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Abstract

We applied a combination of accessibility evaluation methods (AEMs) in this research to provide an
overview of the web accessibility level of chatbots included on a selected sample of Spanish city council
websites. The methodology proposed is user-centred design to provide the most extensive web accessibility
analysis results. For this purpose, the use of heuristics, automatic tools and end-user evaluations has been
combined. For these AEMs, we included two types of assessors: university undergraduate students as
trained evaluators over one academic semester and end users with visual accessibility needs. The sample to
be evaluated for this pilot research comprises chatbots embedded in five Spanish city council websites. The
added value of combining AEMs is to achieve a better implementation of the Web Content Accessibility
Guidelines (WCAG) framework and precise feedback from expert users with visual accessibility needs.
Results indicate key accessibility barriers in the sample analysed, making the chatbots and their websites
inaccessible to users with accessibility needs. While the accessibility training process of university
undergraduate students is useful for skills development and increases the accuracy of WCAG evaluation,
the combination of AEMs improves the quality of the results, making input from end users with accessibility
needs essential to achieve a holistic and precise analysis.
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1. Introduction

Web accessibility involves designing and developing websites, tools, and technologies to ensure that
users with accessibility needs can perceive, understand, navigate, interact with, and contribute to
online content effectively. The goal is to eliminate barriers and provide equal access and usability for
everyone [1]. The Web Content Accessibility Guidelines (WCAG) [2] are the global standard for
assessing web accessibility, with many laws and policies worldwide using WCAG compliance as
their benchmark. Public administration and social services online are crucial areas for web
accessibility, it concerns equity of citizens, a cornerstone of democracy. Web accessibility is crucial
for all users, including those with accessibility needs, acknowledging legal requirements [3].
Research has analysed the accessibility of public administration. [4] analysed the usability and
accessibility of 67 U.S. Alabama counties web portals using heuristic and automated methods,
findings indicate that most county portals fail to pass standard accessibility checks although basic
usability standards were met. The study also explored the relationship between demographic factors
and portal quality, noting surprisingly that counties with lower per capitaincome were more likely
to pass an automated accessibility checking; being the correlation statistically significant and
moderate. Studies being carried in the same decade show poor results in the average accessibility of
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public web sites in several parts of the world: 17 studies in Finland [5] 976 chief towns analysed in
Italy [6], 36 e-government websitesin Saudi Arabia [7], 256 websites of public and commercial nature
in Greece [8], and a compiled survey in Singapore, Australia, Canada, Hong Kong and Finland that
showed that the first phase of e-governance (the web portal presence) was neglecting accessibility,
quality and privacy criteria [9]. Others [10] highlighted the implication of human factors in the
process of implementing successful e-Government websites.

At least in the European context, the state of the art has improved significantly in the last two
decades. In 2005, the European Public Administration Network (EPAN) [11] issued a report to
improve both the internal workings of public administrations and the quality of public service
delivery through informal co-operation and collaboration across European Union Member States and
European institutions. In 2019, the issued European Accessibility Act (EAA) [12], aimed to resolve
discrepancies in accessibility requirements between different European countries and explicitly
mandates that a range of products and services, including many types of online experiences such as
e-commerce websites and mobile apps, are accessible to those with accessibility needs. Luckily, the
EAA was adopted by individual European Union nations startingin 2022, being providersof products
and services covered by the law until June 2025 to become compliant. A complaint process and
surveillance monitoring has been established in many countries, and organisations that fail to meet
these requirements may face penalties, including fines.

In the Spanish context, [13] analysed self-reported information from 52 Spanish City Councdil
websites, noting that much of this information is unverifiable, uncertified, or lacks a specific
conformity level. Additionally, [14] emphasised that Spanish public administrations are generally
unaware of digital accessibility requirements, with 18 city council websites failing to meet
international accessibility standards. Similarly [15] indicated key accessibility errors at WCAG 2.1
levels A and AA.

Quite recently, the interaction between citizens and government institutions has undergone a
significant transformation. Technological advances related to natural language processing have
brought new possibilities for improving the efficiency and accessibility of public services. One of the
most outstanding developments is the implementation of chatbots in city council websites, which
have proven to be an effective and easy tool to facilitate communication and citizen support [16].

These chatbots can integrate audio, visual, text-based, and graphical elements, including buttons
or other user interface components as part of the interaction, which can enhance access to support
for individuals with accessibility needs [17]. They can perform tasks through text-based interactions
or by interpreting human speech and responding with synthesised voices, offering flexibility,
personalisation, and alternative communication methods [18]. However, research indicates that
these tools often lack accessibility features [19, 20].

The main objective of this research was to understand the current state of accessibility of city
council chatbots and their websites. For that purpose, we used a combination of accessibility
evaluation methods (AEMs) to assess the web accessibility of chatbots on Spanish city council
websites. Our methodology combined heuristic evaluations supported by automated tools and end-
user evaluations. We included two types of evaluators: university undergraduate students acting as
trained evaluators after one semester of academic work and end userswith visual accessibility needs.
The pilot study evaluated chatbots embedded in five Spanish city council websites.

2. Methodology

Previous research indicates the importance of using several AEMs [21], heuristic evaluations
supported by automatic tools can be intricate and may sometimes yield incorrect results, such as
false positives. [22] notes that the ambiguity of the evaluation process can lead different evaluators
to concentrate on various aspects that might not be directly related to the criterion being assessed,
also the determination of success or error is subjective and varies from evaluator to evaluator. The
combination of heuristic evaluations with end-user evaluations strengthens the process allowing the
identification of accessibility barriers [23].



2.1. Methods

Considering the limited research in the accessibility assessment of public administration websites
and chatbots we acknowledge in this pilot research we used a top-down user-centred methodology:

1. Full analysis of websites. A review of city council websites with WCAG 2.1 by trained
students in the "Usability and Accessibility" course, part of the degrees in Information
Technology Engineering and Computer Engineering at Universidad Nacional de Educacion
a Distancia (UNED). To include a centred user perspective in the course, students had to
evaluate their city council website by applying a service-learning approach, so students
understand their local context and reality [15]. Students had to fill in a WCAG checklist
applying heuristic evaluation supported by automatic tools, in this case, the browser plugin
for WAVE, and rate each WCAG criterion with the values: (1) not achieved, the feature to
test is missing, (2) partially achieved, the feature to test is available but not integrated, (3) not
applicable, (4) largely achieved, the feature to test is available and partially integrated, and
(5) fully achieved, the feature to testis available and fully integrated. The checklist included
levels A and AA which are those required by the public administration legislation [3]. Each
evaluation was conducted by a single student during the academic course 2021-2022.

2. End-user evaluation of the chatbot for visual accessibility needs. A focused evaluation
of users with visual accessibility needs in the context of research at Universidad Complutense
de Madrid [24]. For that purpose, this study used key aspects of the POUR principles from
WCAG: (1) perceivable, if non-text elements have alt text, content maintains structure across
formats, and thereis enoughcontrast forreadability, (2) operable, whetherusers have enough
time to understand chatbot messages and whether navigation is clear, with focus indicators
showing where the user is on the screen, (3) understandable, if the chatbot's language is easy
to read and if it assists users with things like correcting spelling errors and, (4) robust, the
chatbot works well with assistive tools like screen readers. In addition to WCAG, two more
criteria were considered: the chatbot should support voice-based interaction and be capable
of understanding and responding to user commands like ‘repeat that’ or ‘connect me to an
agent’. The end-user evaluations were conducted in July 2024 using mainly smartphones.

2.2. Sample and data analysis

Following the inverted pyramid approach, we analysed five city council websites and their chatbots
from cities in Spain, selecting five chatbots each developed by a different company toensurea diverse
sample of technical and accessibility approaches, see Tablel.

Table 1

Sample
Chatbot Council Company
Linea Madrid Madrid NTT Data, 2022
Miguel Las Rozas de Madrid BotsLovers, 2024
Carlos Torrejon de Ardoz 1MillionBot, 2023
Luigi Boadilla del Monte Muniverso, 2021
Anaga Santa Cruz de Tenerife Chocolate, 2023

These chatbots were chosen for their variety in design and development, all being recent projects
by companies with digital accessibility expertise, increasing the likelihood that they meet current
accessibility standards.

The city council websites were evaluated by students in the "Usability and Accessibility" course
as one of the assignments during the course using a quantitative approach [25] where students rated
each of the criteria based on a Likert scale. In the case of the end users, a qualitative method was



used to capture the interaction via observation [26]. Four participants with different levels of visual
impairment wererecruited. Several of them have prior experience evaluating mobile app accessibility
through previous research at Universidad Complutense de Madrid:

e Victor Alberto. Can only perceive light and shadows; uses Apple’s VoiceOver screen reader
on his smartphone.

e Jesus. Blind; uses VoiceOver on smartphone and operates both Windows and Mac desktop
computers.

¢ Gemma. Uses VoiceOver on her smartphone but engages with her device less frequently.

e Margarita. Has 10% vision in one eye and only light perception in the other; uses her
smartphone extensively with both VoiceOver and a magnifying glass.

3. Results

In both analyses of data, results are shown divided by strengths and barriers.

3.1 Heuristic evaluation supported by automatic tools of city council websites

Results shownin the following tables were coded to range from 1 (very low - not achieved)to 5 (very
high - fully achieved). Thresholds to select criteria are 4.6 or above for strengths and 3.6 or below
for barriers, while if a criterium has 3 or more non-applicable values (i.e., 3) is not included as a
barrier for lack of consistency within the sample.

3.1.1. Perceivable

The “Perceivable” principle ensures that information and user interface components are presentable
to users in ways they can perceive (See Table 2).

Strengths identified:

e Orientation: content can be viewed and operated in both portrait and landscape orienta-
tions.

e Use of Colour: colour is not used as the only visual means of providing information.

e Resize Text: text can be resized without assistive technology, maintaining contentand func-
tionality.

e Images of Text: when possible, text is used to convey information instead of images of text.

¢ Reflow: content can be displayed without losing information or functionality, and without
requiring both vertical and horizontal scrolling.

e Text Spacing: users can adjust text spacing to improve readability.
Barriers identified:

¢ Audio-only, video-only, Captions and Audio Description: audio and video content in
synchronised media does not include captions or audio descriptions, and both audio and
video media do not provide an alternative.

e Info and Relationships: information, structure, and relationships presented visually lack
being programmatically determined.

¢ Identify Input Purpose: The use of code doesnot indicate the purpose of common input.

e Contrast and Non-Text Contrast: the visual presentation of text and images of text has
problems with the contrast ratio. The same applies to the visual presentation of non-text
elements.



Table 2
Principle 1 - Perceivable
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Principle 1: Perceivable 2 &~ = gEg g<& 3 2
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A 1.1.1: Non-text Content 4 5 2 4 2 3.4 1.34
A 1.2.1: Audio-only and Video-only 1 5 3 4 3 3.9 1.48
(Prerecorded)
A 1.2.2: Captions (Prerecorded) 1 1 3 5 3 2.6 1.67
1.2.3: Audio Description or Full-Text

A Alternative (Prerecgrded) > 1 3 > 3 3.4 1.67
AA  1.2.4: Captions (Live) 1 1 3 5 3 2.6 1.67
AA 1.2.5: Audio Description (Prerecorded) 1 1 3 5 3 2.6 1.67
A 1.3.1: Info and Relationships 5 5 4 2 2 3.6 1.52
A 1.3.2: Meaningful Sequence 5 5 5 2 5 44 1.34
A 1.3.3: Sensory Characteristics 5 4 2 5 5 4.2 1.3
AA 1.3.4 Orientation 5 4 5 5 5 4.8 0.45
AA  1.3.5 Identify Input Purpose 5 4 2 4 1 3.2 1.64
A 1.4.1: Use of Colour 5 5 5 5 5 5 0
A 1.4.2: Audio Control 3 5 3 2 3 3.2 1.1
AA 1.4.3: Contrast (Minimum) 1 5 2 1 5 2.8 2.05
AA 1.4.4: Resize text 5 5 5 5 5 5 0
AA  1.4.5:Images of Text 5 5 5 5 5 5 0
AA 1.4.10 Reflow 5 5 5 5 5 5 0
AA 1.4.11 Non-Text Contrast 2 5 1 4 5 3.4 1.82
AA  1.4.12 Text Spacing 5 5 5 5 5 5 0
AA 1.4.13 Content on Hover or Focus 4 5 3 3 3 3.6 0.89
3.1.2. Operable

Principle 2, “Operable”, ensures that all interface components and navigation are usable, regardless
of how users interact with the content (see Table 3).

Table 3
Principle 2 - Operable
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A 2.1.1: Keyboard 5 5 5 5 5 5 0
A 2.1.2: No Keyboard Trap 5 5 5 5 3 4.6 0.89
A 2.1.4 Character Key Shortcuts 5 5 3 3 3 3.8 1.1
A 2.2.1: Timing Adjustable 3 4 3 3 3 3.2 0.45
A 2.2.2: Pause, Stop, Hide 3 5 2 3 3 3.2 1.1
A 2.3.1: Three Flashes or Below Threshold 5 5 3 5 3 4.2 1.1
A 2.4.1: Bypass Blocks 1 5 5 5 3 3.8 1.79
A 2.4.2: Page Titled 5 5 5 2 5 4.4 1.34
A 2.4.3: Focus Order 5 5 5 5 5 5 0
A 2.4.4: Link Purpose (In Context) 4 5 5 5 5 4.8 0.45
AA  2.4.5: Multiple Ways 5 5 5 5 5 5 0
AA  2.4.6: Headings and Labels 5 5 5 2 5 44 1.34
AA 2.4.7: Focus Visible 5 5 5 4 5 4.8 0.45
A 2.5.1 Pointer Gestures 5 5 3 3 3 3.8 1.1
A 2.5.2 Pointer Cancellation 5 5 3 5 3 4.2 1.1
A 2.5.3 Label in Name 5 5 5 5 4 4.8 0.45
A 2.5.4 Motion Actuation 3 5 3 3 3 3.4 0.89

Strengths identified:
e Keyboard and no Keyboard Trap: all content functionalities can be operated via a key-
board interface without needing specific timing for individual keystrokes.

e Focus Order and Visible: any user interface operable by the keyboard has a mode where
the keyboard focus indicator is visible.



e Link Purpose: the purpose of each link is clear.
e Multiple Ways: users can get to the same content in multiple ways.

e Label in Name: for user interface components with labels that include text or images of
text, the name includes the text that is visually presented.

Barriers identified:

e Pause, Stop, Hide: users have problems with content that moves, scrolls, or auto-updates,
with limited options to pause, stop, or hide such content.

3.1.3. Understandable and robust

Principle 3, “Understandable”, requires that users can comprehend both the content and how the
service functions, while principle 4, “Robust”, emphasises that the content should be interpreted
reliably by various user agents, including assistive technologies (see Table 4).

Strengths identified:

e OnFocusand on Input: whena user interface component receivesfocus, it does not trigger
a change in context or when changing the setting of any user interface component does not
automatically cause a change in context.

e Consistent Navigation and Identification, Labels or Instructions: consistently order
navigation that repeatsacross pages,labels or instructions are provided whenever user input
is required.

Table 4
Principles 3 and 4 - Understandable and Robust
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A 3.1.1: Language Page 5 5 1 5 5 42 1.79
AA  3.1.2: Language of Parts 3 5 5 3 3 3.8 1.1
A 3.2.1: On Focus 5 5 5 5 3 4.6 0.89
A 3.2.2: On Input 5 5 5 5 3 4.6 0.89
AA  3.2.3: Consistent Navigation 5 5 5 5 5 5 0
AA  3.2.4: Consistent Identification 5 5 5 5 3 4.6 0.89
A 3.3.1: Error Identification 5 5 5 5 2 4.4 1.34
A 3.3.2: Labels or Instructions 5 5 5 5 3 4.6 0.89
AA 3.3.3: Error Suggestion 4 4 5 4 1 3.6 1.52
AA 3.3.4: Error Prevention 1 2 3 3 3 2.4 0.89
A 4.1.1: Parsing 5 5 2 1 4 3.4 1.82
A 4.1.2: Name, Role, Value 5 5 1 4 5 4 1.73
AA  4.1.3 Status Messages 3 4 5 3 5 4 1

Barriers identified:

e Error Suggestion: when an input error is detected correction suggestions are not provided
to the user.

e Parsing: in content using markup languages, elements do not have complete start and end
tags, are not properly nested, or have duplicate attributes.

3.2 End-user evaluation of city council chatbots

The evaluation process is carried out in three phases:

e Introduction: participants were given a brief overview of the session, including its goals
and the evaluation process, to ensure clarity and understanding.



e Task execution: participants were assigned specific tasks to perform using the chatbots.
Observing how they interact with the interface allows researchers to assess usability and
ease of navigation.

¢ Final questions: participants respond to a series of questions aimed at identifying visual
accessibility barriers, gathering feedback on interface usability, and suggesting improve-
ments.

By analysing both the participants' behaviour and their feedback, the study seeks to evaluate
whether the chatbots align with accessibility standards and deliver an inclusive experience for users
with different degrees of visual impairment. The participants are asked to complete the following
tasks using their own mobile devices, either via a website:

e Access each municipality’s chatbot.
e Attempt to register or update their information in the municipal census.
e Ask about available parking spaces, specifically those located in the city centre.

These tasks reflect common, real-life interactions with municipal chatbots, helping to evaluate
their usability and accessibility in practical, everyday situations. The evaluation of the five-city
council chatbots highlights both positive features and significant accessibility issues affecting users
with visual impairments.

Strengths identified:

e Sufficient time for input: users are given adequate time to type and send messages, reduc-
ing stress and improving usability.

e Accurate cursor placement: most chatbots correctly position the cursor in the input field,
aiding smooth interaction.

e Logical focus navigation: screen readers follow an orderly focus path, helping users track
conversations more easily.

e Strong text contrast: all but one chatbot offers good contrast between text and background,
supporting users with low vision.

e Correct language recognition: all chatbots detect and operate in Spanish, enabling clear
communication for native speakers.

Barriers identified:

e Improperlabelling: buttons and links often lack descriptive labels, making them difficult
for screen readers to interpret.

e Incompletelink reading: screen readersfrequently announce only the link title, missing
important context.

e Orientation inconsistency: some chatbots do not display content properly when switching
between vertical and horizontal views.

e Poor text size flexibility: most fail to support scalable text, limiting readability for users
needing larger fonts.

e Lack of meaningful error feedback: errors are indicated only visually (e.g., underlining)
without explanatory text for screen readers.

e Layoutissues with resizing: chatbots do not adapt well to window resizing, causing con-
fusion and navigation difficulties.

e Colour-only information cues: relying solely on colour to convey information excludes
users who cannot perceive colours.



e Limited voice interaction: while some chatbots accept voice input, most don’t respond via
voice, reducing accessibility.

e Difficulty repeating or escalating: chatbots struggle with simple commands like repeat-
ing a message or connecting to a human agent.

e Task execution barriers: tasks like census registration or parking inquiries are hindered
by complex steps and external pages, making the process frustrating and difficult to com-
plete.

4. Discussion and conclusions

The findings of this research reveal that, despite advances in technology and the growing use of
digital tools in Public Administration, the city council websites and chatbots analysed fall short of
meeting WCAG [20]. Despite some positive elements, the overall accessibility of these websites and
chatbots is limited. This lack of compliance leads to poor user experiences and effectively excludes
those with accessibility needs particularly those with visual needs from accessing essential public
services.

The evaluation of websites and chatbots using a combination of AEMs within a user-centred
designed methodology including trained students who evaluate their local city council website and
end users with visual accessibility shows results aligned with the literature in the area [13, 14]. Both
analyses identified key barriers, not providing users with options to change or edit content, lacking
error feedback, or improper use of labels. Some other barriers were identified by one method and not
by the other, showing the importance of using several AEMs and how they can help to identify false
positives [23], for example: limited text resizing, inconsistent support for screen orientation, partial
link reading or incorrect use of contrasts.

The use of several AEMs showcased three key aspects of this research: (1) the short experience of
trained students evaluating websites even when applying a service-learning approach [15], (2) the
evaluation by end-users revealed unexpected usability challenges and participant frustration,
emphasising that usability alone is not enough and accessibility must be prioritised [24], and (3) the
fact that websites and chatbots have been designed and implemented by different providers and with
different objectives, could be showing inconsistencies when integrated [20].

The study had several limitations. The sample of websites and chatbotsevaluated, and the number
of both student-evaluating websites and end-users with accessibility needs were small. Most websites
and their chatbots were from Comunidad de Madrid, and both the heuristic evaluations and end-user
tests were conducted in controlled settings, not reflecting real-world usage conditions. For future
research, we recommend including a bigger sample, websites evaluated by more than one evaluator
allowing interraterreliability of the results [21],including AAA criteria, and a broader group of users
with accessibility needs as end-users, not only visual, expanding the geographic scope of chatbot
analysis, and conducting evaluations in everyday contexts to better understand real-life accessibility
challenges.

Also, while the AEMs included in this pilot research cover a well-established standard such as
WCAG, it is necessary to include standards more focused on virtual assistants and chatbots, which
not always are set in web environments, such as The Natural Language Interface Accessibility
User Requirements (NAUR) [27] outline the essential accessibility considerations for designing
natural language interfaces. These guidelines offer a broader perspective on accessibility in
communication processes than WCAG [28].

This user-centred methodology not only provided a diagnosis of accessibility shortcomings but
also helped raise awareness about the importance of digital inclusion in public services. Accessibility
must be a core principle in technological development—especially in public services. Ensuring equal
access to city council websites and chatbots not only supports the rights of disabled users but also
builds public trust and promotes social inclusion [4, 10]. In today's digital society, accessibility is not
a privilege—it is a fundamental right, and websites and chatbot services must reflect that.
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