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This document describes two different methods in which the Dialogue and Argumentation Framework
will be evaluated, one focusing on recreating the scripted dialogues used in the Council of Coaches
evaluation, and one focused on an expert-based evaluation.
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The Dialogue and Argumentation Framework provides the core logic component to the Council of
Coaches technical demonstrator and the Open Agent Platform, allowing for structured dialogue
between the coaches and the user and the coaches themselves. It is important that these dialogues are
realistic, both in terms of user interaction and the outcomes that they lead to.
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The objectives of this deliverable are to:

1. Provide a scenario and associated shared knowledge base that will form input for the
evaluations to be reported in D5.6.
2. Provide methods for the evaluation of the Dialogue and Argumentation Framework.
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The dialogues that will result from the Dialogue and Argumentation Framework will be the main form of
interaction between the user and the Council of Coaches in the project’s Technical Demonstrator and
the resulting Open Agent Platform. The setting in which these interactions take place are the coaching
sessions that the user has with their coaches.

As described in more detail in Deliverable 3.4 (Beinema, op den Akker, Kosterink, ter Stal, & van den Boer,
2019), the Council of Coaches features six coaches (as well as a peer agent and an assistant agent).
Each of these coaches in the council has their own domain of expertise (physical activity, nutrition,
cognition, social, diabetes type 2 and chronic pain).

In the coaching sessions that take place between the user and their coaches, multiple topics of
conversation can be discussed with each coach (again, see D3.4 for elaboration). These topics can, for
example, be an introduction between the coach and the user (when they meet for the first time) or the
coach and the user who discuss what the user’s long-term physical activity goal will be.

Consider the following example, where the user meets their coach Frangois for the first time (in the
example, the dialogue replies chosen by the user are ):

Example 1: User Bob meets nutrition coach Frangois.

Francois: Bonjour! Allow me to introduce myself... | am... Frangois Dubois! Your personal Chef
and diet coach!

Bob:
Francois: Hello to you Bob! Very nice to have you with us. Let me tell a little bit about moi.

Francois: So, like | said, my name is Frangois and I'm here to help you out with any questions
you have about food and diet!

Francgois: Oh, Francois loves to talk about food. Eating food and cooking food! What about
you, do you like to cook?

Bob: |
Francois: | see you and me will get along just fine!

Francois: Or just for a chat of course, | always love to chat about... food, cheese, recipes...
hmmm, anything really!

Bob:

Francois: Adieu! Talk to you later.

This introductory conversation between Frangois and the user is a dialogue in which we can highlight
several aspects. First, the conversation in this case is between Frangois and the user, but if we observe
introductions between the other coaches and the user, there tends to be a common pattern to the
conversation structure (these are the types of things you say and these are the responses that make
sense). Second, there is a clear use of knowledge about the user. That is, Francois calls the user ‘Bob’.
This is information that was provided by the user to the assistant agent during the intake and stored,
and which was later conveyed to the other coaches by the assistant saying ‘Coaches, this is Bob’ (which
is a move meant to let the user know that the other coaches can also access this information). Third, in
this dialogue we have an example of the coach asking the user a question and receiving an answer that
can be stored as knowledge about the user (namely, they like cooking).

For another, slightly longer example on the topic of setting a long-term physical activity goal, consider
the following (again the dialogue replies chosen by the user are ):
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Example 2: Physical activity coach Olivia wants to set a long-term goal with the user (Bob).

Olivia: Setting a goal for yourself is the first step towards becoming more active. Actually, did
you know that people who commit to a goal are more likely to become more active?

Olivia: You can set goals for the upcoming days or weeks. That's what we call "short-term"
goals, or for the upcoming months. That's what we call “long-term" goals.

Olivia: So, let’s talk about your long-term goal...

Bob: | |

Olivia: Why? Well, there are two good reasons for setting a long-term goal for yourself.
Olivia: First, it can be a great motivation for yourself. It gives you something to work towards.

Olivia: So, your long-term goal should be ambitious! Something that will make you feel really
proud once you achieve it.

Olivia: And the second reason is that it gives us something to cut into little pieces, something
to tackle day-by-day.

Olivia: So having a long-term goal makes it possible to set relevant and personal daily goals.
And those daily goals give us a concrete objective for every day!

Bob: |

Olivia: First you should decide what kind of goal you want to set. We can look at the number of
steps taken or the minutes of higher activity per week or per day.

Olivia: | can tell you about each of the options, or let me know if you're ready to decide.
Bob: | |

Olivia: Although every little bit of activity helps, it is also important to do things that require a
little more effort. Basically, this is when you feel your heart beat going faster, maybe you
become sweaty, and you feel tired at the end of the activity.

Olivia: Your activity tracker can see how much time you spent doing a little extra, which we call
"active minutes".

Olivia: So, would you like to set a goal for active minutes?

Bob: |

Olivia: That's good to hear. What will it be?

Bob: | |

Olivia: Good! | will help you work towards a long-term goal for active minutes then!

Olivia: The next step is to decide how many minutes would be a challenging but achievable
goal for you in the long-term.

Olivia: The World Health Organization recommends that people aged above 65 years old
participate in at least 2.5 hours of moderate to high intensity physical activity per week. Think
of 3 sessions a bit shorter than 1 hour per week in which your heart rate is elevated. What do
you think about this goal?

Bob: | That sounds too easy for me. Could you suggest a higher
goal? |
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Olivia: Ok, then | would like to suggest a long-term goal of 120 minutes of moderate to high
physical activity intensity. Remember that we are discussing the long-term goal, not your goal
for next week. Is that ok?

Bob: I |

Olivia: That is great! So just to make sure, we are working towards 120 minutes of moderate to
high intensity physical activity per day.

Emma: Group activities are a great way to motivate you to reach your physical activity goal!
And you might meet some interesting people as well!

Olivia: Yes Emma, that's true, and if you need any other tips on how to become more active
you know where to find me.

Olivia: So, is there anything else | can help you with?

Bob: I |

Again, as with the previous example, this type of conversation has some typical statements and
responses to it and there are a few examples of knowledge use (e.g. the initially suggested goal in this
case is adjusted to the fact that the user is 65 years or older) and a number of examples of knowledge
storage. In this conversation however, the example above is just one of the possible resulting dialogues.
That is, there is a whole set of statements and replies that discuss setting a long-term step goal (instead
of the active minutes goal that is shown), but these are never visited. The structure for the part of the
dialogue discussing steps is almost the same as the structure for active minutes, but when scripting a
dialogue in the traditional manner every different statement and its replies needs to be defined
separately (and linked to other statements). Furthermore, the dialogue shows some examples of
knowledge in the domain of physical activity that is implicitly embedded in the statements (e.g. 150
active minutes is a healthy goal for our user who is 65 years or older).

As stated previously, each of the possible topics in a coaching conversation has certain dialogues
associated with it. In the Functional Demonstrator these dialogues are fully scripted. These scripts are
written to cover a range of coaching scenarios (as elaborated on in D3.4). They also serve as examples
that can be used when determining the underlying structure of coaching dialogues on various topics.
Furthermore, they implicitly represent knowledge — each statement is a representation of facts that a
domain expert put in — and explicitly represent knowledge, by asking the user questions and storing
their responses.

In the Technical Demonstrator/Open Agent Platform, the scripted dialogues representing different
scenarios and domain knowledge serve as an input for the development of dynamic conversations
between a user and their coaches by the Dialogue and Argumentation Framework. The process of
turning these dialogue scripts into dialogue games and extracting content to instantiate the moves in
those dialogue games is described in the next section.
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An important feature of the dialogue and argumentation framework is its ability to permit dialogues that
accurately reflect the structure, content and outcomes that those dialogues might contain in real life.
We therefore, in this section, present a pipeline that takes as input dialogues created using the WOOL
framework, and produces as outputs 1) an abstract dialogue game, expressed in Dialogue Game
Description Language (DGDL); and 2) content that can be used to create concrete dialogue moves in
those dialogue games. These two outputs will then form the input to the two evaluation methods
proposed in Section 5 and Section 6.

The first step in the dialogue generation pipe-line is to create scripted dialogues that represent (part of)
a natural conversation on a certain topic (e.g. long-term goal-setting for physical activity). The WOOL
dialogue framework' (Roessingh Research and Development, 2020) allows domain experts to write and
test WOOL dialogue scripts without needing to learn a complicated programming/scripting language.

The dialogue creation process is broadly executed in five phases:

1. First, a technical expert and domain expert discuss which content to include in the dialogue,
based on the selected domain and topic.

2. Second, the domain expert will use the WOOL editor to write a first version of that dialogue.
They will define dialogue steps that represent what the agent says, how the user can respond,
and how these steps are connected. While doing so, they use the built-in test-functionality to
test the dialogue and to get a feel for the result. Alternating editing and testing, they will
iteratively add to their dialogue until they feel it is done.

3. Third, when the domain expert has completed a dialogue, this dialogue will be checked by a
dialogue expert. This expert will ensure the resulting file is structurally sound, i.e. that the
variables that are used by the author are present in the Council of Coaches system and that the
dialogue flow has no errors in conditionals and node order (e.g. authors might create
conditionals that are syntactically correct, but when executed show incorrect parts of the
dialogue). The dialogue expert will also add in variables that are relevant for using knowledge
or storing knowledge in the system (adding to variables that the domain expert might have
already included). The information stored through these variables can involve any type of
information, ranging from ‘this dialogue was completed’ to ‘the user has answered that they
accept a certain step goal’.

4. Fourth, the completed dialogue undergoes a final check to ensure that the flow for the
completed dialogue is realistic and natural. That is, the order and content of dialogue steps that
are shown should make sense in terms of available and expected information for the reply that
the user selects. E.g. if the user selects ‘Okay, so can you suggest a long-term goal?' they
probably expect the coach to respond to that statement with a ‘yes’/'no’ and an actual
suggestion. The final check is therefore performed to ensure that there are no unexpected or
too far-fetched jumps in content.

5. Finally, the completed WOOL dialogue can be fully translated to other natural languages (e.qg.,
Danish, Dutch, or English).

Following the creation of WOOL dialogues, the next stage is to extract from the WOOL scripts a structure
that can be analysed in order to determine the abstract structure. This extraction is necessary to clearly
see every possible path through the dialogue in terms of alternative utterances — the WOOL editor
simplifies this structure by capturing several possible moves, and several possible alternative next
moves, in one node.

T For more background on WOOL also see Part B of Deliverable 3.4 (Beinema, op den Akker, Kosterink,
ter Stal, & van den Boer, 2019).
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Extraction of this structure will involve expanding a WOOL representation of a dialogue into a directed
graph with each utterance represented by a unique node, and transitions (i.e. a move following another
move) represented by the edges.

This step will manually annotate the extracted dialogue structure to determine sequences of abstract
move types. An abstract move type might consist of a single utterance (e.g. “Shall we set a goal?” is a
question) type or multiple utterances (e.g. “There are several reasons you should set a goal...” is an
explain type).

It is not envisaged that this step will be automatic because there is no simple method of determining
what utterances are of the same type. While in principle it is possible to use basic features (e.g. the
presence of a question mark indicates a question type), not all utterances have such features. As such,
for the purposes of this evaluation, the annotation will be manual but with a view to developing an
automated approach in the future.

Following the annotation of utterances, patterns will be identified to unearth the protocol encoded
within. For instance, if every question utterance is followed by a (series of) explain utterances, that
represents a rule in the protocol. This protocol will be then be expressed as a dialogue game, in the
same way as was reported in D5.2.

Once a protocol has been identified, it will be implemented in Dialogue Game Description Language.
This implementation will take the same form as was reported in D5.3, where the dialogue games from
D5.2 were implemented.

The content extracted from the WOOL representation of the dialogue will be fed into the Utterance
Generator (see D5.4) for populating dialogue moves during execution.
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The aim of this evaluation method is to use the dialogue games and content produced in Section 4 to
first reproduce the input scripted dialogue(s), then generate new dialogues. This process will contain a
mixture of both fully-autonomous dialogues (between coaches), and dialogues that involve the user.

The first stage in this method is to execute the dialogue game produced in Section 4 using the Dialogue
Game Execution Platform (DGEP). This execution will take place twice in two different contexts.

The first context is to fully manually simulate a dialogue using the Dialogue and Argumentation
Framework demonstrator reported in D5.4. This approach places the choice of all dialogue moves (i.e.
those for both the coach(es) and the user) entirely in the hands of the researchers. This will allow us to
determine if it is at least theoretically possible to recreate the original input dialogue based on the
available moves and content at any given moment, removing any unpredictability associated with (semi-
) autonomous move selection when the DAF presents two or more alternatives. This evaluation will
require knowledge of the input dialogue, with the researcher selecting moves based on it; if an expected
move is not available at a given time, this will represent a failure in the evaluation.

The second context is to run repeated executions of the dialogue game within the full Council of
Coaches technical prototype, thus allowing the coaches to determine the choice of move based on the
alternatives provided by the DAF. This will allow us to examine different ways in which the dialogue
unfolds and evaluate them using the metrics described in below Section 5.2.2.

Following the second execution context, the outputs from the resultant dialogues will be evaluated
across a range of metrics, including but not necessarily limited to:

*= Soundness: are the dialogues structurally sound with respect to the original scripted dialogue
(i.e. do the DGEP-driven dialogues all follow the same structure)?

»= Correctness: do the dialogues provide the same outcome(s) (e.g. agreed goal) predicted by
the scripted dialogue?

= Completeness: do all dialogues terminate successfully? (Where “success” is defined in
structural terms, i.e. reaching an identified termination move)

|n

It is not the aim of this method to measure how “natura
the second method, described below in Section 6.

or “realistic” the dialogues are; that is left to
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This method will ask a panel of experts to evaluate DGEP-driven dialogues along several dimensions
including, but not limited to, flow, naturalness, and usefulness.

The user-based evaluation will have two broad stages: dialogue execution, and the user evaluation itself.

This stage will involve executing autonomous dialogues between two or more agents and recording the
resultant transcripts. These dialogues will come from Method 1 described in Section 5 above.

The expert evaluation stage will take the output from the dialogue execution and present it to an expert
in dialogue and argumentation, using an interface modelled on the one used in the functional
demonstrator. Experts will be instructed that they are watching a coaching session of a third-party user
(rather than experiencing a live coaching session with themselves as user). The rationale for replaying
the dialogues, instead of having participants directly observe them as they are executed is to avoid any
unexpected communication issues that might occur between the interface and the dialogue and
argumentation framework itself. Using transcripts allows the evaluation setup to stay self-contained.

While observing the dialogues, the expert participants will be asked to provide feedback based on
established principles for evaluating conversational agents (e.g., (Radziwill & Benton, 2017)).

Evaluation will take place using a matrix such as the one shown below in Figure 1, in which the columns
represent different aspects of the discussion, and the rows represent different metrics along which
dialogues (both humans and hybrid, such as with conversational agents) are typically evaluated. Each
cell will be completed with a number from a Likert scale: in addition, experts will be encouraged to
comment on metrics of interest, using free text. Dialogical aspects might include chronological aspects
such as pre-dialogue, opening, coaching, agreement, closing and post-dialogue, or organisational
aspects such as turn-taking or interruptions, etc. Evaluation metrics will include aspects such as Flow,
Naturalness, Effectiveness, Usefulness, Sensibleness and Specificity.? This will be performed by a panel
of 3-5 people who are experts in dialogue.

2 For the latter two, see https://ai.googleblog.com/2020/01/towards-conversational-agent-that-
can.html

D5.5: Methods for evaluating the Dialogue and Argumentation Framework 13




Council of Coaches

Aspects of a Dialogue

Opening Coaching Closing Turn-taking Interruptions

Flow
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Evaluation
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Figure 1: Expert evaluation to record different evaluation metrics during different stages of a conversation.

We expect that the evaluation will proceed along the following six stages:

1. Assemble a panel of 3-5 experts in dialogue (all meet together at the same time). These have
not been involved in the Council of Coaches project.

2. Show them a preliminary matrix of evaluation (for instance, as shown above in Figure 1) and
discuss together. Changes can be made at this stage to the matrix.

3. Once the matrix is finalised, give each expert a set of real-world dialogues to evaluate (selected
from our video corpus). This will help us to calibrate each expert's score on the generated
dialogues. It will not be used as a discrimination test (we will be open that these are human
dialogues).

4. Once calibration has occurred, we will ask each expert to independently complete the evaluation
matrix for a selection of our generated dialogues.

5. The focus group will re-convene and discuss their assessments and in particular, their in-depth
qualitative data regarding the various metrics. This will allow us to report on the expert’s views
on aspects of our system without directly comparing it with the baseline.

6. Analysis of both (human and generated dialogues) evaluation matrices and discussion of
performance.
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