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Abstract. The purpose of this research is to improve the usability and adaptation
of complex information system (CIS) by reducing the complexity. The paper
introduces CIS, the complexity of CIS, usability and adaptation issues of CIS, and
potential solutions for these issues. Research suggests User Interface (UI) cus-
tomization can address usability and adaptation issues in CIS. This research pro-
poses the Object-Oriented User Interface Customization (OOUIC) framework to
reduce the complexity of CIS, in order to improve the usability and adaptation.
The OOUIC approach suggests that classifying users by user roles, e.g., job roles,
can reduce the complexity. Use Case Analysis (UCA) can identify actors (job
roles) and use cases (goals, tasks, and functions) to develop use case diagrams,
tasks diagrams, and function models. Based on model-driven modeling, the
mapping between use case diagrams, task diagrams, and function models enables
automatic selection of abstract Ul and development of concrete Ul for each job
role. Building connections between vendor UI (V-UI) and concrete Ul to generate
the adaptable vendor-free UI (MyUI) can ensure the reuse of Ul customization on
whichever V-UI The efficiency, robustness, and maintainability of the method had
been justified in previous studies. This research proposes a two-phase study by
using the product lifecycle management (PLM) system as an example to illustrate
that the framework can reduce complexity and improve usability and adaptation.

Keywords: Adaptation + Complex information system - Product lifecycle
management * Usability - Use case analysis - User interface customization

1 Introduction

With the growth of computer technology, the information system (IS) becomes a
computer-based system which can collect, manage, store, and share information among
various users [1]. With current IS technology, multiple users can handle many sets of
information in a short time, simultaneously. As the human’s demand of managing complex
information growing, the IS becomes multifunctional and consists of heterogeneous
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components. A complex system is defined as any system composed of a great number of
heterogeneous entities which may interact with each other to create multiple levels of
structure and organization [2]. The heterogeneous entities can be systems, humans, infor-
mation, and environments elements. Thus, when a IS requires interaction between many
heterogeneous systems and users from multiple expertise to manage different sets of
information, it can become a Complex Information system (CIS) [2].

As the concept of CIS emerges from recent years, there is not a standard definition
of this term. Albers and Still [3] specified four characteristics of CIS: complex work
environments, complex information contexts, complex technologies, and complex
topics. A complex work environment includes collaborations between multiple users to
achieve different goals and often is accompanied by distractions, interruptions, and
pauses [4]. This characteristic consists of three aspects: complex users, goals, and
environments. The complexity of information presents not only by the variety of
information but also by its dynamic feature. The information diversity requires users
from different expertise (complex topics) and different technologies or applications to
conduct the analysis. Also, the analysis methods, information presentations, and
expertise can be varied (complex technologies) due to the dynamic nature of complex
information [5]. The complex information overlaps with complex technologies and
complex topics. The complex topic is highly associated with users’ background and the
information [6]. Adapting Albers and Still’s definition, this research proposes five
complex aspects: user, goal, information, technology, and environment (Fig. 1). This
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Fig. 1. Five complex aspects of CIS: user, goal, information, technology, and environment
(based on Albers and Still’s four characteristics of CIS [3])
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research defines CIS as any information system which requires collaborations among
different users in an intricate environment to use multiple technologies dealing with
numerous sets of dynamic information to achieve various goals.

Previous CIS research hasbeen conducted on product lifecycle management sys-
tems, software configuration management systems, resource management systems,
healthcare systems, and financial systems [5, 7-11]. These systems are enterprise
systems implemented in organizations to manage complex information, such as product
data, software configuration, customers’ information, and financial data. An organi-
zation can involve multiple job roles, various business goals, and intricate environ-
ments. Thus it can be seen that enterprise systems follow the CIS’s definition and five
complex aspects. This research focuses on enterprise systems and uses PLM system as
an example to illustrate the usability and adaptability of CIS.

CIS brings not only benefits to progressing large sets of information but also a
series of usability and adaptation issues to users using its User Interface (UI). As Ul is
the software unit that can directly interact with users [12], this research focuses on
CIS’s UI design. Usability is to ensure effectiveness, efficiency, and satisfaction for a
specified set of users to achieve a particular set of tasks in a specific environment [13].
The usability issues caused by complexity include redundancy, unorganized layout,
and poor learnability. The purpose of developing multifunctional Ul is to enable
multiple user roles to achieve various goals and manage different types of information
within one single Ul. However, the low usage of other functions and information by a
particular user role results in redundancy [14]. Redundancy can cause misused func-
tions, inefficiency of locating functions and information, and hard to memorize Ul
features [15]. Even though designers put efforts in organizing many functions and
information in a single UI, users still have trouble to understand the multifunctional Ul
and blame it for causing unsatisfied experience [9]. Moreover, the difficult nature of
CIS applications and multifunctionality result in poor learnability. For instance, con-
verting an engineer from using one PLM system to another PLM system (new vendor
or upgraded system) can require six months and $20,000 investment [16]. Adaptation
refers to the properties of a system that can automatically adapt its behavior and
interaction to suit the user’s needs, expertise, and requirements [17]. CIS tends to
sacrifice the adaptation and use one single Ul to integrate multiple functions and
information to satisfy various users’ needs [18]. Even though there is research proposes
using adaptive Ul can improve the adaptation of CIS, the complexity results in diffi-
culties to develop self-adjust Ul for various users [19].

These usability and adaptation issues all have connections of the complexity of
CIS. The purpose of this research is to investigate the complexity of CIS and improve
usability and adaptation. The structure of this paper is as follows. This section intro-
duces CIS and its usability and adaptation issues. The next section reviews relevant
works in improving usability and adaptation of CIS. After analyzing potential solu-
tions, the third section proposes the Object-Oriented Ul Customization (OOUIC)
framework to reduce the complexity of CIS, in order to improve the usability and
adaptation. The fourth section provides a study to evaluate the OOUIC approach. The
last section suggests future works.
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2 Relevant Research

The ultimate goal of this research is to improve usability and adaptation of CIS.
However, adaptive UI and common User-Centered Design (UCD) methods might not
be sufficient to address issues in the CIS’s unique atmosphere. In order to identify
appropriate methods for CIS, this section reviews Ul adaptation, UCD methods, and UI
customization approach.

2.1 User Interface Adaptation, Customization, and Personalization

Adaptation is associated with personalization and customization [20]. Similar to
adaptive UI, personalization relies on the artificial intelligence and machine learning to
predict user preference and tailor the Ul to increase its personal relevance to an indi-
vidual or a category of individuals [21]. Not to mention the faultiness of machine
learning technology, identifying complex user requirements in CIS is a great challenge.
Relying on UI to do self-adaptive to fit complex customers’ needs is impractical.

In contrast, UI customization, which refers to the capability of enabling users to
adapt the UI to meet their requirements on specific tasks [22], can be a potential
solution to improve both usability and adaptation of CIS. Against static and adaptive
UI, UI customization builds an adaptable UI which enables users to control UI design
to provide higher perceived efficiency levels, thus greater satisfaction [23]. The
research found that Ul customization can improve users’ perceived ease of use, sat-
isfaction, user experience, willingness to use, and performance [24]. Thus, Ul cus-
tomization is a potential solution to improve both adaptation and usability. The
challenge to implement Ul customization is to ensure robustness, efficiency, and
maintainability in a complex setting [25].

2.2 User-Centered Design

User-Centered Design suggests placing users at the center of the design to allow them
to influence the design shape and giving extensive attention to their needs in each stage
of design processes [26]. UCD emphasizes user involvement and provides many
methods to evaluate and develop usability design, such as questionnaire, interview,
focus group, use case, scenario analysis, cognitive walkthrough, and heuristic evalu-
ation [27]. However, research indicates that UCD approach might not be sufficient to
identify user requirements in CIS [3].

As potential users of CIS can come from different backgrounds, simply applying
questionnaire, interview, and focus group can collect very diverse user requirements.
Satisfying different expert requirements in a single UI is hard. Forcing a single UI to
include all the needs can cause functional conflicts and redundancy [7]. Another
limitation of UCD methods is the development of CIS requires domain expertise. It
limits the application of user-free formative methods, e.g., cognitive walkthrough and
heuristic evaluation, since designers are not familiar with terminologies and func-
tionalities of the CIS [28]. Applying UCD method in CIS requires reducing the
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complexity, e.g., separating users into groups to collect requirements and designing for
particular user roles. The Use Case Analysis (UCA), which can identify user goals and
group requirements by goals, is one UCD method that can handle complexity [29].
Thus, this research suggests using UCA to reduce the complexity of CIS.

2.3 Object-Oriented Design Method

Based on UCA, Lin and Lee [30] proposed the Object-Oriented Analysis
(OOA) method to investigate the complex relationship between users’ objects and Ul
elements for the development of CIS. The approach suggests end-users’ objects are
associated with their requirements and desired system behaviors.

As shown in Fig. 2, the approach classifies user roles (in a PLM system, user role
can be an engineer, manager, and customer) and execution platforms (a PLM system
can be smart device application, desktop application, web application) and groups them
into client units, e.g., customers using an iPhone application. When customizing UI for
a specific user in a user role, the user and a platform can be a unit, e.g., a specific
engineer called Jack using a desktop application. For each client unit, identify which
trigger event enacts users to accomplish a specific use case. A trigger event can be a
message or another use case. The use case is a set of scenarios that narratively describe
interactions between the user and the system to achieve a specific goal. One client unit
can have multiple trigger events and use cases. Based on the use case and the user
role’s characteristics, designers can build user role profile and functions for this user
role, e.g., engineers’ profile and engineers’ functions. For a specific user in a user role
who wants to customize functions, the user’s characteristics will be used to generate
customization profile, e.g., an engineer called Jack has Jack’s profile and Jack’s cus-
tomized functions. All information will be stored in a use case bank for the system to
determine which UI should be provided to the user.

Client unit . User role User role
Trigger event / profile functions
/ ; 3
Platform Use case
bank
User ustomization customized
profile functions

Fig. 2. The framework of object-oriented analysis in UI customization (modified based on Lin
and Lee’s diagrams [30])

With the use case bank, a system can judge which platform the user is using. Since
the widget and size in different platforms are different, the Ul should be designed for
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each individualplatform. Based on user role profile and customization profile, the
system judges: what is the user’ role, which user role functions should be provided,
whether this user has customized functions, and which customized functions should be
provided. When a trigger event occurs, the system judges which use case will happen.
Based on user role profile and customization profile, the system provides UI for the
user to accomplish the use case.

The OOA method can customize UI for each user role, platform, use case, and
aspecificuser. The advantage of this approach is that it classifies user requirements into
detail groups. For this reason, it can ensure the robustness of identifying complex
requirements in CIS. However, customize Ul for every individual user is
time-consuming and not economical. A more efficient approach is required.

2.4 Model-Driven Design

Model-Driven Development (MDD) proposed automatic Ul customization to increase
efficiency and consistency when developing variants of an UI [31]. However, purely
automatic Ul customization relies on unstable machine learning technology and can
cause usability issues as adaptive UI does. To avoid this dilemma, Pleuss [32] proposed
Semi-Automatic UI Customization (SAUIC) on the basis of Model-Based User
Interface Development (MBUID) and Software Product Line (SPL) [33, 34].
The MBUID suggests derivation of an UI from a set of Ul models by considering users,
platforms, and environments. The SPL’s idea is to build a series of templates of an Ul
to achieve mass production by using templates. Merging two methods, SAUIC inherits
efficiency and usability.

The SAUIC process (Fig. 3) has a family of abstract UI templates for one kind of
software. Abstract Ul is the unit that includes the most basic elements of an UI to
achieve a task, e.g., abstract UI of a normal searching function includes an input box, a
search button, and a list of search results. One UI can have different abstract Ul
templates, e.g., search by name, search by ID, advanced search. Then designers define
UI configuration of which elements are required for the software, e.g., the UI only
needs search by name. After having the specific abstract Ul for the software, designers
can manually adjust the UI layout for a user role, a platform, and an environment. All

—
Abstract Ul y Abstract Ul + Concrete Ul > Final Ul
templates
Automatic
development
Ul Concret Ul
Configuration transformation

Fig. 3. The framework of semi-automatic Ul customization (modified based on Pleuss’s
Model-Driven Development model [25])
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manual adjustments can automatically convert to a concrete UI, which is a preview of
the adjusted Ul Last, the concrete Ul will automatically transfer to the final UI, which
is the UI for users.

Research justified that the SAUIC approach ensures not only the efficiency but also the
usability of UI customization [25]. However, the model did not specify a robust method for
manual customization. Thus, OOA should be integrated into the SAUIC approach.

2.5 User-Centered User Interface Customization

Implementing OOA in SAUIC can ensure the efficiency and robustness in Ul cus-
tomization of one software. However, switching software and upgrading software are
common in an organization. Maintainability is essential for UI customization. The
maintainability is to ensure the Ul customization can be implemented in a dynamic
environment, including changing the software vendor, upgrading software, and switch-
ing to another type of software. Wu [35] and his colleagues propose a User-Center Ul
Customization (UCUIC) to enable the extension of a customized UI to other vendor Uls.

The UCUIC method (Fig. 4) allows users to select desired functions from a vendor
UI (V-UI) to customize a MyUI for a specific user. The MyUI also allows the user to
adjust the UI configuration. All customized behaviors are stored in a database so that
the tool can regenerate the MyUI when the software switches to a new V-UL

3
V-Ul " MyUI Database New V-UI
User User

Fig. 4. The framework of user-centered UI customization (modified based on Wu’s user
interface customization model [35])

3 Objective-Oriented User Interface Customization
Framework

This research suggests that UCA can reduce the complexity by grouping users by
specific characteristics, e.g., job roles. Also, UI customization can improve the usability
and adaptation of CIS. Robustness, efficiency, and maintainability are the keys to the
implementation of Ul customization in CIS. Thus, this research integrates OOA,
SAUIC, and UCUIC into a systematic approach to achieve Objective-Oriented Ul
Customization (OOUIC) in CIS. This section describes the framework of OOUIC
(Fig. 5).
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Fig. 6. Use case diagram, task diagram, and function model
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3.1 Object-Oriented Modeling

The OOUIC framework includes three phases: Object-Oriented Modeling (OOM),
Model-Driven Modeling (MDM), and User-Centered Modeling (UCM). The first phase
is OOM. The OOUIC framework can classify users by their job role, e.g., engineers,
managers, customers. A job role is a description of what a person does in an organi-
zation [36]. Most companies use a job title to name a job role.

UCA will be applied to collect each job role’s goals, tasks, and required functions
to develop use case diagram, task diagram, and function model (Fig. 6). Developing a
use case diagram can identify a job role’s goals and the required tasks to achieve these
goals. For example, an engineer’s goal is to design a part in a PLM system. The
engineer needs to create a part, edit the part, and search the part.

A task diagram illustrates all detailed steps to achieve a task. In Fig. 6, the task
diagram shows steps to achieve a search task. Vertical arrows connect sub-steps, e.g. to
select a search option, a user can choose search by ID or search by name. Horizontal
arrows show the sequence of a series of steps, e.g., filter results first, then select the
desired result. The reason to have a task diagram is to help designers eliminate unin-
tended steps. For example, a job role does not require search options, the select search
options and its sub-steps can be removed from the diagram.

A function model is to map task diagram to a software’s functions. Each step in
task diagram has a corresponding function in the function model, and the function is
described in a way that system can understand. Thus, the system can eliminate the
unintended functions from the UI.

There are mappings between use case diagram, task diagram, and function model
so that other diagrams can make a corresponding change to the adjustment in one
diagram. These diagrams and mappings are stored in the use case bank for designers to
create abstract UL

3.2 Model-Driven Modeling

The next phase is MDM. A group of abstract Ul templates is designed for achieving
each function in different platforms. Based on the platform and the user’s job role, the
system will automatically develop abstract UI for the user role. To ensure the usability,
designers can manually adjust the Ul configuration during the process of creating
abstract UL With the abstract U, designers can manually adjust Ul layout to develop a
concrete UL

Based on SPL, the system can leverage abstract UI templates and use case bank to
build concrete Ul automatically. All manual designs are not necessary. However, when
a new job role or specific requirements come in, manual design can satisfy special
needs and improve the usability.

3.3 User-Center Modeling

The UCM phase is to ensure the maintainability of the model. A CIS can have multiple
applications, and these applications can change dynamically. For example, in a PLM
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system, product development engineers need CAD software to design 3D model;
managers need ERP software to manage resources; sales need CRM software to
communicate with customers. In addition, companies can change software vendors or
upgrade software to another version. It is inefficient to redo customization when there is
a change in the software.

User-center modeling suggests developing MyUI for each user. A MyUI is con-
verted from the concrete Ul. Users can manually customize MyUI. The MyUI’s
information (concrete Ul and user’s customization behaviors) is stored in a database.
Based on the database, the system can automatically build a mapping between V-UI
and MyUL. Thus, the user only needs to use one MyUI; the system can take care of the
dynamic changes in V-Uls.

4 Application in PLM System UI Customization

The purpose of building the OOUIC framework is to emerge with an efficient, robust,
and maintainable approach to improve the usability and adaptation of CIS. Previous
studies had validated the efficiency, robustness, and maintainability of the methods
implemented in OOUIC [25, 30, 35]. This research proposes using an observation of
PLM system Ul customization to investigate whether the approach can improve
usability and adaptation. As complexity is a major factor that can influence the usability
and adaptation, this research also will assist in determining the relationship between
complexity, usability, and adaptation.

4.1 Hypotheses

Hypothesis 1: Comparing to V-UI, the MyUI can significantly reduce the UI
complexity.

Hypothesis 2: Comparing to V-UI, the MyUI can significantly improve user per-
formance and perceived usability. They can highlight the relationship with usability
and adaptation.

4.2 Methods

The observation includes two phases. The first phase will apply OOUIC method to
develop MyUI for the PLM system. As previous research indicates that “fifteen to
twenty participants are required to elicit user requirements in Use Case Analysis [37] 7,
this study will conduct the UCA with 20 participants to develop case diagrams, task
diagrams, and function models. Abstract Ul templates will be developed based on
Siemens Teamcenter and PTC Windchill. Prototypes of MyUI for multiple job roles
will be developed by using UCA results and Abstract Ul templates.

The second phase is to conduct a scenario analysis to measure and compare the
complexity, usability, and adaptation between MyUI and two V-Uls (Siemens
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Teamcenter and PTC Windchill). According to UCA, one task will be chosen as the
scenario. Previous research suggests having 30 participants can receive statistically
significant results [38]. Thus, this study will recruit 30 to 40 PLM users from the
manufacturing company to conduct the task on MyUI and two V-UlIs. Alemerien’s [39]
UI complexity metrics (alignment, grouping, size, density, and balance) will be used to
measure complexity. The metrics include both objective measures of Ul structure and
participants’ subjective rating. Previous studies indicate that adaptation is associated
with user performance and user experience measures, such as task time, errors, and
perceived usability [23, 40]. According to Albert’s book [38], this study defines task
success, task time, and errors as performance measures, and usefulness, ease of use,
satisfaction, and ease of learning as self-reported measures (perceived usability). The
measures can highlight the relationship with usability and adaptation. ANOVA will
compare the complexity, user performance, and perceived usability between MyUI and
two V-Uls. The expected result is there is a significant difference between MyUI and
V-Uls.

5 Conclusion

In conclusion, Ul customization can be an effective way to improve usability and
adaptation of CIS. This research proposes the OOUIC framework by combining OOA,
SAUIC, and UCUIC as an efficient, robust, and maintainable approach to customize Ul
for CIS. However, further study is required to investigate the improvement of com-
plexity, usability, and adaptation of MyUI, in the comparison of V-UL

The complexity of user, goal, information, and technology can be reduced by
applying the OOUIC framework for Ul customization. However, a complex environ-
ment can still cause serious usability issues, such as interruptions, distractions, and
unintended pauses. Among these complex environment issues, the interruption can
easily cause harmful effects on users’ cognitive and physical work process and result in
barriers to system adoption [41]. In the future work, the effect of interruptions on MyUI
and V-UI should be studied.
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