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ABSTRACT
Manymeasures exist to (semi-)automatically compute the quality of
a graphical user interface, such as aesthetic metrics, visual metrics,
and performance metrics. These measures are mostly individual
as they apply to a single graphical user interface at a time. Un-
like these measures, consistency requires evaluating a number of
screens within the same application (intra-application consistency)
or across applications (inter-application consistency). This paper
presents a formula, a method, and supporting software for com-
puting this consistency and its counterpart, inconsistency, either
completely automatically when the interface segmentation is per-
formed by the software or semi-automatically when the interface
segmentation is performed manually by the end-user.

CCS CONCEPTS
• Human-centered computing→ Usability testing; Graphical
user interfaces;Web-based interaction; Systems and tools for
interaction design.
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1 INTRODUCTION
The concept of consistency of Graphical User Interfaces (GUIs)
knows a great variation of definitions. For example, Scapin &
Bastien [4] define it as “The criterion Consistency refers to the
way interface design choices (codes, naming, formats, procedures,
etc.) are maintained in similar contexts and are different when
applied to different contexts”. Shneiderman et al. [27] argue that
“consistency has no meaning on its own; it is inherently a relational
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concept. Therefore to merely say that an interface is consistent or
that consistency is a goal of user interface design”.

The rationale behind consistency is that all GUI elements, such
as menus and their submenus, commands, labels, fields, controls,
icons, and images, will be better recognized and used if their loca-
tion, dimensions, arrangement, and format remain the same from
one screen to the other with the same GUI (intra-application consis-
tency [22] or internal consistency [13]) or from one GUI to the next
(inter-application consistency [26] or external consistency [13]). A
third type of consistency is also defined [13]: external analogical or
metaphorical consistency refers to consistency between the GUI and
the features of the domain, in particular its concepts, their represen-
tations, and related metaphors. Zuschlag [35] indeed argues that all
GUI elements are concerned: symbols (imagery that conveys infor-
mation), codes (e.g., colors, sizes, weights, marks, metaphor), units
of measurement, data formats, abbreviations (e.g., terms, function
names, control keys, labels), layouts (GUI elements’ locations on
a page or in a menu, window, or temporal sequence, navigation).
More specifically, Wangmi [33] studied which GUI elements are ex-
pected to remain consistent across multiple screens like on desktop,
tablet, smart phone, and smart television.

A consistent GUI is more predictable, more easy to learn [26], and
to reuse (according to the principle of "learn once, use many", thus
improving the completion time and rate of tasks [1] and increasing
subjective satisfaction [25], the three main factors in usability. An
inconsistent GUI deteriorates user performance [14], the visual
search time [18], the error rate, and induces user rejection [23]. Al-
though the concept of consistency is correctly understood by most
stakeholders, its assessment remains an open debate, and methods
vary depending on the GUI elements for which consistency should
be checked [16]: comparing the consistency of icon graphics, text
meaning, etc. requires a semantic understanding of these elements,
which is difficult to achieve [5], but checking the consistency of the
layout is more achievable. syntactically.

This paper focuses on the latter approach by hypothesizing that
visual design measures, if they are consistently applied and mea-
sured on a series of screens, should represent an admissible indicator
of the visual consistency of these screens. After reviewing previous
work on GUI consistency with a focus on software support (Sec-
tion 2), we provide our definition of GUI consistency based on visual
design measures (Section 3) as software computable (Section 4). In
this last section, we describe our implementation for computing
this consistency and illustrate its application in various conditions:
automatic computation with (semi)automatic segmentation, intra-
vs. inter-application, and custom evaluation by measure selection.

https://doi.org/10.1145/3531706.3536448
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2 RELATEDWORK
Sherlock [17] evaluates the consistent usage of fonts, widget sizes,
and colors of an MS Windows GUI based on its resource files, mak-
ing it specific to this operating system, but effective since all acces-
sible resources can be syntactically compared. For example, push
button analysis detects variations in labels, typefaces, colors, sizes,
and placement. Although consistent alignment and colorimetry can
be effectively checked, other visual measures, such as regularity
and density, are left out. Sierra [31] enables a designer to search
for usability guidelines related to consistency, even with fine-tuned
selection. For example, a simple query on consistency guidelines
performed with Sierra on Smith & Mosier [29] usability guidelines
returns more than 60 guidelines. But no practical method on how to
evaluate these guidelines is provided. Kwaresmi [6] automatically
parses the HTML code of a web site to verify usability guidelines en-
coded in Guideline Definition Language (GDL), a domain-specific
language for usability guidelines. However, it does not actually
contain any guideline to verify consistency, although it could if an
engineer effectively creates the corresponding rules, which requires
modeling abilities.

Consistency could also be ensured by construction of model-
based approaches for automatic GUI generation [2], such as trans-
formation templates [3], for multiple user interfaces [11] and multi-
device interfaces [19], to solve the mapping problem [9]. For ex-
ample, Uniform [21] automatically generates consistent GUIs for
remote controls: the same rules are used to generate the same con-
trols for different versions of a GUI. Jelly [19] does a similar job
for multi-device GUIs to ensure the inter-device consistency for
the same application. The consistency of the GUI could also be
addressed by action analysis [12], which assigns a weight to each
element of the GUI specified on the screens of a single GUI or in
different adaptations of the same GUI. After noticing that the con-
sistency of the GUI is better covered and studied in design than
in evaluation, Chen et al. [8] proposed using incomplete matching
tasks and paired comparison methods to detect and analyze vari-
ations between the various GUIs. These methods can identify the
performance of consistency between different GUIs and be able to
find out some GUI elements deteriorating the overall consistency.

More recently, Silva & Winckler [28] propose a scenario-based
approach for checking consistency in GUI design artifacts, modeling
business, and user requirements. In their work, consistency is con-
sidered both at the GUI level, and between the business models and
the task models. This touches the field of model consistency which
is outside the scope of this paper. Silva et al. [24] ensure consistency
between user requirements and modeling artifacts by relying on
a Behavior-Driven Development (BDD) to provide automated as-
sessment for task models, which model the flow of user and system
tasks in the interactive software. Li et al. [15] present a model-based
approach exploiting a Petri net to identify GUI inconsistency. Con-
sistency rules exist for various operations using XML protocol with
the aim at achieving standard GUI operations. Tudor & Coyle [30]
report that key ingredients for maintaining consistency are: an ef-
fective process, active participation of stakeholders, iterative design
and identical review cycles, and reusable code. In conclusion, con-
sistency checking is either limited to system-dependent resources
or addressed in model-based GUI design.

3 A COMPUTATIONAL DEFINITION OF GUI
CONSISTENCY

If we had to evaluate the consistency between different screens of
an interface, we would in principle have to identify all the elements
that make it up, obtain all the properties that govern them, and
check all the variations from one screen to another. Unfortunately,
the number of different elements, their different types, the large
number of possible properties per element and the size of the do-
main of possible values for each property make solving this problem
intractable. The combination of all these possibilities would produce
a non-deterministic model, subject to a combinatorial explosion.

On the other hand, a deterministic model can be obtained by
aggregating all a series of individual properties (e.g., position, dimen-
sions, arrangement) by means of global measures (e.g., alignment
based on positions, regularity based on dimensions, and proportion
based on arrangement) for which there are computable formulas.
As a matter of fact, these visual techniques [32] could be associated
to calculable aesthetic metrics [34]. If these metrics are calculated
on all the screens on which consistency applies, then any significant
variation in these metrics should indicate a source of inconsistency.
The values of these metrics are then compared to find discrepancies
such as outliers and could be done generally by calculating the stan-
dard deviation between them. Therefore, our computable definition
of GUI inconsistency consists of calculating a set of metrics for a
number of screens, calculating their standard deviation with respect
to the average value, normalizing the results, and computing the
consistency as the complementary as follows:

Inconsistency =
1
𝑁

∑︁
𝑛∈𝑁

1
𝑋𝑚𝑎𝑥𝑛

√︄
1

𝐽 − 1

∑︁
𝑗 ∈𝐽

(𝑋 𝑗𝑛 −𝑋𝑛)2 (1)

Consistency = 1 − Inconsistency (2)where
N = the number of metrics per screen.
𝑋𝑠𝑛 = the value 𝑋 computed for metric 𝑛 on screen 𝑠 .
𝑋𝑛 = the mean value for metric 𝑛 over all screens.
𝑋𝑚𝑎𝑥𝑛 = the maximum value for a metric 𝑛 over all screens.
J = the number of screens of the GUI to evaluate.

4 SOFTWARE FOR (SEMI-)AUTOMATIC
COMPUTATION OF GUI CONSISTENCY

“GraphicaL User COnSistency Evaluator” (Glucose) is an on-line
web application for computing inconsistency (Eq. 1) and consis-
tency (Eq. 2) of a GUI composed of a set of screen images (e.g., a
screenshot, a picture, a sketch, or a static prototype). Each image is
decomposed into regions (with id, location, dimensions), surrounded
by frames (with size, border, width, depth) and composed of pixels
(with coordinates, color).

4.1 Implementation
Initially, we developed Glucose in the form of microservices to
make them easily extensible and interoperable in other software,
like uiLab [7]. This approach requires the identification of a signif-
icant common part between microservices, which was not possible
due to the independence of the metrics. Therefore, we decided to
develop Glucose within PyCharm, an Integrated Development En-
vironment (IDE) specifically designed for programming in Python

https://www.jetbrains.com/pycharm/
https://www.python.org/
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Figure 1: Method for computing GUI consistency.
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language, more particularly with Flask, a lightweight micro-web
framework written in Python that does not require particular tools
or libraries to ensure the front-end. GUIs, their images, regions,
frames, and pixels are stored in a Sqlite relational database that
allows data storage and management using the SQL language. It
is also very flexible to interact with the backend because Flask
provides adequate libraries to manage the interaction with this type
of database. We chose Python to facilitate the programming of met-
rics based on GUIs, images, regions, frames, and pixels. Each metric
is computed inside a eponym subclass of the superclassMetric.

To this day, eleven metrics are implemented based on the for-
mula found in the literature [1, 17, 20, 23, 34]: Balance represents
the image balance computation using collected data from regions
and frames, Central alignment represents the image central
alignment computation using collected data from regions, Colour-
fulness represents the image colourfulness computation using
collected data from pixels, Concentricity represents the image
concentricity computation using collected data from regions and
frames, Density represents the image density computation using
collected data from regions and frames, etc. for Eqilibrium, Ex-
ternal alignment, Proportion, Regularity, Simplicity and
Symmetry. New metrics could be added by creating another sub-
class of Metric. For example, the algorithm for computing density is
based on the formula proposed by Ngo et al. [20]. Since the density
can be considered as the extent to which the screen is covered with
GUI elements, it can be measured as the percentage of the entire
frame covered with GUI elements, as follows:

Area =
∑︁
𝑟 ∈𝑅

𝑟width × 𝑟height (3)

Density =
Area

framewidth × frameheight
(4)

where
𝑅 = the image regions segmented by the image processing .
𝑟width = the width of the region.
𝑟height = the height of the region.
framewidth = the width of the GUI.
frameheight = the height of the GUI.

The algorithm for computing concentricity calculates the average
of the distances between the GUI barycenter and the center of its
elements [34]:

framediagonal =
√︃
frame2width × frame2height (5)

Distances =
∑︁
𝑟 ∈𝑅

√√√(
𝑟𝑐𝑡𝑟−𝑥 −

framewidth
2

)2
+

(
𝑟𝑐𝑡𝑟−𝑦 −

frameheight
2

)2
(6)

Concentricity =
2 × Distances

𝑛 × framediagonal
(7)

where
𝑅 = the image regions segmented by the image processing .
𝑛 = the total number of the GUI regions.
framewidth = the width of the GUI.
frameheight = the height of the GUI.
𝑟𝑐𝑡𝑟−𝑥 , 𝑟𝑐𝑡𝑟−𝑦 = the coordinates of the center of the region.

The algorithm to compute the central alignment is based on [34]:

Central Alignment =
𝐶𝐴𝑉 +𝐶𝐴𝐻

4𝑛
(8)

where
𝑛 = the total number of the GUI regions.
𝐶𝐴𝑉 = number of center aligned GUI elements vertically.
𝐶𝐴𝐻 = number of center aligned GUI elements horizontally.
Similarly, the external alignment can be computed as follows:

External Alignment =
𝐷𝐴𝑉 + 𝐷𝐴𝐻

4𝑛
(9)

where
𝑛 = the total number of the GUI regions.
𝐷𝐴𝑉 = number of vertically aligned segments.
𝐷𝐴𝐻 = number of horizontally aligned segments.

4.2 Method
The method for evaluating the consistency of a GUI consists of
the following stages (Fig. 1): the user can either upload a set of
manually taken screenshots (or pictures, sketches, provided that
they belong to the same style- sketches could not be mixed up
with pictures) or provide the URL of a home page of a web site,
along with a depth level specifying how many web pages will be
automatically retrieved from the home page. For example, a depth
level of five will create five screenshots: one of the home page in
the current resolution and four other by recursively examining the
HTML code to find out other pages of the same site. Screenshots are
then stored in a project database. The user then selects the desired
segmentation type: automatic (which automatically detects regions
and frames using edge detection, image, and text recognition tech-
niques) or manual (which allows the user to draw contours from
any region of interest). Automatic segmentation could also be inter-
actively reviewed later, and several segmentations can be created
for a project, manual and automatic. The user selects the metrics
involved in the computation. By default, a full evaluation computes
all metrics, all average values of these metrics for all screenshots
of the project. Metrics involved in the consistency computation
can also be (un)selected. The metrics and consistency values are
displayed after automatic computation. Appendix A provides a
detailed representation of these processes based on UML Activity
diagrams. Fig. 6 represents the activity of evaluating the screen-
shots of a GUI with manual segmentation, while Fig. 7 represents
its counterpart activity where GUI screenshots are automatically
segmented and interactively refined if needed. Fig. 8 and Fig. 9
represent the activity of evaluating a GUI by providing its URL and
a depth level by manual segmentation, respectively, by automated
segmentation.

For example, Fig. 1, bottom, reproduces a screenshot obtained
with automatic segmentation and results in all metrics computed
and a consistency rate of 75.21% with the other screenshots of the
project. Of course, this rate can change depending on the screen-
shots stored in the project and can be re-computed at any time, thus
enabling the user to compare various consistency configurations.
In this way, intra-application consistency is computed by providing
all screenshots of interest of the same application or web site and
inter-application is obtained similarly by providing screenshots of
the various applications. Different versions of the same application
can be compared in this way. Now we present some use cases.

https://palletsprojects.com/p/flask/
https://www.sqlite.org/index.html
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Consistency: 81.65%

Figure 2: Example of GUI consistency computation between a desktop and a mobile.

Inter-platform consistency. When a website is declined in
different versions with different presentations between platforms,
it can be interesting to estimate the consistency. For example, Fig. 2
reproduces the results obtained for all metrics and consistency for
the Google Scholar home page captured on a desktop (left) and
on a mobile device (right), obtaining a consistency rate of 81.65%
between them. Google home pages are recognized for their very
low screen density, which is confirmed by a screen density of 8.77%
for the desktop and 8.94% for the mobile device, which are pretty
similar. Their colourfulness is also estimated in a very similar way:
20.24% for the desktop version vs. 20.89% for the mobile version.

Inter-application, intra-domain consistency. When two or
more applications belong to the same field of human activity, they
often try to differentiate from each other to make themselves more
competitive. In this case, the owner of an application is interested
in knowing to what extent the interface of this application GUI
resembles those of competitors or to what extent this GUI differs
from others. Or, in contrast, one wants to evaluate to what extent
the GUIs of two websites belonging to the same domain of human
activity are similar. For example, Fig. 3 reports a consistency of
76% between the home page of "Université catholique de Louvain
(UCLouvain)" and the home page of "Katholieke Universiteit Leuven
(KULeuven)", two sisters universities speaking French and Flemish,
respectively. Although the contents of the two screenshots belong to
the same academic domain, they are still different, but are presented
in a similar way to some extent. The density of the left screenshot
(UCLouvain, 54%) is estimated lighter than the right screenshot
(KULeuven, 98%) since the first contains some whte areas while the
second is all coloured, even in very light colours. The balance is
also significantly different: 2% vs. 20%. However, concentricity is
estimated similar: 77% vs. 71%.

Inter-context consistency. When an application is sensitive to
its context of use, its interface may vary depending on conditions
originating from the user (e.g., the profile), from the platform (e.g., a
smartphone), and from the physical environment (e.g., the location,
the circumstances). Under these conditions, it becomes interesting
to show how the interface adapts over time and to what extent it
remains consistent with itself [10]. For example, Fig. 4 evaluates
the consistency of the Walkaware application, a context-sensitive
web application for trip planning synchronized with geolocation
and environmental conditions. More specifically, Fig. 4 considers
the application screenshot captured in the browser of a car with
daylight (left) vs. under night conditions (right). The consistency
between these two screenshots is calculated as 63%. Semantically

speaking, the GUI elements of both interfaces remain the same:
the URL bar, the road map, the fields for queries, the push button,
etc. Consequently, measures related to location remain comparable,
such as symmetry, proportion, and alignment. However, their con-
tents change since the context evolved between the two screenshots
and the colorimetry is largely affected. The density is estimated
similar: 85% for the daylight GUI vs. 93% for the night version. The
dark background of the night version causes some problems with
the automatic segmentation of the regions, thereby explaining the
100% for simplicity and regularity.

Inter-sketch consistency. When in the early stages of GUI
design, participatory design recommends prototyping the interface,
for example using low-fidelity sketches. Before moving to higher
fidelity in development, it is important to ensure consistency be-
tween these sketches. For example, Fig. 5 evaluates the consistency
between two sketches of a smartphone application to rent a car.
Since sketches, by definition, invoke only a very limited number of
colors, measurements of colorimetry return low percentages, such
as 16% and 14% in our case. The automatic segmentation of regions
induces some limitations for such screenshots. For example, the
density is estimated to be very high (93% and 98%) because detected
regions, such as group boxes, tabbed dialog boxes, and navigation
bars are assumed to consume their entire space, not counting their
interior density. Similarly, simplicity, regularity, and symmetry
reach their maximum values because the detected regions cover
almost the entire surface of the smartphone. Consequently, align-
ment measures, such as central alignment and external alignment,
are estimated to be poor, as the first-level regions are not aligned.
In the case of these sketches, there is a need to perform a recursive
computation of the measures not only at the first-level of regions,
but also at the second level.

In conclusion, consistency can also be evaluated for different
devices, computing platforms, and various configurations (e.g., dif-
ferent screen resolutions and orientations for a smartphone). The
manual loading of screenshots enables computing the consistency
between different versions of the same application for various con-
texts of use, i.e., different users (e.g., comparing the general purpose
home page of Google Scholar with one obtained after logging on),
different platforms (e.g., comparing the same web page rendered on
different screens with varying resolutions or comparing different
implementations of the same application for different operating
systems), and different environments (e.g., comparing a screenshot
in normal lighting conditions vs. dark conditions).

https://scholar.google.com/schhp?hl=en
http://www.uclouvain.be
http://www.uclouvain.be
https://www.kuleuven.be/english/about-kuleuven/
https://www.kuleuven.be/english/about-kuleuven/
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Consistency: 76.27%
Figure 3: Example of GUI consistency computation between two university home pages.
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Figure 4: Example of GUI consistency for a context-aware application.
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Consistency: 79.66%

Figure 5: Example of GUI consistency computation between two GUI sketches.

5 BENEFITS AND LIMITATIONS
Glucose adopts a pixel-based approach to compute its metrics
based on images, regions, frames, and pixels. Consequently, this
syntactical process is completely agnostic of semantic aspects (e.g.,
text meaning, color metaphors, familiar conventions), dynamic as-
pects (e.g., navigation objects, menu structure), and of interaction
techniques and devices (e.g., mouse cursor, touch, pointing). Among
the eleven metrics implemented so far, Central Alignment, Ex-
ternal Alignment, Concentricity, and Simplicity are metrics
oriented towards assessing the consistent location of GUI elements
based on their coordinates. Balance, Symmetry, Eqilibrium, and
Regularity are metrics oriented towards assessing the consistent
distribution of GUI elements. Proportion assesses the consistent
sizes among GUI elements, whatever they are. Density is the only

metric that assesses the consistent “filling” of the GUI in terms of
its elements, but it does not know anything about these elements.
Consequently, two GUIs could share the same approximate den-
sity while having completely different GUI elements located at
different positions. This is why metrics are complementary and
why the overall consistency formula could be computed on any set
of metrics, preferably a larger set of individual metrics. Similarly,
Colourfulness assesses the consistent usage of colors but two
GUIs could converge more or less towards the same colourfulness
while having completely different GUI elements. Estimating the
nature of the GUI elements is not supported currently and should
be based on image recognition and text recognition techniques.
Otherwise, the consistency will always remain assessed at a syn-
tactical level. For example, DUAL [5] automates the computation
of several GUI metrics based on an ontology and recognizes that
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terminological consistency is very challenging to obtain and, there-
fore, excludes it. Its major interest lies in its automatic detection
of any pixel variation that causes interference to consistency. The
inconsistency formula then cumulates the interference detections
based on the metrics calculated on demand (all of them or a subset).
Therefore, the expression of consistency depends on the ability of
the selected metrics to account for the aspects involved in the GUI
layout. This expression is not necessarily aligned with the human
interpretation of consistency since it varies widely, but it allows to
be systematic and reproducible.

6 CONCLUSION
This paper presents Glucose, a software that automatically calcu-
lates 11 metrics in a GUI to deduce its inconsistency and consis-
tency rate. The GUI consists of different screens of variable format,
variable type, and from different sources, thereby supporting con-
sistency checking in multiple configurations, such as, but not lim-
ited to: intra-application, inter-application, inter-device/platform,
multi-resolution, multiple variants. Future work will cover account
management to manage large projects by sending them by batches
for consistency evaluation to a cloud server.
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Figure 6: Evaluation of GUI screenshots with manual segmentation.

Figure 7: Evaluation of GUI screenshots with automatic segmentation.
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Figure 8: Evaluation of a GUI by its URL with manual segmentation.

Figure 9: Evaluation of a GUI by its URL with automatic segmentation.
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