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Abstract. The Graphic User Interface represents the most common mechanism
in human-computer interaction. Thus, its correct development is an utterly impor-
tant task, which is reflected to the point where most software projects fail due
to low user acceptance. The techniques, methodologies, tools, and principles to
improve Graphical User Interfaces have been the object of interest of researchers
and organizations over time. Due to the low success rate, a recent trend consists
in experimenting with a greater number of interface alternatives, lowering their
development costs through automation and Artificial Intelligence. Therefore, this
paper presents a method that, by Interactive Genetic Algorithms, a semi-automatic
continuous improvement process for landing pages is established. The proposed
method is applied in a study case, consisting in a landing page that belongs to a
translation services company. The method application provides positive results,
enabling the landing page to reach the goals for which it was designed.

Keywords: Graphic User Interface - Landing page - Continuous improvement -
Intelligent systems - Interactive Genetic Algorithms

1 Introduction

Even before the invention of writing, humanity has created interfaces that have served as
support resources to satisfy their interaction needs [1], and over time, those have evolved
alongside the cognitive human capacity [2]. With the advent of digital screens, a new
notion of user interface was born, defined as the part of a computer that the user can see,
hear or touch, or, in simpler terms, the one that the user can comprehend and control [3,
4]. This interface makes the user see what the product is capable of, which is why it is
considered an essential part of any software application.

On the other hand, the Graphical User Interface (GUI) represents the most common
mechanism in human-computer interaction, and given its prominence, it can influence
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the software application success. This is why the correct construction of GUIs is a
vitally important task, crossed by a wide diversity of disciplines and activities [5-7].
Ramirez et al. [5] emphasizes the link between GUIs and the software projects success,
mentioning that about 70% fail due to low acceptance by users. Thus, it is correct to
mention that a properly designed interface is vital for the success of the application that
contains it [6]. Several studies support the relationship between the GUI quality and the
credibility of the application [7], the perception of integrity [8], customer loyalty [9],
the intention to revisit [10], and lower costs in customer acquisition and increases in
retention [11].

In addition, the GUI acquires greater relevance due to its impact on usability and
ergonomics, the latter being understood as usability oriented to physiological aspects in
such as touch and mobile devices [12, 38]. For this reason, it has been described that
about 67% of users are more likely to use interfaces adapted for mobile devices [13].

Lastly, the benefits of an appropriate GUI are recognized by several organizations
that provide software worldwide, basing their decisions in interface design disciplines
[14].

Due to these aspects, GUIs have been the main interest object of researchers and
organizations over time. However, the improvement proposals that emerged from this
interest have not ensured their success, which is reflected in the fact that 80% of the time
designers are wrong about what the user really wants [15] and that, for example, only a
third of the ideas implemented by companies like Microsoft have improved the metrics
for which they were implemented [16]. To overcome these obstacles, experimenting
with a great amount of GUI variations has been lately considered, which results in
higher construction costs.

In this context, the present work proposes a method that, if followed by an IT Pro-
fessional, facilitates the implementation of a continuous improvement process for GUIs
through Artificial Intelligence and automation, and thus lowering their construction
costs. For that purpose, Sect. 2 describes the proposed method and Sect. 3 presents the
results of the implementation in a study case. These results are then analyzed in Sect. 4.
Finally, Sect. 5 presents the conclusions and future lines of work.

2 Proposed Method

Based on the problems identified in the previous section, the proposed solution consists
on a method that seeks to guide I'T Professionals and UX designers in the implementation
of a continuous improvement process for web platforms through Artificial Intelligence
based on Interactive Genetic Algorithms (described in Sect. 2.1).

The detailed method and analysis, in this case, focus on landing pages. A landing
page is a visual platform where organizations can attract visitors in a more comfortable
way to make sales [17]. These pages are very suitable for continuous improvement
processes, mainly because, in many cases, they represent the first audience interaction
with the application. For example, the landing page presented for the study case (Sect. 3)
belongs to a translation services company.

In order to evaluate the result of the interaction, it is necessary to use well-established
metrics within the industry [18, 35, 36]. Therefore, it is then appropriate to analyze the
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perception phenomenon in such platforms. The concept has been developed in various
studies, analyzing aspects such as complexity [19, 20], symmetry [21], color [22], or
several of these characteristics combined [6]. Likewise, user inherent characteristics
such as sociodemographic variables have been described [23, 24]. However, for the
present method, the approach proposed by Kohavi & Longbotham [15] is used, since
this approach on perception can be measured through clearly defined indicators, which
reflect the behavior of users on the web platform: conversion rate, sessions per user,
session duration, bounce rate and pages visited per session.
The general structure of the proposed method is later described in Sect. 2.2.

2.1 Interactive Genetic Algorithms

A Genetic Algorithm builds on a population of individuals that represent possible solu-
tions to a problem. Each of these individuals is maintained in the form of a “chromo-
some”, which is merely a string of characters that encodes a solution to a problem [27].
Mirjalili [28] describes the following stages for a Genetic Algorithm:

1. Initial Population: The genetic algorithm begins with a randomly generated
population. This population includes multiple solutions.

2. Selection: Natural selection is the main inspiration for this algorithm, which is why a
fitness function is used to assign a score to each individual, based on its performance
in the environment. The best individuals are selected for the next generation.

3. Crossover: After selecting the individuals in the previous operation, two solutions
(parents) combine their characteristics in two new solutions (children).

4. Mutation: It is the last evolutionary operator, in which one or multiple genes are
altered in order to maintain the population diversity by introducing randomness.

On this basis, an Interactive Genetic Algorithm (also called IGA) includes human
evaluation in the optimization process [29]. During the selection operation, a fitness
function is used, in which the users interact with the generated solutions to assign a
value. Although there are some examples of successful IGA implementations in the
GUI improvement domain [30], most of them consist on proprietary tools with lim-
itations considered by their authors. Many of these limitations are not from the tool
itself, but on how the tool is defined and applied to meet the stated goal. For this reason,
embedding the tool in an engineering process is imperative. In fact, the effective inte-
gration of activities and media (such as, in this case, an AGI software tool) is inherent to
Information Systems Engineering [31]. To achieve this, it is possible to apply knowledge
from different Engineering disciplines such as Information Systems Engineering [31],
Software Engineering [32] and Requirements Engineering [33].

For this proposed method, one landing page variation is one possible solution, which
is encoded in a chromosome whose structure is composed of three elements:

— aPermutation gene (GP), that defines the relative order of a web element, and therefore
its position,

— a Color gene (GC), where three genes for each color, corresponding to tone -H-,
saturation -S- and color luminosity -L-, and
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— aStyle gene (GE), that reflects various modifications, such as typographic hierarchies.

In addition, other elements are stored, such as the chromosome generation and the
chromosome performance result.

2.2 General Structure of the Proposed Method

The proposed method describes phases and activities necessary to identify the landing

page goals, determining GUI elements whose attributes are modified. Subsequently, the

method lists the phases and activities in order to build tools that automate elements

intervention, as well as build tools that automate the evaluation and deploy of these

intervened GUISs, under two architectural proposals, which depends on the project needs.
All these activities are performed by two main roles:

— IT Professional (also referred to as IT): This role is the main responsible for the
construction of all the software tools mentioned previously (and even responsible for
tool acquisition if those exist and such is considered pertinent). It is for this reason that
this role skills and experience are strongly oriented to web development. In addition,
it is convenient that the IT Professional has experience in software methodologies
application as well as requirements gathering and interpretation.

— UX designer (also referred to as UX, “User Experience designer” or “Interaction
Expert”): it is understood as someone whose work domain is the ways in which
users interact with and through computers [25]. This broad definition considers that
the role includes graphic visual interaction disciplines (such as graphic design) but
exceeds it, including also holistic ergonomics knowledge and even product and busi-
ness ideation [26]. In fact, under the presented method, the UX designer is responsible
for identifying organizational goals and understanding in which ways the landing page
collaborates with them. This information is essential to determine how the platform
can be intervened by the tools that will be later built by the IT Professional.

It is also important to consider that, depending on the landing page and organization
size and complexity, many people can perform these two roles. As such, this method
also considers possible that both roles are fulfilled by the same person.

On the other hand, the proposed method aims to establish continuous improvement
in GUIs, and is composed by ten phases (shown in Fig. 1):

(1) Induction: The goal of this phase is to identify the people involved in the con-
tinuous improvement project (among them, the main roles of “IT” and “UX”). In
addition, landing page scope, its audience, its mission, its goals and its indicators
should be identified.

(2) Intervention Elements Selection: This phase aims to identify the elements that
will be intervened by the method, following established criteria and business
restrictions.

(3) Configuration: This phase is utterly important, since it combines UX disciplines
with those of Information Systems Engineering. With the information previously
collected, the elements of the phase 2 are linked with their representation in the
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source code. The method architecture and the parameters involved in the next
phases are also defined in this phase.

(4) Initial Population Generation: In this phase, the chromosome structure is
defined, according to the project characteristics. In addition, the first generation
chromosomes are created.

(5) GUIs modification: This is the phase where the actual modifications take place.
The phase describes how to create and intervene different landing page versions,
according to the previously chosen architectural alternative.

(6) Deployment: The goal of this phase is to make the intervened GUIs be available
to the audience, as well as their related measurement tools.

(7) Measurement: This phase remains for a defined amount of time with the objec-
tive of measuring user interactions, considering the audience type and indicators
identified in phase 1. Pre-defined alerts can also occur to indicate anomalies in the
method performance.

(8) Evaluation: Once the previous phase has concluded, performance scores are
assigned to the intervened interfaces, using a Fitness Function.

(9) Crossover and Mutation: The goal of this phase is to obtain a new generation
(that is, a new group of GUI variations) that own shared visual characteristics
from previous GUIs with good performance. Furthermore, this phase adds new
modifications to the new group of GUIs, in order to explore the effect of new
perception phenomena on the audience.

(10) Closing: When the termination criteria are met, the resulting GUI changes should
be documented and analyzed. The resulting GUI is then permanently set as the
definitive landing page.

As it can be seen in Fig. 1, and as this is a Continuous Improvement Method,
Crossover and Mutation leads to the GUIs Modification in a cyclic manner. Alternatively,
the method provides termination criteria that could lead to the Closing phase.

Intervention Initial GUIs
Induction | Elements [ Configuration —= Population e —{ Deployment
. . Modification
Selection Generation
T

Crossover
and Mutation

Closing Evaluation |+— Measurement

f

Fig. 1. Continuous improvement method for GUIs

3 Results

For the validation of the proposed method, a study case of a language services company is
used [38]. In this case, the landing page plays a fundamental role in the client acquisition.
The company is 7 years old and provides translation services, language conversational
sessions and language online classes.
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Although the company relies on online campaigns that are considered effective,
with an established landing page that provides them with an acceptable Conversion Rate
(measured with a value of 5.15% on January 10, 2021), the company is expecting to
acquire a large amount of language service facilitators. For this reason, it is desired to
increase the landing page Conversion Rate (leads generated divided by total sessions), as
well as reduce the Bounce Rate (visitors without interaction, divided by total sessions).
To achieve these goals, the company technology team will apply the proposed method
to their landing page.

In the following sections, the application of each phase of the method is presented.
Please note that during the results description, the company data is deliberately omitted
in order to preserve the organization identity.

3.1 Induction

This phase is performed by IT and UX. The landing page is navigated entirely and, apart
from the main page, five secondary pages are identified. It is decided that the intervention
will occur on the main page only, documenting this decision in the induction record. In
this case, the goals for the landing page are:

e Provide a better online experience, capturing the audience attention and potential
customers. Its associated indicator is a Bounce Rate, expecting a value of less than
65% in the next 2 months.

e Attract new customers through the landing page. Its associated indicator is the action
buttons Conversion Rate, expecting to reach a sustained value of 10% in the next
2 months.

3.2 Intervention Elements Selection

This phase includes three activities. In the first activity, the elements that will be inter-
vened are selected, based on the landing page style guide, stored in the source code as
a “.scss” file. So, no changes are made in the style guide. A visual representation of the
style guide can be seen in the Fig. 2.

In the second activity, style alternatives are defined by UX, namely:

— Typography: On the current Landing Page all elements use the font “Roboto”, and it
is planned to test “Lato” and “Exo” as font alternatives.

— Color palette: Currently the color palette is inspired by the company brand manual,
and consists of the main color “Ocean Green” (# 44986E), the secondary color “Indian
Red” (# D25AS5A) and the tertiary color “Desert Storm” (# F2EBE2) of the landing
page (see Fig. 2). UX proposes 54 color palette alternatives, and HSL distances are
calculated for each color palette with respect to the original palette. The thirty-four
most suitable palettes (closest distance to original palette) will be used in the next
phases.
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Fig. 2. Original landing page (left) and visual representation of the style guide (right)

In the last activity, the permutation groups are established, where UX proceeds to
identify the landing page structural composition, as shown in Fig. 3. The most prominent
visual restrictions identified by UX are:

— The page main sections (with the most visual impact and influence on the conversion
rate) are Sect. 1 and Sect. 2. These sections can only be swapped with each other.

— Subsequent Sects. (3,4, and 5) can be swapped with each other, with the only restriction
of keeping the background color interleaved, to facilitate the distinction between
sections.

— Sect. 6 (footer) should always be kept as the last section.

Considering these restrictions and the elements visual hierarchy, UX decides to create
four permutation groups (Fig. 3):

— Permutation group composed with the main sections: “Sect. 1”” and “Sect. 2”.
— Permutation group with the secondary landing page sections: “Sect. 3”, “Sect. 4”” and
“Sect. 5.

— Permutation group composed with the Carousel elements: “Carousel 3 images”.
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Fig. 3. Landing page structural composition

3.3 Configuration

The four activities corresponding to this phase are: (I) Architecture evaluation, (II)
Obtaining and integrating the analytics tool, (III) Linking the Intervention Elements
with their representation in source code and, finally, (IV) Parameterization.

In activity I, IT reviews the criteria established by the method and decides to use the
offline architecture (this means, automatically modifying source code by parsing instead
of editing the DOM).

Later in Activity Il is expected to get a tool that fetches the landing page Conversion
Rate and Bounce Rate. Then, Google Analytics is integrated onto the existing landing
page, and each chromosome will have a unique tracking ID. After the analytics integra-
tion, a test is carried out in a period of three days, obtaining an initial bounce rate of
73%, conversion rate of 5.15%, sessions per user of 1.19, and session duration of 17 s
with 145 evaluated sessions in total.

In Activity III, the Permutation Elements (Fig. 3) are spotted in the source code and
labeled through HTML class names.

Finally, in Activity IV, IT and UX determine the parameters that will be used as input
information for the method tools:



Application of a Continuous Improvement Method 149

— Individuals per generation: Based on the available tracking IDs and the sessions
evaluated in activity II and, the method will create 10 individuals per generation.
As indicated in [34], this population size is considered small enough to gather many
sessions per chromosome, while big enough to achieve good results.

— Fitness criteria: Based on the information stated in phase 1, Conversion Rate rep-
resents the 70% of the fitness function, and Bounce Rate represents the remaining
30%.

— Generation duration: Based on the number of sessions evaluated, it is determined that
seven days is a suitable generation duration.

— Audience reach for new and old individuals: 20% of a previous generation (the 2 best
individuals) will remain unchanged in the next generation. Then 8 new individuals
will be created.

— Termination criteria: The method will reach its closing phase when the best individual
of a generation reaches a Conversion Rate of 10% and a Bounce Rate of 65%.

3.4 Initial Population Generation

The three activities in this phase are: (I) Original chromosome description, (II)
Chromosomes creation, and (III) Non-interactive fitness function: discard invalid
candidates.

Firstly, in activity I, IT describes the chromosome structure (Table 1). Next, IT
develops and implements micro services to create and modify these structures.

Secondly, in Activity II, the chromosomes that would be part of the first generation are
created. This process is based on the registered permutation groups, and style elements
that are chosen randomly. One tracking ID is obtained for each chromosome.

Finally, in Activity III, a function is developed to discard chromosomes whose fitness
is so low that it compromises the landing page visual experience. This is based on
the difference in luminosity units between colors in the palette (comparing primary,
secondary and tertiary colors). Thus, low-contrast, visually conflicting chromosomes
are replaced with new randomly (and valid) generated individuals.

3.5 GUIs Modification

The two activities in this phase are: (I) Architecture Replication, and (II) Source code
intervention.

First, the services used to host the landing page are replicated ten times (one for each
landing page) and an extra service is created to randomly redirect a new user to any of
these individuals.

Finally, a toolkit that automatizes workflow is used, since it was already applied in
the project. Automated tasks are created to modify the source code. CSS code is added
to reflect the chromosomes style elements and color palette, and HTML elements are
swapped to reflect the permutation groups.
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Table 1. Chromosome structure

Field name Data type
ID INTEGER
perm_group_1_carousel STRING(]
perm_group_2_main_sections STRING(]
perm_group_2_secondary_sections STRING(]
main_color_H INTEGER
main_color_S INTEGER
main_color_L INTEGER
secondary_color_H INTEGER
secondary_color_S INTEGER
secondary_color_L INTEGER
tertiary_color_H INTEGER
tertiary_color_S INTEGER
tertiary_color_L INTEGER
font_family STRING
generation INTEGER
times_requested INTEGER
analytics_tracking_id INTEGER
bounce_rate FLOAT
sessions_per_user FLOAT
session_duration FLOAT
bounce_rate FLOAT
total_score FLOAT

3.6 Deployment

IT works with the tool built in the previous phase to add the capacity to automatically
deploy the individuals in each of the replicated hostings. A cookie is added and read in
the user device to make sure they are redirected to the same individual, and thus assuring
visual consistency among sessions.
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3.7 Measurement

In this phase, two activities are performed: (I) Obtaining results, (II) Results recording.

First, in Activity I, the resources previously configured are used to create a tool that
obtains the performance metrics for each chromosome. Then, in Activity II, after the
seven days of the first generation, the performance results are obtained.

3.8 Evaluation

The three activities belonging to this phase are: (I) Determine and calculate the fitness
function, (IT) Evaluation of the termination criteria, and (IIT) Individuals selection.
In Activity I, the fitness function is defined as in Eq. 1:

(A — ROq) (B — ROD)

FX)= — " o+ — 7
(R1a — ROa) (R1b — ROD)

p (D

X is an individual to be evaluated by the fitness function. For the performance dimen-
sion “a” (A), which refers to the Conversion Rate, ROa and R1a are their lower and upper
performance limits respectively, and « is the fitness criteria defined in Configuration.
This shows the measured performance of dimension “a” (A), the lower and upper per-
formance limit of dimension “a” (ROa and R1a, respectively), and the coefficient defined
by the aptitude criterion in phase configuration, activity IV. The same rationale applies
to dimension “b” (Bounce Rate), and respective limits (ROb and R1b) and weight (8).

To set lower performance limits, the first-generation lowest measurements are con-
sidered, while the upper performance limits are set by the values stated in the landing
page goals in phase 1 (Table 2).

Table 2. Lower and upper performance limits.

Conversion rate Bounce rate
Lower performance limit 0.03 0.879
Upper performance limit 0.10 0.65

Therefore, the generic fitness function defined in Eq. 1 becomes:

(B — 0.879)

(A —0.03)
F(X) = LA
(0.65 — 0.879)

= _A=0%) og
0.10—003) T

0.3 2)
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Fig. 4. Best performing landing page (left) and worst performing landing page (right) from the
first generation

The Activity II confirms that the best individual performance does not meet the
termination criteria established in the Configuration, presenting a Conversion Rate of
0.061 and a Bounce Rate of 0.686, and more generations are needed. The best and worst
performing landing pages from the first generation can be seen in Fig. 4.

In Activity III, first generation individuals are chosen by the “ranking” selection
method. The Chromosome Creator tool developed in the phase 4 assign copies to the
next generation: The three worst performing chromosomes are assigned with O copies,
whilst the three best performing chromosomes are assigned with 2 copies.

3.9 Crossover and Mutation

In this phase, three activities are carried out: (I) Crossover, (II) Mutation and (III)
Inclusion of the null hypothesis (if needed).

First, inactivity I, IT works on the Chromosome Creator tool to generate new chromo-
somes. As previously defined, two copies belonging to the best performing individuals
remaining as they are. Then, random binomial crossover is performed in the rest of the
copies, creating chromosomes with the shared characteristics of their parents combined.
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Then, in Activity II, the chosen chromosomes for the mutation experience an alter-
ation in one randomly chosen gene. The gene value is replaced in the same way genes
were created in phase 4.

Finally, activity III is not performed until the creation of the third generation.

3.10 Subsequent Generations

In this section, the subsequent generations (created in each iteration of the method) are
analyzed. At this point, the method is running completely automated.

The second-generation starts with the GUIs modification phase and, after the deploy-
ment, the individuals’ performance is measured trough 7 days. As a result, in this sec-
ond generation, the best performing chromosome does not meet the termination criteria,
counting with a Conversion Rate of 0.0882 and a Bounce Rate of 0.588. This means
that more generations are needed. The best and worst performing landing pages from
the second generation are shown in Fig. 5.

Impact

Impact

= Jae L = e

Fig. 5. Best performing landing page (left) and worst performing landing page (right) from the
second generation
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Therefore, the third generation is created with ten new chromosomes, and the method
iterates again. Once again, the best performing chromosome does not meet the termi-
nation criteria, showing a Conversion Rate of 0.0968 and a Bounce Rate of 0.6129. In
addition, in this generation, null hypothesis should be included. After replacing a chro-
mosome for another already existing one, similar metrics are found in both cases, with
the average of the sessions duration varying only slightly (11.28 vs 13.57). The best and
worst pages from this generation are shown in Fig. 6.

Press Press
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o e FYy = )

Fig. 6. Best performing landing page (left) and worst performing landing page (right) from the
third generation

In the fourth generation, the method is iterated once again, but this time the best
performing chromosome meets the termination criteria, having a Conversion Rate of
0.11 and a Bounce Rate of 0.615. Figure 7 shows the best and worst performing landing
pages from this fourth generation.
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Fig. 7. Best performing landing page (left) and worst performing landing page (right) from the

fourth generation

Although the method should continue with the Closing phase, two more generations
are performed to obtain a more profound method analysis. In the fifth generation, ten
new chromosomes are exposed. The corresponding performing landing pages from the

fifth generation are shown in Fig. 8.

In addition, the sixth generation is performed to evaluate the performance of the
most successful chromosome in the most successful generation. For this, chromosome
40 (in fourth generation) is selected, and ten chromosomes with the same characteristics
are created. The results of these generations will be addressed later in Sect. 4.
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Fig. 8. Best performing landing page (left) and worst performing landing page (right) from the
fifth generation

3.11 Closing

After six generations, the closing activities are performed by IT and UX. The landing
page is presented to the project stakeholders, showing the changes introduced by the
method tools and their impact on the landing page performance. The page final version
is shown in Fig. 9 where it can be seen important changes compared to the initial version
(available in Fig. 2). The changes proposed by chromosome 40 are reviewed, and the
landing page’s source code is updated to match these changes.

The landing page is then deployed and all services provided by the method tools are
paused. The source code of these tools is stored in a repository, in case the method is
implemented in the future, and all the chromosome records are stored in a document.
Location and credentials to access this information is stated in the “Closing document”.
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Fig. 9. Final landing page (Chromosome 40)

4 Analysis of the Results

For two and a half months, the Continuous Improvement Method for GUIs was deployed.
By doing this, after the fourth iteration, the landing page of a language services company
has reached the goals for which it has been designed. The performances of the fifty
generated landing pages along the six generations are shown in Fig. 10.

Reviewing these results by comparing the initial and final version, some improve-
ments can be noticed:

e Average Conversion Rate has increased from 0.0515 to a sustained value between
0.1007 and 0.102.

e Average Bounce Rate, a secondary performance dimension, has decreased from 0.78
to a sustained value between 0.60 and 0.63.

e Other performance dimensions not considered in the landing page goals are shown in
Fig. 10: Average Sessions per User have increased from 1.19 to 1.367 and Average
Session Duration has increased from 17 s to 27.5 s. This emphasizes the holistic nature
of the perception phenomena, where Conversion Rate or Bounce Rate improvements
are also reflected in the overall user experience.
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The null hypothesis included in the third generation reflects that the method exper-
iments are consistent: two chromosomes sharing the same characteristics have similar
performance. This is also reflected in the sixth generation.
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Fig. 10. GUIs performance along six generations

An interesting analysis can be done by observing the fifty generated GUIs. Some
visual characteristics have gradually populated the generations, enabling their conver-
gence (i.e. squared font families). Another visual example is the order of images in the
carousel, where “conversational sessions” have been preferred over “translate services”.

In addition, it has been determined that landing pages that included the promotional
video at the top presented better performance, even when this meant that the action
buttons were not easily available. This reinforces the previously stated concept that GUI
design is a complex (and even counter intuitive) domain that could be improved through
experimentation, automation and intelligent systems.

5 Conclusions

In this paper it is determined that the Continuous Improvement Method for GUIs can
be applied with positive results, helping GUISs to achieve the goals for which they were
designed. Therefore, this method assists individuals among the computer science and
user experience disciplines who are involved in the design, development and implemen-
tation of web based GUIs. As a result of applying a semi-automatic method, using AGIs
and feedback from end users, it establishes continuous improvement, in order to ensure
low costs in development and implementation, while maximizing GUI performance.
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Based on the above, further analysis and validations of the method could be carried
out in other contexts. This could lead to the identification of common rules or patterns
that govern the method evolution through its generations (such as the impact of different
levels of exploration in performance or the impact of different selection, mutation or
crossover techniques).

On the other hand, and based on the performance results of the method application
in this and other cases, Artificial Intelligence algorithms could be implemented (such as
ID3) to obtain hypotheses that relate the presence or absence of visual characteristics
with improvements in the GUIs performance dimensions.

Finally, it is recommended to experiment with more complex chromosomes. This
means, adding new Intervention Elements (besides permutation and style elements)
or even adding new possible values to the aforementioned elements, to widen the
possibilities of visual modification.
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