nielsen and Budiu [18], and incorporated in the application design canon. 
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We found no need to reinvent these requirements, as they were already wide spread, used 

and accepted. Instead we focused on the remaining categories, using these to define a 

proposal for design guidelines applicable to mobile e-services. Results from the quantitative 

measurements where also included in the definition process, but due to the relatively small 

sample we decided to assign them minor significance. 

5.2 Design Guidelines for Mobile e-Services 

Seven requirements for the design of mobile e-services were identified, being: 

1. Application and Service Accessibility. The mobile e-service should be easy to find and 

access. A single point of access is preferred. 

2. Individualization. The service should be user-centred, allowing users to tailor form and 

function. If possible, different communication modalities should be provided. Ideally, 

information such as form data should be cached, allowing re-usage between e-services. 

3. Location Utilization. User location (or location chosen by the user) should be utilized to 

enhance service quality and increase the offered functionality. 

4. Platform Independence. The mobile e-service should be accessible on different 

platforms and different devices, with look-and-feel also independent of platform used. 

5. Service Mobility. Design for service availability anytime, anywhere, regardless of 

device, network or location. 

6. Two-way Communication. Utilize the fact that information can be sent bi-directional, 

and that either the user or the service provider can initialize information transmission. 

Consider making the user a service provider herself, offering up-to-date and location-

connected information. 

7. Usefulness. The mobile e-service must provide added value to the user, in terms of 

work efficiency, cost efficiency, and/or deliver information important to the user. 

6. Business Benefits 

Services represent the larger part of today’s economy, and the innovation and 

implementation of a new generation of mobile e-services will inevitably play a large role in 

future business development. The responsibility of realizing this is shared among many 

stakeholders, and must be dynamically distributed throughout the different phases of 

service innovation. [19] 

 When it comes to enabling citizens to interact with municipalities and governmental 

agencies, access self-services, and submit requests and applications in a secure way, the 

role of mobile e-services can’t be underestimated. If designed carefully and easy to use and 

accessible to large groups of citizens regardless of their age, background, or technological 

competence, the potential is huge. In a broader sense, mobile e-services can be used as a 

very effective way of reaching higher levels of e-democracy and e-participation. Not only 

limiting citizens to interact with existing services and utilities, such tools may be used for 

suggestions and comments on new projects in the area of physical infrastructure – such as 

new parks, bicycle paths, arenas, swimming pools, etc. [1], [20], [21] 

 In conclusion, mobile e-services contribute to securing future welfare by enabling more 

efficient ways of delivering public service. In this way, citizens will ultimately experience 

enhanced services at a lower cost. 

7. Conclusions 

In this paper, we addressed the predicted fourth generation of e-services, i.e. mobile e-

services. We developed a prototype e-service, manifesting the characteristics of mobile e-

services and conducted experiments with real users in a real-world setting.  
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 We claim that mobile e-services are qualitatively different from traditional e-services, in 

terms of offering full service mobility, increased functionality due to terminal and user 

mobility, cross-platform functionality and support for offline usage. Therefore, specific 

attention is required when it comes to design of mobile e-services. Analysis of the empirical 

data collected during our user testing have resulted in seven guidelines for the design of 

mobile e-services, being suggestions to design for application and service accessibility, 

individualization, location utilization, platform independence, service mobility, two-way 

communication, and usefulness. It is our belief that these guidelines will inform the work 

on implementing better service mediators in general, and mobile e-services in particular. 

This will benefit all stakeholders involved in the development of the e-service area. 

 Future work will include further validation of the proposed design guidelines, most 

notably through expert evaluation, and also additional user testing following when the 

mobile e-service is made public and deployed full scale. New mobile e-services will also be 

developed, using our proposed guidelines. Several design projects are already initialized 

and underway.  
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