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Abstract: Metacognitive training reflects knowledge, consideration and control over decision-making
and task performance evident in any social and learning context. Interest in understanding the
best account of effective (win-win) negotiation emerges in different social and cultural interactions
worldwide. The research presented in this paper explores an extended study of metacognitive training
system during negotiation using an embodied conversational agent. It elaborates on the findings
from the usability evaluation employing 40 adult learners pre- and postinteraction with the system,
reporting on the usability and metacognitive, individual- and community-level related attributes.
Empirical evidence indicates (a) higher levels of self-efficacy, individual readiness to change and
civic action after user-system experience, (b) significant and positive direct associations between
self-efficacy, self-regulation, interpersonal and problem-solving skills, individual readiness to change,
mastery goal orientation and civic action pre- and postinteraction and (c) gender differences in
the perceptions of system usability performance according to country of origin. Theoretical and
practical implications in tandem with future research avenues are discussed in light of embodied
conversational agent metacognitive training in negotiation.

Keywords: embodied conversational agent; metacognitive skill training; negotiation; gender; country
of origin

1. Introduction

Negotiation is a social influence process of interaction by two or more parties (conversational
agents) making decisions, allocating resources, or resolving disagreement in a mutually interesting,
and possibly cross-cultural, context. It reflects differing preferences and decision-making between
partners and engenders mutual effects on one another with a view to work together to achieve a
satisfactory agreed outcome, that is, an effective negotiation [1]. Negotiation may take place between
human agents as well as between human and virtual agents. The negotiation process can be manifested
in intelligent interaction, such as serious games, intelligent tutoring systems, chatbot interaction and
human-robot interaction systems. Embodied conversational agents (ECAs) are used across diverse
health (e.g., cognitive disability), academic (e.g., STEM education), business and training settings [2–5].
In human-to-human negotiation, issues regarding interaction may be addressed and resolved either with
more integrative, collaborative-associated (i.e., win-win) or more competitive-oriented (i.e., win-lose)
approaches [6]. In ECAs, in particular, the latter are programmed not only to facilitate negotiation
by enabling positive climate, aligned consensus, favourable attitudes and learning experience [7–9].
They can also be used to set the negotiation procedure in a rather more equal basis of reference,
given that status and power differentials rather pertinent in human-to-human interaction, for example
one partner may dominate over the other, risking trust between negotiating parties [10], tend to become
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more easily absent in human-to-agent interaction [11]. As such, the negotiation process may seem to
fall short of being an easy-managed, fully predictable and consistently successful social interaction
procedure [12].

The social nature of negotiation between humans, as an interaction process, maps into the need
for metacognitive skill training [13]. This is apparent in any given social, educational and business
exchange (interaction) which requires knowledge (awareness), consideration (reflection) and control
(regulation) over ones’ objectives in a way that directly relates to successful task performance [14]
and decision-making improvement [15]. In cases when humans do perform well, they (a) are more
likely to indicate higher levels of self-efficacy (i.e., the positive motivational attitude of accomplishing
challenging tasks), (b) differentiate and self-regulate their learning approach for subsequent activity
and vice versa (i.e., self-regulation) [16,17], (c) seem to practice their skill to use logical reasoning
for problem-solving and communicate successfully with others to evaluate the relevant context
(i.e., interpersonal and problem-solving skills), (d) are oriented toward adopting mastery-as-a-goal
in their choices (i.e., mastery goal motivational disposition) and choose assignments that adhere to
inspiring and advocate additional training and learning ones [18]. In taking an active social presence
role when relating to others [5], facilitating rapport and fostering cooperation and coordination [19],
they are expected to benefit from activities to engage with the community by proactively assisting others
(i.e., civic action) and exhibit positive reactions towards the deployment of changes (i.e., readiness
to change) [20]. Similar human-to-human interaction social presence and intelligence attributes
are replicated in ECA setups (human-to-virtual agent), as the latter are likewise modelled to be
socially intelligent multimodal systems that demonstrate human-matching physical appearance
and behavioural characteristics, treated by their human counterparts like real humans [21]. As the
employment of ECAs tends to increase, enabling (a) successful interaction between humans and
ECAs, in terms of their negotiation (training) functional capabilities by gaining the users’ perceptions
regarding natural human–computer interaction (macrolevel; multimodal system performance) and
(b) assess the contribution of metacognitive-, individual- and community-associated skills and attitudes
(microlevel; users’ dispositions) as an integral element for mastering successful user learning experience
exercised within ECAs across diverse cultural context. An advanced research interface of such an
ECA system [22–24] is the one that employs multimodal interaction for instructing metacognitive
knowledge and skills of both application and users [25] by modelling human negotiation behaviour
and being evaluated across diverse cultural context [26]. Such multimodal metacognitive training
system allows (a) extended cooperation between negotiating agents (human and virtual) in order
to reach a designated consensus over negotiation issues, (b) natural language interaction by both
interacting agents (human and virtual) and (c) demonstration of expressive quality of verbal and
nonverbal characteristics generated by the conversational agent.

Based on the above reasoning, therefore, the research illustrated in the current paper pursues:
(a) to extend previous evidence regarding ECA functional interaction (negotiation training) abilities [27]
(i.e., macrolevel; dialogue system performance), (b) to further explore users’ metacognitive-individual
and community-related attitudes and skills embedded within ECA negotiation training, for the first
time (i.e., microlevel; users’ attitudes and skills) and (c) to integrate ECA functionality (macrolevel)
with users’ metacognitive-motivational and behavioural indicators (microlevel), also for the first time,
as an essential element of carefully designed actions in human to virtual agent immersive learning
and negotiation training environment, where social, affective and functional properties of agents,
as well as user attitudes and behaviour, tend to serve as critical attributes in unravelling human–artificial
interactions successfully [28]. In accordance with the aforementioned rationale, therefore, the research
questions that reflect the scope of the current research are the following:

• [RQ1] Do self-efficacy, self-regulation, interpersonal and problem-solving skills, individual
readiness to change, mastery goal orientation and civic action attitudes and skills associate
significantly with negotiation training?
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• [RQ2] Does the interaction with the ECA training system lead to improved metacognitive skill
attributes (as listed above) when measuring them before and after the interactive training?

• [RQ3] Does a prominent metacognitive attitude change (pre- and postinteraction) exist and how
do the other examined attitudes affect it?

• [RQ4] Are there any differences in the perceptions of users regarding the ECA usability for
evaluation based on gender and country of origin?

The paper is divided as follows. Section 2 presents the related work in negotiation-related,
metacognitive, motivational and behavioural attitudes and skills within the intelligent virtual agent
context. Section 3 presents the research design. Section 4 reports the results on metacognitive skill
training, while Section 5 elaborates on the user study results, focusing on user gender and origin.
Section 6 summarizes the results and illustrates their theoretical and practical implications. Section 7
concludes the paper and presents future research ideas on ECA negotiation-associated learning
and training.

2. Related Work

Advances in intelligent interaction have been developed by using either narrower or richer
modalities, (multimodal) designs pending on their context of relevance to support real-life
human–computer interactions. Bickmore and Cassell claim that “as computers begin to resemble
humans, the bar of user expectations is raised” [29]. An enormous progress has been propelled.
However, building intelligent virtual agents with advanced verbal and nonverbal skills altogether
to fully address consistent, coherent, realistic and desirable functional and behavioural responses
interpreted by the human users as humanlike and supporting long-term engagement in the endorsed
behaviour posits a considerable ongoing challenge for both academic and commercial artificial
intelligence designers to navigate [30]. Given the broad range of conditions in which intelligent
agents or ECAs may operate, exploring the way that certain design options might influence usability,
interaction and learning experience outcomes across diverse situations and cultural context, is a
considerable research issue to investigate [31]. An emerging need is the extension of modelling
of intelligent agent-to-agent negotiations (within multiagent environments) toward human-like
negotiation behaviour as embedded in the training context [24].

Existing research has stressed the importance of investigating the antecedents and outcomes of
metacognitive and individual and community-associated attitudes and skills across human-to-human
(face-to-face) and human-to-virtual (human-to-agent) interactions during instruction and learning [32].
Therefore, the challenge of designing context-specific intelligent virtual systems and ECAs to support
learner motivation, involvement, knowledge, attitudes and skills remains an explicitly open demanding
perspective aimed to design approaches that are capable of gaining user rapport, establishing a long-term
interaction in a personalized and immersive way guided by intelligence (i.e., cognitive abilities) to build
positive learning achievement, learning attitudes and training efficiency outcomes (i.e., knowledge,
problem-solving, logical thinking), as related work indicates below.

Teaching and learning within sophisticated interaction applications illustrates that intelligent
systems appear to rely on positive outcomes for motivational and problem-resolution intentions
and capabilities [33], accompanied by facilitating student accessibility of instructional (educational)
content [34] and supporting integrative potential during interaction including satisfaction and
connectedness with the virtual agent during training interaction [7]. Inducing motivation and user
self-confidence [35] and increased e-learning performance [36], aims to result in effective interaction and
user engagement with the (training) virtual agents and task fulfilment by elderly individuals including
users with diagnosed cognitive impairments [2]. Enhancing learners’ positive judgments regarding
their ability to organize and accomplish the required courses of action to achieve successful learning
performance after training (i.e., self-efficacy [37,38]) positively affects the inclination to participate in
the learning activity at hand [4,39].
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The knowledge acquisition of the trainees is focused on exercising critical thinking [40] and
increasing the instructional and engaging power of the training environment [41,42]. Although the
majority of the above reported results seems to indicate rather favourable metacognitive and
individual-level related effects for users in intelligent systems training situations, in terms of building
effective learning performance indicators, relative evidence tends to be rather mixed. Holmes reports
improvement in learning performance indicators for learners after interaction with intelligent tutoring
system [43]. Mayer and DaPra [44] improved knowledge transfer when interacting with intelligent
virtual agents, while van der Meij [38] reports lowered learning gains, that is decreased task retention,
for vocational education training students interacting with agents, in contrast to human interaction
partners. Similar inconclusive findings are found in regard to gender differences for users interacting
with ECAs. Guadagno et al. reported that both male and female users indicated similar attitudes and
higher attitude change when interacting with an ECA of the same gender as theirs [45]. This effect was
noticeable for female participants, potentially attributed to more powerful identification (matching)
with their own gender in comparison to male counterparts (i.e., Self-Categorization and Social Identity
Theories [46–48]). In other cases, male users exhibited more positive behavioural change after interacting
with an ECA [49]. Within human–robot interaction, in particular, female users did not exhibit any
attitude change in response to the robot’s gender identification during interaction, while their male
peers demonstrated different attitudes based on matching to their own gender [50]. Along with the
mixed evidence findings, therefore, further exploration of learners’ metacognitive-individual and
community-related attitudes and skills within natural-language human–agent negotiation training of
diverse cultural and gender-specific interaction, is required.

3. Research Methodology

This section elaborates on the research design employed, a brief description of the metacognitive
training ECA system and the empirical evidence analysis obtained.

3.1. Multimodal ECA

For this work we used the Metalogue ECA [25]. The ECA basic built utilised cognition,
learning, in-action feedback and spoken dialogue interaction. These were represented by the several
modalities embedded such as speech recognition and natural language processing, facial expression,
body movement and biosensor metrics, eye gaze and face tracking, detection of static and flexible face
and body manifestations, natural language processing, body and face states [51–53].

The ECA uses a virtual agent that negotiates issues of interest with human interaction partners.
The agent and the human have options to agree, disagree, propose and counterpropose solutions
to reach an agreement. The outcome can be an agreement or not. Each issue that is negotiated has
arguments and positive and negative points for each subtopic of the issue. The two negotiation
partners have different goals to pursue. The interaction is achieved via natural voice communication
as well as visual representation of the status of the negotiation and the user goals (Figure 1). The user
goals are visualised as options under the four aspects of the negotiation. The ones in blue are the
positive outcomes (darker blue is more positive) and in red are the negative (dark red is more negative).
White coloured options are neutral. The visualised goals represent the user agenda (i.e., point of view),
the virtual agent has a similar agenda that is unknown to the user. The user and the agent negotiate
and bargain positions and issues to achieve an outcome that is positive for both, that is an agreement.
Additionally, real-time feedback on the user posture, voice changes (volume and speed) helps the user
learn to communicate in a timely, sophisticated, attentive and nonaggressive manner.
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Figure 1. The multimodal embodied conversational agents (ECA; negotiator) and the multi-issue
negotiation environment [26].

The negotiation training was the scenario of choice that aimed to train the human metacognitive
skills. Through negotiation, the user learns how to use argumentation, how to be empathic to the
needs of others, how to reach agreements, and so on. In our experiments, the verbal and nonverbal
reactions such as bending, using direct eye contact, smiling and moving hands, have been utilised to
facilitate learners feeling trust, connectedness and immersion [54–56] potentially fostered by the social
presence and intelligence of the agent, as perceived by the participants [34,57].

3.2. Research Design

The research strategy followed the before-after assessment method [5] in order to assess the
effects of the metacognitive multimodal training on the learning negotiation (win-win) experience of
40 adult participants characterized by diverse demographic and cultural origin. The mean age of users
was 20 years, 60% male and 40% female. Before the usability evaluation sessions, a pilot study was
performed with five users interacting with the system in order to evaluate successive and converging
visual signals and estimate the capacity of information offered, aimed to achieve appropriate instruction
during the actual time system condition [58].

The participants were all fluent English speakers. First, they were introduced to the ECA
functionalities, watched two demo interactions with the system executed by the facilitators and were
provided with ample time for inquiries. All participants completed the informed consent forms and
filled in the before-interaction questionnaire. Each user negotiated three random multi-issue (win-win)
scenarios with the ECA for an average time of 15 min for all three sessions, as in previous similar
studies [59]. Finally, they completed the after-interaction user experience questionnaire and 23 usability
evaluation questions supplemented by required demographic information on five Likert scale items.
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The user experience evaluation accompanied the main metacognitive training assessment
of six scales, as follows: general self-efficacy [60] (10 items), self-regulation [61] (10 questions),
interpersonal and problem-solving skills, civic action (adapted from Civic Attitudes and Skills
Questionnaire; 12 and eight items, accordingly) [18], individual readiness to change (modified
version of individual readiness to change scale; six questions) [62] and mastery goal orientation
(eight items) [18,63] scales. Higher scores on all scales reflect greater intentions towards (a) fulfilling
challenging tasks (self-efficacy), (b) maintaining and controlling own attention (self-regulation),
(c) analytically thinking in solving problems and placing oneself in the position of others (interpersonal
and problem-solving), (d) actively assisting others in volunteering, community and environmental
issues (civic action), (e) adopting and sustaining change initiatives (individual readiness to change)
and (f) encompassing mastery as a goal in performing triggering tasks or activities (mastery goal
orientation). In all cases, adequate reliabilities were obtained (see Table 1) except for self-regulation
before-interaction, for which there was no correlation found and consequently was excluded from
subsequent analyses. Items that were worded negatively for presentation were reverse coded before
the analyses were conducted. 40 participants fully completed the interaction and provided feedback.

4. Metacognitive Skill Training

The following subsections present the findings regarding the research questions 1–3, set in
the Introduction.

4.1. Metacognitive Skill Attribute Correlations

Table 1 presents the means, standard deviations, α consistency reliabilities and correlations for
the study variables for Greek user (participants) (N = 30). At the bivariate level, most of the variables
before-interaction correlated significantly and positively with those after-interaction, the strongest
correlation being that between civic action before and after (r = 0.92, p < 0.01) and the weakest between
self-efficacy before and civic action after (r = 0.01, p = ns).

4.2. Learner Skill Change before and after Interaction

To study the change in the learner skill training according to the variables of the study,
paired samples t-tests were executed for the Greek adult learners (N = 30). The results indicate
that there is a significant difference between self-efficacy before and after the interaction, lending
support to users’ higher sense of intrinsic motivation, competence and mastery after training and
corroborating to them having a stronger belief of executing tasks effectively after the skill training
session (Table 2).

The significant difference reported between civic action pre- and postinteraction, further indicates
that the participants are likely to get involved in current and future civic and community service
post-training, mirroring their favourable attitudes towards humanitarianism. Finally, significant
difference is found between individual readiness pre- and postinteraction, indicating that the users
are more likely to advocate and be confident in achieving to establish helpful change initiatives
post-training, mapping into their positive sense of confidence in accomplishing beneficial change
efforts. The visual representation of self-efficacy, civic action and individual readiness to change
before-after scales is indicated in Figure 2.
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Table 1. Aggregated metacognitive skill training variable correlations.

Mean SD 1 2 3 4 5 6 7 8 9 10 11

1. Self-efficacy before 3.09 0.39 (0.79)
2. Self-efficacy after 3.30 0.45 0.82 ** (0.86)
3. Self-regulation after 2.91 0.42 0.53 ** 0.60 ** (0.67)
4. Interpersonal and Problem-solving Skills before 4.13 0.48 0.39 * 0.52 ** 0.41 * (0.79)
5. Interpersonal and Problem-solving Skills after 4.17 0.53 0.65 ** 0.78 ** 0.52 ** 0.76 ** (0.86)
6. Civic Action before 3.45 0.90 −0.09 0.09 0.35 0.29 0.11 (0.92)
7. Civic Action after 3.59 1.04 0.01 0.26 0.45 * 0.32 0.26 0.92 ** (0.94)
8. Individual Readiness to Change before 4.92 0.70 0.36 * 0.53 ** 0.62 ** 0.34 0.45 * 0.35 0.38 * (0.74)
9. Individual Readiness to Change after 5.12 0.78 0.29 0.54 ** 0.69 ** 0.38 * 0.58 ** 0.48 ** 0.58 ** 0.77 ** (0.80)
10. Mastery Goal Orientation before 4.31 0.55 0.36 * 0.60 ** 0.31 0.57 ** 0.67 ** 0.20 0.35 0.42 * 0.37 * (0.85)
11. Mastery Goal Orientation after 4.34 0.62 0.48 ** 0.69 ** 0.47 ** 0.66 ** 0.72 ** 0.11 0.29 0.43 * 0.39 * 0.91 ** (0.89)

Notes: * p < 0.05, ** p < 0.01 alpha coefficients are presented on the diagonal (before-after interaction with the system), N = 30 (Greek users).

Table 2. Paired samples t tests.

Sig. (2-Tailed)

1. Self-Efficacy before–Self-Efficacy after t (28) = −4.60, p < 0.001
2. Civic Action before–Civic Action after t (28) = −1.75, p < 0.01
3. Individual Readiness to Change before–Individual Readiness to Change after t (28) = −1.78, p < 0.01
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4.3. Self-Efficacy Prediction Pre- and Post-Training

In order to test for the prediction of self-efficacy pre- and post-training hierarchical regression
analyses were executed for all participants. Before the analysis, we ensured that all prerequisite testing
conditions related to the analysis, such as deviations from normality, lack of multicollinearity and
influential cases, were met.

The control variable was gender, while the independent variables tested for prediction pre- and
postinteraction were the self-regulation, interpersonal and problem-solving skills, civic action, individual
readiness to change and mastery goal orientation sets of responses, accordingly. The results of the
relationships that were computed between the prospective variables are presented in Tables 3 and 4.

Significant relationships were indicated between interpersonal and problem-solving skills before,
civic action before and self-efficacy before (β = 0.52, p < 0.01 and β = −0.39, p < 0.05, respectively),
signifying interpersonal and problem-solving skills before as the best predictor, with the final model
explaining an additional 10% (F(4, 36) = 3.10, p < 0.05) of the variance in self-efficacy before scores
(Table 3). A significant relationship was indicated between interpersonal and problem-solving skills
after and self-efficacy after (β = 0.59, p < 0.001), explaining an additional 29% (F(3, 36) = 13.31, p < 0.001)
of the variance in self-efficacy after the interaction (Table 4).

Table 3. Hierarchical regression analysis predicting self-efficacy before interaction.

Self-Efficacy Before

β R2 ∆R2

Step 1: Control variables
Gender −0.18

Step 2: Main effects
Self-regulation before 0.05 0.25 * 0.10 *

Interpersonal and problem-solving skills before 0.52 **

Civic Action before −0.39 *

Notes: * p < 0.05, ** p < 0.01 (one-tailed), N = 40.
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Table 4. Hierarchical regression analyses predicting self-efficacy after interaction.

Self-Efficacy After

β R2 ∆R2

Step 1: Control variables
Gender −0.06

Step 2: Main effects

Self-regulation after 0.21 0.52 *** 0.29 ***

Interpersonal and problem-solving skills after 0.59 ***

Notes: *** p < 0.001 (one-tailed), N = 40.

5. Usability Evaluation

The distribution (%) of the total sample (N = 40), Greek (N = 30) and German (N = 10)
users’ responses regarding the usability evaluation questions postinteraction by gender and origin,
are reported below. The full data can be found in the Appendix A.

The participants originated from Greece (75.0%) and Germany (25.0%), representing 60.0% male
and 40.0% female learners, respectively. Table 5 indicates the percentage distribution of the user
perceptions regarding metacognitive and negotiation training, scope of the system and suggestions for
future improvement.

The higher percentage of participants (45.0%) indicated that they did not really know what
metacognitive skills were, followed by those who claimed lack of familiarity (37.5%) and awareness
of metacognitive skill training (17.5%), respectively. 47.5% of users indicated that the system scope
was negotiation skill training, followed by 40% of those reporting that the system was about artificial
intelligence skill training, 10.0% metacognitive skill training and 2.5% responded they did not know
what the system was about. Regarding the user perception on the “current” functionalities and
suggestions for future versions, 67.5% of them reported features add-ons and 32.5% learning progress
feedback for the ECA.

Table 5. Distribution (%) of user perceptions regarding metacognitive training, system scope and
suggestions for future improvement (N = 40).

1 Are you familiar with metacognitive skills
training?

Yes No I do not really know what
metacognitive skills are

17.5 37.5 45.0

2 What would you say the system is about?
Metacognitive skills

training
Negotiation

skills training
AI skills
training

Do not
know

10.0 47.5 40 2.5

3 What is your view on the current functionalities
and suggestions for future versions?

Features add-on Learning Progress Feedback

67.5 32.5

There are specific differences regarding the perception of the interaction between the two genders
(see Table A1 of the Appendix A). For example, female participants reported that it was moderately
easy to interact with the system, while the male participants indicated a perceived slightly artificial
interaction. The male participants considered the approach as quite promising to become a fully-fledged
skill training application. On the other hand, the female participants were positive but more reserved.
In sum, both genders overall seemed to indicate moderate to higher satisfactory perceptions regarding
timely communication flow, useful provision of information, self-confidence in their knowledge of the
training application functionalities, interesting idea to pursue, easy setup to understand, flexible to use
a simplified version and pre- and postinteraction feedback as moderately valuable to facilitate learning
performance awareness.
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Greek users tended to exhibit moderate to higher favourable perceptions regarding accurate
communication flow, helpful delivery of information, self-confidence in their understanding of its’
functionalities, useful idea to adopt, straightforward setup to comprehend, adaptable enough to
exercise a simplified version and pre-, during and postinteraction feedback as moderately valuable to
facilitate learning performance (see Table A2 of the Appendix A). However, female Greek participants
indicated rather moderate to neutral perceptions concerning task fulfilment during interaction with
the system, in relation to their male Greek counterparts and the total sample’s related attitudes of both
genders, accordingly.

The German participants exhibited rather mixed responses in relation to the ones received by both
genders of the total sample and their Greek counterparts, respectively (see Table A2 of the Appendix A).
Although the majority of female German users reported absolute satisfaction regarding the utility
of the information provided and a moderate extent of agreement with the fast speed of interaction.
They reported experiencing rather less accurate actions of the system, greater difficulty in multimodal
interaction and fairly moderate perceptions as to the overall usefulness of the interactive system’s role.

6. Discussion

The prototype, implementation and evaluation of our negotiation training multimodal system
aimed to seize interactive learning and training of metacognitive-related essentials for both system
and participants, demonstrated significant positive findings in relation to the favourable attitudes and
skills that learners improved after they interacted with the ECA during our assessment workshop.
Our usability evaluation (macrolevel) corroborated by integration and additional exploration of
metacognitive and individual- and community-level attitudes and skills embedded in multi-issue
ECA negotiation learning context (microlevel) revealed certain user perception as the main results
reported in this paper. ECA training and usability assessment incorporated gender differences and,
for the first time, with the conceptual and practical exploration of metacognitive, individual- and
community-linked attitudes and skills, such as self-efficacy, self-regulation, individual readiness to
change, mastery goal orientation and facets of civic attitudes and skills like civic action and interpersonal
and problem-solving skills they convey and mirror.

Such theoretical whilst also evidence-based joint examination of the associations between the
aforementioned concepts is explored (a) within multimodal natural language negotiation environment,
(b) extends relevant results from service, computer-supported learning, business and intelligent
tutoring systems alike [18,62,64,65] and (c) signals further noteworthy contributions and designates
beneficial prospect for both comprehension and improvement of such positive attitudinal constructs
and civic-associated attitudes and skills for future activities aimed to foster learners to delve into and
expand those attitudes within artificial intelligence negotiation learning and training context, to a
greater extent (RQ1).

The significant positive correlations obtained pre- and postinteraction seem to capture the exploration
of favourable metacognitive, individual- and community-associated attitudes and skills not only prior
but also post-negotiation context, thus, relating and transferring beneficial learning experience outcomes
to computer-human interaction context mapped into the ECA negotiation environment. In addition,
the higher levels of self-efficacy, civic action and individual readiness to change that Greek users exhibited
postinteraction (t-tests), tend to indicate that our training approach appears to fuel such metacognitive,
individual- and community-based interaction learning attitudes and skills in ECA negotiation context,
per se. Thus, lending support to previous related findings in both human-to-human and intelligent settings
alike [37,66], validates the extension of prior favourable virtual learning and training experience [42] to
integrate additional positive civic and change-related attitudes and skills outcomes as transferred into the
ECA as a natural negotiation learning experience (RQ2).

The study participants who had a high self-reported logical reasoning and analytical thinking,
listening to other people’s opinions, planning to do volunteering work and become involved in
community (regressions), were more positive in facilitating and being more competent and confident in
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accomplishing their goals and handling whatever comes their way pre-interaction. Postinteraction, similar
findings were obtained only for those bearing stronger ability to cooperate with others, thinking
logically in solving problems and listening to others’ opinions. This may have to do with the
capability of the ECA to detect this interaction, lending support to previous findings which postulate
that virtual intelligent systems seem to facilitate learners in logical reasoning, decision making and
interpersonal and problem-solving tasks [40,67,68]. Based on the significant contributions indicated above,
therefore, the proposed multimodal training approach appeared to be advantageous in (a) fuelling,
mastering and associating both metacognitive, individual- and community-related interaction-based
learning attitudes and skills and (b) expanding prior related findings from human-to-human [69] into
agent-to-human in intelligent virtual negotiation training settings [27] to intelligent virtual natural
negotiation learning context. Stressing further, the helpful learning experience that ECAs may bear in
challenging learners and users to be proactive in advancing their reflection, lead to understanding and
mastery of their current and future learning performance within intelligent virtual natural language
negotiation per se. Self-efficacy was found to be the metacognitive skill attitude that most prominently
described the change of the users’ skills after the training (RQ3).

Following the usability evaluation responses postinteraction based on gender (distribution of
users’ responses based on gender), it seems that, overall and across Greek and German users, both male
and female participants did perceive the system with moderately clear role, use, easiness to complete
tasks and understanding its’ functionalities, timely communication, helpful information provided and
an interesting idea for future training development. The female Greek users, in particular, seemed
to indicate rather moderate to neutral perceptions concerning task fulfilment during interaction in
comparison to their male Greek counterparts and the overall sample’s related attitudes of both genders,
respectively (RQ4). Similar mixed results were also reported by German genders. Although the
majority of female participants seemed to be absolutely pleased with the usage of the information
offered and at a moderate degree of agreement with the fast pace of interaction perceived, they reported
rather less correct actions of the system and lower self-confidence in their knowledge of using the
system on their own, increased difficulty in multimodal interaction and moderate perceptions as
regards the overall helpfulness of the system (RQ4). The aforementioned gender differences concerning
interaction performance indicators, especially within Greek and German participants, (a) tend to
corroborate previous findings, illustrating more favourable attitudes for male users after interacting
with intelligent virtual agents [49], and (b) contrast those reported by [30,70], who demonstrated no
gender differences between participants in their interaction with the intelligent virtual character (agent)
at hand. This contradiction perhaps reinforces the significance of the findings especially within the
diverse cultural background that characterizes our users. This poses an appealing question for future
exploration and is additionally discussed later.

It could be also noted, as shown by the research findings, that the majority of users perceived
the system as that of negotiation skills training and suggested further features add-on and learning
progress feedback for future system improvement. In that sense, therefore, and in conjunction with
their moderately favourable usability experience attitudes postinteraction already illustrated, it could
be argued that our approach appeared to be also promising in expanding negotiation and aligned with
metacognitive, individual- and community-related skills training beyond traditional and intelligent
tutoring learning context, as introduced, exercised and assessed within an ECA environment.

A longitudinal research design and intervention over longer cohorts and follow-up evaluation
across different real-life learning environments (e.g., industry, education) or academic context
(e.g., win-win negotiation, metacognitive, individual and civics-related attitudes and skills),
field (e.g., leadership, project management, organizational behaviour, civics) and (or) diverse user
groups based on their generational (i.e., millennials vs. older populations) and cultural background
differentials, might permit greater generalizability of our current findings. Such longitudinal
replication not only would clarify and promote (a) the positive effects of metacognitive, individual and
community-related attitudes and skills within intelligent virtual natural language agents’ long-term
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relatedness further, but would also (b) explore the persistency of similar favourable user perceptions
gained, as useful feedback obtained for the future improvement of our training system. The latter
might also further be facilitated by an additional potential exploration of direct personalization features
embedded, following corresponding research [71]. Nevertheless, the hands-on issues and built-in
difficulties associated with the extremely demanding complexity of the ECA design, execution and
assessment, need to be taken into account.

7. Conclusions

Sophisticated interactive systems that are capable of negotiating through natural language with
humans are among society’s ongoing advanced technological challenges and their application appears
to be significant for critical educational, business and individual life improvement invested in a
long-term approach. In the present paper, we sized up empirical research evidence that aimed, for the
first time, to jointly explore the effectiveness of a multimodal system (i.e., macrolevel) deployed
to instruct metacognitive, individual- and community-related attitudes and skills (i.e., microlevel)
to mature cross-cultural learners in a natural multi-issue negotiation space setting. The results
indicated moderate to higher satisfaction levels overall for participants negotiating with the dialogue
system, slight gender cross-cultural differences regarding the overall user experience, positive overall
learner feedback concerning negotiation training and favourable metacognitive, individual and
community attitudes and skills outcomes after interaction with the ECA trainer. Looking further
forward, avenues for future research include the following: (a) in transferring the ongoing research
calls for facilitating the best account of successful integrative negotiation continuum from human
face-to-face to human-to-virtual interactions, by investigating the integrative (win-win) negotiation
patterns emerging during ECA interaction across diverse interpersonal, intergroup and international
context and generations (millennials vs. prior generations) and (b) whether the aforementioned
win-win negotiation strategies tend to be rather static or change over time based on, for instance,
ECA and user personality traits, demographics and nonstandard conditions endowed. Analogous to
inherent uncertainty surrounding human face-to-face negotiation outcomes in terms of coordinating the
interdependency existed between partners to foster favourable decision-making and agreements [72],
it may be claimed that it is equally or even more fundamental to further understand how embodied
conversational and human agents naturally interact in an autonomous negotiation environment
(modelling humanlike realism) fuelled by programmed better agreements and associated time, cost and
cognitive load reduction gains invested [73].
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Appendix A

Table A1. Distribution (%) of users’ responses in usability evaluation postinteraction based on gender
(N = 40).

Q1: Do You Think the Actions of the System Were Correct?

No, not really Slightly Somewhat Moderately Yes, they were spot on

Male 4.2 37.5.7 45.8 12.5
Female 6.3 12.5 25 43.7 12.5

Q2: Did the Interaction with the System Made Sense to You?

Slightly did Somewhat did Moderately did Yes, the system role and use are clear

Male 8.3 8.3 41.7 41.7
Female 18.8 18.8 43.7 18.8

Q3: Did the System Communicate Enough Information to you?

Slightly did Somewhat did Moderately did Yes, the system communicated enough
information

Male 4.2 29.1 50 16.7
Female 12.5 25 50 12.5

Q4: Did the System Communicate Too Much Information to You?

Yes, the system
overloaded me with

information
Slightly did Somewhat did Moderately did The information

provision was just fine

Male 12.5 20.8 20.8 29.2 20.8
Female 31.1 18.8 18.8 12.5 18.8

Q5: Was the Information Provided by the System to You Useful?

No, I was expecting
information I could

somehow use
Slightly did Somewhat did Moderately did Yes, it was very useful

Male 4.2 25 41.7 29.1
Female 6.3 18.8 50 25

Q6: Was the System Communication to You Timely?

No, it was out of
context Slightly Somewhat Moderately Yes, it was timed

correctly and in context

Male 12.5 41.7 29.2 16.6
Female 6.3 25 25 25 18.8

Q7: Was It Easy to Complete Tasks in Your Interaction?

No, it was very hard Hard Neutral Easy Yes, very easy

Male 12.5 37.5 37.5 12.5
Female 12.5 56.3 25 6.3

Q8: Was the Pace of Interaction Fast Enough to Feel Right?

No, it was too slow Slightly slow Neutral Moderate Yes, it was just right

Male 4.2 16.7 25 37.5 16.7
Female 6.3 31.3 43.8 18.8

Q9: Was the Pace of Interaction Slow Enough to Feel Right?

No, it was too fast Slightly fast Neutral Moderate Yes, it was just right

Male 8.3 33.3 29.2 29.2
Female 6.3 12.5 31.25 50

Q10: Did You Know What You Could Say at Each Point of the Dialogue?

Never Rarely Sometimes Often Always

Male 16.7 25 33.3 25
Female 6.3 18.8 37.5 25 12.5
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Table A1. Cont.

Q11: Would You Say That Your Interaction with the System Was Natural?

No, it was very
artificial Slightly artificial Neutral Moderately natural Yes, it was quite natural

Male 4.2 33.3 25 25 12.5
Female 50 12.5 25 12.5

Q12: Are You Confident You Know Enough about the Functionalities and the Information Found in the System so
You Would Be Able to Use It on Your Own?

Yes, very confident
Yes, but there are
notions I did not

understand
So and so Not much

It is quite complex, I
suggest you develop a

training course

Male 33.3 37.5 20.8 4.2 4.2
Female 25 25 43.7 6.3

Q13: How Easy Was to Interact with the ECA?

Very hard Hard Neutral Moderately easy Pretty easy

Male 20.8 33.3 25 20.8
Female 6.3 6.3 31.3 50 6.3

Q14: How Natural Was to Interact with ECA?

No, it was very
artificial Slightly artificial Neutral Moderately natural Yes, it was very natural

Male 4.2 29.2 25 16.7 25
Female 6.3 12.5 62.5 18.8

Q15: Do You Think the Concept Is an Interesting Idea?

No, not much Somewhat Moderately Yes, a lot

Male 4.2 4.2 12.5 79.1
Female 18.8 81.2

Q16: Do You Find the Setup of the System Intimidating?

Yes, it is quite hard to
understand/use Hard Neutral Moderately easy No, it is quite easy to

understand/use

Male 4.2 4.2 8.3 37.5 45.8
Female 6.3 25 25 43.8

Q17: Would You Use the System again if It Was an Integral Part of Your Training Routine?

No, I hated it Slightly hated it Neutral Moderately liked it Yes, I quite liked it

Male 4.2 12.5 16.7 66.7

Female 25 25 50

Q18: Do You Think the System Has the Potential to Become a Great Skills Training Application?

No, it is useless Slightly useless Neutral Slightly promising Yes, it is quite promising

Male 4.2 4.2 25 66.7
Female 25 43.8 31.3

Q19: Would You Use a Simplified Version of the System with Only the Content or Functionality You Find It Interesting?

No, no way Slightly Somewhat Moderately Yes, sure

Male 4.2 8.3 8.3 29.2 50
Female 6.3 6.3 6.3 37.5 43.79

Q20: Was the Feedback Provided “during” the Interaction Valuable to You?

No, not valuable Slightly valuable Somewhat
valuable

Moderately
valuable Yes, very valuable

Male 41.6 37.5 20.8
Female 6.3 31.3 43.8 18.8

Q21: Was the Feedback Provided “after” the Interaction Valuable to you?

No, not valuable Slightly valuable Somewhat
valuable

Moderately
valuable Yes, very valuable

Male 8.3 29.2 41.6 20.8
Female 18.8 6.3 50 25
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Table A1. Cont.

Q22: Did the Feedback That Was Provided “during” the Interaction Help You to Become More Aware of Your
Performance?

No, not at all Slightly Somewhat Moderately Yes, very much

Male 4.2 33.3 16.7 25 20.8
Female 6.3 12.5 18.8 43.7 18.8

Q23: Did the Feedback That Was Provided “after” the Interaction Help You to Become More Aware of Your Performance?

No, not at all Slightly Somewhat Moderately Yes, very much

Male 8.3 8.3 29.2 37.5 16.7
Female 6.3 12.5 12.5 50 18.8

Table A2. Distribution (%) of Greek (N = 30, 17 male, 13 female) and German (N = 10, 7 male, 3 female)
users’ responses in the usability evaluation questions postinteraction per gender. The origin of the
participants is depicted using the abbreviations GR for Greek and DE for German users.

Q1: Do You Think the Actions of the System Were Correct?

No, not really Slightly Somewhat Moderately Yes, they were spot on

GR
Male 35.3 52.9 11.8

Female 7.7 30.8 46.1 15.4

DE
Male 14.3 57.1 14.3 14.3

Female 33.3 33.3 33.3

Q2: Did the Interaction with the System Made Sense to You?

Slightly did Somewhat did Moderately did Yes, the system role and use is clear

GR
Male 5.9 41.2 52.9

Female 17.6 17.6 47.2 17.6

DE
Male 28.6 14.3 42.9 14.3

Female 33.3 33.3 33.3

Q3: Did the System Communicate Enough Information to You?

Slightly did Somewhat did Moderately did Yes, the system communicated enough
information

GR
Male 5.9 23.5 52.9 17.6

Female 7.7 23.1 53.8 15.4

DE
Male 28.6 57.1 14.3

Female 33.3 33.3 33.3

Q4: Did the system communicate too much information to you?

Yes, the system
overloaded me

with information
Slightly did Somewhat did Moderately did The information

provision was just fine

GR
Male 11.8 17.6 23.5 29.4 17.6

Female 23.1 30.7 15.4 15.4 15.4

DE
Male 28.6 14.3 28.6 28.6

Female 33.3 33.3 33.3

Q5: Was the Information Provided by the System to You Useful?

No, I was expecting
information I could

somehow use
Slightly did Somewhat did Moderately did Yes, it was very useful

GR
Male 5.9 17.6 41.2 35.3

Female 7.7 30.8 30.8 30.8

DE
Male 42.9 57.1

Female 100
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Table A2. Cont.

Q6: Was the System Communication to You Timely?

No, it was out of
context Slightly Somewhat Moderately Yes, it was timed

correctly and in context

GR
Male 11.8 35.3 29.4 23.5

Female 15.4 38.4 30.8 15.4

DE
Male 14.3 57.1 28.6

Female 33.3 66.7

Q7: Was It Easy to Complete Tasks in Your Interaction?

No, it was very
hard Hard Neutral Easy Yes, very easy

GR
Male 5.9 35.3 47.1 11.8

Female 7.7 61.5 23.1 7.7

DE
Male 14.3 28.6 42.8 14.3

Female 33.3 33.3 33.3

Q8: Was the Pace of Interaction Fast Enough to Feel Right?

No, it was too slow Slightly slow Neutral Moderate Yes, it was just right

GR
Male 5.9 29.4 41.2 23.5

Female 7.7 30.8 46.1 15.4

DE
Male 14.3 57.1 14.3 14.3

Female 33.3 66.7

Q9: Was the Pace of Interaction Slow Enough to Feel Right?

No, it was too fast Slightly fast Neutral Moderate Yes, it was just right

GR
Male 5.9 35.3 29.4 29.4

Female 7.7 7.7 30.8 53.8

DE
Male 14.3 28.6 28.6 28.6

Female 33.3 33.3 33.3

Q10: Did You Know What You Could Say at Each Point of the Dialogue?

Never Rarely Sometimes Often Always

GR
Male 17.6 17.6 29.4 35.3

Female 23.1 38.5 38.5 7.69

DE
Male 28.6 28.6 42.9

Female 33.3 33.3 33.3

Q11: Would You Say That Your Interaction with the System Was Natural?

No, it was very
artificial Slightly artificial Neutral Moderately

natural
Yes, it was quite

natural

GR
Male 5.9 23.5 29.4 29.4 11.8

Female 46.1 15.4 23.1 15.4

DE
Male 14.3 71.4 14.3

Female 66.7 33.3

Q12: Are You Confident You Know Enough about the Functionalities and the Information Found in the System so
You Would Be Able to Use It on Your Own?

Yes, very confident
Yes, but there

are notions I did
not understand

So and so Not much
It is quite complex, I

suggest you develop a
training course

GR
Male 47.1 41.2 11.8

Female 30.8 23.1 38.5 7.7

DE
Male 57.1 28.6 14.3

Female 33.3 66.7

Q13: How Easy Was to Interact with the ECA?

Very hard Hard Neutral Moderately easy Pretty easy

GR
Male 17.6 35.3 29.4 17.6

Female 30.8 61.5 7.7

DE
Male 28.6 57.1 14.3

Female 33.3 33.3 33.3
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Table A2. Cont.

Q14: How Natural Was to Interact with ECA?

No, it was very
artificial Slightly artificial Neutral Moderately

natural
Yes, it was very

natural

GR
Male 5.9 23.5 29.4 5.9 35.3

Female 15.4 53.8 23.1 7.7

DE
Male 14.3 42.9 14.3 28.6

Female 33.3 66.7

Q15: Do You Think the Concept Is an Interesting Idea?

No, not much Somewhat Moderately Yes, a lot

GR
Male 5.9 5.9 88.2

Female 23.1 76.9

DE
Male 14.3 28.6 57.1

Female 100

Q16: Do You Find the Setup of the System Intimidating?

Yes, it is quite hard
to understand/use Hard Neutral Moderately easy No, it is quite easy to

understand/use

GR
Male 5.9 5.9 29.4 58.8

Female 7.7 30.8 15.4 46.1

DE
Male 14.3 14.3 71.4

Female 100

Q17: Would You Use the System again if It Was an Integral Part of Your Training Routine?

No, I hated it Slightly hated it Neutral Moderately liked it Yes, I quite liked it

GR
Male 5.9 5.9 11.8 76.5

Female 15.4 30.8 53.8

DE
Male 42.8 57.2

Female 100.0

Q18: Do you Think the System Has the Potential to Become a Great Skills Training Application?

No, it is useless Slightly useless Neutral Slightly promising Yes, it is quite
promising

GR
Male 35.3 64.7

Female 15.4 38.5 46.1

DE
Male 57.2 42.8

Female 66.7 33.3

Q19: Would You Use a Simplified Version of the System with Only the Content or Functionality You Find It Interesting?

No, no way Slightly Somewhat Moderately Yes, sure

GR
Male 5.9 11.8 11.8 29.4 41.2

Female 7.7 53.8 38.5

DE
Male 28.6 71.4

Female 33.3 66.7

Q20: Was the Feedback Provided “during” the Interaction Valuable to You?

No, not valuable Slightly valuable Somewhat
valuable

Moderately
valuable Yes, very valuable

GR
Male 5.9 35.3 47.1 11.8

Female 7.7 23.1 46.1 23.1

DE
Male 100

Female 66.7 33.3

Q21: Was the Feedback Provided “after” the Interaction Valuable to You?

No, not valuable Slightly valuable Somewhat
valuable

Moderately
valuable Yes, very valuable

GR
Male 11.8 23.5 47.1 17.6

Female 15.4 53.8 30.8

DE
Male 85.7 14.3

Female 33.3 33.3 33.3
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Table A2. Cont.

Q22: Did the Feedback That Was Provided “during” the Interaction Help you to Become More Aware of Your
Performance?

No, not at all Slightly Somewhat Moderately Yes, very much

GR
Male 5.9 29.4 17.6 23.5 23.5

Female 7.7 15.4 53.8 23.1

DE
Male 57.2 42.8

Female 66.7 33.3

Q23: Did the Feedback That Was Provided “after” the Interaction Help You to Become More Aware of Your Performance?

No, not at all Slightly Somewhat Moderately Yes, very much

GR
Male 11.8 5.9 35.3 29.4 17.6

Female 7.7 7.7 61.5 23.1

DE
Male 14.3 14.3 71.4

Female 66.7 33.3
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