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Abstract
For an agent, either human or artificial, to show intelligent interactive behaviour implies assessments of the reliability of own
and others’ thoughts, feelings and beliefs. Agents capable of these robust evaluations are able to adequately interpret their own
and others’ cognitive and emotional processes, anticipate future actions, and improve their decision-making and interactive
performances across domains and contexts. Reliable instruments to assess interlocutors’ mindful capacities for monitoring
and regulation - metacognition - in human-agent interaction in real-time and continuously are of crucial importance however
challenging to design. The presented study reports Concurrent Think Aloud (CTA) experiments in order to access and evaluate
metacognitive dispositions and attitudes of participants in human-agent interactions. A typology of metacognitive events
related to the ‘verbalized’ monitoring, interpretation, reflection and regulation activities observed in a multimodal dialogue has
been designed, and serves as a valid tool to identify relation between participants’ behaviour analysed in terms of ISO 24617-2
compliant dialogue acts and the corresponding metacognitive indicators.
Keywords: metacognitive events, dialogue acts, metacognition assessment in human-agent interaction

1.

Introduction

Human interactions are regulated by the participants’
abilities to attribute mental and emotional states to self
and others. These metacognitive abilities allude to
higher order thinking that involves active control over
the cognitive processes (Livingston, 2003). Metacognition helps people identify gaps in their knowledge
and create strategies to fill those gaps (Dunning,
2011). Metacognition governs decision-making processes (Yeung and Summerfield, 2012) and plays an
important role in guiding and regulating human intelligent behaviour and social functioning (Frith, 2012).
With tremendous increase in computational power and
significant advances in sensing technologies, many
multimodal dialogue systems claim to offer the mode
of interaction that is more intuitive and natural for their
users. Behaviour of such systems, however, most of
the time presents only a rough approximation of what
would be considered as intelligent. The incorporation
of metacognitive processes into the dialogue model has
a potential to make dialogue systems genuinely more
intelligent: enable proactive cognitive control, anticipate future task demands and actions, improve knowledge transfer and task switching, enhance interactivity,
and enable social and cognitive adaptation in behaviour
and decision making (Malchanau et al., 2018).
In order to bring metacognition into the dialogue system design and to exploit the full potential of efficient regulation and control strategies, it is crucial to
have appropriate real-time continuous measurement of
metacognition. An access to own and others’ cognitive processes through offline prospective or retrospective self-reports is not always accurate (Schraw, 2009).
Introspective online methods include verbalization and

reflection when prompting, and provide rich information about the metacognitive processes when performing a task. They are powerful predictors of task performance (Bannert and Mengelkamp, 2008), but also disclose current sensations, emotions, focus of attention,
plans, intentions (Ericsson and Simon, 1980). However, elicitation of explicit monitoring, reflection and
regulation moments may disrupt or even break down
the interaction process and cannot be used as realtime continuous assessment tool. Observational approaches, where authentic multimodal interaction and
social processes are recorded, have advantages over
self-report and think-aloud methods (Whitebread et al.,
2009). Observations may be more ecologically valid
than the other methods, because they are independent
of interlocutor’s verbal ability and working memory capacity. Nevertheless, metacognition is not directly accessible through observations. Multimodal data has to
be transformed in a meaningful way to understand the
relationships between components of metacognition.
Thus, a multi-method approach is required. This study
investigates what verbalised data adds to the understanding of metacognitive processes and corresponding
behaviours enabling a real-time continuous assessment
of metacognition by the system. For this, a series of
human-agent interactions experiments have been performed that involved concurrent probing and thinking
aloud. The collected multimodal data was annotated
with dialogue act information as having a certain communicative function and semantic content with explicitly defined metacognitive components. The semantic framework of Dynamic Interpretation Theory (DIT,
(Bunt, 1999)) and the ISO 24617-2 dialogue act annotation standard (2. Edition, (ISO, 2020)) was applied
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Figure 1: Conceptual overview of metacognition.
and extended to model the metacognitive events. We
identified a number of associated metacognitive indicators that we will use in the future task of metacognitive
states classification.
The paper is organized as follows. Section 2 discusses
the key concepts of metacognition and presents the
DIT/ISO 24617-2 based taxonomy of metacognitive
acts by specifying their functions and contents. Section 3 outlines the experimental design. We discuss the
think-aloud protocols for human-agent negotiation scenarios. The multimodal data collection, processing, dialogue act annotations and the obtained results are presented. Section 5 summarises important findings and
limitations, draws conclusions and outlines future research.

2.

Metacognition: Conceptual Overview
and Events

There are various definitions and models proposed featuring fuzziness, expansiveness and complexity of the
construct of metacognition (Tarricone, 2011). The
general concept of metacognition as cognition about
cognition (the 2nd order cognition: thoughts about
thoughts, knowledge about knowledge) has been gradually broadened to include anything psychological,
rather than just anything cognitive: knowledge of one’s
knowledge, processes, cognitive and affective states,
the ability to consciously and deliberately monitor and
regulate one’s knowledge, processes, cognitive and affective states (Flavell, 1979; Flavell, 1981; Efklides,
2006; Zimmerman, 2008). Metacognition is at best
described as a multidimensional construct comprising
metacognitive knowledge, metacognitive experiences
and the respective regulation. Metacognitive knowledge consists of beliefs of one’s cognitive abilities,
of particular tasks and of different strategies that are
available and appropriate to the task. Metacognitive
experiences are concerned with self-efficacy beliefs,

confidence, feelings and accuracy as the degree of
correspondence between the subjective judgement and
the actual performance. Metacognitive regulation involves conscious control and strategies such as planning, progress monitoring, effort allocation, strategy
use and regulation of cognition, i.e. the ability to recognize and reflect on one’s own and others mental states,
as well as the ability to use metacognitive knowledge to
tackle the difficulties in social interactions (Petty et al.,
2007; Brune et al., 2011). Three major factors or variables interact to affect the course and outcome of cognitive enterprises: person, task and strategy. Discrete
acts of metacognition, i.e. cognitive acts of monitoring
and the respective behavioural regulation are complemented by synthetic forms of metacognition in which
an array of intentions, thoughts, feelings, and connections between events are integrated into larger complex
representations of self and others developed over time
(Brune et al., 2011). Figure 1 depicts the conceptual
overview of metacognition with references to the most
cited research work in the area.

2.1.

Metacognitive Events: Functions and
Contents

In (Petukhova and Manzoor, 2021), metacognitive
events are defined as reflexive activities that express
any level of the sender’s mindful awareness of own
and others cognitive processes: pay attention, monitor, interpret and verify understanding, evaluate contents and feelings, and regulate and plan actions. These
functional aspects of information processing concern
metacognitive functions - abilities to recognize the various elements of one’s mental state, and the ability to
comprehend other’s behaviour in terms of intentionality, variations and changes in intentional states.
Metacognitive events can be annotated using the
Metacognition Assessment Scale (MAS) protocols
designed to analyse interview transcripts with psy-

Metacognition Assessment Scale (MAS)
Domain
Function
Basic requirements
Identification
Understanding
Relating variables
One’s Own Mind Differentiation
Integration
Decentration
Basic requirements
Understanding
Identification
Other’s Mind
Relating variables
Differentiation
Integration
Decentration
Basic requirements
1st level strategy
Master

2nd level strategy

Dimension

DIT/ISO24617-2 Dialogue Act
Communicative function
pos./neg. attention
pos./neg. recognition

Auto-Feedback
pos./neg. interpretation
pos./neg. attention
pos./neg. recognition
Allo-Feedback
pos./neg. interpretation
Auto-Feedback
Auto-Feedback
Own Communication
Time Management
Task& Task Management
Interaction Management
Allo-Feedback

3rd level strategies

Task& Task Management
Interaction Management

pos./neg. evaluation
pos./neg. execution
error signal, retraction, self-correction
stalling
various + (implied) Auto-Execution
various+ (implied) Auto-Execution
pos./neg. execution
feedback elicitation (higher levels)
various + (implied) Auto-& Allo-Execution
various+ (implied) Auto-& Allo-Execution

Table 1: Mapping between MAS domains and functions and DIT/ISO24617-2 dialogue acts.
chotherapy patients (Semerari et al., 2003). To the best
of our knowlegde, this is the only taxonomy that can
serve as a basis for our annotation efforts as it is suitable for our interactive setting. We compared concepts
defined in the DIT++ (Bunt, 2006) and its subset, the
ISO 24617-2 dialogue act annotation standard (ISO,
2020)1 , and the MAS metacognitive domains and functions. Table 1 provides an overview of our mapping
efforts.
In both taxonomies, a special attention is paid to feedback acts which are crucial for the successful metacognitive functioning. DIT/ISO 24617-2 defines positive and negative feedback about sender’s own (autofeedback) and the partner’s processing (allo-feedback).
They correspond to the two MAS domains: (1) mental
operations which involve knowing one’s own mental
states (understanding one’s own mind), and (2) knowing mental states of the others (understanding other’s
mind), with six functions:
1. basic requirements refer to the ability to acknowledge own mental functions and existence of those
in others, and to represent self and others as persons with autonomous thoughts and feelings;
2. identification – the ability to recognize one’s own
and other’s cognitive and emotional states;
3. relating variables – the ability to establish relations among the separate components of one’s
own and other’s mental state and between the
components of mental states and behaviour;
4. differentiation – the ability to distinguish one’s
own and other individuals’ mental states;
5. integration – the ability to work out coherent descriptions of one’s own and other’s mental states;
1
DIT, Release 5.2 and ISO 24617-2, 2nd Edition are available on https://dit.uvt.nl/

6. decentration – the ability to produce interpretations independent of other people’s knowledge.
The first two MAS functions concern monitoring activities and involve gaining attention and setting recognition of each other’s behaviour. The last three MAS
functions concern interpretation processes. Higher
processing levels involve mastery of regulation and
control activities based on the ability to assess one’s
representations and mental states (evaluation as a mastery basic requirement, MBR), and the ability to implement effective action strategies to accomplish cognitive tasks or to cope with problematic mental states
(task execution). Levels of mastery regulation and control strategies reflect the complexity of the metacognitive operations needed to be executed. For example,
if an interlocutor acts directly on her/his own understanding and evaluation of the current dialogue state
slightly modifying her/his mental states, this concerns
the 1st level strategies. Interlocutor may report (in)consistencies in her/his mental state, successes or failures in execution of certain action. Own communication and time management acts are typically concerned
with this level strategies. When an interlocutor performs a certain type of behaviour actively modifying
one’s own level of attention, concentration, interpretation and evaluation, voluntarily thinking or not thinking
about a problem, and adjusting her/his previous mental
state, these acts require the 2nd level strategies. The
3rd level strategies involve adopting a rational and critical attitude to the beliefs that are behind a problematic state using one’s knowledge about others’ mental
states, e.g. regulate interpersonal problems accepting
one’s personal limits and errors, or influencing events.
These three levels strategies imply various reflection
and regulation efforts.

3.1.

Medicines
o
o
o
o

Herbal and natural therapies
Artificial pancreas
Drugs
Bariatric surgery

o
o
o
o

Brisk walking
Jogging
Swimming
Gymnastics

Diet
No smoke
No alcohol
Reduce saturated fat intake
Lean meat, skinless chicken and turkey

o
o
o
o

Exercises

Activity
o
o
o
o

2.5 hours per week of moderate intensity
1.5 hours per week of high intensity
20 minutes per week of moderate intensity
10 minutes per week of moderate intensity

Figure 2: Agent Graphical User Interface. From up to
down: dialogue window with an emoji depicting the
agent’s satisfaction with the partner’s strategies; generated preference profile for a human participant, with
brighter orange colours for increasingly negative options and brighter blue - for positive ones; set of actions in response to agent’s offers, to request agent’s
preferences, to propose (counter-)offers, concessions,
final deals or terminate negotiation.
Metacognitive contents are the ideas and beliefs linked
to beliefs about beliefs and are task dependent. They
are concerned with beliefs about the current state of
the world including partners’ states (what do I know,
what do I know about others, what am I asked, what
can I do, what has happened before), and an action to
be taken in that situation (e.g. give information, run
tests, examine something, reason about others, change
attitude). In our think aloud experiments, it is assumed
that participants will verbalize metacognitive contents
making them accessible for further modelling and assessments.

3.

Experimental Design

In dialogue, to directly access participants’ metacognitive knowledge, experiences and regulation strategies,
and to understand partner’s cognitive processes, Concurrent Think-Aloud (CTA) protocols were designed
(Ericsson and Simon, 1980). Participants were encouraged to verbalize their experiences, thoughts, actions, and feelings whilst interacting with an artificial
agent through its graphical interface. This method provides direct “real-time” insight into the cognitive processes employed by the participants. Participants were
asked/prompted to not only verbalize their decisions
and what they think about the decisions of their partners but also explain why they think these decision lead
to certain outcomes or try to look ahead and predict
how certain decisions will influence the outcomes.

Use Case and Scenario

Negotiations are chosen as the use case, a domain
where the importance of metacognition has been empirically proven to significantly influence decisionmaking processes (Galluccio and Safran, 2015). In the
designed scenario, the human participant - Doctor - negotiates with an Interactive Cognitive Agent - Simulated Patient (SP)- various plans for treatment of diabetes of Type 2. SPs hold different preferences and are
trained to take actions and make decisions that people
would take and make in real-life scenarios (Petukhova
et al., 2019). The patient-doctor negotiation scenario
is based on the recommendations of the International
Diabetes Federation (IDF, 2017) addressing four issues: (1) medication, (2) diet, (3) activity and (4) exercise recommendations. Interaction concerns multiissue bargaining where each issue involves multiple negotiation options with preferences representing parties
negotiation positions. Preferences are weighted in order of importance and defined as the participant’s beliefs about attitudes towards certain behaviour and abilities to perform this behaviour. The goal of each partner
is to find out preferences of each other and to search for
the best possible mutual agreement.

3.2.

Set Up and Experimental Protocols

A negotiation session consists of six think-aloud
rounds featuring scenarios of various complexity. Human participant is assigned the role of a doctor and receives the background story and an automatically generated preference profile as depicted in Fig. 2. The task
is to negotiate an agreement with an SP (agent) - select
exactly one value for each issue, exchange and elicit
offers concerning the agent’s options. No further rules
on the negotiation process, order of discussion of issues, or time constraints are imposed. Negotiators are
allowed to withdraw or re-negotiate previously made
agreements within a round, or terminate a negotiation.
Participants were asked to verbalize everything what
is on their mind: explain what action they are going to
perform and why, and what they think about the agent’s
actions and the rationales/strategies behind.
Prior to experiments, participants are educated about
the purpose and the course of the study. Subsequently,
a declaration of informed consent is signed. The
anonymity of the participants is guaranteed followed
by European laws on personal data protection (GDPR,
2018https://gdpr-info.eu/). During the experiment, the participant sits in a comfortable chair in
front of a laptop monitor. Participants are briefed on
how to interact with the agent using the GUI.
10 subjects (aged between 19 and 25 years, 4 male and
6 female, proficient but non-native speakers of English)
participated in the experiments, each involved in one
negotiation session. Interactions were recorded with
LENOVO THINKPAD E570 (Core i7) equipped with
the webcam (720p) and dual microphones. The lighting and sound conditions were close to the conditions

and direction of movements were computed automatically. The coding scheme is recently finalised, quality
assessment as well as neural network based classification experiments are in progress.
Video, GUI logs and audio signals were synchronised
and mixed using FFmpeg6 . Participants’ speech was
transcribed in PRAAT7 . Annotations were performed in
Anvil8 .

3.4.

Figure 3: Example of Anvil annotations with video featuring OpenFace facial landmark detection.
of the intended interactive application entailing a fairly
good but not perfect acoustic and video quality. Video
background was white. The goal of the technical setup was to let participants interact as free as possible
keeping them away from any distraction and enabling
stable continuous recording and logging of multimodal
data.

3.3.

Data Collection and Processing

Participants behaviour was video and audio recorded.
The mouse and keyboard GUI actions were captured
automatically and time aligned using the python library atbswp2 . Video recordings (640x480, 30fps)
were done with ffmpeg3 tool applying the MPEG
codec; audio signals were stored in wav format having frame per buffer (fpb) 1024 at rate of 44100. The
video quality was sufficient to be further processed using OpenFace4 and MediaPipe5 libraries to extract
features and facial landmarks reliably, see Fig. 3.
Participants nonverbal behaviour, mainly gaze redirection, facial expressions, head gestures, posture
shifts were coded using the scheme proposed in
(Petukhova and Bunt, 2012) which supports a rather detailed characterization of movements in terms of lowlevel behavioural features, such as changes in muscular activity and types of these changes, direction, trajectory, speed, intensity and periodicity of movements.
A moderate inter-coder agreement coding type of visible movement was observed (standard Cohen’s kappa
of 0.62). We measured the coding RealTime Factor
(RTF), the amount of time spent on transcriptions and
coding, as being RTF 19 on average and meaning that
a coder spent 19 minutes annotating 1 minute of video.
The detected mouse and ‘on-screen’ (touch screen) actions were categorized as ‘mouse up’, ‘scroll’, ‘move
to’, ‘mouse down’ and ‘sleep’. Timing, duration, speed
2

https://awesomeopensource.com/
project/RMPR/atbswp
3
https://ffmpeg.org/
4
https://cmusatyalab.github.io/
openface/
5
https://google.github.io/mediapipe/

Annotations

The collected multimodal data was annotated with multidimensional DIT/ISO 24617-2 tagset taking into account MAS categories specified in Section 2.1. Ten
DIT/ISO 24617-2 dimensions address the information
about a negotiation (Task); the sender’s processing of
dialogue contributions, awareness of her/his mental
states and knowledge of the basic regulation strategies
(Auto Feedback) or similar cognitive processing by the
partner (Allo Feedback); the management of difficulties in the sender’s contributions (Own Communication Management), or similar difficulties of the partner
(Partner Communication Management); maintaining
contact (Contact Management); need for time (Time
Management); the allocation of the sender role (Turn
Management); the Structuring of the Dialogue; and the
Management of Social Obligations. A recently added
ISO 24617-2 dimension (2. Edition) deals with the
management of the negotiation, but also with the management of decision-making processes and metacognitive tasks (Task Management). In Task Management utterances, the sender verbalizes beliefs concerning her/his understanding and evaluation of the current
negotiation state, procedures and strategies, anticipated
(un-)favourable actions, explains why certain own and
partner’s decisions are or should be made. Dialogue
act annotations were linked to different type of primary
data: to verbal and (non)verbal behaviour and logged
GUI actions. The inter-annotator agreement was measured and ranges from moderate to almost perfect for
specific dimensions, see Table 2.
To annotate metacognitive contents, we enriched functional aspects of dialogue act with specifications of
semantic content related to reflection and decision.
These two categories were empirically observed when
analysing think aloud dialogue transcripts. In their
(meta)cognitive thinking verbalizations, participants
mostly refer to their understanding of own and partner’s mental states as the basis for their past and future decisions which concern (i) the sender’s beliefs
about her/his own and partner’s past and future actions,
(ii) the interpretation of the participants’ preferences,
(iii) own and partners’ applied or to apply negotiation
strategies, and (iv) consequences or conditions under
which certain intermediate and final outcomes can be
reached.
6

https://ffmpeg.org
https://www.fon.hum.uva.nl/praat/
8
http://www.anvil-software.org/
7
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Figure 4: Dialogue acts with metacognitive content annotated in think-aloud interactions.
To sum up, dialogue acts were annotated across eleven
DIT/ISO 24617-2++ dimensions as having a communicative function which specifies the sender’s intention
expressed in a dialogue utterance, and semantic content
which indicates what the utterance is about. DIT++
tagset of possibly qualified communicative functions
was applied. We distinguished two types of semantic
content: (1) negotiation specific content which concerns negotiation moves such as offer, counter-offer,
compromise as defined in (Petukhova et al., 2017); and
(2) metacognitive content which concerns the sender’s
reflection efforts and decision related beliefs. The
Anvil multi-tier annotations functionality was exploited to establish temporal, structural and semantic dependence relations of various types: (i) between
(parts of) two or more segments in primary data; (ii) between functional components of two or more dialogue
acts; (iii) between functional and semantic components
of two or more dialogue acts; and (iv) between domain
related and metacognitive components of two or more
dialogue acts.

4.

Experimental Results

The analysis of the annotated data shows that thinkaloud interactions are mostly concerned with taskrelated exchanges, i.e. task and task management acts
prevail constituting from 16.6% to 27% of all dialogue
acts performed (see Table2). The more task management acts were performed the higher success rate in
negotiations was achieved, only 4% of all interactions
resulted in negotiation termination. This confirms previous findings that explicit metacognitive thinking positively effects negotiation task performance and outcomes. The other important aspect of interactions
concerns the understanding and communication of interlocutor’s intentions related to one’s own and partner’s preferences, strategies and actions, as well as
the assessment of the ongoing (meta)cognitive processes. Auto- and Allo-Feedback acts were therefore
frequently observed in think aloud experiments, 19.2%
and 9.6% respectively. Task management and feedback acts are directly concerned with metacognitive
processes, with reflection efforts and regulation strate-

gies, as illustrated in examples in (1):
(1) (i) Human: I will try to meet in the middle [preferences]
(ii) Human: I would be stubborn too
(iii) Human: I think now the patient wants to ...

We represent metacognitive contents as a set of
attribute-value pairs corresponding to one’s beliefs encoding reflections and decisions about preferences,
strategies, actions and conditions, and one’s beliefs
about other’s beliefs of the same kind. Following the
ISO 24617-2 guidelines, a simple plug-in for representing semantic content as a list of attribute-value pairs is
used. In the example in (2), the <avContent> element specifies this semantic information in terms of
attribute-value pairs of an utterance in (1i).
The example in 2 illustrates this.
(2)
<dialogueAct xml:id="dap2TSKM74"
sender="#p2" addressee="#p1"
dimension="taskManagement"
communicativeFunction="inform"
target="#fsp2TSKMCV74">
<avContent xml:id="av74"
target="#fsp2TSKMCV74"
attribute="decision:strategy:mine"
value="middle"/>
<contentLink dialAct="#dap2TSKM74"
content="#c74"/>
</dialogueAct>

We were able to identify a range of feedback-related
metacognitive indicators which often concerned various head movements, e.g. head nodding, shaking and
waggles accompanied by a noticeable smile, lip pout or
compression, raising or lowering eyebrows, conjugated
lateral eye movements (CLEMs), and posture shifts,
e.g. leaning forward, backward or aside, shifting one’s
weight in the chair.
Turn and time management acts were frequently observed (9.5% to 17.9%) to co-occur with and often precede metacognitive events concerned with sender’s reflection about the partner’s action as in (3):

DIT/ISO 24617-2
dimension
Task
Task Management
Auto-Feedback − >
. . . attention
. . . recognition
. . . interpretation
. . . evaluation
. . . execution
Allo-Feedback − >
. . . attention
. . . recognition
. . . interpretation
. . . evaluation
. . . execution
Turn Management
Time Management
Contact Management
Discourse Structuring
Own Communication Man.
Partner Communication Man.
Social Obligation Management

Relative frequency
(in %)
16.6
19.2
9.6
12.3
7.1
16.8
18.7
45.1
13.7
0.3
2.1
44.1
52.9
0.6
17.9
12.6
1.7
5.9
2.5
0.0
0.3

Inter-annotator agreement
(Cohne’s kappa)
0.71
0.59
0.72

0.86

0.71
0.96
0.96
0.77
0.97
0.91
1.0

Table 2: Distribution and inter-annotator agreement of
the annotated dialogue acts across ISO 24617-2++ dimensions in think-aloud interactions.
(3) (i) Human: He wants ... uhm something bad for him
(ii) Human: ... uhm smile ... I don’t agree with this

Our experiments showed that the content of participants’ metacognitive events was largely concerned
with the reflection beliefs (54.3%) compared to the
verbalised decisions (45.7%). The interpretation and
evaluation of partner’s actions (31.9%) predominantly
occupied the sender’s mind. Participants often reflected on their own actions (9.8%), partner’s strategies (4.8%), interlocutors’ preferences (3.0%), and
on how valuable the performed actions were for the
sender and for the overall negotiation outcome (4.6%).
The metacognitive events concerning reflection beliefs
were annotated as feedback acts and were used by the
sender as a basis to decide what action to perform next
(40.3%), and what strategy to follow (3.6%) based on
the accumulated utility and values of alternative options to compensate for possible own or partner’s loses
(1.2%). Figure4 depicts distribution of metacognitive
content expressed in dialogue acts.
The analysis of mouse movements and clicking behaviour largely shows the following pattern: slowing
down and pausing in mouse movements indicated reflection moments, revealed sender’s lower confidence
and often happened around decision points; changes in
the direction of mouse movements after pausing indicated retractions, while continuation in the same direction were often interpreted as gain in confidence; and
sudden termination of any movement or GUI activity
meant either technical problems or unexpected situations experienced by the sender. The more in-depth
analysis of GUI and verbalised actions is required and
will be performed in the nearest future for which the
initial technical set up will be extended, more data collection and machine learning experiments carried out.

5.

metacognition assessment instruments. Metacognitive
events were defined by mapping and using the systematic analysis of concepts related to metacognitive activities, metacognitive domains and functions, and open
assessment protocols. The identified metacognitive
concepts were mapped to DIT/ISO 24617-2 dialogue
acts - the concepts that the dialogue research community is used to operate on in dialogue modelling and
system design. Subsequently, metacognitive functions
and contents of dialogue acts were explicitly defined,
plugged into the DIT/ISO 24617-2++ representations
and annotated in multimodal interactive data collection
experiments.
Experiments comprised behavioural observations,
pragmatic and semantic analysis in think-aloud
human-agent interactions. Doing this, we aimed at
establishing relations between overall and task-specific
metacognitive thinking, the complexity of metacognitive processes activated in social interactive setting and
their multimodal behavioural indicators. We aimed
at understanding to what extend and how dialogue
participants use their metacognitive knowledge and
regulation strategies in dialogue. Participants were
asked to verbalise their metacognitive thinking to
make metacognitive processes directly accessible
and assessible through the use of any metacognitive
indicators associated with certain type of dialogue acts
in human-agent interactions. The identified indicators
can serve in the future as a basis for data-driven
metacognitive states classification needed for real-time
monitoring and continuous metacognitive assessment
pursuing two purposes: (1) to enable the system’s behaviour which is intelligent, human-like and adaptive
to their users, and (2) to encourage and support users
to behave in the same way.
There are certain limitations of this study and much
room for improvement and further research. Participants demography needs to be more diverse in age
group. In the follow up experiments, we aim to replicate gender and age differences in a human-agent setting, e.g. to manipulate the agent’s respective characteristics. A severe limitation of think-aloud experiments was that participants were non-native English
speakers and sometimes not that verbally fluent, however metacognition may be confounded with verbal
ability.
Our future research efforts will focus on the automatic detection and classification of nonverbal and GUI
metacognitive indicators using modern machine learning algorithms and deep neural networks. We will refine our OpenFace based models and perform an indepth quantitative and qualitative analysis of the logged
GUI data.

Conclusion

The paper provides methodological insights and experimental design to assess metacognitive processes and
contents relevant for human-agent interaction. We reviewed existing models of metacognition and available
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