Methodological Considerations for Long-Term Experience
with Robots and Agents

Tina Ganster, Sabrina C. Eimler, Astrid M. von der Putten, Laura Hoffmann, Nicole C.
Kramer
University of Duisburg-Essen
Forsthausweg 2
47048 Duisburg
Germany
{tina.ganster@stud., sabrina.eimler@, astrid.von-der-puetten@, nicole.kraemer@, laura.hoffmann@ }uni-due.de

Abstract
This paper concentrates on the integration of me-
thodological approaches, addressing the com-
plexity and potential problems of research on
long-term relationships with robots and agents.
By presenting different categories of methods
and outlining their potential and their benefits
with regard to long-term human-agent interac-
tions, solutions are suggested.

1. Introduction

Artificial entities have always been a popular part of
science fiction stories. An often recurring aspect of these
stories is that those characters are interactive entities that
answer to their human conversational partners in an al-
most natural way and as a consequence, people get at-
tached to them (e.g. Number Five or R2D2 from Star
Wars). At the present time, we are still far away from this
fictional vision but research already contributes to a simi-
lar development by promoting the creation and explora-
tion of interactive agents and robots present in our lives.
This includes continuous evaluation and improvement of
their interaction with human beings. To achieve this,
besides evaluating the agents’ performance in terms of
usability [Ruttkay et al., 2002; Ruttkay and Pelachaud,
2004], a special focus has to be laid on users’ personal
perception of a system. Aspects like the systems’ helpful-
ness, believability or the users’ satisfaction with and trust
in the agent as well as the perceived engagement are
important prerequisites for improving system designs
over time. In the early days of agent research, research-
ers concentrated on short-term human-agent interaction.
With steady progress in research, the focus more and
more shifts towards the development of systems that are
not merely temporarily applied within a laboratory envi-
ronment but rather enable (and encourage) long-term
interactions within a user’s natural environment. Re-
search on long-term relationships regularly turns out to be

costly and time-consuming since extensive preparation,
repeated use of expensive measurement techniques have
to be considered. Another crucial point also is the in-
volvement of people who participate in an experiment for
a longer time and thus have to be paid and taken care of
(because of possible moral and ethical concerns). Since
research in this area is only just emerging a lack of exper-
tise cannot be denied. Often, methods and instruments
that have proven to be helpful in short-term studies are
transferred without knowing whether these are applicable
and adequate for long-term interactions.

Against this background we intend to draw attention
to several methodological aspects and discuss whether
these may be applicable in long-term interactions. With
the objective of improving data quality, reducing unne-
cessary costs and efforts, and increasing comparability of
results throughout this research area, we suggest several
aspects in need of improvement to motivate and facilitate
research particularly on long-term interactions and with
regard to an agent’s social behavior.

The first aspect we consider to be important is the
rather inconsiderate usage of objective and subjective
measurement methods. We provide a list of widely estab-
lished instruments and their respective benefits to the
investigation of long-term relationships with agents. The
second aspect particularly deals with the need to arrive at
and to make use of more standardized measurement in-
struments. Within the field of objective measurement
methods, we point out the possibility to use video and
audio analysis to determine relevant changes in the
course of the temporal development in the user-agents
relationship.

2.0Dbjective vs. Subjective Measurement
Methods

According to Kramer [2002], relevant aspects of hu-
man-agent interaction can be categorized by distinguish-
ing objectively measureable and subjectively measureable



ones. The former comprise for instance social effects and
the user’s experience during the interaction (often as-
sessed by means of self-report scales) while aspects like
user behavior and efficiency can be measured objectively
(through observation).

Each way of measuring covers different phenomena
in human-agent interaction but because of their specific
strengths and weaknesses, they can be effectively com-
bined to make results more conclusive. With regard to
long-term interactions, particularly the usage of subjec-
tive measurement methods has to be reconsidered and
adapted to serve this special purpose. In the following we
will review subjective and objective measurements with
regard to their respective benefits and shortcomings in
long-term experiments.

Instruments of subjective measurement are commonly
used in psychological research. A major part of it can be
summarized as surveys [Fife-Schaw, 2000] that are usual-
ly filled in by participants at one or several points in time
during or at the end of the study. With respect to human-
agent interaction it can be stated that surveys are not
conducted during the actual interaction but usually after-
wards. Few measurement scales are particularly (and
widely) used for the evaluation of human-agent interac-
tion as for example the Agents Persona Instrument (API)
by Baylor and Ryu [2003] and the Attitude Towards
Agents Scale (ATAS) [Van Eck and Adcock, 2003]. With
regard to the acceptance of agents, several approaches
using survey are conceivable, including a general evalua-
tion (using questionnaires with open- or closed-ended
questions), evaluation of appearance [e.g. card sort as-
signments; e.g. Cowell and Stanney, 2003], perceived
efficiency [e.g. Kramer and Nitschke, 2002], believability
and trust in a system [e.g. Rickenberg and Reeves, 2000;
Sproull et al., 1996; Kramer et al., 2005] as well as the
personal feelings associated with the interaction [e.g.
Kramer and Nitschke, 2002]. The measurement of social
effects may comprise evaluations of socio-emotional
aspects and person perception [e.g. Krdmer, 2001] as well
as para-social interaction [cf. Hartmann et al., 2001].

Surveys used in psychological research can be classi-
fied by their respective mode of data collection [Biemer
and Lyberg, 2003]. Each mode may offer benefits as well
as weaknesses, depending on the kind of data being ga-
thered. Face-to-face interviews may offer good data qual-
ity because they provide high flexibilityy. But interviewer
effects and social desirability have to be taken into ac-
count [Biemer and Lyberg, 2003]. Hoffmann et al. [2009]
for instance showed that interviewer effects also apply to
an agent whose performance was evaluated better when
participants were confronted with the agent in contrast to
filling out a paper-pencil-questionnaire. This also shows
that the tendency for interviewer effects and socially
desirable answers can be decreased through electronic or
paper questionnaires.

Additionally, with respect to long-term interactions, it
has to be pointed out that repeated surveys are much
cheaper and easier to integrate when not performed face-
to-face. In line with this, keeping diaries may as well turn

out to be particularly helpful in assessing interaction
placed in the user’s natural environment and at the same
time provide qualitatively valuable data.

In sum, subjective measurement methods provide the
opportunity to capture personal and subjective aspects of
human-agent interaction. This kind of evaluation is essen-
tial for the aim of improving an agent’s social behavior
and thus its acceptance and likeability. As illustrated,
subjective methods are likely to be of low complexity and
more economic in contrast to objective methods (as will
be shown later). But possible deficits have to be taken
into account, for example interviewer effects, response
rates or the fact that a survey normally is taken after the
actual interaction (so the response is delayed) and only
captures a snapshot in time. The latter aspect particularly
represents a problem in long-term interactions since eval-
uation and memory performance are found to be distorted
by primacy and recency effects when referring to a longer
period of time. Another potential problem is referred to as
reconstructive memory, meaning that the memories about
an event are distorted due to incompatible experiences
after the event [Atkinson & Shiffrin, 1968]. In the case of
long-term interactions this implies that the emotions at
the end of an experiment may dominate and overwrite the
memory about emotions occurring at the beginning.

Objectively measureable effects of human-agent inte-
raction relate to performance and user behavior from
which an implicit measure of acceptance and likeability
can be derived. A behavior that may directly refer to
acceptance is for example the decision to use an agent for
specific tasks or not [Krédmer, 2002]. This aspect is par-
ticularly relevant in long-term studies where the partici-
pant is free to decide. Activation or arousal can also be
regarded as indicators for the dimension of acceptance.
According to Kramer [2002], the efficiency of a system
can be measured through learning effects, task accom-
plishments or the change of performance through social
inhibition [cf. Rickenberg and Reeves, 2000]. Another
dimension of objectively measureable aspects covers all
kinds of user behavior, such as the use of natural lan-
guage [cf. Kradmer and Nitschke, 2002], impression-
management behavior [measurable via social desirable
behavior in questionnaire items; e. g. Sproull et al., 1996]
-, reciprocal helping [behavior in social dilemmas; cf.
Nass and Moon, 2000], attention, physiological arousal,
or body movement.

A widely used instrument for objective measurements
in research on human-computer and human-agent interac-
tion is eye tracking. This term refers to a number of dif-
ferent techniques to conduct research on eye or head
movement, respectively, that vary with regard to preci-
sion and intrusiveness [Duchowski, 2003]. Since intru-
siveness may cause discomfort to the wearer and thus
lead to distorted results, modern eye tracking technology
tends to become more unintrusive, leaving out head fixa-
tion to allow a more natural user behavior. With the help
of eye tracking, researchers can determine users’ (focus
of) attention (e.g. by observing gaze direction) and as-
pects perceived most interesting or cognitively challeng-



ing (e.g. by measuring duration of eye-gaze behavior).
With regard to long-term interaction, it can be pointed out
that unintrusive methods of eye tracking may be especial-
ly relevant to research but costs of excessive or even
permanent usage have to be taken into account. Regular
short-term use within a long-term experiment may prove
as feasible.

As a second method, psychophysiology shall be out-
lined here. The term refers to a number of instruments
measuring physiological arousal [Graham & Schandry,
2009] that are also commonly used for research on hu-
man-agent interaction. Among the techniques that are
used most often today is Electrodermal Response (EDR),
which cannot identify the quality of an emation but is
nevertheless highly sensitive. Furthermore, Electrocardi-
ography (ECG) as well as Electroencephalography (EEG)
are non-invasive methods, working with skin electrodes
attached to the human body. Since experiments on long-
term interactions tend to take place in the user’s natural
environment, only mobile instruments (e.g. ECG) are
efficient in this respect.

One of the most complex and technically advanced in-
struments for objective measurements is the Functional
Magnetic Resonance Imaging (fMRI), a rather recently
developed method of neuroimaging [Ogawa et al., 1990]
that is able to visualize the level of activity of different
parts of the human brain. FMRI-based experiments nor-
mally consist of a sequence of different single scans.
Although the method is non-invasive, the technique is
highly sensitive to movement so the respective body part
has to be fixated, extremely decreasing the naturalness of
the interaction situation. For this reason, fMRI is proba-
bly not functionally adequate for research on long-term
interactions.

Another series of methods classified as objective is the
analysis of audio and video material recorded during the
interaction [e.g. Gratch et al, 2006, 2007; Kang et al.,
2008a, 2008b]. Audio material can be analyzed to identi-
fy certain characteristics of the subject’s use of language.
Parameters for language analysis may for example be the
number or lengths of utterances, hesitations, pauses or the
number of incomplete words or conversational fillers
[e.g. Gratch et al., 2006]. To increase reliability, the
quantitative analysis of natural language can and should
be combined with qualitative analysis, such as analysis
on Self-Disclosure [Moon, 2000; von der Piitten et al.,
submitted] and Conversation Analysis [Ten Have, 2007].

Video analysis can be classified as a less intrusive and
more accurate variation of direct observation since the
subject is not observed during conversation, but subse-
quently. This also enables the observer to repeatedly look
into the material thereby increasing reliability of the as-
sessment. In video analysis, particularly nonverbal beha-
vior is of interest. Since nonverbal communication is a
complex phenomenon, one has to carefully select appro-
priate methods capable of capturing all relevant aspects
[Kramer, 2008a]. On the one hand, the users’ general
behavior can be observed with respect to their way of
interacting with an agent which can for instance be sup-

ported by systems like the Bernese System for Time
Series Notation [Frey et al., 1980]. On the other hand, the
focus can be laid on facial expressions. One of the oldest
methods for the measurement and description of facial
activity, the Facial Action Coding System (FACS) pro-
posed by Ekman and Friesen [1978] is still used today.
However, in the majority of studies, these dynamic as-
pects of long-term human-agent interaction are not taken
into account, (see below).

All of these aspects are objectively observable, but im-
mediate insights into the subjective user experience are
not possible. Yet, certain insights can be gained from
these observations, for example that a user would only
show social behavior (e.g. impression management) to
something he/she perceives as a social being (for an
overview about social effects of artificial entities see
[Krémer, 2008b]).

A large number of objective measurement instruments
were presented, including the (potential) shortcomings
and strengths for their application in long-term experi-
ments. In contrast to subjective measurements, they allow
researchers to capture user behavior and derive emotional
reactions along a temporal dimension which represents an
important aspect of long-term interactions. When consi-
dering a methodological approach, the different objective
methods have to be weighted with regard to the respec-
tive studies’ objective. Some instruments relating to phy-
siological arousal do not allow the participant to move
freely (e.g. EDA). This may result in discomfort for the
participant who may not be able to act naturally on the
one hand; on the other hand, this may interfere with other
objectives, e.g. the observation of nonverbal behavior. In
general, the complexity of most objective methods
represents an obstacle in long-term interactions with
respect to natural environments. Here, video and audio
analyses seem to be quite unproblematic and unintrusive
instruments. With regard to the effects that are observable
via objective measurements, it can be stated that they can
only indirectly capture the quality of internal emotional
states. The level of arousal does not always give an indi-
cation of the quality of the corresponding emotion. Simi-
lar problems occur within natural language and video
analysis. There exist certain methods to identify and
quantify the observed behavior but the tendency for in-
terpretation cannot entirely be ruled out.

A rather advantageous aspect of objective research
methods that has up to now not captured many research-
ers’ attention is the possibility to make use of the sub-
ject’s output data (e.g. eye gaze behavior or heart rate
response). Since objective measures are taken during
interaction, they can be used as inputs in the further
course of the interaction. This can be applied to various
aspects of human-agent interaction: In human-human
communication turn-taking is an important mechanism in
the course of which a number of behavioral indicators for
holding, taking and giving the turn can be observed. As
eye contact is crucial in this regard, eye tracking data
might be used as input information for the agent, either to
know when he is to speak or in order to signal the user



that he has the floor. This has for example been imple-
mented in the Real Estate Agent that uses eye contact to
realize turn-taking [Bickmore, 2003; Cassell et al., 2002]
as well as Jonsdottir and Thérisson’s [2009] system that
analyses pauses in speech flow to regulate turn-taking.
With respect to showing interest in a user, eye-gaze be-
havior can be used to establish mutual eye contact be-
tween the agent and the user [Bee et al., 2009] on the one
hand. On the other hand, the agent might make use of this
information in order to change its behavior and make the
user feel more comfortable.

In this respect, objective methods have benefits as
well as disadvantages compared to subjective ones.
Shortcomings and benefits of each may be outweighed by
applying an appropriate mixture of both kinds to cover
more relevant aspects of human-agent interaction. A
common example would be using psycho physiological
instruments to determine the level of arousal while cap-
turing the quality of the corresponding emotion via ques-
tionnaire.

3.Using Standardized Instruments

Benefits resulting from the usage of applicable and
appropriate methods are dependent on their validity.
Since the area of human-agent interaction is a rather new
topic in psychological research, only few standardized
subjective instruments exist. Some of them were already
mentioned at the beginning, such as the Agents Persona
Instrument (API) by Baylor and Ryu [2003] and the Atti-
tude Towards Agents Scale (ATAS) [Van Eck and Ad-
cock, 2003; Beun et al., 2003]. Bartneck et al. [2009]
stress the need to arrive at more standardized measure-
ment instruments for the categories they have identified
as key concepts in human-robot interaction, such as li-
keability, perceived intelligence, and perceived safety.
They propose a set of semantic differential question-
naires, the Godspeed questionnaires, covering these cate-
gories.

The use of psychological measurement instruments was
already suggested, since in human-agent interaction,
person perception may play an important role. When it
comes to measuring this perception, one can observe a
tendency to use ad-hoc questionnaires including single
items representing complex dimensions of person percep-
tion. Such ad-hoc methods do not only increase difficul-
ties in comparing and contrasting results from different
studies, one also has to question the validity of such a
questionnaire in contrast to an established and widely
used psychological scale. Scales that may be useful in
human-agent interaction are for example the Positive and
Negative Affect Scale (PANAS) [Watson et al., 1988],
which is often used when emotional experiences are eva-
luated, as well as the Self Assessment Mannequin Scale
(SAM) [Lang et al., 1993]. There also exist transferrable
questionnaires on person perception [Hurwitz et al.,
1975] and the concept of presence (e.g. the Temple Pres-

ence Inventory by Lombard [2005]). Although some
standards with respect to objective measurements have
been listed, it has to be stated that there is a larger amount
of standardized subjective measurements compared to
objective ones. Creating objective measurement standards
may turn out to be difficult since various different sys-
tems can be used to record data. These systems determine
which aspects can be analyzed and whether standards can
be applied.

4.Process Data

Looking at human-agent relations, we always find the
interaction to be a process of a certain duration including
a certain number of incidents and actions. As already
pointed out, subjective measurements only allow the
caption of the experience afterwards and at a specific
point in time (except for the diary method). Changes that
occurred during the respective period of time are not
taken into account as was outlined in section 2 already.

Objective measures are more appropriate when rele-
vant changes should be determined. For instance, Wada
and Shibata [2006] repeatedly collected urine samples in
the context of their long-term study with seal robots used
for therapy in a care house. When presenting different
methods of objective measuring, it became clear that a
large part of these instruments allow the effects to be
measured along a timeline, e.g. psychophysiological
measures, and to relate possible changes to the single
components of the interaction. The same opportunity is
also offered by analyzing natural language and video
material. But up to now, this has scarcely been made use
of.

Despite researchers stressing the importance of me-
thods enabling a dynamic, procedural mapping of non-
verbal behavior [Cappella & Palmer, 1990; Monge &
Kalman, 1996], most studies conducted rely on “distribu-
tional” instead of “temporal” data [Cappella & Palmer,
1990]. One of the few measuring systems for human
movements that incorporate temporal aspects is the Ber-
nese System for Time Series Notation [Frey et al., 1983;
for an overview see Donaghy, 1989]. Within the research
area of human-agent interaction, the opportunity to make
use of “temporal” data with regard to nonverbal and ver-
bal behavior is still widely missing.

5.Conclusion

With respect to long-term human-agent interaction,
we stressed the need for the use of applicable research
methods capable of handling the complexity of long-term
interactions. We suggested possibilities to overcome
shortcomings of previous research by presenting different
categories of research methods and outlining their bene-
fits with regard to human-agent relationship research.



When it comes to deciding whether to use objective or
subjective measurement instruments, one has to consider
not only the objective of the study but also the various
benefits and disadvantages of methods presented. With
regard to objective measurement methods it was shown
that many of them still hold hidden potentials advantages
to make evaluation more complex and reliable. We sug-
gested that it would be advantageous to combine both
kinds of methods to increase data quality and reliability.

The disadvantages of non-standardized, ad-hoc ques-
tionnaires were pointed out resulting in the suggestion to
make use of already validated psychological scales and
those standards existent among objective methods.

However, joint efforts have still to be undertaken to
improve all kinds of methods. Advancements in the re-
search area will depend on researchers” willingness to
agree on (standardized) measures and to employ process
measures even if this means additional effort.
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