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ABSTRACT

Due to the expansion of the internet in recent years, we have witnessed an increase in popularity of web
applications and its technologies. A particular technology of web application, Content Management system,
has also gained relevance as they facilitate the distribution of wide varieties of content. The process involved
i designing and developing content management system 1s a complex procedure due to the variability of its
requirement over time which has effects on its architecture and design. Currently, the Usability Engineering
(UE) and Software Engineering (SE) processes are practiced as being independent of each other. However,
several dependencies and constraints exist between these two frameworks, which make coordination
between the UE and the SE teams crucial. Failure of coordination between the UE and SE teams leads to
CMS that often lacks necessary functionality and impedes user performance. At the same time, the UE and
SE processes cannot be integrated because of the differences in focus, techniques, and terminology. We
therefore propose a development framework that incorporates SE and UE efforts to guide current CMS
development. The framework characterizes the information exchange that must exist between the UE and
SE teams during CMS development to form the basis of the coordinated development framework. The UE
Scenario-Based Design (SBD) process provides the basis for identifying UE activities. Similarly, the
Requirements Generation Model (RGM), and Structured Analysis and Design are used to identify SE
activities. We 1dentify UE and SE activities that can influence each other, and identfy the high-level
exchange of information that must exist among these activities. We further examine these interactions to
gain a more in-depth understanding as to the precise exchange of information that must exist among them.
The 1dentification of interacting activities forms the basis of a coordinated development framework that
mcorporates and synchronizes the UK and SE processes.

Keywords: CMS, Coordination, Integration, Software Engineering, Usability Engineering,
Requirements Generation, Framework, Development Process computation
m The AIMS Research Journal Publication Series Publishes Research & Academic Contents in All Fields of Pure & Applied
= Sciences, Environmental Sciences, Educational Technology, Science & Vocational Education, Engineering & Technology ISSN -
RAm.!ulh\fulum‘%l 2488-8699 - This work is licensed under The Creative Commons Attribution 4.0 License.
Publication Series To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/ or send a letter to Creative Commons

P.O.Box 1866, Mountain View, CA 94042, USA.



& Contemporary Research in
SCIENCE & ENGINEERING

Vol. 5 No. 2, June. 2017

1. BACKGROUND TO THE STUDY

Since the beginning of web engineering, many web modeling methods have been proposed in order to
provide efficient and structured ways of developing web applications. However, these web modeling
methods only provided design primitives for building web applications from scratch, and not including the
possibility to design pre-existing components related to a particular web domain. Content Management
Systems (CMS) are software that enable one to add and/or manipulate content on a Web site. Web
Content Management (WCM) systems are software products used for the management and control of web
content. WCM systems have gradually merged with web applications resulting in CMS-based web
applications [27]. The implementation and continuous usage of WCMSs is a complex task, since one has to
cope with fast-changing requirements which have a high impact on architecture and design. Key in this
process 1s the translation of business requirements into pre-existing components. In order to make this
process more transparent and effective and to improve the usability of CMS, the usability engineering and
the software engineering processes must be well defined and incorporated.

The Usability Engineering and Software Engineering life cycle activities help develop “usable” and
“functionally satisfactory” software systems. The factors that make a system more or less usable and
functionally satisfactory are complex. A usable system should enhance human performance and be easy to
learn. At the same time, a usable system should be easily adaptable and should provide a satisfying user
experience. A functionally satisfactory system should possess the necessary functionality to satisfy the
requirements of all users when deployed in the users’ environments. Additionally, the system should
mterface well with the other systems already in use. The ultimate goal of UE is to create systems with a
measurably high usability; the practical objective 1s to provide interaction design specifications to software
engineers [20]. Usability Engineering is the process that incorporates a set of methods and techniques used
by the usability engineers to design a “usable” system. The process helps the usability engineers in iteratively
evaluating how usable the software 1s, and improving the design to make software more usable.

Software Engineering is the application of systematic, disciplined, quantifiable approach to the
development, operation, and maintenance of software. Software Engineering addresses the application of
engineering methods to software development. With the application of sound software engineering
principles, the software developed is reliable, mamntainable, and efficient. The software engineering process
identifies the problems for which a software solution is to be generated. It also identifies the characteristics
of the software solution that can solve these problems. Software Engineering further identifies the paths to
construct a software solution, as well as defines strategies for error detection and downstream maintenance.
Software engineers have introduced a structure to the overall software development process through a better
understanding of the various processes involved in software development. These processes have been
expressed as software development models. The Waterfall Model [24], the Incremental Model [16], and
the Spiral Model [2] are examples of software development models. Software development models
decompose the software development process into five major phases: the requirements engineering phase,
the software design phase, the implementation phase, the integration phase, and the maintenance phase.
The ultimate goal of software engineering 1s to engineer software systems that possess the necessary
functionality to support user requirements.
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As with any web based application, basic usability principles should be followed. But web interfaces are
different from normal software Graphical User Interfaces (GUlIs), as there are a variety of different
technologies that can be used. The technical abilities of someone creating a web interface can be much
lower than that of a normal software engineer as the technologies and means to create a website are easier to
get hold of. A huge problem with this 1s that, if the user does not like a site because it 1s unusable, difficult to
read, or poorly designed, he tends to look for alternatives. This is a usability problem. A usable WCMS
back-end saves money and time on training users, makes implementation and upkeep of a site easier. It
enhances integration and automation of processes that contribute to efficient dissemination of information
on the Internet.

1.1 Statement of Problem

Traditional software engineering lifecycles do not explicitly address usability [15]. Usability Engineering
(UE) and Software Engineering (SE) are stll typically separate and are applied independently in CMS
development. For example, it 1s not uncommon to find usability engineers being brought into the
development process after the implementation stage. They are asked to “fix’ the usability of an already
mmplemented system, and even then most changes proposed by the usability engineers that require
architectural modifications are often ignored due to budget and time constraints. Those few changes that
actually get retrofitted incur huge costs. The madequate coordination between the usability and software
engineers often leads to conflicts, gaps, and miscommunication. This research work therefore focuses on
defining a development framework that enhances effective/efficient coordination and synchronization of UE
and SE processes during CMS development [11][13]

1.2 Objective

The objective of this research work is to define a framework based on the definition of information
exchange among influencing Usability Engineering and Software Engineering activities in Content
Management System development.

2. RELATED WORKS

In this section of the chapter, we present an overview of the other researchers’ efforts directed towards the
mtegration of Usability Engineering into the Software Engineering process. We also highlight the important
observations that have emerged through these research efforts.

2.1 Milewski

Milewski [18] focuses on usability and software engineering education and addresses some issues related to
mtegration of the UE and SE processes. Milewski claims that integrating the UE and SE teams (to become a
single entity) 1s not possible for some reasons. However, he was not able to establish the fact that optimum
coordination can be achieved among these two teams. This coordination allows the teams to work
concurrently with regards to each other in software development processes[14][15][17].
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Some of the reasons he highlighted for the impossibility in integrating the teams are:

e Several applicaion functions are neither directly related to the user, nor would
benefit from wuser involvement. Such functions may exist in the software
functionality.

e  Having the user advocate semi-separated from the schedule and budget demands of the
rest of the project 1s best.

®  Too much work may be required to combine positions and to interface others’ roles in the
project (systems engineers, developers, designers, marketers, etc.), and this work 1s typically
too much for a single role (combined usability and software engineer) to handle.

Milewski further claims that creating a common integrated process model will not make the situation more
manageable because:
®  Process models in practice are adapted to fit the specifics of the environment and the
needs of the specific project.
®  Process models are more descriptive of what actually happens rather than what must
happen.

2.2 Natalia Juristo

Juristo et al [11] explore the use of architectural patterns designed to enhance the usability of software
products. Their research promotes the use and application of architectural patterns to enhance software
usability.  Juristo and Lopez advocate a forward engineering approach to integrate UE into the SE process
by suggesting the use of architectural patterns for software to enhance usability of the software product. The
approach taken by these researchers differs from the traditional approach of measuring usability after the
development of the software product. They consider usability as a quality attribute of a software system and
address the problem of integrating usability characteristics into the general software architecture. The
general UE quality attributes are too high to integrate into the software architecture. To solve this problem,
Juristo and Lopez have decomposed the UL process into levels of abstraction progressively closer to SE.
The two intermediate levels are usability properties and usability patterns[5][6][10] The usability properties
make software usable and usability patterns act as mechanisms to incorporate usability properties into
software architecture. The usability patterns do not offer a software solution, but suggest an abstract
mechanism to incorporate usability patterns into software architecture. The implementation of usability
patterns into software architecture is therefore a problem. Juristo and Lopez claim that architectural
patterns will reflect a possible solution to the problem of implementation of usability patterns. The usability
patterns are unique for every usability property. The architectural patterns are therefore the last link of the
UE attribute-property-pattern chain connecting software usability with the software architecture[19][21][22]

2.3 Xavier Ferré

Xavier [8] states observations made by his research team working on the “STATUS” project. The aim of
the STATUS project 1s to study and determine the connections between software architecture and the
usability of the resultant software system. Ferré claims that the use of UE techniques is not straightforward,
because they are not integrated into the SE process. Therefore, his research tries to introduce a handy
group of mcrements, which when included in the software engineering process, would ensure higher
usability of the resultant software. Ferré presents a survey of the UL literature to identify activities that were
best suited, and agreed upon by researchers, for inclusion in the software engineering process [23][24][25]
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To identify the best-suited activities, the researchers listed UE activities that enjoyed general acceptance in
the Human-Computer-Interaction field. They also checked for activities that were less alien to SE, had low
mtegration costs, and had a higher general applicability. The “findings” from the UE field were then
mapped to the activities in the SE field, adapting their results to the SE concepts and terminology. Grouping
of similar activities formed the increments or “deltas.” The paper discusses in detail the phases of the
mtegrated process and the usability increments applicable to the SE process. Ferré however, did not
highlight the necessary interactions that need to take place among the individual activities of both UE and
SE. This is necessary for the definition of a development framework for the coordination of UE and SE
processes [28].

3. CURRENT PRACTICES

In spite of the extensive research in Software and Usability Engineering, there has been a marked deficiency
of understanding between the two generally in software products development and particularly in CMS
development. In general, the two teams do not usually seek to understand the other’s goals and needs and
have inadequate appreciation for the other’s area of expertise. Douglas [7] opined that the apparent reason
for this situation 1s the way computer science courses are typically offered in colleges, he stated that SE
courses often omit any references to user interface development techniques and UE courses hardly discuss
the SE implications of usability patterns. Douglas’ claims remain to be validated. The simple fact remains
that these two teams do not work hand-in-hand with each other in the development of CMS; their activities
are carried out independently and in parallel manner. In most cases, usability engineers come mnto action
after the CMS has been developed and, in some cases contents getting published, their role 1s now reduced
to fixing already made errors that greatly affect the usability and also functionality of CMS. In some cases,
this absence of coordination results in failed software projects.

Work Flow

Authering Publishing

Storage

Figure 1: Content Management Process Model

3.1 UE and SE Interaction Framework

Both UE and SE processes focus on developing a “usable” and “functionally satisfactory” software product
respectively. A usable software product should be easily understood and adaptable. A functionally
satisfactory software product satisfies user requirements.
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The activities of the UE and SE processes have common goals, and, are therefore, similar in nature. The
objectives of these activities and their adopted techniques are, however, significantly different. For the UE
and SE process activities to achieve their objectives in CMS, a considerable information exchange need exist
among their activities. Ordinarily, the UE and SE processes are practiced as being exclusive and non-
mteracting. The underlying framework that guides content management development should promote the
exchange of information among activities of the UE and SE processes by employing the processes as
coordinated and synchronized practices. In this chapter, we discuss a paramount understanding of the
exchange of information that normally should take place among the various phases of the UE and SE
processes. This exchange of information helps in identifying essential interactions that must exist among the
activities of the UE and SE processes. We conceptualize the exchange of information among activities of
the UE and SE processes as interactions. To identify the interactions, we search for relationships among
objectives of activities and introduce the concept of activity awareness, which implies continuous interactions
among the activities of the UE and SE processes to exchange design information [4]

3.2 Interactions Between The SE And UE Processes

The identification of relationships among the objectives of both UE and SE. can be useful in identifying the
exchange of information that should exist among them. In this section, we present a high-level
understanding of the exchange of information that should exist among the phases of the UE and SE
processes. There exist some similarities and differences between the UE and SE processes. At a high level,
UE and SE share the same objectives which are:

1. Seeking to understand the user’s wants and need;
1. Translating these needs into system requirements;
m.  Designing a system to satisfy these requirements; and
.  Testing to help ensure their realization in the final product.

4. INFORMATION TRANSFER BETWEEN UE AND SE PROCESSES

As stated earlier, UE and SE have constituent activities that make them up, each of which has its own
objectives. To mmprove the usability of CMS, there needs to be interaction between these activities as these
activities need be carried out concurrently and in sync, that is, with respect to each other. Information
exchange needs to take place between the UL and SE teams as the CMS project progresses, some of the
mmportant information transfer that need to take place between UE and SE processes in CMS development
mclude:

4.1 Information about Constraints and Dependencies That Affect the System

Both usability and software engineering teams identify the constraints and dependencies that affect the CMS
usability. The constraints and dependencies identified by the usability engineers may, however, have a
different focus from those identified by the software engineers. Information about constraints and
dependencies identified by each team should be useful to both teams during the later stages of their design.
Therefore, this information should be exchanged among the activities of the UE and SE processes. [1][3]

4.2 Information about User Categories

Knowledge about user categories need be synchronized between the usability and software engineers. The
usability engineers identify user categories during requirements and stakeholder analysis, while the software
engineers do the same during their initial interaction with the customers, earlier in the vision and overview
stage. This exchange of information about user categories should help to maintain a common
understanding between the two teams with respect to the various possible user categories of the CMS.

6
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4.3 Information about User Needs

The UE stakeholder analysis activity identifies the needs of the users that should be met by a usable system.
These identified needs are useful to the software engineers during their design process. The software
engineers 1dentify the needs of the users through needs generation process performed i consultation with
the stakeholders. User needs generated by the usability engineers during stakeholder analysis are available
for reference during the SE needs generation. The SE team takes these needs mnto consideration during the
implementation stage for easy creation, storage, editing, archiving and disposing of content on the content
management systems. Also, the software engineers perform needs evaluation to distinguish the needs to be
mcorporated into the CMS from those to be left out due to non-necessity. These distinct needs should be
conveyed to the usability engineers for use during the identification of the CMS functionalities.

4.4 Information about Candidate System Services

During the interaction design stage, the usability engineers identify the basic functionality to be offered by a
software system. This basic system functionality 1s a high-level understanding of the activities to be
supported by the CMS which include creating, reviewing, publishing, archiving and disposing of content
materials. The usability engineers analyze current practices to identify new opportunities for improvement
and 1dentify the assumptions that constrain design activiies. The knowledge about opportunities for
improvement and the constraints imposed on the design are used to identify the basic functionality offered
by the system under development. This information about these candidate activities to be supported by the
system would be useful to the software engineers during their needs generation and should be conveyed to
them.

4,5 Information about Supported Activities

The usability engineers design the details of activities and perform a refinement of the design through
stakeholder involvement. They also transform current practices to new activities by constructing alternate
activity design scenarios and by evaluating design features. The refinement of supported activities 1s
performed using the point of view of system objects and the elaboration of activities through participatory
design with stakeholders. The usability engineers verify the designed activities for coherence and
completeness. The CMS development effort requires the usability and software engineers to have a
common understanding of supported activities early in the project. Information about the identified
supported activities obtained by the usability engineers should be conveyed to the SE team.
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Figure 2: Scenario Based Usability Process Model
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5. PROPOSED FRAMEWORK
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Figure 4: Proposed framework for CMS

5.1 Activity Awareness and Lifecycle Independence

Using the developed framework (figure 4.0), each developer role can see their own and the other’s
lifecycle status, activities, the iteration of activities, the timeline, techniques employed or yet to be
employed, the artefacts generated or yet to be generated, and the mappings between the two domains
if present. The view of each role would show only those activities that are relevant to that role. Fach
role views the shared design representation through its own filters so that, for example, the software
engineers see only the software implications that result from the previously mentioned iterativeness in
UE, but not the techniques used or the procedure followed. Similarly, if software engineers need
iteration to try out different algorithms for functionality, it would not affect the usability lifecycle.
Therefore, the process of iteration is shielded from the other role, only functionality changes are
viewable through the UE filter. Each role can contribute to its own part of the lifecycle and the model
allows each role to see a single set of design results, but through its own filter. Our framework places
these connections and communication more on product design and less on development activities.
This type of ‘flter’ acts as a layer of insulation, between the two processes, 1.e. the process model
helps isolate the parts of the development processes for one role that are not a concern of the other
role. The layer needs to be concrete enough to serve the purposes, but not over specified so as to
restrict the software design that will implement the user interface functionality. This prevents debates
and needless concerns comparing processes and distrust on the other’s techniques.

10
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Due to the fact that the developed framework does not merge, but integrates, the two development
processes, experts from one lifecycle need not know the language, terminology, and techniques of the
other, and therefore can function independently.

5.2 User Interface and Functional Core Communication Layer

The framework advocates the need for the two development roles to specify a common
communication layer between the user interface and the functional core parts. This layer 1s similar to
the specification of the communication between the model and the other two parts (view and
controller) in the Model View Controller (MVC) architecture [12]. This communication layer
describes the semantics and the constraints of each lifecycle’s parts. For example, the usability
engineer can specify that an undo operation should be supported at a particular part of the user
mterface and that in the event of an undo operation being invoked by the user, a predetermined set
of actions must be performed by the functional core. This type of communication layer specification,
which will be recorded by our process model, allows the software engineers to proceed with the
design by choosing a software architecture that supports the undo operation [1]. How the undo
operation 1s shown on the user interface does not affect the SE activities. This type of early
specification of a common communication layer by the two lifecycles minimizes the possibility of
change on the two lifecycle activities. However, this common communication layer specification
might change with every iteration and these changes should be made taking into account the
implications they will have on the already completed activities and the ones planned for the future.

5.3 Coordination of Life Cycle Activities

Our framework coordinates schedules and specifies the various activities that have commonalities
within the two processes. For such activities, the framework indicates where and when those activities
should be performed, who the involved stakeholders are, and communicates this information to the
two groups. For example, if the schedule says it is time for usability engineers to visit the clients/users
for ethnographic analysis, the process model automatically alerts the software engineers and prompts
them to consider joining the usability team and to coordinate for the SE’s user related activities.

5.4 Communication between Development Roles

Another important contribution of this framework is the facilitation of communication between the
two roles. Communication between the two roles takes place at different levels during the
development lifecycle. The three main levels in any development effort are: requirements analysis,
architecture analysis, and design analysis. Each of these stages results in a set of different artifacts
based on the lifecycle. The framework has the functionality to communicate these requirements
between the two domains. For example, at the end of UE task analysis the usability group enters the
task specifications mto the model and the SE group can view these specifications to guide their
functional decomposition activities. At the end of such an activity, the SE group enters their
functional specifications to the model for the usability people to cross check. This communication
also helps in minimizing the effects of change and the costs to fix these changes. By communicating
the documents at the end of each stage, the potential for identifying errors or incompatibilities
increases as compared to waiting tll the conventional usability specifications stage, which usually
comes up after the SE team are ‘done’ with their input. This early detection of mismatches 1s
important because the cost to fix an error in the requirements that is detected in the requirements
stage 1itself 1s typically four times less than fixing it in the integration phase and 100 times less than
fixing it in the maintenance stage [2].

11
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5.5 Constraints and Dependencies

The design representation model incorporates automatic mapping features, which will map the SE
and UL part of the overall design based on their dependencies on each other. For example, there
exists a many-to-many mapping between the tasks on the user interface side and the functions on the
functional side. In the event of identifying a new task after a particular iteration by the usability group,
the design representation model will automatically alert the software group about the missing
function(s) and vice versa. So when the software engineer tries to view the latest task addition, he 1s
given a description that clearly describes what the task does and what the function should do to make
that task possible. This way the developers can check the dependencies at regular time intervals to
see that all the tasks have functions and vice versa and that there are no ‘dangling’ tasks or functions
that turn up as surprises when the two roles finally do get together.

6. CONCLUDING REMARKS

Research on the development of a coordinated framework that incorporates UE and SE processes in
CMS 1s motivated by the required exchange of information among activities of these processes during
CMS development. The exchange of information ensures common design understanding between
the UE and SE teams. The mtent behind the identification of interactions between the UE and SE
teams 1s to design a framework that incorporates the UE and SE processes. The differences in focus,
methods, and terminology used by the UE and SE teams make integration of the two difficult.
However, the UE and SE processes have to be performed in coordination during CMS
development. In our research, we have identified the interactions necessary between the UE and SE
teams, and have highlighted 1ssues in the design of a coordinated development framework

7. CONTRIBUTIONS TO KNOWLEDGE

The coordinated development framework 1s required to facilitate interactions between the UE and
SE teams. The definition of an interface between the UE and SE processes is the crux of this
framework. The interface provides a much-needed structure to the communication between the UE
and the SE teams during CMS development. Identification of exchange of information that should
1deally exist among activities of the UE and SE process 1s a major contribution of this research. The
exchange of information among major activities has been identified and visually represented at a high
level. This exchange has also been detailed at a lower level of decomposition of major activities. The
high-level representation serves the purpose of implementations that follow the same generic UE and
SE activities, but have taillored processes. Implementations that do not follow a formal usability
process, or follow the SBD for usability engineering, and, at the same time, use incremental software
engineering also, can use the detailed exchange of information to tailor their own process.

12
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