
Abstract 

The paper describes the increasingly extended and 
demanding contexts where situated human-robot 
dialogue interactions need to take place. These 
contexts impose fresh requirements on architec-
tures for dialogue systems. In the Constructive Dia-
logue Model, human communication enablements 
(contact, perception, understanding and reaction) 
form a hierarchy where lower levels are necessary 
for higher levels to function appropriately. The hi-
erarchy is compared to subsumption architectures 
for mobile robots, and a cascaded model is pro-
posed where the multiple tasks for dialogue man-
agement are separated yet interleaved as enable-
ments on different levels. The paper then discusses 
future challenges for social and situated robots. 

1 Introduction 
Development of social robots has rapidly advanced and in-
teractive robotic agents are expected to enter into use in 
great numbers, while speaking heads and mobile chatbots 
are already part of many services. Robot agents will likely 
participate in various tasks for every-day life activities, 
healthcare, home services, nursing, caregiving, education, 
etc. Moreover, in the area of industrial robotics the robot’s 
ability to explain its actions or assist humans in a coopera-
tive manner is now seen as an important extension to robot 
functionality. Consequently, dialogue interactions with ro-
bot agents will increase in frequency and complexity, as the 
robot should provide useful information, explain its behav-
iour, instruct and advise human users in a task, or simply 
chat about interesting topics in natural language. Natural 
interaction is a core technology for future society, and in the 
concept of Society 5.0 [17] AI agents are envisaged to be 
connected and able to communicate with each other as well 
as with humans, thus adding a human-centred dimension to 
solutions that deal with decision making and service design.  

Such interactive robots are social in the sense that spoken 
interaction makes the robot appear more human-like and the 
user expects it to follow social norms typical for human 
communication. Expectations of a social robot’s appropriate 
dialogue behaviour include not only its ability to provide 
relevant dialogue responses but also its ability to address the 

user’s emotional needs and affective state. Especially in 
caretaking and healthcare applications it is important that 
the agent deals with sensitive information in a way that is 
regarded as socially tactful and trustworthy. Finally, safe 
and ethical data management concerning privacy issues and 
data sharing has become crucial [10]: the robot should pro-
vide truthful and reliable information, especially in smart 
environments with interconnected devices.  

Context-aware social robots [4][4] which align them-
selves with users’ needs can contribute to a positive view of 
robots’ trustworthiness, friendliness and usability, and also 
influence users’ construction of empathy and trust towards 
the artificial systems over time [13][16]. In cognitive robot-
ics, the notion of 4E Cognition refers to cognition   that is 
embodied, embedded, enactive and extended. In an earlier 
paper [9] we suggested that the development of human ro-
bot interaction is producing a new category of interactive 
agents in the world: a robot agent which has dual character-
istics as a sophisticated computer tool and as a communi-
cating agent. Such a novel agent category requires cognitive 
changes in the way the world is seen and categorized [14], 
but it also enables development and learning in the new sit-
uation by facilitating the crossing of boundaries in how we 
conceptually categorize talking robot agents, and crossing 
boundaries in work environments to allow robot agents to 
be seen as friendly and comfortable co-workers and as 
members of a team. 

The paper focuses on the increasing demands on dialogue 
architectures in situated human-robot interactions. Section 2 
describes Constructive Dialogue Model and its relevance to 
extended digital dialogue contexts. Section 3 discusses sub-
sumption architectures for CDM and a cascaded model of 
dialogue processing where tasks are separated yet interleav-
ed as enablements on different levels. Section 4 discusses 
further future challenges for social and situated robots, and 
Section 5 concludes. 

2 Constructive Dialogue Model (CDM) 
2.1 Extended dialogue contexts 

A social robot can be seen from two different viewpoints. 
On one hand, it is an agent whose defining functionality is 
its dialogue capability. Speech interaction creates expecta-
tions about various social aspects of interaction and about 
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the robot’s ability to conduct multimodal natural language 
communication and the human-like appearance of humanoid 
robots reinforces such expectations [3][5][6]. On the other 
hand, the robot is also a computer device with advanced 
hardware and software. Information received by the robot’s 
sensors and audio-visual perception processes imposes fur-
ther challenges for dialogue management since the robot 
needs to learn to interpret its perceptions correctly and also 
correlate them with concepts and words. The processing of 
signal-level information requires fusion for building an ap-
propriate map of the world and knowledge of how to talk 
about the entities and actions that are perceived (world 
knowledge), and for grounding visual and vocal information 
in the same physical and dialogue context. However, the 
simplistic assumption that the partners share the same view 
of the world and perceive the same entities and actions is 
untenable in real-world situations. In dialogue management 
it is important to make sure that the partners share the same 
information (mutual context) by verbally confirming infor-
mation, by producing relevant contributions, or by multi-
modal means. Grounding in dialogue management refers to 
this kind of creation of the common understanding of the 
dialogue context, the goals and intentions of the speakers 
[4]. Moreover, different view-points, knowledge and experi-
ence of the participants are taken into account by adapting 
the dialogue strategies and presentation strategies according 
to the assumed profile of the partner, and by partitioning the 
knowledge into the speaker’s private knowledge, the speak-
er’s beliefs of the partner’s knowledge, and the speaker’s 
beliefs of what is mutually known (Poesio & Traum, 1998; 
Bunt, 2000, Jokinen 2009) 

As the dialogue can take place in a digital world where 
participants can vary and objects in smart environments can 
be also included, the context becomes complex and is to be 
extended from immediate face-to-face micro-environments 
to macro-environments where the participants are connected 
by digital means. Interaction is not necessary tangible, i.e. it 
is not possible to see and touch the partner or to be able to 
follow the partner’s focus of attention, and interaction is not 
necessarily with an intelligent human-like agent, but may be 
with an intelligent object that communicates through envi-
ronmental properties (warmth, humidity, etc.). The dialogue 
context may not be static but may change dynamically, and 
the changes may not be immediate but may occur after a 
delay [5]. While the context in face-to-face interactions is 
also dynamic, there is more continuity in the creation of the 
common context as the whole observable environment for 
the participants is the same, unlike in digital mobile contexts 
and in immersion in virtual environments. 

2.2 Constructing dialogue interaction 

Dialogue is created together with the partner and is con-
structed during the interaction as discussed in Constructive 
Dialogue Modelling [4]. According to the theory (Allwood 
1976, Jokinen 2009), there are four enablements of Interac-
tion: Contact (C), Perception (P), Understanding (U) and 
Reaction (R), see Fig.1. The enablement layers (CPUR) are 
parallel, although hierarchically organised. The lower level 
enablements need to be successful in order for the higher 

levels to succeed: if there is no contact or perception, there 
is no point in continuing talking. If there is a problem in 
providing an appropriate answer, the reason may be in un-
derstanding, or not perceiving correctly, or not being in con-
tact any more (having walked away), or, in some higher 
level social, strategic or tactical planning that disables one 
to act because of some internal or external conflict situation. 
The lower level enablements are prerequisites for the higher 
level enablements to operate successfully, requiring contin-
uous monitoring that particular enablements are still valid. 

As mentioned, the grounding of information to construct 
mutual context refers to two actions, related to each other. 
In dialogue modelling it refers to confirming the correct 
discourse referent for a linguistic expression in the dialogue 
context to build shared understanding, whereas in robotics it 
refers to linking a linguistic expression to a referent in the 
physical world to build understanding of the environment. 
In both cases we can say that the agents construct mutual 
context through interaction.  

Figure 1 Enablements for communication, modified from [5]. 
 
In dialogue modelling, information grounding creates the 

mutual context in which the current dialogue is interpreted, 
and it is produced by both participants. The dialogue pro-
gresses in cooperation and is co-created by the participants’ 
contributions, interpreted and generated in the mutual con-
text. It is also stored in the participant’s long-term memory 
as an experience of interaction with the particular partner, 
and thus each dialogue interaction will also have influence 
on future interactions with the same partner.  

2.3 CDM Architecture 

The CDM enablements can be implemented in a dialogue 
manager model as shown in Fig. 2.  

 
 
Figure 2 CDM dialogue architecture. From [5]. 



The overall goal of the dialogue manager is to provide 
appropriate responses in a changing environment through 
analysis of new information and reasoning about its mean-
ing in the context with respect to the agent’s own goals. 
This requires that the participants are mutually aware of 
each other and of their intention to communicate, they are in 
close enough Contact to detect and receive communicative 
signals (or have a means to communicate such as a phone). 
The perception of the signals as communicative intents is 
done by Perception models that aim to recognize the signals 
(auditive, visual, tactile, environmental, etc.) as containing 
meaningful units, while the Understanding modules aim to 
interpret the recognized signals as a meaningful message in 
the given context. An important enablement of the interac-
tion is the response to the new state of the context as inter-
preted by the C, P, U levels. The Reaction modules plan and 
execute the agent’s reaction which changes the dialogue 
context into a new state. The reaction appears as a response 
to the partner who then interprets it according to the C, P, U 
levels and produces a new reaction, which will again be 
processed by the partner through the CPUR cycle. Basically, 
understanding is already response generation and response 
generation is providing feedback of one’s understanding of 
the new situation. The participants’ observable behaviour 
manifests their reaction to the new situations in which they 
find themselves in the interactive cycle: after the partner has 
changed the current context with their response, the agent 
needs to interpret the intention and evaluate their own goals 
so as to decide on the appropriate reaction. The interaction 
is thus co-created through the CPUR cycle by the agents 
together in a collaborative manner.  

Notice that CDM as such does not commit to rule-based 
or neural dialogue management. Modularity of the dialogue 
architecture has long been a major issue in dialogue man-
agement and depends mainly on the goals and the applica-
tion domain of the intended system. However, as the tasks 
and interactions for a robot agent become complex, single 
models are too simplistic to support natural, user-adapted 
and long-term interactions with the users. Dialogue interac-
tions in the future applications presuppose communicative 
competence which can flexibly address the partner’s inten-
tions in dynamically changing contexts.  

In this work we try to find a solution by leveraging a hi-
erarchical architecture along the lines of CDM and looking 
more closely into the enablements of interaction as require-
ments for the dialogue manager, manifested and implement-
ed in a hierarchical architecture. 

3 Subsumption Architectures for CDM 
The original subsumption architecture  shown in Fig. 3 

was suggested by Rodney Brooks for autonomous robots as 
a control system based on task achieving behaviours, see 
(Brooks 1986, Li et al. 2016). The proposal abandoned a 
sequential control model, i.e. a series of functional units 
which process data from perception to motor control, and 
instead introduced a layered set of competences that form 
the control system, a subsumption hierarchy.  

 

The competences are specifications of desired behaviours 
for a robot in its environment, and a higher level of compe-
tence implies a more specific class of desired behaviours. 
From the processing point of view, information does not 
flow through the system in a pipeline as in the traditional 
sequential control models, but in a parallel manner on all 
hierarchical levels simultaneously. The higher-level control 
system can examine data from the lower level system, and 
even suppress or inhibit its normal data flow, thus subsum-
ing the role of the lower level, while the lower level control 
system operates independently and is unaware of the level 
above. For instance, to achieve a high-level competence of 
going to the door, the robot agent can assume competences 
such as moving around, avoiding obstacles, and building a 
map of the environment by identifying objects and monitor-
ing changes in the world. Since the higher-level competence 
includes the lower level competence, the higher-level com-
petence can be seen as providing further constraints on it.  

3.1 Cascaded Dialogue Architecture 
Subsumption architecture is a goal-oriented view of how 

a robot can operate and learn to act in its environment. It is 
analogous to the interaction management modelled in CDM 
where the goal is to produce appropriate dialogue responses. 
Fig. 4 shows a cascaded architecture for CDM which can be 
compared with the subsumption architecture in Fig. 3. Dia-
logue utterances are modelled as verbal actions produced by 
the participants to reach their goals, and thus dialogue man-
agement is similar to the robot producing actions as reac-
tions to the changes in its physical environment. 

Figure 3 Original subsumption architecture from Brooks (1986). 

Figure 4 Cascaded CDM Architecture. The arrows refer to the 
implementation choice of either rule or neural models. 



Dialogue management is often implemented as a pipeline 
where the components for speech recognition, semantic 
parsing, dialogue state tracking and policy decision, lan-
guage generation and speech synthesis make up a functional 
control system (see overviews in [8]). The dialogue task is 
decomposed differently in the CDM subsumption architec-
ture: the enablements of Contact and Perception are consid-
ered desired competences of the agent, subsumed by the 
competence level of Understanding, which is subsumed by 
the competence level of Reaction. The levels function in 
parallel, and each competence level together with the lower-
level enablements can make an operational system with the 
desired competence of that level. For instance, a Perception 
system, with the lower-level Contact achieves a desired 
competence of perceiving the environment: the system can 
detect and recognize communicative signals. However, such 
a system cannot formulate meaningful messages from the 
perceived signals; to achieve this competence level, the sys-
tem must be extended by the desired behaviours of the com-
petence level of Understanding. The higher-level enable-
ments are considered more specific aspects of the interac-
tion, and they subsume the more general enablements asso-
ciated with the lower levels.  

The decomposition of the tasks related to the competenc-
es is a major issue in designing and building dialogue man-
agement. Decompositions vary depending on the different 
designs of the implemented systems that follow the needs 
and requirements of the dialogue domain.  

The sets of processing modules correspond to the behav-
ioural competences on a particular level, and the individual 
modules perform the tasks related to these competences in a 
rule-based or neural manner. This paper does not go into 
details of the modules, but Fig.5 shows an example mapping 
of the CDM layers onto dialogue behaviours that implement 
various dialogue components. Notice that although CDM 
can be viewed as a sequential model, the enablements need 
to operate in a hierarchical way so that desired behaviours 
are produce by components subsuming the behaviours of the 
lower levels. The control flow allows parallel processing of 
the modules as if the architecture were a blackboard-type 
event-driven architecture.  

 

4 Discussion: Social and situated robots  
Dialogue interactions with social robots are "situated": 

they take place in a dynamically changing world and cannot 
be totally specified in advance. As the robots can inde-
pendently move and perceive their environment without 

explicit human presence (e.g. rescue robots, warehouse ro-
bots), the robot’s knowledge of the context can differ from 
that of the human’s. Moreover, robot agents can also use 
multimodal signals (e.g. head and gesture movements) to 
interact with their environment. Such independent and au-
tonomous observable behaviour makes social robot inter-
faces qualitatively different from typical computer interfac-
es like laptops and mobile phones and from chat-bots that 
appear on such devices [4]. The autonomous behaviour 
which can be observed by the human partner as a tangible 
behaviour in the close micro-environment is as such already 
part of the interaction and affects the human partner as a 
reaction to what they did with the robot. If the robot does 
nothing, the non-moving and silence are perceived as con-
versational responses and count as part of the robot’s inter-
action capability which the partner typically tries to find an 
explanation for (“maybe it did not hear me, it didn’t recog-
nise my face, didn’t understand the word I used” etc.). The 
robot agent should thus understand at which level of pro-
cessing it failed to produce the expected response and con-
sequently should be able to remedy the situation by provid-
ing a relevant contribution (“I don’t think we have met be-
fore, what is your name?”) or explain its behaviour to the 
partner (“sorry I didn’t catch what you said, please could 
you repeat or rephrase”). Moreover, smooth interaction re-
quires that the robot agent can exhibit its awareness of the 
situation and take the human partner into account when it is 
speaking or wants to speak. Such context-awareness pre-
supposes that the agent is able to recognize the partner’s 
intentions and give feedback on the partner’s actions.  

As the tasks for a robot agent become complex, require-
ments for its communicative competence increase. The con-
text-aware research paradigm emphasizes that an AI agent 
needs to be aware of its context in order to support natural 
and attentive dialogues with humans. Important issues con-
cern the robot’s ability to recognize the user’s intentions and 
generate its own intentions [4], and to create common 
ground to achieve goals, seek for information, and create 
social bonds in an interaction cycle.  

Our research concerns robot agents’ social interactive be-
haviour modelling within the hierarchical structure of dia-
logue enablements in a subsumption architecture frame-
work. The methodology consists of developing a computa-
tional multidimensional and hierarchical model for interac-
tive behaviour and the interactive contexts. Two main issues 
deal with the internal structure of the competence modules 
in the hierarchy and the way the modules communicate. To 
this end we experiment with different neural models to en-
code the complexity of CDM subsumption architecture, the 
enablements and dialogue competence levels and suitable 
representations (knowledge graphs). On the practical side, 
we study the structure of a dialogue state: how to include 
knowledge of ontologies as well as how to best integrate 
multimodal signals from multiple sources.  

The robot agent’s interaction capability is a basis for fur-
ther co-evolution, developing symbiotic relation between 
robots and humans through learning and interaction. An 
interesting question in this respect is to study the hypothesis 

Figure 5 An example instantiation of the CDM Subsumption architecture. 



of Boundary Crossing Robots and the impact of interactive 
robot agents on human life and services. The role of robots 
in Society 5.0 is discussed in [5][9][10]. 

It may also be interesting to study personal involvement 
through a robot, as a robot often elicits more personal en-
gagement in a human partner due to its less social appear-
ance and behaviour. For example, autistic children have 
been found to be involved with a robot care-taker more easi-
ly than with a human one [2], while adults often allow more 
intimate interactions and share personal experiences and 
“true” opinions with a robot which does not have a socially 
evaluative attitude towards the partner’s story. 

Dialogue models often assume one-time interactions 
where the system generates the same answers for all users in 
all situations. One-shot answers typical for traditional QA 
systems and end2end systems have been extended with 
models that take into account the dialogue context and can 
maintain dialogues with longer turns. Personalised systems 
provide possibilities to tailor the responses according to the 
user, and thus enable long-term interactions with recurring 
users [7][13]. 

 

5 Conclusions  
The paper concerns interaction of human users with situated 
robots which can understand and produce spoken utterances. 
AI technology is considered as a facilitator for the human-
human interaction as well as communication between hu-
mans and smart environment. This is important in order to 
create meaningful services that are expected to be developed 
through various applications that support human everyday 
activities. The main research contribution is an innovative 
conceptual and operational framework for cognitive model-
ling of human social interactive processes. One of the main 
important and innovative scientific contributions will be the 
integration of cognitive, interaction and learning models in a 
single overarching paradigm. Comprehensive models of 
social cognition have not been realized before and this pro-
ject promises significant improvement for realism, flexibil-
ity, and the ability to provide an engaging experience for 
interactive dialogues. 

We also plan to test new learning algorithms and infer-
ence engines based on the cognitive paradigm to achieve a 
high degree of adaptivity of agents. The proposed novel 
interactive system architecture will be designed to be used 
in a multi-perspective setting: it will be able to observe the 
participants’ behaviour – i.e. learn from this behaviour and 
perform in the same way, and ultimately also be able to 
teach the others. 
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