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Abstract

In this paper, a systematic review of relevant published studies on computer-based speech therapy systems or virtual speech
therapists (VSTs) for people with speech disorders is presented. We structured this work based on the PRISMA framework. The
advancements in speech technology and the increased number of successful real-world projects in this area point to a thriving
market for VSTs in the near future; however, there is no standard roadmap to pinpoint how these systems should be designed,
implemented, customized, and evaluated with respect to the various speech disorders. The focus of this systematic review is on
articulation and phonological impairments. This systematic review addresses three research questions: what types of articulation
and phonological disorders do VSTs address, how effective are virtual speech therapists, and what technological elements have been
utilized in VST projects. The reviewed papers were sourced from comprehensive digital libraries, and were published in English
between 2004 and 2014. All the selected studies involve computer-based intervention in the form of a VST regarding articulation or
phonological impairments, followed by qualitative and/or quantitative assessments. To generate this review, we encountered several
challenges. Studies were heterogeneous in terms of disorders, type and frequency of therapy, sample size, level of functionality,
etc. Thus, overall conclusions were difficult to draw. Commonly, publications with rigorous study designs did not describe the
technical elements used in their VST, and publications that did describe technical elements had poor study designs. Despite this
heterogeneity, the selected studies reported the effectiveness of computers as a more engaging type of intervention with more tools
to enrich the intervention programs, particularly when it comes to children; however, it was emphasized that virtual therapists should
not drive the intervention but must be used as a medium to deliver the intervention planned by speech-language pathologists. Based
on the reviewed papers, VSTs are significantly effective in training people with a variety of speech disorders; however, it cannot be
claimed that a consensus exists in the superiority of VSTs over speech-language pathologists regarding rehabilitation outcomes. Our
review shows that hearing-impaired cases were the most frequently addressed disorder in the reviewed studies. Automatic speech
recognition, speech corpus, and speech synthesizers were the most popular technologies used in the VSTs.
© 2015 Elsevier Ltd. All rights reserved.
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1.  Introduction

Humans are social creatures and communication via speech enables humans to interact and share thoughts in a way
which is not possible for any other species. Speech impairment has been shown to have an adverse impact on learning,
literacy, applying knowledge, developing and maintaining relationships with friends and family, and securing and
keeping a job (McCormack et al., 2009). Any disorder in speech will degrade a person’s role in society, dissuading them
from interacting in social activities in a way that exploits their potential. This may lead to other social anxiety disorders
and avoidance behavior (Beilby et al., 2012; Hawley et al., 2013; McLeod et al., 2013). Considering the wide range of
speech impairments, the prevalence of people with such disorders, and the related undesirable consequences on society,
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