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Virtual assistants allow end users to interact with apps using a conversational mode. A particular kind of device supporting
virtual assistants is the smart speaker, which allows end users to access contents and services, perform searches and command
smart environments via voice interaction. These devices are gaining relevance among users, and the number of apps available
for giving them more conversational capabilities grows constantly. However, there is a gap between what can be achieved
using these devices and the information available on the web, i.e. most web apps don’t have one smart speaker app counterpart.
In this work, we present a two-step approach to defining conversational interfaces for virtual assistants based on existing
web sites. During the first step, the user creates web content blocks, which describe target contents and the strategy for
retrieving them. In the second step, the user uses web content blocks to specify the conversational interface. Although the
approach could be considered generic enough for any kind of conversational interface, we focus our research on voice user
interfaces, considering smart speaker apps as a major target. With our approach, apps based on voice user interfaces for smart
speakers may be developed in a no-code manner. We describe and illustrate the approach by presenting usage examples and
an evaluation using the Alexa service and an Amazon Echo device. The evaluation shows promising results for two case
studies where there is no significant difference between the user experience when comparing solutions developed using the
Alexa SDK versus apps using our approach.
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1 INTRODUCTION
Natural language processing and speech recognition technologies have experienced strong advances in the
last decade. As a result, voice-based conversational interfaces have become ubiquitous. Nowadays, the use of
conversational voice interfaces may occur in different contexts: car driving, smart environments, web access,
etc. Many mobile apps react to voice commands. Voice-based conversational interfaces are also used for web
accessibility, through voice commands [1] [2]. This evolution has enabled new kinds of devices, such as smart
speakers, which reached broad consumption by end users [3].

Modern smart speakers are wirelessly connected loudspeakers that offer voice interaction to access information
and services. They may host third-party apps; that is, users can install apps in their smart speakers (called skills
in the case of Amazon Echo devices) in the same way that they install apps in their smartphones. Smart speakers’
apps are frequently used in combination with smart devices and IoT platforms (for example, IFTTT 1 or Node-Red
[4]). Smart speakers also come with built-in apps to respond to web searches, as is the case of Amazon Echo and
Google Home, which are one step ahead with the ubiquity of access to web content and services.
Beyond general queries solved with a search, other apps focus on getting specific information and services

already published by existing web apps, such as reading news from a news portal or asking for a product price
from Amazon.com. Very well-known websites such as Expedia.com now offer an Amazon Echo app that lets
end users search prices for accommodation and flights, among other functionalities. Suddenly, web app owners
1https://ifttt.com/amazon_alexa
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may (should) support another type of front-end interface to interact with their contents and services, based on
voice-based user interaction. This could explain the number of available apps (called skills) in Amazon Echo’s
marketplace [3].

A similar process occurred when smartphones emerged, and web app owners started to deliver native mobile
apps. But, unlike the case where users can visit any web site from the mobile web browser, for smart speakers
when a native app counterpart does not exist, there is no possible way to access contents and services offered by
a web site.
Web apps still play a very relevant role in the users’ daily life; we use them for reading news, consuming

different services, working, and even interacting with smart devices in the web of Things. However, despite the
progress on Model-Driven Engineering [5] and Multi-Modal User Interfaces [6], most web sites are not developed
with conversational technologies in mind and therefore delivering device-specific apps (e.g. for smart speakers)
is usually expensive.
This paper aims to fill the gap between available smart speakers’ apps and online web content and services

users consume daily by browsing the web. We propose an approach for the creation of voice-based conversational
interfaces. To do it, we developed a tool called SkillMaker, a web Browser extension that consists of two parts: a
web content extraction tool and a model editor. In this way, users can create dynamic content blocks, that will be
used later in the editor to define a voice-based way to access and read them. Content blocks can be thought of as
parts of the web pages that organize data of a website sub-domain and are recognizable by users. One example of
a content block for a news domain could include the title, image, and description from the first news appearing
on the main page of a portal. Or in an e-commerce domain, the name, price, and description of some products
listed on some sub-category from the own web page.

We present a model for the definition of Voice User Interfaces (VUIs) based on web contents, plus a JavaScript-
based engine (called Skill Hub) to interpret these specifications. In this way, these interfaces may be executed
on any device with an Internet connection and a JavaScript environment. The approach could be used by end
users or by those web sites owners that want to deliver smart speaker skills. We have limited the research to
voice interaction, although the approach has the potential to combine also visual interaction as the result of voice
commands. As we will show, the approach generates VUIs that are as usable as native smart speaker apps. As a
concrete case study, in this paper, we use the Amazon Echo smart speaker to evaluate the VUIs produced with
SkillMaker, which were compared with native skills available in Amazon’s marketplace. As the approach aims
at being an alternative to native apps based on native SDKs like Alexa or Google Assistant, we conducted an
experiment reporting promising results where there is no difference in usability satisfaction between native apps
and solutions modeled with our approach. For this, we designed an experiment to answer the following research
question: is the user experience equivalent for Native and SkillMaker apps?
In section 2, we introduce some background and related works. In Section 3, we introduce our approach to

define Voice User Interfaces. We illustrate our approach in section 4 with some examples and supporting tools.
In section 5, We conducted an evaluation showing no difference in user satisfaction between native apps and
SkillMaker apps. Finally, we give some conclusions and future work in Section 6.

2 BACKGROUND AND RELATED WORKS
We have divided this section into three parts. The first one is about voice user interfaces and their main current use.
The second one is oriented to defining basic concepts and discussing related works regarding voice interaction
and web access. The third one is focused on discussing different works related to manipulating existing web
pages.
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2.1 Voice user interfaces and smart speakers
In the literature, have been used several terms to refer to the interaction between the user and the machine based
on a conversational metaphor, e.g. virtual assistants, conversational interfaces, personal assistants, intelligent
agents, etc. [7]. The machine feedback may be visual-based (lights, display), voice-based, movements (like in
the case of robot-like assistants) or a combination of these [8]. In this paper, we focus on Voice User Interfaces
(VUIs) or voice-based conversational interfaces, following the definition from Porcheron et al. [7], which focuses
"specifically on interfaces that are primarily voice-based, in which the user talks to the device and the device
answers with a synthesized voice".

Although VUIs began to be widely used with their inclusion in smartphones (Siri for IOS devices, Google Now
for Android devices), the appearance of gadgets such as Google Home or Amazon Echo is changing their daily
use and pervasiveness. These smart speakers allow users to start some conversational interaction with a voice
command expressed in natural language, such as “Alexa, tell me the news”, in the case of the Alexa service from
Amazon. Smart speakers have a set of base capabilities such as telling the time and the weather, playing music,
reading the news, controlling IoT devices, etc. Also, new capabilities (known as "skills") may be downloaded
from vendor stores. This way, other possible user tasks, such as home automation, travel plan, online shopping,
alternative information access, etc., may be added by installing third-party skills. Despite the vast ecosystem of
skills built by developers, and the chance to extend the base capabilities of the service installing them, there is a
limitation among these skills: very few are known and used, so many features remain hidden for the user and
wasted (Spallazzo et al. [8]).

Currently, and just mentioning one case, the Alexa Skill repository is organized into categories and offers more
than 80.000 skills (in December of 20212), demonstrating the huge growth of this kind of software if we compare
the number of skills available at the end of 2017 [3]. The range of skills is very broad, and it is also remarkable
that, for some categories, there are more than 4.000 ones (e.g. News). This is not surprising if we consider that,
for the same purpose, we have a great variety of web sources and services to achieve it. Consequently, it is
straightforward to think about the possibility of creating new kinds of skills using publicly available web content
and services (either in the way of Restful APIs [9] or directly parsing and extracting the desired web content).

Beyond this quantitative analysis, a recent study (made with Google Home users) [10] shows that smart speaker
users, use skills related to Music, Information, Automation, Smalltalk, Alarm, Weather, Video, Time, Lists, and
Others (in order of relevance, i.e., from most used to less-used skills). One more time, we can appreciate that, for
most of these categories, there are several web apps counterparts from where end users could read information
or complete some business process using a device supporting normal web browsing. Although some skills for
automation of IoT devices not have web apps counterparts, it is clear that a broad range of skills could be, or
even are, based on existing web contents and functionalities.
The possibility of creating personalized voice commands is also relevant and has already been studied in

the context of multi-modal user interfaces [11]. In this regard, it is important to highlight the existence of
several automated platforms that allow users without programming knowledge to create voice-based applications
(such as skills for Alexa) using visual, drag-and-drop editors. Popular among them are VoiceApps.com 3 and
VoiceFlow.com4. While these platforms offer some flexibility, they do not allow end users to fully specify the
content of the VUI, including dynamic content obtained from the web. This limitation means that end users are
restricted to using pre-determined text. In contrast, our approach enables end users to define VUI applications
based on existing web content and provides more flexibility regarding the content to include in the VUI.

2https://voicebot.ai/2021/01/14/alexa-skill-counts-surpass-80k-in-us-spain-adds-the-most-skills-new-skill-introduction-rate-continues-
to-fall-across-countries/
3https://voiceapps.com/
4https://www.voiceflow.com/

https://voicebot.ai/2021/01/14/alexa-skill-counts-surpass-80k-in-us-spain-adds-the-most-skills-new-skill-introduction-rate-continues-to-fall-across-countries/
https://voicebot.ai/2021/01/14/alexa-skill-counts-surpass-80k-in-us-spain-adds-the-most-skills-new-skill-introduction-rate-continues-to-fall-across-countries/
https://voiceapps.com/
https://www.voiceflow.com/
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In this paper, we explored how web contents can be extracted, processed, and used as responses by VUI apps
(smart speakers apps in particular). Our approach involves a set of tools that let users visually develop these VUI
specifications using existing web sites.

2.2 Conversational interfaces and the web
In the context of web browsing, the idea of using a personal assistant already existed fifteen years ago. The
concept of Personal Information Assistant (PIA) was introduced in [12] as a "software robot that a user deploys
to retrieve targeted data from web sources that he/she is interested in". The authors propose techniques for
end users so they will be able to create PIAs using just a web browser and learn how to navigate and extract
information.

To automate repetitive web browsing tasks, Borodin et al. proposed an end-user development of voice commands
based on web macros [13] which allow users to record actions to be executed and reused later. This approach
based on a non-visual browser [14], enables users to interact with web content through voice or text commands,
becoming a promising interaction alternative against existing screen readers. End users and developers can
collaborate with accessibility metadata (like adding alternative text to images), similar to another work that uses
voice interaction to improve Web accessibility [1].. The same authors proposed improving web accessibility in
the context of open data portals [15]. Other notable development in voice interaction and the web include Firefox
Voice [16], a browser extension that enables users to use their voice to perform various actions.

Several of these approaches arise before the evolution of conversational interface apps and gadgets, such as
chatbots, smart speakers, etc. In this regard, the works mentioned above are voice-command approaches oriented
to trigger automatic tasks in the context of a web browser instead of being focused on conversational interfaces
between apps and users. While these approaches have proven useful, there is still a need for more advanced
conversational interfaces that can facilitate access to web content and services interactively. Beyond receiving a
voice command and giving a response based on specific web content, the conversational interface may propose
an interactive way to deal with that response, explore more from there, etc.
A new approach to automating tasks in the context of web browsing involves using apps called "skills" [17],

defined by users through voice commands and multi-modal specifications, annotating some parts of the web
using different inputs, combining a Programming By Demonstration (PBD) approach with voice commands.
These skills allow users to perform a series of combined tasks, such as navigating to specific websites and
obtaining information, by simply invoking them with predetermined voice commands. However, responses to
these commands are only provided visually through a pop-up on the current web page.
Although we focus on voice-based conversational interfaces, we see similarities with other conversational

interfaces, such as chatbots, which are conversational agents providing access to information and services through
everyday language [18]. Chatbots may be used for multiple purposes and from several devices and contexts.
In web apps, one of the most common uses is to provide customer service, i.e. to support users by emulating a
human conversation, such as in e-commerce apps [19].
Prior research on chatbots for web browsing has focused on conversational web interaction [20] and web

browsing [21], both of which rely on HTML annotations defined by app developers. The former is a conceptual
paper in which authors describe conversational web interaction, define a set of requirements for bot generation
and propose an architecture for fulfilling those requirements based on HTML annotations. In the latter, the
authors show an implementation of their prior architecture based on those HTML annotations.

In contrast, our approach allows end users and developers to add annotations to any website on the client side
without requiring programming skills.
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2.3 Web content extraction
The idea of information extraction we use in this approach is similar to some techniques for web Scraping [22].
A usual method used for information extraction is the annotation of web content. Some web sites already tag
their contents allowing other software artifacts (like a web Browser plugin) to process those annotations and
improve the interaction with that structured content. A well-known approach for giving some meaning to web
data is Microformats [23]. Some approaches take advantage of the underlying meaning given by Microformats,
microdata, or JSON-LD, detecting these objects on the web page and allowing users to interact with them in new
ways. According to [24], only 5,64% of more than 40 million web sites provide structured data (Microformats,
Microdata, RDFa, etc.). This fact raises the importance of empowering external annotations or semantic structure
when it is’t available.

Some End-User Development approaches arose to empower users to solve their particular needs by themself.
For instance, MashMaker [25] allows extracting widgets with properties and later inserting these widgets into
other web pages to modify the app. Another work proposes the structuring and abstraction of data models from
the client side to create personal web sites that run purely on the client side, i.e. the end user’s web browser [26].
SearchAPI [27] allows end users without programming skills to create search APIs by visually selecting the UI
parts of web apps search engines. This way, the domain objects from an app can be searched, emulating user
interaction. Similar approaches have arisen under the web augmentation technique, which is still a promising
technology for end-user development [28]. However, from our knowledge, these approaches are not considered
for developing VUI specifications by reusing existing web content.

3 AN APPROACH FOR VUI BASED ON WEB CONTENTS
The base of our development approach for VUIs is three-fold:

(1) A method and tools allowing users to select and define web content blocks. For this purpose, we use
web content annotation and abstraction methods by means of visual tools and a simple configuration
mechanism. We explain what the content blocks mean later in this section and show several examples in
the next. For now, it is enough to see content blocks as abstractions of web content that are materialized
with an extraction template.

(2) A way to specify how content blocks can be used in a VUI and how such a VUI could behave. We found out
that flowcharts are a suitable way to model the behavior of VUIs; where nodes represent content blocks and
connections represent how these blocks are organized and read as a response to the user voice commands.
Each set of nodes and connections conforms to a VUI specification.

(3) An interpreter that processes a VUI specification, gets web pages’ DOM dynamically, and then answers to
the user with the extracted content blocks plus further conversational options configured during the VUI
design.

Figure 1 provides an overview of the approach. It’s divided into two layers: the VUI Definition Tools and the
VUI app Elements. The VUI Definition Tools layer includes the visual tool used for the content extraction and
definition processes (SkillMaker box) and the VUI apps Backend. SkillHub is the main component of the VUI app
Backend, whose job is to consume the VIU specifications created with SkillMaker. Figure 1 also compares our
approach, on the left hand, with the approach used to build a native app, on the right hand (as those built for
Alexa5 or Google Home6).

The second layer shows the elements that compose a conversational flow between users and voice-based
devices. Both apps, made with our approach and those built as native apps, will connect with the voice cloud
service through Restful API communication. This service will be available by the voice-based technology chosen
5Alexa SDK - https://developer.amazon.com/en-US/docs/alexa/sdk/alexa-skills-kit-sdks.html
6Google Assistant - https://developers.google.com/assistant/sdk

https://developer.amazon.com/en-US/docs/alexa/sdk/alexa-skills-kit-sdks.html
https://developers.google.com/assistant/sdk


6 • G. Ripa, M. Torre, M. Urbieta, G. Rossi, A. Fernandez, A. Tacuri, and S. Firmenich

and take care of processing the words spoken by users in requests, mapping to user utterances, and finally
delivering the responses in voice format. User utterances will trigger actions called skills (which handle the logic
for the next steps of the conversational flow based on the user requests). Both user utterances and skill actions
will be defined by developers (through some GUI offered by the Voice-based technology) or by users/developers
through our tools.

Fig. 1. Overview of the approach
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Three elements stand out in the SkillMaker box: web Page A, the VUI specification, and web Page B. The VUI
specification includes a set of user-defined contents from both web pages: block A from web Page A and two
other content blocks from web Page B, named B (that is, in fact, a collection of related web contents) and C. The
main idea is that these content blocks are read consecutively in response to a specific voice command but with
some behavioral configuration for both nodes (content blocks) and transitions between them. The customization
process will be explained in more detail at the end of the following section.

To support this design activity, we have implemented a web browser extension called SkillMaker as a prototype.
This extension allows users to annotate web content and define how to use it in a VUI. To achieve modularity,
our approach separates the definition process into two steps: one for defining content blocks (a) and the other for
the VUI (b). This way, content blocks can be reused in multiple VUIs.

As a first step in the information extraction process for (a), SkillMaker recognizes some elements from the web
page (used to display text) and extracts them from the HTML document itself. Once the page is loaded, all of
these elements are made "draggable" to allow them to be extracted.

As a second step in the information extraction process for (a), SkillMaker builds an XPath expression (used to
identify the element in the DOM hierarchy) and identifies some properties (either automatically or manually
by user action). Using XPath expressions allows us to make content block information accessible to our VUI
interpreter at different times, so regardless of any changes to the information the content block will be available
for consumption. As a disadvantage, the XPath directions could mutate (due to evolutive or maintenance UI
changes) and become unavailable, something we handle by providing feedback from the VUI side and asking
users to repeat the content block definition process (a).

Our approach not only involves the VUI definition process but also the consumption of VUI specifications. To
support the latter process, we have developed several web services that store the VUI specifications (Database
Service) and parse web content annotations (Headless Service), as shown in Fig. 1. In addition, we have created
an interpreter called SkillHub, which can process every user-spoken request, obtaining the parsed web content
from the Headless Service and returning the text as speech through the voice-based device.

In summary, the basic idea is that a user can create a VUI by defining voice commands, specifying how the VUI
will respond by reading content blocks, and adding a specific configuration for each content block. To formalize
and simplify the specification of VUIs, we have defined a model; a simplified version of this model is presented
in 2. It allows us to verify if a VUI specification is compliant with the interpreter and also to understand the
different parts of the VUI specification, enabling the interpreter to know the available commands in a given
interaction context when interpreting a skill. Because of this, SkillHub offers navigational menus to allow end
users to interact with unknown VUIs.
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Fig. 2. Model for conversational interfaces based on web contents
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The main elements in the "ContentBlocks" package are:
• "ContentBlock" and "Properties": "ContentBlock" represents any web content. Although the approach
allows the definition of a content block without semantic annotations, we decided to attach a basic semantic
definition with the "title" property to homogenize content blocks when designing the VUI. If desired, the user
can define a more complex extraction template with a more detailed semantic structure. A "ContentBlock"
can be a single UI element or a set of sibling UI elements; this is possible because the approach allows for
various types of DOM selectors.

• "RetrieveStrategy": is another feature of a "ContentBlock" that determines how to access it. We discuss
possible strategies for accessing a ContentBlock in the following section.

As for the "ConversationalInterface" package, the most important classes are:
• "Command": this class represents voice commands that initiate an interaction with the VUI.
• "InteractionNode": this class represents an interaction with a particular "ContentBlock"; i.e. it defines how
to handle a "ContentBlock" in terms of how to build a response for a voice command.

• "InteractionEdge": sometimes, a response to a particular voice command may require using more than
one "ContentBlock"; in this case, "InteractionEdge" allows users to establish connections between the
"ContentBlocks" that make up a single VUI response.

Although we do not provide further details in this paper due to space constraints, it’s important to note that
the "INTERACTIONTYPE" property (which belongs to "InteractionNode") and the "EDGEINTERACTIONTYPE"
property (which belongs to "InteractionEdge") offer great flexibility in defining how to respond to a voice command.
For example, users can specify which property of a "ContentBlock" to use in the response, using different values of
the "INTERACTIONTYPE" property. Also, users can define if the response should offer the remaining properties
as more information. Similarly, "EDGEINTERACTIONTYPE" allows users to define different transitions between
"ContentBlock" instances, such as aggregating some text before reading the following content block. In the next
section, we provide examples of both types of configuration mentioned.

4 RATIONALE, TOOLS AND EXAMPLES
First, we present the rationale behind how web content can be extracted and used to define VUIs. Then, we
describe our prototype, called SkillMaker, through several examples. For each example, we first show the tool
for defining content blocks and then the editor of the VUI, where these content blocks will be used. The entire
environment is deployed as a Chrome browser extension. The prototype has been used to create several examples
and is ready for use in a controlled environment.

4.1 Rationale: From web Content to VUIs
This section discusses how web content is abstracted as information objects and then used in VUIs. We propose
an abstraction called content block, which refers to a specific piece of web content identified within the general
layout of a website. We envision three ways to abstract web content:

• One strategy for defining content blocks is based on the individual selection of each part of a web page. For
example, imagine a news portal where the main news does not follow a regular presentation pattern. In
this case, the user would need to individually select each UI element containing one of the news to create
its corresponding content block.

• Content blocks are also defined from a relationship between UI elements that share common features. It’s
usual for related elements to have a similar structure and presentation, such as the results of a content
search or a set of news related to a specific topic. When users select one of these elements, new content
blocks are defined to obtain all related elements by comprehension.
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• A third way to define content blocks is through semantics. web apps often expose representations of domain
objects in their UI, such as news articles, products, etc. It means that on the client side (in the web browser),
a simple domain object can be recreated using the attributes presented in the UI. For example, consider a
VUI for the IMDB’s "coming soon" movies page. It would be interesting to provide this VUI with the ability
to understand the website content and extract the main domain concepts: the movie title, release date,
genre, description, director, and cast. This way, the conversational interface can be based on the domain,
which can be very convenient for users to obtain specific information when interacting in a voice-based
conversational style.

In addition to defining an extraction template for content blocks (with or without a semantic domain), another
outstanding aspect is how to access a web page DOM element to create them. We envision three ways:

• Direct Access: given a URL (which can be static or based on an API-based URL that allows changing values
for specific parameters), it is possible to retrieve the web page. This method helps get the current state of a
website that offers frequently updated information, such as news, weather, movies, etc.

• Navigation: when the desired content cannot be accessed using a predefined URL, it is possible to navigate
through the links available on a specific web page’s URL. This feature also serves to get more information
about a content block. For example, reading the details for the main news article may involve following a
link that allows users to navigate from the home page of a website to the specific news article’s page, whose
URL may not be known beforehand. However, although users can access the desired content by automating
navigation, a first step using the "Direct Access" method will be required to start this navigation method.

• Web Search: searching specific websites (such as products on Amazon, books on Goodreads, movies on
IMDB, etc.) is another way to access content blocks. In these cases, it is expected that the keywords for the
search will be obtained from the user’s voice interaction. To achieve this, we have previously developed a
tool for creating search services by abstracting UI components related to search functionality [27].

4.2 Examples
4.2.1 Main news from different portals. The process of defining a content block for the main news from different
portals begins when the user decides to create a content block for the current website. That happens by clicking
the button of the SkillMaker web extension from the top browser bar (point 1 in Fig. 3). As a result, the DOM
elements from the current web page highlights when the mouse pointer is over them. Once the user selects the
option to “Create a default content” and chooses a specific DOM element, they can drag and drop it (point 2 in
Fig. 3) into the extraction template definition box (point 3 in Fig. 3).
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Fig. 3. web content selection for defining a content block

Once got a DOM element, the annotation process begins by adding some semantic features obtained from the
sub-DOM parts, as shown in Fig. 4. Fig. 5 shows this in detail, where the confirmation for the title property can
be appreciated.

Fig. 4. web content definition

The process continues (as shown in Fig. 6) by asking the user if should include related content to the element
previously selected (sibling elements). Fig. 6 also shows that the tool automatically detects the navigation links
for the selected DOM element, which allows the user to consider the navigation feature (see "Can navigate?"
checkbox in Fig. 7). Fig. 7 shows an editing form for other mandatory properties, such as a category for grouping
similar content blocks and the identifier name for the content block.
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Fig. 5. Semantic attributes edition Fig. 6. Related content edition Fig. 7. Final block edition

After the user confirms the creation of this content block, the tool stores it and offers the option to open the
VUI editor, as explained later. Alternatively, the user can continue creating content blocks from the same or any
other web page.
The VUI editor, shown in Fig. 8, is also deployed as part of the same web browser extension and has access

to the content blocks previously defined by the user. The main idea is that content blocks can be dragged and
dropped onto the diagram editor’s canvas. In this example, the selected content block represents all sibling
elements.

Fig. 8. VUI definition process
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After adding several more blocks to the canvas and establishing links between them, the VUI model looks like
the one shown in Fig. 9. In this case, the design consists of several content blocks representing the main news
from different portals.

Fig. 9. VUI composed by several main news contents

A sample interaction with this VUI is as follows:

• User voice command: “What are the main stories.”
• VUI: “Chicago police sergeant alleges commander sent officers to ... do you want to listen to the rest of it?”
(This response reads the title of the first content from the VUI and then asks the user if he wants to listen
to the rest of it.)

• User voice command: “No.”
• “N Korea: We won’t move on talks with Trump... do you want to listen more about this?”
• ...

In the case above, despite the selected content blocks sharing the same category “main stories”, the approach has
the capability to filter content blocks according to the category defined for each of them individually, regardless if
they are part of the same VUI built or belong to different VUIs. A sample interaction considering this functionality,
and according to the news appearing in Fig. 3 is as follows:

• User voice command: “What are the film reviews?”
• VUI: “Knightley period drama ‘disappointingly lifeless’ ... do you want to listen to the rest of it?” (This
response reads the title of one of the content blocks defined by the user with the category “film reviews”
and then asks the user if he wants to listen to the rest of it.)

• User voice command: “Yes.”
• “The World War Two period drama is ‘pretty to look at, easy to watch, but disappointingly lifeless,’ writes
Caryn James... do you want to listen more about this?”

• ...
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4.2.2 Weather portal. A second case relies on existing and frequently used skills, such as those in the weather
domain. This skill is defined to provide the temperature and humidity in Buenos Aires when the user says:
"Weather in Buenos Aires."

Fig. 10. web page highlighting web contents

Fig. 11. Temperature block Fig. 12. Humidity block

The skill developed uses information from the "weather.com" website. Figures 10, 11 and 12 show the content
block definition process. Two different content blocks are defined: one for getting the temperature and another
for obtaining the humidity percentage.
Fig. 13 shows the flow chart created with these content blocks. A possible conversation excerpt is as follows:
• User voice command: "Buenos Aires weather."
• VUI: "The temperature is 22°C in Buenos Aires, Argentina. Humidity is at 65

Fig. 13. VUI definition for the weather skill

4.2.3 IMDB coming soon. In this case, we show how content blocks may be specified using a semantic extraction
template defined by the user. The example relies on the "Coming Soon" section of the IMDB portal. Since this
section presents a navigable list of movies, the semantic properties can be extracted either from the list itself or
the target movie web page. The user must select the "Create semantic content" option. After giving an identifier
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name to the content block, the user can define several properties by clicking on a DOM element of the web page
(Fig. 14). When the user clicks on an element, the tool automatically recognizes the selector that identifies that
element in the DOM structure and asks the user to give a property name.

Fig. 14. Selection and definition of a new semantic property

Fig. 15. Definition of content block with semantic structure

In this example, the user decided to define the properties Title, Rating, and Storyline from the Possessor movie
web page, as Fig. 15 shows.

As we mentioned early, the VUI editor has access to the content blocks defined by the user (in this case, the
VUI model uses the "coming soon" movies, as Fig. 16 shows).



16 • G. Ripa, M. Torre, M. Urbieta, G. Rossi, A. Fernandez, A. Tacuri, and S. Firmenich

Fig. 16. Differentiation between content blocks defined with predefined properties and with some semantic properties

A sample interaction with this VUI is as follows:

• User voice command: “What movies coming soon?”
• VUI: “Possessor (2020)... do you want to listen to more info related to it? You can ask for the rating and
storyline.” (This response reads the title of one of the content blocks from the VUI and then asks the user if
he wants to listen to more info related to it, according to the semantic extraction template defined by the
user.)

• User voice command: “Storyline.”
• “Possessor follows an agent who works for... do you want to listen more info about this movie?”
• ...

Our solution offers flexibility through the ability to manually edit how content blocks are read, replacing
general rules, referred to as the "INTERACTIONTYPE" property in the model. As shown in Fig. 17 the properties
Title, Rating, and Storyline (from Fig. 15) are the available options to read in the content blocks. The properties
for reading may vary depending on the node the user is setting up.

Fig. 18 shows the form to set up the connections between the content blocks, referred to as the “EDGEINTER-
ACTIONTYPE” property in the model. The options available include: reading a specific text before starting with
the content block, and deciding whether to read the incoming content block directly or through user confirmation.
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Fig. 17. Editing VUI options for a node Fig. 18. Editing VUI options for a link

Fig. 19. Setting pattern general rules

When the user clicks on the “Deploy to skill” button, a new modal window (Fig. 19) appears, prompting the
user to provide: 1) a name for the skill, which will serve as the voice command for this flow, and 2) the content
reading pattern used for all the skill contents.

5 EVALUATION
We conducted an experiment to compare the SkillMaker app user experience with the experience using native
apps based on Alexa or Google Assistant SDKs, seeking to determine whether or not there is a significant user
experience difference between them. In this section, we report the experiment that aims to answer the following
research question: is the user experience equivalent for Native and SkillMaker apps?

The main purpose of SkillMaker is to enable users to define new apps that are not available in any store of smart
speakers. However, for this experiment, we decided to mimic existing apps in the store using SkillMaker. This



18 • G. Ripa, M. Torre, M. Urbieta, G. Rossi, A. Fernandez, A. Tacuri, and S. Firmenich

way, we can verify whether or not the SkillMaker app is similar to a native one that meets the same requirements.
The goal of this experiment was not to evaluate the VUI specification process using SkillMaker, but rather to see
if SkillMaker apps could provide a similar user experience to native apps.
In the following section, we describe the key elements of the evaluation and present the preliminary results

based on guidelines for reporting empirical evaluations by Wohlin [29] and Juristo[30].

5.1 Goal, ResearchQuestions, Hypotheses, and Variables
This experiment aims to analyze and compare the user experience with SkillMaker and Native apps to determine
whether they are equivalent. It was conducted from the perspective of researchers in the context of end users..

For the analysis of the research question, we used the System Usability Scale (SUS), a form-based questionnaire
containing 10 Likert-style questions. The SUS is a widely used measure of perceived usability, providing a single
score that reflects users’ overall impression of the app’s usability.
We selected a news app and a weather app as case studies and tested native and SkillMaker versions on an

Amazon Echo Dot smart speaker to compare the usability of apps targeted at different business domains. For
the weather apps, users can ask for the current weather in various cities, as described in Section 4.2. The native
version can be found at 7, while the SkillMaker version was discussed in Section 4.2.2.

The news app allows users to inquire about the latest news and guides them through titles and content. The
native version can be found at 8, while the SkillMaker version was covered in Section 4.2.1.

5.2 Experiment design
For the experiment, we designed a completely randomized study where subjects were asked to perform a list of
tasks on either the native or SkillMaker version of the app.

To begin, we conducted a warm-up phase to familiarize the subjects with the device and the basic functionality
of the Alexa service. They were provided with a list of commands to practice with, such as asking for a cooking
recipe or searching for information on a famous person using Wikipedia. This way, we allowed them to gain
some experience with the technology before starting the experiment. In the next step, subjects interacted with
the news and weather apps, using either the native or SkillMaker version, as determined by the randomization
process.

We recorded the users’ progress to measure the time it took to complete the tasks. Once finished, they must fill
out the SUS using Google Forms.
In an experiment, the factor [30] is the provoked variation controlled by the researchers to measure its

consequences, and the possible factor values are named treatments. In this study, we controlled the variables or
factors (the apps and app development approach) and randomly assigned users to use either the native or the
SkillMaker version of the news or weather apps as the treatment. This type of experimental design is called a
Complete Randomized Design. The subjects were randomly divided into groups and assigned to use either the
native version (control) or SkillMaker (treatment) version of each app (factor). The use of the native or SkillMaker
app is the factor tested in the experiment.

To ensure that we have a high level of confidence in the results of our experiment, we need to have a sufficient
number of subjects. According to [31], a sample size of nine (9) participants is typically enough to identify 95% of
UI issues with an occurrence likelihood of 0.3.

However, as the SkillMaker app is still in its alpha phase, i.e. is still under development, we decided to double
the UI bug ratio to .15. To determine the necessary sample size, we rely on the binomial probability theorem
[31] 1 − (1 − 𝑝)𝑛 , which calculates the probability for a given problem 𝑝 occurring in a sample of size 𝑛. Based

7https://skills-store.amazon.es/deeplink/dp/B07F8WRCN1?deviceType=app&share&refSuffix=ss_copy
8https://skills-store.amazon.es/deeplink/dp/B07Z9H2Y5L?deviceType=app&share&refSuffix=ss_copy

https://skills-store.amazon.es/deeplink/dp/B07F8WRCN1?deviceType=app&share&refSuffix=ss_copy
https://skills-store.amazon.es/deeplink/dp/B07Z9H2Y5L?deviceType=app&share&refSuffix=ss_copy
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on this, we determined that we needed a sample of 20 participants to identify 95% of bugs with an occurrence
likelihood of 0.15.

5.3 Experiment subjects
We selected 20 subjects from Argentina for this experiment, including professionals, scientists, students, and
government employees. The gender distribution was balanced, with 50% female and 50% male subjects, as shown
in Figure 25 inside the Appendix section B.

The group of participants had a range of ages from young adults to seniors (0-23 yo 5%, 23-36 yo 55%, 49-62 yo
35%, and 62-79 yo 5%) and had various levels of education (Secondary 5%, Technician 10%, Undergraduate 30%,
Bachelor or superior 55%), as shown in Figure 26.

Figure 27 shows their fields of study (Natural Sciences 5%, Languages 5%, Economic Sciences 5%, Social Sciences
10%, Medicine 15%, General Education 15%, Computer Sciences 20% and Exact Sciences 25%) and the current
work activity (Teacher 10%, Student 15%, Retired 20% and Industry 55%).

5.4 Experiment objects
Based on the research questions, we delivered different experimental objects to the subjects:

• A list of warm-up tasks to get familiar with the conversation device.
• A list of activities to perform on the apps under analysis. The activities don’t vary according to the app
version assigned (native or SkillMaker), so they are the same for everyone.

• A final SUS questionnaire to capture the user assessment of the experience after the evaluation ends. The
questionnaire answers are available in A.

In Figure 20, we show an overall schema of the experiment introducing experimental units, metrics, and data
sources used during the analysis. The subjects were assigned randomly to one of four possible combinations of
Weather and New apps: (Weather-native, News-native), (Weather-native, News-SkillMaker), (Weather-SkillMaker,
News-native), and (Weather-SkillMaker, News-SkillMaker). We carefully assigned these combinations so that no
uninteresting variable be more influential than another to all alternatives of the factor under examination.

Fig. 20. Overall schema of experiment

5.5 Experiment execution
The experiment protocol was executed the same way by the 20 subjects, end users without experience with
the Alexa service. The participants had to complete an experience survey, read the experiment description,
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Table 1. Samples descriptive information

study the requirements, and fill out the questionnaire form that asked them to perform some trace tasks. The
experiment was carried out using the Amazon Echo Dot device. It was conducted in a controlled environment,
with researchers supervising the execution to ensure consistent conditions (facilities layout, infrastructure, and
subject isolation) and to prevent any changes to the subjects’ responses during the experiment.

5.6 Data processing and reduction
We used both automated and manual processing techniques to analyze the collected results. The data processing
phase used the survey responses, including SUS questions and additional feedback, as input (see A).

We used the Minitab tool (version 19.2020.1.0) to analyze the samples obtained for each treatment. The result
of this processing was a statistical analysis of the samples using equivalence testing techniques, presented in the
next section 5.7.

5.7 Analysis
In Table 1 we present the descriptive information (including mean minimum, maximum, st dev, etc.) for the four
app versions: Native news app, SkillMaker news app, SkillMaker Weather app, and Native weather app. The
means are similar, from 87, 00 to 88, 50 which denotes a minimal difference in the SUS score.

Based on the mean similarity, we performed equivalence testing. Equivalence testing is a variation of the null
hypothesis significance test used to test the difference against two bounds (a range) rather than a value (e.g., 0).
The equivalence testing is based on two one-sided tests (TOST) that reject the observation of a Smallest Effect
Size of Interest (SESOI).
We show the boxplot charts corresponding to the native and SkillMaker versions of the news app in Fig. 21.

Also, we can notice that the native version presents SUS scores scattered in a wider range of values (55 − 100)
than the SkillMaker version (77, 50 − 100).
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Fig. 21. News App boxplots

Fig. 22. Weather App boxplots

In Fig. 22, we show the boxplot charts corresponding to the weather app versions. Although there is a lower
outlier in the SkillMaker samples, we also see that the SkillMaker version has clustered SUS scores (80 − 100)
rather than the wider range of values reported by the native version (67, 50 − 100).
To answer the research question introduced above, we consider as null hypothesis (H0) the difference is

lower than −11 or greater than 8. As alternative hypothesis Ha, the difference is between -11 and 8 with a
standard confidence level (𝛼) of 0.05. For the weather app, the hypotheses testing results in a p-value of 0,048 for
Difference ≥ 8 (DF 13, T-value -1,7936) and the same p-value of 0,048 for Difference ≤ −11. We can claim that is
an equivalence because the greater of the two P-Values is 0,048. On the other hand, the news app showed that
both samples are equivalent using a similar hypothesis testing approach. In this case, the null hypothesis (H0) is
the difference lower than −9.5 or greater than 9.5. As alternative hypothesis Ha, we study the difference between
-9.5 and 9.5. The p-value for difference ≥ 9.5 and difference ≤ −9.5 was 0,046 in both cases. Therefore we can
claim equivalence. Figures 23 and 24 show the equivalence charts for weather and news apps, respectively.
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Fig. 23. Weather App equivalence

Fig. 24. News App equivalence

Overall, our results suggest that SkillMaker is a viable tool for developing smart-speaker apps with a user
experience similar to native solutions. As the sample size is small for a non-parametric test (n < 20), the current
outcome is preliminary, and further evaluations with a larger group of subjects are required. Regarding the effect
size, Cohen’s d = 0.127 for the news app and 0 for the weather app. This small effect (d < 0.2) is expected for
equivalence testing as there is no difference in means [32].

6 CONCLUSIONS AND FUTURE WORK
Conversational user interfaces are increasing their presence in users’ daily life. In particular, voice-based conver-
sational user interfaces are massively enabled because of the surfacing of new kinds of devices such as smart
speakers; despite these devices having been in the market for a few years already play an important role. Despite
the process in which web app owners started to migrate or support this kind of interaction for new devices and
interaction contexts, there is a huge gap between what users can already do with voice interfaces and regular
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access to varied and arbitrary web contents. In fact, many web apps are not still supporting this new kind of
interaction. Beyond this, although this gap may shrink soon (for instance, by using artificial intelligence), there
are still challenges in personalizing and adapting VUIs, as has been the case with other types of interfaces.

We believe there is a need for an approach to creating VUI apps based on existing web content. In this regard,
we have presented an approach based purely on new voice-based virtual assistants, combining old ideas like
PIAs with the new kind of requirements around conversational interfaces. The nature of existing approaches
makes them very different since our approach involves the design of the conversational interface as a separated
model created by users, while for example, the approach proposed by Baez et al. [20] focuses on a conceptual
architecture for automatizing the creation of these interfaces. In this regard, our approach allows combining web
content from multiple sources because it separates web content access and retrieval from the voice user interface
design. This is a remarkable difference with several mentioned approaches that use a complete website as the
input of an automatic process and implies web sites’ developers’ intervention.

In this paper, we presented SkillMaker, a tool that helps address these challenges and create effective VUI apps.
The development environment includes tools for defining content blocks (extracting web content) and creating
VUIs (organizing them into flow charts that will later be interpreted for answering voice commands).

We conducted an evaluation of our approach by comparing the apps generated with SkillMaker, to the
equivalent native apps. The results showed that VUI apps produced with SkillMaker had a similar SUS score to the
native apps, with a slightly better result in one of the SkillMaker apps. This proves that SkillMaker has sufficient
expressivity to create effective VUI apps without compromising the user experience, despite underlying technical
aspects. Although we have not evaluated SkillMaker to provide evidence of the effort required for creating apps,
we strongly believe that SkillMaker is more convenient and easier to use than native apps, especially for those
users with limited experience. In this sense, we plan to perform new experiments to understand how end users
may use our environment. Also, we plan to incorporate new features to SkillMaker, convert it into an end-user
development approach, and measure if end users can create their apps.

In the future, we plan to study the use of SkillMaker for creating other types of conversational interfaces, such
as chatbots, and explore more automated mechanisms for creating conversational interfaces.
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A SURVEY SAMPLES
Next you can find the survey responses from 20 subjects related to the SUS questionnaire and additional feedback.
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B EXPERIMENT SUBJECT CHARTS
Next, you can find the demographic data from the 20 subjects from the experiment.

Fig. 25. Genre

Fig. 26. Age and max educational level
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Fig. 27. Formation field and current activity


	Abstract
	1 Introduction
	2 Background and related works
	2.1 Voice user interfaces and smart speakers
	2.2 Conversational interfaces and the web
	2.3 Web content extraction

	3 An approach for VUI based on web contents
	4 Rationale, Tools and examples
	4.1 Rationale: From web Content to VUIs
	4.2 Examples

	5 Evaluation
	5.1 Goal, Research Questions, Hypotheses, and Variables
	5.2 Experiment design
	5.3 Experiment subjects
	5.4 Experiment objects
	5.5 Experiment execution
	5.6 Data processing and reduction
	5.7 Analysis

	6 Conclusions and future work
	References
	A Survey samples
	B Experiment subject charts

