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We present preliminary results on computational
perception of interactive layouts. Our goal is to
algorithmically estimate how users perceive a layout.
Potential applications range from automated usability
evaluation to computer-generated and adaptive
interfaces. Layout perception is challenging, however,
because of diverse features, combinatorial complexity,
and absence of approaches. We have explored Gestalt
laws as parsing heuristics. Our approach finds a
parametrization that optimally resolves conflicts among
competing interpretations of a layout. The output is a
hierarchical grouping of main elements. The results are
promising: an implementation of just four Gestalt laws
enables hierarchical grouping that presents promising
results in 90% of our (realistic) test cases.
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Figure 1: Example output using
Gestalt laws
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List of Gestalt laws used in
this work [7]
1.Proximity: The closer
some elements are
together and the farther
apart they are from others
the stronger they are
grouped together.
2.Similarity: By keeping all
other factors, elements
that are similar in e.g.
color, size or orientation
are grouped together.
3.Common region: By
keeping all other factors,
elements that are located
in the same closed region
are grouped together.
4.Element connectedness:
By keeping all other
factors, elements that are
connected are grouped
together. Element
aggregation (close
proximity) and unit
formation (actually
connected) can be
distinguished.

Introduction

Related work

This research is motivated by the vision that interaction
might be improved remarkably if computers could "see"
the user interface (UI) in the same way that users do.
However, even for humans, there are many ways to
parse a layout. Is a given element part of one group or
its neighbor? Are two elements linked by similarity in
color, alignment, or distance? The ability to resolve
such questions like humans do would allow computers
to take an active part in the design process, by e.g.
suggesting perceptually well-organized designs. It could
improve automatic evaluation of usability by telling
which parts of the UI are hard to perceive. Such
interactive tools would support designers to increase
design quality and better explore the solution space. It
might also help to change UI content dynamically to
mitigate erroneous perceptions. A perceptual
understanding of design, its structure and its semantic
units is thereby a fundamental research topic for
human-computer interaction (HCI).

Related work in computational perception of UIs can be
divided according to textbook-level research topics in
psychology. In the interest of space, we here provide a
general description and one example of recent results
from each category.

This paper describes preliminary results in addressing a
core problem in computational layout perception: that
layouts are very heterogeneous. Every page has
different features, yet users are somehow able to
instantaneously perceive how elements are grouped.
For a computer, the diversity makes it hard to
understand the layout by considering single elements.
To solve this issue and provide a practical approach to
layout perception, we started to look into the possibility
of using Gestalt laws for identifying the grouping of
elements. We revisited Gestalt laws and implemented
four of them (see sidebar) in a new heuristic approach.
We here describe related work, our approach,
implementation, preliminary results, and next steps.

• Color and contrast: The task here is to estimate the
discriminability of UI elements. A well-known
example is NASA’s Spatial Standard Observer [10].
• Saliency: The task here it to estimate which areas
are more likely to be attended. A well-known
example is the model of Itti and Koch [3].
• Clutter models estimate how congested certain
features (e.g., size, color, orientation) are on a UI.
An example is the clutter model of Rosenholtz [9].
• Visual search models estimate how users would
search a layout. A good example is Hornof and
Kieras’ stochastic search model based on EPIC [2].
• Aesthetics models are starting to emerge: The task
here is to estimate subjective aesthetic experience of
an interface. A recent example is the model of
Miniukovich et al. [5] which used eight metrics,
among them grid quality and color contrast and
achieved noticeable results on that.
To our knowledge, there are no methods for layout
perception. However, there are works on statistical
description of layouts, such as Webzeitgeist [4]. It aims
to ‘design-mine’ the web to support data-driven design.

Element Grouping Task
In our first take on this problem, we focus on Web
blogs. Blogs are often idiosyncratic by design and follow
a less patterned structure. Given a Web page, our goal
is to produce a hierarchical grouping of Document

Example calculation:

Object Model (DOM) elements. The outcome should be
a nested list of grouped web elements explaining the
perceptual structure of the layout. For visualizing our
results, we re-produced the layouts and added frames
for the predicted groups.

Motivation for Using Gestalt Laws
We report results from applying four Gestalt laws to
detect perceptual groups based on detected elements.
There are three reasons for this approach:

Figure 2: Geometric features
for calculating Gestalt laws

• Designers routinely use Gestalt laws, which
constitute an integral part of design education [1].
They are therefore a good guess about how layouts
should be structured originally at design time.
• Gestalt laws are a good first estimate of how humans
perceive structures in scenes, including layouts [7]
• By using Gestalt laws for perceptual grouping we are
independent from the underlying DOM structure of
the layout.
Brief review of Gestalt laws
The start of Gestalt psychology is attributed Max
Wertheimer, who studied the stimulus factors causing a
human to perceive elements as belonging together on a
complex display, nowadays referred to as perceptual
grouping. Based on his studies he identified seven main
stimuli factors [11]. After these were described, little
changed until the 1990s, when three new grouping
factors (e.g. synchrony) were added by Rock and
Palmers [8]. Four Gestalt laws used in this work are
shortly described based on [7] in the side bar on the
previous page. The remaining laws were not used
because they refer to unused properties e.g. movement
or are somewhat redundant to the ones we selected for
our example.

Technical Implementation
In the following paragraph we will explain the process
of how we retrieved and analyzed web layouts.
We first crawled a large number of web layouts (4000)
and rendered them. We used a Google Chrome web
driver with Selenium [6] and set the screen size to
1280px x 800px, which equals a normal laptop display.
After rendering, we extracted the web elements from
the DOM by using the Selenium inherent functions.
Every element is represented by their 𝑥,  𝑦 position on
the page as well as their width (𝑤) and height (ℎ).
We so far analyzed 170 of the crawled blogs with the
here mentioned algorithm, since results require human
validation. The amount of layouts will avoid overfitting
to templates, which are often used for blogs.
We iterated over every element combination to create
groups: a group found in one iteration will be
considered as one element in the next iteration.
The implementation of the used Gestalt law factors is
explained in the following as well as visualized in Fig. 2:
Proximity / Element connectedness
For every element pair 𝑖, 𝑗 the gap (𝑔) in between is
calculated. First the element positions are compared -  
  𝑗 being the upper left element (see yg in Fig. 2).
          𝑥𝑔 = 𝑥𝑖 – 𝑥𝑗 −    𝑤!                                                                                           𝑦! = 𝑦! – 𝑦! −    ℎ!
Distance comes with a proportional cost of the size of
the gap. This favors elements that are visually united or
in close proximity.
  𝑔!,! = 𝑚𝑎𝑥 𝑥! , 𝑦!

Explained output:

Similarity / Alignment
Similarity (𝑠) is the distance between the edges of
element   𝑖 and 𝑗 in 𝑥  and 𝑦 dimension (see 𝑥! in Fig. 2).
𝑥! = 𝑥! − 𝑥! + 𝑥! + 𝑤! − 𝑥! + 𝑤!   
𝑦! = 𝑦! − 𝑦! + 𝑦! + ℎ! − 𝑦! + ℎ!   
Due to the strong effect of similarity in the visual
perception, most weight is on the dimension with the
smallest difference. Nevertheless, strong differences in
the other dimension can visually separate elements and
have to be therefore taken into account as well.
𝑠!,! = 0.9  × min 𝑥! , 𝑦! + 0.1  × max 𝑥! , 𝑦!

Figure 3: Explained output
example

Frame colors for
increased nesting
(increased 𝒈𝒕):
1.orange
2.black
3.blue
4.green
5.red

Common region
The idea behind this measurement is that certain
amounts of whitespace surround groups to make them
more distinguishable. For every element in a level the
whitespace to its next neighbor in 𝑥 and 𝑦 dimension is
calculated. Grouping these values by distance, the two
most occurring whitespace distances are reflecting the
structuring differences in smaller and larger regions (𝑟).
These are used in the next iteration as a parameter (𝑡).
If a gap exceeds 𝑡, a proportion of the gap is added as
cost. This prefers elements within a certain structure
than in different structural elements.
𝑟𝑖,𝑗 =

0.5  ×  𝑔𝑖,!     𝑓𝑜𝑟  𝑔𝑖,! > 𝑡
0

Output
In order to find perceptual groups we calculated for
every element 𝑖:
min 𝑓 𝑖, 𝑗 = 𝑔!,! + 0.1  ×  𝑠!,! +    𝑟!,!   
!

The result of our Gestalt law algorithm is a pair of
elements that have the lowest score (Gestalt value in
the following) of all elements on the screen. If the
Gestalt value is lower than a certain value 𝑔𝑡 (grouping
threshold), the element combination is added to the list
of groups. If e.g. elements lie inside others, more than
two elements could form a group. This 𝑔𝑡 is initially set
to 10 px and increases with every iteration by 20 px to
include larger whitespaces.  Finally the layout structure
was drawn where different color frames indicate groups
on different levels as explained in the sidebar example.   
Parameter tuning
The parameter set used in the implementation of the
Gestalt value is shortly explained in the following.
GAP PARAMETER
The gap evaluation has two outputs: the gap in 𝑥 and 𝑦
dimension. In line with the definition of proximity, the
largest distance between two elements is used as a
cost to favor closer elements. One other possibility
would be to grow the cost exponentially, due the
unlikelihood that two far apart elements are grouped
together, but this would disadvantage the grouping of
whole structural parts in later iterations.
SIMILARITY PARAMETER
Similarity parameters are the weight of similarity vs.
difference. In our algorithm, similarity is strongly
supported (0.9), but difference is still considered (0.1).
Focusing only on the differences would miss element
groups e.g. with large size differences, but same
orientation (see Fig. 4 top). In contrast, focusing only
on the similarity ignores that two elements from same
size might be far apart (see Fig. 4 low). The finally used
parameter output is given in Fig. 5 for comparison.

THRESHOLD FOR GROUP DETECTION
With every iteration 𝑔𝑡 was increased by 20px. This was
done in order to allow the algorithm to bridge larger
gaps and combine larger groups. This parameter has a
large influence on the final grouping behavior, is it used
as a final evaluation. Imagine a sparsely filled screen,
even if two elements are closer together, these are not
necessarily considered as one group. The step of 20px
per iteration was chosen after observing common
whitespace distances for structuring smaller and larger
structures. If we, as in Fig. 6 shown, add 40px in every
iteration, the algorithm favors larger groups and
bridges larger gaps faster.
Figure 4: Similarity parameter
alternatives

Figure 5: Original result

.

SUMMARY
All parameter calculation is based on the idea that the
Gestalt value reflects how distant two elements are and
by that how likely it is that these two elements are
perceived as visual group. The authors visually proofed
the results in this early stage and a representative
selection in Fig. 7 is for the reader to evaluate. In the
continuation project accuracy of a group level will be
determined by:

Nevertheless, there are still open challenges. Some web
elements were later manipulated with CSS or AJAX,
which our algorithm didn’t recognize (last row third
example). This could be avoided by using visual
renderings for layout analysis without using the DOM.
This requires new visual algorithms for element type
(e.g. image, navigation, text) recognition. Another
issue, e.g. third row first picture, are groups with large
size difference. Adjusting parameters and including
machine learning algorithms would be a possible
solutions for this.

Outlook

This evaluation still needs a humans perception input
as truth, which could be acquired e.g. by
crowdsourcing.

We have shown how parameters of Gestalt laws can be
tuned on a case-by-case basis to find the best
grouping. While our preliminary results show that the
approach is promising, much work remains to be done
to improve the approach. Implemented, this approach
opens up possibilities for new interactive design tools.
Designers could improve their concepts, get feedback
and inspiration continuously from a tool, based on
detected groups and prediction models. This would
allow designers to more comprehensively explore the
solution space and increase their design’s quality.

Results

Acknowledgements

.

𝑎𝑐𝑐𝑢𝑟𝑎𝑐𝑦 =   

Figure 6: Increased threshold

the above explained algorithm. We hand selected them
to give an overview of layouts containing 1, 2 and 3
column as well as image grids. In 90% of the cases
presented the algorithm worked well and created
recognizable results on different grouping levels.

𝑡𝑟𝑢𝑒  𝑑𝑒𝑡𝑒𝑐𝑡𝑒𝑑  𝑔𝑜𝑢𝑝𝑠 − 𝑓𝑎𝑙𝑠𝑒  𝑑𝑒𝑡𝑒𝑐𝑡𝑒𝑑  𝑔𝑟𝑜𝑢𝑝𝑠  
𝑎𝑙𝑙  𝑝𝑜𝑠𝑠𝑖𝑏𝑙𝑒  𝑔𝑟𝑜𝑢𝑝𝑠

These preliminary results have demonstrated the
plausibility of using Gestalt laws as heuristics in parsing
layouts into visual groups. In Fig. 7 one can see 20 web
layouts and their corresponding results generated by

This project has received funding from the European
Research Council (ERC) under the European Union’s
Horizon 2020 research and innovation programme
(grant agreement 637991).

Figure 7: Original and grouped layout selection
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