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Abstract
With a continuously increasing amount of data and resources on the internet and in large document collections, effective visual
exploration interfaces are becoming more and more important. In recent years, many novel approaches have been proposed
for the exploration of complex, multidimensional data sets. However, little guidance is available for designers to create similar
solutions and to reuse established patterns. In this paper, we propose a construction kit for visual exploration interfaces. It
provides a set of building blocks that can be easily combined with each other. These building blocks can support the designer
in the creation of novel visual exploration interfaces but also in the analysis and variation of existing interface solutions.
Furthermore, we present a workshop method that evaluates the application of the construction kit for the creation and analysis
of visual exploration interfaces.
CCS Concepts
• Human-centered computing → Visualization theory, concepts and paradigms; Visualization design and evaluation methods; • Information systems → Web searching and information discovery;

1. Introduction
Exploratory search tasks can be supported by interactive visualizations that provide an overview of the data set and its structure
and allow the user to browse and filter the information space. The
resulting visual exploration interface is particularly useful, when
little is known about the data and the search goals are very vague
[Kei02]. Although many approaches to exploring complex data sets
exist, little guidance is available for novice designers and developers to create new solutions for specific use cases. To this end, we
propose a construction kit for visual exploration interfaces that is
suited for multidimensional information spaces.
Construction kits originate mainly from the field of mechanical
engineering, product design, and architecture. A construction kit
consists of several building blocks, which define a design space and
can be assigned to a specific problem domain [FL88]. This means
that different design variations can result from the selection and
combination of different building blocks. Recent research has also
focused on the development of design spaces for the application domain of information visualization, such as data comics [BWF∗ 18],
timelines [BLB∗ 17] and graphical abstracts [HB18].
The main aim of this research is to support the designer in the
conception phase of the design process and to learn from previous
successful visualization projects. New interface solutions can be
created by combining different building blocks of the provided design space. Furthermore, resulting interface solutions can be saved
as design patterns for reuse. To this end, we use the pattern approach conceived by Christopher Alexander to model design ex-

perience in architecture [AIS77]. He introduced the idea to capture a recurring design problem in the form of a design pattern
that suggests a proven solution. In the past, this pattern approach
has been also adapted to HCI problems [Bor01]. Examples are
the pattern collections for Interaction Design [Tid10] and for Websites & E-commerce [DLH06]. Design patterns and design spaces
were already successfully applied in educational scenarios. Packs
of cards can serve as "suggesting tool" [LHS10] during the design process and can be used for a directed brainstorming (cp.
[LHS13, ide19, HA17, BWF∗ 18, RS19]).
The contribution of this paper is twofold. First, we introduce
a construction kit for visual exploration interfaces, which is focused on multidimensional data sets in product search scenarios
(e.g. searching for a hotel or a technical product). This construction
kit combines characteristics of design spaces and design patterns.
Our second contribution is the introduction of a workshop method
that shows the application of the construction kit in two directions:
bottom-up to develop novel visual interfaces and top-down to identify and analyze key aspects of existing interface solutions.

2. Interface Construction Kit
The construction kit consists of several building blocks that can be
combined to a pattern, which describes one part of a visual exploration interface. Patterns can be composed to construction plans,
which describe complex visual exploration interfaces. The following subsections address these three levels of the construction kit in
more detail.
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Figure 2: Construction plan of a hotel search interface consisting
of two patterns that are connected by the "juxtaposed" connector

A B C D

Map

Image

A

1
2
3

Table

Text

Triangular Free-form

LAYOUT STRUCTURE

Single

Item 2

Flow

Adjust

Highlight

Group

Sort

Select

Filter

Exclude

Aggregate

Figure 1: Building blocks of the construction kit

2.1. Building Blocks
The collection of building blocks is based on a comprehensive
analysis of related work, which includes visualization taxonomies
(e.g. [Shn96, Kei00]) and collections (e.g. [Lim13, Rib19, Kir16,
Mei13]). Furthermore, various visual exploration interfaces were
reverse-engineered to abstract and refine the design space. Our
analysis resulted in a design space with four dimensions: Visual
Element, Grid, Layout Structure, and Interaction (see Figure 1).
Dimension 1 – Visual Element. This dimension describes how
a single data object can be represented, e.g. as text, as an image or
as a visual marker (e.g. point, line or area [Ber83]). Furthermore,
data objects can be encoded using more complex visual elements,
such as icons or glyphs [BKC∗ 13].
Dimension 2 – Grid. The grid describes the arrangement of visual elements in an interface, e.g. rectangular, radial or triangular.
The building block free-form allows the free placement of visual
elements without a two-dimensional reference system, e.g. the free
arrangement of images on a multi-touch table.
Dimension 3 – Layout Structure. The layout structure refers
to the organization of visual elements within the interface and describes the most visually salient aspect. It includes building blocks,
which represent the elements in a sorted or grouped structure (e.g.
list, tiles, mosaic, cluster). Further techniques encode different at-

tributes of the data objects (e.g. bars, 2D-plot, parallel plot, table),
their spatial structure (e.g. map) and their relations (e.g. matrix,
node-link, nested, indented, partitioned).
Dimension 4 – Interaction. The last dimension refers to different interaction techniques that are used to manipulate the view
or the data objects (cp. [Maz09], p. 106). The building blocks that
can be used to transform the view consist of navigate, pan, rotate,
zoom, distort, and inspect. The other building blocks influence or
modify the presented data objects, such as select, sort, filter, and
aggregate.
The building blocks were abstracted and refined in several iterations to avoid redundant combinations. As a result, many wellknown visualization techniques can be created by the combination
of different building blocks. The following list provides a few examples of visualization techniques that are presented in [Rib19]:
• Line Graph: Combination of the building blocks Line, Rectangular and 2D-Plot
• Parallel Sets: Combination of the building blocks Flow, Rectangular and Parallel Plot
• Radar Chart: Combination of the building blocks Line, Radial
and Parallel Plot
• Chord Diagram: Combination of the building blocks Flow, Radial and Node-Link
• Sunburst: Combination of the building blocks Area, Radial and
Partitioned
2.2. Patterns
Building blocks can be combined to a pattern by assigning at least
one building block from each dimension. Figure 2 (right: Pattern B)
shows an example for a map-based search, which arranges search
results on a map. This pattern can be created by combining the
building blocks icon, rectangular and map. Furthermore, the building blocks zoom, pan and select of the dimension Interaction can
be used to explore the resulting visual presentation and to select
particular results. The resulting pattern does not only consist of the
building blocks, which describe how the interface is designed. It
also contains the underlying data set (What) and the task that can
be solved with this pattern (Why), according to Munzner’s whatwhy-how analysis framework [Mun14]. The introduced pattern can
be used for spatial data and allows the comparison of distances between different search results and a point of interest. Once a meanc 2019 The Author(s)
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Figure 3: Connectors of the construction kit
ingful pattern has been created and tested, it can be transformed
into a design pattern for reuse. A design pattern is further defined
by a name, an illustration, an example, a problem description, a
solution approach, the context in which the pattern can be used,
and cross-references to other patterns according to the definition
of [AIS77].
2.3. Construction Plans
Patterns can be combined to a construction plan to describe complex visual exploration interfaces. The construction process is supported by three different connectors (see Figure 3):
• Successive (patterns are shown successively),
• Juxtaposed (patterns are shown next to each other), and
• Superimposed (patterns are combined in one view).
Figure 2 shows an example of the pattern that is described in
section 2.2 (Pattern B). This pattern is connected with the Juxtaposed connector to a result list pattern (Pattern A), which shows a
list of items and can be used to present details of the results. The
resulting construction plan captures an interface, which is provided
on the hotel search platform kayak.com. The result list pattern contains the building blocks text and image as visual element, the grid
building block rectangular and the layout structure list. The representation can be sorted (building block sort) and further details of
the selected hotel are provided by unfolding the list (building block
inspect). In addition, the selection of a hotel on the map can influence the current position of the list. This is shown by a reference
building block in pattern B, which refers to pattern A (indicated by
the small square on the bottom right in Figure 2).
3. Workshop
We ran a workshop to investigate the structure and the elements
of the construction kit, and to what extent this approach can support the participants in the analysis and the development of visual
exploration interfaces. The goal of this workshop was to create an
interface concept for a given data set and task.
Participants. The workshop was attended by 10 participants (3
women), aged between 25 and 62 (mean value (M) = 32.9, standard deviation (SD) = 10.83). The group consisted of 3 designers,
3 software engineers, 2 computer science PhD students and 2 master students of media computer science.
Procedure. The workshop was carried out over 2,5 hours and
was divided into six parts (see Table 1). A short introduction explained the structure and the elements of the construction kit. Furthermore, well-known interfaces were presented and deconstructed
into individual patterns and building blocks in order to gain an understanding of these abstract descriptions (step 1).
c 2019 The Author(s)
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Step
1
2
3
4
5
6

Task
Deconstruction task
Morphological analysis
Creation of two patterns
Pattern presentation
Creation of constr. plans
Presentation of the concept + construction plan

Working Method
entire group
individual work
individual work
entire group
teams of 3 and 4
entire group

Time
15 min
40 min
15 min
35 min
30 min
15 min

Table 1: Structure of the workshop

In the next step, each participant could select a building block
from the dimension Layout Structure and was asked to carry out a
morphological analysis [Zwi69], which describes a creativity technique for investigating all possible solutions to a given problem
complex (step 2). For this reason a worksheet with a combination
table was offered, which contained all building blocks of the dimension Visual Element in its columns. The participants had the task
to sketch solution approaches that combine the selected building
block of the dimension Layout Structure with the respective building block of the dimension Visual Element. This sketching task was
carried out without a given data structure or a concrete search task
with the goal to generate different ideas and also to test unusual
combinations. After 20 minutes, the participants were asked to select two favorite solutions of this combination table and repeat the
morphological analysis with the building blocks rectangular, radial, triangular, and free-form of the dimension Grid (see Figure 4,
left).
After that, the participants were asked to selected again two favorite solutions in order to create a pattern for each solution (step
3). For this purpose, worksheets with pattern templates (see Figure 4, right) and building block stickers were provided. In addition,
suitable data structures and tasks, as well as a rough sketch should
be assigned to each pattern.
Afterwards, the results were presented to the entire group (step
4). The patterns were collected on a whiteboard and the participants were asked to assign tasks that can be solved best with the
respective pattern.
The next task focused on the development of a concept for a
given application scenario (step 5). For this purpose, the participants were divided into 3 groups and each group got one of the
following tasks:
• a new project member wants to get an overview of different topics in a project (task: Analyze),
• a project manager wants to know, who worked on a certain topic
with a specific software (task: Search),
• a project manager wants to compare, how much each team member was involved in a specific project (task: Compare)
The participants could use blank sheets for sketching, and pattern templates and stickers to reuse or adapt the collected patterns.
Furthermore, additional design patterns were provided that served
as inspiration cards and contained well-known visualization techniques, such as parallel sets, parallel coordinates or simple lists.
The participants could use both, the collection of created patterns
and the inspiration cards to solve their search task. Furthermore,
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Figure 4: Worksheets for morphological analysis and building
blocks as stickers (left), created pattern and inspiration card (right)
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Results and Discussion. During the workshop, 20 different patterns were created (two by each participant in step 3) and three
different interface ideas could be developed (one by each group in
step 5). Right after the workshop, each participant was asked to
complete a questionnaire to give feedback on A) the workshop, B)
the building blocks, C) the patterns and D) the construction plans.
The questionnaire used a 7 point Likert scale (-3 = strongly disagree
to 3 = strongly agree).
A: Workshop. The first part of the questionnaire focused on the
workshop method, the time and team size. The morphological analysis (MA) was considered as helpful to generate new ideas (M =
1.9). The time for the morphological analysis (M = 1.4) and the
group work (M = 1.6) was sufficient for most participants (see Figure 5 - A). However, some participants needed more time for the
morphological analysis, which is reflected in the lower mean value.
Hence, the combination tables could not be completed by all participants and the task had to be terminated after 40 minutes, in order to
synchronize the following tasks. The average team size was rated
positively (M = 1.4). The group with four participants stated that
they would prefer smaller groups. This aspect can be considered in
a following workshop with teams consisting of 2-3 participants.
B: Building Blocks. The usefulness, the learnability, the understandability, the suitability to communicate ideas, and the suitability for generating ideas of the building blocks were rated positively,
with all mean values ≥ 1.7 (see Figure 5 - B). The participants highlighted that the presentation of the building blocks, consisting of a
sketch and a label, was clear and helpful. Furthermore, they felt
supported by the building blocks in the brainstorming process.
C: Patterns. The usefulness of the patterns and the inspiration
cards, the learnability, the suitability to communicate ideas, and the
suitability for generating ideas of the patterns were also rated positively with all mean values ≥ 1.3 (see Figure 5 - C). However, some
participants criticized that the inspiration cards, which were additionally provided in step 5, were not introduced in detail during the
workshop. Hence, the resulting construction plans consisted mainly
of patterns, which were presented in step 4 to the entire group.
D: Construction Plans. The learnability, the suitability to communicate ideas, the understandability, and the suitability for generating ideas of the construction plans were also rated positively
with all mean values ≥ 1.5 (see Figure 5 - D). Some of the partici-
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Figure 5: Results of the questionnaires (error bars indicate the
standard deviation)
pants stated that the construction plans supported them very well in
understanding the concepts of the other groups. This highlights the
strength in communicating ideas by means of the building blocks
(mean value for the communication aspect (MC ) = 1.9), the patterns
(MC = 1.8) and the construction plans (MC = 2.3), which plays an
important role in interdisciplinary teams.
4. Conclusions and Future Work
In this paper, we introduced a construction kit for visual exploration interfaces, which aims to support designers in the conception
phase of the design process. The introduced building blocks define
a design space and help to generate ideas. Resulting patterns are
conceptually simple and provide a solid foundation for reuse and
redesign. Furthermore, they can be combined in a flexible way to
create complex search interfaces. In addition, we demonstrated the
application of the construction kit in a workshop. The workshop
showed that the construction kit is well suited as design and teaching method. The construction kit can be applied bottom-up in order
to create new interface solutions, but also top-down to deconstruct
existing solutions in order to identify and analyze key aspects. In
the first workshop, we did not consider the building blocks of the
Interaction dimension. An extension of the workshop with the integration of all building blocks is part of our future work.
In addition, the concept of the construction kit can be applied to different problem domains. Currently, most examples that
were constructed and deconstructed with the construction kit belong to the problem domain of product search and focus on twodimensional interfaces. Future work can involve the application of
the construction kit concept to other problem domains, such as visual analystics and 3D interfaces, and the extension of the design
space. Furthermore, the construction kit offers the potential to support the prototyping phase of the design process. The combination
with the visual programming paradigm can enable the generation
and reuse of code for the building blocks and established patterns.
The workshop material and the workshop results can be accessed
on http://www.visual-search.org/construction-kit/.
c 2019 The Author(s)
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