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Abstract. Intelligent Personal Assistants (IPAs) are increasingly perva-
sive in our homes, cars and personal devices. With a diverse population
who use these technologies in equally diverse scenarios, a desire for func-
tionality tailored to personal preferences will inevitably arise. However,
developing nuanced systems that can learn and adapt to individual users
is a difficult task for even the most experienced developers, and impossi-
ble for anyone without programming skills. The ability to create and tai-
lor novel speech interface experiences is thus limited to a relatively small
group of developers. We propose that by providing visual programming
tools for novice end-users to tailor and extend the functionality of their
IPAs, we can lower the barriers to their adoption, personalisation and
everyday use. This proposal, explored through the B-SPOKE project,
essentially aims to empower users of IPAs to personalise their experience
with these assistants. This approach will also enable speech and dialogue
researchers to rapidly innovate and prototype new ideas, potentially en-
couraging new forms of interactions and applications. Here we outline
the benefits of democratising speech interface development, as well as
salient challenges in building the enabling tools.

Keywords: spoken dialog systems · visual programming · end-user de-
velopment

1 Introduction

In recent years, Intelligent Personal Assistants (IPAs), such as Apple’s Siri and
Amazon’s Alexa, have made speech interfaces a key feature of smartphones and
personal in-home devices. At present, the use of such systems is generally limited
to executing simple predefined tasks, such as checking the weather or sending
messages [4]. Although toolkits such as the Alexa Skills Kit3 have afforded new
applications that enhance IPA capabilities, their development requires program-
ming expertise, presenting a high barrier to most users who may wish to shape
and personalise their IPA experience. As well as potentially aggravating issues of

3 https://developer.amazon.com/alexa/alexa-skills-kit
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transparency and trust seen as barriers to frequent IPA use [4], this also makes
the process of developing and personalising their functionality highly undemo-
cratic. Despite their rapidly growing popularity, the tools to create and modify
IPA behaviour are accessible only to those with significant programming skills.

In response, we propose that a means for non-expert programmers (be it
end-users or speech researchers) to create and tailor speech interface experiences
is required to democratise IPA design and development. The B-SPOKE project
is currently investigating how a visual programming platform could be used
to achieve this, reducing the technical barriers for users to develop speech-based
applications and empowering them to tailor their IPAs to their own requirements.

2 State of the art

Considerable research is devoted to the technical development of the components
that make up IPAs and Spoken Dialog Systems (SDSs) more generally, includ-
ing methods to improve speech recognition and synthesis [3]. However, despite
significant advances made, developing even the most basic speech interface is
still seen as complex. This complexity may be problematic for end-users, who
have their own needs that cannot be anticipated in commercial systems, and
who wish to tailor functionality of their systems. Further, it is also an issue for
researchers and industry developers, for whom R&D and experimentation may
be stifled by the difficulty in rapid prototyping of working speech interfaces [2].

In response to this, several research tools have been developed to help support
speech interface prototyping. PyDial [13] is a toolkit for researchers to rapidly
design and implement statistical SDSs using Python. Flipper [14] is a dialogue
engine that allows researchers to specify an information-state update approach to
dialogue management through XML. OpenDial [8] is a toolkit that takes a hybrid
approach of user-specified domain-specific rules that narrow the parameter space
of an underlying statistical model. These tools, while significantly reducing the
difficulty of creating an SDS from scratch, still require some understanding of
dialogue theory. Further, they involve authoring large configuration scripts for
specifying update rules and domain models.

Commercial tools include Google Dialogflow4 and Amazon Lex5 that pro-
vide a web interface where users can build an SDS through specifying example
phrases and annotating key elements. These interfaces are designed to be intu-
itive and require no programming or machine-learning knowledge. However, they
target designers of enterprise chatbots and are inflexible in terms of conversation
management and provision of generic functionality. Similarly, visual editors are
available to support the design of text based chatbots. These include Chatfuel6,
which represents chatbot response content as “blocks” that can be linked with
conditional logic, and FlowXO7, which represents a chatbot’s sequence of mes-

4 https://dialogflow.com/
5 https://aws.amazon.com/lex/
6 https://chatfuel.com/
7 https://flowxo.com/
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sages or actions as an editable “flow”. These tools are specifically targeted at
the business sector to support the development of highly structured, system-
initiated, finite state-based text interactions and so lack the functionality that
users may desire for more complex verbal interactions.

Fig. 1. An example blocks-based programming tool

3 Proposed Research

We propose that techniques from the field of end-user development (EUD) [6]
could bridge this digital divide, reducing the barriers to building and prototyping
customised speech interface experiences. EUD tools and techniques are designed
with a goal of enabling end-users without programming skills to create and
customise software to their own diverse requirements.

One prominent interaction paradigm increasingly applied in EUD is that of
blocks-based programming. Here, graphical constructs resemble puzzle pieces,
with insets and protrusions that afford syntactically correct combinations, as
shown in Figure 1. This visual syntax reduces the possibility of errors and allows
the user to focus on the semantics of their application [1]. Blocks programming
environments can enable rapid learnability of programming concepts and faster,
straightforward program composition than traditional languages like Java [15].
Blocks languages can also enable non-technical domain experts to create so-
phisticated applications with no coding experience, thereby empowering these
users to address their own specific requirements [10]. Finally, blocks languages
are ideal for representing event-based, trigger-action programming, wherein dia-
logue could be represented as discrete requests initiated by the user (in line with
typical IPA usage) as opposed to a structured, constrained, system-initiated
flow. We therefore propose that a blocks-based programming EUD tool could be
a catalyst for democratising the development and tailoring of IPAs.
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4 Key Challenges

Despite the demonstrated effectiveness of blocks-based programming in different
use contexts, there are a number of challenges that need to be addressed in
developing an EUD tool for the domain of speech interfaces. Below we outline
three key challenges which we plan to address in the B-SPOKE project.

4.1 Understanding users’ needs

Determining the user requirements for such a tool presents a considerable chal-
lenge in itself. Target end-users are potentially diverse both in their technical
knowledge and in the desired application of their tailored IPAs. For developers
of SDSs, McTear highlights that “It is difficult to decide what functionalities to
support in a conversational interface and even to know what can be supported in
the various frameworks” [9]. We aim to solve the first part of this problem by
giving end-users decision-making power in the features supported by their IPAs.
However, the range of available functions must map to these end-users’ interests,
and the means to achieve them made explicit in the EUD tool. It is therefore
critical to engage with users early in the development process, to explore reasons
they may have for tailoring or designing speech interfaces as well as the functions
that they envision to be useful. As it may not always be technically feasible to
implement users’ desires, insights from developers of speech interfaces will also
be necessary, to ensure feasible as well as desirable functionality.

4.2 Issues in tool development

The implementation of a blocks-based visual programming tool in this domain
also presents distinct challenges. The level of visual abstraction must be adapted
to the skills of end-user groups, to ensure a clear mapping of block combinations
to desired functionality, while maintaining perceived ease-of-use. Some users may
value a complete “white box” that exposes the techniques used in dialogue sys-
tem components, whereas more casual end-users may desire a higher level of ab-
straction. Also, providing broad functionality could result in a bloated tool with
an intractable number of blocks - issues regarding the verbosity and viscosity of
blocks-based programming have been identified in previous work [15, 7], which
are aggravated as projects become larger and more complex. Again, engagement
with users is key to identify the optimum level of transparency and functional-
ity for common tailoring and development needs. A starting point could be to
create blocks that harness existing APIs (e.g., Alexa Skills Kit8 or Actions on
Google9) to reduce barriers to the functionality present in these toolkits. Daniel
et al. recently proposed an EUD tool for enabling end-users to develop “personal”
chatbots through a Programming By Example (PBE) paradigm [5]. A PBE tool
would be ideally suited to incorporating speech interface functions that harness

8 https://developer.amazon.com/en-US/alexa/alexa-skills-kit/build
9 https://developers.google.com/actions/
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web-based information, and we envision this paradigm could be used in conjunc-
tion with a blocks-based approach to the specification of triggering conditions
and further conversation flow.

4.3 Evaluating the tool

Consideration must also be given to how the tool developed should be evaluated.
Controlled, lab-based usability studies are ideal for identifying potential usability
issues with the interface. Yet, as with any EUD tool, its success cannot be
effectively evaluated through these studies alone. Useful evaluation must also
provide insight into the tool’s adoption (or lack thereof) in the daily life and
work of target end-users. Tailoring activities for these speech interfaces may
occur regularly, occasionally, or even just once. Further, the potential diversity
of users’ designed speech interface applications produced through the proposed
tool adds complexity to determining suitable success criteria. Previous work has
discussed the challenge of evaluating the usability of an EUD tool without a
clear understanding of its intended use context [11]. Essentially, the difficulty of
anticipating the role that an EUD tool might play creates parallel difficulties in
identifying suitable evaluation criteria [12].

Our proposed strategy is to employ case studies and user observation in
field deployments of our blocks-based tool, to enable an in-depth insight into
its benefits and challenges. Longitudinal evaluative methods may also provide
insight into real-world challenges over time: changes in how the tool is used,
whether it supports increased engagement with speech interfaces, and whether
this ultimately broadens the speech interface development landscape.

5 Conclusion

We propose that blocks-based visual programming may democratise the build-
ing and tailoring of IPAs, by significantly reducing the technical barriers that
currently exist for non-expert developers. A tool that employs this paradigm
will give users with no programming skills the ability to personalise their speech
interface experience, thereby unlocking the current “black box” view of speech
interface technologies. The tool would also assist developers in research and in-
dustry, who currently rely on more complex development tools, to quickly build
bespoke prototypes and applications.

As we have discussed, developing a visual programming tool for IPAs gives
rise to significant challenges in accommodating user requirements, identifying
optimal functionality, and establishing evaluation criteria. Addressing these chal-
lenges will be paramount to the project’s success.
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