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1 Purpose of Document 

 
In deliverable D4.1 we have proposed an initial memory model focusing on defining 

memory modules and presenting primary investigations on remembering and 

forgetting mechanisms, ethics and migration issues. In the D4.2 document we 

address some relevant concerns that were identified during the implementation and 

testing of the initial memory prototype, such as hierarchical memory structure, 

generalisation process, level 2 and level 3 memory interaction, together with 

migration matters, communication between modules, redefinition of the overall 

structure of the memory model, effective mechanisms of memory retrieving and 

forgetting, links to emotional contexts and ethics on privacy. The main idea is to 

create a second memory prototype that could be assessed while starting to build the 

link with WP5 (Feeling and Acting for Companions). 

Therefore, the objective of this report is twofold: describe the first experiment 

of the initial memory model prototype proposed in the deliverable D4.1. and propose 

a refined memory model including remembering, forgetting and generalisation 

mechanisms taking into account migration, particular ethical issues and related 

ethological studies.  

This deliverable is organised as follows: Chapter 2 provides an introduction to 

the memory modelling research in a broader picture. Chapter 3 revisits the initial 

memory model described in D4.1 together with a description of the first experiment 

developed to assess the initial memory prototype. Chapter 4 presents a refined 

memory model proposal. Chapter 5 addresses the interaction between memory and 

emotion. Chapters 6 and 7 focus on remembering and forgetting mechanisms 

respectively, together with implementation proposals. Chapter 8 speculates on 

particular ethical issues related to memory modelling for companions. Discussion 

and implementation plans are part of Chapter 9.  The document ends drawing some 

conclusions in Chapter 10. There are also 5 appendices that present some related 

background studies. 
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2 Introduction 

 
Within the LIREC project the main objective of WP4 (Memory for Companions) is 

develop an autobiographic emotionally-tagged memory supporting the storage and 

retrieval of interaction histories and long-term interaction, addressing issues of 

security and privacy. 

 Modelling a human-like memory has always fascinated AI researchers and led 

to various memory models contributing to the understanding of human cognition 

(Franklin, 1997). In the earlier years, modelling the major characteristics of these 

memories allowed intelligent programs to remember situations as cases and, most 

importantly, extracting reasoning rules from these cases stored in a database to 

extract (see Kolodner (1993) for an overview). ‘Scripts’ from Schank and Abelson 

(1977), also captures two important aspects of human memory in the perspective of 

developmental psychology for it represents everyday events and activities, and it has 

social and cultural components. 

 In particular, recent research emphasising the role of episodic memory on a 

cognitive robot (Dodd and Gutierrezshire, 2008) and on simulated agent 

architectures (Nuxoll and Laird, 2004; Ho and Dautenhahn, 2008) have achieved 

fruitful results through the learning of temporally sequenced episodes/events, or 

remembering the ‘signi�cance’ of events (through creating  impact to agent’s internal 

states). 

 In addition to modelling the cognitive aspect of human memory, the 

embodiment of an artificial companion must also be taken into account while 

developing the memory architecture. Nowadays artificial companions can be 

embodied in real social environments with different types of innovative technologies 

(e.g. physical robots, social toys or graphical synthetic characters) with which users 

can interact daily. This had led to research in which an artificial companion can 

migrate seamlessly among these potentially useful platforms in order to maintain the 

best companionship with the user, reducing the user’s cognitive load in adapting 

him/herself towards these technologies  (Ogawa and Ono, 2008; Koay et al., 2008). 

Following these research directions, here we propose a refined memory model for a 

long-term artificial companion that can potentially: 

1) preserve a long-term relationship with individual users in order to provide coherent 
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interaction without loss of consistency or continuity via remembering and forgetting 

mechanisms, 

2) migrate between virtual and robotic embodiments,  

3) present a hierarchical structure in order to facilitate the remembering, forgetting 

and generalisation processes, 

4) create a link between “human-like” memory modelling and the new Roboethics 

discipline. 

 This report is a step further towards the development of an enhanced memory 

model. Thus we continue our endeavour to answer two key questions in memory 

modelling research. First, what information should an artificial companion 

remembers, forget and generalise in order to generate appropriate behaviours and 

thus smooth the interaction with the human user? To the best of our knowledge, a 

second question has not yet been proposed in the area of human-robot interaction. It 

concerns the potential migrating nature of an artificial companion and how to design 

a generic memory model for a companion that can have different types of virtual and 

physical bodies. 

 Next chapter reviews the initial memory model and describes the first 

experimental set-up to assess the preliminary memory prototype. 
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3 Previous Work 

 
This Chapter reviews the initial memory model proposed in the D4.1 document 

together with the description of the first experiment devised to test the first memory 

prototype. 

 

3.1 Initial Memory Model 

In D4.1 we proposed an initial memory model for the long-term companion. This 

memory model enables the companion to remember events that are relevant or 

significant to itself or to the user. For other events with a lower long-term value, the 

memory model supports forgetting through the processes of generalisation and 

memory restructuring. The two main components in the previous model are working 

and long-term memories. Working memory (WM) supports agents in focusing on the 

stimuli that are relevant to their current active goals within the environment. Long-

term memory (LTM) contains episodic events that are chronologically sequenced 

and derived from an agent's interaction history both with the environment and the 

user. Meanwhile LTM also produces concepts as knowledge about the world in order 

to help in formulating and processing new goals. 

There were two key questions that we tried to address in D4.1. The first one 

was, as a companion to a human user, what information should it remember in order 

to generate appropriate behaviours and thus smooth the interaction with the user? 

Two important aspects have been taken into account in answering this question: 1) 

research into emotional and autobiographic memory within psychology and cognitive 

science, and 2) ethological studies of "the best human companion animal" – dogs' 

behaviour and memory. The second question was concerned with the migrating 

nature of our companion – how to design a memory for an agent which can have 

different types of virtual and physical bodies? To answer this question, we discussed 

in D4.1 about how concepts and knowledge can be grounded in robots' memory and 

proposed a low-level memory design for a migrating agent. 

Figure 3.1 illustrates the design of the initial memory model. Details of 

description for each component in the figure can be found in D4.1. Since D4.1 was 

produced at the early stage of the project, here in D4.2 we integrate the memory 
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model into the 3 level architecture (as first proposed in D9.1) to demonstrate how it 

would interact with other parts within the LIREC companion architecture. The 

enhanced model structure can be found in Chapter 4 (Figure 4.1). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.1 The initial memory model proposed in D4. 1 for migrating companion 

agents, with arrows showing the transition of infor mation among different 

components.  
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3.2 First Experiment 

The first experiment to test the prototype of the initial memory model proposed in 

D4.1 consists of two test scenarios – the first one is related to the personalisation of 

interaction and the second one addresses ethical issues related to privacy. Figure 

3.2 depicts the experiment set-up illustrating the interaction between modules. It is 

important to highlight that in this first experiment the user interacts only with the 

graphical character on the top (full arrow). Nonetheless the same proposed 

architecture can be used for future testing the user interaction with the other 

companions’ embodiments (e.g. robot).

 

 

Figure 3.2 Set-up of the First Experiment to test t he Initial Memory Prototype 

built on top of FAtiMA (Dias and Paiva, 2005) conne cted with Greta (de Rosis 

et al., 2003). 

 

 

 

 



FP7-215554 LIREC Deliverable 4.2 

 10 

Scenario 1: Remembering 

 

In the first scenario, we aim at showing how a companion named “Sarah” 

remembers its interactions with the user called “Amy” and how Sarah uses this 

information in later encounters. The interaction involves the companion offering food 

to “Amy” and later remembering her preference. Additionally, we have included the 

notion of time, which is currently represented as knowledge of the companion about 

the environment. Sarah selects different actions based on the time of interaction, for 

instance, offering fruits in the morning and cake in the afternoon. The interactions 

are divided into cases and take place at different locations in Amy’s house: 

 

Case 1:  

Location: Living Room 

Time: Morning 

Agents: Sarah and the user Amy 

Description: Sarah will offer Amy fruits – either apple, banana or orange, one 

at a time. If the user accepts her offer, Sarah will stop offering. 

 

Case 2:  

Location: Study Room 

Time: Afternoon 

Agents: Sarah and the user Amy 

Description: Sarah will offer Amy cake  

 

Case 3:  

Location: Kitchen 

Time: Morning 

Agents: Sarah and the user Amy 

Description: Sarah will offer Amy fruits. However, instead of choosing a fruit 

randomly, it will retrieve from its memory previous interactions and offer the 

fruit that Amy has accepted before. 

 

After each interaction in this scenario, Sarah updates its knowledge base with new 

information from the current processing. Thus, after case 1, suppose that Amy 
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rejected banana and accepted orange, Sarah will have in its memory the probability 

that Amy would accept a banana is low and an orange is higher. During case 3, 

Sarah retrieves this information into its working memory and it is this information that 

helps Sarah to decide on what to offer to the user during the next encounter, hence 

personalising its interaction with the user. 

 

 

 

Scenario 2: Situational Forgetting 

 

In this scenario, we aim at showing how an agent named “Sarah” tags its memory 

with information sensitive to a particular user and how it handles queries related to 

this information when being asked by the respective user. The interactions that are 

also divided into cases take place in an office setting and three users are involved – 

“John, Luke and Paulie”. 

 

Case 1:  

Location: Reception 

Time: Morning 

Agents: Sarah and John 

Description: John tells Sarah about him being drunk at a party and told Sarah 

that she should keep it secret from Luke, a good friend of his wife.  

Additionally, he also told Sarah that he is getting a new job and his boss 

Paulie should not know about his endeavour. 

 

Case 2:  

Location: Common Room 

Time: Afternoon 

Agents: Sarah, Luke and Paulie 

Description: Luke and Paulie ask Sarah about John regarding the party and 

the new job. Sarah will hide the information since each piece of the 

information is sensitive to one of them (i.e., party to Luke and new job to 

Paulie). 
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Case 3:  

Location: Office 

Time: Afternoon 

Agents: Sarah and Paulie 

Description: Paulie asks Sarah again about the related topic. This time Sarah 

will expose the information about John being drunk to Paulie but not about 

him getting a new job. 

When John tells Sarah his personal information and to whom this information is 

sensitive, Sarah tags its memory entry accordingly. Later, when Sarah is being 

asked about this information, she will retrieve its memory of the event and will know 

to whom the information should or should not be disclosed. 

 

 



FP7-215554 LIREC Deliverable 4.2 

 13 

4 Refined Memory Model 

 
Figure 4.1 presents the proposed changes to the initial memory model structure. 

 

 

Figure 4.1 Proposed refined memory model structure including level 2 and 

level 3 memories modules. 

 

 The major structure changes are focused on the previous working memory 

(WM) module (Figure 3.1). In Level 3, this module is now named short-term memory 

(STM) and it encompasses a short-term memory buffer and a goal-related working 

memory (Figure 4.1). Whereas in Level 2, there is now a competency dependent 

working memory, i.e. an actuator and a sensor dependent working memory modules. 

 All other proposed changes occur within the internal structure and processes of 

each module. 
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4.1 Long Term Memory (LTM) 

The human memory works on the basis of three different processes. First, 

information from the external and internal sensory system of the organism is 

encoded. Second, the information is stored either in the short-term memory (STM) or 

long-term memory (LTM), as will be further described later in this Chapter. Finally, 

the information can be remembered or retrieved (if it has not been forgotten). Note 

that it is as yet unclear and controversial among scientists, how exactly human 

memory works (Wilson, 1994; De Zeeuw, 2005; Levenson, 2006). 

 LTM keeps a large quantity of information for potentially a very long time. 

Information stored in LTM can be of very different types. According to one of the 

existing models of the human memory (Tulving, 1972), LTM can be divided into 

declarative and procedural memory. The declarative memory is formed of a semantic 

and an episodic memory. Autobiographic memory (AM), which is the focus of our 

research, is a specific kind of episodic memory that contains relevant and meaningful 

personal experiences for a human being (Conway, 1990; Nelson, 1993).  

 Life events (Conway, 1990) together with events associated with emotions, 

indicate that central knowledge structures relating to the self have been employed in 

representing autobiographical memory (AM). It is believed that AM serves a central 

function in providing the basis for social interaction, and maintenance of a dynamic 

self-concept as well as the representation of the meaning of concepts (Dautenhahn, 

1996). Moreover, two features of AM are generally de�n ed and accepted by 

researchers in psychology, as pointed out by Conway et al (2001):  

• AMs are mental constructions of the self.  

• They very often feature imagery while simultaneously containing abstract personal 

knowledge (Conway, 1990; Conway, 1996; Conway and Pleydell-Pearce, 2000). 

 

4.1.1 Autobiographic Memory Hierarchical Structure  

The organisation of a human AM has a hierarchical structure in the sense that 

memories of single events are nested within larger cognitive structures (Neisser, 

1986; Wright and Nunn, 2000). To the best of our knowledge, computational models 

of AM have neither so far adequately accounted for its hierarchical organisation and 

nested structure nor had fully exploited these characteristics (Ho et al., 2008).  

In our refined model we propose to structure the memory data hierarchically. 
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It is envisaged that this hierarchical data structure will facilitate the implementation of 

the remembering, forgetting and generalisation mechanisms as it will described in 

the following chapters. 

Basically the AM will be composed of episodes/events (or instances) and the 

information related to each event will be stored and organised as attributes 

(Table 4.1). Note that some of the attributes below have an intrinsic hierarchical 

structure like the attributes “where” and “when”. 

Table 4.1 Description of the attributes of each eve nt to be store in the AM long-

term memory. 

ID NAME DESCRIPTION 

1 Who Subject 

2 Whom Object/Person 

3 Where Location 

4 When Time 

5 What Action 

6 Internal State Companions’ internal state 

7 External State Whom’s internal state/emotional status 

8 Miscellaneous Path/links to multimedia content 

 

For the general memory model, memory traces that are of the immediate past 

are denser than the old ones. When information is perceived, it enters the STM. With 

continuous activation through rehearsal or frequent recall this memory may 

eventually become LTM. However, if the information falls into disuse, the memory 

trace will start to decay and eventually will fade away from memory. This decay 

process characterises a forgetting mechanism, and thus it will be described in 

Chapter 7. 

The information that receives frequent attention will go through reconstruction 

processes before it is consolidated as LTM. This is part of the learning process 

where memory structures are modified continuously based on incoming information 

to ensure their currency with respect to the world state. By being able to notice and 
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recall differences in experiences, the companion will be able to learn about its 

environment more effectively. General structures will help the companion in deciding 

what to pay attention to, and “reminding” forces it to make use of prior knowledge to 

form expectations. Nonetheless, care needs to be taken when generalising 

information to ensure that particular differences that may be valuable are not lost.  

 

4.1.2 Generalisation Processes in Human-Memory  

Generalisation describes processes of abstraction in the human memory. Being 

processed through the different memory stages, concrete episodes are continuously 

restructured loosing their concrete features and being reduced to their core meaning, 

forming abstract categories that include a variety of episodes with different concrete 

features. This process serves the limited cognitive capacity of the human brain and 

allows for quick and easy categorization and representation of a complex, ever-

changing environment. 

 Forgetting hence relates to the concrete specifications of an episode that can, 

if necessary, be inferred during the retrieval (Bradshaw and Anderson, 1982). These 

inferences often rely on plausibility criteria (Sulin and Dooling, 1974) and do not 

always lead to correct deductions (false memory syndrome: Loftus, 1993; Lindsay 

and Read, 1994), hinting that it is not always easy to detach memory from 

imagination. But generalization serves the successful use of memory in daily life as it 

allows for abstraction from concrete and singular experiences to develop a model of 

the extremely complex environment with its rapidly changing challenges. 

 

4.1.3 Proposed “Dreaming Process”  

Taking into account the aforementioned process of generalisation in the human-

memory, we propose a reminiscent process of “dreaming” in order to implement a 

generalisation mechanism in the companion’s memory.  

We aim at applying a relatively novel data mining technique named 

Hierarchical Classification (HC) (Freitas and Carvalho, 2007) during the “dreaming” 

process. This technique provides additional flexibility while managing large amount 

of hierarchical data besides being applicable in conjunction with evolutionary 
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computation algorithms (please refer to Appendix A for a more detailed explanation). 

In data mining research it is common to encounter hierarchically structured data 

(Witten and Frank, 2005). The same applies to our memory model where episodes 

or events are going to be recorded and stored using a hierarchical data structure.  

Summing up, the idea is to use HC during the “dreaming” process, which will 

take place every night, or at any predetermined time slot. This process will used to 

“clean” the AM long-term memory by means of generalisation. The process will also 

be responsible for generating a knowledge representation that will enable the 

companion to learn and make “predictions” if required. 

 

4.2 Short Term Memory (STM) 

In D4.1 our initial memory model for companions in LIREC have differentiated 

between working memory and long-term memory, as indicated by research in 

psychology (Baddeley,1976). The view we have taken is that long-term and working  

memories involve separate systems, although they are very closely integrated in 

operation. 

In contrast to working memory, the short-term memory (STM) can be seen as 

a kind of intermediate-term memory that utilize temporary memory structure 

(Atkinson and Shiffrin,1968) 1. Whether an item in STM gets retained in long-term 

memory (LTM) will depend on the significance of that item with respect to other items 

already remembered in LTM. In other words, the companion only remembers what is 

relevant to remember. 

 

4.2.1 STM buffers and Working Memory (WM) 

As STM involves a selection process, which determines what should be retained in 

LTM, the nature of this selection mechanism is the key problem to be addressed in 

this Chapter.  Here STM represents not one but a complex set of interacting 

subsystems that include STM buffers and working memory (WM). Both STM buffer 

                                                 
1 An alternative view is that short-term memory (STM) represents the same system as long-term memory, but is 
used under rather special conditions, which result in very little long-term retention (Deutsch, 1975). 
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and WM data may decay with a function of time unless they are refreshed. 

Given the fact that the companion simultaneously needs to perform multiple 

tasks from activated goals, STM needs to allocate available resources (i.e. buffer-like 

empty slots) for fast high-level reasoning processes. These STM buffers can hold a 

limited amount of information including recent events and intermediate states of 

active goals in a very accessible way temporarily.  

In order to process a specific goal, a certain amount of information from 

various parts of LTM needs to be retrieved and temporarily stored in STM. This 

information helps the agent to determine which events perceived from the user or the 

environment are worth remembering. The process of matching current events with 

the relevant LTM knowledge and/or experiences about the goal takes place in the 

working memory. Eventually, the updated set of information together with the 

finished goal, will be saved as a new episode in LTM for this occurrence.  

 

4.2.2 Working Memory and Event Reconstruction 

In addition to the above example where WM contributes heavily on the attention-

related processes, WM is also essential to the process of event reconstruction. 

Although details of some stereotypical events are forgotten during the event 

generalisation process, these events can still be reconstructed later if required. 

When a new event has no significant feature to make it a special 

(autobiographic) event, it is then encoded in a general and abstracted way into the 

existing category of events, as described in Chapter 4.1. When the remembering 

process takes place, particular instances in that category can be assumed to have 

followed the general rule. Certain common facts (i.e. objects, locations, people 

involved) can be filled into the empty slots within the recalled prototype for that 

event. When an activated goal involves remembering past experiences, retrieving 

these common facts to WM from the semantic world knowledge (WK) in LTM is 

crucial to the reconstructing process because the companion can recall a general 

event category with whatever specifics might be available – thus it is not required to 

remember every detail of each common event. 
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4.2.3 Interaction between LTM and STM 

As previously mentioned, STM can also be seen as a temporarily activated subset of 

information, which closely links to LTM. Activated elements in STM can form the 

focus of attention for new associations and encoding of incoming information. From a 

developmental perspective STM allows the companion to quickly recognise non-

stereotypical events from the early matching process with event categories retrieved 

from GER. Events in STM buffer is thus used to generate the retrieval cues for 

searching and retrieving information from LTM dynamically. This process can be 

seen as creating the “context” of the situation, which allows the agent to utilise WM 

for updating the goal states and, if necessary, retrieve more relevant experiences 

from LTM matching the current context. 

With the contextual information derived from past experiences, sample 

phrases from stereotypical events (i.e. previously formed categories in LTM) can 

allow the agent to identify an on-going event through a matching process. Outcomes 

of this matching process can be as follows: 

·  Events that miss one or some of these phrases are abnormal. 

·  Events that consist of unexpected phrases are novel. 

·  Events that consist of the same phrases but one or some of the phrases 

contain higher salience features are abnormal. 

Therefore, STM is an essential part of the companion’s memory for it gives 

rise to significant experiences. Moreover, it determines if the current experience can 

be absorbed by existing event categories through the process of generalisation or if 

their details should be remembered in the AM. 

 

4.3 Memory and Migration 

As agent migration is one of the key technical innovations in LIREC, the design of 

memory model for the companion needs to facilitate the process and be adaptive 

across various potential platforms among which the companion can migrate. In the 

previous collaborative work with WP8, initial implementations have been carried out 
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to illustrate the feasibility of migrating the companion’s memory from one platform to 

another. 

In the initial HWU scenarios that involve the migration of the FAtiMA agent 

mind with it STM, the agent is able to migrate in between a laptop and a mobile 

phone. At the current stage, the laptop acts as server for the robot and graphical 

character. Later, the mobile phone will be used in the personal guide scenario (see 

D9.2 for details). 

Here, the affectively driven companion “mind” architecture FAtiMA uses static 

thresholds and decays on affective states and agent’s current plans. Each activated 

goal is also with affective weights to allow the planning to be dynamic and more 

effective. Currently FAtiMA has a STM that contains a set of events and data related 

to current goal processing. 

When migration process starts, the semantic world knowledge (WK) and past 

experiences drawn from AM in FAtiMA’s STM helps in processing a new set of goals 

to be achieved in the platform which the companion has newly embodied into.  This 

early implementation of the HWU scenarios verifies our concepts that the agent’s 

LTM, due to its nature of recording many episodes in a long-term interaction with the 

user, will be stored only in the robot and the central computer server. This is a 

design consideration that is able to cope with various data transfer bandwidth, 

temporary unavailability of the server, as well as the performance of CPU and 

physical memory size in different platforms (such as mobile phone which has a 

relatively low speed processor and small amount of available RAM). 

When the companion migrates, based on the currently active goals the agent 

mind brings alone what is likely to be needed from LTM to STM. This expectation-

driven STM contents thus reduces the need for LTM access and consequent 

updates to LTM in a platform that has limited connectivity with the server. Finally, to 

maintain the consistency of information in LTM stored in the server, a “dreaming” 

process as previously described in Chapter 4.1 will take place to synchronise and 

update the memory while the whole system is idle (e.g. when the companion is not 

active). 

 



FP7-215554 LIREC Deliverable 4.2 

 21 

5 Emotion and Memory 

People experience emotions primarily when they appraise events as either 

facilitating or obstructing their goals, and construct new plans or revise their goals 

based on this appraisal (Frijda, 1987; Ortony, Clore and Collins, 1988; Oatley and 

Johnson-Laird, 1987). Emotional responses are more vivid than neutral responses, 

hence are more available for recall (Thomas and Diener, 1990). Emotional memories 

may be reconstructed based on recall of both the emotion eliciting circumstances 

and past appraisals of those circumstances (Levine, 1997). Memories for past 

emotions inform people’s plans for the future and play a vital role in the construction 

of personal identity (Neimeyer and Metzler, 1994). Hence emotional experiences 

provide important guidelines to the companion’s prediction about other agents and 

its interaction environment. 

 

5.1 Using AM to Model Theory of Mind 

The Autobiographic Memory serves as a repository storing the companion’s 

significant (emotional) past experiences with other agents and users. Using this 

memory will allow the comapnion to build up a model of how others react to events, 

appraise events, together with additional knowledge about other’s internal state 

(beliefs, emotional state, relations). This will constitute the companioin’s Theory of 

Mind (ToM) about other agents. 

 

5.2 Information Stored in the AM 

In order to build up the model of others, it is important to remember their reactions (in 

terms of emotional expression for instance) to events. For instance, if an event 

happens and the companion perceives a smile from Agent  B, then he will store that 

event in memory together with the information that agent B found the event desirable 

(this is done through simulating an inverse process of appraisal according to B’s 

perspective).  The collection of perceived reactions from agent B will be used to build 

up a model of how he reacts to events (more details of that in Section 5.3). 
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 In addition to associating agent B’s perceived reaction, we will also store a 

value representing error estimation. The idea is that before perceiving agent B’s 

actual expression, the companion would have estimated (simulating it through ToM) 

the expected emotional expression. If there is a big difference between the 

estimation and the real value, it means that the companion’s estimation (based on 

the existing model) was very wrong, and this particular event should be very relevant 

in updating the model of how agent B thinks.  So, a high error estimation value will 

mark the event in memory as a very important event, which will make it harder to 

forget and more relevant to determine agent B’s model. 

 

5.3 Extracting ToM model from the AM 

Imagine that the companion is building up a plan to make Agent B happy. In order to 

do so, it must consider possible actions that Agent B finds desirable. This is done by 

looking at the model that the companion has about Agent B’s appraisal process. This 

model is built dynamically from the AM when the companion needs such information 

(however subsequent requests may use a version of the model stored in working 

memory). Building up such model corresponds to activating a retrieval process 

based on event’s perceived by agent B (see Figure 5.1). Due to the spreading 

activation mechanism (described in Chapter 6) of the retrieval process, we might 

collect events that are not directly related to agent B (as in the case of InviteMovie 

event). These events will be taken into account in generating the ToM but with lesser 

relevance values. All events remembered will then be categorized based on the type 

of action and for each type, a weighted average is determined by looking at the 

desirability stored in the event and at the event’s relevance in AM (through the 

spreading activation evaluation function).  This weighted average represents the 

companion’s estimation of how agent B will appraise the event in the future. 
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5.3.1 An Example of Building ToM from the AM  

Figure 5.1 provides three examples of events retrieved from AM to build up a ToM of 

Agent B. The cheerUp action is remembered to be desirable for agent B, but also to 

agent A. So agent’s A desirability may also be considered to determine the 

estimated desirability for Agent B (akin to a generalization process), albeit being less 

relevant than the other values. 

 

 

 Figure 5.1 Example of retrieving events related to  agent B 

 

In the second example, AM has enough examples of B’s reaction to gloating 

events, so it does not need to use additional related events. 

The third example presents an interesting scenario, if the AM does not have 

instances about B’s appraisal of a given event (e.g. InviteMovie), then it can still use 

information of how others appraised the event, and assume (by generalization) that 

agent B will likely appraise the event in the same way. This function is particularly 
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useful when the agent has just met agent B and does not have much information 

about him.  
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6 Remembering 

As previously stated, the three main activities related to memory modelling are: 

encoding, remembering and forgetting (Bartlett, 1932). Information from STM is 

encoded in LTM through repeated exposure and generalisation. Remembering or 

retrieval involves recall and recognition while forgetting may be caused by several 

processes (Vargas et al., 2009). In this Chapter we will discourse on the proposed 

remembering mechanisms to be adopted in this memory model. 

Remembering or retrieval is a crucial aspect of human memory and it can 

take place across situations. It might occur as we reckon new situations in terms of 

previous experiences (Schank, 1982) for people use a variety of cues that helps 

them drawing inferences about past experiences while recalling memories (Robinson 

and Clore, 2002). Memories of personal history cues give rise to recall of events that 

were rated as more personally important, frequently rehearsed and highly specific 

(Conway and Bekerian, 1987). Additionally, recall of information is found to be mood-

consistent (Forgas, 1995). However, this finding is controversial and hence we 

decided not to address this issue (please refer to Appendix B for a discussion). 

Some memories that seem lost, can be retrieved if the measurement applied 

is sensitive enough (Penfield, 1959; Nelson, 1971; Nelson, 1978). Nelson for 

instance, found that previously learned material that could not be retrieved during 

testing was more easily learned again as compared to new material. These findings 

back up the idea that memory processes leave traces in the mind, probably through 

spreading activation patterns in the brain, operated by interaction of chemical 

transmitters and changing synaptic connections between neurons (Barnes, 1979) or, 

on a functional level, as spreading activation patterns in a propositional network 

(Anderson, 1974; Anderson, 2007). Moreover, these findings are in accordance with 

reports that hippocampal areas in the brain are responsible for storing explicit 

content (Schacter and Badgaiyan, 2001). On the other hand, implicit knowledge that 

stems from repeated experiences in the past, i.e. knowledge that we cannot be 

accessed consciously or not verbalised, is transferred to cortical areas (Koutstaal et 

al., 2001) where it continues to be consolidated through perceptual priming. 
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Essentially there are two major competing theories on the process of memory 

retrieval: Spreading Activation and Compound Cue. The former is a theory more 

widely accepted and adopted in cognitive psychology (Anderson, 1983b; Roelofs, 

1992; McNamara and Diwadkar, 1996). It states that when an item is presented, 

activation spreads from the representation of that item to other nearby items in LTM 

(Anderson 1983a). Compound Cue theory states that items presented are combined 

into compounds in STM and then matched against information in LTM by a global 

and passive matching (Ratcliff and McKoon 1994). The discussion over these two 

approaches is complicated by the fact that both theories support most priming effects 

through different explanations. McKoon and Ratcliff (1995) provide evidence that 

non-word inhibition effect causes difficulties for spreading activation while study by 

Williams, Güss and Richard (2007) provide support for spreading activation by 

showing that compound-cue theories does not explain three-step priming.  

We are going to apply both of the above mechanisms to the companion 

memory retrieval process under different circumstances. Please refer to Appendix C 

and D for a more detail description of the spreading activation and compound cue 

theories respectively. This Chapter focuses on the retrieval of episodic memory. The 

retrieval of semantic information (e.g. properties of objects) is through direct access 

and thus does not require further elaboration. 

In the current model of the companion’s memory, only the same exact event 

can be retrieved to process the current similar situation. The application of 

compound cue and spreading activation theories will allow the companion to access 

a wider set of information in its memory and hence to generate more appropriate 

responses to different circumstances.   

The spreading activation theory will not be applied to the retrieval of 

information from the semantic memory as in the classical applications but to the 

retrieval of related experiences in the episodic memory of our companions.  

We are usually reminded by similar events, in particular those closely related 

to previously experienced phenomenon. Moreover, attributes such as an object, a 

person or a concept can remind us of other similar or related objects, persons or 

concepts. Therefore, activation can be spread in a similar way during memory 

retrieval of the companion. Some example applications of this type of spreading 
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activation for narrative extension can be found in Ibanez (2004) and Lim (2007). 

Ibanez (2004)  proposed spread activation based on subject-object and cause-effect 

links while Lim (2007) added attributes such as location, type of story, concepts, 

interests, etc. to the spread activator list. This technique of spreading is applicable to 

the retrieval of the companion’s memory for events in its episodic memory are 

comparable to narrative elements. 

 

6.1 Representation of Episodic Memory  

In order to allow retrieval through Spreading Activation and Compound Cue 

mechanisms, episodic memory events will be represented as nodes that are 

associated to one another via attributes that encompass information about the 

object, location, time, etc, forming a network. Each node and attribute will have a 

strength associated to each link, which is a function of its frequency and recency of 

exposure. Each node may also have importance value associated. These values are 

strengthen through use and will decay over time with inactivity. 

 Since the compound cue technique works based on the concept of familiarity 

between a compound item and items in the LTM, retrieval is performed by a 

comparison between the compound item (the new event including all attributes) and 

all nodes in the network. This will allow retrieval of the most relevant event(s) based 

on the degree of similarity (familiarity), hence permitting the companion to perform 

more accurate prediction/evaluation of the current scenario. It can thus react 

accordingly under different circumstances particularly when no exact match of the 

event exists. 

Applying the spreading activation technique, relations between nodes form 

associative pathways between them. Associative paths are also formed among 

attributes in each node. When an attribute of the memory network is activated, 

activation will spread along the associative pathways to related attributes and nodes. 

The level of activation does not tell how the network is related but it does provide 

information about the degree of the relation. The activation will spread based on 

attributes known to the companion (e.g. the companion searching for some 

information as described in Chapter 6.1.3.1) or pre-defined rules of spreading (when 

the companion wants to retrieve related information, e.g. subject-object link). This 
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activation could be performed by a rule engine, for instance, Drools 

(http://www.jboss.org/drools/) or Jess (http://www.jessrules.com/). The activation 

level is updated after each phase and the more active a particular node of the 

network is, the more it is related to the current context.  

6.2 Examples of the application of Spread Activatio n and 
Compound Cue Mechanisms to the Retrieval of Events 

Suppose the companion has in its episodic memory (Table 6.1) the following 

episodes with five attributes – who(subject), what(action), whom(object), 

where(location) and when(time):  

 

Table 6.1 Part of a simplified episodic memory data  

Node Who What Whom Where When 

1 Amy Eat Apple Kitchen Morning 

2 Amy  Play  Game Living Room Evening 

3 John Play  Game Living Room Evening 

4 Amy Read  Book Study Room Afternoon 

5 Amy Chat Andy Study Room Evening 

6 Amy Watch TV Living Room Evening 

 

6.2.1 Spreading activation 

Suppose it is evening now and the companion is being asked the question “Where is 

Amy?”. The known attributes are subject and time and the attribute the companion 

wants to find out is location. The association of these three attributes (ignoring the 

action and object to simplify the network representation) is presented in a network 

structure depicted in Figure 6.1. The strength (i.e. the frequency) of connection 

between attributes is represented in red. 
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Figure 6.1: The association between attributes ( who, when, where )  

 

 

 “Amy” (subject) becomes the attribute of activation. Based on its memory entry, 

Node 1, 2, 4, 5 and 6 will be activated. The companion can then spread the 

activation to the next known attribute: time = “evening”. Only nodes that succeed the 

preceding phases of activation will continue to the subsequent phases of spreading. 

Since events in Node 1 and 4 took place during the “afternoon”, these nodes will be 

deactivated. The companion is now left with Node 2, 5 and 6 active. Retrieving the 

locations where events for these active nodes took place, the companion will need to 

choose between “Living Room” and “Study Room”. Since “Living Room” has a higher 

strength than “Study Room” as it appears twice, it will be selected as Amy’s current 

location. The activation flow is represented by the red arrows in Figure 6.1 starting 

from “Amy”.  

 

After obtaining the answer, the companion may spread the activation further in its 

memory to other attributes, for instance, action and object, and hence may suggest 

that “Amy” is probably playing games in the “Living Room”. Further spreading can 

also lead to the inference that “Amy” might be playing games with “John” and so on. 

 

6.2.2 Compound Cue  

Figure 6.2 shows the association between nodes. The strength of the connection 

between nodes is proportional to the similarity between them. Assuming that each 

match is assigned a strength 1, the strengths of the connection between nodes are 
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represented in red brackets in the diagram. Through these associations, the 

companion will be able to retrieve the most relevant information to respond to the 

current situation.   

 Suppose an event (Node X in the diagram) with the following attribute values: 

Subject – “Paul”, Action – “Play”, Object – “Game”, Location – “Bedroom” and Time – 

“Evening” has just occurred. When the companion retrieves its memory for this 

event, although there is no exact matching event, Nodes 2 and 3 in its memory will 

be retrieved using compound cue since they have the highest similarity with the 

current event. This may cause “Amy” and “John” to be brought into focus because 

they are the 'subjects' of the retrieved nodes and may further lead to other events 

activation related to them through spreading activation. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6.2: The association between nodes  

 

From these examples, it can be observed that through spreading activation and 

compound cue mechanisms, the companion will be able to handle a wider range of 

situations where no exact previous experience existed. The spreading activation 

mechanism allows retrieval of related events while the compound cue mechanism 

allows retrieval of the most relevant event(s). 
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6.3 Autobiographic Memory and Multimedia Content 

In order to cope with demands on capturing various aspects of user’s daily 

experienced events, the artificial companion will be able to store multimedia contents 

in its LTM. Depending on the available sensing competences (sensors like camera 

or microphone) provided by a specific embodiment, these contents could include for 

instance images, short voice and/or video clips. They aim at helping to collect 

situations, which are worth remembering from the user’s perspective. Generally this 

feature can be seen as an augmented digital episodic memory providing 

conveniences to the user in remembering some items that are not well recorded by 

human episodic memory, such as numbers and images, see (Kröner et al., 2008) for 

detailed discussions.. 

  A piece of multimedia content (data file) will be created by a specific sensor 

upon the user’s request. This sensor is platform dependent, i.e. it will depend on 

which platform the companion is currently embodied. The multimedia file, once 

created, will be stored temporarily in the local memory and then transferred to the 

central server through synchronisation (the “dreaming” process).  

 To provide the context for the file, the companion can actively tag extra 

information (e.g. time, place, current goals and user action) as notes of the file for 

future references. A new event will be created in the agent’s autobiographic memory 

(AM) for completing the goal of creating the multimedia file and the path for 

accessing this file will be stored as a field within the AM event. 

The design of computational AM supporting multimedia contents is inspired by 

the research area of personalized ubiquitous multimedia (PUM) where resources can 

be distributed, synchronised and streamed on a network with ubiquitous computers 

(Bagchi, 2008). However, taking into account the companion’s particular 

embodiment and the availability of network connection at a given time, the retrieval 

of multimedia contents may be limited in certain embodiments when the connection 

to the server is not available. 
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7 Forgetting  

Relevant research questions regarding human memory are for instance, what helps 

us or hinders the retrieval of information from memory, or how does forgetting work? 

In this Chapter we will discourse on forgetting mechanisms as reported by 

psychologists and neuroscientists, which in turn serve as a source of inspiration to 

our memory modelling. 

 

7.1 Forgetting Mechanisms 

If we were to record every bit of incoming information, we would have information 

overload, difficulty in organizing the information and difficulty in focusing on one 

piece of information at a time. Therefore, forgetting is essential and useful, thus a 

number of theories of forgetting have been developed by neuroscientists and 

psychologists, which aim at explaining these mechanisms, hence explaining why do 

we forget. These theories can be split into two groups. One is mostly associated with 

forgetting from STM and another one is with forgetting from LTM. 

 

7.1.1 Short-term Memory (STM) 

In the store for sensory information, incoming perceptual input from the sensors is 

either ignored or paid attention to. In case it is ignored, it is removed quite early; in 

case one attends to it, it survives, writes over “old” sensory input information, and is 

processed in order to assess its meaning. Once the meaning is assessed, the 

information in encoded and transferred to the short-term store. Information that 

enters this store can be lost either by decay, displacement or interference.  

a) Trace Decay Theory 

This theory suggests that memory fades away with time and leaves a trace in the 

brain in the form of physical and/or chemical change in the nervous system. This 

trace would then be subjected to an automatic fade or decay over time (Brown, 

1958). The theory that has been repeatedly empirically confirmed has been criticised 

because it does not specify the psychological mechanisms of decay; however, decay 

might happen due to physiological processes in the brain (decay of neural synaptic 
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connections), or lack of rehearsal. 

b) Displacement 

This theory explains forgetting as due to a lack of availability or limited capacity of 

the STM. In this way, new information “displaces” old information when STM is “full”. 

C) Interference Theory 

Memories interfere with one another retroactively or proactively Retroactive 

interference means that information that is encoded later interferes with information 

that is encoded at an earlier stage, while proactive interference means that 

information that is encoded at an earlier stage interferes with information that is 

encoded at a later stage. Interference happens preferably if the two different stimuli 

are highly similar, but not connected to each other, i.e. if there is no intrinsic 

association between the stimuli that could be used for elaboration of existing 

association or that could foster the integration of existing association - elaboration 

(Bradshaw and Anderson, 1982). Interference can result in the loss of stored 

information - retroactive interference, but also in retrieval errors-proactive 

interference, e.g. “false memory syndrome” (Loftus, 1993; Lindsay and Read, 1994).  

 

7.1.2 Long-term Memory 

Long-term memory keeps a large quantity of information for potentially a very long 

time. Information stored there can be of very different nature. Factors that influence 

the retrieval of information basically relate to its significance, and are for example the 

similarity of contextual cues during encoding and retrieval, elaboration of encoding, 

or integration with other memories. 

a) Interference Theory 

The same principles of interference theory in STM apply to LTM. Again, according to 

this theory, LTM can be disrupted or interfered with by other memories, i.e. 

memories interfere with one another retroactively or proactively (Baddeley, 1997; 

Baddeley, 1999). Retroactive interference means that information that is encoded 

later interferes with information that is encoded at an earlier stage, while proactive 

interference means that information that is encoded at an earlier stage interferes with 

information that is encoded at a later stage (e.g. witnesses in court). 
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b) Lack of consolidation 

This theory states that a certain amount of time is necessary for some alteration of 

the brain substrate to become permanent, i.e. the consolidation process (Parkin, 

1993). Therefore, impairment on the consolidation process, such as damage to the 

hippocampus or aging, may thus cause forgetting (Wingfield et al., 1998).  

c) Retrieval failure 

The retrieval failure is characterized when information stored in the LTM cannot be 

accessed (Tulving, 1974). When it comes to retrieving information from memory, 

contextual cues are crucial. Tulving and Psotka (1971) have shown that forgetting is 

due to the absence of a valid cue for recall (cued recall) and that recalling memories 

fails if contextual information is missing. According to Watkins and Tulving (1975) 

there is also an encoding specificity, which states that the probability of recalling 

information is dependent on the similarity of the context during encoding and testing 

(Bouton et al. 1999). One example is the emotional context (Bower, Monteiro, and 

Gilligan, 1978), which is the probability of recalling information dependent on the 

similarity of the emotional states during encoding and testing; 

d) Motivated Forgetting or Repression 

Repression occurs when memories are unconsciously blocked from our awareness. 

It could be seen as the purposeful but subconscious block of memories. These 

strategies to “forget” disturbing experiences have been researched in psychoanalysis 

as defence mechanisms, strategies that serve to protect the self from situations and 

emotions with which one cannot cope (Freud, 1937). In case of these unconscious or 

conscious strategies of motivated forgetting, remembering, discussing or rehearsing 

memories are important techniques to strengthen the retrieval of the suppressed or 

repressed memories. Similarly, forgetting details of disturbing events might also be 

due to the fact that disturbing events are simply less often discussed and rehearsed 

than positive memories. 

e) Elaboration of Encoding 

Encoding is best during phases of high activation (Hockey et al., 1972). Semantic 

elaboration during encoding provides more associations for inferences of related 

information at the stage of retrieval (this is of particular importance because of 

generalization processes that “forget” this information that is related to the concrete 
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experience rather than the core meaning of the episode). Integration with other 

memories is also relevant if the content can be linked to existing memory structures, 

it will be less likely subject to forgetting processes than if it is not integrated 

[Bradshaw and Anderson, 1982]. 

 Apart form the aforementioned theories, forgetting has also been linked to 

sleep, distress, exercise and diet. The research into the influence of sleeping on 

memory and forgetting can be subsumed with the finding that it is the metabolic 

processes that take place during sleeping that influence forgetting  (e.g. Gais and 

Born, 2004). Results focusing on the absence of sleep on memory and forgetting can 

be interpreted as being at least partly the consequence of heightened stress levels 

that are a direct result of the absence of sleep. As far as stress level and memory is 

concerned, extensively high cortisol levels that result from dangerous situations and 

have the function to prepare the organism for fight or attack, damage brain cells if 

they are not controlled. Normally, internal regulative mechanisms stop the 

distribution of cortisol within a short time frame, but this control mechanism can be 

impaired, for instance in depressive patients. 

 

7.3 Selective Memory 

Memories are not fixed but are constantly being restructured. As mentioned 

previously, sometimes this restructure is due to interpretation, inferences or 

generalisation processes. Not all memories are equally accessible for conscious 

reflection (implicit memory), however, they remain “there”. Reasons for this 

repression could be: 

• Post-traumatic stress disorder: due to sustained emotional distress of singular 

traumatising experiences access to specific content is blocked, i.e. the erasure is 

limited only to the portion of the memory being recalled. In the long run, those parts 

of an episode that cause intense emotions or distress are detached from the rest of 

the episode which might lead to emotional problems and related behavioural 

tendencies (avoidant behaviour). 

• Cognitive dissonance (Festinger, 1957) / Protection of self-image (Baumeister 

and Cairns, 1992): because we do not want to confront ourselves with critical 
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decisions or mistakes that we have made, we block these memories from our 

conscience. In the long run, we keep ourselves from learning from our mistakes and 

we risk keeping up a self-image that is not shared by others.  

• Forgetting due to lack of importance: neither internal (emotional or semantic) 

nor the external (situational) aspects of the episode or event contribute to its 

generalisation (e.g. seeing a spider would contribute to a generalisation of stressful 

stimuli in case one is afraid of spiders, but would only be classified as seeing an 

animal if not). 

– Need for affiliation: rejection experiences result in selective memory for the 

explicitly social events (Gardner, Pickett, and Brewer, 2000) 

– Response bias in depressive patients (Teasdale and Russell, 1983): 

depression has been found to improve memory for negative self-relevant information 

relative to memory for positive self-relevant information. 

 

7.4 Further investigations regarding user preferenc es of and user 
attitudes towards the companion’s memory 

Based on the results of a study conducted at the IFA 2008 electronic consumer trade 

show (for details, see D2.1) and on work by UH (Syrdal et al., 2006), we suggest the 

following study to further investigate humans’ preferences and attitudes towards 

different implementations of companion memory. 

 

7.4.1 “eROY” – studying user preferences for future h ome companions 

The study investigated user preferences regarding attributes of companions they 

could imagine to live with (e.g. having the companion in the flat permanently) for a 

time period of six months. One attribute investigated was the memory of the robot 

companion. Users could choose between companions with permanent memory 

structures, memory that was erasable by the user, or memory featuring biology-

inspired forgetting mechanisms.  

 The results clearly favoured the latter: a biology-inspired forgetting 

mechanism similar to forgetting in humans was clearly preferred over the two other 

memory structures, even though they seem more effective and also feasible for 
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future home companions. Even though the limitation that the home companion in our 

IFA study was imagined by our participants based on a vague written description, we 

argue that particularly in a home environment, the issue of unlimited storage of user 

related information seems questionable, even for a technology-excited IFA visitor. 

 

7.4.2 Beyond “eROY”: user preferences and attitudes a fter experiencing 

different companion memories 

With our suggestions for further investigating these explorative results, we go 

beyond imagination by letting our participants really interact with companions (robots 

and graphical characters) that feature different memory structures. 

 In detail, we want to investigate a quantitative aspect, asking whether 

participants really favour selective memory structures over a permanent storage of 

information. This could be investigated in different contexts, e.g. work, home, social 

space, etc. A second aspect is qualitatively in nature, asking whether a selective 

memory including human-inspired forgetting is preferred over a random forgetting of 

facts or a simple decay mechanism (Chapter 7.1.1). 

 The proposed structure of the experiment will be as follows: 

 In a first interaction session, naïve users will meet a companion and interact 

with it, e.g. a predefined semi-structured interview by the companion with the aim to 

“get to know” the participant. They are told that they will meet the companion again 

and that the conversation with it serves to personalise the companion for later use by 

the participant. The conversation will include a couple of private topics, such as 

favourite leisure activities, food preferences, health-related behaviour such as 

exercising or drug abuse, information about family members, etc.  

In a second interaction session, the companion will again initiate a 

conversation with the participant in which it will disclose private information about 

itself and topics that it remembers from the last interaction. This memory functionality 

can be manipulated indicating that the companion can remember everything 

(permanent storage) or that it forgets information that does not directly relate to its 

tasks and functionalities in the home or the workplace (selective memory) or that it 

forgets information rather randomly / that was encoded earlier in the last interaction 

(decay). The three different memory functionalities can either be compared between 
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subjects (in case a large number of subjects is available) or within subjects (in this 

case, the order of presentation of the different “memories” should be balanced). 

 Rather than presenting the participants with a negative interaction experience 

where robots clearly transgress socially acceptable manners as reported in Syrdal et 

al., (2006), we hope that the presentation with a balanced variety of different memory 

functions in combination with a real interaction experience will help the participants 

to express preferences and attitudes towards the different companion memories. 

This will be assessed in open-ended questionnaires and interviews (Syrdal et al., 

2006). As far as the companions are concerned, Wizard-of-Oz methodology will be 

used to manipulate the memory functionality of the robot and thus allow a smooth 

social interaction with the participants (see Syrdal et al., 2006). 
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8 Ethical Issues and Memory 

While discoursing upon ethics, we will first describe the main theories related to 

ethical behaviour on social relationships in general. Then, we will concentrate on the 

ethics related to human robot interaction (HRI). Therefore, we will focus on robots as 

long-term companions, including the implications of their memory modelling in regard 

to confidentiality, privacy and trust. 

 There are three types of theory that try to encompass ethical concerns: 

consequentialist, deontological and virtue-based. The former states that the 

consequences should rule one’s actions. In this sense, an ethical behaviour should 

involve the ability to predict the result of an action, in addition to be able to evaluate 

the results of an action according to the positive expectations and/or desires. 

 In deontological theory, an action is evaluated a priori as being moral or 

immoral irrespective of its consequences. Usually, a set of moral rules are created 

describing a deontological moral system. A number of such systems have been 

created (Gert, 1988). Nonetheless, conflicts may always arise when dealing with a 

rule-based system and thus one must know how to solve the upcoming dilemmas.  

 Virtue-based theory, on the other hand, considers one’s character in terms of 

“being” not “doing”. Hence, ethics is a question of character and learning by 

practicing is more relevant than theory. 

 As previously stated, we are concern about the ethics involved in the design 

and use of robot technology in everyday settings from a user-oriented perspective. 

This requires a balanced discussion that may not begin with life and death (Asimov, 

1950; Clarke, 1993; Anderson, 2007), but on a more general level grounded in real 

culture. Relevant questions then concern how technology that we build affect 

existing social practices, how the image of robots in popular media affect us and our 

designs, and the values that people in general associate with robotic technology. 

 In this sense, though one should not underestimate the fact that the 

development of robotic technology involves systems that are extremely complex and 

in a way probably unpredictable for it depends on how such machines are created. 

Notwithstanding the distress that might be incurred, we believe that there is no need 

to be alarmist (Joy, 2000). Of course, history has given us enough reasons to 
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become concerned with the uncontrolled development of new technology e.g., war 

built-purpose robots (Arkin, 2008) and hence, ethical issues involved should 

undoubtedly be part of our present concerns.  

 With the aim of devising a human-centred ethics, which would involve long-

term ethical concerns whilst developing robotic technology, a new discipline named 

Roboethics was created (Veruggio, 2005; Veruggio and Operto, 2006). Its prime 

objective is to provide scientific, cultural and technical tools that can be shared by 

different social groups and beliefs. Thus, it is believed that Roboethics should not 

only comply with the widely accepted “Charts of Human Rights” but also consider 

ethical theories as described earlier on this Chapter. Moreover, Veruggio (Veruggio, 

2005) enquires whether Roboethics is a problem for the individual scientist, for the 

end user, or for the concerned person to deal with, in her/his own consciousness, or 

it is a social problem to be addressed at institutional level. We advocate that it should 

be a merge of all, we believe that conscious individual scientists would lead to a 

conscious institution and thus to an ethical end-product to the end-user. 

 Although Roboethics should analyse the effects of robotics such as 

abrogation of responsibilities, lack of access, deliberate abuse, terrorism and privacy 

amongst others, in many application fields, such as economy, society, law, elderly, 

health and childcare. In this work, we concentrate on the ethics related to long-term 

HRI, focusing more on data security and thus privacy issues. 

 

8.1 Towards a Roboethical Memory Control 

So far, the idea of a robot companion has not been widely accepted and sometimes 

not even considered or imagined. There are also some scientists and philosophers 

who clearly stand against its use in all circumstances. Take Sparrow for instance 

(Sparrow, 2002; Sparrow, 2006). He argues that until we could not create robots with 

real personality, we could incur in the mistake of viewing our creations for what they 

are not and hence, this could involve a potential ethical danger (Ambo, 2007). 

 Syrdal (Syrdal et al., 2007) addressed the relevance of considering privacy as 

an ethical problem on HRI as pointed out at the EURON Roboethics Roadmap 

(Veruggio, 2006). The authors conducted an exploration experiment using a human-
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sized robot, which was operated under remote control while interacting with 12 

participants in a long-term trial i.e., “The Wizard of Oz Method” (Kelley, 1983). One 

important aspect raised by the analysis of the results was that of the influence of 

nationality and thus cultural differences between the participants.  

 As expected, people were mostly concerned with “what” was being stored on 

the memory of the robot companion and “how” this data would be processed and to 

“whom” this information would be further disclosed. All things considered, it was 

concluded that not only systems that are meant to be used by general public should 

strive to explicitly justify any data captured from its users but also that privacy and 

data protection remain an important field of research.   

 In our research we focus on what the artificial companion should and should 

not forget and its consequences when taking into consideration ethical concerns.  

For Gips (Gips, 1991), each ethical theory presented on Chapter 3, has its pros and 

cons and thus he poses a question that is concerned with “What types of ethical 

theories can be used as the basis for programs for ethical robots?”  For instance, the 

consequentialist theory would be the easiest to implement in a robot but prediction 

would be an issue.  The deontological one might also seem straightforward to 

implement but arising conflicting obligations would be pre-emptive. The virtue-based 

theory seems to resonate partially with the evolutionary robotics approach (Nolfi and 

Floreano, 2000) but the unpredictability might become undesired. We believe that in 

order to create an ethical robot one should consider incorporating aspects of all 

ethical theories (WallachandAllen, 2009).  

 In our point of view the three theories could be combined in a way of creating 

a master “roboethical” theory, which would encompass all positive features of each 

one, while attempting to overcome the shortfalls.  For instance, an ethical robot’s 

mind could be programmed as a set of rules (deontological theory), which could be 

learned by practice (virtue-based theory) and also by applying evolution and 

prediction (consequentialist theory).  Of course when we mention the robots mind, 

we are mostly interested in the robots memory modelling and the related forgetting 

mechanisms, which is the focus of this investigation. 

 Forgetting is useful to improve efficiency, scalability and adaptability of 

cognitive systems operating in dynamic task environments, such as a robot's 
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interaction environments. Forgetting could be viewed as a way of controlling the 

memory of the robot companion for it could be used to regulate (Gold, 1992) the type 

and amount of data stored on the robots memory, giving rise to a more reliable 

artificial companion, in data security and privacy terms. 

 Towards this roboethical memory control, a robot companion can learn 

(virtue-based) data privacy regarding contents as well as contexts from making 

mistakes that is later rectified by the user.  Each time a robot makes a mistake by 

retrieving a piece of personally sensitive data and the user corrects the robot, the 

memory architecture should create a new rule (deontological) to handle the same 

type of data under the remembered context, namely the current environment and 

other people’s presence. Once the user reinforces the new rule, it allows the robot to 

be attentive to a particular type of information while interacting with the environment 

and perceiving data through sensors. This new rule can help processing the 

information and enable a “situational forgetting” mechanism, which allows the robot 

to “forget” a piece of sensitive information under specific circumstances to satisfy the 

user’s expectations and attend its requests via making accurate predictions 

(consequentialist). 

 In order to implement such control, our final proposed memory model should 

include forgetting mechanisms by not only utilizing the trace or functional decay 

theory (Brown, 1958; Altman and Gray, 2000) for STM and LTM but also considering 

displacement, interference, consolidation and most important repression or 

motivated forgetting.  A repression mechanism could be implemented in order to 

allow the user to “repress” any memory event that might be considered inadequate 

for storage. Following these guidelines, a robot’s memory can be personally tailored 

to suit particular user needs while initialising the robot. The same memory 

architecture, with different levels of forgetting and repression mechanisms to handle 

sensitive contents, can support various user groups with regards to personal privacy. 

For instance, a robot companion working in an office can be personalised to remind 

workers their schedule, meeting appointment and regular break times; however this 

robot should avoid remembering workers’ personal information such as someone’s 

home address or salary, because these are sensitive issues to individuals in the 

office environment. In contrast, a robot companion living with the user in the home 

environment can store more personal information at users’ request. This robot can 
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help user with daily tasks at home and also remind the user the time to take 

medicine, appointments with a doctor or personal dates. 

 To recapitulate, by considering ethical issues, a prior knowledge (a 

deontological system), a learning process (virtue-based) and a prediction scheme 

(consequentialist) should be part of the “roboethical” system as described earlier 

together with the aforementioned forgetting mechanisms. In this way, the user could 

control “what” is being stored, “how” it is being encoded and to “whom” it would be 

available. 
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9 Discussion and Implementation Plan 

 

9.1 Level 2 Competency-Dependent Memory 

While designing competencies at level 2 of the LIREC companion architecture, the 

temporary storage of local sensory data for individual competencies becomes an 

interesting direction to investigate in both WP4 and WP9. Competencies such as 

face-detection and navigation can either create a set of re-usable data or require 

some predefined features from the programmer to allow the physical embodiment to 

quickly adapt to the environment. This type of local data set can be seen as the level 

2 competency-dependent working memory, which is necessary to be formulated in 

order to support the efficiency of behaviour execution from the LIREC companion. 

Take face-detection as the first example, agent embodiments, which include a 

camera, can increase the functionality of this competency by storing a set of data of 

the facial features of users or other people whom the agent has been interacting 

with. This data can be obtained and trained through repeated interactions with a 

person, and then stored locally as an XML file2. Second example which is taken from 

the UH robot house demo (see D9.2 for details) is the use of waypoints to assist a 

mobile robot’s navigation within the local environment. The waypoints informing 

robot’s next target or location are in a list that coordinates with robots internal 

odometers. 

One of the important goals of LIREC is to develop a robust and efficient 

control architecture allowing the companion to migrate smoothly from one platform to 

another in order to perform various tasks. In level 2, competences are allocated to 

link with specific hardware in level 1 and are managed by the reasoning process in 

level 3. Thus, the working memory (WM) attached to individual competencies will 

also be shared with other related competencies using blackboard architecture 

(Hayes-Roth 1985). Originally, a blackboard is defined as a system that treats 

problem-solving as an incremental, opportunistic process of assembling a 

satisfactory configuration of solution elements (Hayes-Roth 1985). The entire 

problem state is present on the blackboard and a number of experts make changes 
                                                 
2 Here we assume that face features, such as the horizontal width between two eyes, contain mainly 
numerical or ASCII data. It is problematic to consider raw imaging data to be stored in an XML file. 
Further investigations will be needed if raw imaging data are used for face or object recognition. 
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to it according to their expertise (Martin 1996). Here we envisage that the level 2 WM 

is a set of knowledge sources on the blackboard and each knowledge source is 

tailored to be used by specific competences. Therefore, an individual competency 

can make changes to the solution (knowledge source) whenever it is possible to 

make a contribution. 

One important aspect of using blackboard architecture is that each knowledge 

source comprises the problem-solving component of the system and is independent 

of each other. Each level 2 competency that responds to a specific set of information 

(world state) on the blackboard can update new data from the sensors or commands 

for the actuators on the blackboard. Accordingly, the low-level model of the world 

can be maintained separately through the blackboard control architecture in level 2. 

Using again the examples provided above, face-detection competency can 

share its WM in the blackboard with emotion-recognition competency, which uses 

similar variables of facial features to indentify the emotion of the user. In the second 

example above, waypoints of the navigation competency can be shared with (and 

updated) by a locating objects competency in which a mobile robot can identify a 

object’s location (or when the user tells the name and location of the object to the 

robot) and update the list of way points existing in the competency WM. 

 

9.2 Enhanced Memory Prototype - Experiments Schedul e 

Table 9.1 – Experiments schedule related to the enh ance memory prototype  

Tasks Time scale 
Detailed design: 

·  LTM - hierarchical structure 
·  Remembering mechanism 
·  Retrieval – spreading activation and 

compound cue mechanisms 
·  Forgetting and generalisation 
·  Level 2 memory (with WP3 and 

WP9) 
·  Integration with WP5 on modelling 

Theory of Mind 

4 months  
- start: month 16 
- end: month 19 

Implementation and testing: 
·  LTM 
·  Remembering and Retrieval 

mechanisms 
·  Forgetting and generalisation 

 

6 months 
- start: month 18 
- end: month 24  
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Integration and testing: 
·  Level 2 memory (with WP3 and 

WP9) 
·  Application of retrieval process 

(spreading activation) in modelling 
Theory of Mind (with WP5) 

3 months 
- start: month 25 
- end: month 27 

 



FP7-215554 LIREC Deliverable 4.2 

 47 

10   Conclusion 

This deliverable is a step further towards the development of next prototype of an 

enhanced memory model for the artificial long-term companion.  

In this deliverable we have: 

- reviewed the initial memory model and described the first experiment 

developed to assess the preliminary memory prototype, 

- proposed a refined memory model towards the goal of devising and enhanced 

memory model, including the use of generalisation, remembering and 

forgetting mechanisms, taking into account ethical issues related to privacy, 

- proposed an extended investigation of the user preferences and attitudes 

after experiencing different companion memories, 

- addressed into more details the migration issues and interaction between 

level 2 and level 3 memories,  

- provided a primary analysis of the future integration to WP5 modules,  

- reported the results of an ethological investigation on dog’s owners, assessing 

everyday dog’s memory. 

The first experiment created to test the initial memory prototype proved to be 

essential to highlighting some modelling features, which needed further analysis and 

improvement. To the best of our knowledge, most of the proposed refinements have 

an intrinsic novelty aspect. This means that most of the proposed approaches and 

mechanisms have not yet been applied to the memory modelling of robots as long-

term companions. 

Furthermore, it is envisaged that the adoption of this iterative prototyping 

scheme, where no complete up-front specification is drawn up, is facilitating our 

exploration of this novel space towards the next enhanced memory model prototype. 

  



FP7-215554 LIREC Deliverable 4.2 

 48 

11   References  

Aaker, J., Drolet., A., and Grifiin, D. (2008) Recalling Mixed Emotions, Journal of 
Consumer Research. 35(3) 

Altmann, E. M. and Gray, W. D. (2000), Managing attention by preparing to forget. 
Human Factors and Ergonomics Society Annual Meeting Proceedings, Cognitive 
Ergonomics, 1(4):152-155. 

Ambo, P. (2007). "Mechanical Love", a film directed by Phie Ambo, 
http://www.danishdocumentary.com/store/#DVD0003. 

Anderson, J. R. (1974). Retrieval of prepositional information from long-term 
memory. Cognitive Psychology, 6, 451-474. 

Anderson, J. R. (1983a) A Spreading Activation Theory of Memory, Journal of 
Verbal Learning and Verbal Behavior. 22  

Anderson, J. R. (1983b) The Architecture of Cognition, Cambridge, Mass.:Harvard 
University Press 

Anderson, J.R. (2007). Kognitive Psychologie. Eine Einführung (6th edition). 
Heidelberg: Spektrum. 

Anderson, S. (2007). "Asimov's 'Three Laws of Robotics' and Machine Metaethics", 
AI and Society, Springer, published online March 2007. 

Arkin, R. C.( 2008). Governing lethal behavior: embedding ethics in a hybrid 
deliberative/reactive robot architecture. In Proceedings of the 3rd ACM/IEEE 
international Conference on Human Robot interaction (Amsterdam, The 
Netherlands, March 12 - 15, 2008). HRI '08. ACM, New York, NY, 121-128. DOI= 
http://doi.acm.org/10.1145/1349822.1349839 

Asimov, I. “I, Robot”, New York: Doubleday and Co., 1950. 
Atkinson R.C. and Shiffrin R.M. (1968) Human memory: a proposed system and its 

control processes. In: Spence KW, Spence JT, editors. The Psychology of 
Learning and Motivation: Advances in Research and Theory. Vol. 2. New York: 
Academic Press; pp. 89–195. 

Baddeley, A.D. (1997) Human memory: Theory and Practice (Revised Edition). 
Hove: Psychology Press. 

Baddeley, D. A. (1976) The Psychology of Memory. New York: Basic Books, Inc. 
Baddeley, D. A. (1999) Essentials of Human Memory. Psychology Press, Hove. 
Bagchi, S. (2008) A framework for designing personalized ubiquitous multimedia, 

MindTrek '08: Proceedings of the 12th international conference on Entertainment 
and media in the ubiquitous, era, October 7-9, 2008, pp. 71-75. 

Barnes, C. A. (1979). Memory deficits associated with senescence: A 
neurophysiological and behavioral study in the rat. Journal of Comparative and 
Physiological Psychology, 93,74–104. 

Bartlett, F. C. (1932), “Remembering: A Study in Experimental and Social 
Psychology”, Cambridge University Press, Cambridge, Great Britain. 

Baumeister, R. F., and Cairns, K. J. (1992). Repression and self-deception: When 
audiences interfere with self-deception. Journal of Personality and Social 
Psychology, 62, 851-862. 

Bouton, M. E., Nelson, J. B., and Rosas, J. M. (1999). Stimulus generalization, 
context change, and forgetting. Psychological Bulletin, 125, 171–186. 

Bower, G. H., Monteiro, K. P., and Gilligan, S. G. (1978). Emotional mood as a 
context for learning and recall. Journal of Verbal Learning and Verbal Behavior, 



FP7-215554 LIREC Deliverable 4.2 

 49 

17, 573-585. 
Bradshaw, G. L., and Anderson, J. R. (1982). Elaborative encoding as an 

explanation of levels of processing. Journal of Verbal Learning and Verbal 
Behavior, 21, 165-174. 

Brom, C., Peskova, K., Lukavskyz, J. (2007) What does your actor remember? 
Towards characters with a full episodic memory. In Cavazza, M., Donikian, S., 
eds.: International Conference on Virtual Storytelling. Volume 4871 of Lecture 
Notes in Computer Science, Springer, 89–101. 

Brown, J. (1958) Some tests of the decay theory of immediate memory . Q. J. Exp. 
Psychol. 10 12-21. 

Carver, J. M. (2005) Emotional memory management: Positive control over your 
memory. Burn Survivors Throughout the World Inc. 
http://www.burnsurvivorsttw.org/articles/memory.html. 

CHRIS (2008). The CHRIS Project, http://www.chrisfp7.eu/index.html  
Christiansen, S.-A., and Safer, M. A. (1996). Emotional events and emotions in 

autobiographical memories. In D. C. Rubin (ed.), Remembering our past (pp. 
218-243). New York: Cambridge University Press. 

Clarke, R. (1993). “Asimov’s Laws of Robotics: Implications for Information 
Technology”, Cambridge University Press. 

Companions, 2007. Companions Project, http://www.companions-project.org/ 
Conway, M. A., and Bekerian, D. A. (1987). Organisation in Autobiographical 

Memory. Memory and Cognition. Psychonomic Society Inc., 15(2), 119-132 
Dautenhahn, K. (1998). The art of designing socially intelligent agents – science, 

fiction and the human in the loop. Applied Artificial Intelligence, 12(7-8):573-617. 
de Rosis, F., Pelachaud, C., Poggi, I., Caro�glio, V.,  Carolis, N.D. (2003). From 

greta’s mind to her face: Modeling the dynamics of a• ective states in a 
conversational embodied agent. Special Issue on Applications of A• ective 
Computing in Human-Computer Interaction, The International Journal of Human-
Computer Studies 59, pp. 81–118. 

De Zeeuw, C. I. (2005). Time and tide in cerebellar memory formation. Current 
Opinion on Neurobiology, 15: 667-674. 

Deutsch, D. (1975) Short-term Memory. New York: Academic press, Inc. 
Dias, J. and Paiva, A. (2005). Feeling and reasoning: A computational model for 

emotional agents. In: 12th Portuguese Conference on Artificial Intelligence (EPIA 
2005), Portugal, Springer (2005) 127-140. 

Dosher, B. A., and Rosedale, G. (1989). Integrated retrieval cues as a mechanism 
for priming in retrieval from memory. Journal of Experimental Psychology: 
General, 2, 191-211. 

ECIRCUS (2007). http://www.e-circus.org/ 
Festinger, L. (1957). A Theory of Cognitive Dissonance. Stanford, CA: Stanford 

University Press. 
Forgas, J. P. (1995) Mood and judgment: The affect infusion model (aim). 

Psychological Bulletin, 117(1), 39-66 
Franklin, S. (1997). “Autonomous agents as embodied ai,” Cybernetics and Systems 

Special Issue on Epistemological Aspects of Embodied AI, vol. 28, no. 6, pp. 
499–520. 

Frijda, N. H. (1987). Emotion, cognitive structure and action tendency. Cognition and 
Emotion. 1, 115-143 

Frijda, N. H., and Mesquita, B. (2000) Beliefs through emotions. In Nico H. Frijda, 
Anthony S. R. Manstead, and Sacha Bem (Eds.) Emotions and Beliefs. 



FP7-215554 LIREC Deliverable 4.2 

 50 

Cambridge, UK: Cambridge University Press. 45-77 
Gais, S. and Born, J. (2004). Declarative memory consolidation: Mechanisms acting 

during human sleep. Learning and Memory, 11 (6), 679-685. 
Gardner, W. L., Pickett, C. L., and Brewer, M. B. (2000). Social exclusion and 

selective memory: How the need to belong influences memory for social events. 
Personality and Social Psychology Bulletin, 26, 486-496. 

Gert, B. (1988). Morality: A New Justification of the Moral Rules (Oxford: Oxford 
University Press). 

Gillund, G., and Shiffrin, R. M. (1984). A retrieval model for both recognition and 
recall. Psychological Review, 91, 1-67. 

Gips, J. (1995). Towards the Ethical Robot, published in Android Epstemology, K. 
Ford, C. Glymour and Hayes, P., MIT Press. 

Gold, P. E. (1992), A proposed neurobiological basis for regulating memory storage 
for significant events. Affect and Accuracy in Recall: Studies of 'Flashbulb' 
Memories, 141-161. 

Grossberg, S., and Stone, G. (1986). Neural dynamics of word recognition and 
recall: Attentional priming, learning, and resonance. Psychological Review, 93, 
46-74. 

Halpern, S. (2008). Can’t Remember What I Forgot: The Good News From the Front 
Lines of Memory Research, Harmony Books, New York. 

Hayes-Roth, B. 1985. A Blackboard Architecture for Control. Artificial Intelligence 
26(3): 251-321. 

Hintzman, D. (1986). "Schema abstraction" in a multiple-trace memory model. 
Psychological Review, 93, 411-428. 

Hockey, G. R. J., Davies, S., and Gray, M. M. (1972). Forgetting as a function of 
sleep at different times of day. Quarterly Journal of Experimental Psychology, 24, 
386–393. 

Hsu, Y. and Serpell, J.A. 2003. Development and validation of a questionnaire for 
measuring behavior and temperament traits in pet dogs. Journal of American 
Veterinary Medical Association 223, 1293-1300. 

Ibanez, J. (2004). An Intelligent Guide for Virtual Environments with Fuzzy Queries 
and Flexible Management of Stories. PhD thesis, Departamento de Ingenieria de 
la Informacion y las Communicaciones, Universidad de Murcia, Murcia, Spain. 

Joy, B. (2000). Why Future the doesn't need us, Wired n°8 
Kelley, J.F. (1983). An empirical methodology for writing user-friendly natural 

language computer applications. In: Proceedings of ACM SIG-CHI ’83 Human 
Factors in Computing systems (Boston, 12-15 December 1983; pp. 193-196), 
New York: ACM. 

Koutstaal, W., Wagner, A. D., Rotte, M., Maril, A., Buckner, R. L., and Schacter, D. 
L. (2001). Perceptual specificity in visual object priming: Functional magnetic 
resonance imaging evidence for a laterality difference in fusiform cortex. 
Neuropsychologia, 39, 184–199. 

Kröner, K., Jameson, A., Schneider, M. and Basselin, N. (2008). Augmenting 
Cognition With a Digital Episodic Memory, Künstliche Intelligenz, 22(2), 51–58. 

LeDoux, J. (1999), The Emotional Brain: The Mysterious Underpinnings of 
Emotional Life. Phoenix, Orion Books Ltd., London edition 

Levenson, J. M. (2006). Epigenetic mechanisms: a common theme in vertebrate 
and invertebrate memory formation. Cellular and Molecular Life Sciences, 
63:1009-1016. 

Levine, L. J.(1997) Reconstructing Memory for Emotions, Journal of Experimental 



FP7-215554 LIREC Deliverable 4.2 

 51 

Psychology: General, 126(2), 165-177. 
Lim, M. Y. (2007). Emotions, Behaviour and Belief Regulation in An Intelligent Guide 

with Attitude, PhD thesis, School of Mathematical and Computer Sciences, 
Heriot-Watt University, Edinburgh. 

Lindsay, D. S., and Read, J. D. (1994). Psychotherapy and memories of childhood 
sexual abuse: A cognitive perspective. Applied Cognitive Psychology, 8, 281-
338. 

LIREC (2008). The LIREC Project, http://www.lirec.org/ 
Loftus, E. F. (1993). The reality of repressed memories. American Psychologist, 48, 

518–537. 
Martin, K.D. 1996. A Blackboard System for Automatic Transcription of Simple 

Polyphonic Music. MIT Media Laboratory Perceptual Computing Chapter 
Technical Report No. 385 

McKoon, G., and Ratcliff, R. (1989). Assessing the occurrence of elaborative 
inference with recognition: Compatibility checking vs. compound cue theory. 
Journal of Memory and Language, 28, 547-563. 

McNamara, T. P., and Diwadkar V. A. (1996). The context of memory retrieval. 
Journal of Memory and Language, 35, 877-892. 

Neimeyer, G. J., and Metzler, A. E. (1994). Personal identity and autobiographical 
recall. In U. Neisser and R, Fivush (Eds.), The remembering self: Construction 
and accuracy in the self narrative. Cambridge, England: Cambridge University 
Press 

Nelson, T. O. (1971). Savings and forgetting from long-term memory. Journal of 
Experimental Psychology, 10, 568-576. 

Nelson, T. O. (1978). Detecting small amounts of information in memory: Savings 
for nonrecognized items. Journal of Experimental Psychology: Human Learning 
and Memory, 4, 453-468. 

Oatley, K., and Johnson-Laird, P. N., (1987). Toward a cognitive theory of emotions. 
Cognition and Emotion, 1, 29-50 

Ortony, A., Clore, G., and Collins, A. (1988). The Cognitive Structure of Emotions. 
Cambridge, England: Cambridge University Press 

Penfield, W. (1959). The interpretive cortex: the stream of consciousness in the 
human brain can be electrically reactivated. Science, 129, 1719–1725. 

Pongrácz, P., Miklósi, A. and Csányi, V. 2001.  Owners' beliefs on the ability of their 
pet dogs to understand human verabl communication. A case of social 
understanding. Current Cognitive Psychlogy, 20, 87-107. 

Ratcliff, R., and McKoon, G. (1988). A retrieval theory of priming in memory. 
Psychological Review, 95, 385-408. 

Ratcliff, R., and McKoon, G. (1994) Retrieving Information From Memory: Spreading 
Activation Theories Versus Compound-Cue Theories, Psychological Review, 
101(1), 177-184 

Robinson, M. D. and Clore, G. L. (2002) Episodic and semantic Knowledge in 
Emotional Self-Report: Evidence for Two Judgment Processes. Journal of 
Personality and Social Psychology, 83, 198-215. 

Roelofs, A. (1992). A spreading-activation theory of lemma retrieval in speaking. 
Cognition, 42, 107-142. 

Ross, B. M. (1991) Remembering the Personal Past: Descriptions of 
Autobiographical Memory. New York: Oxford University Press. 

Schacter, D. L., and Badgaiyan, R. D. (2001) Neuroimaging of priming: New 
perspectives on implicit and explicit memory. Current Directions in Psychological 



FP7-215554 LIREC Deliverable 4.2 

 52 

Science, 10, 1-4. 
Schank, R. C. and Abelson, R. (1995) Knowledge and Memory:  The Real Story.  In: 

Robert S. Wyer, Jr (ed) Knowledge and Memory: The Real Story.  Hillsdale, NJ.  
Lawrence Erlbaum Associates.  1-85. 

Schwarz, N. (1990). Feelings as information: Informational and Motivational 
Functions of Affective States. In E. T. Higgins and R. M. Sorrentino (Eds.), 
Handbook of Motivation and Cognition: Vol. 2. Foundations of Social Behavior. 
New York: Guilford Press, 527-561. 

Sharifian, F., and Samani, R. (1997) Hierarchical Spreading of Activation, In F, 
Sharifian (Ed.), Proceeding of the Conference on Language, Cognition and 
Interpretation, Isfahan: IAU Press, 1-10 

Sparrow, R. (2002). "The March of the Robot Dogs", Centre for Applied Philosophy 
and Public Ethics, The University of Melbourne. 

Sparrow, R. (2006). "Killer Robots", Journal of Applied Philosophy, Vol. 24, No.1. 
Sulin, R., and Dooling, D. (1974). Intrusion of a thematic idea in retention of prose. 

Journal of Experimental Psychology, 103, 255-262. 
Sun, A. and Lim, E.-P. (2001). Hierarchical text classification and evaluation. In 

Proceedings of the 1st  IEEE International Conference on Data Mining. IEEE 
Computer Society Press (pp. 521-528).  

Sun, A., Lim, E.-P. and Ng, W.-K. (2003a). Performance measurement framework 
for hierarchical text classification. Journal of the American Society for Information 
Science and Technology 54(11), 1014-1028.  

Sun, A., Lim, E.-P. and Ng, W.-K. (2003b). Hierarchical text classification methods 
and their specification. In: A.T.S. Chan, S.C.F. Chan, H.V. Leong, V.T.Y. Ng. 
(Eds.) Cooperative Internet Computing (pp. 236-256). Kluwer.  

Syrdal, D. S., Walters, M. L.,Otero, N. R., Koay, K. L., and Datenhahn, K. (2007) He 
knows when you are sleeping - Privacy and the Personal Robot. Technical 
Report from the AAAI-07 Workshop: W06 on Human Implications of Human-
Robot Interaction. 

Teasdale, J. D., and Russell, M. L. (1983). Differential effects of induced mood on 
the recall of positive, negative and neutral words. British Journal of Clinical 
Psychology, 22, 163–171. 

Thomas, D. L., and Diener, E. (1990). Memory accuracy in the recall of emotions. 
Journal of Personality and Social Psychology, 59, 291-297 

Tulving, E. (1974). Recall and recognition of semantically encoded words. Journal of 
Experimental Psychology, 102, 778-787. 

Tulving, E., and Psotka, J. (1971), Retroactive inhibition in free recall: inaccessibility 
of information available in the memory stores. Journal of Experimental 
Psychology, 87, 116–124. 

Tulving, E., and Thomson, D. M. (1971) Retrieval processes in recognition memory: 
Effects of associative context. Journal of Experimental Psychology, 87, 116-124 

Tulving, E., and Watkins, M. J. (1975). Structure of memory traces. Psychological 
Review, 82, 261-275. 

Vargas, P. A., Ho, W. C., Lim, M., Enz, S. and Aylett, R. (2009). "To Forget or Not to 
Forget: Towards a Roboethical Memory Control", to appear at the AISB Social 
Understanding of AI Workshop, Edinburgh, Scotland, 2009. 

Veruggio, G. (2005). “The birth of Roboethics,” ICRA 2005, IEEE International 
Conference on Robotics and Automation Workshop on Robo-Ethics, Barcelona, 
April 18, 2005. 

Veruggio, G. and Operto, F. (2006). “Roboethics: a Bottom-up Interdisciplinary 



FP7-215554 LIREC Deliverable 4.2 

 53 

 
 
 

Discourse in the Field of Applied Ethics in Robotics,” International Review of 
Information Ethics, vol. 6, pp. 3–8. 

Wallach, W. and Allen, C. (2009). “Moral Machines: teaching robots right from 
wrong”, Oxford University Press. 

Watkins, M. J., and Tulving, E. (1975) Episodic Memory: When recognition fails. 
Journal of Experimental Psychology: General, 104, 5-29 

Williams, J., Güss, C. D., and Richard, F. D. (2007) The Memory Retrieval Debate 
Revisited: Is it Spreading Activation or Compound-Cue?, The 29th Annual 
conference of the Cognitive Science Society, Nashville, USA, p.1885. 

Wilson, M. (1994). Reactivation of hippocampal ensemble memories during sleep. 
Science, 265. 

Wiltgen, B. J. and Silva, A. J. (2007). Memory for context becomes less specific with 
time, Learn Mem. 2007 ;14 (4):313-317 

Wingfield, A., Lindfield, K. C., and Kahana, M. J. (1998). Adult age differences in the 
temporal characteristics of category free recall. Psychology and Aging, 13, 256–
266. 



FP7-215554 LIREC Deliverable 4.2 

 54 

Appendix A – Hierarchical Classification 

 
Classification is one of the most important problems in data mining (DM) (Witten and 

Frank, 2005). Basically it is defined as (Freitas and Carvalho, 2007): 

- Given a set of training examples (instances) composed of pairs {xi, yi}, find a 

function f(x) that maps each xi to its associated class yi, i = 1, 2, …, n, where n is the 

total number of training examples. 

After training, the predictive accuracy of the classification function induced is 

evaluated by using it to classify a set of unlabeled examples, unseen during training. 

This evaluation measures the generalization ability (predictive accuracy) of the 

classification function induced. 

In hierarchical classification (HC) problems (Sun and Lim, 2001; Sun et al., 

2003a; Sun et al., 2003b; Freitas and Carvalho, 2007), the classes are disposed in 

hierarchical structure, such as a tree or a direct acyclic graph (DAG). In these 

structures, the nodes represent classes. 

In order to define a hierarchical classification problem, one must first define: 

1) the instances; 

2) the attributes; 

3) the attribute class(es) 

Instances are the input to the machine learning scheme. Each instance, also 

called example, represents the concept to be learned and is individual and 

independent. An instance has a set of predetermined attributes.  

Attributes are a set of features that are predefined, fixed and of which values 

characterises an instance. 

The attribute class values are organised in a hierarchical structure. Actually, what 

defines a hierarchical classification task is the fact that the attribute class has 

hierarchical values irrespective whether the other attributes have hierarchical values 

or not. In this sense, a dataset is a matrix where the lines are the instances and the 

columns are the attributes (including the attribute class(es)). 
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Appendix B – Recall and Mood-Congruency Effect 

 

Forgas (1995) found that recall and recognition of mood-consistent information are 

superior to mood-inconsistent information. Mood-consistent information takes longer 

to encode compared to mood-inconsistent information. Nonetheless, mood-

consistent judgment can be made more quickly than mood-inconsistent judgment 

probably due to a better prior encoding. This is consistent with the mood congruence 

effect that suggests we pay attention to information/events that are consonant with 

our emotional attitude (Frijda and Mesquita, 2000).  

On the other hand, Levine (1997) found mood congruency as inadequate for 

the biases observed in emotion recall study. She suggested that memories for 

emotional responses are partially reconstructed on the basis of current appraisals of 

events. In general, emotions that were inconsistent with the current appraisal were 

likely to be underestimated during recall whereas emotions that are consistent with 

current appraisals were likely to be recalled accurately or overestimated.  

Other investigators have argued that emotions are reconstructed based on 

memories of the emotion-eliciting circumstances and not stored directly in memory at 

all (please refer Ross (1991) for a review). Results from recall of mixed emotions 

study also show underestimation of emotion intensity due to the complexity of mixed 

emotions and that conflict aroused by the experience, which in turn leads to the 

decay effect (Aaker, Drolet and Griffin, 2008). Robinson and Clore (2002) explain 

that over time, people rely more on semantic cues that link their recall to general 

beliefs and theories than to episodic memories of emotional experiences that link 

their recall to specific details of the event. Additionally, people also tend to provide 

more unipolar assessments of recalled emotions over time (Thomas and Diener 

1990). 
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Appendix C - Spread Activation and Memory 

According to Anderson (1983a) the level of activity in LTM is determined by a 

spreading activation process. Experiences establish nodes in memory that form a 

network. At any instance of time, certain working memory elements act as sources of 

activation that can spread to associated elements in the network. The degree of 

association of the nodes to the source nodes determines their level of activation. 

When the source nodes change, spreading activation try to achieve a new 

asymptotic pattern by rapidly adjusting the levels of activation. The higher the level of 

activation in a fraction of the network, the faster the information in that fraction can 

be processed. Each node will have a strength associated to it, which is a function of 

its frequency and recency of exposure. Strength of a focused unit determines the 

amount of activation they can emit into the network. Strength of a node will 

determine its probability and speed of retrieval. The probability of recall of a node 

increases with retrieval and the strength of a node can decay over time if not being 

used, hence, less active memory node are processed less rapidly. With practice, 

nodes’ strength can be increased so that greater activation is possible. 

Anderson (1983b) suggests that memory performance can be enhance by 

combining elaboration and reconstruction. There are three ways in which elaboration 

can improve recall. The first occurs when study elaborations serve to direct 

activation towards a target path and away from the interfering path. The second 

occurs when subjects spread activation at test from additional concepts that were 

part of the elaboration at study but were not in the probe. The third method involves 

reconstruction from the elaboration that can be retrieved at test to infer the original 

target trace. Sets of events in LTM serve as basis for elaborating the current event. 

Elaboration is generated by substituting terms in the original memory with target 

traces.  During a recall there is a fair probability of a correct recall if the subject 

where able to apply the same elaborative process. 
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Appendix D – Compound Cue and Memory 

 
According to the compound cue theory (Ratcliff and McKoon, 1988; Dosher and 

Rosedale, 1989), there is no temporary activation of information in LTM during 

memory retrieval. Instead, cues presented to memory are assumed to combine in 

STM to form a compound cue. As a result, semantically associated prime-target 

pairs will be more easily retrieved than non-associated prime-target pairs. The 

association between the compound cue in STM and items in LTM represents the 

degree of familiarity. Focusing or retrieval is accomplished by a matching process 

that matches the compound item against all items in LTM. The value of familiarity is 

task-dependent. For instance, in lexical decision, factors such as pre-experimental 

familiarity, frequency, learned associations (McKoon and Ratcliff, 1989), and 

semantic relatedness define familiarity. 

Some implementations of compound cue mechanism can be found in Gillund 

and Shiffrin (1984), Grossberg and Stone (1986) and Hintzman (1986). The key to all 

these implementations is that when a compound is mutually associated to an item in 

LTM, there is a boost in the familiarity value. For example, in Hintzman’s model, if a 

prime-target probe matches a stored pair, the value of match will be much larger 

than if the probe pair partly matches different pairs. 
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Appendix E – The owners’ assessment of “everyday do g memory”: 
A questionnaire study 

 
EOTETO – by Péter Pongrácz and Ádám Miklósi 

 

Short introduction 

 

Many aspects of animal memory capacities are well known, especially which can be 

attributed with some extraordinary features: the homing ability of migratory birds, 

salmons and sea turtles; the spatial memory of some rodents and insects; the 

capacity to remember hundreds of hidden food items in jays. In humans, besides for 

example the spatial tasks, new and species specific memory capacities can be 

tested, for example episodic and autobiographic memory – the ability of 

remembering specific events and self related episodes in the past. While verbal and 

written methods of investigation makes possible to survey humans quite easily, the 

same is almost impossible to do with nonhuman animal species. The dog can be an 

exception however, as it lives in great numbers as companion in the western 

societies, and therefore the humans (owners), who are associated with the dogs, can 

serve with reports about their dogs memory capacities. 

 

Materials and methods 

 

Subjects 

We used only one limitation during the selection of the participants: the dogs had to 

be with their owner since at least half year a priori of the completion of the 

questionnaire. Otherwise we included all dogs, regardless to their age and breed. As 

a sum, we could use 77 questionnaires from separate dogs. 

 

Procedure 

For the study we used a questionnaire, which was distributed via email and personal 

encounters with dog owners on various locations. One of the authors assisted while 

dog owners filled in the questionnaire; with the email version a detailed instruction 

sheet was sent out.  
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 The questionnaire (see Appendix) consisted of two parts: (1) basic data of the 

dog and the owner; (2) memory evaluation. In the latter, we asked the dog owners to 

give their opinion about the memory span of their dog in several categories. These 

categories (i.e. what the dog can remember to) were collected on the basis of a pilot 

study. In the pilot study we did not suggest any category to the owners, only asked 

them to list those things, persons, events, which they think their dogs can remember 

to. 

We gave four options of memory span to the owners: (the dog) does not remember 

at all; he/she remembers for a short time; he/she remembers for a long time; he/she 

does not forget something. 

 

Statistical analyses 

Before the statistical analyses, we converted some of the descriptive variables to 

categories. These were the following: 

- Breed of dogs – we sorted the dogs to three categories: (1) purebred dogs, 

with an original function of cooperative interaction with humans (like herding 

dogs, gundogs, lapdogs); (2) purebred dogs, with an original function of 

working independently (like sled dogs, terriers, live stock guarding dogs); (3) 

mixed breed dogs.  

- Pedigree – we formed three categories: (1) Dogs with pedigree; (2) purebred 

dogs without pedigree; mixed breed dogs. 

- Age of dogs – we formed three categories: (1) below 24 months; (2) between 

24 and 72 months; (3) older than 72 months.  

- Status of the dog in the family – four categories were formed, according to the 

answers of the owners: (1) regarding the dog as a family member; (2) 

regarding the dog as a child; (3) regarding the dog as a friend; (4) regarding 

the dog as a domestic animal. 

- Keeping conditions of the dog – three categories were formed, according to 

the answers of the owners: (1) the dog is kept in the flat; (2) the dog is kept in 

the flat and in the garden; (3) the dog is kept in the garden or in a kennel.  

- Number of previously owned dogs – three categories were formed: (1) this is 

the first dog of the owner, (2) this is the second dog of the owner; (3) the 

owner had more than one dogs previously. 
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- Educational status of the owner – four categories were formed: (1) elementary 

school; (2) tech school; (3) high school; (4) college / university.  

 

Two basic statistical approaches were applied. First, we wanted to know if any 

features of the dogs (like, breed, age, status in the family), the owner (education) or 

the dog-owner relationship affect the memory span in the different categories. We 

used the descriptive data as fixed factors and the memory categories as dependent 

factors, and performed non-parametric Kruskal-Wallis tests (as none of the variables 

showed Gaussian distribution – Kolmogorov-Smirnoff test). Second, we wanted to 

know if there is a difference between the memory span of dogs regarding the 

different categories. We compared the memory categories again with a Kruskal-

Wallis test and Dunn’s post hoc test.  

 

Results 

 

Compared to the number of variables, the fixed factors had relatively small effect on 

the observed memory span of dogs (for detailed statistical results, see Table 1). The 

two factors with the most widespread effects were ‘Keeping Conditions of the dog’ 

and ‘Dogs Age’ – these had a significant effect on five and four memory categories 

of the total 24 respectively.  

These were the following: 

- The breed of the dog had surprisingly a significant effect only on the memory 

category ‘Pain’. By the owners’ opinion dogs, which belong to some of the 

independently working breeds, have shorter memory span regarding painful 

events, than cooperative breeds and mixed breed dogs. 

- The pedigree status of a dog did not have any significant effect on the 

memory categories. 

- The dog’s status had significant effect on the memory span regarding the 

‘Postman’. Dogs, which were regarded as ‘family members’ remembered the 

longest to the ‘Postman’, and dogs, which were regarded as a ‘Child’, had the 

shortest memory span regarding this category. 

- The keeping conditions had significant effect on relatively numerous memory 

categories. Dogs kept only in the garden remember longer to ‘Family 

members’ and ‘Neighbours’, than the dogs, which are kept either in the 
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garden and the house. Dogs kept in the garden remember longer also to 

‘Strangers’ than the dogs, which are kept in the flat. Garden kept dogs have 

the longest memories by the opinion of the owners regarding ‘Pain’ and ‘Scary 

things’ also. 

- Interestingly, the sex of the dog had significant effect on two categories. 

Female dogs were observed by their owners having longer memory span 

regarding ‘Places’ and ‘Activities’, than male dogs. 

- The age of the dog had the second most widespread effect on memory 

categories after the keeping conditions: it had significant effect on four 

categories. Dogs under two years have the longest memory span regarding 

‘Other animals’. Dogs over six years have significantly longer memory span 

regarding the ‘Postman’, ‘Pain’ and ‘Scary things’, than the youngest dogs.  

- The educational status of the owners did not have significant effect on any 

category.  

- The number of previously owned dogs had significant effect on the category 

‘Car’. Those dogs, which were the first dog of their owner, had longer memory 

span regarding the ‘Car’, than those dogs, which were preceded by more than 

two dogs at their owners.  

 

In the continuation, we compared directly to each other the memory spans in each 

category. The Kruskal-Wallis test showed a strongly significant effect 

(
� 2(23)=384.26). Because of the big number of pairwise comparisons in the case of 

the post hoc test, we considered only those between-group differences as 

significant, where the p was less than 0.001.  

 The categories ‘Owner’, ‘Family’ and ‘Leash’ had the longest memory spans 

by the owners’ opinion. At the same time the shortest memory span characterized 

the ‘Unknown dog’ and ‘Stranger’ categories. Between the two extremities, two 

bigger clusters can be separated: ‘Cat’, ‘Neighbour’, ‘Walk’, ‘Car’, ‘Ball’, ‘Play’, 

‘Feeding’, ‘Food’, ‘Familiar dog’, ‘Place’ and ‘Activity’ have longer memory spans, 

while ‘Object ‘, ‘Postman’, ‘Vet’, ‘Punishment’, ‘Pain’, ‘Scary things’, ‘Animals’ and 

‘Separation’ have shorter memory spans (Figure 1).  
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Conclusions 

 

This study was the first about the episodic / autobiographic memory of dogs. Of 

course, as a questionnaire survey, we cannot conclude that the results actually tell 

what do dogs remember and how far back in time – without empirical (experimental) 

data the results only show what owners believe their dogs remember to. However, 

owners can be considered as authentic source of dog-related information, as they 

are those persons who spend the most time with their dogs, therefore they have 

plenty of experience of these animals. Questionnaires, which are based on the 

answers of the owners about their dogs, are widely used in ethology and 

experimental psychology, it is enough if we think about the well-known CBARQ 

survey (Hsu and Serpell 2003). A very similar questionnaire study to the present 

work was performed also on verbal understanding capacity of dogs (Pongrácz et al. 

2001).  

 The results of this study provide information about the interaction and co-

existence between dogs and humans, as by their nature the questions can only be 

related to such categories of memory in dogs, which are somewhat related to human 

perception. The survey was constructed on the basis of what the owners thought to 

be relevant / interesting / typical, when they were asked about their dogs’ memory 

capacities. Therefore biologically meaningful aspects of dog memory could be 

excluded from the scope of this study. For example spatial memory, which is 

probably the most investigated area of dogs’ remembering capacity, was almost 

totally left out from our study. The reason for this is probably the difference between 

the relevance of spatial memory tasks for scientists and dog owners: the former 

regard spatial memory tasks as excellent, testable tools for research; dog owners 

rarely experience manifestations of dogs’ spatial memory. 

 Interestingly, by the results of this study we can conclude that such factors, 

like the dogs’ breed, age, the method of keeping of the dog, the status how their 

owner think about his/her dog etc. do not have profound effect on how owners 

experience the memory capacity of their dogs. One could expect that at least the 

dogs’ status will effect strongly the owners’ opinion about their companions’ memory 

span – for example dogs, which are regarded as a ‘friend’ or ‘family member’ might 

been attributed with higher achievements in memory. The general lack of such 

effects showed that this questionnaire surveyed such experiences, points of view in 
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the dog owners, which were affected only weakly by outer factors. An alternative 

explanation can be that as the sample of dog owners was taken from those people 

mostly, who keep their dogs as companions in a broader sense, their opinions about 

their dogs were somewhat biased. However, we still could expect stronger effect of 

dog breeds, for example. The lack of these effects makes the survey more robust.  

 We should not forget that in some cases the effect of a factor can be the 

result of the specific nature that particular factor comes with instead of the suspected 

differences between the dogs. For example, ‘Garden Kept’ dogs remembered the 

longest to the ‘Neighbour’ – maybe because they had the most opportunity to meet 

with a neighbour, and not because their owners look at them differently, or dogs kept 

in the garden only would be somewhat special animals.  

 The comparison of the memory categories showed strong differences 

between the owners’ opinion about these. In general, dogs seem to remember quite 

well (i.e. for a long time) to the most of the categories – this of course can mean also 

that the owners pay attention mostly those things, which the dogs do remember, and 

ignore such things, which dogs forget quickly. It also can be the result of the content 

of the questionnaire: it was not task-specific (where failure to remember is more 

obvious). 

 If we take a look to Fig. 1, it is obvious that dogs remember much better to 

positive things than to unpleasant ones. These (like punishment, pain, vet, 

separation) can be found rather on the right side of the figure, where categories were 

mostly getting low scores. Another feature of this distribution is that owners gave 

higher scores mostly to those categories of dog memory, where dogs co-act with 

them. They scored with lower values generally those categories, where the dog can 

act alone, or in relationship to somebody else than the owner. Not surprisingly 

owners think that their dogs remember the best to them and their families, literally 

not forgetting them at all. Other categories, which were characterized mostly by the 

highest scores of memory can be related to pleasant common activities, like going 

for a walk (‘Leash’, ‘Walk’), ‘Play’ and ‘Ball’, traveling by ‘Car’, and of course the 

feeding-related items. There is only one highly scored category that is seemingly 

very important for the dogs, and at the same time does not belong to the common 

dog-human activity complex – the ‘Cat’.  

 As a summary, the questionnaire study on dogs’ memory span revealed that 

dog owners experience the longest memories in their dogs about common (human-
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related) categories, which also belong predominantly to ‘positive’ events. By the 

owners’ experiences dogs remember not so well to unpleasant and/or not human or 

owner related categories. Our study showed first time the possible existence of 

episodic / autobiographic memory in dogs, serving with further evidence about the 

complexity of companionship between human and dog.  
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Table 1 This shows the results of the analyses of the effect of fixed factors on the 

memory categories. Significant differences are marked with bold . In the individual 

cells the numbers show the 
� 2 and p values for the Kruskal-Wallis tests.  

 Breed  
(df=2) 

Pedigree 
(df=2) 

Dog’s 
status 
(df=3) 

Keeping 
(df=2) 

Dog’s sex 
(df=1) 

Dog’s age 
(df=2) 

Owner’s 
educat. 
(df=3) 

Previous 
dogs no. 
(df=2) 

Cat 3.08;0.22 4.31;0.12 3.31;0.35 1.15;0.56 0.01;0.92 2.72;0.26 2.34;0.50 1.69;0.43 
Other anim. 0.29;0.87 2.24;0.33 1.72;0.63 3.14;0.21 0.02;0.88 6.43;0.04 1.39;0.71 0.39;0.83 
Fam. Dog 1.02;0.60 1.18;0.56 0.78;0.86 3.16;0.21 0.58;0.45 3.07;0.22 2.54;0.47 0.07;0.97 
Str. Dog 0.93;0.63 3.43;1.18 5.44;0.14 0.37;0.83 0.33;0.57 1.73;0.42 0.92;0.82 0.03;0.99 
Owner 1.00;0.61 0.32;0.85 1.15;0.77 5.18;0.08 0.50;0.48 3.85;0.15 0.44;0.93 0.97;0.62 
Family 
memb. 

1.55;0.46 0.66;0.72 1.42;0.70 6.88;0.03 1.03;0.31 2.97;0.23 0.91;0.82 2.02;0.36 

Neighb. 1.54;0.46 2.59;0.28 1.80;0.62 6.79;0.03 0.02;0.90 2.45;0.29 4.07;0.25 5.95;0.05 
Str. Human 0.31;0.86 0.50;0.78 6.94;0.07 9.15;0.01 3.02;0.08 3.06;0.22 3.38;0.34 1.26;0.53 
Postman 4.30;0.12 0.36;0.84 7.67;0.05 3.96;0.14 1.43;0.23 6.80;0.03 6.34;0.10 1.40;0.50 
Vet 1.29;0.52 3.33;0.19 6.18;0.10 0.27;0.87 1.01;0.97 3.91;0.14 4.41;0.22 0.82;0.66 
Car 0.33;0.85 1.31;0.52 1.16;0.76 0.93;0.63 0.46;0.50 3.27;0.20 1.83;0.61 6.80;0.03 
Leash 1.29;0.52 2.11;0.35 2.05;0.56 0.99;0.61 0.05;0.83 0.48;0.79 4.96;0.18 0.20;0.90 
Walk 2.23;0.33 0.25;0.88 1.21;0.75 3.77;0.15 1.15;0.28 1.00;0.61 4.24;0.22 5.07;0.08 
Ball 1.91;0.38 0.31;0.85 3.67;0.30 0.14;0.93 0.60;0.44 0.20;0.91 2.12;0.55 4.29;0.12 
Play 2.26;0.32 0.83;0.66 3.96;0.27 2.64;0.27 0.46;0.50 1.08;0.58 4.14;0.25 4.01;0.14 
Feeding 0.41;0.81 5.40;0.07 3.23;0.36 2.54;0.28 0.23;0.64 0.81;0.67 2.44;0.49 0.19;0.91 
Food 3.59;0.17 2.68;0.26 2.27;0.52 0.84;0.66 1.27;0.26 1.34;0.51 2.70;0.44 0.19;0.91 
Separ. 2.40;0.30 1.72;0.42 2.41;0.49 1.05;0.59 0.01;0.97 2.55;0.28 1.30;0.52 1.17;0.56 
Places 5.09;0.08 2.33;0.32 5.16;0.16 1.47;0.48 6.40;0.01 1.60;0.45 2.14;0.54 1.88;0.65 
Activity 2.80;0.25 1.05;0.59 3.03;0.39 0.26;0.88 4.68;0.03 0.75;0.69 0.59;0.74 1.70;0.43 
Objects 3.85;0.15 5.74;0.06 3.53;0.32 1.65;0.44 0.01;0.96 0.63;0.73 2.63;0.45 1.12;0.94 
Punishm 0.12;0.99 0.13;0.94 2.30;0.46 1.36;0.51 0.02;0.88 5.16;0.08 2.76;0.43 0.22;0.90 
Pain 9.85;0.01 3.99;0.14 1.58;0.66 6.95;0.03 0.60;0.81 11.53;0.01 0.99;0.61 1.68;0.43 
Scary th. 1.37;0.50 1.62;0.45 0.60;0.90 10.60;0.01 1.35;0.25 6.62;0.04 0.99;0.61 0.15;0.93 
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Figure 1 This figure shows the distribution of answers within each memory category. 

Memory categories are sorted from left to right according to the average memory 

span: longest are on the left, shortest are on the right. Dog owners could mark one of 

the four memory spans, or they could answer “I don’t know”, if they felt they did not 

experience anything relevant for the particular category.  
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DOG MEMORY QUESTIONNAIRE     DATE:  
 
The dog 
name:  
sex: bitch - male     
neutered or spayed: yes – no  
if neutered or spayed, when was it done? Before 1 year of age, between 1 and 2 years of age, 3y, 4y, 
5y, 6y, 7y or older  
date of birth (mm.yyyy)  
breed: 
pedigreed: yes – no  
 
The owner 
name:  
date of birth (OPTIONAL):   
address (OPTIONAL):     phone (OPTIONAL):    
email:  
education: primary school, tech school high school, college, university          
occupation: employee, self employed, manager, student, retired, homemaker, unemployed, other                 
 
Was your dog trained to do any sports or work? Does your dog have a title or did she/he passed 

any exam, or does he/ she competes regularly? 
obedience Yes – no  
Schutzhund Yes – no 
Agility Yes – no 
Hunting Yes – no 
Search and Rescue Yes – no 
Assistance (blindguide, segít� , therapy, jelz� ) Yes – no 
Herding Yes – no 
Other (like) Yes – no 
None  
 
How long are you engaged actively with your dog daily – like walking, training, play etc. (in hours)? 
 
How long are you with your dog daily (in hours)?  
 
How many dogs did you own earlier? 0, 1, 2, 3-5, 6 or more  
 
You regard your dog as: a child, a family member, friend, playmate, colleague, a working animal, 
domestic animal, other.  
 
Where do you keep your dog? Inside the flat, flat and garden/kennel, garden, in kennel or chained.  
 
Do you go with your dog for walks? Yes - no 
 
How old was your dog when you got her/ him? He/she was born at me, 1 week, 2 week, 3w, 4w, 5w, 
6w, 7w, 8w, 9w, 10w, 11w, 12w, 4 months, 5m, 6m, 7m, 8m, 9m, 10m, 11m, 12m, 13m, 14m, 15m, 
16m, 17m, 18m, 2 years, 3y, 4y, 5y, 6y, 7years or older  
 
Which kind of behavioural problems do you encounter with your dog?  
Separation anxiety  yes – no  
Aggression  yes – no  
Fear of things yes – no  
Jumping up  yes – no  
Noise sensitivity,  yes – no  
Excessive barking  yes – no 
Too active  yes – no 
Recall problem  yes – no 
other: …………………. 
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GUIDELINES FOR COMPLETING THE MEMORY QUESTIONNAIRE 
 
In the next part we ask your opinion about the memo ry capacity of your dog. You will find 
different categories, where you have to indicate, h ow long your dog does remember those 
persons, animals, objects, etc. Please, indicate wi th an X the most appropriate memory span at 
each category. Choose no more than one option per c ategory. 
 
 Not at all Short time Long time Does not forget I do not know 
Cat      
Other animals      
Familiar dog      
Unknown dog      
Owner      
Family 
members 

     

Neighbours      
Strangers      
Postman      
Vet      
Car      
Leash/ collar      
Walk      
Ball      
Toys / playing      
Feeding time      
Food / bowl      
Separation       
Places *      
Activities *      
Objects *      
Punishment      
Pain *      
Scary thing *      
 
Note: In the case of categories, which are marked w ith an *, please describe briefly the exact 
nature of the given category.  
 
*Places:  
 
*Activities: 
 
*Objects: 
 
*Pain: 
 
*Scary things:  
 
 
 
 


