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Abstract
People of low literacy could benefit from automated support when learning about societal participation. We design an 
Embodied Conversational Agent (ECA) ‘coach’ that can provide effective learning support to low-literate learners, develop 
a prototype virtual learning environment, and evaluate this prototype with low-literate end users. First, we inventory the 
learning support benefits of ECA coaching. Second, we update existing requirements to better specify functional demands 
for the coach ECA. Third, we write use cases and develop the prototype. Finally, we evaluate the prototype with low-literate 
users in a mixed-method within-subjects experiment. Results show that the coach influences the subjective learning experi-
ence: Participants report higher positive affect, higher user-system engagement, and increased self-efficacy regarding online 
banking. These results particularly apply to the domain of challenging information skills exercises. Caveats apply: One of 
four exercises was significantly more difficult than the other three; and coach support rules were not clearly formalized.

Keywords  Embodied conversational agents · Socio-cognitive engineering · Virtual learning environment · Requirements 
engineering · Societal participation · Low literacy

1  Introduction

In modern information societies (such as the Netherlands), 
the societal participation of low-literate citizens is problem-
atically low [20]. Limited information skills (reading and 
writing) and communication skills (speaking and under-
standing) can lead to problems with societal participation. 
These problems can be cognitive in nature (such as a lack 
of these skills, and societal knowledge and experience), but 
also affective (fear, shame, and low self-efficacy, an indi-
vidual’s task- and context-specific judgment of their own 
capabilities, cf. [5, 89]) or social (low motivation and desire 
to learn, or low trust in teachers and other learners, cf. [36, 
39]). We can address them by designing information and 
communication skills training that is grounded in relevant 

real-life societal participation scenarios, so-called crucial 
practical situations [55, 56]. To this end, we are design-
ing the virtual learning environment VESSEL: A Virtual 
Environment to Support the Societal participation Educa-
tion of Low-literates [89]. In VESSEL, learners will per-
form interactive exercises situated in the domain of societal 
participation, while the system provides learning support 
by addressing the combined cognitive, affective, and social 
spectrum of learning problems that low-literates experience. 
We predict that learning in VESSEL will result in higher 
learning effectiveness, which we define as consisting of 
learning accessibility (there should be no practical or emo-
tional barriers for the learner to start learning, cf. [94–96]), 
learning experience (the learners’ skills, needs, and wishes 
should be incorporated throughout the learning, cf. [24, 60, 
96]), and learning outcomes (the learning should aim to 
reach meaningful and desired goals, cf. [7, 60, 94, 108]) 
[88]. By applying cognitive, affective, and social perspec-
tives, we identify nine concrete system objectives. Learning 
accessibility can be increased by lowering (1) cognitive, (2) 
affective, and (3) social barriers to learning. The learning 
experience can be made more (4) cognitively achievable, 
(5) affectively positive, and (6) socially engaging. Finally, 
the following important learning outcomes can be reached: 
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Learners can (7) train applied information and communi-
cation skills and gain practical experience, (8) raise their 
self-efficacy, and (9) become more motivated to participate 
in society independently.

We use the Socio-Cognitive Engineering method (SCE, 
see Fig. 1) to design VESSEL. The SCE method integrates 
operational demands (describing the system’s context-of-
use), human factors knowledge (describing theory relevant 
to user-system interactions), and technology (describing 
current and envisioned technology drivers and constraints) 
into an iterative software design process [74–76]. Relevant 
data about these operational demands, human factors, and 
technology are collected in a theoretical foundation. This 
foundation is used to derive a system specification, consist-
ing of system objectives (the general operational or domain 
goals of the envisioned system), functional requirements (the 
system’s intended functionality), claims (hypotheses about 
how the requirements help reach system objectives), and use 
cases (sequences of actions that describe how the system 
results in valuable outcomes for particular actors, cf. [1]). 
This specification can then be developed into a prototype, 
which is used to experimentally evaluate the claims.

Earlier work [88, 89] has resulted in a high-level VESSEL 
specification, consisting of a requirements baseline with 
eight requirements (see Table 1) and claims that connect 
these requirements to the nine system objectives of learn-
ing effectiveness. This requirements baseline is theoretically 
supported [89]: The requirements in the specification were 
derived from theories of adult learning (andragogy [51–53], 
transformative learning [65, 66], constructivism [10, 45], 
and e-learning [31, 46, 47]) and theories on computer-
supported learning that highlight the value of information 
provision, worldwide communication, interactivity, and 
use of gaming principles/gamification [85]. The baseline 
is also empirically grounded [88]: The requirements were 
refined by applying grounded theory [35] to qualitative 
data obtained through workshops, focus groups, and cul-
tural probes (a qualitative data collection method wherein 

participants use provided recording tools, such as cameras, 
notepads, and sound recorders, to provide insight into their 
daily lives, cf. [32, 33]) used with low-literate participants. 
However, the requirements and claims in this specification 
have not yet been practically evaluated. As such, the next 
steps in our design and development process should be the 
’prototype development’ and ’claim evaluation’ steps in the 
evaluation phase (Fig. 1). During prototype development, 
we must translate the generic requirements baseline into use 
cases, low-level claims, and functional VESSEL prototypes. 
We then use these prototypes during claim evaluation to 
experimentally test the validity of the claims with low-liter-
ate end users. The experimental outcomes of this evaluation 
phase can then be used to update the foundation and refine 
the specification, iteratively improving the VESSEL design.

The high-level specification affords a range of possi-
ble technological implementations, each meeting certain 
requirements in certain ways. We choose to design VES-
SEL as an autonomous rules-driven Embodied Conversa-
tional Agent (ECA) coach that helps low-literate learners 
with situated interactive exercises by offering cognitive, 
affective, and social learning support. Figure 2 presents 
the envisioned VESSEL system setup, showing the ECA 
coach and exercise elements. Here, exercises are scenario-
based training (cf. [82]) situated in crucial practical situa-
tions important to low-literate learners. ECAs are “anthro-
pomorphic interface agents” [12, p. 1] that can directly 
interact with system users. We expect that an ECA coach 
implementation of VESSEL has theoretical and empirical 
benefits. Example benefits include the following: ECAs 
can adapt their looks and behaviours easily, allowing 

Fig. 1   Socio-Cognitive Engineering method [74, 76]

Fig. 2   VESSEL system setup. Three double-sided arrows indicate 
user-system interactions. Bottom left arrow: The user performs exer-
cises. Bottom right arrow: The coach monitors the user’s actions, and 
interacts with the user by giving feedback and support. Top arrow: 
The coach monitors exercise state and changes support as appropriate
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them to match the demands of different training scenarios 
or the needs and wishes of different users; ECAs inher-
ently afford natural language and spoken dialogue, mak-
ing them easier to communicate with especially for users 
who struggle with text and reading; ECAs can add a social 
presence to exercises; particularly in a coaching role, they 
can serve as a focal point for user support, allowing users 
to naturally ask questions and request help. Finally, an 
ECA coach matches the support desires of low literates: 
In [88], we show that low-literate learners strongly prefer 
personalized ‘human’ support over ‘computer’ support. 
An anthropomorphic ECA puts a human face on the com-
puter system, allowing low-literate learners to access the 
benefits of automated support, thereby enhancing learn-
ing effectiveness. However, to the best of our knowledge, 
little experimental validation of the effectiveness of ECA 
coaching with low-literate societal participation learners 
currently exists.

Following the SCE methodology, we aim to address this 
larger problem by carrying out multiple design and evalu-
ation cycles. In this paper, we aim to design and develop a 
VESSEL prototype consisting of situated interactive exer-
cises and an ECA coach that provides cognitive, affective, 
and social learning support and evaluates this prototype 
with low-literate learners. The prototype developed in this 
work will be a proof-of-concept, used in a Wizard-of-Oz 
experiment (i.e. controlled by a human ‘wizard’ instead 
of a computer, cf. [64]) to investigate both how we can 
best translate the existing VESSEL specification into an 
ECA coach-supported virtual learning environment, and 
whether or not the idea of ECA coach support for low-lit-
erate learners provides the envisioned learning benefits as 
described above: Better learning accessibility, an improved 
learning experience, and more success at reaching impor-
tant and meaningful learning outcomes. The question of 
whether or not low-literate learners will be able to benefit 
from this prototype is non-trivial, as low-literate learners 
are known to struggle with accessing and using complex 
technology due to cognitive, affective, and social barriers 
[88, 90]. Additionally, Kramer et al. [54] highlight that 
many ECA studies underreport the actual ECA design pro-
cess and argue for studies that “open the black box” (p.8) 
and clearly articulate the methods, objectives, and assump-
tions that go into this design. Ter Stal et al. [101] similarly 
report a dearth of clear guidelines for and taxonomies of 
ECA design features. Consequently, the comprehensive 
design, development, and evaluation of a proof-of-concept 
ECA coach that provides cognitive, affective, and social 
learning support meaningfully integrated into exercises 
are a unique and interesting contribution. A complemen-
tary study by Schouten, Venneker et al. [91] has zoomed 
in on the affective and social support contributions of a 

different prototype, further exploring the boundaries of 
this problem space.

The above yields two research questions:

•	 Q1. Design How can we create an ECA coach that pro-
vides effective cognitive, affective, and social learning 
support to low-literate learners doing situated interac-
tive exercises in a virtual learning environment?

•	 Q1a. In what ways can an ECA coach provide cog-
nitive, affective, and social learning support?

•	 Q1b. Which functionalities, interaction methods, 
and appearances should an ECA coach have to 
effectively provide this learning support in a virtual 
learning environment?

•	 Q2. Evaluation Does this support-providing ECA coach 
increase learning effectiveness for low-literate learn-
ers working with VESSEL, compared to low-literate 
learners working with VESSEL but not receiving coach 
support?

The first research question is answered in four steps. 
First, we update our SCE foundation (Fig. 1). We update 
technology by explaining the potential benefits that ECAs 
in general, and an ECA coach specifically, can offer to our 
VESSEL design. We update human factors knowledge by 
incorporating theory that describes how an ECA coach 
could offer cognitive, affective, and social learning support. 
We update operational demands by designing the situated 
interactive exercises that make up the educational content of 
VESSEL. Second, this updated foundation is used to refine 
the requirements in the specification. Third, we translate this 
refined specification into practical use cases, to make explicit 
how the prototype should work, what effects we expect our 
ECA coach to have, and how these effects can be measured. 
Fourth, we create the prototype and describe it in terms 
of functionality, interaction methods, and appearance. To 
answer the second question, we experimentally evaluate the 
learning effectiveness impact of the coach with low-literate 
learners. We claim that a support-providing ECA coach 
will raise VESSEL’s learning effectiveness for low-literate 
learners by improving the system’s cognitive, affective, and 
social learning accessibility, learning experience, and learn-
ing outcomes.

The structure of this paper is as follows. Section 2 pro-
vides additional background information on the demo-
graphic of low-literate learners, and on the current state 
of learning support aimed at this demographic. Section 3 
shows the updated VESSEL foundation. In section 4, the 
specification requirements are refined, and use cases are 
derived and written. Sections 5, 6, and 7 present the evalu-
ation process. In Sect. 5, the prototype is described in terms 
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of functionality, interaction methods, and appearance. Sec-
tion 6 describes the experiment created to evaluate the effec-
tiveness of the learning support provided by the prototype’s 
ECA coach. Section 7 presents the results of the evaluation. 
Finally, Sect. 8 presents conclusions, discussion of findings, 
and directions for future work.

2 � Background

2.1 � People of low literacy

People of low literacy (or low-literate people) are defined 
as adult people whose mastery of reading, writing, speak-
ing, and understanding/comprehension skills are limited to a 
degree that they cannot independently participate in society. 
The OECD (Organisation for Economic Cooperation and 
Development) defines literacy as the ability to use printed 
and spoken information in the pursuit of one’s daily and 
overall goals [78]. Low literacy can specifically be measured 
against crucial practical situations: The set of behaviours 
that a person must be able to carry out in order to be able to 
participate independently [55, 56]. Examples of these crucial 
practical situations include banking, renting a living space, 
grocery shopping, and communicating with neighbours [55, 
88].

As the elements of low literacy are highly culturally 
dependent (owing to, e.g. different norms, expectations, 
governmental institutions, and crucial practical situations, 
cf. [88]), we focus on low literacy in the Netherlands, the 
country where this study is situated. Following the most 
recent definitions provided by the Dutch Court of Audit 
(Algemene Rekenkamer), around 2.5 million Dutch people 
are considered low-literate [2], including 1.8 million peo-
ple in the labour force (i.e. aged between 16 and 65). This 
represents an increase over the 2012 Programme for the 
International Assessment of Adult Competencies (PIAAC) 
survey, which reported 1.3 million low-literate Dutch peo-
ple [37, 40]. Gubbels et al. [41] report that almost a quarter 
of Dutch 15-year olds struggle with language mastery and 
literacy issue, further cementing the widespread nature and 
persistence of this issue. Low literacy is similarly heterog-
enous among other demographic angles: Low literacy can 
be found among both native Dutch speakers and non-native 
migrants, among both men and women, and among a variety 
of educational backgrounds [87]. A more comprehensive 
look into the demographic makeup of Dutch low literates 
can be found in Schouten, Smets et al [89] and De Greef, 
Segers & Nijhuis [38].

2.2 � Existing learning support

Learning support for Dutch low literates is provided primar-
ily in the form of adult language and integration classes, 
which are made available to interested learners at regional 
education centres, libraries, volunteer centres, and private 
institutions [11, 100]. In these classes, which focus equally 
on language acquisition, practical skills training, and knowl-
edge of society, students discuss and practice crucial prac-
tical situation exercises with the support of teachers and 
peers [34, 55]. This classroom-based approach to training 
is kept as the gold standard because it meaningfully applies 
scenario-based learning [80, 82] to the actual practice of 
societal participation that low-literate people struggle with, 
and because low-literate learners put enormous value into 
support from both trusted authority figures (i.e. teachers) 
and people that they perceive to be in the same situation (i.e. 
student peers) [88].

However, Schouten [87] highlights that classroom learn-
ing can meaningfully be supplemented with computer-based 
learning, citing three broad reasons: First, computer-based 
learning can improve learning accessibility for learners who 
cannot access the classroom easily. Second, computer-based 
learning has great inherent potential for individualization (as 
learning software is easily adaptable, cf. [6, 80]); individual-
ized learning and support are very valuable for increasing 
learning effectiveness [69, 97], especially for a heteroge-
neous learner group like low-literate learners [89]. Finally, 
computer-based learning enables the use of learning sce-
narios that would be impractical or impossible to train in 
a classroom setting (e.g. scenarios that have an element of 
real risk, or that require expensive tools). Schouten, Smets 
et al. [90] assess the current practice of learning support 
software aimed at low-literate learners and use this to estab-
lish a set of eight design requirements for learning support 
software that emphasizes these benefits. They describe that 
a virtual learning environment (VLE) could potentially 
be an effective way of meeting these requirements. These 
design requirements (further refined in [88] and shown in 
Table 1) form the basis of VESSEL: A VLE aimed at effec-
tively supporting low-literate learners who want to improve 
their societal participation, designed to make the benefits of 
computer-based learning accessible to low-literate learners 
and to be used in concert with existing learning solutions.

3 � Foundation

3.1 � Technology: embodied conversational agents

Embodied Conversational Agents (ECAs) are a subclass 
of Intelligent Virtual Agents: Autonomous software pro-
grammes that can interact with humans and other agents 
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[12]. ECAs extend from traditional intelligent agents by 
being ‘embodied’ as animated virtual characters in a virtual 
environment. Being embodied has consequences for agent 
appearance and behaviour. In contrast to non-embodied 
agents, ECAs can be judged on their appearance; particu-
larly when ECAs look human-like, humans evaluate it on 
appearance factors such as sex, age, ethnicity, and dress 
style. Studies suggest that humans judge ECA characters on 
the same qualities as they do other humans, such as similar-
ity to themselves [3, 70, 105], attractiveness [49, 72], and 
cultural appearance stereotypes [3, 4, 109]. In addition, 
ECAs can use not only verbal communication behaviours 
(e.g. speech and natural language understanding), but also 
nonverbal behaviours (e.g. body language, gesturing, facial 
expressions, and gaze direction [23, 54, 101]). ECAs can be 
designed to behave as social actors: Potential possibilities 
include recognizing and responding to verbal and nonver-
bal input from humans, taking part in ongoing discussions, 
paying attention, and using conversational functions like 
turn-taking [12, 23, 28, 62]. This lets humans react to the 
social cues and behaviours of ECAs as if they were human 
conversation partners [50, 73, 84, 98].

Because ECA behaviours and appearances can be 
adjusted [6, 80], ECAs can be used to fulfil a variety of roles 
in a virtual environment. For instance, Bickmore et al. [14] 
adapted the ethnicity of a virtual nurse character to better 
match different user demographics, increasing user-system 
satisfaction. Prior studies have shown the potential effec-
tiveness of using ECAs in the role of a digital coach. Lane 
et al. [57] report on an ECA coach that increased users’ will-
ingness to attempt challenging programming problems and 
their self-efficacy in computer science education. Coaching 
ECAs developed by both Bickmore et al. [16] and de Rosis 
et al. [86] were effective in changing user behaviour patterns. 
Shamekhi et al. [92] show that an ECA coach focussed on 
teaching self-care was appreciated and accepted by spinal 
cord injury patients, with participants suggesting that this 
approach could be valuable particularly for adults dealing 
with ’sensitive topics’. Hudlicka [44] shows that even when 
users express negative opinions on an ECA coach’s affective 
and social realism (i.e. the ECA’s ability to conduct natu-
ral conversations and come across as a ’real’ person), the 
coach’s interactive feedback and support are still valued, and 
the coach still supports users in implementing a meaningful 
meditation practice routine. Finally, Kramer et al. [54] pro-
vide a scoping literature review of the use of coaching ECAs 
in physical health domains. They report that while no signifi-
cant increase in user health literacy is found, ECA coaches 
do increase user motivation to apply health measures, user 
identification of preconception risks, and system usability.

Because of the social interaction options, individuali-
zation potential, and learning support outcomes described 
above, an ECA fulfilling the role of a digital coach in 

VESSEL could be effective in supporting the cognitive, 
affective, and social issues of low-literate learners. Cog-
nitively, digital coaches in general can help learners reach 
stated learning goals: Bickmore et al.’s [16] health coun-
sellor increased physical activity and fruit and vegetable 
consumption, and Veletsianos and Miller [104] show that 
learners deeply engage and converse with a digital coach, 
increasing learning. ECA digital coaches in particular can 
provide individualized learning support by using scaffold-
ing to structure their verbal/textual feedback and by using 
multimodal media for support [63]. De Rosis et al. [86] 
show that users converse with and learn from an ECA for 
health promotion with adaptive dialogue, and Miao et al. 
[67] show that a scaffolding-based ECA coach is both tech-
nically feasible and accepted by learners. Affectively, ECA 
digital coaches improve the affective experience of situated, 
interactive learning exercises: Shaw et al. [93] describe how 
the embodied, human-like nature of an ECA can emotion-
ally benefit learners in situated exercises, while Lester et al. 
describe that “the very presence of an animated agent in 
an interactive learning environment - even one that is not 
expressive - can have a strong positive effect on student’s 
perception of their learning experience” [59, p. 6]; they call 
this the persona effect. Also, socially, digital coaches can be 
seen as ‘friends’ and trusted mentors in a learning system 
[13, 86], forming a long-term relationship of trust between 
learner and coach [15, 71]. Ter Stal et al. [101] report that 
social relational agents are seen as more likeable, caring, 
and trustworthy, particularly if the ECA shares information 
about itself with the user (cf. [48]). ECA digital coaches can 
use nonverbal behaviours and appearance factors, such as 
similarity attraction, to form these relationships quickly and 
strongly [70]. Digital coaches also enhance engagement and 
learning in a virtual learning space, by acting as conversa-
tion partners that human users will genuinely talk to [104].

3.2 � Human factors knowledge: learning support

To support learners with cognitive, affective, and social 
issues, the ECA coach must be able to offer cognitive, 
affective and social support. Cognitive support is opera-
tionalized in VESSEL as scaffolding. Scaffolding is a learn-
ing support technique that focuses on providing the right 
amount of support to learners at the right time. Support is 
first increased to the level that the learners need to progress 
and then gradually decreased over time [83]. This way, 
“students are encouraged to develop their own creativity, 
motivation, and resourcefulness” [103, p. 652]. The coach 
can use verbal scaffolding techniques [27, 29] by offering 
exercise-specific explanations and hints; this helps learn-
ers understand the learning content and successfully com-
plete the exercise. Affective support is operationalized as 
motivational interviewing. Motivational interviewing is a 
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counselling technique aimed at leveraging intrinsic moti-
vation to enact behavioural change [68]. The motivational 
interviewing techniques help learners to feel good about the 
learning process, and to reframe and solidify positive self-
efficacy information (cf. [17, 30, 61]). The coach can use 
motivational interviewing techniques by offering exercise-
specific feedback, eliciting self-reflection, and applying 
social persuasion to raise learner self-efficacy [99]. Social 
support is operationalized as small talk, which is a corner-
stone of building trust. Trust is an important element of the 
learning process [12, 21], as it makes learners more recep-
tive to the coach’s suggestions and motivates learner persis-
tence. Small talk leads to the building of trust by increasing 
coordination between speaking partners, establishing com-
mon ground, and helping to keep the conversation at a safe 
level of depth, thereby avoiding ‘face threat’ [22]. The coach 
can apply these categories in exercise-specific small talk.

3.3 � Operational demands: exercises

For this prototype, we require a set of situated exercises that 
covers a range of possible cognitive, affective, and social 
issues that low-literates can encounter in daily life. We draw 
two exercise scenarios from the list of crucial practical situa-
tions: ‘using online banking’ (online banking), and ‘request-
ing a new passport at a city hall service desk’ (service desk). 
These two exercise domains test different skill sets: online 
banking tests reading and writing skills, while service desk 
tests speaking and comprehension. Furthermore, we apply 
two difficulty levels to each scenario, ‘Easy’ and ‘Hard’, 
resulting in four exercises: Easy online banking, Hard online 
banking, Easy service desk, and Hard service desk. This step 
has two purposes: Firstly, using four different exercises will 
provide a larger and more varied range of data than using 
two, while keeping pairs of exercises in the same domain 
(i.e. two online banking and two service desk exercises) ena-
bles more meaningful direct comparison of the outcomes. 
Secondly, this setup more accurately mirrors the participa-
tion experiences of people of low literacy, who can encoun-
ter both simple and difficult challenges in any given domain 
[88]. This allows us to compare the difference in practical 
experience between ’easy’ and ’hard’ situations and evalu-
ate the types and amounts of support that are needed for 
each. All four exercises are designed to incorporate the ECA 
coach.

We determine which cognitive, affective, and social chal-
lenges are likely to appear in each of these four exercises, 
and what level of information and communication skills will 
be needed, using the Societal Participation Experience of 
Low-Literates (SPELL) model from Schouten, Paulissen 
et al. [88] and domain-specific literature. In the online bank-
ing exercises, the user must transfer money from a personal 
account to a web shop. These exercises are designed using 

Bayles’ [8] overview of critical online banking usability 
factors, and Nielsen’s [77] and Leavitt & Schneiderman’s 
[58] general usability guidelines. The difficulty between 
Easy online banking and Hard online banking is changed 
by raising/lowering the usability and user-friendliness of the 
websites: The Easy online banking website is less complex, 
less information-rich, and easier to navigate than the Hard 
online banking website. Visual appearances were based on 
examples of real-life online banking websites (see Fig. 3).

In the service desk exercises, the user must speak to a 
city hall employee to report the loss of a passport. This city 
hall employee is presented as an ECA character. The dif-
ficulty between Easy service desk and Hard service desk is 
changed in two steps by presenting the Easy service desk 
ECA as more friendly and polite than the Hard service desk 
one. First, we use De Jong et al.’s [25] overview of social 
demeanour and politeness effects to write dialogue for the 
ECAs. De Jong et al. provide politeness ratings for 21 dia-
logue tactics, ranging from imperative requests (“Do this 
for me”) to apologetic speech (“I’m sorry, could you please 
do this for me”); using this overview, we write friendly and 
polite dialogue for the Easy service desk ECA, and curt and 
impolite dialogue for the Hard service desk ECA. Second, 
we give the ECAs different appearances: This will help 
learners distinguish between the two characters, reinforcing 
the idea that one character is a polite person, while the other 
one is mean. The Easy service desk ECA is given a friendly 
appearance, while the Hard service desk ECA is given an 
unfriendly appearance.

To increase the likelihood that players interpret the visual 
appearances of the conversation partner ECAs as ’friendly’ 
and ’unfriendly’, these appearances are taken from a pre-
study [26], in which eight low-literate participants (in groups 
of two) were asked to rate a set of twelve ECA characters of 
diverse age, ethnicity, gender presentation, and dress style; 
the literature currently does not show clear consensus on 
which ECA designs are preferred in which situations [101, 
102], necessitating this approach. We expected that partici-
pants would prefer those ECAs that were similar to them, 
and dislike ECAs that were dissimilar, based on Moreno & 
Flowerday [70]. ECAs were drawn from Brinkman et al.’s 
[19] ‘Virtual Reality Exposure Therapy (VRET)’ virtual 
environment. Participants were given paper pictures of a 
service desk setting (Fig. 4) of the twelve ECAs, and they 
were asked to ‘select the four characters you would like to 
have as a conversation partner in this setting and order these 
four from best to worst’. They were then asked to ‘select and 
order the four characters you would least like to see’, and 
finally, to fill out the ordering with the last four characters; 
the process was done in three steps to avoid overloading 
participants. The eight obtained orderings were evaluated 
to see which characters were considered ‘best’ or ‘worst’ 
most often. All participants strongly disliked one particular 
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ECA; this ECA was chosen for the Hard service desk exer-
cise. Three similar-looking ECAs shared the ‘best’ spot; we 
selected one of these for the Easy service desk exercise.

Both ECAs share a small number of visual commonali-
ties. They have one set facial expression. They open and 
close their mouth on a set pattern while speaking, regardless 
of speech content. They go through one simple ‘idle’ anima-
tion loop, swaying left and right slightly while sitting on a 
chair; apart from this, they employ no other body movements 
or gestures of any kind. Both ECAs can be seen in the con-
text of the service desk exercises in Fig. 4; in both cases, the 
service desk background is the same static image.

For each exercise, written instructions are provided on-
screen. In the online banking exercises, the instructions show 
the task (to transfer money to another account) and the infor-
mation necessary to complete it: Recipient name and bank 
account number, and money amount. In the service desk exer-
cises, the instructions only show the task. All exercises have 
been designed with a 6-minute time limit, in order to define 
‘success’ (the exercise is correctly completed within 6 min) 
and ‘fail’ (the exercise is completed incorrectly or not within 
6 min) states for the exercise. When the limit is reached, the 
exercise must be stopped. This 6-minute limit is based on 
cognitive walkthrough of the exercises and practical consid-
erations: A shorter limit would not give participants enough 

Fig. 3   Online banking exercise websites. Left: Easy online banking. Right: Hard online banking
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time to reasonably do the exercises, while a longer limit would 
inflate the time footprint of the envisioned experimental study 
(see Sect. 6).

4 � Specification

Following Fig. 2, we refine the generic ‘VESSEL’ require-
ments. This means that for each existing requirement, we 
create new, more detailed requirements that zoom in on one 
or both of the system’s two core components: The exer-
cises, and the coach. When working with a large require-
ments baseline, careful choices must be made about which 
requirements to test in which configuration [107]. Since 
we are building a single-user prototype, we choose for the 
time being to discard the requirement R4. Collaboration, 
as it demands a prototype that supports multiple users at 
once. The remaining seven generic requirements are refined, 
resulting in a set of coach-specific and exercise-specific 
requirements. Table 1 shows the new requirements baseline. 
An in-depth description of the refinement process can be 
found in Appendix A. In addition, two use cases have been 
created to demonstrate the envisioned optimal way that a 
user would interact with VESSEL. These use cases can be 
found in Appendix B.

5 � Evaluation: prototype development

Functionality. The prototype consists of the ECA coach that 
offers cognitive, affective, and social learning support as 
described in Sects. 3.1 and 3.2, and the exercises described 
in Sect. 3.3 (Easy and Hard online banking, and Easy and 
Hard service desk). Cognitive support is offered during the 
exercises. Bloom’s [18] taxonomy of keywords has been 
used to identify all cognitively challenging elements in the 

exercises, including (long) difficult words, complex sce-
nario-specific terms, and necessary exercise steps that may 
not be intuitive. The coach knows when the user is having 
difficulty with these challenges and offers scaffolding sup-
port that ranges from ‘asking the user if they need help’ to 
‘telling the user what to do’. If the user asks a question, the 
coach uses general-purpose utterances to answer it. In the 
service desk exercises, the coach can also show the user 
images of a Dutch passport, ID, or driver’s license. Affective 
support is offered after the exercises. The coach knows the 
user’s accuracy and completion time and uses this to provide 
motivational interviewing feedback. The coach also asks the 
user’s opinion on either the online banking website or the 
conversation partner, to encourage the user to reflect on their 
experience. Social support is offered before the exercises. 
The coach follows a short small talk script based on the topic 
of the exercise. The coach asks about the user’s experiences 
with and opinions on the topic of the exercise; depending 
on user answers, follow-up questions may be asked as well.

Interaction methods Users use a mouse and keyboard to 
navigate and use the online banking websites. Users can talk 
to the service desk conversation partner ECA and the coach 
ECA in natural language. For the purposes of the evaluation, 
the ECAs are designed to be controlled via the Wizard-of-
Oz method [64]. Both ECA programmes contain a list of 
pre-recorded natural language utterances, which were writ-
ten and recorded during prototype development: All coach 
utterances were voiced by one research confederate, while 
the conversation partner ECA voices were voiced by two 
other research confederates. The wizard operator controls 
the ECAs by selecting these utterances in a control pro-
gram, causing the ECA to ’say’ the utterance. Apart from 
selecting pre-recorded utterances, the wizard has no further 
control over the ECAs; the ECAs’ possibility space is fully 
described by the utterances. The wizard is not allowed to 
interact with participants in any other way.

Fig. 4   ‘Conversation partner’ ECAs, shown inside the virtual environment used for the service desk exercise. Left image: Easy service desk 
exercise ECA. Right image: Hard service desk exercise ECA
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The ECA coach has access to four groups of utterances: 
Cognitive support utterances, affective support utterances, 
social support utterances, and general-purpose utterances 
like “yes”, “no”, “I don’t know”, and “I did not understand 
you”. The wizard uses these utterances in accordance with 
the following rules. At the start of an exercise, social support 
is used. The wizard must follow the ‘small talk’ social sup-
port script as closely as possible, selecting utterances from 
the list of social support utterances in a pre-described order. 
Some of these utterances are questions that the coach asks 
of the user: If users answer these questions, the wizard must 
interpret the user’s speech and choose the correct response 
for the coach from a small list of possible responses. Dur-
ing the exercise, cognitive support is used. The wizard must 
interpret the user’s actions and speech to choose appropriate 
utterances from the list of cognitive support utterances. If 
users are struggling with a pre-identified challenging ele-
ment, the coach should offer support about that element. In 
these cases, the wizard must use their own expertise to judge 
on a case-by-case basis which users are ’struggling’, and 
which specific cognitive support utterance to use. After the 
exercise, affective support is used. The wizard must follow 
one of four motivational interviewing scripts, depending on 
the user’s performance (the exercise was completed with lit-
tle coach support vs. the exercise was completed with a lot 
of coach support or not completed) and speed (the exercise 
was completed in under 3 min vs. the exercise was com-
pleted in 3 to 6 min or not completed). Finally, the use of 
general-purpose utterances is up to the wizard’s interpreta-
tion of the user’s speech and actions: This includes reacting 
to unanticipated user questions, prompting the user to repeat 
themselves if their speech was not understood, and getting 
the exercise ‘back on track’ as quickly as possible should 
unanticipated questions or disturbances occur.

The conversation partner ECA has access to two groups 
of utterances. A scenario script contains all utterances, in 
the correct order, to hold the exercise conversation. The 
wizard must follow the scenario script perfectly when the 
exercise is conducted. Here, too, some of the ECA’s utter-
ances are questions; the wizard must interpret user answers 
to these questions to select the correct follow-up utterance. 
A second list contains general-purpose utterances, similar to 
the coach’s (but recorded in the conversation partner ECA’s 
voices).

Appearance Exercise appearances are shown in Sect. 3.3 
(see Figs. 3 and 4). The coach ECA’s visual appearance 
was based on the same pre-study used for the conversation 
partner ECAs [26]. Participants were asked to imagine the 
twelve ECA characters as digital coaches and order them 
from most to least preferred. While not unanimous, one par-
ticular ECA was ranked in the top spot more than any other. 
We selected this ECA as the coach (see Fig. 5). Like the 
conversation partner ECAs, the coach ECA has one facial Ta
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expression, opens and closes its mouth while talking on a 
single animation cycle regardless of the audio being played, 
does not gesture or use body language, and animates in a 
simple ‘swaying its head back and forth’ animation loop. A 
grey background is used.

6 � Evaluation: methods

6.1 � Experimental design

An experiment was carried out to evaluate the learning 
effectiveness impact of our VESSEL prototype coach, in 
terms of the six claims that were presented as use case 
post-conditions (see Appendix B). In the SCE method, 
specification claims serve as evaluation hypotheses. This 
results in the following six hypotheses:

Learning Experience

•	 H1: Cognitive Experience (Performance) The coach 
leads to a shorter exercise completion time, and higher 
perceived performance.

•	 H2: Affective Experience (Positive Affect) The coach 
leads to more positive affective states during and after 
the exercise.

•	 H3: Social Experience (Engagement) The coach 
increases the amount of user-system interaction and 
results in learners viewing VESSEL as more helpful 
and easy to learn with.

Learning Outcomes

•	 H4: Cognitive Outcomes (Success) The coach leads to 
a higher exercise completion rate.

•	 H5: Affective Outcomes (Self-Efficacy) The coach leads 
to higher self-efficacy.

•	 H6: Social Outcomes (Retention) The coach leads to a 
higher motivation to continue learning.

To test these hypotheses, a mixed-method repeated-meas-
ures within-subjects experiment was designed. The study’s 
main independent variable was Coach Presence. This 
variable had two levels: With Coach, and Without Coach. 
Participants were invited to work with the prototype in 
two consecutive sessions (one week apart): One session 
in which they tested the complete prototype, including all 
exercises and the ECA coach (the ’With Coach’ session), 
and one session in which they tested a version of the pro-
totype that only included the four exercises, but not the 
coach (the ’Without Coach’ session). In the With Coach 
session, participants completed all four exercises (Easy 
online banking, Hard online banking, Easy service desk, 
and Hard service desk) with support from the coach. In the 
Without Coach session, participants completed the same 
exercises without coach support. All participants partici-
pated in both sessions. Session order was counterbalanced: 
50% of participants did the With Coach session the first 
week and the Without Coach session the second week, and 
50% of participants did the opposite. Exercise order was 
partially counterbalanced: Each participant was offered 
the four exercises according to one of four pre-determined 
orderings. These orderings were counterbalanced across 
participants, but kept the same per participant in both the 
With Coach and Without Coach sessions.

6.2 � Measures

Twenty-dependent variables were measured: Eighteen 
variables were self-report measures, obtained using two 
questionnaires (see Sect.6.4), and two variables were objec-
tive performance metrics. Table 2 describes the variables. 
Additionally, semi-structured interviews were used to gain 
qualitative insight into the proceedings and the participants’ 
experiences with the VESSEL prototype, with the following 
questions:

•	 How did you like the session? Do you think it went well, 
or poorly?

•	 What went well for you? What went poorly for you? 
What did you think was the cause?

•	 What parts of the session did you enjoy? And what parts 
of the session did you dislike?

•	 What would you change about the exercises you just did?

Fig. 5   VESSEL Coach ECA (top right corner) and supporting mate-
rial for the Easy online banking exercise. Text is in Dutch. From top 
to bottom, lines read: ‘The exercise is: Transferring money using 
online banking. To whom: Mister Jansen. How much money: 10 euro. 
Account number: NL POST 1200 1111 00’
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One question was only asked in the With Coach session:

•	 What do you think about the coach? Has the coach helped 
you? Was it nice to have the coach around, or annoying?

Additionally, the following questions were only asked after 
the second session:

•	 Did you notice any differences between the two sessions? 
What differences did you see?

•	 Which of the two sessions did you like best? And why?

6.3 � Participants

Twelve low-literate users participated in the entire experi-
ment. Kurvers et al.’s [56] five language learner profiles 
were used to select suitable participants; these profiles 
divide low-literate first-language learners (L1) and second-
language learners (L2) into categories based on their lan-
guage comprehension skills and their learning ability. Only 
learners that matched profiles 2 (L1 and L2 learners with 
no particular strengths or weaknesses, considered ’average 
low-literate learners’), 3 (typical L2 learners, particularly 
struggling with vocabulary and with speaking and under-
standing spoken Dutch), and 4 (low-skilled L1 learners, with 
decent speaking skills but serious difficulties with reading 
and writing) were invited to participate, as these learners 
can realistically benefit from computer-supported learning. 
Learners at the extreme ends of the low-literacy spectrum 
(profiles 1, relatively high-skilled and self-directed L1 and 
L2 learners, and 5, L1 and L2 learners with serious learning 
difficulties and very limited educational backgrounds) are 
expected, respectively, to be too skilled to benefit from our 
support, and too low-skilled to be able to use our prototype 
in the first place. Participants were recruited in several lan-
guage classes throughout the Netherlands; teachers in these 
classes used the profiles to select and invite suitable learners 
to participate. Six men and six women participated, with 
ages ranging from 30 to 63 (M=48.2, SD=10.5). Two of 
the participants were natively fluent in Dutch; the other ten 
participants identified as ‘somewhat fluent’. Other (native) 
languages spoken by the participants included: Arabic, Bos-
nian, Edo, English, French, Somali, Spanish, and Turkish. 
Four participants reported having prior experience with 
online banking, and all twelve participants had prior expe-
rience with service desk conversations. Of the latter, seven 
participants specifically had experience with passport recov-
ery. There was no overlap between these participants, and 
the participants for the pre-study [26].

6.4 � Materials

The experimental setup consisted of two laptops connected 
to two additional monitors (Fig. 6). The laptops, on one side 
of the table, were used by the experimenters. The monitors, 
on the other sides of the table, were used by the participants. 
The laptop and monitor on the right were used to run and 
control the coach. The laptop and monitor on the left were 
used to run and control the exercise environment. On the 
participant side, a mouse and keyboard (plugged into the 
left laptop) were provided for the online banking exercises.

Three questionnaires were used. Two questionnaires 
measured the eighteen self-report variables (see Table 2): 
These were called the ‘exercise’ questionnaire (EQ), and 
the ‘session’ questionnaire (SQ). Answers were given on a 
five-point bipolar Likert scale, using greyscale answer bars 
(Fig. 7). Participants were told to mark one of the five boxes 
per question. Bars were labelled ‘Nee’ (No) and ‘Ja’ (Yes) 
at the left and right extremes. Question SQ.1 was included 
as a practice question to allow low-literate participants to 
‘get used to’ the answer schema and was not included in 
later analysis. A third ‘demographic’ questionnaire meas-
ured participant age, sex, schooling history, time spent in 
the Netherlands, known languages (‘fluent’ and ‘somewhat 
fluent’), and prior experiences with online banking and city 
hall service desk situations. For objective measures, exer-
cise completion time was measured with a stopwatch, and 
exercise completion was tallied by hand. Finally, an audio 
recorder was used to record the experimental proceedings 
and the end-of-session interviews.

6.5 � Procedure

The first session started with a general introduc-
tion, informed consent forms, and the demographic 

Fig. 6   Schematic overview of experimental setup: 2 laptops (lower 
figures) connected to 2 monitors (upper figures). Monitors are placed 
and angled such that participants could not see the laptops and the 
experimenters while seated



1227Universal Access in the Information Society (2023) 22:1215–1241	

1 3

questionnaire. Next, the first SQ was administered. 
Experimental proceedings diverged after that, based on 
experimental condition. In the Without Coach condition, 
researchers explained the general experiment flow. Partici-
pants were introduced to their first exercise and shown the 
instruction material. Participants were told to complete the 
exercise alone, without outside help, within the 6-minute 
time limit (which they could not see). After that time, or 
as soon as participants were finished, an EQ was admin-
istered. Proceeding from there, the remaining exercises 
were carried out the same way. In the With Coach condi-
tion, researchers instead introduced the coach. The coach 
(controlled always by the same experimenter) introduced 

itself to the user (with the name ‘Anna’) and explained the 
general experiment flow. The coach introduced the first 
exercise and the instruction material and offered social 
learning support. Participants were told to complete the 
exercise, with the help of the coach, within the 6-min-
ute time limit. During the exercise, the coach provided 
cognitive learning support when needed. After the time 
limit, or as soon as participants completed the exercise, 
the coach offered affective learning support. Researchers 
then administered an EQ. The remaining exercises were 
carried out the same way. After the end of the fourth exer-
cise, conditions converged. The researchers administered 
a second SQ. Then, a semi-structured ending interview 
was conducted, using the questions presented above. And 
finally, participants were debriefed.

Table 2   Overview of quantitative measures  

Includes measure source (EQ, SQ, or direct measurement), applicable hypothesis, and question wording or measure description

Variable Hypothesis Description
Subjective measures: exercise questionnaire (EQ)

EQ.1 Perceived performance (exercise) H1 “I have done the exercise about (online banking / talking to people at a 
service desk) well.”

EQ.2 Difficulty (exercise) H5 “I found the exercise to be difficult.”
EQ.3 Self-efficacy (exercise) H5 “I am now better at (online banking / talking to people at a service 

desk).”
EQ.4 Positive affect (exercise) H2 “I am happy with how I did the exercise.”
EQ.5 Computer support H3 “The computer helps me to do the exercise well.”
 Subjective measures: session questionnaire (SQ)
SQ.1 Positive affect (language class) (practice question) “I like coming to language class.”
SQ.2 Self-efficacy (online banking) H5 “I am good at online banking.”
SQ.3 Self-efficacy (spoken Dutch) H5 “I am good at understanding spoken Dutch.”
SQ.4 Self-efficacy (service desk) H5 “I am good at talking to people behind a service desk.”
SQ.5 Self-efficacy (written Dutch) H5 “I am good at reading written Dutch.”
SQ.6 Self-efficacy (computer use) H5 “I am good at working with a computer.”
SQ.7 Computer usefulness H3 “A computer helps me learn.”
SQ.8 Positive affect (online banking) H2 “I enjoy online banking.”
SQ.9 Positive affect (service desk) H2 “I enjoy talking to people behind a service desk.”
SQ.10 Difficulty (online banking) H5 “I find online banking to be difficult.”
SQ.11 Difficulty (service desk) H5 “I find it difficult to talk to people behind a service desk.”
SQ.12 Desire to improve (online banking) H6 “I want to get better at online banking.”
SQ.13 Desire to improve (service desk) H6 “I want to get better at talking to people behind a service desk.”
 Objective measures: measured per exercise
DM.1 Completion level (exercise) H4 Binary value: Whether or not participant completed the exercise.
DM.2 Completion time (exercise) H1 Exercise completion time in seconds.

Fig. 7   Example answer bar for the short and SQs (‘Nee’ means ‘No’, ‘Ja’ means ‘Yes’)
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In the second week of experimental sessions, each par-
ticipant completed the opposite set of exercises, swapping 
the With Coach and Without Coach conditions. Otherwise, 
the same procedure and exercises from week 1 were used. 
The week 2 ending interview used the same questions as 
week 1, but included the questions about the perceived 
differences between the two conditions. Finally, at the end 
of week 2, participants were fully debriefed and rewarded 
for their participation.

7 � Evaluation: results

Three sets of analyses were carried out. First, a repeated-
measures general linear model (GLM) analysis was con-
ducted on the EQ data. Second, a factor analysis was used 
to condense the data of the SQs into several factors; another 
repeated-measures GLM analysis was conducted on these 
results, as well as a paired-samples T-test. Third, a final 
repeated-measures GLM analysis was used to analyze the 
performance results of the online banking exercises. Finally, 
qualitative observations were made by the researchers, both 
live during the experiment and by listening to the audio 
recordings afterwards.

Prior to analysis, questionnaire reliabilities were investi-
gated. The EQ had an average reliability of � =.845. Beside 
question 1 (the ‘practice question’), question 13 was also 
dropped from the SQ as it showed scattered answers and 
low reliability (based on general descriptives and Cron-
bach’s alpha). The complex wording of this question seems 
to have led to confusion and misunderstanding. The remain-
ing eleven questions show an average reliability of � =.600.

7.1 � Exercise questionnaire analysis

A 2-by-2-by-2 repeated-measures GLM analysis was done 
with the EQ data. Three GLM factors were chosen. The 
Coach factor had two levels: ‘With Coach’ and ‘Without 
Coach’. The Scenario factor had two levels: ‘online bank-
ing’ and ‘service desk’. The Difficulty factor had two lev-
els: ‘Easy’ and ‘Hard’. The five questions of the EQ were 
all treated independently: They were designed to measure 
entirely separate concepts, and Pearson correlation analysis 
showed no significant correlations. All main effects and all 
interaction effects were tested. Table 3 shows means and 
standard deviations of the five questions for each of the eight 
measurement moments. Table 4 shows the analysis results.

The following significant results were found:

•	 Coach Results showed that perceived performance was 
higher, positive affect was higher, and perceived com-
puter support was higher for With Coach compared to 
Without Coach

•	 Scenario Results showed higher perceived performance, 
higher self-efficacy, and higher positive affect for ser-
vice desk compared to online banking. Online banking 
showed higher experienced difficulty

•	 Difficulty Results showed higher perceived performance, 
higher self-efficacy, and higher positive affect for Easy 
compared to Hard. Hard showed higher experienced dif-
ficulty

•	 Coach*Scenario Two sets of effects were found. For 
online banking only, the With Coach condition showed 
increased perceived performance, positive affect, and 
perceived computer support compared to Without Coach. 
This was not seen for service desk. Furthermore, With 
Coach showed lower experienced difficulty for online 

Table 3   EQ means (standard 
deviations)  

Mean scores range from [ −2,2]

 With coach  Without coach

 Online banking  Service desk  Online banking  Service desk

Easy Hard Easy Hard Easy Hard Easy Hard

EQ.1 Perceived 1.25 .00 1.50 .75 .58 −1.50 1.33 .75
performance (exercise) .75 1.54 .52 1.54 1.68 1.17 .98 1.14
EQ.2 Experienced −1.25 .92 −1.50 −.75 −.42 1.58 −1.67 −1.33

difficulty (exercise) .97 1.00 .90 1.48 1.68 .90 .89 1.15
EQ.3 Self-efficacy .50 .33 1.42 1.08 .75 −.67 1.08 .67
(exercise) 1.31 1.30 .67 1.08 1.36 1.61 1.08 1.44
EQ.4 Positive affect 1.50 .75 1.58 1.41 .92 −.50 1.67 1.42
(exercise) .80 1.50 .51 .67 1.62 1.57 .65 .67
EQ.5 Computer 1.50 1.58 1.08 1.17 1.00 −.50 .92 1.00
Support .52 .67 1.56 1.11 1.54 1.73 1.51 1.48
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banking, but higher experienced difficulty for service 
desk; Without Coach did not show this

•	 Coach*Difficulty Results showed that With Coach raised 
self-efficacy in the Hard exercises compared to Without 
Coach. No similar effect was seen for the Easy exercises.

•	 Scenario*Difficulty Results showed that for online bank-
ing, the Hard exercise resulted in lower perceived per-
formance, higher experienced difficulty, lower positive 
affect, and lower perceived computer support, compared 
to the Easy exercise. No similar effects were seen for 
service desk

•	 Coach*Scenario*Difficulty Two effects were found. In 
the Hard online banking exercise, With Coach showed 

higher self-efficacy than Without Coach; in the Easy 
online banking exercise, no difference was found. Per-
ceived computer support was much higher for the Easy 
online banking exercise than for the Hard online bank-
ing exercise, although both dropped significantly in the 
Without Coach condition compared to With Coach. In 
both cases, no effects were seen for service desk

Tests for between-subjects effects showed no significant 
results for age, gender, experience with online banking/
service desk, and exercise counterbalancing order.

Table 4   Significant results of EQ repeated-measures GLM analysis  

For each question and each factor / group of factors, F-value (F), significance (p), and observed power ( � ) are given if p <0.05

Coach Scenario Difficulty Coach* Scenario Coach* Difficulty Scenario* Difficulty Coach* 
Scenario* 
Difficulty

EQ.1 Perceived F = 15.40 F = 14.67 F = 40.68 F = 8.25 F = 12.00
Performance p = .00 p = .00 p = .00 p = .02 p = .01
(exercise) � = .95 � = .94 � = 1.00 � = .74 � = .83
EQ.2 Experienced F = 39.11 F = 54.92 F = 8.76 F = 19.95
Difficulty p = .00 p = .00 p = .01 p = .00
(exercise) � = 1.00 � = 1.00 � = .77 � = .98
EQ.3 Self-efficacy F = 7.23 F = 16.84 F = 5.67
(exercise) p = .02 p = .00 p = .04

� = .69 � = .96 � = .58
EQ.4 Positive F = 11.80 F = 10.78 F = 14.00 F = 11.30 F = 6.10
Affect p = .01 p = .01 p = .00 p = .01 p = .03
(exercise) � = .88 � = .85 � = .93 � = .86 � = .62
EQ.5 Computer F = 6.42 F = 15.10 F = 7.05 F = 4.95 F = 6.50
Support p = .03 p = .00 p = .02 p = .05 p = .03

� = .64 � = .94 � = .68 � = .53 � = .64

Table 5   Factor loadings for the 
11 questions used in the factor 
analysis  

Only factor loadings of .500 and higher are shown

 Factor

Item 1 2 3 4

SQ.2 I am good at online banking .874
SQ.5 I am good at reading written Dutch .858
SQ.6 I am good at working with a computer .855
SQ.10 I find online banking to be difficult .761
SQ.3 I am good at understanding spoken Dutch .587
SQ.4 I am good at talking to people behind a service desk .873
SQ.9 I enjoy talking to people behind a service desk .875
SQ.11 I find it difficult to talk to people behind a service desk .821
SQ.7 I computer helps me learn .740
SQ.12 I want to get better at online banking .814
SQ.8 I enjoy online banking .841
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7.2 � Session questionnaire analysis

Three analysis steps were used for the SQ. First, factor anal-
ysis was used to effect data reduction: Pearson correlation 
analysis showed several potentially significant correlations. 
An exploratory factor analysis was conducted, using prin-
cipal component analysis for extraction and Varimax Rota-
tion (with Kaiser Normalization) for rotation. Both eigen-
values and scree plots suggested a solution with four factors. 
Table 5 shows the factor loadings for this solution.

Based on the factor loadings shown in Table 5, a two-
factor solution was decided on. Factor 1, ‘Information 
Skills’, contained questions 2, 5, 6, and 10, with a reli-
ability of �=.86. Factor 2, ‘Communication Skills’, con-
tained questions 3, 4, 9, and 11, with a reliability of �
=.82. While questions 7 and 12 seemed to form a third 
factor, the reliability of this factor was only �=.41; these 
questions were kept as separate items instead. Question 8 
was also kept as a separate item.

Second, a 2-by-2 repeated-measures GLM analysis 
was conducted on the two factors and three independ-
ent questions. Because the SQ was only administered at 
the start and end of each experimental session, only two 
GLM factors were chosen. The Coach factor had levels 
corresponding to the coach’s presence or absence, ‘With 
Coach’ and ‘Without Coach’, and the Time factor had 
levels corresponding to the SQ measurement moment, 
‘Pre-Session’ (the questionnaire was administered before 
a session) and ‘Post-Session’. (The questionnaire was 
administered after the end of a session.) All main effects 
and interaction effects were tested. Only one significant 
result was observed: Participant information skill was 
higher for Post-Session than for Pre-Session (F=5.474, 
p=.039). Tests for between-subjects effects showed no 
significant results for age, gender, experience with online 
banking/service desk, and exercise counterbalancing 

order. Table 6 shows means and standard deviations for 
the factors and questions.

Third, a paired-samples T-test was conducted to com-
pare ‘Information Skills’ and ‘Communication Skills’ 
means in the first and second week. These means are dif-
ferent from the means in Table 6: 50% of participants 
did With Coach sessions in the first week, and 50% did 
Without Coach in the first week. First week/second 
week means were compared for the four SQ measure-
ment moments (before and after each session). Results 
are shown in Fig. 8. Before the first experimental session 
and before and after the second session, ‘Communication 
Skills’ were significantly higher than ‘Information Skills’.

Table 6   SQ data means 
(standard deviations)  

Mean scores range from [ −2,2]

 With coach  Without coach

Pre-session Post-session Pre-session Post-session

Factor 1: −.27 .10 −.40 −.13

Information skills 1.07 1.20 .91 1.08
Factor 2: .73 .88 .86 .97
Communication skills .81 .88 .69 .86
SQ.7 A computer .92 1.41 1.33 1.33
Helps me learn .79 .67 .78 .78
SQ.8 I enjoy online banking −.08 .67 .17 .42

1.31 1.30 1.53 1.62
SQ.12 I want to get 1.41 1.83 1.08 1.58
Better at online banking 1.24 .39 1.38 1.16

Fig. 8   Means for ‘Information Skills’ and ‘Communication Skills’ 
factors, across the four measurement moments. Values next to bars 
represent mean (standard deviation). Boxes on the right show the 
test statistics of the paired-samples T-test that compared means for 
Information Skills and Communication skills in that measurement 
moment; bold text indicates significant results
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7.3 � Performance metrics analysis

A 2-by-2 repeated-measures GLM analysis was done with 
participant completion time and completion rate. Only 
data from the online banking exercises were used for this 
analysis: Data from the service desk exercises did not show 
enough variance, as completion rates were 100% for both 
exercises and completion times were strongly homogene-
ous. Two GLM factors were chosen: The Coach factor had 
levels: ‘With Coach’ and ‘Without Coach’, and the Difficulty 
factor had levels: ‘Easy’ and ‘Hard’. All main effects and 
interaction effects were tested. Significant results were only 
seen for the Difficulty factor: Exercise completion time was 
higher (F= 13.035, p=.006), and exercise completion rate 
was lower (F=22.559, p=.001) for Hard compared to Easy. 
Tests for between-subjects effects showed no significant 
results for age, gender, experience with online banking / 
service desk, and exercise counterbalancing order. Table 7 
shows means and standard deviations.

7.4 � Observations

Experimenters observed that the coach seemed to work as 
intended, particularly for the online banking exercises. In 
Without Coach sessions, participants often seemed to quietly 
struggle with completing the exercise; no participants tried 
to talk to the computer system, and only some participants 
tried to get researcher help. However, in With Coach sessions, 
almost all participants interacted with the coach in some way 
and benefited from its help. Broad personal differences were 
observed in the degree to which this happened. Participants 
who spoke with the researchers a lot during the introduction 
to the experiment spoke to the coach in the same way they 
would talk to a human actor, including attributing personal-
ity traits to ’her’ and asking complex questions (e.g. “This 
bill I have to pay seems way too high. Coach, what do you 
think?”). Participants who spoke less to the researchers com-
monly spoke less to the coach as well, generally restricting 
themselves to answering coach questions and asking for direct 
instructions (e.g. “Coach, how do I pay a bill?”). However, 

these participants were still seen acting on the coach’s advice. 
Significantly less coach-participant interaction was seen dur-
ing the service desk exercises. Participants asked for help less 
often, and in fact seemed to get stuck less often. Interestingly, 
whenever help was needed, participants more often asked the 
service desk ECA directly. With the focus on the conversation 
partner, participants seemed to overlook the coach’s presence. 
One participant echoed this, saying that (paraphrased) “ … I 
kind of forgot she was there.” Participants spoke to the service 
desk ECA the same way they spoke to the coach, i.e. some par-
ticipants really engaged with her, while others only answered 
direct questions. Interestingly, this most often happened 
in situations where the scenario was inaccurate or incomplete 
compared to real life: For instance, many participants asked if 
they would be required to ‘bring passport photos next time’, 
something that we had not incorporated in the exercise. Par-
ticipants would use their own experience and expertise with 
these scenarios to catch these inaccuracies, and then press the 
conversation partner for clarification.

Some unexpected technical difficulties occurred during 
the experiment. Both the coach and the conversation partner 
programmes showed an unexplained, variable time delay 
when speaking, ranging from two seconds to twenty. From 
interviews, it seems participants perceived this as ‘the coach 
just being very quiet’. But for the experimenters, this made 
it hard to use the right support at the right time. Particularly 
in situations where participants asked questions and then 
quickly moved on, this was a problem: The coach would 
either be stuck using a now-irrelevant speech utterance, con-
fusing the participant, or it would have to be muted for the 
duration, causing a strange visual effect (the coach sound-
lessly ‘talking’) that some participants noticed. In either 
case, no further support would be possible for a while.

Post-test interviews showed that most participants 
accepted the Wizard-of-Oz illusion quite readily. Partici-
pants did not notice the behind-the-scenes technical difficul-
ties, and even the aforementioned ’soundless talking’ was 
usually mentioned as an oddity, not as something that stood 
out. When asked about the coach, participant response was 
almost universally positive. This seemed inversely corre-
lated with ‘participant skill’: Participants who completed the 
exercises easily and quickly were more often ambivalent or 
negative about the coach, while participants who required 
a lot of help to complete exercises were very happy with 
the coach’s help. Participants were positive about the entire 
VESSEL prototype: Many mentioned that they enjoyed this 
way of learning and doing exercises and expressed hope that 
they would be able to ‘do something like this at home’ soon. 
The interviews also showed that many participants saw the 
online banking exercises as much more difficult than the 
service desk exercises. Particularly, the Hard online banking 
exercise was considered very challenging, and almost impos-
sible to complete (within the time limit) without the coach. 

Table 7   Performance metrics means (standard deviations) for online 
banking exercises  

 Completion time ranges from [0–600] (in seconds). Completion rate 
ranges from [0–1] 

 With coach  Without coach

Easy Hard Easy Hard

DM.1 Completion 280.2 364.8 209.3 347.9
Time (s) 128.3 113.4 107.2 77.8
DM.2 Completion .83 .50 .75 .17
Rate .39 .52 .45 .39
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The coach’s support was much appreciated here. In contrast, 
both service desk exercises were seen as easy. Participants 
did sometimes notice differences in politeness between the 
two conversation partners, but otherwise seemed to con-
sider the exercises equivalent; this was not the case with the 
online banking exercises, which were more clearly ‘easy’ 
and ‘difficult’.

8 � Conclusions and discussion

8.1 � Findings

Building on earlier design work for the envisioned system 
VESSEL [88, 89], this study has designed, developed, 
and evaluated VESSEL as a virtual learning environment, 
wherein societal participation exercises are supported by an 
ECA coach. The foundation of data was updated with situ-
ated interactive exercises, the literature on cognitive, affec-
tive, and social learning support, and the benefits of ECA 
coaching. The specification requirements were refined to 
reflect VESSEL as an ECA coach-supported exercise envi-
ronment (see Table 1). Use cases were derived and used to 
design and develop a functional VESSEL prototype. This 
prototype was tested with low-literate end users in order to 
evaluate the claims of learning effectiveness underlying the 
ECA coach.

The study’s first research question was: “How can we 
create an ECA coach that provides effective cognitive, 
affective, and social learning support to low-literate learn-
ers doing situated interactive exercises in a virtual learn-
ing environment?” Sub-question 1a, “In what ways can an 
ECA coach provide cognitive, affective, and social learn-
ing support?”, is answered in Sect. 3. The coach should 
offer cognitive support in the form of scaffolding, affec-
tive support in the form of motivational interviewing, and 
social support in the form of small talk. Sub-question 1b, 
“Which functionalities, interaction methods, and appear-
ances should an ECA coach have to effectively provide 
this learning support in a virtual learning environment?” 
is answered in Sects. 4 and 5. The coach should provide 
learning support that is adapted to the individual learner, 
to help them complete exercises. The coach should inter-
act with learners in the form of pre-recorded utterances, 
complemented with visual materials when necessary; and 
the coach’s appearance should align with user expecta-
tions of the role of a ‘digital coach’. This outcome seems 
true across all participating learners, regardless of age, 
sex, or ethnicity. Expectations for the pre-study [26] were 
that participants would prefer ECAs that were similar to 
them in gender and ethnicity, as humans can experience 
similarity attraction to ECAs just as to humans [70, 72]. 
But instead, all ECAs in the prototype were valued on 

matching the (visual) stereotype of their role. Participants 
chose the coach depicted in Fig. 5 because ‘she looked 
friendly and approachable’, and the Easy service desk con-
versation partner depicted in Fig. 4 because ‘she looked 
like she belonged there, like she would know what was 
happening’. Participants would actually dislike similar-
looking ECAs, saying that (paraphrased) “if this person 
is like me, also low literate, then they won’t be able to 
help me”. This clashes with expectations that user-ECA 
similarity attraction would be high [70], but does confirm 
that stereotype-reinforcing appearances can have a strong 
impact [4]; our results seem to suggest a ’job-appropriate 
clothing’ stereotype rather than Angeli & Brahnam’s [4] 
sex and gender stereotypes, though it should be mentioned 
that our ’most positive’ ECAs were both read as female, 
while our ’most negative’ ECA was read as male. Our 
most-popular ECAs were also generally the more conven-
tionally attractive ones, mirroring results by Khan and de 
Angeli [49] and Nass et al. [72]. In this study’s post-test 
interviews, our participants (no overlap with the pre-study 
participants) primarily reported that they judged the ECA 
characters on how well they fit the scenario: The coach and 
the Easy service desk conversation partner were liked and 
valued, while the Hard service desk conversation partner 
was disliked.

The study’s second research question was: “Does this 
support-providing ECA coach increase learning effective-
ness for low-literate learners working with VESSEL, com-
pared to low-literate learners working with VESSEL but not 
receiving coach support?” Six hypotheses were derived, 
based on six claims of learning effectiveness: Cognitive, 
affective, and social learning experience and cognitive, 
affective, and social learning outcomes. Using the results 
from Sect. 7, these hypotheses resolve in the following ways:

Learning Experience

•	 H1: Cognitive Experience (Performance) This hypoth-
esis is partially supported. Self-reported performance 
increased in the presence of the coach. However, com-
pletion time did not. Users experienced that they were 
doing better in the presence of the coach, but were not 
actually any faster

•	 H2: Affective Experience (Positive Affect) This hypoth-
esis is supported. User positive affect significantly 
increased in the presence of the coach

•	 H3: Social Experience (Engagement) This hypothesis 
is supported. Users reported feeling ‘supported by the 
computer’ significantly more when the coach was pre-
sent. Users were also observed to interact with the system 
much more when the coach was present: Users actually 
talked to the coach, with some interactions going beyond 
the exercise topics
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Learning Outcomes

•	 H4: Cognitive Outcomes (Success) This hypothesis is not 
supported. No significant main effect of coach presence 
was found for exercise completion rate

•	 H5: Affective Outcomes (Self-Efficacy) This hypothesis is 
partially supported. No significant main effect of coach 
presence on any self-efficacy measure was found. But an 
interaction effect shows that the coach significantly raised 
online banking self-efficacy only after the Hard online 
banking exercise

•	 H6: Social Outcomes (Retention) This hypothesis is not 
supported. After factor analysis, only SQ question 12 
measured this hypothesis. No significant main effect of 
coach presence was found

The ECA coach created in this study, designed to provide 
cognitive, affective, and social learning support meaning-
fully integrated into four online banking and service desk 
exercises, has significantly increased several aspects of the 
learning effectiveness of VESSEL. The hypothesis that 
working with the ECA coach would improve the learning 
experience is fully supported in hypotheses H2 and H3, and 
partially supported in H1. The hypothesis that working with 
the coach would improve learning outcomes is only partially 
supported in hypothesis H5. This seems to indicate that the 
coach particularly influenced participants’ subjective expe-
rience of working with VESSEL: Participants were more 
positive and more engaged, felt like they performed better 
and showed a higher self-efficacy regarding online banking. 
A similar increase in social engagement and self-efficacy 
was found by Lane et al.’s [57] ECA coach, and similar 
improvements in the affective experience are reported by 
Lester et al.’s persona effect study [59], Lane et al.’s com-
puter science education ECA coach [57], Bercht & Vicari’s 
pedagogical support agent [9], and Shaw et al.’s embodied 
situated support agent [93]. However, objective measures 
of performance and success (exercise completion rate and 
completion time) were not influenced. This result goes coun-
ter to other studies that show that ECA coaches can influ-
ence objective learning outcomes such as learner behaviour 
(e.g. increasing rate of physical exercise and changing diet 
[16], and increasing learner involvement in dialogue with a 
learning agent [86]) and user-system satisfaction [14]. This 
discrepancy bears further investigation. It is possible that our 
skew towards subjective (self-reported) findings is a result 
of the mostly subjective set of measurements. Future stud-
ies should investigate if other objective performance meas-
ures (such as number of mistakes made, or amount of coach 
support needed) reveal more digital coach effects, or if the 
influence of the VESSEL coach as described in this work is 
mostly subjective.

8.2 � Limitations

As this prototype was designed to be a proof-of-concept first 
design, a number of unexpected shortcomings were encoun-
tered during the experiments. These can be related to the 
functionality, interaction methods, and appearance of the 
exercises and the coach. A significant issue with exercise 
functionality was that difficulty levels of the exercises did 
not come out as balanced as designed. In analysis, both of 
the Easy (online banking/service desk) and both of the Hard 
exercises were treated as equivalent in difficulty level (as 
intended). However, the Hard online banking exercise was 
significantly more difficult than any other. This can be seen 
in the main effects and interaction effects for the ‘Scenario’ 
and ‘Difficulty’ factors: All main effects for either factor 
are always accompanied by either a ‘Scenario*Difficulty’ 
interaction effect, or a ‘Coach*Scenario *Difficulty’ one that 
shows strong differences between the Hard online banking 
exercise and the other three exercises. Additionally, in the 
post-experiment interviews, many participants reported 
seeing the Hard online banking exercise as an outlier. 
Almost no differences were seen between the two service 
desk exercises. Following up on the ‘Coach*Scenario’ and 
‘Coach*Scen-ario*Difficulty’ interaction effects seems to 
suggest that all coach-related main findings only apply to 
‘difficult information skill exercises’, or maybe only to ‘dif-
ficult online banking’. Consequently, result generalizability 
suffers. This can be seen as a failure to adhere to require-
ment R1.1-E (exercise adaptability). Difficulty levels were 
not properly calibrated. For the online banking exercises, 
difficulty was intended to come from complexity and infor-
mation density differences. But these differences were much 
stronger than expected. For the service desk exercises, dif-
ficulty was intended to come from sensitivity and politeness 
differences. However, strict adherence to R2.1-E (exercise 
sensitivity) meant that these exercises were not significantly 
different in practice. Additionally, participant communica-
tion skill was significantly higher than information skill, 
throughout the experiment. All participants reported hav-
ing prior experience with ‘service desk conversations’, and 
over half of all participants had explicit experience with 
‘passport application’ conversations. This likely lowered 
the experienced difficulty for these exercises. Both of these 
issues highlight the importance of user involvement in all 
steps of the design process, particularly when designing for 
demographics with particular needs: Pre-testing the exer-
cises with low-literate users would have revealed the low 
impact of the politeness manipulation and the users’ pre-
existing knowledge of and focus on the exercise domain, 
allowing more careful calibration to take place. This stands 
as a lesson for future work.

service desk exercise interaction methods showed two 
more shortcomings. First, because participants held a natural 
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dialogue with the conversation partner, it turned out to be 
unexpectedly difficult for the coach to provide support with-
out interfering in the conversation. To provide support, the 
service desk conversation would have to be stopped, creating 
unrealistic pauses (in scenario context). Additionally, par-
ticipants reported in the interviews that switching attention 
between the conversation partner and the coach felt strange 
and took effort. Participants would direct their questions at 
the conversation partner instead of the coach, and (in some 
cases) forget about the coach entirely. While the single ECA 
coach in the online banking exercises has worked, having 
multiple (talking) ECAs in a single exercise may require 
more careful design; collecting all required functionality 
in a single ECA seems like the optimal solution (and one 
we intend to study in later work), but if this is not possi-
ble, user-centred design and testing could ensure that the 
different ECAs are actually perceived as uniquely mean-
ingful. Second, measures of exercise completion rate and 
completion time were useless for the service desk exercises: 
Regardless of difficulty level or coach presence, exercise 
completion rate was 100%, and completion times showed 
very little variance. Again, this can primarily be blamed on 
high participant communication skills and experience with 
the scenario. Adding to this, the fact that the exercise was 
a conversation gave it a clear, easy-to-understand structure 
that the online banking exercises did not have. On the online 
banking websites, participants could get lost and lose time, 
while during the conversations, the conversation partner 
guided the participant with directed questions. This may 
have disincentivized ‘exploratory’ behaviour: Participants 
felt they had to follow suit in the conversation, instead of (for 
example) asking about unfamiliar words. The combination 
of prior experience and a strong guided structure meant that 
all participants completed the conversation in close to mini-
mum possible time. For this type of exercise, ‘completion 
time’ may not be a valuable performance metric.

The most significant issue with the ECA coach was the 
informal nature of the Wizard-of-Oz control rules. Clear 
behavioural rules are important for the success of the Wiz-
ard-of-Oz-method [64]. During the small talk and motiva-
tional interviewing sections, there was a flow structure based 
(partially) on measurable objectives and keywords. However, 
particularly during the scaffolding section, the provided sup-
port was highly dependent on the wizard’s appraisal of the 
situation. This led to two uncertainties. Functionality-wise, 
it was unclear what support the coach should give at any 
given time and for any given problem, which can be cast as a 
failure to adhere to requirement R1.1-C (coach adaptability). 
Regarding interactions, it was unclear how much of the par-
ticipants’ utterances the coach (represented by the wizard) 
was supposed to understand. Due to lack of clear rules, the 
wizard has probably responded to more participant utter-
ances and behaviours in their interaction than an automated 

ECA could have done. A human wizard can understand par-
ticipant questions, perceive and read participant nonverbal 
cues such as body language, and analyze their emotional 
state. A human wizard can also apply their own reasoning 
to understand what a participant is ‘trying to do’, and direct 
support accordingly. This makes the found effects uncer-
tain. Would a fully autonomous digital coach, with limited 
interaction possibilities, still have the same effects for low-
literate participants? Veletsianos & Miller [104] emphasize 
the importance of a social, human-like experience for users 
working with pedagogical agents, suggesting that more 
machine-like interaction might not have the same positive 
effects. Future work should investigate ways of structuring 
and formalizing the coach’s control rules, regarding both 
support functionality and speech recognition (taking into 
account the opportunities afforded for the latter by state-of-
the-art technology), in order to increase accuracy and study 
the VESSEL concept as envisioned.

One issue shared by the coach and the service desk exer-
cises was the low graphical fidelity of the ECAs. All ECAs 
had a low-fidelity, somewhat unrealistic appearance, and 
only one facial expression. The question of whether human 
ECAs should be ‘naturalistic’ (as human-looking as possi-
ble) or ‘stylized’ (non-realistic and exaggerated) has no clear 
answer: Haake & Gulz [42] collect and discuss arguments 
for both approaches and conclude that the ‘right’ answer 
in any context depends on the agent’s intended goals and 
motives. While the VESSEL ECAs were accepted as social 
actors, it is possible that more naturalistic appearances 
would have resulted in stronger emotional and social bond-
ing: Perhaps the coach’s emotional support, or the intended 
politeness of the Easy service desk conversation partner and 
intended rudeness of the Hard service desk conversation 
partner, would have shown stronger effects. This stands as a 
direction for future study.

Finally, two important oversights in the experimental 
design relate to the participants. First, the relatively low 
total number of participants almost definitely influenced 
result significance and power. Second, the relative lack of 
first-language learner (L1) participants may have made it 
impossible to find differences between these participants and 
second-language learner (L2) participants. It is well-docu-
mented that low-literate first- and second-language learners 
encounter different problems in learning and participation 
[43, 55, 56, 79]. Since we could only find two L1 partici-
pants for our evaluation, we cannot say if the two groups 
experienced the prototype (the coach, the exercises, or the 
interaction methods) in different ways. This is an important 
aspect of designing for these demographics. Addressing 
both, we intend larger and more varied participant samples 
in future studies.
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8.3 � Conclusions

Previous caveats notwithstanding, our results do indicate 
that our digital coach has significant beneficial effects for 
low-literate learners (using VESSEL). We mention in Sect. 1 
that an ECA coach could benefit low literates by ‘putting 
a human face on computer support’. The results from this 
study show that the low-literate users accepted our coach as 
a useful source of help that could be relied on. Real inter-
action was observed between participants and coach: Help 
was asked for, offered, and accepted, and a small number of 
participants actually engaged the coach in dialogue, suggest-
ing that as predicted by Bickmore & Picard [15], a friendly 
relationship of trust has started to form. Miao et al. [67] have 
already shown that ECA coaches in general can be accepted 
by learners; our work extends on this by showing that our 
ECA coach design is accepted by low-literate learners in 
particular. These positive effects were particularly seen with 
participants who struggled with the exercises, suggesting 
that they were helped the most by the coach’s presence and 
support. Since our primary goal with VESSEL is to support 
exactly these learners (learners in Kurvers et al.’s [56] pro-
files 2 and 3, see Sect. 6.3), this is promising. All the same, 
we do note that these positive effects were only found in the 
Hard online banking exercise, which was designed to test 
information skills. We clearly show that the coach supports 
information skills learning, but do not (yet) show a similar 
benefit to communication skills learning.

In conclusion, the starting assumption of our work (that 
a carefully designed virtual coach with integrated cognitive/
affective/social learning support would work with low-liter-
ate societal participation learners) is confirmed, opening the 
possibility for more specialized work in this area. Our own 
future work will build on these results. The following itera-
tion in our VESSEL design process will focus on addressing 
the issue of unstructured rules described above, taking the 
other study pitfalls and learned lessons into account. Now 
that the proof-of-concept evaluation has shown the validity 
of the core VESSEL ideas, we intend to create a formally 
structured VESSEL design specification, that comprehen-
sively describes how to create situated interactive exercises 
at the right level of difficulty, and how to structure learning 
support such that an ECA coach can accurately provide it 
without requiring a human operator.

A Appendix: requirements derivation

This appendix presents a description of all new requirements 
shown in Table 1, and literature-backed rationales explaining 
why each generic requirement was refined for the coach, for 
the exercises, or for both.

Requirement R1. Adaptability is refined for both coach 
and exercises. The coach should tailor its interaction with 
the user to that individual user’s needs, wishes, and learn-
ing goals (R1.1-C). The perceived level of difficulty of any 
exercise could be altered by giving support quicker and in 
more detail. This (perceived) difficulty level should not be 
too easy and not be too hard, but instead fall in the Zone 
of Proximal Development ( [106]; cf. [81, 103]). And over 
time, the coach can build a user model of individual learners 
and adapt its offered support even more closely. Individual 
exercises should not change their difficulty level mid-prac-
tice, as exercises are carefully designed with specific learn-
ing goals, tasks, and challenges. Rather, adaptability should 
be reached by building a corpus of different exercises that 
span a range of difficulty levels (R1.1-E). Note that these 
difficulty levels could be affected by other requirements. A 
particularly difficult exercise might not at all be sensitive 
(R2) or multimodal (R5) if the exercise’s learning goal is to 
teach learners to deal with crucial practical situations that 
are normally challenging for these reasons.

Requirement R2. Sensitivity is also refined for both coach 
and exercises. The coach’s dialogue and interaction style 
should be written from a sensitive point of view (R2.1-C). 
The coach should be calm and kind, and avoid saying things 
that upset low-literate users (for instance, being dismissive 
of their reading and writing problems). This lets the coach 
present exactly the ‘human face of support’ that low-literate 
users want (cf. [88]) By using sensitivity to convey empathy 
and build trust, the coach can encourage low-literate users to 
engage with it and accept offered learning support. Exercises 
should structure and portray their content as sensitively as 
needed to support desired learning goals and difficulty levels 
(R2.1-E).

Requirement R3. Situatedness is refined for exercises 
only. Exercises should be situated in the crucial practical 
situations and daily experiences of low-literate users (R3.1-
E). Note that this demand for situated correctness can over-
ride the need for sensitivity (R2) and multimodality (R5) and 
in this way strongly determine exercise difficulty (R1). For 
instance, an exercise involving reading a difficult text (e.g. 
online banking) should not be multimodal.

Refinement of requirement R5. Multimodality applies to 
both coach and exercises. The coach should primarily use 
audio ‘speech’, and supplement this with visual or textual 
supporting material (R5.1-C). This fits both the ‘audio’ pref-
erence of low literates that primarily struggle with reading 
and writing, and the ‘slow reading’ preference of low liter-
ates that primarily struggle with rapid speech comprehen-
sion [56, 88]. Exercises should be as multimodal as needed 
to achieve their desired learning goals and difficulty level 
(R5.1-E).

Refinement of requirement R6. Support applies to exer-
cise- and learner-specific learning support offered by the 
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coach, which takes three shapes: Cognitive support (R6.1-
C), affective support (R6.2-C), and social support (R6.3-C). 
The coach should provide this learning support as described 
in Sect. 3.2.

Requirement R7. Interactivity again applies to both 
coach and exercises. The coach should interact with learn-
ers actively and passively. Actively, the coach should moni-
tor the user’s exercise progress (R7.1-C). If problems are 
detected, the coach should offer help. Passively, the coach 
should be able to reply to user questions and comments 
(R7.2-C). User comments should be acknowledged, and 
user questions should be answered to the best of the coach’s 
ability. The exercises should be practical, interactive skills-
training exercises: Learners should be required to use system 
input mechanics (e.g. mouse, keyboard, speech) to actively 
complete them (R7.1-E).

Finally, requirement R8. Gaming principles applies to 
the coach only, who should use gaming principles to invoke 
pride and a sense of achievement in the user (R8.1-C). This 
does not necessarily mean using actual game elements. The 
coach should focus on emphasizing and highlighting the 
user’s successes and accomplishments, even when discuss-
ing problems.

B Appendix: use cases

Two use cases are provided here, based on the online bank-
ing and service desk exercises (Sect. 3.3). These use cases 
describe the envisioned optimal way that a typical low-liter-
ate learner would interact with VESSEL and make explicit 
how the requirements are met by the prototype. Use cases 
should be read as follows. Pre-conditions list the conditions 
that are necessarily true at the start of the use case. Action 
sequence describes the actions taken by the actors over the 
course of the use case. Particular action sequence steps may 
reference the requirements described in Table 1, indicating 
that this step demonstrates that requirement. Finally, post-
conditions lists the measurable desired outcomes that we 
claim result from the action sequence. These claims are 
derived from the nine system objectives in Sect. 1. Only 
claims associated with (cognitive, affective, and social) 
learning experience and learning outcomes are used here; 
since users are pre-assumed to be working with VESSEL, 
accessibility claims cannot be tested. In the use cases, ‘user’ 
refers to the low-literate learner using the VESSEL sys-
tem for learning purposes. ‘Coach’ refers to the ECA that 
provides cognitive, affective, and social learning support. 
‘Conversation partner’ refers to the ‘city hall service desk 
employee’ character used in the service desk scenario.

B.0.1 UC1: online banking exercise

This use case describes an example online banking exercise 
that focuses on reading, writing, and information use skills. 
The goal of the exercise is to use an online banking website 
to transfer money from one account to another. The coach 
supports the user with cognitive, affective, and social learn-
ing support.

Pre-conditions

1.	 The user is interacting with the coach-supported VES-
SEL system.

2.	 An online banking exercise has been selected (either 
Easy online banking or Hard online banking).

3.	 The digital coach and the online banking website are 
both visible to the user.

Action sequence

1.	 The coach briefly introduces the goal and the scope of 
the exercise to the user. Example sentence: “In this exer-
cise, you will use online banking to transfer money to a 
webshop.” (R3.1-E)

2.	 The coach makes small talk with the user about the topic 
of the exercise, online banking. It asks the user questions 
about their experiences with online banking, and tells 
the user about its own ‘experiences’. Example sentences: 
“Have you ever used online banking before?” “I used 
to think online banking was intimidating. What do you 
think?” (R6.3-C)

3.	 The coach signals to the user that they can now start 
doing the exercise. The user starts doing the exercise. 
(R7.1-E)

4.	 The user attempts to navigate to the correct page on the 
online banking website, but does not know which page 
is the right one. The coach uses verbal scaffolding tech-
niques to provide the user with the needed level of help. 
Example sentences: “Do you know what you are sup-
posed to be doing?” “You need to find the page where 
you can transfer money. Do you know where this page 
is?” “Click on the word ‘online banking’ to proceed in 
the exercise.” (R1.1-C, R5.1-C, R6.1-C, R7.1-C)

5.	 The user attempts to fill out needed information on the 
correct page, but does not know what information to 
fill out where. The user asks the coach for input. The 
coach uses verbal scaffolding techniques to provide the 
user with the needed level of help. Example sentences: 
“Do you know where to fill out your bank account num-
ber?” “You fill out your bank account number in the 
box labeled ‘IBAN’. Do you know what ‘IBAN’ means?” 
(R1.1-C, R5.1-C, R6.1-C, R7.2-C)
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6.	 The user successfully completes the exercise. The coach 
signals to the user that the exercise is completed. Exam-
ple sentence: “Well done! You have completed this exer-
cise.” (R1.1-E, R8.1-C)

7.	 The coach uses motivational interviewing techniques to 
help the user reflect on the exercise. The coach offers 
specific performance feedback, based on the user’s speed 
and accuracy. Example sentence: “I see you had trouble 
completing this exercise. But you took the time needed 
to complete it correctly.” The coach also asks the user’s 
opinion on the design of the online banking website, and 
offers its ‘own’ complementing opinion. Example sen-
tences: “What did you think of this website?” “I thought 
this website was very confusing.” (R2.1-C, R6.2-C)

8.	 The coach signals to the user that this particular training 
session is now over. Example sentence: “We are done 
with practicing for now.”

Post-conditions 

1.	 The user performed well and has carried out the online 
banking steps correctly.

2.	 The user had a positive experience while doing the 
online banking exercise.

3.	 The user engaged with the coach on the topic of online 
banking.

4.	 The user has successfully completed the online banking 
exercise.

5.	 The user’s self-efficacy with regard to online banking 
has been increased.

6.	 The user is more motivated to learn about online bank-
ing in their daily life.

 B.0.2 UC2: service desk exercise

This use case describes an example service desk exercise 
that focuses on speaking, understanding, and general com-
munication skills. The goal of this exercise is to speak to a 
city hall employee at a service desk, to report the loss of the 
user’s passport and request a replacement. The conversation 
partner plays the role of the city hall employee. The coach 
supports the user with cognitive, affective, and social learn-
ing support.

Pre-conditions

1.	 The user is interacting with the coach-supported VES-
SEL system.

2.	 A service desk exercise has been selected (either Easy 
service desk or Hard service desk).

3.	 The digital coach and the conversation partner are both 
visible to the user.

Action sequence

1.	 The coach briefly introduces the goal and the scope of 
the exercise to the user. Example sentence: “In this exer-
cise, you will talk to a service desk employee and tell 
them about your lost passport.” (R3.1-E)

2.	 The coach makes small talk with the user about the topic 
of the exercise, formal conversations (at city hall). It 
asks the user questions about their experiences with 
having formal conversations, and tells the user about its 
own ‘experiences’. Example sentences: “Have you ever 
had to talk to someone at city hall before?” “People at 
service desks often use complicated language. I think 
that makes it difficult to understand.” (R6.3-C)

3.	 The coach signals to the user that they can now start 
doing the exercise. The user starts doing the exercise. 
(R7.1-E)

4.	 The conversation partner starts the exercise by asking 
the user questions. When the user answers these ques-
tions correctly, the conversation partner moves the exer-
cise along. Example sentences: “Hello! Welcome to city 
hall. What can I help you with?” “Oh, I am sorry to hear 
you lost your passport. I will help you report this. What 
is your first name?” (R2.1-E, R3.1-E, R5.1-E, R7.1-E)

5.	 The user attempts to answer the conversation partner’s 
questions, but they do not always understand what is 
being asked. The coach uses verbal scaffolding tech-
niques to provide the user with the needed level of 
help. Example sentences: “Do you know what this per-
son is asking of you?” “This person is asking you what 
your social security number is. Do you know what this 
means?” “You can find your social security number on 
your passport, ID card, or driver’s license.” (R1.1-C, 
R5.1-C, R6.1-C, R7.1-C)

6.	 The user successfully completes the exercise. The coach 
signals to the user that the exercise is completed. Exam-
ple sentence: “Well done! You have completed this exer-
cise.” (R1.1-E, R8.1-C)

7.	 The coach uses motivational interviewing techniques to 
help the user reflect on the exercise. The coach offers 
specific performance feedback, based on the user’s speed 
and accuracy. Example sentence: “You completed the 
exercise really quickly! I see you still made some errors. 
Take your time to do the exercise flawlessly next time.” 
The coach also asks the user’s opinion on the attitude 
and helpfulness of the ECA conversation partner, and 
offers its ‘own’ opinion. Example sentences: “What did 
you think of the woman behind the service desk?” “I 
thought she was very friendly and did a good job trying 
to help you.” (R2.1-C, R6.2-C)

8.	 The coach signals to the user that this particular training 
session is now over. Example sentence: “We are done 
with practicing for now.”
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Post-conditions

1.	 The user performed well and held the service desk con-
versation correctly.

2.	 The user had a positive experience while doing the ser-
vice desk exercise.

3.	 The user engaged with the coach on the topic of service 
desk situations.

4.	 The user has successfully completed the service desk 
exercise.

5.	 The user’s self-efficacy with regard to formal service 
desk conversations has been increased.

6.	 The user is more motivated to learn about similar formal 
conversations in their daily life.
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