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Abstract. Modern dialog systems are known to act user-specific. They
apply individual decisions for content presentation and course adap-
tation. However, it is still an open research question how additional,
but required explanations should be integrated best into a given dialog
structure. Previous research focused on the improvement of user knowl-
edge models and its fine-grained use in human-computer interaction, but
does not directly address the temporal and spatial aspects of presenta-
tion when it comes to explanations. In this paper, we introduce differ-
ent strategies for an ad-hoc integration of required explanations. We
describe a user study, and show which parameters from the fields of user
experience, personality, and cognitive load theory have what effects on
the applied strategies. We expect that our findings can help to increase
usability and decrease unwanted cognitive load.
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1 Introduction

Modern dialog systems evolve from simple task solvers into intelligent assistants
that are able to assist the user in a variety of challenging tasks. These are, for
example, Companion-Systems, which are “continually available, co-operative,
reliable and trustworthy assistants which adapt to a user’s capabilities, prefer-
ences, requirements, and current needs” [14]. However, because of the increasing
capabilities and functionalities of these systems, they also become increasingly
complex to operate, and less intelligible for the user. One of the main reasons
for this is that the interaction between human and dialog system may exceed
the users’ knowledge, or capabilities. Hence, such systems should adapt its con-
tent and course of interaction to the user’s knowledge. One of the most impor-
tant means of this undertaking are explanations. Explanations can be used, for
example, to clarify concepts, provide information on how to perform a task, or
justify decision-making. Therefore, they are vital and appropriate instruments
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for adapting a dialog to the user. Previous research, e. g., in the field of intel-
ligent tutoring [1], or expert systems [9], focused on the improvement of user
knowledge models and its fine-grained use in human-computer interaction (HCI)
(e. g., in [4,5,10]).

However, not only the modelling and appropriate selection of knowledge is
important, but also how it is presented to the user. If knowledge needs to be
imparted, several factors influence how pleasant and effective this will be for
the user. Future cooperative Companion-Systems behave as interactive peers,
which support their users in arbitrary decision making processes of their daily
lives. Therefore, here we describe how temporal and spatial distances of providing
explanations relative to a selection task in a cooperative decision-making process
affect the user experience (UX). We aimed at gathering insights into how different
users assess the different variants based on their individual sensation to help to
derive layout criteria, select appropriate media types, and structure the dialog
in future cooperative Companion-Systems. This vision of cooperative systems
comes with two implications that are of interest in this paper.

2 Demo System and Scenario

Since the application domain of such systems is not specified but universal, their
implementation cannot be realized in an all-embracing manner. Therefore, as
the first implication, such systems will act as multimodal interpreters (almost
like today’s web browsers). They will render the desired user interface (UI)
in a model-driven manner. That is why we apply a model-driven prototypical
Companion-System system [3,7] for our study, which automatically generates a
multimodal UI as described in [8].

The aspect of universal application leads to the second implication. Such
systems shall be able to provide dynamically-generated explanations whenever
they are of need [2,12]. Since complex issues can be explained more convenient
with the use of pictures, we use multi-media explanations that consist of text
and pictures. Based on that, we focus on the challenging situations, in which an
extensive explanation in combination with the underlying selection may exceed
the size of the screen. The realization of such an UI would either result in a
wizard-like sequence of multiple screens (explanations plus selection) or in one,
but scrollabel UI (see Fig. 1), hence varying the spatial and temporal distances
between explanation and selection task. As baseline condition we also assessed
UX during a selection task without explanations, to compare it to the various
conditions.

In this scenario the user’s task was to create individual strength training
workouts using said prototype. In each strength training workout at least three
different muscle groups had to be trained and exercises chosen accordingly. The
user was guided through the process by the system, which provided a selection
of exercises for training each specific muscle group necessary for the workout.
The user was assisted during these selection tasks using the following conditions,
which are explained in the following.
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3 Methodology

For this evaluation, the temporal and spatial distance of explanations relative
to a selection task were varied. The following conditions were implemented
(see Fig. 1) and tested:

Joint Explanations beforehand (JE-B) showed collectively all respective
explanations temporally prior to the upcoming selection. This means that
one additional dialog step was created to present all explanations at once.
As a result of the limited space the explanations were text-only.

Seperate Explanations beforehand (SE-B) showed all respective explana-
tions separately prior to the upcoming selection. Thus, for every explanation,
a separate dialog step was created that presented the explanation, as text
and picture, temporally before the upcoming selection.

Joint Explanations during (JE-D) showed collectively all explanations plus
the related selection within the same dialog, meaning that during the selec-
tion, the necessary explanations could be easily accessed and seen by the
user. However, as a result of the limited space the explanations were text-
only.

No Explanations (NE) acted as the baseline. In known fashion, the user
was confronted with a selection with no prior help by additional explana-
tions. However, the users could still manually request explanations via an
additional explicit user interaction. In these cases, the selection dialog was
hidden and the requested explanation was shown instead of the selection
(as in SE-B). After a user-given confirmation, the former selection dialog
was presented; again without any additional explanation.

These four settings allow to vary the temporal distance (i. e., before or during
the selection), as well as the spatial distance (i. e., separately, jointly, or only on
request) between the explanations and the related selection.

After cleaning the data (e. g., because of incomplete questionnaires) a total
of 72 participants were used for the analysis. The participants were distributed
through a random-function to the variants, resulting in 18 participants for the
baseline condition NE, 28 for JE-D, 13 for SE-B, and another 13 for JE-B.

For measuring UX and other interesting aspects, different standardized and
validated questionnaires were used. The AttrakDiff questionnaire [6] allows to
assess dialog systems or software in general. Its items range from the limited
view of usability, representing mostly pragmatic qualities, to the integration
of scales measuring hedonic qualities, and the attractiveness in general. Cogni-
tive load comprises of three types of load: intrinsic, extraneous, and germane.
Therefore, we included an experimental questionnaire developed by Klepsch and
Seufert [11] that measures all three types of cognitive loads separately. In addi-
tion, the analysis of the big five personality traits (Big 5) provides insights in
broad dimensions of human personality, using the BFI-K [13].

We expect differences for the AttrakDiff questionnaire in general. The vari-
ous conditions and the limitation of the content should have some effect on the
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Fig. 1. The conditions. On the top-left, the explanations are presented jointly before
the selection (JE-B); on the top-right, the SE-B condition showed all respective expla-
nations separately prior to the upcoming selection; on the bottom-left, the explanations
are presented jointly during the selection (JE-D); and on the bottom-right, the baseline
condition, the user was confronted with a selection with no prior, proactively provided,
help by additional explanations.

perceived attractiveness of the system; especially in terms of presented modal-
ities when presenting collective explanations. We expect the joint explanations
(JE-B/D) to perform worse than the separate explanations (SE-B) because the
SE-B condition might leave sufficient space to also present a picture of the exer-
cise. However, we expect the separate presentation to lead to a higher cognitive
load, compared with presenting no proactive explanations at all, because the
system behaviour is different than before. Providing explanations during the
selection (JE-D) is expected to perform worst because of the sheer amount of
content presented in one dialog step, including the limitation that not all content
is visible without scrolling.

4 Results

AttrakDiff . The AttrakDiff questionnaire is based on oppositional word pairs
(see Fig. 2). There were statistically significant differences between the groups
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(despite the low number of participants for some conditions) as determined by
one-way ANOVA for ugly—attractive (F (3, 68) = 5.714, p = .005), and marginal
significance for unpleasant—pleasant (F (3, 68) = 4.299, p = .071).

Post hoc comparisons, using the Fisher LSD test, revealed for ugly—attractive
that the JE-B condition (M = 3.15, SD = 1.34) performed significantly worse
(p = .028) than providing no explanations (NE) (M = 4.05, SD = 1.16), signifi-
cantly worse (p = .000) than SE-B (M = 4.77, SD = .92), and also significantly
worse (p = .040) than providing explanations during the selection screen (JE-D)
(M = 3.92, SD = 1.01). Providing explanations on separate screens prior to
the selection (SE-B) was also rated significantly more attractive (p = .026)
than explaining during the selection (JE-D), and marginally significant bet-
ter (p = .080) than showing no additional explanations (NE), thus performing
best overall. For the word pair unpleasant—pleasant the post hoc tests showed
that providing separate explanations beforehand (M = 4.84, SD = 1.21) was
perceived significantly better (p = .010) than providing them jointly before-
hand (JE-B) (M = 3.46, SD = 1.45), as well as marginal significant better
(p = .061) than providing the explanations jointly during the selection (JE-D)
(M = 4.00, SD = 1.27).

Additionally, we found that for cautious—bold, providing no proactive expla-
nations (M = 3.611, SD = 1.09) performed significantly worse (p = .025) than
providing explanations separately beforehand (SE-B) (M = 4.38, SD = .96). For
the word pair discouraging—motivating, no explanations (M = 4.00, SD = 1.23)
performed as well significantly worse (p = .029) than the SE-B condition
(M = 4.92, SD = .95).

Cognitive Load . For measured cognitive load, statistically significant results
were found between the groups for general cognitive load (F (3, 97) = 7.979,
p = .001), assessed classically by one item, and for difficulty of the task
(F (3, 97) = 7.419, p = .004).

Post-hoc comparisons, to find the origin of significant differences, using
Fisher’s LSD, showed that the general cognitive load was the lowest when pro-
viding no explanations (NE) (M = 1.61, SD = .63). It was significantly lower
(p = .000) than the JE-B condition (M = 2.94, SD = 1.61), significantly
lower (p = .003) than the SE-B condition (M = 2.70, SD = 1.38), and mar-
ginal lower (p = .072) than providing the explanations during the selection
(JE-D) (M = 2.16, SD = 1.08). For the perceived difficulty of the task the
results are similar. The NE condition (M = 1.57, SD = .80) performed best,
with a significantly lower perceived difficulty (p = .002) than separate explana-
tions (SE-B) (M = 2.80, SD = 1.39), significantly lower (p = .003) than joint
explanations beforehand (JE-B) (M = 2.73, SD = 1.36), and significantly lower
(p = .041) than explaining during the selection (JE-D) (M = 2.25, SD = 1.38).
However, for germane load, which is a good type of load, because it measures
that the participants are willing to put effort into creating a schema, present-
ing no explanations (NE) (M = 3.14, SD = 1.44) performed significantly worse
(p = .046) than joint explanations beforehand (JE-B) (M = 4.20, SD = 1.38),
and marginal worse (p = .079) than separate explanations beforehand(SE-B)
(M = 4.07, SD = 1.49).
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Fig. 2. Average means of the AttrakDiff comparing the explanation conditions on a
seven-point Likert scale. The apostrophe (‘) indicates inverted scales, in the interest of
readability.
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Fig. 3. Average means of the Cognitive Load comparing the explanation conditions on
a seven-point Likert scale.

Big 5 Personality Traits. Analysing the Big 5 Personality Traits question-
naire, and its relationship with the other instruments, we found several condition-
dependent correlations, using a Pearson correlation test.

For the condition of presenting the explanations jointly during the selection,
a significant positive correlation between Extraversion and unpleasant—pleasant
(r = .400, n = 28, p = .035) was found. For the Big 5 dimension of Agreeableness
significant positive correlations with the word pairs unpresentable—presentable
(r = .458, n = 28, p = .014), and conventional—inventive (r = .466, n = 28,
p = .012) were indicated by the data.

For the average means of the participants receiving the explanations sepa-
rately before the selection, positive correlations between Extraversion and the
AttrakDiff dimension Hedonic Quality—Identity (r = .699, n = 13, p = .008),
with the dimension of Hedonic Quality—Stimulation (r = .605, n = 13,
p = .029), and with the dimension of Attractiveness (r = .586, n = 13, p = .035)
were found in the data. Besides positive correlations between Extraversion and
some of the corresponding word pairs of the significant correlating dimensions,
also a positive correlation was found with the word pair technical—human
(r = .563, n = 13, p = .045).

For the Big 5 dimension of Agreeableness a negative correlation was
found with the AttrakDiff dimension Hedonic Quality—Identity, r = −.566,
n = 13, p = .044. This negative correlation originates from the negative correla-
tion in the word pairs unprofessional—professional (r = −.633, n = 13, p = .020)
and tacky—stylish (r = −.645, n = 13, p = .017). Additionally, also a negative
correlation was found with ugly—attractive, r = −.606, n = 13, p = .028.
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For the Big 5 dimension of Openess to Experience there were positive cor-
relations with conventional—inventive (r = .582, n = 13, p = .037), and
conservative—innovative (r = .625, n = 13, p = .022).

When presenting the explanations jointly in one dialog before the selec-
tion, there were negative correlations between Neuroticism and the AttrakDif
dimensions Hedonic Quality—Identity (r = −.742, n = 13, p = .004) and
Attractiveness (r = −.607, n = 13, p = .028). Additionally, negative corre-
lations were found between Neuroticism and the word pairs unpredictable—
predictable (r = −.769, n = 13, p = .002), and confusing—clearly structured
(r = −.701, n = 13, p = .008), both belonging to the Pragmatic Quality of the
system.

5 Discussion

The data indicates that providing explanations separately before presenting the
selection itself (SE-B) performs best. This is perceived particularly more attrac-
tive than providing them jointly in advance, but also better than jointly dur-
ing decision-making. Naturally, this can be attributed to the fact that separate
explanations allow for a graphical representation of the exercise, unlike joint
explanation conditions. Therefore, we do not think that separating explanations
is always the recommended method, but it can be used in cases where the presen-
tation form is limited by the amount of content. The graph in Fig. 2 represents
the average mean values of the word pairs. It shows that the condition that
presents the explanations separately performs mostly best or as well as the oth-
ers. However, we think that at least some of these effects can be attributed to
the automatically generated layout of the presentation. Comparing the condi-
tions of joint explanations, which only differ in their temporal distance to the
selection, and not the modalities, the presentation during the selection performs
better. This variation is perceived as more practicable, manageable, connective,
or motivating. We think that this can be attributed to the fact that a direct
connection between the explanations and decision-making, in the form of the
selection, can be made.

The cognitive load (see Fig. 3) is, as expected, the lowest when no addi-
tional explanation is provided because this is the system behaviour with which
the participants are familiar. However, this also results in the lowest germane
load compared with the other conditions. The general cognitive load is mod-
est for the condition that presents explanations during the selection, perform-
ing second best. Because most of the other dimensions measure cognitive load
(i. e., difficulty, fun, intrinsic load, extraneous load), they are also at least second
best (to no explanation); from this perspective, presenting explanations during
the selection seems to be the best option when explanations are needed.

In addition, Personality traits seem to have an impact on system perception,
as well. We found several correlations between the Big 5 Personality Traits and
other measurements. However, it is always important to mention that correlation
does not imply causation. When presenting explanations separately in advance,
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more extraverted persons tend to affiliate higher hedonic qualities and attrac-
tiveness to the system compared with not so extraverted individuals, because for
all of these dimensions, a significant positive correlation between Extraversion
and the respective dimensions can be found. Extraverted persons, who are socia-
ble, outgoing, and positive, seem to enjoy this variation with included graphical
representations. In addition, for the dimension of Agreeableness, which relates on
the positive side to more cooperative, trustful, and compassionate people, there
is a positive correlation for the dimension of Hedonic Quality—Identity. Hence,
people with higher agreeableness tend to have a higher perceived identity with
the system in this condition, attributed by characteristics such as connective or
integrating. The correlations indicate that presenting the explanations separately
in advance seems to be more suitable for extraverted persons.

Contrary to that, we found especially strong negative correlations for the
Big 5 dimension of Neuroticism in the condition of presenting the explanations
jointly in advance. There are negative correlations between Neuroticism and
Hedonic Quality—Identity and Attractiveness. Hence, participants with a higher
neuroticism score generally perceive the system as less attractive and could iden-
tify less with the system. For the other conditions, no correlations to Neuroticism
could be found, leaving potentially the difference in using graphical representa-
tions, and not the joint presentation, as one of the probable reasons for these
correlations.

6 Conclusion

The results show that providing explanations separately in advance makes sense
when the amount of content would impair the presentation form. However, if a
convenient method for presenting the explanation content on the same dialog
is possible without impairing the modality choice, for example, this is the best
option. We were able to show that both temporal and spatial distances of the
presentation of explanations relative to decision-making (i. e., the selection) influ-
ence user experience. If these strategies shall be applied in a purely model-driven
UI process, additional attributes have to be added, marking these respective
items as explanation. Such an attribute can be used to influence the automatic
temporal and spatial layout processes, in order to achieve the desired effects. In
addition, by analysing the existent correlations, we show that extraverted partic-
ipants seem to profit from the presentation of graphics, whereas neurotic persons
seem to suffer from a low quality of explanation dialogs because for the jointly,
only-textual, presentation, neuroticism correlated negatively with the perceived
system attractiveness and hedonic system qualities (especially the identification
dimension).
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