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Abstract. An integrative perspective is developed onmemory performance in the
context of voice-based conversational agents (VCAs). Memory, as an outcome of
human-technology interaction, matters where technology is designed to enhance
knowledge and to function as a cognitive support tool and aide. To date, this has
meant focusing on the evaluation of specialist applications such as assistive and
educational technologies. The increased use of VCAs in everyday life, in the form
of smart speakers or as assistants for mobile phones, however, makes effects on
memory more relevant to a large user base. Adding VCAs to multi-functional
devices such as smartphones increases their potential to be taken as digital com-
panions and to make interactions with them more meaningful. This has impli-
cations for different types of memory, semantic and episodic/autobiographical.
Since memory is not stable, but malleable and context-dependent, its performance
is likely to be influenced by the wide range of social cues that VCAs can convey.
Further, VCAs can be expected to contribute to conversational engagement, the
general state of involvement in a conversational setting, which in turn influences
cognitive outcomes.

Keywords: Conversational agent · Digital companion · Conversational
engagement ·Memory

1 Introduction

This work aims to build an integrative perspective onmemory performance in the context
of voice-based technology, in particular of voice-based conversational agents (VCAs)
where user voice is the only means of operation and human-like speech is the main
output directed at a user.

Memory encompasses the encoding, storing and retrieval of information and as such
it is arguably involved in any complex human behavior. The question pursued here
concerns user memory performance as an outcome of human-technology interaction, in
contrast to retrieving information from user memory during interaction. Put differently,
performance refers to how much, and what sort of, information is remembered after an
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interactive technology has been queried. This matters in situations where technology is
designed to enhance knowledge, to educate and to function as a cognitive support tool and
aide. Investigating memory performance in such contexts has a long-standing tradition
in HCI, for example, when evaluating the outcomes of engaging with online learning
environments [1]. However, these traditional concerns about memory have shown little
resemblance to the quality of human-technology interaction that can be achieved by
voice-based services, although an integration of voice-based interaction is now within
easy reach for many day-to-day applications.

Voice and speech can be generated with increasingly human-like qualities. In many
situations, this means that the outcomes of human-technology interaction will resemble
more and more the outcomes of a conversation with a human interaction partner. The
interaction becomes more complex, richer in social cues and more natural in terms of
conversational structure and norms [2]. These changes should be most pronounced in
the case of technologies that are fully speech-based, i.e., they are voice-operated and
use speech as the sole output. These technologies are referred to here as voice-based
conversational agents (VCAs). Other forms of voice-based technologies may combine
auditory input and output with text and visual display, e.g., by reading back text input,
or by turning user voice into text.

1.1 VCAs in the Context of Media Equation and Digital Companionship

While it is possible to interact with a VCA on static computers or laptops, the two main
modes of use at present, arguably, involve smart speakers and mobile phones [3, 4]. Both
technologies have been shown to be subject to personification on the user’s side [5, 6],
and the user-technology relationship in the case of smartphones has been likened to one
of digital companionship [7].

The concept of digital companionship is based on media equation theory [8] which
states that the medium for information processing, the computer system, gets equated
with a human interaction partner [8, 9]. The reasons for this are seen to be based in our
human evolution: our ability to communicate has evolved with other human, or at least
animate, conversation partners. As a result, we are looking out for social cues during
complex interactions, and we respond to such cues in a way that presupposes another
human, not inanimate technology. Smartphones have been shown to hold a special place
in users’ networks of relevant social actors and technological devices, and they are
easily perceived to be part of a more meaningful relationship [7, 10] involving the user.
Similarly, interactive digital systems that make more use of social cues have been shown
to be more persuasive, i.e., to bring about higher levels of user compliance with system
requests [2, 11].

VCAs represent one more functionality that narrows the gap between human-human
and human-technology interaction. What is more, they easily add to the companion
nature of those technologies that are either always with us and close to us (smartphones),
or occupy a space in our personal living environment (smart speakers). So far, the effects
of VCAs have been discussed mostly in terms of user acceptance and general quality
of interaction [3–5]. An investigation of memory will help to further our understanding
when it comes to cognitive effects, which can be objectively measured, and the question
of deeper psychological changes brought about by technology.Whilememoryhas always
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been important as a performance indicator for some technologies, VCAs and digital
companions imply that memory for an interaction episode with technology can now
become relevant to the user for personal, self-related reasons. This development will be
outlined in the next sections.

2 Memory and Novel Forms of Human-Computer Interaction

2.1 Novel Research Questions Arising from Socially Complex Technology

Memory, it is argued, can be expected to be sensitive to the social cues that are included in
generated speech, but the determining processes and factors are likely to differ depending
on the type of memory that is under investigation.

The memory system in humans is complex and multi-faceted. The focus here is
firstly on declarative memory – information that is in principle accessible by the indi-
vidual through a conscious effort, and is represented by knowledge in a format that can
be communicated. A crucial distinction within declarative memory is the one between
semantic and episodic memory [12]. Not only do these refer to different types of knowl-
edge, to a certain extent they can be seen as two separate systems affected by different
processes.

Semantic memory consists of general, factual knowledge [13, 14]. In its simplest
form, this can include dictionary-type definitions (knowing what things or concepts refer
to) as much as shopping lists (knowing what items constitute the list) and exam revision
material (knowing which statements constitute relevant knowledge).

In the context of human-technology interaction, investigating performance in rela-
tion to semantic memory does not pose particular challenges. Clearly defined recall or
recognition tasks can be employed to assess whether information encountered during
interaction has been retained by the user. Traditionally, a driving research question has
been in which format knowledge should be organized and displayed by technology. In
the context of VCAs, however, novel questions arise which are concerned with the ways
in which social cues contained in speech allow for attention to be focused on, or diverted
from, a knowledge task.

Episodic memory refers to personal experiences, to events and situations that unfold
in a temporal sequence, remembered from a first-person perspective [15, 16]. Where the
emphasis is most strongly on personal life events, episodic memory is also referred to
as autobiographical memory [17].

In contrast to semantic memory, autobiographical memory is more clearly of a long-
term nature, carries self-relevance and is retrieved in a process of active construction
that draws dynamically on a knowledge base. While not all content of episodic memory
may conform to these parameters, episodic and autobiographical memory are used inter-
changeably here, in the interest of simplicity. The dynamics involved in the construal
of autobiographical memory are often due to the social context in which memories are
retrieved.

Traditionally, there has been little reason to rank interactions with technology as life
episodes of any longer-lasting relevance. In consequence, models of autobiographical
memory have not been applied to the outcomes of such episodes. The advent of realistic
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speech generation, however, combinedwith natural language processing capabilities and
algorithmically enhanced interaction, means that interacting with VCAs bears increased
resemblance to human-human communication and genuine conversational settings. As
such, interaction episodes become sufficiently socially enriched and complex to warrant
their investigation from the viewpoint of autobiographical experience. As with seman-
tic memory, the consideration of VCAs gives rise to novel questions that address the
meaningfulness of human-technology interaction and its effects on human cognition.

2.2 Effects of Digital Technology on Memory

Asoutlined in the previous section,VCAsnecessitate a rephrasingof established research
questions. In the following, a brief overview is provided over different approaches to
memory in HCI-related research. This overview, while not claiming to be exhaustive,
demonstrates that an understanding of the malleability of memory is essential in order
to address the cognitive consequences of interacting with VCAs.

Memory as a Performance Measure of Digital Technology. Memory performance
has been studied in those domains where it is an outcome variable of immediate interest
because the technology is supposed to provide support for it and other cognitive func-
tioning. In educational settings, studies on online learning and training have investigated
learner memory in the form of knowledge tests and other standard assessments of infor-
mation retention and information accessibility. General findings in the field are by no
means conclusive, in particular when the scaling up and wider implementation of digital
learning environments are evaluated [1].

Specific interactive features and functionalities within such learning environments
in the form of learning assistants have been shown to improve memory [18]. However,
memory enhancement can still fluctuate across studies and environments, even for highly
specific functions, andmay be down to particular design features andwider context. Con-
sider, for example, findings that ascribe a positive memory effect to instructor visibility
in instructional videos [19] compared to those that do not [20].

A particular feature of learning systems that is closely related to VCAs are chatbots.
These text-based conversational agents have been found to be particularly suitable for
self-directed learning since they provide individualized support and feedback on learning
progress in a flexible manner. These claims have been supported by a variety of studies
showing positive effects on memory, for example in the context of IT university studies
[21], foreign language learning [22] and general knowledge [23]. While these findings
can be expected to transfer easily to VCAs, any additional effects due to the social cues
contained in human-like generated speech and the context of amore life-like conversation
remain to be tested.

Another area where technology-supported memory has received particular attention
concerns assistive technologies for specific populations with cognitive impairments or
disabilities that affect learning and retention [24]. This iswhere voice-based functionality
is given added relevance since the engagement with technology itself is often limited in
such populations [25].
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Non-interactive forms of voice-based features are used in assistive technologies
in the form of text-to-speech tools, and these have been shown to improve reading
comprehension in the case of reading disabilities [26]. VCAs have been proposed where
users can be expected to benefit the most from human-like interactions as in the case of
dementia [27]. However, a rigorous assessment of the effects on memory is at present
not available.

Changing the Organization and Accessibility of Knowledge in Memory. Next to
studies that have evaluated the effectiveness of specific features and functionalities,
other work has investigated the more pervasive effects on memory that may come from
extended interaction with digital technology. This work is concerned not so much with
memoryperformance, as a criterionof success, butwith the organization and accessibility
of knowledge in memory. Sparrow, Liu, and Wegner [28] found that being faced with a
knowledge gap in a difficult quiz activated the concept of Google as a search engine in
participants. Their interpretationwas that Google search had become part of a transactive
memory system with users and was accessed routinely to supply information that was
not retrievable from the user’s knowledge base. Sparrow and Chatman [29] go on to
outline how the investment and distribution patterns of human cognitive resources may
change in the face of ubiquitously available online information.

In a similar vein, Storm and Stone [30] demonstrated how the act of saving infor-
mation digitally freed up cognitive capacity for the learning and remembering of new
information. This off-loading of memory again suggests that digital systems can be used
as external memory stores – not external to a central computational device, but external
to the human memory system [31].

The concepts of off-loading and transactive memory concern first and foremost
semantic memory. Far less is known about effects on autobiographical memory, its struc-
ture and the ways in which episodes are constructed from memory. Some researchers
have argued that technologies that help us in the charting of everyday life and recording
of personal information, namely social media, can stimulate autobiographical mem-
ory through reminiscence. This is a process of repeated rehearsal of past events, often
directed at social relationships and joint experiences [32]. To the extent that social media
can showcase specific pieces of personal information, they can also shape and guide
reminiscence, for example by drawing attention to past friends [33].

There is at present a marked absence of research to outline the effects of VCAs
on autobiographical memory. Reminiscence through social media is still reminiscence
regarding the interaction with other humans. Carrying further the concept of digital
companionship, however, requires to consider reminiscence regarding the interaction
with VCAs. Similarly, transactional memory has been discussed in the context of passive
technologies such as search engines, not in relation to highly interactive agents.

In sum, then, memory research in the context of HCI offers some insights into effects
on both semantic and episodic memory that may translate to VCAs, but more theoretical
elaboration is needed to fully assess the potential that VCAs carry. In the following,
therefore, more consideration will be given to the malleability of memory performance
and its general dependency on environmental conditions.
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2.3 Context-Dependent Memory

Psychologicalmodels that implymalleable and context-dependentmemory performance
illustrate what factors in a more naturalistic human-VCA interaction are likely to affect
memory. Memory has been shown to depend on social cues during the encoding and
retrieval process. Socially motivated information processing, transactive memory and
theories of a dynamic autobiographical memory system are the three main frame-
works that allow for addressing the novel research questions associated with VCAs.
As stated previously, these questions concern the ways in which social cues steer atten-
tion (for semanticmemory) and theways inwhichwe respond tomeaningful and socially
significant interactions with technology (for episodic memory).

Regarding socially motivated information processing, a fundamental factor concerns
animacy. Animacy refers at first to the perceived nature of the stimulus to be remembered
(animate, in the sense of alive). Research has consistently shown that animate stimuli
improve memory performance [34]. Animacy further affects language comprehension
and the organization of knowledge in memory [35]. These effects are explained by the
richer,more detailed encoding that is possiblewith animate stimuli [36] and the increased
allocation of attentional resources to animate versus inanimate stimuli [37]. To be clear,
research on animacy and memory has addressed the animate nature of the stimulus, but
not of the medium. Still, it can be speculated that a more life-like, animate source of
information, as constituted by VCAs, has similar effects.

Further forms of socially motivated information processing concern self-relevance
and social categorization in the context of ingroup and outgroupmembership. Intergroup
settings provide strong drivers for selective attention and selective memory, and this
extends to all information that can to some extent be associated with such settings.
For example, better memory has been demonstrated for positive behaviors in ingroup
members as compared to outgroup members [38]. These biases are explained in terms
of ingroup favoritism, to preserve a positive ingroup identity [39]. Beyond favoritism,
however, research has also shown that there is a general increase inmemory performance
for information relevant to the ingroup, rather than the outgroup, because ingroupmatters
command more attentional resources [40]. Transferring these findings to the domain of
technology, VCAs are suited to the signaling of social group membership through a
range of linguistic markers, and carry the potential to activate an awareness of ingroups
and outgroups.

Transactive memory systems [41, 42] have already been used to explain how users
turn to the Internet automatically to fill in knowledge gaps [28]. VCAs, however, can be
a far more active component in transactive memory. They have the potential to take on
different social roles and to simulate closeness and rapport to the extent that dynamics
can be expected as they have been documented in human dyads and teams. Memory
performance has been shown to be affected by the social characteristics of a team such
as social closeness, familiarity and gender [43, 44]. It is worth noting that socially
positive characteristics do not necessarily lead to better performance. Being teamed up
with friends is more likely to reduce an individual’s memory performance [43, 44].
This can be explained by an adaptive process that is at the core of the transactional
memory system. An individual’s information processing is based on assumptions about
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the knowledge structure of others in the system, and as such, efforts may be reduced
when in the presence of reliable partners [45].

A much deeper-running level of self-relevance than discussed so far is at play when
human-technology interaction turns intomeaningful social experiences andbecomespart
of the knowledge base that underlies autobiographicalmemory. The functions and drivers
associated with this type of memory are complex and go beyond those associated with
semantic memory. Autobiographical memory refers to, as stated previously, personal
experiences stored long-term but retrieved in an active and dynamic process [46–48].
In this perspective, autobiographical memory draws on a self-memory system, a more
stable, long-term storage, but the assembly of episodic building blocks is not always the
same and depends on goals of the working self, i.e., on the current psychological state
of the individual [47].

While VCA-based interactionsmay show suitable complexity in order to be included
in an autobiographical memory system, they also need to display sufficient levels of
personal relevance. How can the meaningfulness of such interactions be determined?
This may well depend on the extent to which VCA-based interactions can fulfil the
various functions that have been ascribed to autobiographical memory. These functions
have been labelled as “self”, “social” and “directive” [49–51].

Self-based functions are those that provide a sense of coherence, identity and continu-
ity. Remembering the past, as a sequence of actions, developments and events involving
the self, helps to achieve this. Social functions refer to the maintenance of intimacy, to
social bonding and to the upkeep of relationships. Reminiscence, recall of joint activi-
ties, instances of support and positive social exchanges all cater to the social needs of
the individual. Directive functions provide guidance and orientation in the present, they
support decision-making and goal formation. This functional account illustrates how
strongly the current psychological needs of the individual determine what gets remem-
bered and how. It also helps to identify how exactly VCAs could become part of this
memory system.

In terms of self-based and social functions, VCAs are unlikely to be able to fully
compete with human interaction partners. They have neither the durability nor the level
of intimacy that come with the friends that really matter. However, echoing again digi-
tal companionship, VCAs can emulate weaker forms of human-human interaction and
may be able to address self-based and social functions much more than less interactive
technologies. In terms of directive functions, past interactions with VCAs may well
constitute relevant informative experiences that provide guidance in the present. Psy-
chologically meaningful interactions could result when the VCA meets urgent support
needs (e.g., calling for help in emergency), when the VCA plays an instrumental role
within a wider social context (e.g., communicating with friends, being used for a joint
activity), or when the VCA enhances an episode of personal relevance (e.g., keeping a
holiday organized).

In sum, the memory processes discussed allow for a theoretically informed iden-
tification of those characteristics that will make interactions with VCAs more or less
memorable. Naturalness of voice, familiarity or resemblance with specific others, sig-
naling ingroup membership, conveying impressions of competence and reliability are
some of the factors that come with VCAs and that have been shown to affect human
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(semantic) memory. In addition, the potential for a socially meaningful interaction expe-
rience, a genuine conversational setting, is likely to extend effects on semantic memory
to episodicmemory. This depends on the capacity ofVCAs to fulfil one ormore functions
that are typically ascribed to autobiographicalmemory (self-based, social, directive). The
theoretical and methodological challenges that come with this extension are addressed
next.

3 Conversational Engagement and VCAs

Any effects of VCAs on human memory are of particular interest where they are
“unique”, i.e., occur over and above those of comparable technologies such as text-
based chatbots. Such unique effects can come from multiple sources. First of all, there
are aspects of language and the illusion of natural speech. This includes all paraver-
bal signals associated with language: cadence, flow, timbre, rhythm, speed, prosody
etc. Paraverbal signals can be expected, first of all, to affect perceptions of animacy.
Then there are aspects of familiarity and speaker identity. Is the voice characteristic
and conducive towards creating a virtual identity? Is the voice modelled on genuine,
recognizable humans like the self or close others? Does the voice suggest any particu-
lar societal group or stratum? These aspects will trigger effects associated with social
cognition and transactive memory.

In addition, beyond the technical aspects of speech generation, there is the question
of how VCAs are integrated in devices to form a new, consistent whole that acts as
conversation partner. A smart speaker does not explicitly offer any functionality other
than voice-based interaction. The device is merely the embodiment of a VCA, typically
with a fixed spatial location. Mobile phones seem to be on the other end of the spectrum.
Mobile phones are normally smartphones, devices optimized for screen-oriented, hand-
held use, inviting haptic interaction and online connectivity, next to the original function
of being a telephone. Yet, in terms of providing VCAs an environment in which they
can take on character and meaning, mobile phones offer great potential.

Bringing this multitude of factors back to systematic research on memory perfor-
mance poses a serious challenge. One avenue for further research is to isolate factors
and subject them to experiment-based scrutiny. To date, this approach has been used
to derive a robust hypothesis and method for studying the effects of voice on semantic
memory [52], but more work in this area is needed to build a reliable empirical support
base.

A second avenue consists in defining and capturing more inclusive concepts from
conversational analysis that help to predict what happens as the overall quality of
the interaction changes. Conversational engagement is proposed here as such a con-
cept which has been developed specifically in the context of computer-mediated
communication [53, 54].

Conversational engagement refers to the general state of activation and readiness
to respond in conversational settings. Engagement is an indicator for immersion in the
situation, the amount of cognitive resources and attention devoted to the conversation,
and the general degree of social involvement.
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Engagement has been conceptualized as a multi-dimensional construct encompass-
ing wider bodily movement, gesturing, facial expression, but also paraverbal and verbal
signals [54]. Its operationalization in research is likewise multi-dimensional, ranging
from real-time motion capture to in-depth content analysis of recorded conversations.

Crucially, engagement has been related to cognitive conversational outcomes, and
increases in engagement have been shown to lead to increasedmemory for conversational
content [53]. Recall of content here did not happen as in the recall of pre-defined pieces
of information, but in a wider sense as the recall of any aspect of the interaction that
has left some longer-lasting impression on conversation partners. This suggests that
engagement is a suitable concept for investigating effects on autobiographical, and not
just semantic, memory.

In sum, conversational engagement offers a sufficiently complex concept to capture
(a) the various ways in which VCAs can enhance and enrich human-technology inter-
action and (b) the various cognitive outcomes and different types of memory affected
by such enhancement. The approach presented here seems to be particularly suitable
where technology is already multi-functional and rich in affordances. It may be there-
fore that VCAs and mobile phones form the best area of application, as compared to
smart speakers. Importantly, conversational engagement is not only a particular theo-
retical approach, but implies a clear set of methods and measures. While engagement
has been previously applied to computer-mediated human-human settings, the tran-
sition to human-technology settings can be achieved seamlessly by adapting existing
methodology [53].

4 Conclusions and Implications

In conclusion, VCAs present another milestone on the ongoing journey of technology
towards becoming a complex conversation partner. A core outcome of conversational
settings concernsmemory, in the formof factual knowledge, but also in the formof stored
personal experiences. VCAs add to the potential meaningfulness of human-technology
interaction, and their cognitive effects should be assessed by both semantic and episodic
memory performance. A summary of concepts and processes discussed in the present
work is presented in Fig. 1.

Studies that have highlighted the context-dependency of memory can be utilized
to identify a range of factors that fall under the social cues that VCAs can convey:
animacy, familiarity, group membership and identity, team roles in transactive memory
systems can all be signaled effectively through generated speech. In addition, models
of autobiographical memory help to identify conditions under which human-technology
interaction will acquire increased meaning and significance, namely when self-based,
social and directive functions ofmemory are addressed by the technology. The theoretical
integration presented here therefore allows for the derivation of testable hypotheses for
further empirical study.

In addition, the effects of VCAs can also be addressed by recent work on conversa-
tional engagement, a broad construct that situates the link between VCA and memory
outcomes in a wider framework of the effectiveness of conversational settings. This app-
roach lends itself to further research since it specifies not only variables that influence
engagement, but also a methodology to capture engagement and its outcomes.
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Fig. 1. Summative presentation of concepts and processes that integrate VCA characteristics,
memory processes, and conversational engagement.

Next to the implications for research, the present investigation of memory is also
intended to benefit developers and service providers as well as users. The increased
use of VCAs in everyday life, in the form of smart speakers or as assistants for mobile
phones, makes effects on memory more relevant to a large user base. Developers should
consider how different aspects of generated speech affect human cognition and leave
enough room for a flexible customization of speech output. Further, the choice of default
settings for generated speech should also be informed by the likely effects on user
memory. Service providers need to make conscious decisions as to the social role they
envisage their products to play, and what users should be expected to “take away” from
interacting with VCAs. Users, then, are best empowered by an awareness of the effects
of VCA engagement, beyond mere appeal of the interaction. This will help them to
choose system settings, contexts for use, and interaction goals in a more self-determined
way. As technology becomes a conversational partner, such an awareness will maintain
necessary levels of digital literacy and competence.

References

1. Davis, D., Chen, G., Hauff, C., Houben, G.J.: Activating learning at scale: a review of
innovations in online learning strategies. Comput. Educ. 125, 327–344 (2018)

2. Feine, J., Gnewuch, U., Morana, S., Maedche, A.: A taxonomy of social cues for conversa-
tional agents. Int. J. Hum. Comput. Stud. 132, 138–161 (2019)

3. Miner, A.S., Milstein, A., Schueller, S., Hegde, R., Mangurian, C., Linos, E.: Smartphone-
based conversational agents and responses to questions about mental health, interpersonal
violence, and physical health. JAMA Intern. Med. 176(5), 619–625 (2016)



332 J. F. Binder

4. Lovato, S. B., Piper, A. M., Wartella, E. A.: Hey Google, do unicorns exist? Conversational
agents as a path to answers to children’s questions. In: Proceedings of the 18th ACM Inter-
national Conference on Interaction Design and Children, pp. 301–313. ACM, New York
(2019)

5. Pradhan, A., Findlater, L., Lazar, A.: “Phantom Friend” or “Just a Box with Information”
personification and ontological categorization of smart speaker-based voice assistants by
older adults. In: Proceedings of the ACM on Human-Computer Interaction, CSCW vol. 3,
pp. 1–21. ACM, New York (2019)

6. Fullwood, C., Quinn, S., Kaye, L.K., Redding, C.: My virtual friend: a qualitative analysis of
the attitudes and experiences of Smartphone users: implications for Smartphone attachment.
Comput. Hum. Behav. 75, 347–355 (2017)

7. Carolus, A., Binder, J.F., Muench, R., Schmidt, C., Schneider, F., Buglass, S.L.: Smartphones
as digital companions: characterizing the relationship between users and their phones. New
Media Soc. 21(4), 914–938 (2019). https://doi.org/10.1177/1461444818817074

8. Nass, C., Steuer, J., Tauber, E.R.: Computers are social actors. In: Proceedings of the SIGCHI
Conference on Human Factors in Computing Systems, pp. 72–78. ACM, New York (1994)

9. Reeves, B., Nass, C.: The Media Equation: How People Treat Computers, Television, and
New Media Like Real People and Places. CSLI Publications, Stanford (1996)

10. Carolus,A.,Muench,R., Schmidt,C., Schneider, F.: Impertinentmobiles - effects of politeness
and impoliteness in human-smartphone interaction.Comput.Hum.Behav.93, 290–300 (2019)

11. Fogg, B.J.: Persuasive Technology: Using Computers to Change What We Think and Do.
Morgan Kaufmann, San Francisco, San Francisco (2003)

12. Knowlton, B.J., Squire, L.R.: Remembering and knowing: two different expressions of
declarative memory. J. Exp. Psychol. Learn. Mem. Cogn. 21(3), 699–710 (1995)

13. Kumar, A.A.: Semantic memory: a review of methods, models, and current challenges.
Psychon. Bull. Rev. 28(1), 40–80 (2020). https://doi.org/10.3758/s13423-020-01792-x

14. Yee, E., Chrysikou, E.G., Thompson-Schill, S. L.: Semantic memory. In: K. N. Ochsner,
S. M. Kosslyn (eds.) The Oxford handbook of cognitive neuroscience, Vol. 1. Core topics,
pp. 353–374. Oxford University Press: Oxford (2014)

15. Baddeley, A., Aggleton, J.P., Conway, M.A.: Episodic memory: New directions in research.
Oxford University Press, Oxford (2002)

16. Baddeley, A.: The concept of episodic memory. Philosoph. Trans. Roy. Soc. London Ser. B:
Biol. Sci. 356(1413), 1345–1350 (2001)

17. Conway, M.A., Rubin, D.C.: The structure of autobiographical memory. In: Collins, A.,
Gathercole, S., Conway, M, Morris, P. (eds.) Theories of Memory, pp. 103–137. Lawrence
Erlbaum Associates, Mahwah (1993)

18. Gargrish, S., Kaur, D.P., Mantri, A., Singh, G., Sharma, B.: Measuring effectiveness of aug-
mented reality-based geometry learning assistant onmemory retention abilities of the students
in 3D geometry. Comput. Appl. Eng. Educ. 29(6), 1811–1824 (2021)

19. Wang, J., Antonenko, P.D.: Instructor presence in instructional video: effects on visual
attention, recall, and perceived learning. Comput. Hum. Behav. 71, 79–89 (2017)

20. Kizilcec, R.F., Papadopoulos, K., Sritanyaratana, L.: Showing face in video instruction:
effects on information retention, visual attention, and affect. In: Proceedings of the SIGCHI
Conference on Human Factors in Computing Systems, pp. 2095–2102. ACM, New York
(2014)

21. Abbasi, S.,Kazi,H.:Measuring effectiveness of learning chatbot systemson student’s learning
outcome and memory retention. Asian J. Appl. Sci. Eng. 3(2), 251–260 (2014)

22. Chen, H.L., Vicki Widarso, G., Sutrisno, H.: A chatbot for learning Chinese: learning
achievement and technology acceptance. J. Educ. Comput. Res. 58(6), 1161–1189 (2020)

https://doi.org/10.1177/1461444818817074
https://doi.org/10.3758/s13423-020-01792-x


Episodic and Semantic Memory 333

23. Ruan, S., et al.: Quizbot: a dialogue-based adaptive learning system for factual knowledge. In:
Proceedings of the 2019CHIConference onHuman Factors in Computing Systems, pp. 1–13.
ACM, New York (2019)

24. Dewar, B.K., Kopelman, M., Kapur, N., Wilson, B.A.: Assistive technology for memory.
In: O’Neill, B., Gillespie, A. (eds.) Assistive Technology for Cognition: A Handbook for
Clinicians and Developers, pp. 31–46. Routledge, Milton Park (2014)

25. Sharma, F.R., Wasson, S.G.: Speech recognition and synthesis tool: assistive technology for
physically disabled persons. Int. J. Comput. Sci. Telecommun. 3(4), 86–91 (2012)

26. Wood, S.G., Moxley, J.H., Tighe, E.L., Wagner, R.K.: Does use of text-to-speech and related
read-aloud tools improve reading comprehension for students with reading disabilities? A
meta-analysis? J. Learn. Disabil. 51(1), 73–84 (2018)

27. Nakatani, S., Saiki, S., Nakamura, M., Yasuda, K.: Generating personalized virtual agent in
speech dialogue system for people with dementia. In: Duffy, V.G. (ed.) DHM 2018. LNCS,
vol. 10917, pp. 326–337. Springer, Cham (2018). https://doi.org/10.1007/978-3-319-91397-
1_27

28. Sparrow, B., Liu, J., Wegner, D.M.: Google effects on memory: cognitive consequences of
having information at our fingertips. Science 333(6043), 776–778 (2011)

29. Sparrow, B., Chatman, L.: Social cognition in the Internet age: Same as it ever was? Psychol.
Inq. 24(4), 273–292 (2013)

30. Storm, B.C., Stone, S.M.: Saving-enhanced memory: the benefits of saving on the learning
and remembering of new information. Psychol. Sci. 26(2), 182–188 (2015)

31. Storm, B. C., & Soares, J. S. (2021). Memory in the digital age. Handbook of humanmemory:
Foundations and applications

32. Peesapati, S.T., Schwanda, V., Schultz, J., Lepage, M., Jeong, S.Y., Cosley, D.: Pensieve:
supporting everyday reminiscence. In: Proceedings of the SIGCHI Conference on Human
Factors in Computing Systems, pp. 2027–2036. ACM, New York (2010)

33. Blok, M., Kok, A.A., De Boer, A.H.: “On Facebook IMet Old Friends again”: the use of ICTs
in the Process of Reminiscence among Older Adults. Gerontechnology 20(2), 1–12 (2021)

34. VanArsdall, J.E., Nairne, J.S., Pandeirada, J.N., Blunt, J.R.: Adaptive memory: animacy
processing produces mnemonic advantages. Exp. Psychol. 60, 172–178 (2013)

35. Nairne, J.S., VanArsdall, J.E., Cogdill, M.: Remembering the living: episodic memory is
tuned to animacy. Curr. Dir. Psychol. Sci. 26(1), 22–27 (2017)

36. Meinhardt, M.J., Bell, R., Buchner, A., Röer, J.P.: Adaptive memory: is the animacy effect on
memory due to richness of encoding? J. Exp. Psychol. Learn. Mem. Cogn. 46(3), 416–426
(2020)

37. Leding, J.K.: Adaptive memory: animacy, threat, and attention in free recall. Mem. Cognit.
47(3), 383–394 (2018). https://doi.org/10.3758/s13421-018-0873-x

38. Howard, J.W., Rothbart, M.: Social categorization and memory for in-group and out-group
behavior. J. Pers. Soc. Psychol. 38(2), 301–310 (1980)

39. Hogg, M.A., Abrams, D., Otten, S., Hinkle, S.: The social identity perspective: intergroup
relations, self-conception, and small groups. Small Group Res. 35(3), 246–276 (2004)

40. Van Bavel, J.J., Cunningham, W.A.: A social identity approach to person memory: group
membership, collective identification, and social role shape attention and memory. Pers. Soc.
Psychol. Bull. 38(12), 1566–1578 (2012)

41. Wegner, D.M.: Transactive memory: a contemporary analysis of the group mind. In: Mullen,
B., Goethals, G. (eds.) Theories of Group Behavior, pp. 185–208. Springer, NewYork (1987).
https://doi.org/10.1007/978-1-4612-4634-3_9

42. Wegner, D.M., Erber, R., Raymond, P.: Transactive memory in close relationships. J. Pers.
Soc. Psychol. 61(6), 923–929 (1991)

43. Andersson, J.: Net effect of memory collaboration: how is collaboration affected by factors
such as friendship, gender and age? Scand. J. Psychol. 42(4), 367–375 (2001)

https://doi.org/10.1007/978-3-319-91397-1_27
https://doi.org/10.3758/s13421-018-0873-x
https://doi.org/10.1007/978-1-4612-4634-3_9


334 J. F. Binder

44. Andersson, J., Ronnberg, J.: Cued memory collaboration: effects of friendship and type of
retrieval cue. Eur. J. Cogn. Psychol. 9(3), 273–287 (1997)

45. Marion, S.B., Thorley, C.: Ameta-analytic review of collaborative inhibition and postcollabo-
rative memory: testing the predictions of the retrieval strategy disruption hypothesis. Psychol.
Bull. 142(11), 1141–1164 (2016)

46. Conway, M., Bekerian, D.: Organization in autobiographical memory. Mem. Cognit. 15,
119–132 (1987)

47. Conway, M.A., Pleydell-Pearce, C.W.: The construction of autobiographical memories in the
self-memory system. Psychol. Rev. 107(2), 261–288 (2000)

48. Conway, M., Singer, J., Tagini, A.: The self and autobiographical memory: correspondence
and coherence. Soc. Cogn. 22, 491–529 (2004)

49. Bluck, S., Alea, N., Habermas, T., Rubin, D.C.: A tale of three functions: the self–reported
uses of autobiographical memory. Soc. Cogn. 23(1), 91–117 (2005)

50. Alea, N., Bluck, S.: I’ll keep you in mind: the intimacy function of autobiographical memory.
Appl. Cogn. Psychol. 21(8), 1091–1111 (2007)

51. Bluck, S., Alea, N., Demiray, B.: You get what you need: the psychosocial functions of
remembering. In: Mace, J. (ed.) The act of Remembering: Toward an Understanding of How
We Recall the Past, pp. 284–307. Wiley-Blackwell, Hoboken (2010)

52. Binder, J. F., Bowen, R.: Memory performance and text-to-speech functionality. In: 1st AI-
Debate Workshop, pp. 35–38. Otto von Guericke University, Magdeburg (2021). https://doi.
org/10.25673/38479

53. Binder, J.F., Cebula,K.,Metwally, S.,Vernon,M.,Atkin,C.,Mitra, S.: Conversational engage-
ment and mobile technology use. Comput. Hum. Behav. 99, 66–75 (2019). https://doi.org/10.
1016/j.chb.2019.05.016

54. Binder, J.F.: Establishing conversational engagement and exerting influence: the role of body
movement in mediated communication. Manuscript submitted for publication (under review)

https://doi.org/10.25673/38479
https://doi.org/10.1016/j.chb.2019.05.016

	Episodic and Semantic Memory for Interactions with Voice-Based Conversational Agents: Developing an Integrative Model of Technology Engagement and Cognitive Elaboration
	1 Introduction
	1.1 VCAs in the Context of Media Equation and Digital Companionship

	2 Memory and Novel Forms of Human-Computer Interaction
	2.1 Novel Research Questions Arising from Socially Complex Technology
	2.2 Effects of Digital Technology on Memory
	2.3 Context-Dependent Memory

	3 Conversational Engagement and VCAs
	4 Conclusions and Implications
	References




