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ABSTRACT
Access to healthcare advice is crucial to promote healthy societies.
Many factors shape how access might be constrained, such as eco-
nomic status, education or, as the COVID-19 pandemic has shown,
remote consultations with health practitioners. Our work focuses
on providing pre/post-natal advice to maternal women. A salient
factor of our work concerns the design and deployment of embodied
conversation agents (ECAs) which can sense the (health) literacy
of users and adapt to scaffold user engagement in this setting. We
present an account of a Wizard of Oz user study of ‘ALTCAI’, an
ECA with three modes of interaction (i.e., adaptive speech and text,
adaptive ECA, and non-adaptive ECA). We compare reported en-
gagement with these modes from 44 maternal women who have
differing levels of literacy. The study shows that a combination
of embodiment and adaptivity scaffolds reported engagement, but
matters of health-literacy and language introduce nuanced consid-
erations for the design of ECAs.

CCS CONCEPTS
• Human-centered computing → User studies; Natural lan-
guage interfaces; Empirical studies in HCI.
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1 INTRODUCTION
We chart the work to design embodied conversational agents (ECA)
to promote better health outcomes for maternal women with low
levels of literacy. In particular, we focus on the context of designing
for women in sub-SaharanAfrica, where level of education is known
to impact the outcomes of pregnancies [1, 23]. We collaborated
with two Nigerian partner organisations who provide support to
pregnant and nursingmothers and a companywhich supplies goods
and training to Patent and Proprietary Medicine Vendors (PPMVs)
in Nigeria, who are the first point of call for medicine and healthcare
information for low-income communities [4].

Our long term aim is to deliver an ECA as a touch screen kiosk
suitable for deployment in PPMVs in Nigeria to enable hard-to-
reach communities access to information. The ECA would converse
with users, respond to questions, and employ face and voice analy-
sis to monitor user engagement, from which it can respond with
clarifying questions or adaptations to the language. In this paper,
we report on a Wizard of Oz study using a prototype ECA, ‘ALT-
CAI’, implemented to mimic our future interactive ‘AI’ ECA. The
COVID-19 pandemic impeded our plans for deployment in Nigeria,
thus we reconfigured the study for online delivery engaging with
maternal women based in Nigeria and the United Kingdom.

https://doi.org/10.1145/3472306.3478350
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We implemented three communication `modes' into our system:
A) a conversationally adaptive speech and text-based version (with-
out ECA); B) an adaptive ECA, and C) a non-adaptive ECA. Our
aim was to capture measures of user engagement.

First we outline pertinent related work to position our study,
after which we detail the design of ALTCAI. The study protocol and
participant group is described, after which we present the study
�ndings which are then discussed alongside the study limitations.

2 RELATED WORK
Face-to-face engagements with health professionals are preferred
to remote interactions due to non-verbal cues and the communi-
cation of empathy. Conversational agents aim to replicate these
encounters, however, limitations have been revealed regarding the
e�cacy of text-based systems [22]. Similarly challenging is the com-
munication of health advice to individuals with low health-literacy,
with its application of scienti�c terminology [12, 25]. Sherwani
et al.'s study [32] noted workers in Pakistan with limited reading
competency successfully used a voice-based system [32]. Medhi
et al. [22] examined a number of interaction modes including text,
speech and graphical interfaces, and human operators, observing
that graphical and speech-based interfaces supported low-literacy
users better than text-only interfaces.

ECAs are increasingly employed in healthcare settings (e.g., [17,
19, 33]) across a number of specialisms, such as healthy eating [9],
guiding treatment choices [30], and post-traumatic stress [34].
Moreover, ECAs are shown to be e�ective at changing patient be-
haviour (e.g.,[6, 8, 15, 21]). Prior studies consider user perceptions,
acceptance, usability and trust. Bickmore et al. [5] tested attitudes
and usability observing few di�erences in relation to health literacy,
but noted that users with lower literacy tended to anthropomor-
phise ECAs more. In [6] ECA nurses advised patients on hospital
discharge procedures, revealing that low literacy patients�preferred
receiving the discharge information from the agent over their doctor or
nurse�. Other work has highlighted advantages of ECAs for engage-
ments with low literacy users, such as [7], whose study on consent
form explanation revealed that participants preferred the ECA as
it provided more time, ability to repeat questions and a perceived
lack of bias compared to the human. This latter example speaks to
Katz et al.'s [18] study of doctor patient consultations who noted
patients with lower literacy asked fewer questions and used fewer
medical terms, and also requested information to be repeated more,
potentially indicating a lower-level of comprehension that required
extra explanation. Our work is focused on the design of healthcare
ECAs, with a focus on how we can present pregnancy information
in an adaptive way to support users with di�erent levels of literacy.

3 RESEARCH QUESTIONS
Our study focuses on evaluating user engagement with di�erent
modes of conversational agent (i.e., adaptive ECA, ECA, and speech
and text). Engagement is measured primarily using an adapted
version of the short form User Engagement Scale (UES-SF) ques-
tionnaire. Our research questions are:

RQ1 Is there a di�erence in user engagement between (i) adap-
tive and non-adaptive ECAs?; (ii) adaptive ECA and adaptive

speech and text?; and (iii) non-adaptive ECA and adaptive
speech and text?

RQ2 Do the levels of health literacy, education or prior atti-
tudes to ECAs a�ect engagement with our ECAs?

4 DESIGN OF THE ALTCAI ECA
4.1 Overview
ALTCAI was developed in Unity 3D1 as a multi-platform system
for running Wizard of Oz studies [29]. ALTCAI is based on the
ARIA agent2, which uses the Greta ECA, and can deliver computer
generated speech through the Text-To-Speech engine CereVoice3,
text and a visual embodiment of a human with synchronised facial
and bodily gestures. Speech and text is primarily driven by a text-
based script delivered in a sequence of statements triggered by
the operator. There is the option to cue prede�ned statements and
custom text. These latter two options are used to mimic real-time
conversational responses, i.e.,adaptivemode. The design also has
anadvice mode, which switches between a low complexity script
and an high complexity script, enabling the wizard to respond to
participant's perceived understanding.

4.2 ALTCAI System Interfaces
The system comprises a participant's interface which displays the
ECA, and the wizard's interface to coordinate system interactions.
Communication between interfaces uses queues of messages deliv-
ered through an ActiveMQ4 channel. The participant's interface
has two visual modalities: (a) an ECA with text-to-speech (TTS)
and text; and (b) a non-embodied speech and text-based version
(Figure 1). The interface displays three optional buttons for user
navigation. We drew motivation for the visual design of our ECA
from Parmar et al.'s [28] who observed that ECAs in professional
attire and environments were perceived as"more credible, trustwor-
thy, likeable, and easy to talk to�, and users were more likely to act
on the ECA's advice (Figure 1).

The wizard's interface consists of a con�guration screen to select
the country in which it is being used (see ALTCAI Conditions
section), the modality (i.e., ECA or speech and text), and the desired
script. A second screen controls participant's interface interactions,
with controls to manage progression through the scripted content,
cueing prede�ned responses, and entering custom text.

5 STUDY DESIGN AND PROTOCOL
We designed a within-subjects counter-balanced study using the
three modes of interaction with the ALTCAI system (i.e., condi-
tions), alongside three content packages of pregnancy informa-
tion (so that each participant would receive di�erent content in
each mode). To address potential order e�ects, the three interaction
modes were rotated (i.e., independent variable), as were the scripted
content packages (i.e., extraneous variable), which in turn gener-
ated a total of 18 unique mode/package con�gurations, assigned in
turn to our participants. Participants were not informed in advance
that this was a Wizard of Oz study.

1https://unity.com/
2https://aria-agent.eu
3https://www.cereproc.com/en/products/sdk
4https://activemq.apache.org/components/classic/

https://unity.com/
https://aria-agent.eu
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Figure 1: ALTCAI's participant's interface. Text based to the
left with ECA based overlapping to the right.

5.1 Participants
We recruited 44 participants, 24 Nigerian nationals�recruited by
our partner organisation�and 20 United Kingdom (UK) residents, re-
cruited via social media and the host university's student networks.
The inclusion of UK participants was a response to COVID-19 forc-
ing us to switch to an online study and limiting our capacity to
work in Nigeria, but also allowed us to assess local di�erences.
6 participants were aged between 18-24 (1 UK & 5 Nigeria), 35
between 15-34 (17 UK & 18 Nigeria), 3 between 35-44 (2 UK & 1
Nigeria). For 29 participants it was their �rst pregnancy (14 UK
& 15 Nigeria). Formal level of education saw 15 report secondary
school (2 UK & 13 Nigerian), 5 further/tertiary (1 UK & 4 Nigerian),
15 undergraduate (UK & 7 Nigerian) and 9 post-graduate (9 UK).

The UK based participants took part using their own networked
device, in a space of their choosing (e.g., at home). In contrast,
Nigerian participants were hosted at our partner organisation with
a member of the partner organisation to attend to any technical
di�culties and�on occasion�the participant's midwife.

5.2 Protocol
5.2.1 NARS �estionnaire . We captured participants prior ex-
periences and attitudes to ECAs to help contextualise our anal-
ysis. We employed the Negative Attitudes towards Robots Scale
(NARS) [26]. We adapted the questionnaire, replacing instances of
the wordrobotwith virtual humanand simpli�ed the language in
places after the �rst six participants asked for clari�cations.

5.2.2 Demographic �estionnaire . A demographics question-
naire captured age, education level, whether English was their �rst
or second language, number of pregnancies/births, typical sources
for pregnancy information, and prior use and experience of digi-
tal devices including ECAs. These demographics were captured to
support analysis of participants' perceptions and engagement.

5.2.3 REALM Test. We administered the Rapid Estimate of Adult
Literacy in Medicine (REALM) test [24], a widely used read-aloud
test to measure health literacy. Two researchers on the video call
made notes of mispronounced terms. Post-study, they compared
notes and agreed on a de�nitive grading.

5.2.4 ALTCAI Conditions . Three conditions were administered,
interleaved with the Post-Condition Questionnaire. Each condition
presented a di�erent interaction mode, as detailed below:

Adaptive Speech and Text mode (app A): The interface presents
speech and text only. `Adaptive' mode requires the wizard to mimic
an interactive AI by observing the participant for perceived signs
of disengagement (e.g., looking away, yawning) or confusion (e.g.,
frowning, head shake, verbal markers). When observed, they trigger
pre-scripted responses, such as`You seem distracted, do you want
me to repeat?'or `Does that makes sense?'. Pre-scripted responses to
questions posed from participants, include,`That is a good question,
but I cannot help with it. I suggest you ask your midwife or doctor'.
Custom text responses were used less frequently, only when other
pre-scripted responses were deemed inappropriate. Finally, the wiz-
ard switched from the `Low' literacy script to the `High' mode
(i.e., advice mode) after 4-5 sentences if the participant appeared
engaged, changing back to `Low' if deemed necessary.

Adaptive Virtual Human mode (app B): The participant's
interface displays our ECA with speech and text (Figure 1). Adapta-
tions are conducted as detailed in app A above.

Non-adaptive Virtual Human mode (app C) : The partici-
pant's interface displays our ECA as app B above. As a non-adaptive
mode, the wizard responds only to 'repeat' and 'next' statements
from participants, the advice mode is set to 'Low' throughout.

We had three di�erent packages of advice, namely, `Staying
Healthy'(SH), `What to Expect'(WE)and `Labour and Birth'(LB).
To assure validity, information was drawn from the UK's National
Heath Service (NHS) website5. This information was used to create
two versions of each package, using low complexity language and
higher complexity language. We ran each script through a Flesch
Kincaid readability test to assure appropriateness for all partici-
pants:SHadvanced 67.4 reading ease;SHsimple 74 reading ease;
WEadvanced 74.1 reading ease;WEsimple 81.1 reading ease;LBad-
vanced 72.1 reading ease;LBsimple 75.6 reading ease. Primarily, the
high complexity script used more medical terminology. Alternative
scripts were then prepared for our Nigerian participants to address
any issues of colloquialism and terminology not applicable. The
wizard selects which language package to load on the con�guration
screen (i.e., UK or Nigerian based).

5.2.5 Post-Condition �estionnaire . Participants completed
the short form of the User Engagement Scale (UES-SF) questionnaire
following each condition to evaluate user engagement. The UES-SF
questionnaire is used in a range of Human Computer Interaction
(HCI) settings [27] and covers four categories: focused attention
(FA); perceived usability (PU); aesthetic appeal (AE); and reward
(RW). Each statement is ranked using a �ve-point Likert scale.

After the �rst six participants asked for clari�cations, or an-
swered questions inconsistently, we took the decision to adapt the
wording of the UES-SF questionnaire to simplify their language.
Following O'Brien et al.'s guidance for adapting the UES-SF ques-
tionnaire [27], we carefully reworded the nine items that were
relevant to our study focusing on not changing their meaning. The
resulting statements can be seen in Table 1.

5https://www.nhs.uk/pregnancy/
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