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Figure 1: Illustration of an intelligent virtual agent providing overly precise temporal information to a user.

ABSTRACT

Research on intelligent virtual agents (IVAs) often concerns the
implementation of human-like behavior by integrating artificial
intelligence algorithms. Thus far, few studies focused on mimicry
of cognitive imperfections inherent to humans in IVAs. Neglecting
to implement such imperfect behavior in IVAs might result in less
believable or engaging human-agent interactions. In this paper,
we simulate human imprecision in conversational IVAs’ temporal
statements. We conducted a survey to identify temporal statement
patterns, transferred them to a conversational IVA, and conducted
a user study evaluating the effects of time precision on perceived
anthropomorphism and usefulness. Statistical analyses reveal sig-
nificant interaction between time precision and agents’ use of mem-
ory aids, indicating that (i) imprecise agents are perceived as more
human-like than precise agents when responding immediately, and
(ii) unnaturally high levels of temporal precision can be compen-
sated for by memory aid use. Further findings underscore the value
of continued inquiry into cultural variations.
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1 INTRODUCTION

Intelligent virtual agents (IVAs), such as Amazon’s Alexa and Ap-
ple’s Siri, are becoming part of our everyday life. The convergence of
research in the fields of machine learning and the Internet of things,
among others, alongside significant improvements in voice com-
munication technologies provide an unprecedented opportunity
for users to control their connected homes, appliances, and myriad
aspects of their lives through natural voice commands [48]. By
utilizing immersive technology such as virtual reality (VR) in these
scenarios, interactive conversational IVAs can appear in different
forms, ranging from voice-only to embodied audio-visual represen-
tations, for example, with anthropomorphic bodies [57, 68]. IVAs
displaying sufficiently advanced degrees of anthropomorphism
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have been shown to increase trust and social presence during in-
teractions with humans [14]. When designing (embodied) IVAs,
researchers and developers often strive for the ideal of "human
perfection”, i.e., a realistic appearance, intelligent behavior, and
interactions indistinguishable from those with real humans. This
includes, for example, the perfection of simulated awareness to-
wards conversation partners as well as multi-channel stimuli within
the environment; the perfection of human speech, free of artifacts,
capable of supporting semantics with appropriate intonation; or the
perfection of intelligent dialog, making sense of complex linguistic
patterns and delivering correct, logical responses [49]. While this
approach is scientifically challenging, it neglects, however, that hu-
mans are not perfect. A "perfect” IVA would not pass the Turing test,
as it would always be distinguishable from a human conversation
partner [41]. Humans are also characterized by various "imperfec-
tions" that are not inherent to IVAs by design.! For instance, an
IVA that is capable of providing accurate and precise details on
past events without confounding effects such as a decay of memory
traces over time would not appear as a believable human (where
a definition of believability with regard to IVAs would be possess-
ing qualities that allow its acceptance as real [2]). This is because
human perception and cognitive processing of events underlie a
number of biases, and recall of events gets less accurate with the
passage of time [21]. Similar imperfect human traits can be noted
for the other before-mentioned examples, including distractibility
to irrelevant sensory inputs [38], speech disfluency expressed by
filler words such as ‘um’ and “you know’ [40], and illogical (yet
predictable) reasoning [41]. Neglecting these human imperfections
in IVAs could reduce the perceived naturalness and believablity of
IVAs. On the other hand, it is precisely because of their partially
superior properties that IVAs are particularly suitable for assisting
people with a wide range of tasks, such as message processing or
time management. Therefore, creators of IVAs must continually
attempt to optimize the balance of superior abilities, which provide
the optimal performance expected of a computer, versus the simu-
lation of human frailties, which may provide a more believable and
engaging experience for users in a variety of contexts.

In this paper, we investigate both positive and negative effects
of incorporating human-like "imperfect" response behavior into
IVAs. While there are various aspects of human imperfection that
could be transferred to IVAs, we are specifically interested in the
integration of imprecise temporal references to past events. IVA
assistance with time-related issues can be valuable for a variety of
scenarios. IVAs can notify users about missed events (e.g., “‘your
mom called around 2 hours ago’), provide information about other
users (e.g., Dan already left the office shortly after noon’), or support
the tracking of progress, such as medicine consumption or nursing
(‘last time you took your pills was this morning’). While some degree
of imprecision is common to all of these sample statements, overly
precise responses could reinforce the impression of communicating
with an Al rather than a human, as illustrated in Figure 1. This is
because in human-to-human communication, temporal imprecision
is typical for several reasons, including our limited memory capac-
ity [21, 37]. There is also an ongoing discussion in the research

!We put imperfections in quotes, as psychologists and philosophers argued that this
imperfection of humans represents their actual perfection (e.g., [8, 51]).
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community as to the existence of a time measurement mechanism
innate to humans, as well as the level of precision with which we
may measure time [6]. Humans are not only limited by these factors,
but also consciously employ them when delivering temporal infor-
mation with an appropriate level of detail and relevance targeted to
the conversation partners’ needs in a given context. While it is not
often trivial to estimate how much each of these factors contributes
to the resulting imprecise temporal statement, we attempt to focus
on patterns of temporal imprecision caused by imperfect memory
rather than other factors, such as social norms.

We consider the following research questions with a focus on
the representation of time:

e How should IVAs refer to past events to appear natural?

o Do users prefer IVAs with a high level of anthropomorphism
or (potentially unnatural) precision?

e How can we achieve a reasonable compromise between su-
perior precision and human likeness?

The research questions are addressed in a three-stage process,
involving (i) an assessment of temporal patterns used in human
speech, (ii) a subsequent comparison between four different cul-
tures to examine the generalizability of the results, and (iii) a final
evaluation of the identified temporal patterns implemented into an
IVA.

The remainder of this paper is structured as follows. Section 2
provides a theoretical overview of how humans memorize and
express the time of past events, followed by a summary of related
research projects with a particular focus on IVAs. In Section 3, we
present a survey that we conducted to identify human patterns
for expressing time. To gain insights into whether the obtained
patterns are generalizable to different cultures, Section 4 presents a
follow-up survey that was conducted in three additional countries.
The resulting patterns were incorporated into a conversational
embodied IVA with voice in-/output and evaluated in a user study,
as described in Section 5. The paper is concluded by Section 6,
which summarizes the main findings and discusses potential future
research in the field of imprecise IVAs.

2 RELATED WORK

In this section, we will consider the concept of time both from a
cognitive science and a linguistic perspective. For both research
fields, we will summarize related work that attempted to practically
implement those theoretical aspects into virtual agents.

2.1 Temporal Memory of Events

2.1.1  Memory and Human Development. As a person matures, from
infancy through to adulthood, their conception of time develops,
along with their ability to express measures of time [20]. Under-
standing of singular events in time, and ability to measure their
duration, evolve along with the ability to determine their Tocations’
and the distance’ between them. Recognition of the order of serial
events, as well as how they might be situated within a given refer-
ence frame (throughout a day, week, year), can aid in their memory,
and provide a means to improve recall [37]. Comprehension of the
passing of time develops along with each person’s experience.
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2.1.2  Limitations of Human Memory. Distinguishing the timing of
events can depend on numerous factors, due to the instability and
natural limitations of a person’s memory. Theories regarding the
way in which people perceive, store, and recall memories of past
events make use of spatial metaphors to describe these methods
within various contexts [20, 21, 37]. The distance’ (or relative time)
of an event from another point in time may be regarded as nearer
or farther based on its strength for an individual. So, the person’s
ability to store and recall the memory of the event, how old or
recent they might perceive it, highly depends on their familiarity
with that occurrence. Similarly, perception and retention of the
‘location’ (or absolute time reference) of an event within a larger
period of time might depend on how long it has been since the
event occurred. The serial order (or relative time of occurrence) of
events also plays a role in development of methods with which a
person may consistently gauge the timing of an event, whether it
may be precise for recent or important events, or more vaguely
defined for distant or minor occurrences. Over time we forget finer
details and the accuracy of one’s perception of the timing of events
decreases, with the median dating error increasing by as much as
one day for each week in reference to a defined retention interval,
as reported by Thompson [62].

2.1.3  Memory Aids. To compensate for the previously discussed
limitations, humans leverage a variety of memory aids, both in-
ternal and external ones [35]. While the former include cognitive
strategies such as mental rehearsal and the loci method [35], the
latter is defined as any device or mechanism external to the user
that aims at facilitating the memory. Examples include shopping
lists, reminder notes, (electronic) calendars, and alarm clocks [36].
In a study by Intons-Peterson and Fournier [35], participants over-
all expressed a preference of external aids over internal ones due
to their higher dependability, ease of use, and accuracy. Based on
these beneficial properties, we hypothesize that cues provided by an
embodied IVA that visibly uses such an external memory aid might
be perceived as more reliable and increase the agent’s believability.

2.1.4 Modeling Memory in Virtual Agents. Gomes et al. [23] pro-
posed a method to provide agents with an episodic memory and,
therefore, enable coherent behavior over long time periods. Stimuli
that are currently perceived by the agent are correlated with stored
stimuli of past events ("episodic memories"). Using a probability
density function, stored events with a high correlation to the cur-
rent situation are more likely to be selected and re-experienced by
the agent. A preliminary evaluation indicated a positive influence
of the memory model on agent believability. In an extended ver-
sion of their work, the authors adapted their model to focus on a
location-based association of memories [24].

Another approach to achieve long-time coherence and believabil-
ity of IVAs is to equip them with a personal back story, or so-called
autobiographic memories [5, 15]. For example, Ho et al. [34] pro-
posed a storage structure that involves both details of the stored
event (e.g., the time, location, involved people) and the event’s
consequences on inter-personal relationships with the IVA. How
memories of past interactions and associated emotional responses
can influence long-term relationships between an IVA and users
was also investigated by Kasap et al. [39].
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Complementing the retrieval of past events, Richards & Bran-
sky [52] conducted a study to investigate IVAs who forget informa-
tion over time. Their results suggest that partial recall and total loss
of recall are preferred over incorrect recall, as they feel more natural
and believable to the users. Nevertheless, agents with perfect recall
yielded the overall highest scores for the users’ enjoyment, level of
trust, and believability of the agent.

Research regarding aspects of human memory of temporal events
is broad in scope, but we concentrate here on the aspects directly re-
lated to the subject of this study. While there is a substantial amount
of research devoted to retrospective and prospective memory (past
as well as future events) [31, 69, 70], we focus on the reporting of
individuals’ memories of past events in this paper.

2.2 Temporal Representations and Expressions
in Linguistics

2.2.1 Classifications of Temporal Adverbials. In English, there is a
diverse set of temporal adverbials that indicate when a past event
referenced by the speaker occurred [12, 60]. Such adverbials can
take the form of noun phrases (e.g., ‘this morning’, ‘on Friday’, 2
weeks ago’), adverbs (e.g., ‘yesterday’), adjectives (e.g., ‘earlier’), or
adverbial clauses (e.g., ‘when I came home’), among others [33]. Due
to this diversity, constructing an all-purpose systematic classifica-
tion is difficult and of limited use [33]. Nevertheless, efforts have
been made to develop standards for the annotation of temporal ex-
pressions in texts. One of them is TimeML, which is an XML-based
markup language that captures events, temporal expressions, as
well as the relation between them [55]. Each temporal expression
is assigned to a type Date, Time, Duration or Frequency, whereas for
our purpose only the first two types are relevant, since we focus on
temporal locations instead of time intervals and recurring events.
If the expression itself or its context confidently determines the
calendar date or time of day, it is directly mapped to an absolute
ISO-compliant value, using rule-based or data-driven (i.e., machine
learning) approaches [1]. For instance, assuming that today is Fri-
day, July 12, 2002, Last Friday’s party didn’t start till twelve o’clock
midnight’ will be mapped to the value 2002-07-05T24:00’ [55]. In
the TimeML standard, temporal expressions that are vague or have
imprecise boundaries are annotated using specific tokens (e.g., ‘af-
ternoon’ is mapped to TAF’), placeholders (e.g., ‘63’ is mapped to
XX63’), or rules of interpretation (e.g., Tast night’ is always mapped
to the date of yesterday). The annotation guidelines define every
temporal statement as imprecise, if neither a particular time of day
nor a calendar date can be induced from the context. This includes
expressions with indeterminate precision, such as Tast week’, as
well as seasons, weekends, and parts of day [19]. Aside from this
understanding of temporal imprecision, a number of alternative
definitions can be found in the literature. For example, Zhou et
al. [72] categorize relative time expressions such as ‘yesterday’ as
well as temporal distances such as 2 days ago’ as what they call
"fuzzy time expressions.” In contrast, the imprecision definition of
Tissot et al. [65] includes modified values (e.g., ‘approximately 10
minutes ago’) and ranges of values (e.g., ‘8 to 10 years ago’). In our
paper, we follow a notion of imprecision similar to the one used
in TimeML, with the addition that imprecision increases with a
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coarser time granularity (e.g., ‘12 hours ago’ is considered more
precise than ‘yesterday evening’, which in turn is more precise than
just ‘yesterday’). We also note that the imprecision of a response is
highly related to the question, as, for example, ‘yesterday’ can be
considered a sufficiently precise response to the question ‘When
was your last day off?’ but an imprecise response to ‘When did you
have lunch?’. Finally, we classify the examples given by Tissot et al.
as signals of uncertainty rather than imprecision.

2.2.2  Absolute and Deictic Temporal Expressions. As noted in Sec-
tion 2.1.1, the ability to accurately gauge the passing of time de-
velops alongside our development of speech, consequently, the
accuracy with which we describe temporal events is refined as a
person matures. Even so, the limitations of a person’s memory do
not extend indefinitely, and so we often use different terms to refer
to events depending on how far in the past they may be (along
with other contextual conditions) [37]. For more recent events, it is
common to rely on absolute expressions, whereas for events further
in the past, one would more typically rely on relative expressions
of occurrence to the current point in time or other “landmark”
events [50]. Use of temporal deixis, pointing terms used to indicate
this relative positioning are common (this, that, now, then, etc.),
along with adverbs of frequency (sometimes, often, rarely), whether
definite or indefinite [42].

2.2.3  Cultural Variations in Time-related Expression. The degree to
which time expression for an individual may vary depends on nu-
merous factors, regional and cultural differences being an important
component. Sircova et al. [59] compared use of time expressions by
individuals from 24 countries in Europe, Asia, Africa, and the Amer-
icas, based on their orientations to the past, present, and future with
the use of the Zimbardo Time Perspective Inventory (ZTPI). The
ZTPI measures five temporal orientations, covering attitudes and
emotions or various valances. The work of Graham [29] focuses on
how individuals perceive their time to be valued from a consumer
research perspective, categorizing groups based on three types -
Linear-Separable, Circular-Traditional, and Procedural-Traditional -
which they derive from historical cultural contexts. These findings,
while noting that they themselves clearly exhibit racial/cultural
biases, indicate that cultures in which individuals do not stress the
value of experiences in the future (perhaps because they do not
feel a sense of agency that would empower them to change it), or
do not value delineations between past, present and future, may
be more likely to focus on optimizing the utility of the present.
Rojas et al. [53] developed a questionnaire to assess attitudes of
individuals in UK, Saudi Arabia, Thailand and Chile towards not
only past, present and future orientations, but also time (duration)
pressure and planning. The prevalence of schedules that promote
multi-tasking versus focusing on one task at a time, known as poly-
chronic time and monochronic time respectively, are also key to
insights in variations of individuals’ attitudes towards time report-
ing. As an example, from the polychronic perspective, punctuality
would not be valued as much as in a monochronic time-focused
culture. Usunier et al. [66] present a comparison of time expression
usage from France, West Germany, Brazil, Mauritania, and South
Korea, using a questionnaire focused on the economicity of time
and polychronism vs monochronism. While the questionnaires dis-
cussed here cover interesting concepts to base future inquiries upon,
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our surveys address matters focused only on our present purposes,
namely, defining the degree to which individuals consider precision
in the reporting of events useful to them when requesting help
from a person (or an IVA).

2.24 Modeling Temporal Vagueness in Virtual Agents. Burkert et
al. [9] focused on the representation of time-related information in
the context of non-playable characters (NPCs) in video games, but
their findings may be applicable to other forms of IVAs as well. In a
survey, they found that users prefer vague temporal patterns such
as ‘after lunch’ over exact time specifications when asking time-
related questions to the virtual characters. The authors concluded
(but not validated) that users would expect a similar vagueness in
the responses of the virtual characters. Results of the survey were
incorporated into a time module for NPCs, which mimics different
psychological phenomena, including the above-mentioned usage of
vague temporal patterns as well as partially forgetting information
over time.

In line with these results, Rong et al. [54] reported a tendency
of users to employ imprecise language when setting up reminders
with the aid of virtual assistants, such as Apple’s Siri or Microsoft’s
Cortana. The conducted survey indicated that users prefer different
temporal granularity for different types of tasks, with minute-level
precision being considered rather inappropriate in the majority
of cases. However, for short-term reminders (e.g., in the context
of cooking or cleaning tasks), Graus et al. [30] found that delays
between reminder creation and notification are distributed with
distinct spikes around five-minute intervals. Though both papers
focus on prospective events, some of their results may also be ap-
plicable to past events, therefore warranting further comparative
investigations.

In contrast to the existing research projects presented so far, we
are particularly interested in (i) the referencing of past events and
(ii) the perception of time-related responses given by IVAs rather
than time-related queries made by the user. With these objectives in
mind, we will collect, cluster, and quantify responses to time-related
questions, both under consideration of the existing classifications
presented in Section 2.2.1 and the theoretical framework of retro-
spective memory as shown in Section 2.1.2. We believe that this
process will allow us to gather natural utterances that represent
the targeted human-agent interactions better than existing datasets
(such as the corpus of emails analyzed in [54] or the Cortana re-
minder logs used in [30]). It will also allow us to identify temporal
patterns that may be specific to the described scenario and the
previously introduced notion of imprecision. For these patterns,
we expect differences in comparison to those reported by Graus
et al. [30] and Rong et al. [54] since the main reasons for using
imprecise references to past and future events presumably diverge
(for the latter, a low level of commitment, low task priority, and
external dependencies of the tasks in question were identified [54],
all of which are not directly transferable to past events). Finally,
we want to leverage the potential of the embodiment of IVAs by
complementing verbal temporal responses with nonverbal behav-
iors such as checking an external memory aid. The aim is to create
a balance between superior abilities of IVAs and the simulation
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of human frailties, which may provide a more comfortable and
engaging experience for users.

3 STUDY 1: COMMON PATTERNS IN
TEMPORAL STATEMENTS

The transfer of human-like traits to IVAs requires first and fore-
most a deep understanding of what is perceived as human-like.
Therefore, a preliminary survey was conducted to identify common
patterns in how humans refer to the time of past events in common
parlance. Participants were asked to answer a total of 18 questions
that addressed events with different anticipated times of occurrence.
The responses were analyzed by applying a clustering strategy as
described below.

3.1 Participants

The survey was distributed to 63 participants, 27 of which were fe-
male and 36 male (aged from 18 to 44, M = 29.65). Participants were
recruited from a local university, a survey exchange website [61],
and a volunteering IT company. They did not receive any monetary
reimbursement for their participation. None of the participants was
an English native speaker, however, being proficient in English was
explicitly stated as a requirement for participation in the study.

3.2 Materials

The survey was created using Typeform, which supports partici-
pation via any web browser. It contained 18 questions that cover a
large time span from events in the most recent past (e.g., ‘When did
you start filling out this questionnaire?’) to events that may have oc-
curred multiple years ago (e.g., ‘When was the last time you sent out
an application?’). Since we were particularly interested in expres-
sions for indicating recent events, 10 out of 18 questions referred
to activities that are common during a regular day (e.g., drinking,
checking the mobile phone, having a break). The remaining ques-
tions were included to gain a better understanding of whether and
how the temporal distance to past events not only affects the dating
error (as described in Section 2.1.2) but also the way humans are
referring to the events. An overview of the 18 posed questions can
be found in Table 1 of the supplementary material.

The study was purposely not conducted under controlled lab
conditions with a pre-defined time schedule. Therefore, the same
questions led to various responses as the actual time of events can
be individually different. Both benefits and disadvantages of this
design will be discussed in Section 3.6.

3.3 Methods

Participants received a link to access the questionnaire on the above-
mentioned survey exchange platform or via email. They could start
the survey at any time without direct contact to the experimenter.
The questionnaire was prefaced by a general introduction that
explained the procedure without disclosing the specific focus on
expressions of time. Participants were explicitly asked to phrase
their responses in the same manner as they would in a natural
verbal conversation. Lastly, participants were informed that they
can skip questions in case they do not remember a particular event
or do not want to provide information about it. The introduction
was followed by 18 time-related questions, which were presented
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in the same order for all participants. Responses were received via
free text input fields to allow all types of data, including whole
sentences, phrases, and dates. The survey was concluded by some
demographic questions. On average, it took participants around 10
minutes to complete the survey.

3.4 Data Analysis

All responses of two participants had to be excluded from the analy-
sis because they consisted of meaningless character sequences (e.g.,
"ee"). The remaining 1098 responses were analyzed using a mixed-
methods content analysis approach, with hybrid (observation- and
theory-based) coding of the data [3]. Each survey response was
transferred onto a digital sticky note on the digital whiteboard
platform Miro [46]. After becoming familiar with the data, the first
author performed a first iteration, in which only utterances with the
same wording but possibly different numerical values were grouped
together (e.g., 2 minutes ago’ and ‘30 minutes ago’). Subsequently,
the resulting clusters were spatially rearranged in such a way that
their proximity roughly represented a combination of lexical sim-
ilarity (measured by means of the Levenshtein distance at word
level) and semantic relatedness (validated with WordNet [45] sister
terms) [22]. For example, the clusters ‘x minutes ago’ and ‘x hours
ago’ were placed next to each other, as were x minutes ago’ and
‘approximately x minutes ago’. In contrast, ‘yesterday’ was located
further away, but close to ‘yesterday morning’ as well as ‘today’.
Based on the resulting map, the first and third authors discussed
possible core variables as well as categories, taking into account
both observed patterns (inductive coding) and literature-based con-
cepts as presented in Section 2.2 (deductive coding). Based on the
agreed-upon categories, clusters were either retained, merged (e.g.,
X minutes ago’ and ‘approximately x minutes ago’ because ‘approxi-
mately’ was identified as a modifier expressing uncertainty without
constituting a new precision category), or separated (e.g., x minutes
ago’ into utterances with integers and floating-point numerical val-
ues). Finally, the number of utterances in each category was counted.
The resulting categorization and the determined frequencies are
described in the following section.

3.5 Results

The applied content analysis resulted in two core variables time
format and time granularity. While time format involves the lin-
guistic representation of dates and times, time granularity refers to
the smallest unit that is used in a temporal statement, for example,
a minute, a day, or a year.

Considering time formats, the two concepts of temporal locations
and temporal distances emerged (cf. Section 2.1). While temporal
locations directly point towards the moment an event happened
(e.g., ‘8 a.m.’), temporal distances indicate the difference between
the current time and the time of the event (e.g., ‘two hours ago’).
For temporal locations, we found expressions of time that were
numerical (such as hh:mm) or conceptual (such as weekdays, cal-
endar months etc.). For example, 07/04/21°, ‘Yesterday’, and Last
Sunday’ can all refer to the same temporal location but are either
numerical or conceptual. In contrast to temporal locations, tempo-
ral differences showed a consistent form that included a numeral
along with a time adverbial such as ago or back. For each category
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Table 1: Different combinations of time format (table rows) and time granularity (table columns) that were identified in the
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survey responses. For each combination (table cell), both the number of occurrences and an example response are listed.

Seconds Minutes Hours Days Weeks Months Years
— ..with implicit - 75 24 - - - 2
S g
2 8  deictic center 9:45 a.m. at 4 p.m. 2020
9w
Q
§ S ..with explicit - 43 32 8 - - -
deictic center Last night at 2:00  Saturday 8 a.m. 4th January
= ...with implicit - - 2 110 28 33 15
=
é' 2 deictic center In the last hour ~ Monday / Today  Last week  This September  Last year
T
Q Q
£ S ..with explicit - - - 4 - 33 -
9] o e .
deictic center Last week Friday FJuly 2020
...with implicit 4 191 93 29 37 58 44
o
b deictic center 30 seconds ago 5 minutes ago 4 hours ago 2 days ago 1 week ago 1 month ago 2 years ago
3
S
é ...with explicit - 4 3 - - - -

deictic center

Today, 2 mins ago

Today, 3 hrs ago

of time format, we observed responses that are expressing time (i)
relative to the present moment (i.e., the center of deixis is implicit),
or (ii) relative to a specified reference point (i.e., the center of deixis
is explicit).

For the second core variable, time granularity, we found tem-
poral statements in the range of seconds to years. Depending on
the time format, time granularity has a differing level of expres-
siveness. For temporal locations, the level of granularity directly
determines the size of a temporal interval that includes the referred
event (cf. [71]). For example, all temporal locations in the category
Days (i.e., numerical, such as 07/04/21°, and conceptual, such as
Yesterday’) point towards a time interval with a length of 24 hours.
In contrast, granularity in temporal distances only indicates the
used unit but does not allow for concluding a specific precision of
the time indication. For example, the expression 2 days ago’ could
refer to an event that happened exactly 2 days ago, but could also
be used to refer to the entire day before yesterday.

Based on this conceptualization, all utterances were assigned
to one level of each of the two core variables. From the overall
1098 responses, 94 were excluded because they were empty, did not
contain an (unequivocally assignable) reference to a point in time,
or referenced the present moment instead of past events. Responses
with two alternative indications of time (e.g., ‘3 hours ago, at 3 p.m.’)
were counted twice. Table 1 summarizes the number of occurrences
for each main category. Besides these main categories, we also
observed multiple intermediate levels of time granularity. These
included fractions of a minute (e.g., ‘Half a minute ago’, N = 2),
fractions of an hour (e.g., ‘Half an hour ago’, N = 12), and times of
the day (e.g., ‘This morning’, N = 73) as well as specific parts of a
week (e.g., Last weekend’, N = 2), month (e.g., Late April’, N = 6),

and year (e.g., Tn summer’, N = 11). Furthermore, participants used
personal landmarks (e.g., ‘After waking up’, N = 27) as well as
general landmarks (e.g., ‘Before the pandemic’, N = 10). Finally, 8
responses were indefinite, such as ‘recently’ or ‘a while ago’.

While each category on its own would be suitable for further
analyses, we decided to focus on the pattern which was most preva-
lent in the collected data. With a total of 482 utterances, temporal
distances were used in 44% of all responses. All responses of the
category were further clustered by the time values that were men-
tioned. Expressions referring to the same point in time such as
‘60 minutes’ and ‘1 hour’ were grouped. Figure 2 illustrates the
resulting distribution. The five most frequent time values were 5
minutes (N = 44), 10 minutes (N = 33), 30 minutes (N = 28), 1
hour (N = 43), and 2 hours (N = 23).

3.6 Discussion

We decided in favor of an uncontrolled survey, without predeter-
mined verifiable events. This decision was made since we were
particularly interested in the phrasing of responses rather than
their correctness. A laboratory setting may have influenced the
perception and, consequently, the expression of time for controlled
events. For example, it lacks personal temporal landmarks that
events can be associated with. Furthermore, a controlled long-term
experiment would have been necessary to assess remote events. By
using multiple questions and increasing the sample size, it is reason-
able to assume that a large time span was covered by the responses.
Despite the uncontrolled nature of the survey, multiple conclusions
can be drawn, which are of particular value for simulating human
behavior in IVAs. First, the data suggests a human preference of
rounded time references over precise ones. We observed a tendency
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Figure 2: All time values that were observed in temporal distance statements. The y axis shows the number of occurrences for

each time value.

towards specific reference points for rounding, including 1, 2, 3,
5, 10, 15, 20, 30, 60, and 120 minutes. Second, it was observed that
intervals between reference points become larger as distance to an
event increases. For events that (subjectively) happened within the
previous 60 minutes, we identified eight common reference points.
In contrast, the time period between one and four hours in the past
was covered by only four reference points at the top of every hour.

3.7 Limitations

Besides the positive aspects in comparison to a controlled labora-
tory study, the chosen survey design is also associated with certain
limitations. As the actual time of events cannot be verified, correct
responses at the reference points (e.g., ‘30 minutes’) are indistin-
guishable from rounded values at the same point. However, as
is can be assumed that the probability of an event occurring 30
minutes or 27 minutes in the past is approximately the same, the
inferences drawn from the histogram in Figure 2 are still valid since
only modes of the distribution were considered. As a second conse-
quence of the actual event time being unknown, the data does not
allow one to draw a conclusion regarding the rules of rounding up
and down. From the literature, it is known that the magnitude of
temporal displacement of recalled events is affected by a number of
factors, including the distance of the event (cf. telescoping bias [63])
as well as its subjective memorability [62]. In the following, we will
omit such complex cognitive processes and apply a simple rounding
strategy to time references. Also, it is not yet clear to which extent
each of the factors described in Section 2.1 is contributing to the ob-
served preference of rounded time expressions. We expected further
insights on this question from Study 3, which used the previously
described observations to implement different time referencing be-
haviors into an IVA. Finally, one limitation of the current survey
was that while fluency in English was one of the inclusion criteria,
none of the participants were native speakers. Although a study
conducted by Crawford [11] showed no differences between L1
and (German) L2 students in the usage of two exemplary temporal
adverbials, it is not clear whether this finding can be generalized
to other temporal patterns. In a follow-up survey, we will examine
whether the patterns we have identified hold for other cultures,

including U.S. citizens whose first language is English. In the future,
such a validation could also be performed in Germany to reveal
possible differences between the usage of temporal patterns in the
native versus a foreign language.

4 STUDY 2: CULTURAL VARIATIONS IN
TEMPORAL STATEMENTS

Since Study 1 was conducted in a single country, conclusions in
terms of the time referencing behavior are likely biased towards
one specific culture. As the literature suggests cross-cultural dif-
ferences in the perception of time (see Section 2.2.3), additional
considerations are required to evaluate the generalizability of the
previously presented results. In order to gain first insights into po-
tential cultural variations, we expanded our initial survey assessing
temporal patterns to three more countries.

4.1 Participants

We distributed the survey described in Section 3.2 to inhabitants
of the United States (8 female, 6 male; mean age of 30.71 years),
Japan (14 male; mean age of 25.50 years), as well as southwestern
India (9 female, 5 male; mean age of 36.71 years). These countries
were selected because they differ with respect to their orientation
towards past, present, and future, their time horizon, as well as their
tendency towards polychronicity [32]. As the literature suggests
that time perception is strongly shaped by sociocultural influences
at a young age [20], participation in the survey required being born
in the respective country and having lived there for at least 5 years
during childhood. For Japan and India, the survey was translated
to Japanese and Kannada, respectively, and delivered together with
the English translation. Participants were encouraged to answer
questions in the language they feel most comfortable with. In India,
one participant used Kannada for their responses while the remain-
ing ones answered in English, which is one of the country’s two
official languages. In Japan, all participants answered in Japanese.
Participants’ backgrounds covered a wide societal range, including
students, university staff, pensioners, and homemakers.
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4.2 Data Analysis

As we intended to validate our findings from Study 1, we used the
identified categories as reported in Section 3.5 and conducted a
content analysis with deductive coding in Study 2. Before coding
all 756 utterances, Japanese and Kannada responses were trans-
lated using both DeepL [13] and Google Translate [26], and in case
of divergence, a native speaker was consulted for resolution. Af-
ter coding each utterance, we again recorded frequencies for all
categories and color-coded them, as shown in the supplemental
materials, to make peaks in the distribution clearly visible and to
provide a common basis for comparisons across cultures.

4.3 Results

Since all temporal statements could be unambiguously assigned to
one of the categories established in Study 1, the two core variables
time format and time granularity with according levels could be
confirmed. In the following, we will discuss emerging trends that
we observed in the data.

4.3.1 Time Format and Granularity. The number of occurrences
for each category and every country is summarized in Tables 2 to 6
in the supplementary materials. As in the initial survey, there is a
preference towards the usage of temporal distances over numerical
and conceptual temporal locations for the U.S. (62.0% of responses)
and Japan (54.7% of responses). In contrast, the most prevalent
time format in Indian responses are conceptual temporal locations,
used in 47.6% of the cases. In strong correlation to this preference
of conceptual time statements is the high number of vague time
references even for recent events. In particular, the statements
‘today’ and ‘yesterday’ were used in 11.1% and 15.4% of Indian
responses, respectively (compared to average values of 0.3% and
5.1% across the other three countries).

4.3.2  Reference Points for Temporal Distances. The reference points
for temporal distances identified in Study 1 were confirmed in the
follow-up surveys for each of the three selected countries. As for
the German sample, the five most frequent time values, reported
as a sum over the American, Japanese, and Indian samples, were
5 minutes (N = 17), 10 minutes (N = 15), 30 minutes (N = 17), 1
hour (N = 35), and 2 days (N = 16). Likewise, the intervals between
reference points got larger for increasing temporal distances to the
occurred event. As a minor observation, Japan was the only one
of the considered cultures using more than 24 hours to refer to
past events (e.g., 50 hours ago’). However, due to the small number
of occurrences (N = 4), more comprehensive investigations are
required to determine if this can be considered a general trend in
the population.

4.3.3  Uncertainty. Besides the trend towards vague statements
for recent events, Indian responses showed another difference in
comparison to the other cultures. In the initial survey conducted
in Germany, 10.5% of the categorized statements expressed some
degree of uncertainty by using adverbs like ‘about’ and ‘around’,
question marks at the end of the statement (representing rising
intonation in spoken language), or other indicators, such as T guess’,
‘probably’, ‘maybe’, and ‘or so’. Such indicators were found in a
similarly large portion of the American (14.9%) and Japanese (9.8%)
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responses. In contrast, only 2.9% of the Indian responses included
expressions that indicate an uncertainty of the speaker.

4.4 Discussion

While the general categorization established in Section 3 could be
confirmed, we observed variations of temporal patterns particularly
in the survey responses from India. A preference towards concep-
tual temporal locations, the tendency to use vague statements for
recent events, as well as the rare use of indicators for uncertainty
reflect the same underlying principles of time perception in Indian
culture. Given the preliminary nature and scale of this inquiry,
it would be difficult to attribute these findings to any particular
factors, however we might conclude that the tendency toward poly-
chronicity in addition to India’s unique traditional, religious and
cultural contexts may underlie the divergent results we have ob-
served. Although the literature on time perception also reports
differences between Japan, the U.S., and Germany [32, 43, 64], these
variations appear to have a less severe impact on the patterns used
in temporal statements.

4.5 Limitations

Because Study 2 included only three selected countries and a com-
paratively small sample of 14 participants per country, it should be
considered as a first exploration rather than a statistically reliable
evaluation. Nevertheless, multiple trends emerged that indicate
cross-cultural differences and, therefore, warrant additional inves-
tigations to guarantee a high usability of IVAs for a diverse user
group. Differences between states or regions within one country
may also be revealed through further refinement of survey locales.

Finally, we did not ask respondents in either survey whether they
used a diary or an app to retrieve information. Therefore, addition
of questions to gain better understanding of the basis of individual
responses may be warranted, as some participants may value accu-
racy to the degree that they would check the timing of events using
memory aids. Such behavior may also vary across cultures and thus
could provide valuable insights into locally different expectations
for the use of memory aids by an IVA.

5 STUDY 3: TRANSFERRING TEMPORAL
PATTERNS TO VIRTUAL AGENTS

The preliminary surveys revealed tendencies of humans to use
imprecise temporal locations and to round temporal distances to
specific reference values that depend on the elapsed time since the
occurrence of the referred event. In Study 3, we aimed at transfer-
ring this behavior to an IVA and testing the resulting effects on
perceived anthropomorphism and usefulness of the IVA. Anthropo-
morphism was chosen as a measure because it has been shown in
previous studies to be a crucial trait contributing to the believability
of an IVA [14]. The following hypotheses were investigated:

(H1) IVAs are perceived as more anthropomorphic when they use
imprecise instead of precise indications of time.

(H2) IVAs are perceived as more useful when they use precise
instead of imprecise indications of time.

(H3) When providing precise indications of time, IVAs that use a
memory aid are perceived as more anthropomorphic than
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those responding immediately.

(H1) is directly derived from observations of human communica-
tion behavior in the survey, while (H2) is based on the assumption
that precise responses possess a higher information content com-
pared to imprecise ones. Acceptance of both (H1) and (H2) would
face developers with the decision to either create believable but less
useful IVAs or to maintain precision while sacrificing believability.
To resolve this dilemma, we suggest adopting another human strat-
egy for coping with limited memory; the usage of a memory aid
such as a calendar. Since using memory aids for time management is
common in real-world scenarios (cf. Section 2.1.3), we hypothesize
that looking up an exact date and time in a digital calendar would
justify a high level of precision without reducing the perceived
anthropomorphism of the IVA (H3).

5.1 Participants

We invited 24 participants, 18 male and 6 female (aged from 18 to
32, M = 22.91). Based on an alpha level of .05, 24 participants yield
a power of .74 at the effect size Cohen’s f = .25 [16]. None of the
participants was an English native speaker, however, being profi-
cient in English was mentioned as a requirement for participation
in the study. For technical reasons, all participants were required
to use Windows as their operating system. They did not receive
any financial reimbursement for their participation.

5.2 Materials

To validate our hypotheses, we created a virtual environment that
allowed users to talk to an IVA and, with her help, answer a total
of 12 questions directed at them. The environment was modeled
after a typical office setting, in which the IVA acts as a virtual
assistant who created notes on past events (e.g., a missed phone call
for a colleague, a sick leave notification, or the arrival of external
guests) using digital tools, such as an electronic calendar or a note-
taking application. According to van den Hooff [67], electronic
calendars are one of the primary tools for facilitating organizational
coordination, as they not only support planning of future activities
but also serve as an archive for tracking the history of the users’
work life. The digital notes were displayed on a laptop for reasons
of both plausibility and practicality, as the memory aid must fit
thematically into the setting while being clearly recognizable by
study participants. The virtual environment was implemented in
Unity and was coupled with several Google services to provide
speech recognition and dialog generation. For conducting the study,
the system was set up on a virtually hosted Windows machine on
an Azure server that study participants could connect with.

5.2.1 Virtual Environment. The virtual agent was set up in the
game engine Unity as described in the article by Schmidt et al. [56].
Besides a highly detailed, 3D scanned female head model, it featured
realistic eye movements (including focusing on points of interest,
saccades, and blinking) as well as lip syncing.

To enable the IVA to understand and react to user requests,
several Google services were utilized. First, the user’s voice was
recorded using a builtin or external PC microphone and sent to
Google’s speech-to-text service [27] to create a transcript. Since
the level of background noise was low during the study, and only
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Context:

A colleague of yours does not feel
very well and took a rapid Covid test.

It turns out to be positive. To act
appropriatly, you take some notes.
(Use "Left Alt" to talk to Louise.)

Question:

When did Peter leave the office?

Submit

Figure 3: Virtual environment that was used in Study 3, in-
cluding an IVA [17] and Ul elements for (1) the given context,
(2) a question directed to the user, and (3) the user’s response.

one speaker was recorded at a time, the transcript was accurate for
the majority of utterances. The transcript was then processed by
another service called Google Dialogflow [25]. Dialogflow uses a
machine learning approach to recognize a user’s intent from text
input and produces a matching output. Our agent entity created
in Dialogflow accepted any form of greeting before automatically
transitioning to the main flow. The latter was able to process 12
predefined intents that matched the topics participants had to dis-
cuss with the IVA during the study. For each of the intents, we
defined a set of 3 to 7 training phrases, depending on the intent’s
complexity. Due to the limited number of potential matches as well
as the known topic order, these low numbers of training examples
were sufficient to detect the matching intent, as was confirmed
in previous tests. For each intent, we defined two versions of the
agent’s response, which contained either precise or imprecise indi-
cations of time (see Table 7 in the supplementary material for both
training questions and agent responses). The textual response was
sent to Google’s text-to-speech service [28] to synthesize an audio
file which can be bound to an audio source within the Unity scene.
Since the audio data transfer produces an additional delay, which
varies between study participants and, in addition, could be per-
ceived as unnatural, the audio files generated by the text-to-speech
service were stored in a local cache before the first experimental
session.

Besides the IVA, UI elements for presenting the textual scenario
descriptions and questions as well as for receiving the study partici-
pants’ responses were displayed. The virtual environment including
the IVA and Ul elements is illustrated in Figure 3.

5.2.2 Hardware Setup. Due to COVID-19 regulations over the
project period, we opted for a remote user study. The study was
conducted on a virtual desktop machine running Windows 10 Pro-
fessional. Participants of the study had to connect to the virtual
machine, which was hosted on a Microsoft Azure server [44]. The
virtual machine of type Standard NV8as_v4 was equipped with an
8-core CPU, 28 GB of RAM, and a GPU with 4 GB dedicated memory.
With this setup, the Unity application was running at 60 frames
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per second. The application was displayed on each participant’s
private computer monitor.

5.3 Methods

For the main study, we followed a within-subject design with two
independent variables and two levels each:

e Time precision

— Imprecise: In its responses, the agent uses conceptual tem-
poral locations of the granularity Days and Times of Day
as well as temporal distances of the granularity Minutes,
Hours, Days, Weeks, and Months that are rounded to the
reference values determined in Study 1 (cf. Figure 2).

— Precise: In its responses, the agent uses temporal distances
of the granularity Minutes, Hours, and Days without round-
ing to reference values.

e Memory aid

— No: The agent responds to questions immediately, with a
natural delay of one second.

— Yes: The agent communicates having notes on the referred
event and looks at a virtual laptop for 3 seconds before
looking back at the participant and providing a response.

For example, a temporal distance of 34 days in the precise agent
response was rounded to the nearest reference point of 1 month
in the corresponding imprecise response. All pairs of precise and
imprecise statements are listed in Table 7 of the supplementary
material.

The order of conditions was counterbalanced among partici-
pants, with a 100% coverage of order effects due to the number of
conditions and participants.

Each participant was invited to a separate video call with the ex-
perimenter who provided an introduction to technical aspects and
the procedure of the study. Participants were informed about the
study’s general purpose to evaluate the naturalness of the agent’s
behavior, without mentioning the focus on time or the particu-
lar hypotheses. Each participant filled in a consent form before
proceeding with the study.

After the briefing, participants accessed the remote desktop en-
vironment and started the main procedure by filling out a demo-
graphic questionnaire. Afterward, they switched to the Unity envi-
ronment with the IVA. For familiarization with the system, each
condition started with greeting the IVA and noting down her re-
sponse. This initial test run was followed by 12 inquiry-response
cycles. In the beginning of each cycle, a context scenario as well as
a question were displayed in textual form on the UI (see Table 7 in
the supplementary material). To gather information for answering
the question, participants had to talk to the IVA. Participants were
allowed to pose multiple questions to the IVA, for example, to clear
up a misunderstanding. For formulating their final response, par-
ticipants were instructed to use numerical temporal locations (e.g.,
‘May 10 at 8 a.m.’) instead of the conceptual temporal locations and
temporal distances the agent used (e.g., ‘I hour ago’). By process-
ing the information retrieved from the agent, we anticipated that
participants gain a better impression of how useful the IVA would
be in a real-world scenario. The participant’s final response had to
be typed in and submitted via the system’s Ul to end the current
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Table 2: Means and standard deviations for anthropomor-
phism and usefulness scores.

Anthropomorphism Usefulness
M SD M SD

Imprecise .w/o 4183 1.288 5.042 1.681
memory aid
Preci /

recise w. (.) 3.158 1.247 5.250 1.675
memory aid
I .

mprecise .w/ 4125 1.030 6.083 0.929
memory aid
Preci

recise w/ 3999 1.141 5792 1.769

memory aid

cycle and start the next one. Each of the 12 cycles included a new
question, and every four questions the context scenario changed.
There was no option to jump back to a previous cycle or to skip a
question.

After submitting answers to each of the 12 questions, partici-
pants were forwarded to the next questionnaire, which included
a usefulness item as well as a scale to assess the IVA’s anthropo-
morphism [4]. The questionnaire then guided participants back to
the Unity environment, where they initiated the next condition.
This procedure was repeated until participants experienced all four
versions of the IVA.

In a final questionnaire, participants had to report their prefer-
ence towards one of the four IVAs in the context of four different
scenarios. They were also encouraged to provide open feedback.

During the whole study, both the participant and the experi-
menter were present in a video call to ensure support in case of
any technical difficulties. However, after the introductory phase the
camera and microphone of the experimenter as well as the camera
of the participant were turned off. In total, the study took around
one hour.

5.4 Results

Multiple questionnaires were used to collect both quantitative and
qualitative data on how IVAs with different approaches to referring
to past events are perceived by users. In the following section, we
will present the results.

5.4.1  Perceived Anthropomorphism. The perceived anthropomor-
phism of IVAs was measured using the corresponding scale of the
Godspeed questionnaire [4]. It originally consists of five items with
levels ranging from 1 (e.g., machinelike, unconscious) to 5 (e.g., hu-
manlike, conscious). Past studies indicated that the granularity of
the scale might be too low to assess subtle differences between
virtual agents [58]. Therefore, we increased the number of levels
per item to 7. Descriptive results of the measurement are illustrated
in Figure 4a.

Since mean ratings were computed by averaging five separate
items, they can be considered to be interval data and, therefore,
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Figure 4: Scores of perceived anthropomorphism of the agent, presented (a) as a box plot, and (b) as an interaction plot. (Please

note the different ranges of values for better interpretability.)

analyzed parametrically [10, 47]. We evaluated the mean anthro-
pomorphism ratings using a two-way repeated measures ANOVA.
Inspection of both histogram and Q-Q plot showed a small positive
skewness (.747) and kurtosis (.389) of the residuals, however, the
ANOVA has been shown to be robust against such mild deviations
from the normal distribution [47].

The ANOVA revealed a significant interaction between time
precision and memory aid (F(1,23) = 5.331,p = 0.030, 17; =0.188).
We also found significant main effects of time precision (F(1, 23) =
8.050,p = 0.006, r]f, = 0.281) and memory aid (F(1,23) = 4.498,
p = 0.045, ryf, = 0.164) on perceived anthropomorphism. As main
effects only have limited conclusiveness in the presence of a sig-
nificant interaction, we performed a follow-up analysis of simple
main effects. Sidak-adjusted comparisons indicated that for precise
responses, study participants rated the anthropomorphism of IVAs
using a memory aid .833 points higher than of those responding
immediately (F(1,92) = 5.978,p = .016), supporting hypothesis
(H3). In contrast, for imprecise responses the use of a memory aid
did not yield a significant difference (F(1,92) = .029,p = .864).
Conversely, for IVAs that did not use a memory aid before re-
sponding, rounding of time expressions led to 1.025 points higher
anthropomorphism scores compared to precise time expressions
(F(1,92) = 9.044, p = .003), supporting hypothesis (H1). If a mem-
ory aid was used, ratings of agents with imprecise and precise
responses did not significantly differ (F(1,92) = .153,p = .697).

5.4.2  Perceived Usefulness. In contrast to the anthropomorphism
score, usefulness was measured using a single Likert item and,
therefore, cannot be assumed to be interval data [10]. Hence, we
used a non-parametric mixed effects ordinal logistic regression to
assess the ability of time precision and memory aid to predict agent
usefulness. Preliminary analyses were performed to ensure that
the assumptions of multicollinearity and proportional odds were
not violated. Both the Pearson chi-square test and the deviance test
suggested good model fit.

a

w

w

-

Perceived usefulness of responses

1 .
Imprecise w/o Precise w/o Imprecise w/  Precise w/
memory aid memoryaid memoryaid memory aid

Figure 5: Scores of perceived usefulness of the agent’s re-
sponses, presented as a box plot.

We found a statistically significant effect of memory aid on agent
usefulness (y%(1) = 7.434, p = .006). The odds of agents with mem-
ory aid achieving a higher usefulness score were 2.860 times that
of those who did not use a memory aid. Time precision was not
a significant predictor of agent usefulness (p = .714), and conse-
quently, hypothesis (H2) could not be confirmed. The data also does
not support a significant interaction between time precision and
memory aid (p = .773). The mean values and standard deviations of
both usefulness and anthropomorphism scores are listed in Table 2.

5.4.3 Contextual Preference. After experiencing all four versions
of the agent, participants were asked which agent they would prefer
in different settings. Table 3 summarizes the responses; both the
absolute counts and percentages. When IVAs act as co-workers,
the majority (46%) of participants prefer an immediate response
with imprecise expressions of time. For virtual receptionists and



CHI ’22, April 30-May 6, 2022, New Orleans, LA

Table 3: Absolute and relative number of participants that
prefer the respective version of IVAs in different settings.

Co-worker Receptionist Assistant Friend

Imprecise w/o

memory aid 11 (46%) 7 (29%) 5 (21%) 7 (29%)
Precise w/o 3 (13%) 2(8%) 5 (21%) 2(8%)
memory aid ’ ’ ’ ’
Imprecise w/
memory aid 7 (29%) 8 (33%) 6 (25%) 9 (38%)
Precise w/

3 (13%) 7 (29%) 8 (33%) 6 (25%)

memory aid

friends, 33% and 38% of the participants, respectively, would favor
imprecise values that were looked up using a memory aid such as
a calendar. Finally, from a virtual assistant, 33% of the participants
expected precise responses using a memory aid.

5.5 Discussion

5.5.1 Perceived Anthropomorphism. In Study 3, we found positive
evidence for the hypotheses (H1) and (H3). Data analysis revealed a
spreading interaction between the factors time precision and mem-
ory aid, as illustrated in Figure 4b. As supported by a subsequent
analysis of simple main effects, perceived anthropomorphism is
indeed higher for imprecise time references than for precise ones,
if no additional memory aid is used (H1). Furthermore, if precise in-
dications of time are made, participants rated IVAs with a memory
aid higher than those who responded immediately (H3). There-
fore, if providing a natural conversation is the main intention of
an IVA, rounding of time values should be preferred. However, if
the context of an IVA necessitates high precision, a memory aid
could be used to avoid a significant reduction of the agent’s an-
thropomorphism. It has to be mentioned, though, that the latter
option should be used only occasionally. In the post-questionnaire,
one participant reported that the frequent use of a memory aid
and the consequent delay of the agent’s response was perceived as
increasingly annoying throughout the conversation.

5.5.2  Perceived Usefulness. The second hypothesis (H2) could not
be confirmed, since mean values for perceived usefulness of the
agent are almost the same for precise and imprecise time refer-
ences. One could argue that study participants could not recognize
rounded values as such. However, each block of questions contained
multiple vague time references such as ‘yesterday morning’ and
most rounded time references was preceded by an adverb such as
‘around’ or ‘roughly’. Indications of a different reason for the missing
effect of precision on usefulness can be found in the open feedback
provided by the study participants. In the post-questionnaire, two
participants expressed that they would have preferred an absolute
time format for the agent’s responses. While no explanation for
these requests was provided, they could be related to the task of the
study. At the end of each of the overall 48 cycles, participants were
required to convert the agent’s responses from conceptual temporal
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locations or temporal distances to numerical temporal locations.
As this step is more difficult for precise values (e.g., current time
- 57 minutes) than for rounded values (e.g., current time - 1 hour),
users may have perceived the precise version of the agent as less
useful to fulfill the task. While this aspect could be adapted in a
future study, it also provides interesting insights into the usage of
IVAs in a real scenario. While precise time values contain more
information, they may result in a higher cognitive load for users.
Therefore, it has to be carefully considered whether the current
context of the IVA and the type of provided information require a
precise response. In that case, the agent might switch to an absolute
numerical time format. Furthermore, since the amount of cognitive
load required for processing conceptual temporal locations and
temporal distances varies, follow-up studies could consider these
different types of imprecise statements separately.

While no difference between usefulness of precise and imprecise
agents was present, IVAs that were checking their notes were rated
as significantly more useful than those who answered immediately.
This is interesting, since the objective information content was the
same for both cases. With regard to analogous situations with hu-
man communication partners, it can be hypothesized that looking
up a requested piece of information can convey a higher impression
of reliability than recalling it from memory (cf. Section 2.1.3). In
addition, immediately provided, overly precise time references for
events in the remote past (e.g., 34 days ago’) may be perceived as
fabricated answers since it is rather uncommon to receive correct
time references in such a format in real conversations (according to
Thompson [62] the dating error would be around 5 days for such a
time interval). Before implementing the suggested behavior in a real
IVA, further studies with different response delays are advisable to
determine the optimal trade-off between naturalness and usefulness
of the agent. As the artificial delay adds up with repeated inquiries,
it should be chosen to be as small as possible while preserving the
positive effects on perceived anthropomorphism.

5.5.3 Contextual Preference. Despite the significant effects in sub-
jective ratings of agent anthropomorphism, we found mixed prefer-
ences regarding the assessed response behaviors of agents. These
differences could reflect individual weightings of the agent’s qual-
ities, such as its human likeness and usefulness. These weights
are not only differing between users but also between contexts.
For example, most participants (75%, 62%, and 67%, respectively)
would prefer more natural, imprecise time expressions when the
IVA appears as a co-worker, receptionist, or friend. In contrast, a
slim majority of participants (54%) would expect a virtual assistant
to provide precise responses, and a majority of them would even
tolerate higher response times due to the utilization of a memory
aid such a calendar. Reasons for this tendency could be previous
experiences with real assistants, who usually organize appoint-
ments in a structured way [18], as well as the desire of users to get
the most valuable support when it comes to their personal time
management.

5.6 Limitations

Study 3 was designed as a first attempt to gauge the potential of
transferring human time referencing behavior to a conversational
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IVA based on a specific scenario and, as such, leaves room for fur-
ther investigations into specific sub-aspects. The study simulates
a typical office setting where the IVA acts as an assistant to the
user. This scenario implies some factors that may affect the per-
ception of the temporal patterns used. First, Section 5.5.3 indicated
that precise language might be more appropriate in such formal
scenarios than in informal situations, such as conversations be-
tween friends. Therefore, the perceived believability of the IVA
might be influenced by the context of the human-agent interaction.
In addition, perceived traits of the agent itself, for example, how
formal it appears in terms of clothing and used vocabulary, could
also influence its perception by users. The context, as well as the
(perceived) role of the IVA, might also make the use of memory
aids other than a digital calendar on a laptop (e.g., a smartphone or
a physical calendar) more plausible.

Besides these possible variations of the setting, follow-up stud-
ies could further investigate which underlying principles account
for the effectiveness of the memory aid. The current study design
prohibits a definitive conclusion about which aspect of the memory
aid conditions caused the observed changes in the users’ percep-
tion of the IVA - the fact that the IVA was reading the provided
information from an external device or the response delay, which
in itself could indicate a recall operation of the IVA. However, basic
literature on the interpretation of paralinguistic features by com-
munication partners suggests that the speaker’s response latency
and the listener’s feeling of another’s knowing are negatively cor-
related, meaning that answers preceded by long pauses sound less
likely to be correct [7]. Based on this theoretical framework, an
increased response latency alone would have reduced the estimated
likelihood that the IVA knew the correct answer, which contradicts
the higher usefulness ratings for these conditions. A tailored user
study could provide empirical evidence that this theory of human
communication is also applicable to IVAs.

In terms of agent representation, Study 3 was based on an em-
bodied IVA. However, since variations in temporal statements were
only expressed via speech, they could be applied to an audio-based
IVA (such as Amazon’s Alexa or Apple’s Siri) as well. In this case,
other non-visual approaches to simulating a memory aid would
need to be explored.

6 CONCLUSIONS

In this paper, we compared different approaches for IVAs to refer
to the time of past events. The basis was provided by a survey
(N = 63), which aimed at revealing common patterns that humans
use in temporal statements. Through the analysis of more than
1000 responses, we could confirm previous results on the prefer-
ence of humans towards vague time statements and, in addition,
identify specific reference points for the rounding of temporal dis-
tances. The identified patterns were subsequently transferred to a
conversational virtual agent with voice in- and output in order to
assess their effectiveness with regard to the agent’s believability.
A user study with 24 participants was conducted to evaluate two
different time precision levels as well as the usage of memory aids.
Statistical analyses indicate a significant positive effect of imprecise
time statements on perceived anthropomorphism of the agent. For
precise statements, anthropomorphism scores were significantly
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increased when the agent was noticeably utilizing a memory aid
before providing time-related responses. Based on these results,
we suggest implementing IVAs with a human-inspired way of ex-
pressing time, even though it is at the cost of reduced information
content. If precision is of major importance in a specific context
and, therefore, should be kept high, the use of a memory aid such
as a calendar can counteract a loss in the agent’s believability.

While the intention of this work was to gain some insights into
the importance of time in human-agent communication, there are
several potential follow-up questions to pursue in future research
projects. In the presented user studies, we focused on a general com-
parison between precise and imprecise references to past events.
These investigations could be extended to consider more nuances
of temporal precision as well as possible correlations to factors
other than the used temporal granularity. With respect to the latter,
research on prospective events has already shown that the use of
temporal patterns may depend, among other things, on the timing
of the conversation, its context, as well as implicit knowledge about
the event itself [30, 54], which could similarly apply to past events.
Furthermore, the preliminary survey revealed some patterns of
temporal statements that were not incorporated into our catego-
rization but still could be valuable in certain scenarios. First, we
observed the rare use of adverbs of indefinite time such as ‘recently’
or ‘a while ago’. While these may be perceived as unnatural or even
impolite when used as direct responses to a time-related question,
it might be reasonable to add them to the agent’s vocabulary for
dialogs that are not primarily focused on time. Second, the referenc-
ing of temporal landmarks, either in the form of global events (e.g.,
New Year’s Eve) or the user’s personal events (e.g., parental leave),
could increase the naturalness of human-agent conversations even
further. Finally, an extension of the survey to three additional coun-
tries revealed cross-cultural similarities in temporal patterns, for
example, regarding reference points for rounding temporal dis-
tances, but also indicated cross-cultural differences in terms of the
vagueness of statements and the usage of indicators for uncertainty.
Therefore, more user-centered research should be carried out to
guarantee a high suitability of IVAs for different people in various
contexts.
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