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Abstract In this work, we present a study on adaptation in a mobile museum guide,
investigating the relationships between personality traits, and the attitudes towards
some basic dimensions of adaptivity. Each participant was exposed to two simulated
systems—one adaptive, the other not—on each of the dimensions investigated. The
study showed that the personality traits relating to the notion of control (conscien-
tiousness, neuroticism/emotional stability, Locus of Control) have a selective effect
on the acceptance of the adaptivity dimensions.
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1 Introduction

This work addresses people’s attitudes towards dimensions of adaptivity for a mobile
museum guide. In doing so, we studied whether and how those attitudes are affected
by personality traits.

Many research projects are exploring new presentation possibilities for the
museum setting that personal digital assistants (PDAs) make possible (see among
others Cigliano and Monaci 2003; Grinter et al. 2002). The value of multimedia for
a mobile museum guide is discussed by Proctor and Tellis (2003), who present an
extended user study conducted at Modern Tate in 2002. In our own work (Alfaro
et al. 2004), we showed that the application of cinematography rules to multimedia
presentations played on a mobile museum guide helps to decrease cognitive overload.

An important research area focuses on personalization, context aware computing
and adaptivity; these issues are recognized as forming one of the three challenges for
ubiquitous computing (Abwod and Mynatt 2000). Many studies have investigated
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these topics in the context of museum guides. For example, the GUIDE system
presented in (Cheverst et al. 2002) adapts web-like presentations by adding infor-
mation about nearby attractions that might be interesting for the visitor of a city. The
HIPPIE system proposes personalized tours in a museum by maintaining a model
of user interests and knowledge (Oppermann and Specht 2000). The REAL system
(Baus et al. 2002) adapts route descriptions according to the actual user position, the
limited technical resources of the device, and the cognitive resources of the user. In
our own work (Rocchi et al. 2004), we experimented with adaptive video presenta-
tions which are dynamically composed by the system by adding or removing shots
in order to provide background information, detailed descriptions and comparisons,
according to user interest and the history of the visit.

For the GUIDE system, an observational study was conducted to assess visitor
acceptance of the prototype as a whole (Cheverst et al. 2002), with interesting find-
ings about the perceived values of the features proposed. The HIPPIE system was
evaluated by domain experts and educators (Oppermann and Specht 2000), with very
positive results. For the HyperAudio adaptive system, a pervasive survey was con-
ducted to elicit user preferences regarding personalization (Petrelli and Not 2005);
the authors mainly focused on user modeling, concluding that user profiles should
be abandoned in favor of visit types as a basis for adaptation in museums. A some-
what different approach is to look for insights about the importance of more abstract
dimensions in a principled way, and then use prototypes and user evaluations as tools
to support the discussion, such as in the seminal work of Horvitz (1999). A compre-
hensive survey of the evaluation techniques used for adaptive systems in general can
be found in (Gena 2005).

In all these cases, with the possible exception of Horvitz (1999), efforts targeted
specific systems, or parts thereof. Less attention has been paid so far to investigating
the attitudes and dispositions of (potential) users towards the very idea of adaptivity,
or abstract/basic dimensions thereof. Admittedly, the study of the acceptability of
adaptation is not an easy task, especially if conducted by having subjects use real
systems. Even with a low-fi mockup (Preece et al. 2002), in fact, the results will always
be tied to that particular implementation, and be subject to noise due to intervening
factors. Moreover, the fact of being involved in direct interaction with the system
often makes it difficult for the subjects to perceive and assess certain aspects that are
of a more holistic nature such as, e.g., content adaptation with respect to the history
of the interaction.

Adaptivity is a technological approach whereby systems monitor and manipulate
personal needs and interests. Because of its very nature, it is expected that personal
differences play an important role in explaining adaptivity acceptance and, more gen-
erally, people’s attitude towards it. There are findings in the literature that provide
some initial support to this view. For instance, it is often emphasized and recom-
mended that users be allowed to have the feeling of being in control of the interaction
(Shneiderman 1998). According to Norman (1998), (the feeling of being in) control
over the interaction is an important component of people’s comfort with technolo-
gies. Several studies have discussed these issues in the context of adaptive systems
(Wexelblat and Maes 1997; Jameson and Schwarzkopf 2002), all of them pointing to
the opportunity of increasing the controllability of all aspects of system adaptation.
While discussing the ways in which learners can be given control over learner-adapted
teaching systems, Kay (2001) observes that some users may have less desire for control
than others. She also suggests that those users might find the exercise of too much
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control distracting or a waste of time, and negatively react to systems that they find too
demanding in these respects. Thus, control is not only a crucial issue for understanding
the adaptive/non-adaptive continuum, but seems to be sensitive to personality differ-
ence. As a first, rough working hypothesis, one might expect that the more people care
about control issues, the more they exhibit a negative attitude/disposition towards, or
lower acceptance of, adaptivity.

In this work, we investigate the attitudes towards adaptivity dimensions in a mobile
museum guide setting, and the role that personality factors play in affecting and
determining them. As a working framework, we used the Computer as a Social Agent
(CASA). CASA has demonstrated that personality factors can determine the way
people place themselves along the so-called “computing technology continuum of per-
spective” (Johnson et al. 2001, 2006; Falaleeva and Johnson 2002; Marakas et al. 2000),
and that these factors affect people’s sensitivity to the social nature of technologies.

The results show that some of the personality factors considered here affect the way
our subjects perceive adaptivity, and do so in a selective manner. Interestingly, these
traits — Locus of Control (Rotter 1966), and conscientiousness, neuroticism/emotional
stability, as captured by the Big Five model (McCrae and John 1992; De Raad
2000)—all relate to the broad notion of control.

These results confirm the expectations of the CASA framework, and specify them
with respect to adaptive technologies. In particular, people who are highly sensi-
tive to the social facets of technology because of their external Locus of Control
(LoC) and/or their neuroticism tend to reject adaptivity, either globally (LoC) or on
specific dimensions (content adaptation on the basis of interest for low emotionally
stable people), in both cases preferring the less social, more traditional (probably
more reassuring) non-adaptive technology. Similarly, people who have good control
of their own impulses tend to dislike delegating the start of a presentation to the
system on the basis of location awareness, and also dislike content adaptation on the
basis of interest.

Beyond the general interest of these findings for the purpose of better understand-
ing the relationship between users and adaptive systems, an important practical con-
sequence is that any evaluation of actual mobile guides can be systematically biased
unless the personality of the users is explicitly controlled for, or otherwise taken into
account. Concerning their importance for design practices and guidelines, as discussed
in section 2 and section 6, more research is needed to investigate the relationships
between attitudes and behaviour before this can be done (see for example Goren-Bar
et al. 2005a, b). It is possible, however, to envisage systems that can discover user per-
sonality traits from very early interactions, and then use this knowledge to dynamically
increase or decrease its own control over the relevant dimensions of adaptivity.

This paper is structured as follows: in Sect. 2 we lay down the empirical and
theoretical framework for our research, focusing on personality and attitudes. While
acknowledging our debt to many of them, we will argue that addressing the acceptabil-
ity of the very idea of adaptivity, as articulated in basic dimensions, can be profitably
pursued by means of an attitudinal approach. We then go on articulating the notion of
attitudes and attitudinal study, and introduce the framework for studying the effects
of personality. In Sect. 3, we present the adaptivity dimensions and their rationale.
Sect. 4 describes the study in detail, discussing the design, the material and the proce-
dure we used. In Sect. 5, results are reported, while Sect. 6 discusses them and looks at
the limitations of this study. Finally, Sect. 7 draws conclusions and points to interesting
future research paths.
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2 Understanding adaptive systems—the effect of personality on attitudes

In a review study on evaluation of adaptive systems, Chin (2001) reported more than
30 papers addressing, in one way or another, the empirical evaluation of adaptive
hypermedia and hypertext, student modeling systems, and other related technologies.
Evaluation criteria included both quantitative and qualitative methods; yet, all the
approaches were similar in their aim to evaluate a specific adaptive system, focusing
on overall user performance and the user satisfaction.

According to the “layered evaluation framework” (Totterdell and Boyle 1990;
Brusilovsky et al. 2004), the success of adaptation can be addressed at two distinct
layers, reflecting the main phases of the adaptation processes, namely, user model-
ing and adaptive decision making. Although the two phases are both important for
the success of adaptation, they are also independent because the same user model-
ing outcomes may result in significantly different adaptation decisions. Hence, sepa-
rate evaluations can contribute to the generalization and re-use of the results across
different applications.

Our study aims to contribute to an (as general as possible) model of user attitude
towards adaptivity in the domain of audio-video guides. In particular, we study the
effects of some personality traits on attitudes towards some general dimensions of
adaptivity that fit into the adaptive decision making layer. In doing so, we focus on the
logic of adaptation rather than on any specific mechanism realizing those dimensions.
Our approach exploits, at least partly, Bandura’s (1997) suggestion that a triadic rela-
tionship exists in which personal traits, the situation context, and behavior interact
and affect each other. Here, the focus is on the relationship between personal traits
and attitudes towards technology; the relationships between the latter and behavior
are not considered (see Sect. 2.2). This section discusses the frameworks adopted for
personality, Sect. 2.1, and for attitudes, Sect. 2.2. The dimensions of adaptivity are
discussed in Sect. 3.

2.1 Personality

Personality is a crucial factor in the acceptance or rejection of technology, as many
studies have shown e.g., Agarwal and Karahanna (2000) and Falaleeva and Johnson
(2002) for web technologies, Webster and Martocchio (1995) for the effect of person-
ality on the state of flow with computing technologies, etc.

Of particular relevance to our topic (adaptive technologies) is the work carried
out within the CASA framework which aimed at understanding the role played by
personality factors in determining the way people place themselves along the so-
called “computing technology continuum of perspective” (CP; Johnson et al. 2001).
For instance, Locus of Control measures whether causal attribution (Heider 1957) for
one’s behavior or beliefs is made to oneself or to external events or circumstances.
People who feel they are the source or cause of their own attitudes and behaviors
(internal LoC), tend to see the computer as a tool that they can control and use
to extend their capabilities (the so-called locally simplex perspective in the CP; see
Johnson et al. 2006; Falaleeva and Johnson 2002; Marakas et al. 2000). On the other
hand, those who attribute their own behavior or attitudes to external factors (external
LoC) are much more prone to regard computers as an autonomous, social entity with
which they are forced to interact (the so-called globally complex perspective).
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The personality trait of neuroticism (and its opposite, emotional stability), too,
has been shown to affect the CP, with more neurotic (less emotionally stable) people
being more sensitive to the social nature of computing technologies, hence prompter
to a globally complex perspective (Johnson et al. 2006).

Despite their importance, the specific import of these, and similar, findings on the
acceptance of specific computing technologies (or classes thereof), or on the choice
between alternative technologies, is not a straightforward matter. Consider adaptive
technologies: they are proactive, monitoring and appropriately reacting to user pref-
erences and behavior, while requiring that s/he delegate to technology much of the
control of the interaction. In other words, plenty of social/agentive traits that have
been extensively studied by CASA theorists. The CASA theory predicts that people
with an external LoC or a lower emotional stability will be more sensitive to those
aspects than people with a more internal orientation and/or a higher emotional stabil-
ity. Still, these predictions are not directly informative about the specific ways in which
acceptability of adaptive technologies is affected by the relevant trait. For example,
will externally oriented people accept adaptivity more or less than internally oriented
ones? They are not informative about the kind of preferences that can be manifested
when comparing adaptive and non-adaptive technologies: for example, will more neu-
rotic people prefer adaptive systems over non-adaptive ones? Nor can they directly
contribute to the debate about the opportunity of letting people feel in control of the
interaction (Shneiderman 1998; Norman 1998; Wexelblat and Maes 1997; Jameson
and Schwarzkopf 2002), especially in view of Kay’s (2001) observations discussed
above. For this to be possible, we need a more direct understanding of the personality
constellations that are more sensitive to or require a greater feeling of control.

This study takes the first steps in that direction by (a) considering the hypothesis
that some personality traits (LoC, neuroticism/emotional stability, conscientiousness
and creativity, see below) affect people’s perception of adaptive technologies, and
(b) investigating the way such an effect, if any, unfolds.

In practical terms, we define causal attribution operationally by means of LoC scale
which measures to what degree subjects locate internally or externally the control over
their own beliefs and actions. A high internal value corresponds to the thought that
the subject him/herself is the controller; an external LoC, in turn, signals that external
events are seen as substantially independent from the subject’s influence, and capable
of determining the subject’s beliefs and behavior.

Neuroticism (and its opposite, emotional stability) is a key ingredient of many fac-
tor-based models, which organize personality into underlying dimensions or factors.
Among these, the Big Five model has gained much popularity (McCrae and John
1992; Howard 1994; De Raad 2000; Perugini and Di Blas 2002; Wiggins 1996). In one
of its most used versions (Costa and McCrae 1992; McCrae and John 1992) the Big
Five posits the following five factors:

e Extraversion: This refers to the quantity and intensity of one’s interpersonal
reactions, sociability and emotional expressiveness.

e Agreeableness: This reflects individual differences with respect to cooperation and
social harmony. It includes the quality of compassion, altruism, trust,
modesty, pro-social attitudes or antagonism in one’s interpersonal interactions.

e Conscientiousness: This relates to the way we control and direct our impulses. It
includes such traits as orderliness, dutifulness, achievement striving, etc.
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e Emotional Stability: This refers to the way we react emotionally in response to
external stimuli. At one extreme, it covers negative emotions such as anxiety, sad-
ness and irritability. At the other, we find people who are less easily upset and less
emotionally reactive (neuroticism).

e Creativity: This consists of openness to, and proactive seeking and appreciation of
new experiences.

The Big Five includes a factor (conscientiousness) that addresses an important
facet of the notion of control that is not (directly) covered by the LoC. Whereas the
latter targets (an aspect of) causal attribution (where the individual thinks that con-
trol over his/her actions/beliefs is located), conscientiousness focuses on the degree
of control exercised over one’s impulses and the way this interacts/interferes with the
pursuance of one’s goals and with task accomplishment. We expect that besides LoC,
this trait too affects acceptance of a technology that, as with adaptivity, purports to
understand user preferences for supporting the accomplishment of his/her goals.

Other traits that can be relevant to our attempt at characterizing the interplay
between acceptance of adaptive technology and personality are those relating to
innovativeness. For instance, Agarwal and Prasad (1998) have studied personal inno-
vativeness in the domain of information technology (PIIT); this trait reflects the will-
ingness to try out new technologies, and has been shown to play an important, though
indirect, role in affecting people’s intention to use them (Agarwal and Karahanna
2000). PIIT is a more specific version of the Big Five’s creativity, which addresses gen-
eral openness to new experiences. Since no Italian version of the instrument proposed
by Agarwal and Prasad was available, we maintained the broader Big Five factor.

The remaining two Big Five factors, extraversion and agreeableness, are
characterized by facets such as friendliness, gregariousness, assertiveness, activity
level, excitement seeking, and cheerfulness and trust, morality, altruism, cooperation,
modesty, and sympathy, respectively. As far as we know, very few studies have ad-
dressed the effects of these two factors on the perception of computing technology. For
example, extraversion was found to positively correlate with low levels of computer
anxiety and anticipatory stress (Giannoutsos 2004). No relevant researches could be
found that involved agreeableness. Lacking evidence to the contrary, we hypothesize
that these two traits do not affect the attitudes towards adaptivity.

2.2 Attitudes

Acceptance of a given object, idea, concept, event, etc., relates to the notion of
attitude as used in social psychology: “an individual’s disposition to react with a
certain degree of favorableness or unfavorableness to an object or behavior” (Aj-
zen 1993). Attitudinal studies have sometimes been applied to the investigation of
technology acceptance, as in (Alpert et al. 2003) where user attitudes regarding adap-
tation in e-commerce web sites are investigated. In that work, a mixture of simulation
and working prototypes were used to present stimuli concerning the 13 adaptivity
features identified by the authors as relevant in the e-commerce scenario.

In our case, we could not maintain the same set-up as Alpert et al. We wanted, in
fact, to reach a degree of abstraction from implementation details sufficient for our
findings to (hopefully) be generalizable to an as wide as possible class of adaptive sys-
tems. In particular, it seemed important that the subjects not interact with any form
of an actual system. Many attitudinal studies can easily avoid exposing subjects to
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any realization or instance of the object (or other) the measured attitudes are about,
under the reasonable assumption that subjects already have some kind of beliefs,
hence attitudes, towards it. This is the case of classical studies about attitudes towards
race, abortion, political and social matters of various kinds, and also of the many works
(some of which are cited above) that have considered attitudes towards the World
Wide Web. The acquaintance with the relevant object that supports the attitude can
be very indirect—e.g., gathered through the media, or talks with friends—but still be
enough for the target (the attitudes) to be there.

Clearly, for our study we could not rely on any form of direct or indirect acquain-
tance with adaptivity: this is a new, emerging technology and no system built along
such lines is available to the wide public; hence, no one but specialists can be expected
to have any attitudes at all towards it.

To resolve this tension between the quest for generality, which prevented us from
having subjects interact with a specific instantiation of the technology, and the absence
of spontaneous attitudes towards adaptivity, we decided to elicit attitudes by showing
our subjects stimulus situations (in the form of video clips) where a very stylized agent
was portrayed while interacting with two realizations (an adaptive and a non-adaptive
one) of an audio-video guide, see section 4.2. The idea is that the observation of the
video clips is enough for the subjects to form attitudes towards the shown technology.
Moreover, as we will see below, since only the details of the technology that were
relevant to our study were shown to the subject, the attitudes so formed should not
reflect (or would do so to a negligible extent) implementation details, but only gen-
eral beliefs about adaptivity. Finally, the stimuli were conceived so as to prevent the
subject from identifying themselves to the agent, avoiding that their replies reflect
their perception of the agent’s attitudes rather than their own.

Support for the idea that the observation of the video clips is enough for the
subjects to form the relevant attitudes comes from the framework of vicarious learn-
ing (Bandura 1977), a process by which we learn and form beliefs about, hence
attitudes towards, a given object and/or behavior by observing other people acting
on the object or executing the relevant behavior. Closely related notions are that
of “vicarious experience” that Lester and Brown (2004) proved to be a determinant
of computer self-efficacy; and of ‘vicarious usability’, whereby a user forms beliefs
about the usability of a system by observing other users, as discussed by Mayes and
Fowler (1999). These works show that the observation of other people’s (and fictional
agents’) behavior induces beliefs and attitudes towards the relevant objects, and that
those beliefs and attitudes can be articulated enough to cover areas such as usability,
perceived usefulness, and, we argue, technology acceptability.

The proposed approach has some resemblance to techniques for early user inter-
face evaluation (Preece et al. 2002), especially those where subjects are asked to
express their liking/disliking of simulations or mock-ups of systems, even pen-and-
paper ones, and the experimenter provides them with (verbal or other) descriptions
of how the functionalities are expected to unfold. It has been shown (Nielsen 1990;
Virzi et al. 1996) that these kinds of studies permit detection of most of the usability
problems of a system.

This and related procedures for early usability studies do not follow a ‘vicarious-X’
paradigm (subjects are not exposed to the behavior of real or fictional agents). More-
over, they all target actual systems, whereas we aim to investigate adaptivity features
that are as general as possible. Nevertheless, they share with our approach the aim of
eliciting (indirect) experience in the subjects by investigating the ensuing beliefs and
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attitudes. In a way, our use of video-clips where subjects are shown agents interacting
with the technology extends these techniques, while availing of vicarious learning as
a theoretical framework.

A natural issue that arises when considering the attitude of people towards tech-
nology concerns their relationships with people’s actual behavior. Quite generally,
attitudes are seen as important determinants of behavior; hence, by gaining insights
about attitudes towards a given object, one hopes to be in a better position to fore-
cast (or otherwise understand) actual behavior involving that object. In our case, by
studying the attitudes towards dimensions of adaptivity, it should be easier to forecast
and understand the behavior of people using actual adaptive systems.

The attitude-behavior relationship is a complex one, though. For instance, after
reviewing correlation studies, Wicker (1969) skeptically dismisses the idea that atti-
tudes are good predictors of behavior: “taken as whole, these studies suggest that it
is considerably more likely that attitudes will be unrelated or only slightly related to
overt behaviors than that attitudes will be closely related to actions”. But his skepti-
cism can be resisted. As remarked by Ajzen (1993), the attitude-behavior relationship
can well be indirect, with many intervening or ‘mediating’ factors that make the search
for direct relationships harder or even useless. Moreover, methodological faults can
at least partially explain the failure to observe attitude-behavior relationships. The
investigation needs to be conducted in such a way as to respect the basic compatibility
between the target, action, context and time elements addressed in the attitudinal
study and those addressed in the behavioral ones. Once these methodological cave-
ats are observed, evidence of statistically significant attitude—behavior relationships
starts emerging (Ajzen 1993).!

We acknowledge the importance of the attitude—behavior relationship, and accept
the conclusions above. Still, this study does not attempt to address if and how atti-
tudes towards adaptivity we investigated can be related to actual behaviors with
actual systems. This is of the utmost interest, but has to await further studies. Here, we
simply mean to contribute toward modeling people’s attitudes towards adaptivity in
audio—video guides, a goal that can be pursued independently of the attitude-behavior
relation.

Before concluding, notice that in this case, as in others, simple figures concerning
favorableness or unfavorableness towards a given dimension of adaptivity might not
be very informative. Knowing that the mean score for one of them is, e.g., 4 on a 1-5
Likert scale does not tell us much, unless we can compare this value to some refer-
ence. The obvious reference in our case is the set of attitudes towards non-adaptive
systems. Such a control condition was realized by means of video clips identical to
those introduced above, but presenting our subjects with the stylized visitor using a
traditional, menu-based, system, see Sect. 3 and Sect. 4.2 for details.

In conclusion, the present study attempts to model subjects’ attitudes towards
(as much as possible) abstract dimensions of adaptivity for museum video-guides,

1 This discussion extend only partially to models that, like the Technology Acceptance Model (TAM;
Davis 1989, 1993), target behavior through the mediation of the attitudinal dimension of ‘intention to
use’ the relevant technology; the latter, in turn, is explained by further attitudinal/belief variables such
as perceived usefulness and perceived easy of use. The fact that often behavior is measured in terms of
self-reported frequency of use, or other coarse-grained variables, makes the whole issue of behavior
measurement, and the search for relationships with attitudinal/belief related variables, easier. Still, in
many studies (including those quoted above) the strength of the relationship between the behavioral
and the attitudinal (intention to use) variable is not very high, though statistically significant.
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trying to avoid mixing them with behavior-related issues. The observed attitudes are
systematically related to personality traits (the LoC and the Big Five traits) which
are expected to affect the acceptance/rejection of the adaptivity dimensions. Besides
testing these expectations, we also try to characterize the way these effects unfold.

3 Dimensions of adaptivity

Adaptivity or personalization refers to the capability of a system to (acquire and)
maintain a model of some characteristics of its users in order to provide them with
information in a way that best suites their needs (Negroponte 1995; Brusilovsky and
Maybury 2002). In this work, we focus on that particular type of adaptation that
consists in tailoring information presentation (Jameson 2003).

In discussing adaptation in web-based hypermedia, Brusilovsky (2001) distin-
guished between content adaptation, i.e., modifications in the content of the web
pages, from adaptation of link structure. In our study, we investigate multimedia pre-
sentations, delivered on a PDA, that describe artworks. What we call a “presentation”
is a multimedia equivalent to a web page. Yet a presentation typically does not contain
text, but rather a verbal comment on a visual animation of parts of the artwork (see
Alfaro et al. 2004, and Rocchi and Zancanaro 2004 for more details).

Our adaptive presentations are structured around four dimensions: location aware-
ness (henceforth Location), follow-ups (henceforth FU), content adaptation with
respect to user interests (Interest), and content adaptation with respect to history of
interaction (History). Location awareness refers to the capability of the system to
automatically start a presentation whenever the user approaches a relevant object.
The FU dimension consists of the automatic selection of additional material. Inter-
est and History address the addition of more details about a given topic, and the
automatic construction of comparisons and cross-references, respectively.

Location adaptation has been applied in many domains including wireless adver-
tising (Hristiva and Ohare 2004), mobile information retrieval from centralized infor-
mation systems (Sharifi et al. 2004), recommendation systems such as location-based
services for recommending a specific store, restaurant or hotel (Butz 2004), naviga-
tion systems combining different technologies to determine the user’s location and
adapting the user interface to diverse user contexts (Baus et al. 2002; Kruger et al.
2004), and in mobile adaptive tourist guides (Cheverst et al. 2000; Oppermann and
Specht 2000).

Usually, location adaptation is combined with other adaptive dimensions such as
content adaptation. For example, in the domain of adaptive tourist guides, Gena and
Torre (2004) evaluated MastroCARONTE, an adaptive system which provides tour-
ist information onboard cars. MastroCARONTE personalizes tourism suggestions
regarding hotels, restaurants, and places of interest, adapts their presentation, and
modifies its own behavior according to a model of the user (based on interest and
capabilities) and a model of the context of interaction (e.g., time, location, and driving
conditions). The HyperAudio project (Petrelli et al. 1999) and the PEACH project
(Rocchi and Zancanaro 2004) combined Location with content adaptation, whereby
the content of the presentation changes according to the visitor model inferred by the
system. Content adaptation was performed both with respect to the visitor’s inferred
interests and with respect to the visitor’s actual movements in the museum. Adapta-
tion with respect to the visitor’s interests included adding more details on a specific
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topic; adaptation with respect to actual movements mainly consisted of comparisons
with exhibits already seen, or suggestions to move to nearby exhibits.

In our case, visitor location is used to automatically trigger a presentation for the
relevant exhibit as well as to contextualize the presentation (for example, by means
of appropriate referring expressions such as “in front of you”).

The FU dimension was initially investigated in the context of the ILEX project
(Intelligent Labeling Explorer; Hitzeman et al. 1997; Oberlander et al. 1997). This
system aimed to provide intelligent labels for the description of the jewel collection
available on a museum’s Web site. It used natural language generation techniques, to
provide descriptions that took into consideration both the level of knowledge of the
user and the history of the interaction. Web pages for each object in the museum’s
collection were generated as the visitor navigated around the system’s Web site. In our
case, the visitor was allowed to express his/her interest in the current presentation; the
system would then present more or less material according to the visitors’ expression
of interest (see Goren-Bar et al. 2005b).

Interest and History refer to the possibility of changing the content to reflect actual
visitor interests (inferred interests and not explicitly stated ones, as with FU) and what
s/he has actually seen. These two dimensions mainly concern linguistic adjustments
and comparisons with exhibits that have already been seen, and suggestions as to what
might be visited next. These types of content adaptation were initially investigated in
the context of ILEX and HyperAudio.

In our study, the presentations were meant as stimulus situations. They consisted
of simulations of the adaptive and the non-adaptive systems as used by an idealized
user (our fictional character, see below) and presented to the subjects on a computer
screen. The simulations were to a certain extent idealized, and purposely so, for the
goal was to detect and assess attitudes towards adaptivity dimensions, abstracting away
as much as possible from concrete realizations. However, the description of an actual
system that implements all the four dimensions can be found in (Rocchi et al. 2004).

4 The study
4.1 Objectives

Our study aimed to comparatively assess the attitudes towards the four adaptivity
dimensions, through two simulated video museum guides, an adaptive (AD) and a
non-adaptive (NAD) one.

The main expectations were that (a) subjects would prefer the adaptive video guide
over the non adaptive one in the four dimensions; (b) subjects would have an overall
preference towards the adaptive video guide; (c) subject attitudes towards adapti-
vity would be affected by their personality traits, in particular those relating to the
control issue.

4.2 Design

The design was a crossover within study where each participant was exposed to both
versions of the system. Half of the visitors started with AD and the other half with
NAD. Forty (40) subjects participated in this study, 28 females and 12 males. Most of
the subjects were students in psychology at the University of Trento, Italy. The rest
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were students in humanities or social sciences departments. Most of the students were
in their twenties, with an average age of 25.1 and SD =5.76.

4.3 Material

For each adaptivity dimension, two videos based on Macromedia Flash presentations
were prepared, one illustrating the AD system, and the other the NAD one.

On the right side, each video featured an animated character moving in Torre
Aquila, a room in the Castello del Buonconsiglio (Trento) whose four walls are
decorated in the upper part with a cycle of frescos illustrating the months of year.
The character was kept as simple as possible, it was shown at a distance (from high
above the ground). To avoid any possible influence of the character’s appearance on
the subject, no gender, age-related characteristics, or facial expressions were visible
to the subjects.

The left side of each video featured a PDA showing the actions performed by the
fictional character. The AD system consisted of a simple interface with just two but-
tons, one to stop the current presentation and the other to request more information
on a given topic. The NAD video presented a standard, menu based interface which
allowed selection of a presentation for each fresco. Every action (selection, clicking,
stopping, etc.) was shown as performed by a pencil (operated by the character).

In designing these videos, we stressed the contrast between a system to which the
human delegates the initiative (AD) and a system that delegates the initiative to the
human, letting the user to be in control (NAD).

In the video illustrating the AD system for Location, the presentation automatically
starts when the character approaches a fresco, while in the NAD version for the same
dimension, a pencil is shown as it selects the appropriate presentation from the menu.

For the adaptive FU dimension, the fictional character pressed a “wow” button
when the system—while describing the January fresco—was mentioning the Castel
Stenico. There is no immediate reaction to the “wow” button other than the visual
effect of its pressure but the system automatically starts a presentation that elaborates
on that topic just after the completion of the current presentation. In the NAD condi-
tion, after the presentation about the January fresco, the system just displays the list
of the other available presentations and the fictional character selects the one about
Castel Stenico.

In the videos illustrating the two dimensions of Interest and History, the NAD
versions are pretty similar to the corresponding AD with the difference that in the
latter contain cross-referencing to details that the fictional character has already seen.

All the videos were non-interactive; that is, the subjects could not choose or sug-
gest any actions for the character to execute. Subjects were simply asked to watch
the videos and then express their attitudes toward what they had seen. The duration
of each video was around 1 min. Figures 1 and 2 illustrate a snapshot of one of the
non-adaptive and adaptive videos used respectively. All the videos are accessible at
http://peach.itc.it/attitudinalstudy05/

Regarding user modeling, in our study we assumed the basic functionalities of track-
ing user movements and the information already presented, and a simple
ontology of the domain. The way user interest is initialized is not relevant for the
study; all that our subjects needed to know was that the adaptive system is aware
of the user’s interests. For an example of a prototype of a system similar to the one
illustrated in the videos, see Goren-Bar et al. (2005b).
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Fig.2 A snapshot of one of the adaptive videos used in the study

4.4 Procedure

Each session was divided into three parts: the pre-test, the actual test, and the post-test.
The participants were tested individually.

During the pre-test, the participant completed a questionnaire on his/her com-
puter literacy, familiarity with the most common museum technologies, frequency of
museum visits, and knowledge of the Torre Aquila. They also filled two personality
questionnaires: the Big Five Marker Scales (BFMS) for Italian (Perugini and Di Blas
2002) and the Italian version (Farma and Cortinovis 2000) of Craig’s Locus of Control
of Behavior (LCB) scale (Craig et al. 1984).

At the beginning of the test phase, the experimenter informed the subject about the
study and explained the differences between the two guides. A single subject partici-
pated in each session of the experiment. In order to reduce the possibility of biasing
the subjects, a very detailed protocol was used (see Appendix A). This protocol was
assessed in a pilot study with 10 subjects.
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The following procedures were then carried out for each of the four adaptivity
dimensions:

e The experimenter first explained the relevant dimension, and introduced the two
video clips.

e The subject watched two presentations (AD and NAD) (the order being
randomized).

e At the end of the second video, the subject (a) indicated which system s/he
preferred, (b) indicated on a 1-5 Likert scale how much they liked them (1 =1 did
not like it at all, 5 =1 liked it very much). Care was taken that the subjects’ scores
were consistent with the preference expressed at step (a) by asking first to score
the system that the subject preferred the most and then the other. (c) The subject
was asked to explain the reasons for his/her preferences, providing pros and cons
for each system.

Once all dimensions were addressed, subjects were asked which system they pre-
ferred overall (Global Preference). The videos for the different dimensions were not
randomized, given that they had a natural order.

The post-test phase was meant to assess the subjects’ attitudes towards adaptivity by
abstracting even more than before from any specific realization. They had to (a) order
the four basic dimensions according to their importance; (b) choose AD between
NAD again, this time considering optimal realizations of the relevant functionalities.

5 Results
5.1 Descriptive features of the sample

As stated before, the average age of our sample was 25.1 years (sd =5.76). The means
and standard deviations for the raw scores at the BFMS are reproduced in Table 1
and compared with those of the population, as reported by Perugini and Di Blas
(2002). As can be seen, they are largely mutually consistent. Finally, the mean value
for the LoC is 25.1 (sd =9.9), again consistent with the population mean 27 (sd =9.2)
reported by Farma and Cortinovis (2000).

Table 2 reports the correlations (Pearson coefficient) between the various
personality dimensions we use. In our sample there is a significant positive relationship
between extraversion and creativity, and conscientiousness and stability. These results
are consistent with those reported in the literature about the Big Five by, e.g., Digman
(1997), John and Srivastava (1999) and Becker (2002). The Locus of Control is in-
versely related to conscientiousness and stability, meaning that people with a higher
internal orientation (lower scores on the LoC) tend to be high on conscientiousness
(strong control over one’s impulses) and on emotional stability (conversely, low on
neuroticism).

In the following, we use T-standard scores (mean =50, sd =10) for BFMS and
LoC. The BFMS’s T-scores were computed from orthogonalised scores, according to
the procedure suggested in Perugini and Di Blas (2002), using z-scores based on the
population means and standard deviations reported in Table 1. The orthogonalized
scores directly refer to the underlying factor-analytic latent variables; they are more
reliable measures of personality traits targeted by the BFMS, which are also expected
to have zero cross-correlations.
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Table 1 Means and SDs for the BFMS

Males Females
25< >25 25< >25
mean sd mean sd mean sd mean sd
Sample
Extraversion 433 7.9 42.6 11.9 45.6 13.5 47.8 10.2
Agreeableness 50.1 6.5 47.8 8.9 54 6.2 50.8 8.4
Conscientiousness 42.1 8.3 424 7.3 48.1 10.1 41.6 7.4
Stability 40.4 53 36.8 5.1 359 4.6 37 8.4
Creativity 414 11 51 5.4 47.9 6.9 47.6 5.6
Population
Extraversion 43.2 10 44.8 10.4 45.2 12.3 44.7 10.9
Agreeableness 49.1 8.7 50.9 7.7 52.6 7.5 54.4 7.7
Conscientiousness 42.5 10.7 49.3 9.2 44.5 10.9 50.2 9.7
Stability 39.5 9.1 39.8 9 332 8.8 36.3 9.7
Creativity 50.1 7.1 48.7 7.6 49.3 7.7 48 8.6

Table 2 Correlations between the personality indices

Extra Agree Consc Stab Crea LoC
Extraversion 1 0.135 —0.280 -0.076 0.396* 0.122
Agreeableness 1 0.182 0.083 0.078 0.055
Conscientiousness 1 0.333* —0.146 —0.398*
Stability 1 —0.168 —0.356*
Creativity 1 0.094
Locus_of_Control 1

*p <0.05

Concerning computer literacy (CL), we computed the average score for each sub-
ject on the relevant items of the questionnaire, obtaining a summary score between 1
(= completely computer-illiterate) to 5 (= good computer literacy). The same proce-
dure was applied to ‘familiarity with museum technologies’ (FMT). The sample mean
values were 3.69 (sd =0.76) and 2.82 (sd = 0.83) for CL and FMT, respectively.

To complete the descriptive characterization of our sample, we analyzed the rela-
tionships between the personality traits on the one hand, and CL and FMT on the
other, by running two regression analyses with CL and FMT as dependent vari-
ables, and the personality traits (BFMS + LoC) as independent ones. Table 3 presents
the results for the most economical fitting models (backward elimination); only the
regression variables that enter in the two most economical models are reported.

In our sample, computer literacy is inversely related to extraversion and creativity,
and directly related to conscientiousness; the other personality traits are ineffective.
The same relationships hold for the familiarity with museum technologies, with the
exception of conscientiousness that is now ineffective.

5.2 The four basic dimensions

Table 4 reports the counts of the preferences for each system, on each dimension,
together with the average score assigned to the two systems. The last two kinds of
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Table 3 Regression analysis

for computer literacy (CL) and Stand. coeff Oth order corr
familiarity with museum CcL
technology (FMT) Extraversion 0360 ~0.180
Conscientiousness 0.407%* 0.517
Creativity —0.402* —0.244
FMT
Extraversion —0.490* —0.231
Creativity —0.434* —0.141

*p <0.05*p <0.01

Table 4 Preference counts, mean score and standard deviations for the two simulated conditions on
the adaptive dimensions

Location* Interest FU History* Global
NAD freq 27 25 15 3 23
mean score 4.05 3.81 3.53 2.98 -
SD 0.85 0.98 1.04 1.02 -
AD freq 13 15 25 37 17
mean score 3.58 3.69 3.98 4.52 -
SD 0.91 1.1 1.04 0.67 -

*(p < 0.05)

data are not available for Global, since we did not ask our subject to score the two
systems at the global level.

The choices on the five dimension are different (Cochran test for related samples:
O =43.022,df=4, p < 0.01), showing that at least some dimensions elicit different
responses from our subjects. Starting from this, we performed statistical analysis on
each dimension. Statistically significant differences between AD and NAD choices
could be found only for Location (exact probabilities on binomial test, p < 0.05;
power = 0.64 with & = 0.05 and power = 0.76 with @ = 0.1) and History (exact proba-
bilities on binomial test, p < 0.001; power > 0.95 with & = 0.05). Hence, our subjects
tend to prefer NAD on Location and AD on History. The result for Location should
be taken with some caution given the low power attained, but this is in accordance with
observations in Jameson and Schwarzkopf (2002). The second result is much more
robust: interestingly, perceiving and appreciating content adaptation with respect to
the history of the presentations is a difficult task, for it involves a typical holistic
dimension; however, it seems that subjects managed to do so, with a quite uniform
preference for AD over NAD.

Besides knowing about the preferences of our subjects, we also wanted to be
informed about the strength of the choice—that is, how strongly the subjects pre-
ferred one alternative over the other. We used the absolute value of the difference
between the scores assigned to each alternative version as a measure of the strength
of the preferences on a given dimension. The idea is that the greater the difference
between the score assigned to AD and NAD, the greater the determinacy of the
subjects in making their choices. Table 5 reports the mean values with their standard
deviations.

Strength scores were analyzed through a repeated measure multivariate analysis of
variance, using the four adaptivity dimensions plus ‘global’ as a within factor (that is,
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Table 5 Mean values and SD for the strength of the choices

Location Interest FU History Global
Mean 1.335 1.613 1.628 1.868 1.170
SD 0.626 0.828 0.915 0.917 0.645

the dimensions were treated as five different occasions on which subjects performed
the same task). A significant effect was found (Willk’s Lambda = 0.513, F = 8.539,
Hypothesis df = 4, error df = 36, p < 0.0001, observed power = 0.997), showing that
the strength of the preference is affected by the dimension being assessed. Pairwise
comparisons between the averages (with Bonferroni adjustment for multiple com-
parisons to a global p < 0.05) showed that our subjects were significantly more
determined in their choices for History than for Location, and much less determined
on Global than on all the other dimensions with the exception of Location. A mul-
tivariate ANOVA with the type of choice (AD or NAD) as a second factor failed to
show any effect of it, or interaction with the five dimensions. Hence, the strength of
the preference was related to the adaptivity dimension, but not to the specific choice
(AD or NAD) made.

In conclusion, our sample indicated a preference for the NAD version on Location,
and for the AD version on History. Choice strength differed on these two dimensions,
with subjects more determined in their choosing AD on History, but much less so
when preferring NAD on Location. Finally, Global had the subject less determined
in their choices with respect to most of the other dimensions, a datum that could be
related to the difficulty of providing judgments on whole adaptive and non-adaptive
systems starting from the single dimensions.

5.2.1 Effect of descriptive variables

No effect of gender on any relevant adaptivity dimension was detected (Pearson’s
chi-square, Fisher exact test, Cochran’s Mantel-Haenszel’s test). Similarly, neither
computer literacy nor the familiarity with the technology in the museums had any
effect on any variable, as tested through logistic regression (Agresti 2002).

5.2.2 Effect of personality traits

The effect of personality traits (BFMS and LoC) was tested through both discriminant
analysis and logistic regression. The results were always concordant, and are discussed
with reference to logistic regression; see Agresti (2002) for details. For each depen-
dent variable (preference on Location, Interest, FU, History and Global), we ran a
separate logistic regression with the five dimensions of BFMS plus the LoC as inde-
pendent variables treated as covariates. For each dependent variable, the fitting of the
model was first measured through the scaled deviance G>(MO|M1), where MO refers
to the simplest, constant model (only intercept) and M1 to the full regression model.
Only those models where the scaled deviance test was significant at a level p < 0.05
were retained; in particular, the model for History was discarded and not considered
any further. The main effects of each independent variable were tested by means of
the G?(MO|M1) statistics, with M1 referring now to the full fitted regression model,
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Table 6 Summary of regression analyses results

BFMS
Extravers.  Agreeabl.  Conscien. Stability Creativity LoC
Location G? = 3.885%
B = —0.098*
Interest G2 =6.141% G2 = 8.837**
B =-0.142% B =0.163
FU
Global G? = 6.276* G? = 7476+

B = —0.126% B = —0.136*

*p < 0.05* p <0.01

and MO to the reduced model obtained from it by omitting the variable under study.
This procedure provides an estimate of the contribution of the relevant independent
variable to the overall variation of the dependent one. When significant effects were
detected, the corresponding parameters in the regression model informed about the
way the effect unfolds, in terms of AD to NAD odds. See Agresti (2002) for further
details.

Table 6 reports the results for the significant G? tests, along with the values of the
regression parameters.

Conscientiousness appears to affect Location, Interest and Global. The sign of the
parameters suggests that in all cases, higher values of conscientiousness increase the
odds for NAD. Hence, more conscientious people tend to prefer NAD over the AD
on Location, Interest, and at a Global level. Stability increases the odds for AD on
Interest, so that more emotionally stable people seem to prefer the AD version. The
other BFMS traits did not produce any significant effect on any dimensions. Finally,
the Locus of Control has an effect on Global, with people having a more external
(higher score) LoC favoring the NAD over the AD.

In summary, the dimensions that seem most sensitive to personality traits are Loca-
tion, Interest and Global. The most effective BFMS traits are conscientiousness, and
stability. The former strengthens the tendency of subjects to prefer NAD (on Loca-
tion, Interest and Global); the second correlates with a tendency to prefer AD (on
Interest). Creativity, which we consider as subsuming the more specific trait of per-
sonal innovativeness (PIIT), has no effect on AD vs. NAD preferences. Finally, higher
LoC (external locus of control) affects the odds in favor of NAD on Global.

5.2.3 Characterizing the subjects over the dimensions

We investigate now whether it is possible to find any interesting partition of our sam-
ple which could help us better understand the overall disposition towards AD versus
NAD, and confirm, by means of different statistical analyses, the results discussed in
the previous section.

A two-step cluster analysis was run; the variables were the preferences expressed
along the various dimensions by our subjects. (We excluded History because almost all
our subjects—37 out of 40, see Table 2—chose AD over NAD.) The analysis singled
out three groups, see Table 7.
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Table 7 Groups from cluster analysis—bold figures correspond to dimensions that significantly
contribute to the relevant group

Groupl Group2 Group3
AD NAD AD NAD AD NAD
Location 13 4 12 - 11
Interest 12 5 - 12 3 8
FU 13 4 12 - - 11
Global 10 7 7 5 - 11
Personality profiles of cluster groups
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Fig. 3 Personality Profiles for the cluster groups

We attempted to characterize the three groups in two ways: first of all, by studying
if and how each of them differs from the whole sample in the preferences expressed
along the various dimension; secondly, by studying each group’s personality profile.

The first goal was pursued by means of a series of x2 tests to assess the contri-
bution of each dimension to cluster formation; Bonferroni adjustment for multiple
comparison to a global level of p < 0.05 was applied. The results (see the bold figures
in Table 7) were that Group 1 had a stronger tendency than the whole sample to favor
AD on Location and Interest, and Group 2 a stronger tendency to choose NAD on
Interest and AD on FU; finally, Group 3 included people who more neatly prefer
NAD on Global and FU.

The personality profiles of the three groups are reported in Fig. 3. They are based
on the mean values for each personality trait, and can be compared to the whole
sample profile, represented by the horizontal straight line intersecting the Y-axis at
the value of 50.

A multivariate ANOVA with the cluster groups as a factor, and the BFMS plus
LoC as dependent variables showed a significant effect of the group variable (Willk’s
lambda = 0.492, F = 2.273, Hyp-df = 12, error-df = 64, p < 0.05, observed power =
0.922), with an effect on conscientiousness (F = 3.296, df1 = 2, df2 = 37, p < 0.05),
stability (F= 3.28, dfl = 2, df2 = 37, p < 0.05) and LoC (F = 5.769, dfl = 2,
df2 = 37, p < 0.01). The analysis of contrasts revealed that: the mean value of con-
scientiousness for Group 1 is lower than that of sample mean (p < 0.05), whereas the
corresponding value for Group 2 is higher (p < 0.05); the value of stability is lower
in Group 3 than in the whole sample (p < 0.05); the mean value of LoC is lower in
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Table 8 Characterization of

the three groups with respect Conscientiousness Stability LoC

to sample means Group 1 Lower Average Average
Group 2 Higher Average Lower
Group 3 Average Lower Higher

Group 2, and higher in Group 3 than in the whole sample (p < 0.05). These results
are summarized in Table 8.

In conclusion, three clusters were identified. The first, Group 1, prefers AD on
Location and Interest, and has a low score on conscientiousness. The third cluster,
Group 3, stably chooses NAD, in particular on FU and Global; personality-wise, it has
alow emotional stability and a stronger external LoC. Group 2 is somehow intermedi-
ate: it prefers NAD on Interest and AD on FU, has a high score on conscientiousness
and a strong internal orientation on LoC.

These results, obtained by means of different statistical tools from those exploited
in the previous section, provide an important, even if partial, confirmation of findings
obtained therein. Limiting our discussion to converging results, we can say that con-
scientiousness is positively related to the NAD preference on Location and Interest;
stability is positively related to the AD preference on Interest; and, finally, people
with a more, external locus of control tend to globally favor NAD. We can, therefore,
give a first, although partial, answer to the question concerning the role of the two
control-related personality factors and of neuroticism/stability in the acceptability
of adaptivity: LoC seems to affect the way adaptivity is seen as a whole, whereas
conscientiousness and neuroticism/stability tend to influence two specific dimensions:
Location and Interest. As to the direction of the effect, the thought that the environ-
ment has a strong control on one’s actions/beliefs (external LoC), and the capability of
controlling one’s impulses are both associated with a preference for the non-adaptive
over alternative, as is neuroticism.

5.2.4 Reasons for the choices

After a subject had indicated his/her preference for one of the two systems, s/he was
asked to explain the reasons for the choice in the form of an open answer, providing as
many reasons as s’he wanted. The explanations the subjects provided were classified
into five groups:

1. Easiness: It refers to reasons related to some kind of costs/benefits evaluation.
E.g., ‘it is simpler/easier to use/operate’;

2. Transparency (of the functioning): It considers the understandability of the way
the system works. E.g. it is easier to understand the way it works/what you have
to do’;

3. Understandability and memorisability of the contents: E.g., ‘the presentations are
more understandable/easier to remember’;

4. Control: It refers to the perceived degree of control over the interaction the
two versions afford to the users. E.g., ‘it allows more/ a better control of the
interaction’;

5. Similarity to a human guide: E.g., ‘it is like a human guide’ (i.e. predictability of
system behaviour).
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Table 9 Reasons for users preferences on the adaptivity dimensions

Easiness ~ Transparency = Understandability/ ~ Control =~ Human Like
Memorisability

. AD 100% 15% 8% 0% 31%
Location  Nap 19% 15% 15% 85% 0%
AD 47% 0% 47% 0% 13

Interest  NAD  16% 4% 32% 84% 0%
AD 80% 16% 32% 0% 8%

FU NAD  47% 20% 60% 40% 0%

. AD 57% 5% 81% 0% 14%

History  NaAD 0% 0% 67% 33% 0%

Table 9 reports the results. As an example, the 100% figure in the cell for Loca-
tion—AD-Easiness means that all the subjects who chose AD on Location mentioned
Easiness as reason for doing so, whereas the 15% figure in the cell Location—
AD-Transparency means that only 15% of those subjects mentioned ‘transparency’
as a reason for their choice. No statistical analyses were performed on those data, so
the following discussion has a more qualitative flavor.

As can be seen, ‘Control’ is never mentioned as a reason for choosing AD on
any dimensions, but it is among the main reasons for NAD preference, especially
on Location and Interest. That is, the subjects (correctly) perceive that NAD allows
for a greater control over the interaction, and this is a major reason for preferring
it over the alternative, cf. (Jameson and Schwarzkopf 2002). On the other hand, a
frequent motivation for choosing AD was its highest perceived easiness (Location
and FU), and the higher understandability of the content provided (History). Among
the remaining motivations, ‘similarity to the human guide’ does not seem to play a
relevant role. This is of some interest, for it shows that the choice between AD and
NAD was mostly based on the direct appreciation of the respective strengths and
weaknesses, and was not mediated by indirect comparisons with the human guide.
Finally, it is worth noting that more than half of the subjects who preferred NAD on
FU did so because they found that the NAD system provides more understandable
content (‘understandability and memorisability”).

In conclusion, the importance of the control issue is confirmed: those who choose
the non-adaptive version most often do so because of the greater perceived control it
provides. On the other hand, ease of use and memorizability/understandability were
the main reasons behind the choice of the adaptive system.

5.2.5 The relationship among the dimensions of adaptivity

Similarity across dimensions can be measured in terms of identical choices
(e.g., AD-AD) by means of the Cramer’s V association index. Only in two cases
were the figures significant (p < 0.05): between Location and Interest (V = 0.35)
and between FU and Global (V = 0.46). The solutions to a multidimensional (two
dimensions) scaling analysis yielded coordinates compatible with those results: Loca-
tion (1.42, 0.30), Interest (1.42, 0.36), FU (-0.72, —0.55), History (—2.088, 0.47),
global (—0.03, —0.58).
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Hence, our subjects tended to behave in a similar manner when expressing their
preferences on Location-Interest and FU-Global. History does not pattern with any
other dimensions. Of some interest is the low degree of similarity between Interest
and FU, showing that our subjects did not perceive the two dimensions as related,
despite their conceptual and implementation relationships.

5.3 Post-test questionnaire

The post-test questionnaire aimed to assess the subjects’ attitudes towards the dimen-
sions of adaptivity in a more direct manner by asking them to order the dimensions
according to their importance for an ideal adaptive audio-video guide. The result-
ing orderings were converted into ranks on an ordinal scale from 1 to 4 (1 lower, 4
higher). Table 10 displays the results; each cell reports the percentage of times the
relevant dimension was assigned the relevant rank. The last row reports the mean
ranks. Figure 4 plots the cumulative distributions for the four dimensions.

The overall differences in ranking are statistically significant (Friedman test:
X2 = 12510, df = 3, p < 0.05). Pairwise contrasts are significant for History ver-
sus FU, History versus Interest and Location versus Interest. No effect of personality
traits was found through ordinal logistic regression. Hence, History is uniformly seen
by our sample as more important than FU and Interest, and Location is felt as more
important than Interest. Finally, the distribution of the rankings for Location is rela-
tively uniform.

Table 10 Importance rank of

the adaptivity dimensions for a Location [nterest FU History
hypothetical personalised 1 259, 30% 30% 15%
guide 2 25% 40% 175%  175%
3 22.5% 25% 37.5% 15%
4 27.5% 5% 15% 52.5%
Mean rank 3.05 2.53 2.38 2.05

100
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—¢— location
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—a— history
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Fig. 4 Importance rank of the adaptivity dimensions—Cumulative distributions
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Table 11 Mean values and comparisons among distributions for rankings split according to the
AD/NAD responses

Location Interest FU History

AD NAD AD NAD AD NAD AD NAD
Rank 32 2.2 23 1.9 2.8 1.7 3.14 13
Statistics 11.568* 3.289 11.79%* 6.695%*

* p < 0.01 on x2 test; ** p < 0.05 on Fisher’s exact test

The relationships between the importance rankings of adaptivity dimensions and
the preferences expressed for the AD or the NAD versions on each dimension were
investigated by first splitting the rankings according to the preferences. The result-
ing two distributions for each dimension were compared by means of the x2, or the
Fisher’s exact test, depending on whether the conditions for the former (each cell
having an expected frequency not lower than 5) were met. The results are reported in
Table 11 along with the mean ranks.

In all cases except Interest, those who expressed a preference for the AD version of
the guide ranked the relevant dimension higher than those who chose NAD. Hence,
Interest is not only the lowest ranked dimension, but its low appreciation is common
both to those who chose AD and to those who chose the NAD versions.

The last question we asked subjects concerned whether they would choose AD or
NAD, in case of an optimal realization of both systems. In other words, if the systems
the subject had seen were realized in an optimal manner, with all their functionalities
optimally implemented which system would the subject use?

Most of the subjects, 31 (78%) indicated AD, and the remaining 9 (22%) NAD.
This is good news: at that point of the session, the subjects had been exposed to
the various videos and had time enough to think about the problem of adaptivity in
mobile guides. Hence, the fact that 78% of the subjects would use AD if the system
had optimal characteristics seems to reliably capture a real preference/interest for
adaptivity. On the other hand, there is a relatively large portion of people who are
not attracted by adaptivity.

6 Discussion and limitations

This work has attempted to contribute to modeling the effects of some personality
traits on the acceptance of adaptivity in audio—video guides. Our initial hypotheses
were that conscientiousness, creativity and neuroticism/emotional stability from the
BFMS, and the Locus of Control affect the acceptability of adaptive technology, when
this is compared with non-adaptive one. Moreover, we wanted to investigate the way
these effects unfold.

The hypotheses were tested by means of an observational/correlational approach.
The independent variables were not controlled for at sample-formation time, but their
values were directly measured on the sample, along with those of the dependent vari-
ables. Logistic regression and related techniques for categorical data were the major
analytic tools we exploited, treating the independent variables (BFMS and LoC) as
continuous covariates, rather than as factors, and limiting our attention to the main
effects. Interactions among independent variables were not pursued because of the
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difficulty in making sense of them when they are treated as continuous covariates. This
might have limited the explanatory power of our analyses somewhat; for instance, in
no case was the rate of correct classification for our logistic regressions higher than
78-80%. Those are good values, but it is possible that the consideration of interactions
could have yielded higher figures.

The use of cluster-based analyses with the ensuing possibility of resorting to more
standard approaches (multivariate analysis of variance—MANOVA) was meant to
complement the results of the regression analyses, making the whole more robust.
Three groups were identified on the basis of the preference expressed on the various
dimensions by our subjects. The groups were then studied by analyzing how each
of them differed from the whole sample on the preferences expressed on the vari-
ous dimensions, according to their personality profiles. Eventually, we retained the
results on which the two analyses agreed, the regression-based one and the cluster/
MANOVA-based one.

Whenever possible, the power of the test performed was reported. Cases of low
power occurred, as with the AD versus NAD preference on Location discussed in
Sect. 5; this can be imputed to the joint action of the intrinsic low power of the
exploited statistical test (binomial or x? tests) and the size of the sample. The results
were always included in the discussion, but they need to be confirmed by other stud-
ies. As to categorical regression analysis, no accepted, standard approaches exist for
computing power (or, at least, they are not available on most common statistical pack-
ages, e.g., SPSS); this was yet another reason to complement these analyses with ones
(MANOVA) for which standard approaches to power computation are available.

Table 12 summarizes the main findings of this work.

Our sample expressed a preference for content adaptation with respect to the his-
tory of the interaction, while dismissing adaptation on the basis of location-awareness.
The delegation of the initiative to start a presentation on the basis of Location seems
to be a controversial feature, as is also shown by the low strength of the choices made,
and by the fact that, in a hypothetical adaptive system, its importance ranking has
a uniform distribution. The main reason our subjects provided for this non-positive
attitude is the lack of control. Indeed, even the subjects who chose location awareness
remarked that some more ‘control’ would be useful, e.g., in the form of a request to
the user for the permit to start the presentation.

The neat choice in favor of AD for the History-based adaptation is interesting. In
fact, this subtle and holistic feature is difficult to perceive when the subject interacts
directly with an actual system since it requires the explicit appreciation of links to
previous information. Yet the indices we have considered, including the strength of
the choice and the importance, all point towards the conclusion that subjects were able
to understand this dimension, which turned out to be the most valuable among those

Table 12 Summary of the main findings

Preference Strength Importance Affected by
Location NAD Low Medium Conscientiousness
Interest - Medium Very low Conscientiousness,Stability
FU - Medium Medium -
History AD High High -

Global - Very low Not relevant LoC
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considered here. The choices were motivated mainly by the greater understandability
and memorizability of the contents provided by the AD version in this case.

The two dimensions relating to user modeling (Interest and FU) have a sort of
intermediate status. Both fail to elicit clear-cut choices from our sample, and receive
low importance rankings. Moreover, despite being closely related both conceptually
and implementation-wise (the ‘wow’ button directly affects the user model; hence the
way the system adapts the presentation to the user’s interests), our subjects failed to
perceive such a relationship, and often behaved differently on these two dimensions,
cf. Sect. 5.2.5.

There are effects of personality traits on the AD/NAD choices. Two of the Big Five
factors, conscientiousness and stability, seem to affect the AD versus NAD choices,
confirming our expectations. According to the converging results from the regres-
sion and the cluster analyses, more conscientious people tend to dislike adaptivity
on Location, and on the content adaptation with respect to Interest. People who are
more emotionally stable, on the other hand, appreciate content adaptation on Inter-
est. The locus of control, in turn, affects global judgment about AD/NAD, with more
externally-oriented people tending to praise the very idea of non-adaptive over that
of adaptive systems. As to FU, our data did not allow us to establish any significant
relationship with any personality dimension. Finally, we could not prove that creativ-
ity, as an indicator of openness to novelty, has any effect on the acceptance of adaptive
technologies.

Conscientiousness (De Raad 2000; Howard 2000; Costa and McCrae 1992) is de-
scribed as being concerned with the way we control, regulate and direct our impulses,
and articulates into facets such as competence (self-efficacy), orderliness, dutifulness,
achievement-striving, self-discipline and cautiousness. People high on conscientious-
ness have a good control on their own impulses, are confident in their ability to accom-
plish things, are well organized, have a clear sense of their duties and obligations and
do not discourage easily. According to our analyses, these subjects tend to dislike
delegating the start of a presentation to the system on the basis of location-awareness,
and dislike adaptivity with respect to the user model (Interest).

Emotional stability refers to the way people react to stressful situations: emotion-
ally stable people are at ease most of the time, usually calm and not easily upset,
free from persistent negative feelings and rapidly rebounding in time. At the other
extreme, low stability (Neuroticism) correlates with strong emotional reactions: anx-
iety and anger, and sense of vulnerability. According to our data, emotionally stable
subjects have a positive attitude towards content adaptation with respect to the user
model (Interest).

The Locus of Control is sensitive to where people feel the control over one’s beliefs
and actions is located. When internal, the subject feels that s/he is the controller; an
external LoC signals that the subject’s beliefs and actions are substantially indepen-
dent from his/her own influence. Rotter (1966) showed that people who feel in control
of their own beliefs/actions pay more attention to the environmental features that can
orient their future behavior; are more active towards the environment; more inter-
ested in their own abilities, more worried about their own deficiencies; and try to
oppose external attempts to influence their behavior. According to our data, these
people have a general positive attitude towards adaptivity, as our results on the Global
dimension show; they do not seem to be afraid to delegate some control, probably
because they feel confident that they can always recover it. The subjects with a more
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external orientation, on the other hand, seem more interested in maintaining a direct
control on the device, and praised non-adaptivity.

Most of the expectations concerning personality traits have been born out: those
relating to the issue of control broadly conceived (internal/external LoC, control over
own emotional reactions (stability) and over own impulses (conscientiousness)) do
seem to affect the way people perceive adaptive/non-adaptive technologies. The find-
ings from studies conducted within the CASA framework (Johnson et al. 2001, 2006;
Falaleeva and Johnson 2002; Marakas et al. 2000) are both confirmed and made more
specific with respect to the topic of this work (adaptive technologies): people who are
highly sensitive to the social facets of technology because of their external LoC and/or
their neuroticism tend to reject AD, either globally (LoC) or on specific dimensions
(content adaptation on the basis of interest for low emotionally stable people), in
both cases preferring the less social, more traditional (and probably more reassuring)
NAD technology.

Finally, a high degree of control over one’s impulses (conscientiousness) positively
correlates with NAD choices on location-awareness and Interest. This finding, if con-
firmed by further studies, is less easy to interpret than the other two, apparently
contrasting with them. With LoC and emotional stability, in fact, it is the low-control
end of the scale (external LoC, neuroticism) that correlates with a preference for
NAD (and a high sensitivity to the social characteristics of technology), whereas with
conscientiousness it is the high-control end that favors NAD.

A possible explanation for the this contrast is of a factorial (psychometric) nature:
conscientiousness and stability, as used in the discussion, are orthogonalized factors of
the Italian version of the BFMS; as such, they represent ‘pure’ underlining personality
traits, and their correlations are (close to) zero. LoC is not part of the same factorial
structure, and maintains a significant negative correlation with both conscientiousness
(p = —0.4 p < 0.01) and stability (p = —0.036, p < 0.05). The (apparent) contradic-
tion might be due to a common factor between LoC and stability that is disjointed
from the factors accounting for the results with conscientiousness.

Another possibility is that there is no contrast at all. As far as we know, consci-
entiousness has not received the same attention as LoC and neuroticism from the
CASA’s theorists, and we do not know whether, or how, it correlates with Johnson
et al.’s (2001) CP. Should it turn out that conscientiousness positively correlates with
sensitivity to the social aspects of technology, then the contradiction would disappear
in favor of the unified view that high sensitivity to the social aspects of technology
determines a preference for NAD technologies.

Be it as it may, the results discussed above are consistent with the explicit concerns
about control expressed by our subjects when motivating their choices, and with the
findings in the literature discussed in section 2. With respect to the latter, however, our
analysis provides a more articulated picture by examining the relationships between
control and personality traits, and pinpointing when and how it is detrimental for
adaptivity acceptance.

An expectation that was not borne out concerns the role of creativity, which we
hypothesized would affect acceptance of adaptive technologies. This trait describes
a dimension of cognitive style, distinguishing imaginative and creative people from
down-to-earth ones. Usually, more creative people are intellectually curious and sen-
sitive to innovation. A more specific version of this trait, the ‘innovativeness in the
domain of information technology’ (PIIT; Agarwal and Prasad 1998), has been shown
to play an important, though indirect, role in affecting people’s intention to use
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technologies (Agarwal and Karahanna 2000). As long as creativity includes and sub-
sumes PIIT, it must be concluded that this dimension was irrelevant to the NAD/AD
choices, perhaps because both guides were seen as equal on innovation value. It should
also be recalled that, in Sect. 5.1, creativity was seen to be inversely related to famil-
iarity with technologies; hence, it is possible that in our sample more creative people
were not of the kind sensitive to technology and innovation, possibly orienting their
intellectual curiosity towards other aspects. Whether the first or the second (or any
other) reason accounts for the absence of effects of creativity on NAD versus AD
choices can only be revealed through further studies.

The other two BFMS personality traits, extraversion and agreeableness, were, as
expected, mostly ineffective.

This study has attempted to contribute to a general model of the attitudes towards
adaptivity in video-guides. It can be seen as a weakness that we resorted to elicited
attitudes, whose relationship with ‘true’ ones is unclear. We concede that this can be a
weakness. But consider what the term ‘true attitudes’ means: the only useful sense is
that involving people living in a society where adaptive technology is available, such
that they either have accessed it, or know (indirectly) about it. We know, however,
that we are not going to have this benchmark for some time. In the meanwhile, we
can only do our best to explore the field with the means available. In these respects,
we believe that the methodology we exploited here is on no worse a footing than
others, e.g., not with respect to studies targeting the attitudes of people who have
accessed a specific, often experimental, technology, often using it on a single occasion.
As argued in Sect. 1 and 2, these studies are too bound up with the peculiarities of
the relevant piece of technology to help in generalizing towards models of attitudes
towards adaptivity.

Finally, this study has not addressed the relationships between attitudes and
behavior. As pointed out in Sect. 2, this is a complex topic, involving both subtle
theoretical and methodological issues. In our case, things are made even more diffi-
cult by the fact that we are studying a new technology. People do not have any
experience of adaptive technologies, hence they do not have any beliefs or attitudes
towards it, nor can they be asked about, e.g., frequency of use, a common measure of
actual behavior in models such as TAM (Technology Acceptance Model; Davis 1989,
1993). The first problem (beliefs/attitudes) was circumvented by exposing our subjects
to stimulus situations portraying a fictional character using the technology, trying to
maintain even indirect exposure to the implementation aspect as low as possible. As
to the second, a possibility to start addressing it consists in replicating a study like the
present one, followed by actual practice with an adaptive guide with a measurement
of actual behavior.

7 Conclusions

This study showed that personality traits selectively affect the attitudes of people
towards adaptivity, especially those relating to the notion of control. The first impor-
tant consequence is that any evaluation of actual mobile guides can be systematically
biased unless the personality of the users is explicitly controlled for or taken into
account. As to the consequences of design and development, this is an entirely differ-
ent topic with respect to those we have addressed here, and one that deserves much
more investigation. At present we can point at two possibilities: (a) once adaptive
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audio-video guides are spread enough for users to have formed stable attitudes to-
wards them (incorporating the effect of their personality traits), simply let users choose
between adaptive and non-adaptive guides. (b) A much more intriguing alternative is
to enable the system to quickly find out about the user’s personality traits (especially
those related to the control issue) from the very first interactions, and then let it use
this knowledge to dynamically increase or decrease user control over the relevant
dimensions of adaptivity in order to accommodate the selective effects of personality
traits. The main relevant research issue, here, is that of devising techniques for rapidly
profiling the user’s personality from just a few interactions.

As usually happens, it is not yet obvious that the results of this study will be repli-
cated if similar tests are performed with different users groups or in slightly different
contexts. Yet we think this investigation brought some interesting empirical evidence
to the debate about personalization. We think, furthermore that the dimensions inves-
tigated are general enough to foresee that the results can be, to some extent, gener-
alized to any situation of personalized information presentation in a mobile setting,
such as, for example, the scenario of a mobile shopping assistant (see for example,
Bohnenberger et al. 2002).
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Appendix A
Information sheet (translated from Italian)

The video clips you are going to see concern a hypothetical visitor during a visit to
Castello del Buonconsiglio, and more specifically, to Torre Aquila. The four walls of
the tower’s room are decorated in the upper part with frescos depicting the Cycle of
the Months.

You will be shown our hypothetical visitor in two alternative situations. In the first,
he will use a guide, call it guidel, that takes the initiative in selecting and propos-
ing him the contents. In the other situation, he uses a guide, call it guide2, which he
explicitly tells what to do by means of menu-based systems. In both cases, the resulting
contents presented to the visitors are identical.

To emphasise some characteristics (which will be better explained later on) we
have divided the two alternative visits into four parts each. Hence, the video clips
are structured into four portions, in each of which the corresponding parts of the two
visits will be shown one after the other. For instance, during the first portion you will
see the first part of the first visit and the first part of the second visit, and so on. At
the end of each portion you will be asked some questions concerning what you have
just seen.

Both visits start with the visitor arriving in Torre Aquila’s room.

Information concerning the various portions
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Location

In this first portion the two visits differ because:

e In the first the system can detect the position of the visitor in the room and the
fresco he is facing, and use this information to start the presentation about that
fresco.

e In the second, it is the visitor who starts the presentation about the fresco he is
facing.

In both cases, if the user does not find the presentation interesting, he can interrupt
it. At this point:

e Guidel chooses the following presentation
e With guide2, it is the user who chooses the next topics.

Interest

Our visitor is particularly interested in the agricultural techniques used in the past.

e Guidel knows about the visitor’s interests, and adapts the content of the presen-
tation to them.

e With guide2, the visitor can choose the topic he is most interested in from a
structured list.

Follow-ups

In the next portion, the visitor’s interest is captured when the system mentions Castel
Stenico, made by the system, and he wants to know more about this topic.

e With guidel, the visitor signals his interest for Castel Stenico by clicking the ‘wow’
button, placed on the right upper part of the display. In response, the system
assembles a presentation consisting of the material that it had already planned to
present, followed by in-depth information about Castel Stenico.

e With guide2, once the presentation is finished, the visitor can choose the topic
‘Castel Stenico’ form the menu.

History

The visitor is now almost at the end of the visit. In both situations, and with both sys-
tems, he has seen the same frescos in the same order, and gathered the same amount
of information about the same topics. In this last portion:

e Guidel keeps track of the visit, and of the contents shown. When presenting the
last fresco, it uses this knowledge to emphasize the continuity and the links with
what the visitor has already seen.

e With guide?2, the visitor can maintain the continuity by himself, by choosing (when
he finds it appropriate) to listen again to topics concerning the previous fresco.
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