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1   Introduction 

In the past electronic appliances and devices, e.g. telecommunication devices, usually 
were comprised of proprietary hardware. Nowadays such products are increasingly 
implemented on a software basis, e.g. as embedded applications,  web clients or Apps. 
These types of interactive software systems steadily become more important. 

As in most application domains users can choose from a vast variety of competing 
products usability and user interface aspects become substantial. But user interface 
development in particular absorbs a significant portion of the total development effort 
[15]. Emerging platforms, such as smart phones, other mobile devices, and new web 
technologies are the driving forces for even higher UI complexity. 

Due to these facts we focus our research on options for automation in the UI 
development process.  Here a major aspect is pattern- and model-based UI modeling 
and UI code generation. Within this paper we would like to share the findings of our 
ongoing work on transforming user interfaces to diverse contexts of use. 

2   Related Work 

Patterns and pattern languages have a growing impact on the disciplines of HCI and 
web engineering.  Christopher Alexander introduced patterns for solving problems in 
architecture and urban planning.  He defined a pattern as a three-part rule which 
expresses a relation between a certain context, a problem, and a solution [1]. In the 
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1990s patterns were adopted by software engineers and software architects for 
promoting the reuse of high-quality design solutions [8].  For over a decade now 
patterns and pattern languages have also entered the fields of HCI, usability 
engineering [12], user experience [18] and organizational workflow [9]. 

Over the years various HCI pattern catalogues have been developed and published 
providing valuable and reusable design knowledge.  Examples are Jenifer Tidwell’s 
Designing Interfaces, Patterns for Effective Interaction Design [17], Martijn van 
Welie’s Patterns in Interaction Design [19], Todd Coram’s and Jim Lee’s A Pattern 
Language for User Interface Design [3], or the community-driven UX and UI pattern 
library Quince operated by Infragistics [10]. 

However, most of the available pattern collections lack an appropriate 
organizational structure in order to facilitate pattern selection and ensure the overall 
coverage of domain dependent and independent modeling and design problems.  
Manageability aspects of various existing UI pattern catalogues are discussed and 
compared in [4]. In [13] a structured approach both for designing hierarchically 
organized HCI pattern languages and controlling the selection of the really needed 
patterns during the software development process is introduced. 

Another significant shortcoming in the area of patterns is that the various authors 
usually describe their patterns in different and inconsistent styles. This makes it hard 
or even impossible to search, select and reference patterns across pattern collections.  
In a workshop which has been held during the CHI 2003 conference the participants 
aimed for unification of pattern descriptions and guidance for the authors.  Hence the 
Pattern Language Markup Language (PLML) has been constituted.  The current 
version PLML v1.1 stipulates that the documentation of a certain pattern should 
consist of the following elements: a pattern identifier, name, alias, illustration, 
descriptions of the respective problem, context and solution, forces, synopsis, 
diagram, evidence, confidence, literature, implementation, related patterns, pattern 
links, and management information [7]. 

The use of patterns can support software engineering activities in all phases of the 
software development life-cycle. A comprehensive process for user interface 
engineering using patterns is e.g. introduced in [16]. 

In [11] it is demonstrated that HCI patterns can be used to migrate existing user 
interfaces of web applications across platforms considering the screen size of the 
respective user devices and the complexity of the data architecture. Two different 
approaches can be used for this type of migration: redesign and reengineering. While 
redesign is a simplified procedure for migrating directly from one to another 
platform-specific user interface, reengineering consists of an intermediate step of 
creating an abstract platform-independent UI model. In a case study redesign with 
navigation patterns is illustrated. 

The current state-of-the-art in the growing field of HCI patterns and pattern-based 
software development approaches is documented in [2]. 

3   Pattern-Based Context Transformation 

In [5] we introduced a pattern- and model-based framework for partially automated 
generation of UI code. One of its key components is a pattern repository containing 



206 J. Engel, C. Märtin, and P. Forbrig 

 

the pattern definitions according to PLML v1.1 [7]. The patterns are hierarchically 
organized according to their respective levels of abstraction as outlined in [13].  On a 
top level view, the related taxonomy distinguishes patterns for navigation, content 
presentation and user interaction issues. The framework supports its users designing 
an abstract user interface model which serves as the basis for transformation into 
context-specific semi-abstract UI models. Finally the code of the target user interface 
is automatically generated from these semi-abstract models. 

The UI model construction and transformation processes are based on diverse 
models, including task model, user model, device model, environment model, and 
data architecture model. 

User
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User
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User
Interface

Environment
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Fig. 1. User interface influence factors 

The task model commonly incorporates the user activities, their types, hierarchical 
structure and temporal relationships. Preferably task models are represented as 
Concur Task Trees (CTT) [15]. In the user model we hold information about the 
user’s preferences, expertise, possible disabilities and grade of distraction, for 
instance when the user is in charge of driving a car while interacting with a mobile 
device, e.g. a phone or navigation system. The device model holds data about input 
and output capabilities, screen size and resolution, bandwidth, storage capacity, 
processor power, and available widget sets. If not explicitly modeled, we use some of 
these values to determine the device’s media capabilities, such as text, graphics, 
sounds, and audio and video streaming. The environment model may indicate possible 
problems due to light irradiation, noise, or pollutant. Especially for web applications 
the data architecture model contains information about the complexity of the relevant 
content to be provided to the user [6], [11]. From these models one can construct 
various contexts of use during design time. 

The starting point of the pattern-based UI model transformation process is a set of 
individual HCI patterns. Table 1 provides an overview of the patterns we had in focus 
during our analysis work even though the list is not depletive. For lack of space it is 
not possible to provide here the full-blown pattern definitions according to PLML  
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Table 1. Alphabetical list of HCI patterns used for Transformations 

ID HCI Pattern Name Brief Description 
01 Accordion Stack panels vertically or horizontally and open up one 

panel at the time while collapsing the other panels [19] 
02 Alphabetical Index Index contains links to pages providing details of the 

indexed terms 
03 Bread Crumbs Hierarchical navigation path from top level to current 

page making each step clickable [19] 
04 Center Stage Put the most important part into the largest subsection 

of the page and cluster secondary content around it [17] 
05 Collapsible Panels Create panels that can be opened or closed 

independently of each other [19] 
06 Contextual Horizontal Menu A horizontal menu displayed temporarily depending on 

a certain context 
07 Contextual Vertical Menu A vertical menu displayed temporarily depending on a 

certain context 
08 Directory Navigation Grouping links for items of the second hierarchy level 

under headings of the first level [19] 
09 Drop-down Menu A list of items appears when invoking the menu and 

one of the displayed items can be selected 
10 Fly-out Menu Combination of horizontal menu with sub-menu flying 

out while hovering over the main menu-item [19] 
11 Portal Site One overall home-page leading to several sub-sites [19] 
12 Keyword Search Offer a simple search capability to the user for locating 

required content by specifying keywords 
13 List Builder Present the total list and provide editing functionality 

next to it [19] 
14 List View Show a simple list of items 
15 Most Relevant First Put the most important information in the first place of 

a container element, e.g. a list of items 
16 One-Window Drilldown Show each page within a single window and as a user 

drills down replace the window contents completely 
with the new page [17] 

17 Permanent Horizontal Menu An always visible single-row menu bar providing a 
consistent set of links leading to key sections 

18 Permanent Vertical Menu An always visible vertical menu providing a consistent 
navigation tool across all pages 

19 Repeated Menu Repeat the main navigation on the bottom of the page 
in order top minimize scrolling effort [19] 

20 Tab Menu Put groups of content onto separate panels which can 
be accessed via tabs 

21 Teaser Menu Show a partial menu with a capability to expand to the 
full-blown menu, e.g. using a “show more” link [19] 

22 Tiled Sections Define separate sections of content and lay them all out 
on the page together [17] 

23 Top Link Provide a link to the top of the page at locations in the 
main content [19] 

24 Two-Panel Selector Put two panels side by side – one displaying a set of 
selectable items and the other showing the details [17] 

25 Wizard Lead the user through the interface step by step, doing 
tasks in a prescribed order [17] 
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v1.1, but the pattern names and a brief description. For these patterns we have defined 
reasonable transformation directives for specific contexts of use. These rules in turn 
can themselves be regarded as type of transformation or mapping patterns. They 
consist of descriptions of a problem, i.e. the transformation problem, a context, i.e. the 
modeled contexts of use, and a solution, i.e. the transformation directive. Thus we 
have a unified method to describe both, the underlying HCI patterns and the 
transformation rules. 

The pattern-based UI model transformation is depicted with the help of the 
following examples taken from the analysis of existing software solutions. Here it is 
intended to provide user interfaces of an individual application for different devices, 
i.e. desktop PC and smart phone with a limited screen size. 

Figure 2 shows in its upper part the desktop PC version of the world-wide-web 
homepage of the German public TV station ARD [20].  For instance, the main 
navigation of the web page is implemented according to the “Permanent Horizontal 
Menu” pattern (pattern ID 17 in table 1) and consists of 12 menu entries.  For the 
small device version of the UI this pattern is initially transformed to the same pattern, 
but the resulting horizontal menu bar is truncated to only one single menu item 
“Navigation” as shown within the left screenshot in the lower area of figure 2.  When 
clicking on this menu item a new screen is opened up according to the “One Window 
Drilldown” pattern (ID 16), showing the original full amount of menu options, but 
now according to the “Permanent Vertical Menu” pattern (ID 18). 

Desktop
PC

Version

Mobile
Version

 

Fig. 2. Desktop PC and Mobile Version of the ARD Internet Homepage 

There exist different types of pattern-based transformations. At first there is the 
option to use the same pattern in the source as well as in the target user interface, i.e. 
the sameness on the abstract pattern-level. A second possibility is to apply the same 
patterns, but to vary in extensiveness, e.g. to include more or less items in a menu bar 
or to incorporate much or sparse content into a screen. The third option is to 
completely reorganize the structure and replace patterns by one or multiple different 
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ones. Basically multiple transformation patterns for a specific pattern and a specific 
context may coexist, i.e. that there are transformation alternatives. 

On basis this circumstance it is possible to derive a first transformation pattern 
definition as presented in table 2. Again, for lack of space, we merely included the 
transformation pattern attributes ID, problem, context, solution and illustration. 

Table 2. Definition of Transformation Pattern #1 

Attribute Description 
ID T-001 
Problem How to transform a “Permanent Horizontal Menu” pattern 

(ID 17) under the given context? 
Context • Source: desktop PC user interface 

• Display size: 15 in. or bigger 
• Display resolution: 1024x768 or better 

• Target: smartphone device UI 
• Display size: 35x41 mm or alike 
• Display resolution: 176x208 px or alike 

Solution 1. Apply a “Permanent Horizontal Menu” pattern (ID 17), 
but drastically reduce the amount of items, e.g. only one 
item named “navigation” 

2. Apply a “One-Window Drilldown” patter (ID 16) in 
order to open up a new screen 

3. Apply a “Permanent Vertical Menu” pattern (ID 18) 
including the original list of items. 

Illustration Please refer to figure 2. 

 
The pattern-based transformation is not limited to navigation patterns, but can also 

be applied for content presentation and interaction patterns.  Figure 3 shows in its 
upper part the main page of the internet email service of t-online.de, an online service 
of the German telecommunications carrier Deutsche Telekom AG [21].  This page is 
implemented according to the “Portal Site” pattern (ID 11).  Amongst others it 
contains a “Two-panel Selector” pattern (ID 24) as indicated by the two ellipses in the 
screenshot.  The left part allows for selecting an individual type of email messages, 
while the other provides a list of emails of the chosen type. 

The fundamental email type selection function is transformed to a “List View” 
pattern (ID 14) implemented as entry page for the mobile UI.  When clicking on one 
of the displayed list items a subsequent page is opened up according to the “One-
Window Drilldown” pattern (ID 16) showing the realization of a “List Builder” 
pattern (ID 13) providing the list of respective emails. The particular list entries are 
arranged as multi-line items so that the most relevant information can be displayed on 
a small device.  In summary the “Two-panel Selector” pattern of the large screen is 
replaced by several different patterns within the mobile UI. 

The related transformation pattern definition reads as shown in table 3. 
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Fig. 3. Desktop PC and Mobile Version of the Email Service t-online.de 

Table 3. Definition of Transformation Pattern #2 

Attribute Description 
ID T-002 
Problem How to transform a “Two-Panel Selector” pattern (ID 24) 

under the given context? 
Context Transformation from desktop PC to smartphone UI as 

contemplated in pattern T-001 
Solution 1. Apply a “List View” pattern (ID 14) incorporating the 

list of selectable items of the overview panel. 
2. Apply a “One-Window Drilldown” patter (ID 16) in 

order to open up a new screen 
3. Apply a “List Builder” pattern (ID 13) for showing the 

respective details. 
Illustration Please refer to figure 3. 

 
Another example is the German weather service wetter.de [22] where users can 

request weather forecast information for individual regions or cities. Both the PC and 
the mobile version identically request the related user input by respectively applying 
the “Keyword Search” pattern (ID 12). Figure 4 illustrates on its right hand side the 
search results for the city of Augsburg (Germany) in the desktop PC manner. 

On the left side it is shown the respective output as it appears on the mobile device. 
For demonstration purposes the entire virtual mobile page is displayed while the black 
rectangle indicates the visible part on the physical screen. The user has the option to 
scroll up and down in order to see the whole stuff. 

On the desktop PC page the content is provided in a “Tab Menu” pattern (ID 20) 
style for different weather forecast periods. Each panel is organized according to the 
“Tiled Sections” pattern (ID 22). The columns of the 3-day forecast tab contain the 
relevant information for today, tomorrow and the day after tomorrow. In the upper 
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Fig. 4. Desktop PC and Mobile Version of the Weather Service wetter.de 

 

rows of the matrix you see icons and temperature values for morning, noon and 
evening. The lower rows provide additional daily details about sunshine duration and 
precipitation. 

Within the mobile version the different tabs have no equivalent because solely a 
forecast period of three days is available. The column headings of the “Tiled 
Sections” pattern are represented according to the “Permanent Horizontal Menu” 
pattern (ID 17). Though the horizontal menu disappears when scrolling down, it is 
located on each of the result pages and therefore is a permanent menu. The rows for 
morning, noon and evening values are translated into a type of “List View” pattern 
(ID 14) appearance. A selection of the daily detail measures are also displayed on the 
basis of the “List View” pattern. 

Based on this actual situation the following three transformation patterns can be 
defined. 

Table 4. Definition of Transformation Pattern #3 

Attribute Description 
ID T-003 
Problem How to transform a “Keyword Search” pattern (ID 12) under 

the given context? 
Context Transformation as contemplated in pattern T-001 
Solution Just apply a “Keyword Search” pattern (ID 12) 
Illustration - 

In a similar manner it is also possible to transform specific user interfaces for other 
contexts of use, e.g. to create different UI for novice and expert users. Another idea is 
to adapt UIs for visually handicapped (not blind) people where the UI works in 
general similar to a UI for small screen sizes, but the elements and artifacts are 
displayed on a large screen in a magnified manner. 
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Table 5. Definition of Transformation Pattern #4 

Attribute Description 
ID T-004 
Problem How to transform a “Tab Menu” pattern (ID 20) under the 

given context? 
Context Transformation from desktop PC to smartphone UI as 

contemplated in pattern T-001 
Solution Pick the most important tabbed panel and apply a “One-

Window Drilldown” pattern (ID 16) for arranging the related 
content onto the resulting new page. Let all other tabbed 
panels unconsidered. 

Illustration Please refer to figure 4 

Table 6. Definition of Transformation Pattern #5 

Attribute Description 
ID T-005 
Problem How to transform a “Tiled Sections” pattern (ID 22) under the 

given context? 
Context Transformation from desktop PC to smartphone UI as 

contemplated in pattern T-001 
Solution 1. Apply a “Permanent Horizontal Menu” pattern (ID 17) 

and use the column headings of the “Tiled Section” 
pattern as menu items. 

2. Apply a “List View” pattern (ID 14) and incorporate the 
content pieces from the tiled sections. If applicable, 
define groups of contents and apply “List View” patterns 
for each of the groups. 

Illustration Please refer to figure 4 

4   Conclusion 

In this paper we have described a pattern-based method to transform user interfaces of 
interactive systems to diverse contexts of use. The main focus of our current work lies 
on modeling necessary relationships between the various patterns and defining a 
comprehensive set of transformation patterns, i.e. the rules required for pattern-driven 
transformation of existing abstract and semi-abstract UI models to concrete context-
related target user interfaces. In a subsequent step we will put our emphasis on 
automation issues of the transformation process. 
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