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Abstract
Making the use of an unfamiliar digital user interface (Ul) easy, transparent
and accessible is a challenging problem, particularly when the interaction
occurs without any prior experience. Where and how the user pays attention
is critical for the development of an effective human-computer interaction
(HCI). The role of attention is particularly important in cases of an
inexperienced user, unaccustomed to receiving valuable information for the
interaction. Therefore, a recurring problem during an unfamiliar transaction is
‘what to do next’, where the user fails to anticipate the following step. This
problem is well illustrated in the context of transactions using Self-Service
Technologies, where the next step is likely to be unidentified by an
inexperienced or first-time user, and accentuated by the lack of help or
human assistance.
This thesis applies an interdisciplinary blend of Psychological, Animation
and HCI principles relating to guiding users unfamiliar with the Ul to ease the
digital interaction. A series of experiments address visuo-spatial mechanisms
of guidance to orient and direct user attention during a search of target items
inside a Ul. Dynamically animated virtual agent (VA) gaze and head cues
were found to guide eye gaze and button presses faster than 1-image and 2image agent cues. When these cues were animated using the principles of
animation, they introduced a substantial increase in the likeability of the
agent observed but also delaying the response latency. The use of the
‘exaggeration’ principle of animation was shown to provide the optimal
balance between response speed and preference. Following on from the
experiments, the thesis develops a formal categorisation for a user who
occasionally uses UIs, the Occasional User (OU), and the specific
development of a new interaction style for the OU, represented by a guideduser interface, that does not require any prior experience and only a
minimum knowledge of to use it. In summary, this overall analysis of
guidance mechanisms and unfamiliar HCI contexts indicates that VA visual
cues influence the overt allocation of user attention and that, in combination
with an ad-hoc interaction style, may be used to enhance occasional digital
interactions.
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Chapter 1
Machina ex deo: end-user alienation in the context of Self-Service
Technology

1.1 Introduction: Engineering Design of Self-Service Technologies
Since the release of the Automated Teller Machine (ATM) in 1967 (BatizLazo & Reid, 2011), the ubiquity of ATMs and other analogous devices - such
as Self-Service Checkout (SSCO), public kiosks, or Self-Service Check-in
(SSCI) (see Fig. 1) - has increased year by year (for example, in the case of
the ATM there were over 2.3 million of machines installed world wide by
2012; ATM Industry Association, 2012a). In wealthy countries, Self-Service
Technologies (SSTs) have become an important part of modern life, being
necessary in many daily routines such as withdrawing money in the street,
doing shopping at a supermarket, getting a boarding pass or scanning a
passport at the airport.

1
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Figure 1. Examples of Self-Service Technologies (SSTs). (a)
Automated Teller Machine (ATM), (b) Supermarket Self-Service
Checkout (SSCO). (c) Airport Self-Service Check-in (SSCI).
(Creative Commons)

The SST’s role is particularly valuable when other sources that provide an
equivalent service are not available. For instance: the case when banks are
closed and their clients can withdraw money only through an ATM; late at
night at a supermarket, when human cashiers are unavailable, and the only
way to pay for the shopping is using an available SSCO; or when in a foreign
country, the only way to get information on how to reach a destination in the
traveler’s language is to use a how to get there machine (see Fig. 2).

2
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Figure 2. Public kiosk at the Edinburgh Airport. It gives information
to travelers about: transport timetables; planning a journey by bus,
coach, ferry and train; cycle routes; and local weather. The
information is accessible in different languages. (Edinburgh
Airport)

Those issues underline the importance of availability, ease of use and
success of a digital transaction. Nonetheless, the adoption of the SST is not
always perceived by customers as successful, as witnessed by criticism in
popular culture (e.g., Martin, 2012). This is so because a traditional
customer-attendant transaction incorporates characteristic elements of
human-human interaction that are habitually absent in a SST encounter, such
as attending to on demand customer’s requests and needs, or spontaneous
unrequested help offered by a staff member (Lim, 2012). The critical aspect
of this type of interaction wholly resides in the word Self, entitled in the
denomination of the SST. It is assumed that the user, who now takes an
3
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active role, knows how to do the transaction while the machine’s role is to be
reactive. This role distribution creates, by definition, a transaction carried out
by the user without the direct attendance of a staff member1. The user has to
be capable of knowing how to do the transaction in the correct way, without
learning mechanisms or easily identifiable ways of seeking help. These
issues may be accentuated by diverse factors, such as: the experience that
the user has with the specific interface and, indeed, similar interfaces and
digital interactions in general; whether the transaction is taking place indoors
or outdoors; the category, dimension and impact of distractors; and
psychological factors such as stress when, for instance, the user who is
currently carrying out a transaction is aware of a queue of people waiting to
carry out their respective transactions. Thus, replacing the traditional human
attendant that is familiar to customers, travelers and users, with SST
machines that are not always easy-to-use, could create a a negative attitude
among end-users towards this type of technology (Reinders, Dabholkar, &
Frambach, 2008). However, research has demonstrated that, for example,
introducing a member of the staff that acts as back-up option in the case of a
problem results in a more positive attitude overall, which could compensate

1 In the cases where there is staff member supervision guarding transactions
on a fixed number of machines, e.g., SSCO at a supermarket, the potential
help provided is considered not immediate and dependent on other factors
not intrinsic to the digital transaction, such as the ability of the staff to detect
the need of help via machine signals or customer gestures, and it is
definitively influenced by the availability of that staff member in the moment
of the current transaction issue who may be supervising other transactions
with concurrent issues.
4
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to some extent the adverse effect of doing the transaction by oneself
(Reinders et al. 2008).
1.2 Origin of Self-service Technology
Since their appearance in the late 1960s, the ubiquity of SST and their
relevance to customers has only increased. At present, these technologies
are required for very diverse purposes outdoors and indoors, generally in
public areas with a wide access such as airports, shopping centres or banks
and offices. Although their hardware and software components have evolved
rapidly in parallel with other Information and Communication Technologies
(ICT), the SST design procedure has hardly changed since its inception. The
design method of a SST device has been inherited from the highly successful
manufacture, deployment and service of the ATM. Indeed, most of the SST
machines are, in essence, modifications or new versions of an ATM, with the
hardware and software modified for the specific task, e.g., shopping,
scanning, or providing money. The history of SST’s first appearance and their
emergence is briefly explained to support the explanation of the problems of
use originated in the SST’s early designs.
The first introduction of the SST in the daily life of citizens, a cash
machine, can serve as an example of how the user’s role triggers innovation
and development, and it is particularly interesting for the history of the
interaction between humans and technology. The precursors of the ATM
were cash dispensers, analogue devices to the present ATM that required
human assistance to authenticate the customer to complete transactions.
During the 1950s and 1960s, US and European retailers were involved in a

5
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long-term mechanisation process which introduced services such as postal
deposits and mobile branches.
In Britain, the labour market and unions pressured bankers and triggered
the advent of finance machines. In the early 60’s, an increasingly unionised
work force was pressing to close to customers on Saturday morning, which
created a top concern for bankers in terms of how to maintain management
service out of working hours (Hollom, 1964). During the late 60s, these
technologies were deployed in order to transform the contact with retail
customers while relieving overcrowding in retail bank branches. In
consequence, the ATM could deal automatically with individual accounts in a
customer-initiated transaction, quickly becoming a substitute for human
intervention warranted by the fusion of cash machine and software
applications. These applications provided electronic trust mechanisms
together with real-time communication with the customer account to
effectively dispose their funds. A key technological development that made
this possible was the replacement of predominant monochrome text-based
monitors by colour graphic displays, that allowed not only to improve the
quality of the information displayed but also to represent information relevant
for the transaction in a meaningful way, such as displaying notes, debit/credit
card, receipt. This new way of communication anticipated the rapid growth of
the SST model that later on would be pervasive, becoming an indispensable
part of the urban environment.
The success and proliferation of the SST were the result of two key points:
firstly, the on-demand access to a needed ‘token’ (for example, cash) and
secondly, the requirement for proof-of-identity (at the beginning via cheque
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with radio elements and nowadays by debit or credit card chips). This
satisfied both sides of the trade, customers and businesses, ensuring a
large-scale expansion and long life for the invention (Batiz-Lazo & Reid,

2011).
1.3 Statement of the problem: End-user alienation caused by the false
attribution of tacit knowledge
The benefits from the introduction of SSTs for the retailer companies
derive from cost efficiency, as a result of reduced staff requirements and
personal training costs (Dabholkar, 1996). Users benefit from reduced
transactions times, better service and perceived privacy and anonymity
(Hsieh, 2005). However, to gain these benefits, users are required to use the
system in a reasonably competent way, and a way that might mean that
despite the potential advantages of the adoption of SSTS, the implantation
does not necessarily increase the customer value (Cho & Fiorito, 2010;
Reinders, Dabholkar, & Frambach, 2008). Thus experience and competence
in using the system become essential to exploit all the supposed advantages
of a SST system:
“An inexperienced customer can cause even more delays than an
inexperienced cashier on a conventional register; and older
customers may expect the attendant to assist them directly with
scanning items, preventing the attendant from dealing with other
customers who actually require intervention" (Reinders, Dabholkar,
& Frambach, 2008 describing the problems related with SSCOs as
cited in Shiang-Yen, Abdullah, & Idrus, 2011).
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Technological innovations are new to customers (Garcia & Clinton, 2002)
and can cause apprehension or anxiety in those who lack sufficient
experience with the technology. Therefore users’ reluctance to adopt SSTs
has become a hurdle for companies that want the full cost benefits of
technological service innovations (Liljander, Gillberg, Gummerus, & van Riel,
2006). SSTs also reduce the points of customer contact during the service
delivery process which leaves fewer chances for early detection of
complaints and opportunities for service recovery (Laws, 2004 as cited in
Kelly, Lawlor, & Mulvey, 2010).
In retail markets, the use of SSCO is currently being questioned. For
instance, a consumer survey from queue management and customer journey
specialist Tensator revealed that one in three shoppers (out of 400 polled)
have walked out of a store without buying the goods they intended to
because of a bad experience with a SSCO (Tensator, 2013). They found that
84% of respondents needed staff assistance when using a SSCO, and nearly
60% of customers preferred using more traditional staffed tills:
“If so many people need help, its not self-service.” (Alan
McPherson, CEO of Tensator Group in Tensator, 2013).
Furthermore, the largest British grocer, Tesco, confirmed its exit from the
United States of America after an attempt to sell groceries in its 200 ‘Fresh &
Easy’ stores in California, Arizona and Nevada. Analysts said that Fresh &
Easy’s use of SSCOs stands confused consumers used to heavy store
helper presence (Hsu, 2013). Another supermarket chain, Big Y, removed the
self-checkout systems from their stores in 2011:
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"After extensive research, Big Y, has concluded that these self
checkout lanes not only do not save their customers time but
usually take them even more time to check out than customers in
standard checkout lanes," (Rizzuto, 2011).
In research, Meuter et al. worked on understanding customer satisfaction
with SSTs encounters. They interviewed 823 people who reported 364
dissatisfactory encounters with SSTs. Of these, 36% were related with poor
design, only preceded by technology failure category of incidents with 43%:
“The dissatisfying incidents also suggest that poor design is a
significant problem for both the technology interface and other
aspects of the service process. Technological tools, specifically
SSTs, are used to their full advantage only when they are
designed with customer needs in mind and fully integrated into the
design of the overall service. One way to reduce these types of
failures is to include customers in the design of the SST and the
corresponding service process. Merely integrating technology
without regard to customer needs oR integrating technology into a
faulty system is a recipe for disaster” (Meuter, Ostrom, Roundtree,
& Bitner, 2000).
This quote is consistent with the view that Self-Service Technology (SST)
design is focused on engineering capabilities rather than on user needs
(Rust & Kannan, 2003; Meuter, Ostrom, Roundtree, & Bitner, 2000).
In conclusion, the introduction of a SST does not automatically lead to its
usage, which can be an issue in technology markets where the law of critical
mass applies (Parasuraman & Colby, 2001 as cited in Liljander et al., 2006).
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Each SST presents a range of operations for which users/customers are not
normally trained. The mechanisation of tasks, which were usually performed
by experienced and qualified staff, results in a double operational and
responsibility shift towards the service operant that will be described next. A
User-Centred Design (UCD) (Norman & Draper, 1984) approach would
potentially compensate this deficit of user knowledge (see the case of retail
bank First Union in Frei, 2006), accommodating the SST design to user skills
and competence:
“Understanding the types of intense or immediate needs
customers may experience should help managers effectively
design and position their SSTs relative to competitors” (Meuter,
Ostrom, Roundtree, & Bitner, 2000).

1.3.1 Task shift does not entail tacit knowledge transfer
The introduction of SST implies an operational shift of the person who
uses the machine, which translates the responsibility for the outcome of the
interaction to the untrained user. The responsibility shifts from a scenario of
predominant human-human interaction actively developed by an employee
and, at times, facilitated by technology, to a human-computer interaction
where the active role is performed solely by the customer and the technology
acts merely as a reactive component. This shift is reflected in the user role,
which is translated from lower-skilled to higher-skilled, without a clear
solution of how to solve that skill imbalance. Furthermore, the customers’
lack of experience in specialised tasks is another important component which
feeds into this imbalance.
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The disparity between the old and new user’s role is supposedly
compensated by the experience the user has with the SST machine.
Experience in a specific task is known in the marketing and services
environment as tacit knowledge, first introduced by the philosopher Michael
Polanyi (1966). It is the opposite of explicit knowledge and represents the
know-how gained through experience. It refers to the knowledge a person
has and cannot be transmitted by verbalization or any means other than
practice, exercised by personal contact, regular interaction and trust (Goffin &
Koners, 2011). The supposition is that the design of SST theoretically
accomplishes a balance that provides everything the customer needs to
successfully accomplish a digital transaction. With SST, the device is the
bridge with the customer rather than a well-trained staff member. This has
significant implications for the supposed reallocation of tacit knowledge,
which are, among others, difficulty associated with service recovery, lack of
face-to-face employee driven tasks (Meuter, Ostrom, Roundtree, & Bitner,
2000; Menon & Bansal 2007; Johnson, Bardhi, & Dunn, 2008) and physical
and cognitive human diversity inherent to the new operant that the customer
represents in the transaction (Hilton, Hughes, Little, & Marandi, 2013).
Customers have to generally undertake not only the same tasks that
specialized members of the staff with appropriate training do, but also have
an unprompted responsibility for the interaction outcome. For instance, each
shopping transaction at a SSCO goes through a complicated process of
fraud prevention based on weight comparison in the bagging area, which
most customers (especially first-timers) are unaware of, and these are
processes that easily undermine customer confidence and potentially
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provoke frustration (Frei, 2008). In summary, there is an operative shift in the
operant responsible for service production, from a trained employee to an
inexperienced customer, that also implies a conceptual shift in the
responsibility of the transaction outcome. This double shift does not
incorporate all the beneficial features present in face-to-face service
experience, hence potentially making the user powerless when facing novel
and complex tasks that unaided customers are unlikely to be able to
overcome by themselves (Robertson & Shaw, 2012).

1.3.2 The current problem of SST: end-user alienation
One problem that rises at present is associated with the role that the
machine interface plays to accomplish a SST transaction. For instance, in the
case of the ATM, with an estimated 49 billion in 2005 (UK Payments
Administration Ltd, 2005) and 62 billion global cash withdrawals in 2009
(Future Trends Report, ATMIA, 2012), the interface for each of those
machines is developed without following a formal protocol, guidelines or
established methodology for the correct design of its interface (Meuter et al.,
2000). The ultimate purpose of the interface should be to act as the bridge
between the user and their goals, noting that a well-designed interface will
lead a user to finish the transaction successfully. However, a badly designed
interface will probably predispose a user to a severe reduction in
performance or even failure during such a transaction, with subsequent
impact on qualitative user factors, such as frustration, perceived quality of
service, and potential undesired complaints. This is a result of an engineering
approach used in the design process, placing the machine and its functioning
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as the paramount component but without complementing or combining it with
a User-Centre Design (UCD). The user is therefore alienated from any
methodical approach that formalises their requirements and benefits the
inclusion in the design stage of their needs.
The design of the digital interface also plays a vital role in the business
model in SST scenarios, connected with the delivery of the desired token or
service. Design problems are more likely to be more difficult to avoid, and
persistent in continuous use (Meuter et a/., 2000). They have an influence on
the process of interaction and beyond, affecting the notion that a user, in the
role of a customer, makes about the company that dispenses the service directly affecting its loyalty to the firm.
One question may rise in this context: is the design of the interface the
only factor that decides the outcome of the transaction? It is certainly one of
the main factors, but it is not the only one. There are other components, such
as the user’s internal factors, (e.g., cognitive, physical, emotional) and factors
external to the user (e.g., other people queuing, noise, weather). All of these
factors should be taken into account when designing technology and
interfaces for end-users. Many of these elements are, at first glance, out of
the control of an interface designer, but this constraint does not eliminate the
need to consider them during the analysis, design and evaluation stages to
design an interface that works consistently well regardless of the factors that
apply. The analysis of those factors seeks to deal with potential difficulties
during the transaction, and, consequently, provides alternative solutions and
assistance to mitigate potential problems. What is thus required is an
informed design that is aware of the obstacles to improve the state of the art
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of User Interface Design (UID) on SST digital transactions. It is necessary to
replace the tendency of a business, deadline-based, approach with a UCD
approach that introduces the customer/user needs in the design cycle of the
technology.

1.4 Target Audience
The outcome of this Human-Computer Interaction (HCI) research project
is targeted at the HCI community in general and at interface and interaction
designers in particular. Other potentially interested parties include: digital
artists and animators who have to deal with the issues of adapting and
synchronizing their creations for interactive environments in real-world
settings, and cognitive psychologists whose research involves working with
machine transactions for users with no experience.

1.5 Thesis hypothesis and objectives
The following research question is addressed by the project:
Research Question
How can a user of an unfamiliar interface be guided to
accomplish a digital transaction in a machine designed with an
absence of User-Centred Design design protocols, in a context
without external aids for the interaction, and without efficient
mechanisms for learning how to use the interface?
The rationale of this thesis is then to develop a new model of interaction
for inexperienced users of a digital interface that will serve as a proof of best
practice for User Interface (Ul) designers and the rest of the target audience
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previously described (section 1.4). The inspiration of this model is taken from
the transaction that a first-time user will have to face when using SST. In this
context, three problems are prioritised:
Can a user unfamiliar with the interface be guided by a virtual
agent implementing psychological principles of visual cueing?
Can a the occasional use of an unfamiliar interface be formally
categorised, specifying user needs in terms of user interface
requirements?
Can an occasional user of an interface successfully accomplish
their goal employing a style of interaction specifically designed for
this type of users?
Three objectives are presented to address the questions identified above.
The first objective concerned human attention mechanisms and was carried
out in the laboratory. The second was mainly theoretical and categorised the
occasional user of an interface as an example of inexperienced user. The
third is a case study that evaluated in the field an assistive interaction
developed for that occasional user. Therefore the principles used in this
research were evaluated inside the laboratory to and applied into the field,
and under the possibilities of the research resources of the institution during
the 3 years this project was conducted.

1.5.1 Psychological mechanisms of guidance for inexperienced user
The first objective is to direct the user’s attention at the appropriate time to
the correct place inside the interface that are pertinent to the task in course.
The occasion when a user faces an unfamiliar interface involves issues that
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influence the way the mechanisms of orientation and guidance should be
developed. Accordingly, mechanisms of attention were studied as a suitable
source of directing user’s attention to specific areas relevant for the
interaction.
User attention is addressed using Psychology paradigms based on human
physical deictic cueing. Cues are used as indicators to direct the observer’s
attention where the interaction should occur. These cues are implemented in
a virtual agent (VA) using state of the art animation techniques, based on a
natural and likeable performance of gaze and head cues (Martinez, Sloan,
Szymkowiak, & Scott-Brown 2010; Martinez, Sloan, Szymkowiak, & ScottBrown, 2011).

1.5.2 Categorising the user of an unfamiliar interface
The second objective is to formally specify a new category of user that
truly reflects the characteristics that conform of a SST’s user, especially at
times when unfamiliarity is at a maximum and consequently increases the
difficulty of using the Ul.
This need for a correct categorization of users without technological
experience is covered by the definition of a new category of user, the
Occasional User (OU) (Carrillo, Martinez, Falgueras, & Scott-Brown, 2013),
that truly specifies the characteristics and idiosyncrasies of an inexperienced
SST user.
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1.5.3 Assistive style of interaction for occasional user
The third and final objective is to explore whether an interaction style that
defines a new way of designing the interface layout, interface task tree and
decision making steps can effectively lead to a better transaction outcome
and interaction flow. This is assessed by quantitative factors such as
transaction time and number of errors, and by quantified qualitative factors
such as user satisfaction and overall preference. This new interaction style is
specifically designed to reduce the cognitive load on each step of the
interaction and ease the attainment of the transaction.
A model of interaction for the characteristic of the OU is built up based on
a specific developed methodology, AGILE2 (Martinez, Carrillo, Scott-Brown, &
Falgueras, 2013). The methodology simplifies the interaction with the user
interface, reducing the complexity of the decision making in each step of the
process. Decreasing overall transaction time and increasing user satisfaction
are examples of the benefits that this new methodology incorporates for the
OU.

1.6 Interdisciplinary Approach
Research about real-world problems has to deal with a wide range of
complexities, including different orders of reaction times depending on the
2 AGILE is the acronym of Assistive Guided Interaction with no Learning nor
Experience required. The term bears a striking resemblance to a homonymic
term AGILE from Software Engineering methodology (Fowler & Highsmith,
2001) but they have to be differentiated. They share the concept of the
iterative design typical of any user-centred interface design. However, apart
from that feature, there is no inspiration or relationship between the two
terms.
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activity executed, changeable environmental conditions and unpredictable
disruptive events. There are numerous examples from interdisciplinary
research in HCI, (Beaudouin-Lafon & Mackay, 2002; Lambourne, Feiz, Rigot,
& Design, 1997). The penultimate Mars rover design is a good example of a
selection of useful paradigms from other disciplines in the creation of a
solution for a real-world problem with unparalleled conditions. The designers
decided not to use the most technologically advanced material available at
that time, instead, choosing to employ the most robust and reliable known
materials, so as to offer the best resistance and durability against adverse
environmental situations exceeding mission requirements (Lindemann &
Voorhees, 2005).
“We're rooting for our rovers to survive these storms, but they
were never designed for conditions this intense” (NASA JPL,
2007).
The enterprise was extremely difficult not only for the unstable
atmospheric conditions of the distant planet Mars, but also because it was
the first-time that two rovers (i.e., Spirit and Opportunity) of those
dimensions, weight and capacity were used. All of that led to the choice of
materials that maximized the chance of success given the risk factors and
probabilities facing the mission instead of using a criteria based on latest
technology release. This was an example of conscientious methodology and
tool selection for the best performance of the intended solution, to land two
rovers on Mars for the duration of the expedition, planned to be 90 days but
which have lasted many times their designed lifespan (10 years and ongoing
in the case of the rover Opportunity, 6 years in the case of the rover Spirit).
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In a similar way, the aim of this thesis is to inform the design of a digital
transaction’s interface for inexperienced users, but using paradigms chosen
for their suitability for capturing the attention, guiding and instructing the
inexperienced users. The complexity of this problem is tackled from a
interdisciplinary angle, to maximize the chance of a successful transaction,
regardless of the experience the user or any environmental factors that might
play a part. Principles that reside in the intersection of chosen disciplines can
be combined into an effective solution to be tested not only in the laboratory
but also in a real-world scenario. This research incorporates methodologies
and concepts that favour reliability, usefulness and universality standards
instead of using pre-established de facto standards. The core disciplines
have been chosen and their selection criteria are explained based on the
effectiveness of the application of their associated principles. This
investigation meshes ad rem principles from three different disciplines:
Cognitive Psychology, HCI, and Animation. Lastly, it is the ultimate goal to
enhance HCI without requiring an intensive study of the interface by the user,
and to apply an inclusive paradigm projecting the results for a wider
spectrum of users with similitudes to those who face a digital interface for the
first time.
In the following chapters the fundamentals of each chosen discipline are
described and justified, framed by the nature and edges of the problem that
served as an inspiration. Due to the limitations in research time available, the
scope of this thesis is to test the principles that are the most relevant to the
solution, with the intention of applying them in a real-world digital transaction.
That real-world transaction context imitates to some extent the key features
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that intrinsically define the underlying problem of SST digital transaction for
inexperienced users.

1.7 Structure of the Thesis and Chapter Distribution
This thesis is structured in four different parts: Introduction, Literature
Review, Core and Conclusions. In total, there are eight chapters that contain
a faithful description of the original investigation carried out in the research of
enhancing the digital interface for users unfamiliar with the SST’s (see Fig.

3).
In Chapter 2, the literature is divided in three categories: a review of
Cognitive Psychology research into the attention mechanisms, research
about several key aspects of Animation and virtual agents, and the suitability
of Inclusive Design models from HCI. Chapter 3 presents the research
program objectives, the critical framework, the methodology and the research
methods used in this project. The results of the various research methods are
shown in chapters 4 through 7. Chapter 4 concerns the exploratory analysis
of the use of virtual agent deictic gaze cues on a digital interface in a
searching task. Chapter 5 focuses on the comparison of dynamic versus
static virtual agent gaze cues. Chapter 6 continues the evaluation of different
types, emotional and artistically animated virtual agent cues. Chapter 7
opens with a new categorisation of an occasional user of technology,
followed by a study case of the implementation and evaluation of an interface
using an interaction style for such type of user. Finally, the conceptual
underpinning of the research, the innovations of this thesis, and future work
are presented in Chapter 8.
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Research Program
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Assessment of deictic gaze
cue to positively influence
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Orientation and Direction of
Attention by Virtual Agent
Deictic Gaze and Head Cues
Investigation of Emotional
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Virtual Agent Deictic Gaze
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AGILE Interface for ‘NoLearning nor Experience
required’ Interaction

Conclusions

Figure 3. Overall structure of the thesis and distribution of chapters
content.
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Chapter 2
Towards an interdisciplinary paradigm for designing interfaces for
inexperienced users

2.1 Introduction
Several paradigms were chosen for their relevance for the thesis
development. In particular, to know about the role that attention plays in
everyday human interactions it was found relevant to review the state of the
art of models of visual attention. A survey of studies carried out since 1800
confirms that attention has been the focus of a substantial body of research
over the years. An understanding of how attention operates is necessary to
acquire the sufficient knowledge to control in some extent its mechanisms of
operation in a given scenario. An in-depth insight into those mechanisms is
presented in section 2.1.
Another important aspect is the adverse effect that the lack of experience
introduces in technology usage. An explanation of how inexperienced users
have been mostly ignored by the traditional user classifications, together with
the application of an approach focused on the end-user is included. Finally,
those two analysed aspects result in the selection of an interdisciplinary
approach to tackle the complex problem of digital transactions for
inexperienced users.
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2.2 Cognitive Psychology: Attention Mechanisms
The Psychology of Attention includes methods and principles to reveal the
mechanisms and different types of mental operations involved in specific
areas of human activity. The corresponding psychological activities are
normally complex at different scales, such as chemical, neurological,
physiological or ergonomic, and contexts, such as internal, external or
combined. One consequence of that diversity is that as long as studies of
attention move from internal processes in laboratory settings towards
external interactions with other agents in real world scenarios, e.g., humanhuman interactions, the list of possible factors implicated become very much
larger and the interrelationships between them more complex. However, in
an experimental design based on attention in everyday situations, attention
mechanisms play a fundamental role in the interaction, where their operation
can effectively interplay with the rest of the components of a digital
transaction. Thus, understanding attention’s internal mechanisms and their
interrelations and connections with other external factors becomes critical for
this thesis. The purpose of this literature review chapter is to highlight those
studies which are directly related to the application of attentional cues to
orient and direct the user attention to specific points within a limited area,
typically inside a digital screen that acts as a frame of reference, in
consonance with those principles of human guidance methods considered
pertinent to be applied on the interaction with digital interfaces.
In the context of design of digital transactions, the focus is on aspects of
the activity that can be influenced by and addressed to an interaction with a
third party. The selection is of those mind processes - such as detection,
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orientation and reflection - that participate in a human-computer interaction. If
these processes are well defined and coordinated during the design stage of
a digital transaction, they may positively influence the outcome of that
transaction. Those selected processes inherently belong to the human user,
making the attention one of the key elements to benefit the Human-Computer
Interaction.

2.2.1 Orientation and Detection
The role of attention in human activity has traditionally been studied in
various contexts, such as measuring an activity’s performance (Locke, Shaw,
Saari, & Latham, 1981; Wickens, 1991; Meiran, 1996), designing to avoid
critical errors (Reason, 1990; Yeung, Botvinick, & Cohen, 2004; Hollands &
Wickens, 1999), or finding optimal ways of communication (Horvitz, Kadie,
Paek, & Hovel, 2003; Vertegaal, 1999; Tomasello, 2008). It is useful to study
spatial attention, for example, since it sheds light on the neural systems
which underlie human visual (or sometimes auditory) performance, and feeds
into models of cognition. One of the most important authors in the study of
spatial attention is M. I. Posner, an authority in the matter since he published
the very extensively cited Orienting of Attention in 1980 (Posner, 1980).
Based on previous research on daily-used skills, such as reading, he studied
internal attentional mechanisms assuming an attentional system with a
limited capacity (Broadbent, 1977). He separated the attention mechanisms
relative to stimuli in two differentiated cognitive acts: orientation and
detection.
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Orienting is defined as the alignment of the attention provoked by a
sensory input or by internal mechanism coming from thought or memory, with
a reflex component but without reaching the level of being aware or
conscious of the stimulus. In contrast, detection consists of the
acknowledgement of the stimulus that is reported by arbitrary responses to
the experimenter. Posner’s experiments concluded that detection is preceded
by an orienting act, and it implies a cognitive response. However, orienting
does not always have to be followed by detection, like for example in the
case that after an orientation, the detection stimulus is misperceived, has
disappeared or has resulted in a participant’s wrong answer (or lack of
response). This distinction explains why some mechanisms are available
before a stimulus is reported, like saccadic movements, or why brain injured
patients cannot detect events to which they can orient their attention. Thus,
orienting and detection are two different operations of attention.
Orienting has an active nature of operation, as opposed to the conscious
process of detection. Posner used the cueing paradigm that represents
guidance made by information physically or semantically connected with the
appearance, placement or indication of an event or target. However, he
stated that orientation is not a passive filter that can be set in place and left.
For example, an experiment where the cueing paradigm was made likely for
a whole block of trials, showed no benefits for the frequent position in
comparison with conditions in which all positions were equally to occur,
although there were small costs at the infrequent position (Posner, Snyder &
Davidson, 1980). Therefore, an active and continuous process of maintaining
orientation is critical to exploit its benefits. Furthermore, orientation is a
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necessary preparation for a detection act that sets up mechanisms for
conscious processing of information.

2.2.2 Shift of attention
Another important element of attention is the shift of attention across the
visual field in accordance with given instructions in order to study the
separation of the line of fixation from the line of attention. This exploration
can be easily understood with the analogy of the expression to see someone
or something out of the corner of one’s eye3, meaning see someone or
something at the edge of one’s field of vision .
In Posner’s experiments, effects of the cue on error rate were always
small and the overall effect of cueing seemed to get smaller as the task was
made more difficult (around 60ms of difference in favour of congruent cue;
Posner, Nissen, & Ogden, 1977). This may suggest that more cognitive load
introduces more complexity in the task performance, supporting the idea that
effects of knowledge of spatial position provided by cues are helpful only
when the field is cluttered. In tasks where attention will be directed, it might
be better not to know where the stimulus will occur rather than have to
reorient from visual position to a semantic code. The response method
utilized can demonstrate the impediment. In the case of making the response
via a digit or letter mechanism with only one key, false alarms were
numerous and, with two keys, the number of false alarms were reduced but
effect of the cue was minimized. If the effect gets smaller with complex task,
the fact of having to reorient attention from visual input to internal structures

3 Definition from Apple Dictionary, 2011.
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may positively influence the outcome of the task, although in detriment of
performance measurements such as time of response.
Spatial attention shifts and eye movements have been also the focus of
several studies. In everyday situations, eye and head movements are
coordinated with shifts of attention. However, it was relevant to discover
whether the systems work always the same way, or, on the contrary, they
have different ways of operation depending on the circumstances. The
purpose was to explore the mechanisms by which eye and head movements
on one side, and attention shifts on the other are or are not dissociated.
Studies of activations on single cells without eye movements, on areas
habitually associated with eye movements, stated that such cells were more
related to visual properties of the stimulus than to motor commands. Around
1980, there were three main streams of thought to explain it:
a) Complete dependence.
b) Different systems with close functional but different
physiological relationship.
c) Completely independent systems.
The Efference theory (stated by Helmholtz in 1866; see Helmholtz, 1962)
would be placed between the first and the second stream, declaring that
attention shifts were programs specifically developed for the movement of
the eye. However, Posner demonstrated with an experiment involving two
consecutive eye movements, each going to the right of an initial fixation
point, that there was no relationship between spatial attention shifts and eye
movement latencies4 (Posner, 1980, p. 17-18). He found that while the eye is
4 Eye movement latency is defined as the time elapsed from the presentation
of a stimuli until the corresponding eye movements towards the target.
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planning to go to the next target (fixation point 2), there is a strong tendency
of attention to shift to fixation point 1, concluding that, while programming eye
movements, participants did not maintain attention. However, attention and
eye movements can be precisely related, which is showed by the fact that
there is a firm tendency of attention to shift to the target around 50 - 100ms
prior to the eye movement. In conclusion, attention and eye movements work
in close relationship in many different situations, having different
physiological systems but being able to work independently or in coordination
depending on the context.

2.2.3 Physical and Social Cognition
Attention also has an impact on other areas, such as social and physical
cognition. Nathan Emery’s studies are focused on the evolution of cognition
in animals, particularly in monkeys, corvids or parrots (Emery, 2000). What
these animals may know about other minds and what they may know about
the properties of objects can give an insight into the cognitive processes.
Visual social signals may help to infer the intentions of others. For instance,
the evolution and function of social gaze can be observed studying the gaze
following and joint attention paradigms that are not exclusive to humans.
Behavioral and physiological research of a monkey’s brain can help to
understand the Theory of Mind (ToM) (Premark & Woodruff, 1978).
ToM has had a deep impact on Psychology, and it consists of the ability to
deduce psychological states in an observed individual, such as intentions,
beliefs or desires, which can be the same or different to those that the
observing individual has (Premack & Woodruff 1978). Neurocognitive studies
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divided the mental attribution of states in a four-components model formed
by two detectors, eye direction and intentionality, and two mechanisms,
shared attention and ToM (Baron-Cohen et a/., 1994). This model was later
refined, having added another detector, direction of attention, and another
mechanism, mutual attention (Perrett & Emery, 1994). The detector of
intentionality represents the volitional states of a behaviour; shared attention
mechanism when at least two agents are attending the same target; direction
of attention detector to process all potential attention cues from eyes, head
and body; and mutual attention mechanism to detect mutual gaze between
two agents.
ToM explores the links between one’s attention and the attention of others
and it is necessary to translate the egocentric perspective of a subject into an
allocentric perspective of the world. In this context, observation of others'
gaze direction is a potential resource of social information and may signify
and provide help to infer individual’s external and internal states. Depending
on where these gazes are directed and observed, the implications may differ.
For example considering the case of two individuals, when they look at each
other it is called mutual gaze. When one individual looks at the other but the
second looks somewhere else, it is called averted gaze. If this diversion is
followed by the first individual, it is then called gaze following. This
categorisation of different types of gazes is commonly analysed in attention
studies. Translated into attention terms, if gaze following has a focus, it is
called joint attention. A particular case of joint attention is shared attention,
and this happens when two individuals share the focus of their attentions and
both are aware of where the other is looking. ToM uses the awareness of the
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occurrence of any of these processes together with cognitive strategies
based on own experience, empathy with the entity observed or as a
component of a situation as it unfolds, to establish the causality or intention
responsible for the attention to a specific stimulus (see Fig. 4, 5 and 6 for a
detailed visual scheme based on Emery, 2000).
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Figure 4. Examples of gaze between a human observer and a
digital virtual agent5. (1) Mutual Gaze, where the human and the
agent look straight forward to each other. (2) Averted Gaze, where
the human looks straight to the agent but the agent is not looking
at the human. (3) Gaze Following, where the human perceives the
agent looking in other direction and consequently follows agent’s
gaze towards the same direction.

5 The examples are described from the perspective of the human observer.
The figure shows a monitor at the top half, and a human facing it at the
bottom half.
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Figure 5. Examples of attention states between a human observer
and a digital virtual agent6 (I). (4) Joint attention, where both
observers are focused on the same target after a gaze following.
(5) Shared attention, a particular case of joint attention, where
both observers are aware of other’s focus of attention.

6 The examples are described from the perspective of the human observer.
The figure shows a monitor at the top half, and a human facing it at the
bottom half.
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Figure 6. Examples of attention states between a human observer
and a digital virtual agent7 (II). (6) Theory of mind, a case of joint
attention where the human is aware of the agent’s focus of
attention and infers its intention.

2.2.4 Attentional Cues
Physical cues are important for the function of orienting the attention to
determined points in the space. In the context of HCI, this space is
7 The examples are described from the perspective of the human observer.
The figure shows a monitor at the top half, and a human facing it at the
bottom half.
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conventionally understood as the area inside the screen interface, although
there are a few software applications that have started to include the space
surrounding the interface (see the game console Nintendo Wii, 2006, or more
recently Microsoft lllumiRoom, 2013).
There is a wide range of cues applicable as guidance in everyday life
situations. Types of cues can be biologically implemented by deictic
declarative pointing gestures done by extremities, such as hands, body, head
and gaze orientation (see Fig. 7 for examples of these cues); or nonbiologically interpreted by conventions, such as arrows, traffic signs, etc. The
cues relevant for this project are those which allocate the attention based on
the reference system centred in the observer. Therefore, cue indications are
relative to the user as the centre of origin, being the interface and all its
elements third parties relative to the user.

Figure 7. Two examples of virtual agent physical spatial cues. (1)
Gaze cue: the virtual agent looks at the top right corner square
area. (2) Gaze and extremity cues: the virtual agent looks and
point with its arm and hand to the top right corner square area.
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2.2.4.1 Gaze cues
In order to form a complete picture of how the range of cues have been
traditionally studied and used in the literature, including those implemented in
User Interface Design (UID), the following sections will describe the
characteristics of different types of cues. Gaze cues are firstly analysed for
their importance in the cueing paradigm. Afterwards, other human cues such
as head and emotions are studied in the same context.

2.2.4.1.1 Voluntary vs automatic attention shift: both top-down
processes and automatic characteristics
The two approaches to the topic of attention shift concern the uncertainty
of whether they are voluntary, i.e., governed by an endogenous control
(Vecera & Rizzo, 2006), or obey automatic procedures, also called reflexive
or exogenous control (Stevens, West, Al-Aidroos, Weger, & Pratt, 2008). In
the reviewed literature, five features of gaze cues appear to reflect properties
of endogenous systems:
1) Gaze cued shifts are relatively slower than attentional shifts and
consistent with the order of magnitude of the speed of volitional
control (Jonides, 1981), which is greater than 100ms in the
case of volitional control vs = 20ms in the case of automatic
shifts (Friesen & Kingstone, 1998).
2) Eye-gaze cues are central, in contrast with the exogenous
cues that are placed in the location where the participant has
to look. This central position of the eye-gaze cues probably

35

Santiago Martinez - Interaction style and virtual agent spatial guidance

result in a higher processing level to meaningfully direct their
gaze.
3) Gaze cues do not seem to provide the inhibition of return
processing around the 300ms threshold, typical effect of
attention shift at the cued location (Friesen & Kingstone,
2003b).
4) Different structures of the brain are associated with the
attention shifts and gaze cue effect (Posner, Rafal, Choate, &
Vaughan, 1985; Friesen & Kingstone, 2003a; Corbetta &
Schulman 2002).
5) A brain damaged patient showed no gaze cueing attention
shift effect, suggesting top-down control necessary for gaze
cueing (Vecera & Rizzo, 2006).
However, other arguments support that averted gaze observation may
trigger automatic relocation of attention:
1) Even when participants are encouraged to orient away from
gaze direction cue and informed that the target will be
presented at uncued location in 80% of the trials, the gaze
cueing effect is observed (Driver et a/., 1999; Friesen, Ristic, &
Kingstone, 2004).
2) Gaze cueing effects were observed inside the order of
magnitude of automatic orienting (14 ms), questioning the
assumption that the gaze cueing effect operates in a greater
order of magnitude of slower controlled processes (Hietanen &
Leppanen 2003).
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3) Other experimental designs have shown inhibition of return,
similar to the observed in an automatic exogenous shift of
attention (Frischen, Bayliss, & Tipper, 2007; Frischen & Tipper
2004).
4) There is a need for more neuropsychological studies on gaze
cueing on a diverse set of patient groups with differing lesion
locations to help determine the neural bases for spatial cueing
effect from gaze stimuli (Akiyama et al, 2006).
In summary, the debate of the exclusion of one of the two competing
positions seems to be fruitless. Instead of selecting one option and rejecting
the other, research points in the direction of accepting both positions as valid
(e.g., Frischen, Bayliss, & Tipper, 2007, p. 55), and that they can be in
somehow coordinated, coupled or separated. For instance, the different
occurrences in order of magnitude support that argument. The conclusion is
that human averted gaze cue produces an endogenous process of
orientation necessary to transform the visual perception into useful
information. At the same time, the averted gaze observation triggers a shift of
attention towards the cued direction, automatically and independently of an
instruction given.

2.2.4.2 Gaze-cue congruency in III design experiments
Cue effect is established by providing useful information to the point in the
space where the target appears having the observer as the centre of origin.
The congruency of trials is referred to the coincidence in space or correlative
meaning between the cue and the target of an experiment task. Therefore, a
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congruent trial is when that coincidence is positive, that is, the cue correctly
indicates target’s location in the space. In contrast, incongruent trials are
those where the cue provides erroneous information, e.g., the opposite point
in space different from where the target appears.
Spatial cues provide information in two possible ways: by the appearance
of the cue in the same or nearby the location of the target, called peripheral
cue, or by a deictic cue in the central location, called central cue. An example
of a congruent central cue would be when in the centre of an observer’s field
of view a gaze cue pointed at the location where a target consequently
appeared; while incongruent peripheral cue would be a light flashing out of
the observer’s centred visual field and around a location opposite to where
the target appears8.
The preceding cue can be biased by a range of spatial distribution values,
doing so by incrementing or decrementing the probabilities of type of
congruency. These probabilities are always uniformly distributed, resulting in
combinations of 50%-50%, 60%-40%, 70%-30%, and so forth. Another
element in the congruency of cues is the neutral case, where the cue is not
considered as such because it does not transmit any information relevant to
the task, resulting in a non-informative condition. However, the inclusion of
the neutral cue is important to establish a baseline for cost and benefit in
valid versus invalid cue comparisons. If the neutral cue is used, the range of
probabilities are balanced with a range of values such as (congruent-neutralincongruent) 25%-50%-25%, 33%-33%-33% and so on.

8 Cues can be congruent or incongruent, and central or peripheral
interchangeably.
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The cueing effect has been demonstrated to have a positive influence on
performance in congruent trials and negative effect in incongruent ones,
measured by response latency (RL) to target detection, preceded by
unpredictive gaze cues called pre-cues (Posner, 1980). The Posner
paradigm uses incongruent trials that rely on pre-cues, which seem to require
a post-mask (see experiment by Smith, 2000). Solomon demonstrated that
pre-cues amplify visual signal and attenuate spurious signals elicited by the
mask (Solomon, 2004). Methods with incongruent cues develop their
potential with masks, otherwise participants get a general sensitivity (Posner,
1980). In the context of Ul design, incongruent trials using a pre-cue would
introduce much spurious noise, and so are of limited use for digital interface
design (to see an example of post masks in a psychological experiment
context see the change blindness paradigm applied

in the case of mud

splashes; O’Regan, Rensink, & Clark, 1999).
The use of congruent pre-cues in a searching task could be recommended
when the observer is unfamiliar with those interactive elements outside the
interface or when those components are not permanently shown and could
be presented to the observer in some ordered sequence in time. In the case
of incongruent trials, the inconvenient level of noise would be too high.
Therefore, incongruent cues are context and task dependent. In the digital
environments, incongruent cues would mislead the user (Dosher & Lu, 2000;
Langton, 2012 personal communication) becoming instantly useless in the
context of guiding a user in a layout of elements competing for attention.
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2.2.4.3 Role of gaze in social orienting
The role of gaze cueing is inevitably influenced by the context. In
laboratory settings, under normal conditions of gaze cueing experiments,
usually it is the gaze which precedes and leads the head in search of the
target. However, in natural settings, during conversations (Kleinke, 1986) or
any other daily interaction outside the laboratory, such as preparing a cup of
tea (Land, Mennie, & Rusted, 1999), it is usually the gaze which precedes
and leads the hands. Real scenarios are usually more complex than those
recreated in laboratory experiments. The role of gaze goes beyond the
participant performance in a trial, towards a biological and social information
for an observer. In this context, attention is overtly shifted with eye
movements, making easily perceivable states of joint attention (Frischen,
Bayliss, & Tipper 2007, p. 556), necessary for example in cases of shared
attention when protagonists acknowledge that they are both attending the
same target.
The congruency of gaze cues influences the observer’s intended
prospective eye movement. For example, observation of gaze cueing in
direction other than the posterior planned eye movement, slows down or
impedes that movement (Kuhn & Kingstone, 2009). Even in the absence of
overt eye movement, there are often microsaccades in the cued direction
(Mansfield, Farroni, & Johnson, 2003). These results suggest that
observation of gaze direction at an early stage is represented by the
oculomotor system and potentially leaks into the action system.
These effects of gaze cueing in natural scenarios were first observed in
natural static scene viewing, using pictorial stimuli or limited sequence of
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pictures. For instance, changes in real world scenes were detected earlier
and more accurately when there was somebody on the scene directing their
gaze toward the changing object than when looking at a non-changing object
or no gaze cue was present (Langton, O'donnell, Riby, & Ballantyne, 2006, p.
2063). In another series of experiments, two-frame gaze stimuli triggered
overt and covert attention of the participant, measuring mistaken saccades
that matched the direction of distracting gaze stimulus when it was opposite
to the saccade direction indicated by instruction cue (Ricciardelli, Bricolo,
Aglioti, & Chelazzi, 2002, p. 2263-2264). In summary, research suggests that
an observed averted gaze cue naturally engages eye movement system,
orienting the attention and saccade planning in the cues direction (Frischen
e ta i, 2007, p. 557).

2.2.4.3.1 Unsuitability of a Picture-Viewing paradigm when applied to
visually guided behaviours
Eye movement related research has been predominantly driven by
salience-based models (e.g., Itti and Koch, 2001), where entities’ visual
properties capture and guide attention (Wolfe, 1998). For instance, the
picture-viewing9 paradigm relies on a salience map that represents the
distribution of the likelihood that specific regions have to be fixated. Contrast
or chromatic differences account across characteristics on which salience
9 Picture-viewing paradigm consists in the presentation of a static image, on
a physical or digital format, for a limited period of time to a human observer
and the performance of a task related with the scene viewed, such as extract
specific information (Yarbus, 1967), describe elements (Smilek, Birmingham,
Cameron, Bischof, & Kingstone, 2006) or free-viewing (Cuthbert, Bradleym,
& Lang, 1996).
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maps are based (Mannan, Ruddock, & Wooding, 1997; Itti & Koch, 2001;
Parkhurst, Law, & Niebur, 2002).
The salience paradigm is useful to describe fixation patterns in static twodimensional scene viewing. However, to generalise this paradigm to a
broader context, such as a social scenario where interactions with other
entities are likely, three problems may arise.
Firstly, in the case of task-driven behaviour, locations with relevant
information to accomplish behavioural goals are the best candidates to
allocate observer attention. However, natural dynamics of an interaction
might change the source’s location and the relevance of its information
throughout the task execution (Tatler, Hayhoe, Land, & Ballard, 2011). This
means that a dynamic scene contains a time factor determinant for stimuli
relevance distribution, or salience map, for a given scenario. In addition,
salience maps are based on visually noticeable features of elements during a
search to explain attention capture, rather than eye movement behaviour.
Thus, using an existing computing salience model to infer or represent eye
movement on complex and dynamic scenes lacks accuracy, correct timing
and target selection mechanisms rather than image salience that make them
unsuitable to explain gaze allocation in natural behaviour (i.e., reward for the
task in course).
Secondly, there are research outcomes from peripheral vision that are not
incorporated in the construction of salience models. For instance, it is known
from picture viewing that proximity of targets to fovea increases the chances
of receiving saccades; there is a discrimination for natural object targets
(Vincent, Troscianko, & Gilchrist, 2007) and a predominance of horizontal
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axis directions (i.e., Bahill, Adler, & Stark, 1975; Gajewski, Pearson, Mack,
Bartlett, & Henderson, 2005; Pelz & Canosa, 2001; Tatler, Baddeley, &
Vincent, 2006). These arguments are inherent to foveal vision in natural
scenes juxtaposed to discretionary distribution of probability based on static
scene features.
Third, in the case of free-viewing task, the absence of task structure
hinders experimenter’s ability to know participant’s purpose agenda or
intentions for the task (Hayhoe & Ballard, 2005). Additionally, research has
demonstrated that the correlation observed between fixations and features
observed are weak (Einhouser, Spain, & Perona 2008; Nystrom & Holmqvist,
2008; Tatler, 2007). These arguments raise doubts about the fairness of freeviewing task as a base-line condition in dynamic scenes experiments.
In summary, instead of describing properties of the stimulus involved in
natural scene viewing based only on their immutable physical properties,
stimulus should be considered in terms of their relevance for the observer’s
behavioral goals, which ultimately govern information retrieval from the
surrounding world (Rothkopf, Ballard & Hayhoe, 2007).

2.2.4.3.2 Suitability of real-world tasks to study situational behaviour
Research has discussed the existing contrast between the simplicity and
control over experiment stimuli when studying human behaviour in the
laboratory compared with in a social context. For instance, Kingstone
proposed a new philosophy to analyse human attention in everyday
scenarios, named Cognitive Ethology (Kingstone, Smilek, Birmingham,
Cameron, & Bischof, 2005), which argued for two assumptions underlying
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attention. Firstly, there is doubt that mechanisms of attention are stable
across situations, and secondly, that those mechanisms can be best revealed
in a controlled laboratory environment. Using more complex real-world tasks
and stimuli than those traditionally used in paradigms such as the Posner
task may help to study human attention in broader context than in exclusively
controlled lab settings. The representation of a situation together with the
meaning an individual may get or infer about the scene is capital to inform
attention mechanisms unveiled by a specific situation. It is the environment in
tandem with how the individual interacts with it that are the critical factors that
need to be included to understand situational behaviours, whether they occur
in laboratory or social context. Therefore, there are extra components
underlined by subjective qualitative measures (Kingstone et a/., 2005) that
should be taken into account for the application of human attention
paradigms in a social context. Research in the area of social attention
confirmed that eyes remained the most frequently fixated, followed by head,
body and background (Birmingham, Bischof, & Kingstone, 2008). It showed
that eyes did not entirely dominate attention focus as other body parts and
objects within the scene did. Although the study was carried out with pictorial
stimuli, it triggered interesting questions about the interactivity between a
social context and the interpretation of gaze allocation within that context. For
instance, added to the traditional shift of attention towards gaze at-location,
in a social context of high engagement between peers, participants in that
social action might have felt against to disengage from the eyes and shift
their attention to the gaze-at location (Birmingham et al., 2008), to show
interest in the activity (i.e., ongoing conversation) and avoid risk of
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interpretation of disinterest by the protagonist (i.e., speaker). In summary, the
complexity of the environment and grade of involvement in the situation are
another two factors that may influence the effectiveness of the application of
paradigms.

2.2.5 Head Orientation
The head is another important stimulus in the cueing attention paradigm.
For instance, when head and eye static pictorial cues are aligned the
resulting cue seems to be weaker than when each cue points in different
directions (Hietanen, 1999). Particularly, in cases where eye and head
directions are not aligned, a combination of signals is needed to infer another
person’s direction of attention. Additionally, body posture and head
orientation can be used as a part of the information retrieval (Hietanen,
2002). Perret provided a neural system that explained the integration of
these three cues to infer other’s attention (Perrett, Hietanen, Oram, Benson,
& Rolls, 1992). However, subsequent research (Langton, Watt, & Bruce,
2000; Kingstone etal., 2005) has demonstrated that in social contexts, where
there are often multiple sources of information and distractors competing for
attention, mechanisms and models that do not reflect these potential
interferences are consequently vulnerable to heterogeneous modality of
stimuli (Tipper & Bayliss, 2012, pp. 557). The use of the combination of the
eye, face and head can direct attention but this is only part of the story for
interaction. Spatial cues on social contexts should aligned components
involved, e.g. eyes and head, and, when implemented by social entities, e.g.,
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human-like agents, incorporate context-sensitive features such as motion or
emotion.

2.3 Animation: Believability versus Realism
The artistic imitation of human features has multiple applications across
different situations and disciplines. In HCI design, due to the traditional
limitation of display size, the critical components of that animation must be
informatively selected. Whether the whole body or only certain parts, e.g.
face or head, are selected for its representation depends on the display area
but also on the ideal grade of detail to be shown. However, the way animated
characters perform is essential, because in terms of audience perception and
satisfaction, it determines the quality and content of the message.
At this point, a question arises: can animation be used for enhancing
interaction with technology? To affirmatively answer this question, it is first
necessary to understand the development of the principles of animation
(Thomas & Johnston, 1981). Based on the history and evolution of the
discipline of cartoon animation, animation principles were developed for
audience perception (Lasseter, 1987). In order to apply animation principles
in the developing of attentional cues, there are certain aspects relative to the
representation of the human kind that need to be analysed. An individual is
modeled by two inherent representations, as an observable physical entity
and as a person, respectively identified by graphical features and behaviour.
Therefore appearance and behaviour are two key components technically
employed to incorporate human aptitudes in the design of virtual agents,
characterized by their similarity to real humans. In this line, the rapid

46

S a n tia g o M a rtin e z - In te ra c tio n s ty le a n d v irtu a l a g e n t s p a tia l g u id a n c e

advances of technology have influenced the evolution of animation
techniques, using the boost of graphic processors to shift to a realistic
approach in the development of virtual characters. In the last decade, these
advances have been applied to character appearance, exponentially
improving similarities with the human shape, colours and textures. Examples
of this can be seen in animation movies and the evolution of their techniques,
starting with the early development of Disney’s animated films such as Snow
White and the Seven Dwarves in 1937.
Traditionally, the implementation of human behaviour in technology and
computer related designs has been done in a procedural way, where
computer-generated character actions were commanded by lines of code.
However, this systematic application of behaviour based on human patterns
has encountered an inexorable obstacle, the “Valley of Eeriness”, or, as it is
more commonly known, the “Uncanny Valley” (Mori, 1970). This effect relates
to the disbelief of or aversion to what is being observed due to the
inadequate realism of the virtual performance, what reminds the observer
that what is seen pretends to be human. It is a phenomenon firstly described
by Masahiro Mori (1970), in relation first with Ernst Jentsch (1906) and later
with Sigmund Freud’s (1919) psychological work on the uncanny, defined as
the opposite of what is familiar. In animation, it has been argued that the
original Uncanny Valley theory - which compares perceived familiarity with
human-likeness - can be better understood if familiarity is complemented with
the idea of aesthetic engagement. In this line of thought, more recent studies
have analysed the appeal of a character based on their human-like emotions
and behaviours, rather than ultra-realistic animation (Butler & Joschko,
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2007). Without being absolutely clear the reasons for such impact, the
inherent outcome of the uncanny valley is a negative judgement of the
performance being observed, distracting or demoting the original
choreographed message. There are several ranges of discomfort related,
with an overall rejection and avoidance for the continuous observation and
associated attention. One potential solution would be to focus on stylization
of the models presented. For instance, in the Pixar’s movie Tin Toy (Reeves
& Lasseter, 1988), there is no attempt to model anatomically-accurate human
characters in the leads and, instead, to focus on anthropomorphising
quotidian objects like toys, cars, etc as seen in later movies (e.g., Toy Story,
Cars). Another obstacle for human fidelity in anatomic representations is that
despite the improvement in the quality of facial expressions, there is a limited
understanding of how to produce dynamic emotional expressions with
perceptually believable results (Sloan, 2011a, pp. iv-v).
Without defining to what extent the use of realism in Animation is
beneficial or counterproductive, it is important to note that other factors
described above can influence the outcome of a performance and they
should not be ignored by the uncanny valley debate. For instance, recent
studies in believability (Sloan, 2011a) point out that believability is one key
factor that makes the expressions, gestures and the overall performance of a
virtual character more plausible to an audience. These and other studies
suggest that the effectiveness of a performance does not only reside in
quantitative measure of humankind realism represented, but also in a range
of qualitative factors like believability or likeability that directly impact the
audience. In summary, other factors rather than realism can be used to
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assess audience perception of a performance. Likeability or believability are
two examples of alternative ways of engagement with a potential application
in HCI interface design incorporating a practice-based knowledge is still
unexplored in this area.

2.3.1 Interface Virtual Agents
The definition of an interface virtual agent (VA)10 can be built from the
Latin etymology of the last two words, virtualis, possessing certain virtues,
and agentis, something or someone that produces and effect. Therefore, a
VA is something or someone with the ability to produce an effect. In HCI, a
virtual agent is computer-generated and its behaviour is software driven
according to the context and the agenda of predefined goals. VAs are
sometimes labelled with terms such as intelligent, embodied or
conversational, depending on their specific abilities to interact with a human
peer and the graphical representation of the digital asset. For instance, if a
VA can react according to the situation providing useful help or solutions to
problems, they are normally described as assistive or intelligent. If a VA is
represented by a whole body consistent with human or any other living being
patterns (e.g., face, head, trunk and extremities in the case of human) it is
usually called embodied agent. If a VA has the speech ability and it is able to
respond to questions and commands, it would be called conversational
agent. In general, the study and application of VAs can generally be grouped
in two main fields: research and consumer applications.

10 Based in the categorisation of Nwana (1996).
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2.3.1.1 Virtual Agent in Research
The origin of VA research was driven by the ultimate goal of building a
personal assistant that could interact in a human-like way with the user
(Maes, 1994) with competence to help and accomplish specific tasks
(Negroponte, 1975; Kay, 1990). The range of tasks were context-based and
started including meeting scheduling (Kozierok & Maes, 1993), email
handling (Metral & Maes, 1998) and news selection (Sheth, 1994). The type
of tasks evolved later towards more advanced recommender systems
adapted to a particular user interests, offering a wider range of personal
preference filtration and selection of information (Jameson, 2009).
New ways of communication (i.e., from programmed ones to gesture and
speech recognition), and advances in the artificial intelligence that govern
their predefined behaviour (i.e., autonomous agents), drove the research into
cooperative tasks more sophisticated in complexity, synchronisation and
behavioural aspects than the original context-based ones. For example,
human-like features have been increasingly incorporated into VA design and
practice. The inclusion of dynamic facial expression and multimodal VA
behaviour (i.e., Pelachaud, 2009) are examples of new possibilities of
emotion expression and recognition. A domain in the VA research, called
Affective Agents (Kort, Reilly, & Picard, 2001; Lester et a/., 1997), studies
observers reaction produced by VA emotion expression as well as their
behavioural impact. For instance, empathetic feedback in game player
frustration situation (Klein, Moon, & Picard, 1999), context-aware VA
behaviour (such as VA apologies in case of problem: Jaksic, Branco,
Stephenson, & Encarnagao, 2006) or other aspects like embodiment and
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gender of the VA (Wang, Chen, Liu, & Liu, 2009) were found to influence the
reduction of user frustration levels. Other examples showed that
appropriateness in VA behaviour and congruence with emotions showed
influence other qualitative factors such as trust (Cramer, Goddijn, Wielinga, &
Evers, 2010) and believability (Lim & Aylett, 2007; Demeure, Niewiadomski,
& Pelachaud, 2011).
In summary, VAs generally have evolved in parallel with UID from a direct
manipulation (Shneiderman, 1981) and a WIMP paradigm (windows, icons,
menus, pointer) (popularized by the Macintosh in 1984, Van Dam, 1997)
towards a more cooperative way of interacting with computers (Nwana,
1996). There is still research to do regarding a non-technical issue with
interaction. This is about how the human user might feel and interpret the
role of a VA, in an unaccustomed interaction with a virtual entity (Norman,
1994, p. 68). Thus, when the VA role is interpreted as an identical
replacement of other human, research pursues realism and artificial
intelligence as the ultimate goals, not exempt of big obstacles and
challenges, such as Uncanny Valley (Mori, 1970) or end-user alienation
(Lanier, 1995). Instead, If the role of the VA is understood in terms of
cooperation between user and technology, then the ultimate goal is
transformed into an assistive way of interaction, focused on a VA being useful
for the times the user is in need (Myers & Smith, 2005, 2007).

2.3.1.2 Virtual Agent in Consumer Applications
Consumer applications of VAs are generally addressed to general public
to provide a specific service or help to the customer. Examples of these
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applications are diverse, including from customer advice to purchase
guidance. For instance, commercial websites where VAs simulate a human
attendant that responds to customer questions relative to a transaction in
progress. These VAs are labelled as chat-bot style agents, and basically they
recreate a conversation with a trained member of the staff via chat (IKEA
agent, 2011; Marks & Spencer, 2011). Other examples are the indication of
particular activities, such as self-service shopping to instruct how to perform
tasks (see Fig. 8), or animated safety instructions in planes (see Fig. 9). This
latter example of VA is not directly attached to an immediate business
outcome, this means that there is no direct profit on instructing flight
passengers about safety rules. This type of VA belongs to the category of
assistive agents, and one of its original examples is the Microsoft (MS) VA
called Clippit - informally known as Clippy (Microsoft, 1996), first appeared in
the MS Office 97 as on-screen animated character. Unfortunately, that
attempt was not successful because it could not recognise when the user
was really invoking its help (Bickmore & Picard, 2005), so its intrusiveness
made it generally disliked (Schaumburg, 2001) and perceived as not
intelligent (Picard, 2004). At present, an evolution of this type of agent is Siri
(Apple, 2011), implemented in mobile devices such as smart-phones and
which interacts via oral commands to provide useful information to the
commander. However, speech recognition technology is still far from optimal
and problems with the recognition of different accents and languages have
been reported (Pogue, 2012).
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Figure 8. Self-Checkout screen interface. The agent shows where
to place the basket with the shopping (left hand side) (Tesco Pic.).
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Figure 9. Screen captures of the safety instruction video showed
to the passengers of the airline Norwegian.com. In image (a), the
child shows his disgust when the lady reminds him that electronic
equipment (i.e., portable device) must be switched off when the
fasten seatbelt sign is lit before the plane takes off. In image (b),
the child complains after having to have to switch off his electronic
equipment.
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2.3.2 Emotion
Affective aspects of interaction are important for design practice. Authors
have criticized the traditional approach concentrated only on task
performance, unfairly oversimplifying the analysis of cognitive factors
involved in interactive tasks (Picard, 1997; Norman, 2002, 2003). Studies of
the role that emotion plays in areas of cognition, e.g. decision making, have
been carried out by other disciplines, e.g. Affective Computing. This research
generally explores the modeling of emotional states to interact accordingly to
pre-specified scenarios, for example the recognition and representation of
stress in workload environment. Human interactive experience is closely
interconnected with aspects of cognition that, when correctly modeled, can
embody and update traditional analytical approaches (Dourish, 2007).
Emotional expression inherently carries out consequences on an
observer’s attention. The interplay between observed gaze and emotional
perception on others may influence the interpretation of direction of attention
in a social context. Gazes accompanied by facial emotional expressions may
trigger aversion or conversion judgements towards observed targets.
Implications on interface design may affect how users interact with the
system, regarding the target pointed by facial emotional cues. In this context,
averted and converted gazes can be respectively interpreted as a rejection or
selection of target (Bayliss, & Tipper, 2006; Bayliss, Frischen, Fenske, &
Tipper, 2007). Evaluative judgements (e.g., Likeability) of objects targeted by
emotional gaze are influenced by the valence of the emotion expressed,
where positive responses (e.g., happiness) increases and negative
responses (e.g., disgust) decreases likeness (Corneille, Mauduit, Holland, &
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Strick, 2009). What is also important is that both cases inherently increment
the cognitive load of the interaction process, stressing that emotional
expression should be designed and tested for its implications on potentially
unexpected collateral effects (this topic is addressed in Chapter 6).

2.4 Human-Computer Interaction: occasional use of technology and an
inclusive model for novice elderly user
In this section, a description of what is the occasional use of technology is
made regarding the use of SSTs. After, a review of this concept is made
analysing users without experience with the interface in different
classification of users. This analysis leads to the selection of parameters that
can help to define the occasional use, but also to point out some deficiencies
for this purpose that need to be covered. All this review of the occasional use
serves as a preamble for the definition of a new category of user presented
in Chapter 7.

2.4.1 The Occasional Use of Technology
The present ubiquity and diversity of devices are greatly changing the
spectrum of current users. New digital interfaces are found in mobile devices
but also in an increasing number of Self-Service Technologies (SSTs), which
require a certain level of technology competence and acceptance (Curran &
Meuter, 2005). In addition, many of these interactions are performed in an
occasional way, this is, without the knowledge of how to use the system and
without the guarantee that the user is going to repeat the transaction in the
near future. These new scenarios of use imply new challenges for UID that
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require an evolution of the legacy of WIMP-oriented interfaces to these new
ways of interaction.
One of the first steps in the design of new interfaces is to know the user
(Hansen, 1971). Despite users taxonomy is an unused area on HCI, user
classifications have been historically indispensable for the user-interface
community, helping them in the design of systems according to user
requirements.

2.4.1.1 Analysis of users without experience in previous classifications
The analysis of the definition of a user who occasionally use technology
across the selected authors resulted in a list of chosen parameters, later
examined in terms of their suitability for the creation and definition of a new
category of user.
1) Frequency of use: refers to the rate at which the use occurred
over the past, or over a particular period of time, regarding the
interaction with a system. This term was first introduced in the 70s,
the years where computers were rare and the majority of the
working time was spent in non-automated tasks, such as electro
mechanical, manual, etc. Training on specific computer application
usage was little or none, and the interface were not designed to be
natural and intuitive. A typical user used the computer application
from time to time because they were most of the time doing other
tasks rather than using computers (Martin, 1973). They were not
versed in computers, programming or any technical procedural
aspects (Codd, 1974) and would need considerable amount of
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training to learn how to use the system (Vassiliou, 1984). Novice
users were usually attributed a little use of the system, while
expert users were attributed an intensive one (Moran, 1981).
2) Skill level: the user’s capability in respect of employment of
technology in general or computer related systems in particular. In
its origins, command language was not recommended for
computer-naive users because it did not solve their obstacles
while using computers. Although many of the inexperienced users
had to learn formal language and relational models (Mann, 1975),
most of them did not have programming background being
professionals in other field different than computing, such as
secretary, clerk, engineer or analyst (Zloof 1975; 1978). The
inexperienced user is vulnerable to many task structure variations,
in contrast to the experienced, who is relatively unsusceptible. The
former was focused on how to overcome the task and how to learn
the use of the interface. The latter was skilled in using the
application and they barely had cognitive load doing it (Moran,
1981). Common functionalities of a system would preferably have
more than one way to use them, an intuitive one for new users and
a more developed for advanced users. Complex functionalities
should be only assigned for users with more experience
(Rutkowski, 1982).
3) Familiarity: user’s acquaintance with the interface and analogous
systems. This term was used to define novelty or unfamiliarity with
part or the whole system (Shapiro & Chasing, 1975). Unfamiliar
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users with the system did not like short and unexplained computer
input and output, such as prompts like yes/no or imprecise menus.
Their mental model is based on pre-computer concepts (Cuff,
1980) related with physical concepts used in daily tasks, such as
records, lists or files (Kennedy, 1975). A specific training in the
system would have evolved the original mental model towards a
more accurate conception of the system and familiarity with its
behaviour (Cuff, 1980). Therefore, the metaphor and the analogy
of the office desktop became essential for such evolution,
effectively comparing the system features with a familiar physical
work space to which users were used to (Carroll, 1982).
4) Cost of learning use: the effort necessary to achieve a sufficient
level of knowledge to use the interface. In the 80’s, Cuff (1980)
stated that most of the people using a computer would have
preferred ready access to information instead of learning
programming skills to do sophisticated things. Those users who
used the system on a random basis, e.g., bank tellers or insurance
company clerks, doing the same routines had a well structured
needs that allowed to have standard and repetitive way of using
the systems, instead of having to learn data model, methods or
programming skills (Lough & Burns, 1977).

2.4.1.2 Organisation of the occasional use terminology
Another noticeable aspect found was the set of different adjective terms
used to refer to the infrequent user: naive, first-time, novice, casual,
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intermittent, discretionary, irregular. Not all of them are semantically
equivalent. For example, a first-time user may not use the system ever again,
and thus not be catalogued as infrequent. This reflects the amalgam of
concepts enclosed in the different terminology, and the need for a clear
organization of the categories and their variables to distinguish them,
especially with regard to novices. A distinction of category of users based on
their frequency of using the system is shown, inferred from the traditional
classifications of users analyzed, and ordered from highest to lowest
frequency of use:
First-time < Infrequent < Frequent < Expert
It can be appreciated that the case in which a first-time user is not going to
use the system ever again, might belong to the term First-time distinguished
from Infrequent, who presumably will use the system on repeated occasions
in the future. This means that the first-time user is a particular case of an
infrequent user. The main difference between them is the probability of the
prospective use, a variable not found in any classification studied. The
frequent user is likely intended to use the system, and interested in
proficiency and learning, to lessen interaction times and find the effortless
ways to achieve goals. By contrast, for the infrequent user, not learning but
achievability and time elapsed become the priority.

2.4.1.3 Traditionally omitted variables and the need for a new user
category
Among the variables presented, the absence of certain specificity has
been observed. For instance, a wider spectrum of values for prospective use
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has not been found across the classifications studied and presented here.
Most of the authors took the frequency of use category for granted. The fact
that a user may not repeat the use of the same interface in the future has not
been included in the values of the frequency of use, and this may have a
serious impact on the classification.
It can be argued that there is a lack of value for experience or competence
in non-technology domain. It is observed that the precursor of users
classification came especially from database research context (Vassiliou,
1984; Jarke, 1984), to assess the best approach for query languages and
data management. Problems associated with using command languages
(Whiteside, Jones, Levy, Wixon, 1985) to communicate with the machine,
triggered the studies to find the best practices on how users could
satisfactorily have dealt with the information and to have the least number of
errors and dissatisfaction doing queries. Commonly, analysis of queries were
carried out to reduce a number of errors and dissatisfaction with result
outcomes.
Natural language and other syntaxes were then explored. Different
degrees of performance were found depending on the user experience in the
domain and their skill level. A minimum level of syntax knowledge was
necessary to work effectively. From there resulted the rationale for including
novice users with certain experience in programming languages, because
even the most inexperienced user had to deal with commands to extract the
information and be able to work. An exception is Martin, who considered the
particular case of users with no programming background at all. He called
them intermediary users; they had to delegate the task to other users with
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sufficient knowledge to extract such information (Martin, 1973). However,
actual users do not have to commonly deal with databases with complex
information extraction. There is still the possibility of dealing with databases
through command languages, but each day more easy-to-use access using
other interaction styles, such as forms or direct manipulation, break the
barrier of programming experience requirement. Internet and ubiquitous
computing have enabled user access in a wide number of ways, each much
simpler than using a query language. In addition, the goals for interacting
with machines are beyond simple information queries. They may provide
physical tokens as tickets, notes or receipts.

2.5 Towards an inclusive model for novice elderly users
Novice elderly users are representative of the occasional use of
technology because of their inexperience with technology and their
uncertainty of reusing the system in the near future. They have been selected
because these users have further special requirements due to deteriorated
cognitive processes created by age, which are essential to be considered in
the UID. The following table shows the senses and cognitive skills typically
affected by the involutional process of aging (Hawthorn, 2000; Stevens,
1992; Stevens, Cruz, Marks, & Lakatos, 1998) with examples of their
associated limitations (see Table 1).
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Table 1

Senses and cognitive skills affected
by aging and their associated
limitations
Type

Description

Vision

Low vision, blindness

Sound

Hearing impairment, deafness

Touch

Haptic disruption, paraplegia

Reading

Illiteracy, dyslexia

Attention

Attention deficit disorder

Emotion

Anxiety, depression

Age introduces sense deficits affecting not only the sensory data, but also
the cognitive processes associated with them. For instance, response
latency and cognition processes are gradually and negatively affected with
the age progression. Attentional focus and shifts are difficult to maintain,
operate and learn. Previous learned skills, together with long term memory
and reason are still well exercised. However, capabilities likely to be involved
63

S a n tia g o M a rtin e z - In te ra c tio n s ty le a n d v irtu a l a g e n t s p a tia l g u id a n c e

in unfamiliar or first time tasks, are more impaired with increasing age:
instantaneous reasoning, working memory and executive control (adapted
from Langdon & Thimbleby, 2010).
However, there has been a predominant exclusion of novice elderly users
in the mainstream technological market and in the amount and quality of
research conducted. All of this leads to a general mismatch with novice
elderly user needs. The next sections describes these issues, exposing the
double exclusion in contrast to the validity of Inclusion as a strategic solution.
At the end of this section, a revision of Inclusive Task and Cognitive model
examples is explained.

2.5.1 The undeserved double exclusion
Many technological designs are created by people between 20 and 50
years old who lack practical knowledge about the challenges experienced by
younger and older user groups, as well as knowledge of the interaction style
most suitable for them (Chisnell, 2007). Thus, historically, designers have
ignored users who do not fit the intended target, such as those who have
physical disabilities or are functionally illiterate (Newell, 1993). In response to
that marginal approach, differences created by age have been reported by
studies on interaction styles for user groups with different age (Kinsella & He,
2009; Whiteside, Bennett, & Holzblatt, 1988). Furthermore, styles of
interaction widely accepted (Ziegler, 1996) and seen as revolutionary
paradigms for interface design, such as WIMP, were putting aside the
consideration of possible exclusion. For instance, blind users had to see the
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items to interact effectively with them (e.g., for interactions such as item
selection or drag and drop) (Newell, 1993).
Taking into account the fact that young people have a natural tendency to
use technologies and can easily adopt new ones, most marketing
investments are driven to engage those users with high expectations of using
new devices and services related. However, elderly users do not usually
have easy access to and usage of technology. It was well stated by Pieper,
Morasch, and Peila (2003) on their concept of the Digital Divide about the
divergence between those users who can access the technology and those
people, potential users, who do not or cannot (Hargittai, 2010). For instance,
in 2008, there were more people aged over 60 than there were people aged
below 16 in the U.K. (Kinsella & He, 2009). This trend is likely to continue as
the national demographic moves upwards. Thus, demographics of aging
anticipate research near future direction, showing a 7% of population older
than 65 years old in 2008, with expectations to be doubled in the next 30
years (Kinsella & He, 2009).

2.5.2 Validity of Inclusion
Research on technology access has been focused mainly on user groups
with special needs. Usually, these special needs are represented by different
range of factors such as speech, motor, hearing and vision impairments;
cognitive limitations; emotional and learning disabilities; as well as aging and
environmental factors (Abascal & Nicolle, 2001). Fields that addressed
computer access for the disabled started in the early 1970s, where methods
for keystroke reduction were of interest to rehabilitation engineers. There
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have been many designs for older or disabled people, which led to
mainstream products. For instance, in 1985, anticipating the direction of
Inclusive Design, a predictive interface to reduce typing effort was
demonstrated to be beneficial for people with no obvious disability other than
problems with spelling (Swiffin, Pickering, Arnott, & Newell, 1985); talking
calculators designed for blind were useful for eyes-busy tasks and low
luminance conditions; less ‘wordy’ or ‘verbose’ interfaces with mostly visual
content designed for people with language dysfunction were valuable for
multilingual environments (Newell, 1993); the first cassette tape recorder was
designed specifically for blind people, and because of the poor sound quality,
there were no expectations for it to be as universal product as it eventually
became (Newell, 2006). The large button telephone produced by British
Telecom, was another example of a commercially successful product with
both visually-impaired and mainstream customers; etc (see Pullin & Newell,
2007 for an extended list).

2.5.3 Inclusive, Task and Cognitive Models examples
Inclusive models are the newest across the user models existing in the
literature. Generally speaking, they consider the user as a wide set of
features categorized in several levels, such as cognitive, perceptual and
physical. Their goals pursue adaptation for users with special requirements
and an inclusivity projection for the wider spectrum of users. For instance,
Jacko and Vitense (2001) made reference to specific cognitive, perceptual
and physical abilities to draw a capability classification. They were interested
in age related degeneration of the retina and constructed a user profile based
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on the information of loss of central vision. Importantly they stated some
guidelines in order to overcome and bring an adaptation to the new state of
user vision. Those guidelines involved font size, colour background, input
and output speech.
In contrast with the traditional Ul design, Newell and Gregor (2002)
prioritised cognitive and physical needs of the non-standard user to later
accommodate mainstream design in that process. This approach pursued the
understanding of a non-standard user as that one with requirements beyond
the user profile erroneously considered ‘average’ (adapted from Newell &
Simon, 1972). Langdon, Persad and Clarkson (2010) analyzed processes of
cognition from the information processing models perspective. Their
empirical studies pointed to the high levels of adaptation that a user model
will have to incorporate, and for that how the user had to be necessarily
studied based in a holistic awareness of their capabilities. Hanson (2010)
revisited the Digital Divide situation, describing the interconnectivity between
older adults, network services and technology on computers and mobile
platforms. In this line, the Universal Access Reference Model (UARM),
focused on the accessibility of the interaction and abilities shared between
them and reduce their handicaps. It incorporated the “Common Accessibility
Profile” (CAP) to describe user profile disabilities (Fourney & Carter, 2006).
Task models are valuable for synthesizing the transactions into stages that
can be built and analyzed. For instance, ConcurTaskTrees (CTT) (Mori,
Paterno, & Santoro, 2002) is a notation for model specification. It has a
hierarchical structure of tasks, graphical syntax, concurrent notation and is
task-centred. However, it is a notation mainly focused on the analyst’s work,
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which will use it to design a solution based on tasks. Unfortunately, the user
does not take part in the building of that solution. The specification and
interaction type result of that process is plain, without distinguishing between
user types or their requirements. Therefore, a novel user will have been
alienated at the same level as an expert user. This can create problems into
the performance and effectiveness of the interaction because users with
different levels of expertise are treated as a whole in the requirements stage
of the design process.
A main standard relating to this work has been ISO 9241-171 (2008),
including some guidelines used in the AGILE (Assisted Guided Interaction for
no Learning nor Experience required) interactions style (Martinez et al.,
2013), such as suitability for the widest range of use, provide text label
display option for icons and provide user-preference profiles.

2 .6 S u m m a r y
In conclusion, orienting and guiding users with no experience in the use of
a digital interface is a complex problem that could not be covered simply by
the application of a single paradigm. A combination of paradigms from
different disciplines seems suitable to tackle the problem. The attention of
users in a digital interface can be guided using cueing paradigms from
Cognitive Psychology, in particular the gaze cueing paradigm (Posner, 1980)
with congruent cues that positively inform a specific task. Research suggests
that observation of gaze direction, at an early stage, is represented by the
oculomotor system and potentially leaks into the action system (Kuhn &
Kingstone, 2009; Mansfield, Farroni, & Johnson, 2003). However, this
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essentially static picture paradigm does not seem to be suitable because its
underlying salience model is based on immutable static characteristics of the
stimuli (e.g., Itti and Koch, 2001), where entities’ visual properties capture
and guide attention (Wolfe, 1998). Instead, the stimuli should be considered
in terms of their relevance for the observer’s behavioral goals, which
ultimately govern information retrieval from the surrounding world (Rothkopf,
Ballard & Hayhoe, 2007). The view is based on the ToM (Baron-Cohen et al.,
1994), to infer other’s intentions from gaze observance; and on Cognitive
Ethology (Kingstone, Smilek, Birmingham, Cameron, & Bischof, 2005) that
states the suitability of real-world tasks to study situational behaviour. This
requires a dynamic and aligned set of visual cues that has the potential to
direct a user’s attention in social and heterogenous contexts.These visual
cues should ideally trigger automatic orientation of observer’s attention to
minimise time elapsed and effort. For this reason, human gaze and head cue
paradigms were chosen as vehicles of allocating user’s attention towards
relevant places of the interface. Therefore, a stimuli that can faithfully
represent human gaze and head cues was required and a virtual agent (VA)
was selected for this enterprise. The VA initially represented the visual cues
and was a corner stone of the experimental research to explore suitability of
types of cues for operations with the digital interface. The use of the
combination of the eye, face and head to direct user’s attention is only part of
the story for interaction. Spatial cues on social contexts should align the
components involved, e.g. eyes and head, and, when implemented by social
entities, e.g., human-like agents, incorporate context-sensitive features such
as motion or emotion. Therefore an important factor on the VA design was
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the validity of its appearance and believability of its behaviour. Consequently,
a validated VA (Sloan et a/., 2010) was used which was elaborated by an
expert animator, Dr Robin Sloan, whose publications included practice-based
design and evaluations of the VA appearance and believability of emotion
representations (Sloan, Robinson & Cook, 2009; Sloan, Cook & Robinson,
2009; Sloan, 2011a; Sloan, Robinson, Scott-Brown, Moore, & Cook, 2011;
Sloan, Martinez, & Scott-Brown, 2012). When dynamic cues were explored,
these were carefully implemented based on the Principles of Animation (e.g.,
Clark, 2002), which provided the right tool to recreate synchronized
movements and optimise the cue performance with an aesthetic engagement
for the audience (Lasseter, 1987). These principles of animation which have
been elaborated with a practice-based approach, established a de facto
standard exhaustively tested throughout the years based on the criteria of
expert animators, and subsequent success confirmed by the general public
audience (Thomas & Johnston, 1981).
SST interactions can be idiosyncratic: often the asset is placed outdoors,
and can be co-located with alternative equivalent services attended by staff.
It is this idiosyncrasy or unpredictability that may promote a type of user less
interested in system mastery, since they cannot be sure of being required to
use the machine regularly or repetitively. For the case study in this thesis, the
user profile is based on a user who may or may not use the system (or its
equivalent in the future), and who is not accustomed to its interface. The lack
of certainty of such repeated use is a defining feature of this ‘Occasional
User’ (OU). The case study has been implemented with OUs that performed
transactions both on a web-browser and a custom interface in a real-world
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scenario. To design the custom interface, and following Hansen principle of
‘knowing the user’ (Hansen, 1971), a particular case of OU was selected:
namely the novice elderly user, describing their characteristics and aptitudes
to use technological systems. This is in acknowledgement of the fact that
elderly users are typically put aside when designers, generally in the age
between 20 and 50 years old, ignore practical knowledge about the
challenges experienced by other user groups (e.g., elderly user group), as
well as knowledge of the interaction style most suitable for them (Keates,
Clarkson, Harrison, & Robinson, 2000; Chisnell, 2007).
The case of the novice elderly user is particularly relevant when the
proportion of population potentially accessing technology increments
specially on one side of the age distribution. For instance, in 2008, there
were more people aged over 60 than there were people aged below 16 in the
U.K. (Kinsella & He, 2009), and this trend is likely to continue (Kinsella & He,
2009). Thus, an inclusive approach is applied (Hypponen, 1999;

ISO

13407:1999; Stephanidis, 2001) for the proof of concept of selected
paradigms evaluated in the experimental design, tested in a real-world HCI
with an specific type of user.
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C h a p te r 3
Research Program

3.1 Appropriateness of a interdisciplinary Research Design for HCI
The pervasiveness of technology, the diversity of scenarios where it
unfolds, and the current heterogeneity of users make the design and
subsequent use of an interactive system reliant on so many different factors
that a single approach to research may not be sufficient. Instead, an
interdisciplinary approach, which covers the issues involved in the design
and use from different scientific perspectives, is recommended (Thimbleby,
2004).
Human-Computer Interaction (HCI) calls on a wide range of scientific
disciplines that converge towards the application of principles addressing
user needs. However, for the effectiveness of a digital interface, two
difficulties must be addressed: first, the prioritization of potential applicable
principles and second, the selection and application of appropriate
disciplines. A combination of paradigms from Social, Behavioral and Applied
Sciences (e.g., Psychology, Computer Science, Ergonomics) together with
Interdisciplinary Fields (e.g. Artificial Intelligence, Cybernetics) are usually
necessary to address a HCI research question intending to solve a real-world
problem. This thesis aims to build upon theoretical and practical knowledge
necessary to create effective digital transaction interfaces for users without
experience with the interface such as first-time users. Therefore, in Chapter
2, a selected range of disciplines were presented namely Cognitive
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Psychology, HCI and Animation (see Fig. 10). The relevant principles of
these disciplines are discussed further in this chapter.

Figure 10. Interdisciplinary research approach diagram. The
unfamiliar digital transaction problem is tackled by several
disciplines and their respective principles: Cognitive PsychologyAttentional Cues, Human-Computer Interaction-Occasional user,
Animation-Virtual Agent.

3.2 Research Programme Objectives
The motivation for this thesis is to investigate the underlying problem
behind the use of an unfamiliar digital interface, inspired by a first-time
use of a Self-Service Technology (SST) where the user might not know
the next step in the transaction (Norman 1988, 2002). This issue is
reinforced by a popular misconception that places technology itself as

73

Santiago Martinez - Interaction style and virtual agent spatial guidance

the solution for people’s problems, because technology has been a
cornerstone in scientific discoveries across different fields, such as
Medicine (e.g., X-ray to image the bones, by Rontgen; see Ward,
1896), Biology (e.g., advances in computing technologies that allowed
the successful completion of the Human Genome Project, Collins,
Morgan, & Patrinos, 2003), or Engineering (e.g., launching spacecraft
Apollo 11 allowing the first manned mission to land on the Moon and
return to Earth on 1969; Graves & Harpold, 1972). This notion
misplaces the user as a part of the solution of a digital interaction
problem, relegating their participation to the last stage of the design
process, if at all.
At the beginning of 2000, during an explosive period of growth for the
internet and computer use, the problem of ecological validity11 arose
(Brunswik, 1956; Hammond, 1998). There was a clear bias towards the
creation of new systems inside laboratory settings, offering results concealed
from real world testing scenarios. Many new systems were limited by their
evaluation inside the boundaries of their own communities of professionals
and users, where in many cases designers were among testing users. This
issue made it difficult to apply the results to real-life scenarios beyond the
scope of laboratory research. This endogenous way of evaluation hindered
the application of paradigms from other disciplines that could, for example,

11 Ecological validity is the degree to which experimental measures (e.g.,
settings, treatment agents, materials, behaviors) occur naturally and are
representative of events that occur in everyday life or in the settings in which
the skill or behavior is expected to be performed (Brewer, 2000; Schlosser,
2003) (SpringerReference, 2013).
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help to test the solutions in different contexts outside laboratory - case and
field studies were very rare at that time (Kjeldskov & Graham, 2003). In this
line, a captivating point for the researcher was the observation of how some
people can easily use technological artifacts and others do not. For instance,
it can already be observed how most children are born with the aptitude to
quickly learn how to use a diversity of devices after short period of time. In
contrast, it is generally believed that the elderly population has lost its
capability to use new technologies, countersigned by their lack of motivation
for such new use. However, a deeper analysis shows that elderly users are
excluded from the development of technological solutions (Martinez et al.,
2013; MacAndrew, 2012). Therefore some segments of population are
excluded from the process of developing a product that negatively influences
the interaction process when they intend to use them.
The fact that the effectiveness of first-time use is usually correlated,
among other factors, with the experience a user has with that specific
technology becomes problematic for users with no technological experience
in general, or without explicit experience with that particular technology. One
of the examples that illustrates this problem is how elderly users are clearly
beyond the scope of many technological products (Pullin & Newell, 2007),
being at risk of becoming fearful of using new but unsuitable technologies for
them. In this line of thought, Robert Pirsig coined the term technophobe in
the 1970s (Pirsig, 1974) and the legacy of this cultural stereotype endures
with the fact that older people are less likely to be involved in technology use.
In these particular cases, the high operating and learning costs are the main
obstacles for such users. It is then the responsibility of Information and
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Communication Technology (ICT) designers to lower those costs and
barriers, by making use of an inclusive way of designing. In other words,
using methods addressed to users without experience in a way that the result
is also feasible for other users with experience or expertise. However,
organizations such as The Third Age Trust with the University of the Third
Age (2009), and terms such as Silver Surfer (Cody, Dunn, Hoppin, & Wendt,
1999) are examples which strive to demonstrate that older people can and
do engage with technology. Formal reviews of the level of engagement in
older populations are relatively scarce compared to younger users but
Graeupl and McCabe (2004), and Selwyn (Selwyn, Gorard, Furlong, &
Madden, 2003) are examples of how designing with the intention of scoping
special users can have a positive result creating a space for new potential
customers in the market.
The program of research developed in this thesis addresses the problems
mentioned above and it has the following objectives:
(1 ) To combine paradigms from different disciplines to create a
practical solution inspired by a defined real-world problem.
(2) To target users with neither experience or knowledge of the
digital user interface, such as inexperienced users.
(3) To increase the ecological validity to a sufficient level of
acceptability for research standards and for end-user
satisfaction.
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3.3 Experimental Research Design
To study human interaction, there are traditionally three major types of
research methods: descriptive, relational and experimental. The strength of
experimental research when compared with the other two is the power of
identifying causal relationships that explain the reason for the occurrence of
events. Unlike alternative possible methodologies that make use of
observational, ethnographic or introspective paradigms, the experimental
approach involves carefully designed and executed progressive experiments
with a more limited scope of hypothesis, and a clear definition of variables
where the independent ones are strictly controlled and dependent ones
accurately measured.
In the development of experimental research design, the researcher needs
to maintain and use the control over those factors involved in the method and
those that might affect the result of an experiment. In doing this, the
researcher predicts what might occur, building a null hypothesis and an
alternative hypothesis. In the series of experiments created for this thesis, a
set of variables involved in each experiment was described, together with the
hypotheses that were directly tested. The research design studied the
relationships between the independent and dependent variables to validate
or reject the hypotheses proposed and the potential applicability of
conclusions in real-world settings.

3.3.1 Rationale of the Research Design and Critical Framework
The rationale for the research design was the investigation of effective
mechanisms of orientation, direction and guidance aimed at enhancing the
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use of a non-familiar digital interface without requiring a previous sound
knowledge of it, nor an exhaustive study of its elements. Orientation means
the determination of the relative position of something or someone; direction
means the course along something or someone moves; and guidance is
understood as the advice or information aimed at resolving an action,
problem or difficulty. Another goal was to prove the application of such
principles in a digital transaction carried out by users without experience of
such an interface. The goal was to measure the efficiency, appropriateness
and user satisfaction of those attention mechanisms applied in a real
transaction inside the context of a new methodology of User Interface Design
(UID), AGILE (Assisted Guided Interaction with no Learning nor Experience
required) (Martinez et a/., 2013). In the following chapters, the context
outlined above of an experimental quantitative and counterbalanced design
of six experiments together with one case study are presented.

3.3.1.1 Importance of the role of attention in a context of unfamiliarity
with the digital interface
Familiarity is an important component in UID as it is in human life. For
instance in the scope of human relationships such as a conversation
between friends, it is normally known to some extent how to address the
conversation, what topic to discuss or what questions an interlocutor could
ask depending on the grade of intimacy of the relationship. This shows that
familiarity is an influential factor in determining how to behave, what to do,
and how to do it in a given situation. Familiarity is then a factor that
influences the behaviour of an individual in relation to another agent, e.g.,
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another human, an object or a machine. Therefore, the knowledge about the
element an individual is dealing with is a necessary support for an adequate
behaviour adjusted to the requirements of each specific situation,
interchangeably whether this situation encompasses a machine or other
human. This fact highlights the obstacles represented by the absence of
information and previous experience elicited by the lack of familiarity with the
situation presented. Additionally, knowledge in advance of the outcome of
such interaction and the availability of assistance, if necessary, will help to
select the best strategies, increasing the performance or satisfaction of the
person and reducing the impact of a potential source of doubts and anxiety.
This can be best described as a what to do next problem (Martinez et al.,
2013), where the user ignores what is the next step in the transaction, which
is commonly found in digital transactions where the user is unfamiliar with the
interface, e.g., in a first-time use. Three different components are chosen as
representative of this scenario:
1) User: a user without experience in the specific interface
analysed in terms of memory or experience, and who makes
use of the interface in such a way that is equivalent to a first
time user.
2) Machine’s Interface: digital interface where the user is proactive
and responsible of the interaction. Examples are typically found
on SST machines such as ATM, public kiosk, self-checkout or
self-check-in.
3) Context of Use: a context that requires a substantial attention
load from the user, e.g., public space. It can be a train station,
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supermarket, airport or any other where the SST machines can
be placed, accessed and used.
All of these are examples of the impact that attention has in everyday
human activities and lives by the effect of its operation, or by designing to
maximize its performance, or by preventing user errors. The application of
attention paradigms coupled with other factors intrinsic to the scenario where
the problem unfolds can produce a coordinated output useful for the
transaction outcome. Attention can be shifted from a standalone element to
become a dynamic resource built on a concatenated series of predefined
components and live events. Thus, the study and application of selected
attention mechanisms and its principles to a specific scenario, activity and
purpose, become a cornerstone for the proposal of an effective HCI context
where traditionally staff attendance, help and familiarity were absent.

3.3.1.2 Designing for inexperienced users
The design of a technology interaction can be informally divided into two
differentiated groups. In the first group, named the pioneers, there has been
a traditional approach of dealing with technological difficulties. The fast
evolution of the hardware and software influenced their designs. Instead of
designing for users’ needs, the designs were created to address customers’
likeness. Citing Nielsen
“Traditional market research targets products for which usability is
a minor concern. (...) You need only to expose a group of
consumers to different versions of a chocolate bar, candy, or
commercial and ask them which they prefer. (...) Interactive
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systems also need to be liked by customers, but no amount of
subjective preference will make a product viable if users can’t use
it’’ (1997, p. 1).
The second group is more recent, named the User-Centred Design (UCD)
(Norman & Draper, 1984) group, which applies modern design techniques to
the creation of new systems (e.g., ISO 9241-210, 2010). The design is
focused on usability and users’ needs:
“The principles, such as their help in maintaining the focus on the
users and the usability throughout the entire development
process. (...) This can be achieved by incorporating roles,
activities and artefacts for maintaining a focus on usability and
users’ needs throughout the entire system lifecycle” (Gulliksen et
a/., 2003, pp. 403-406).
However, there is an issue with how inexperienced users are put aside of
the designed artifacts by designers included in these two groups, specially
the pioneers, because both mainly design for users with some extent of
experience in technology. There are some diffused reasons argued, such as
the non-profitability of a group of end-users with no experience.
Unfortunately, this leads Ul designers to assume that a user may have
sufficient knowledge to be able to use the technology, without clearly
specifying where this knowledge is acquired or taught. Despite the increasing
number of easy-to-use interfaces, informal observation suggests that they
are still not sufficient in number and quality. The existence of extensive
instruction manuals or online help in specialized forums and blogs is usually
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argued to explain the absence of tutorials, regrettably putting users aside of a
didactical and effective way of learning how to use technology.
In this context, technology usage typically results in negative
consequences for both sides of the interaction process: end-user and
designer. The user may feel frustrated, or even worse, guilty of not being able
to use a technology artifact. This issue can result in undesired situations, like
the abandonment of a particular technology, or a generalised phobia on the
part of the user to adopt unknown technologies in the future, which is typical
of technophobes (Pirsig, 1974). In any of the previous cases, a bad design
may not let the end-user reach their main objective, which is to accomplish
their goal and complete the transaction successfully. In the case of
transaction failure, user satisfaction is not always reported because that
notification is normally performed through machine interface mechanisms,
via the same interface that the user is unable to use. Unless specific
measures are taken into account in the design phase, the above presented
cases usually lead to negative consequences for each party. However, there
are some times when a technology incorporates effective ways of guidance,
such as tutorials, and help mechanisms that reduce errors (e.g., UCD:
Norman & Draper, 1984).
Although designs of this type do not represent the majority, it is observed
that they can potentially improve the transaction outcome. The approach of
guiding the user seems very adequate for users without experience, who
would, as a direct result of the guidance, be able to reach a successful end of
a digital transaction. Even if the transaction is not successful for any reason,
at least the user may realise that an effort has been made to lead the

82

Santiago Martinez - Interaction style and virtual agent spatial guidance

transaction to a better end. Independently of the outcome, the simple fact
that a guidance mechanism is incorporated, visible and functioning can
change the notion and judgement a user makes about a transaction,
impacting directly on other subjective factors such as satisfaction (Martinez
etal., 2013) and in the long-term on potential technophobias.

3.3.2 Methodology
The need of a interdisciplinary approach in the research methodology has
been explained in Section 3.1. This is due to the complexity and novelty of
the problem faced with digital transaction for users unfamiliar with the digital
interface. The methodology used in this thesis is the result of a combination
of different methodologies, appropriately integrated to assist in the features of
the problem. A general scientific approach based on the dissection of the
problem in different stages (Johnson, 1994) was performed. It divides the
structure of the investigation into different phases that should be developed
in order to carry out and complete the investigation:
1. Establishing the focus of the study
2. Identifying the specific objectives of the study
3. Selecting the research method
4. Arranging research access
5. Developing the research instrument
6. Collecting the data
7. Ordering of the data
8. Analysing the data
9. Writing up
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10. Enabling dissemination
The list of 10 different phases gives an insight into the description of the
problem, the objectives of the study, the data collection and its analysis, the
conclusions and, what is also very important, the dissemination. This last
stage is sometimes omitted in other research methodologies and it is
considered crucial when viewed from within the context of this project, so that
the findings can permeate the UID and HCI communities, and ultimately play
a part in creating more transparent end-user interfaces.
Another component in the methodology was the spiral of findings based
on the work from Blaxter, Hughes and Tight (1996). To incorporate the
dynamics of a design process into the experimental procedure each
experiment was conditioned by the findings of the previous one. In this way,
the general experimental design consisted of a spiral of concatenated
experiments whose findings constituted part of the final solution (see Fig. 11).
Finally, the approach ‘Research by Designing’ by Zimmerman (Zimmerman,
Forlizzi, & Evenson, 2007) was employed in the development of the case
study, with the creation of an artifact and the retrospective evaluation that
iteratively fed back into the design (see Fig. 12).
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Figure 11. Methodology Scheme (I). Research activities developed
for the problem of digital transaction for users unfamiliar with the
Self-Service Technology (SST) interface. EBR is defined as
Experimental-Based Research, see text, p. 73.

Other methodologies, which were not included in this thesis were analysed
and discarded for their unsuitability. From Cognitive Psychology, the
traditional approach of psychological studies of spatial attention which uses
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schematic, pictorial or limited to a sequence of frames stimuli, was found
unsuitable for the dynamics of the interaction involved in the use of a digital
interface12 (Langton et a/., 2000). From HCI, the criteria for methodology
selection was based on their suitability for establishing clear milestones to
structurally address the user testing, as Research by Designing does
(Zimmerman et a/., 2007). Other related HCI methodologies, which were
analysed were focused on demonstrating the validity of certain input methods
(e.g. Ware, & Mikaelian, 1987), instead of on how to structure the underlying
paradigms of the approach (Peters, Asteriadis, & Karpouzis, 2010). In
summary, the final methodology is a result of the conjoint of the principles of
the different chosen methodologies, coordinated to structure an
interdisciplinary and adapted methodology that fitted the problem targeted by
the scope of this thesis.

12 This argument is explained in depth in Chapter 5, Experiments 2 and 3.
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Figure 12. Methodology Scheme (II). Research activities
developed for the problem of novice elderly users using ICT.

3.3.3 Research Methods
In the field of HCI, an experimental research approach has some
limitations, such as: difficulty with identifying a testable hypothesis, difficulty
with controlling potential confounding factors, and problems deriving from the
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differences between observed behaviour in laboratory conditions and
behaviour in a realistic setting. In this context, the ecological validity of
experiments becomes critical for the application of testable principles and
their understanding, making their findings transferable into real-world
scenarios. The control of potentially influential factors is challenging but the
impact of those factors can be reduced to acceptable levels through welldesigned and conducted experiments (Lazar, Feng, & Hochheiser, 2010). In
conclusion, experimental research with the significance of testing in realistic
settings enables reliable measuring within a certain degree of confidence.
Overall, the selected research method was Experimental-Based Research
(EBR). Given a specific well-defined problem, EBR analyzes a specific
hypothesis of a research design. It is a universally used empirical method
and based on a random assignment of participants, in which the
experimental control of the conditions and the appropriateness of the
dependent measures are tested accordingly to the hypothesis.

3.3.3.1 Research method 1: Quantitative Analysis of Virtual Agent
attentional cues in a guided search task on a digital interface
An experimental research on VA attentional cues was developed to
evaluate the orientation and direction of user attention during a selection task
on a digital interface. The general hypothesis was that VA can effectively and
efficiently guide an inexperienced user to select the next interface item
relevant for the interaction in course. In this line, the experiments tested how
suitable VA cues were to improve user performance through guided selection
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on human-computer digital interfaces, specifically addressed to users who
are unfamiliar with the interface.
A series of 6 experiments was developed to study the performance of VA
cues using an experimental method that randomized and counter-balanced
the test conditions, performing the data collection, analysis and inference of
conclusions. These experiments quantitatively measured the efficiency of VA
cues analyzing the participants’ response latency (RL) in a follow-the-cue
task to select a specific element inside the digital interface, either by gaze or
by touch. The research aimed to analyse valuable indicators of the efficiency
of a VA-guided interaction. The analysis of the RLs in a follow-the-cue task in
guided search positively informed the research in order to design effective
mechanisms of guidance for inexperienced users, using non-invasive
methods. Other factors analysed were search strategy (Experiment 1, guided
versus non-guided search), motion and input channel (Experiments 2 and 3),
emotion (Experiment 4) and animation techniques (Experiments 5 and 6) of
the VA cues.
Continuing with the evolution of the VA cue testing, the last two of the 6
experiments (Experiments 5 and 6) quantitatively measured the likeability of
the animated VA. The inclusion of the subjective measure of likeability
responded to the natural evolution of the experiment design, starting from
purely objective measures to subjective ones. This evolution was triggered
for two reasons. Firstly, the tendency in the experiment results of diminishing
the differences in RLs made suitable to explore complementary measures.
Secondly, the need for a more quantified qualitative approach to explore the
VAfrom a personal preference perspective.
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3.3.3.2 Research method 2: Case study of AGILE Interface for novice
elderly users on mobile device
Based on the UCD approach, a case study of the continuous development
and evaluation of a specific interface prototype was made. The interface was
designed specifically for users unfamiliar with technology, novice elderly
users. In addition, the interface was implemented in a mobile device to easily
carry out the test in an environment where the users could feel comfortable.
The case study described the integrated process of a mobile interface
design, implementation, evaluation and iteration. In particular, two iterations
of the development process were carried out, based on the outcome of the
evaluation process when comparing the interface with an analogous one that
was not specifically designed for novice elderly users. The measures
consisted in the number of human interventions to help the user to perform
the interaction and the overall time spent in the transaction.
The selection of a case study was considered appropriate for several
reasons. Firstly, the findings from the laboratory needed to find a scenario
where to be additionally tested. It is in a real context of a transaction where
the fully-operational aspect of the paradigms can be fully tested, corrected
and improved. Secondly, the type of research carried out on this thesis a
priori fits the needs of the end-user group selected, due to their cognitive
capacities and technology inexperience. Finally, ecological validity is an
important pillar of this thesis, and for such, the evaluation and testing of the
interface design should be carried out in the field, in a familiar place to the
user where they can feel comfortable.
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3.3.4 Ethical Considerations
Ethical considerations were taken in reference to the validity, execution
and evaluation of each experiment. The experiments presented minimal or
no risk to participants, with little physical movement involved. Participants
had the opportunity to request a break at any time. All participants gave
informed consent under the regulations of the School of Health and Social
Sciences of the University of Abertay Dundee, written and explained in
English. Participants were asked and assured that they fully understood the
nature of the task and that participation was voluntary. They also read the
statement about the confidentiality which explained that data would be
maintained at all times, and identification of participants would not be
available during or after the experiment under no circumstances beyond the
respective research purposes.

3.4 Summary
The problem has been presented and described in Chapter 1, and the
associated literature review documented in Chapter 2. The research program
has been presented in this Chapter 3. In the latter, it has been firstly
explained the appropriateness of a interdisciplinary research to combine
different principles that provide a suitable approach to the problem selected.
Three general objectives were addressed to the problem of user unfamiliar
with digital interfaces. For this purpose, an experimental-based research was
chosen, with a methodology that allowed to implement, evaluate and feed
back the principles applied.
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Subsequently, Chapters 4, 5 and 6 report the empirical studies conducted
in this thesis. Chapter 7 describes the case study evaluating several
paradigms in the field with selected end-users. The purpose of the
experiments and the case study was to demonstrate the principles of the
thesis to effectively improve the performance, satisfaction and effectiveness
of an unfamiliar user interaction with digital transactions. The possible
commercial application was not a target of this investigation; however, a
discussion on applied considerations is included in Chapter 8, where the
overall conclusions of the thesis are presented.
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Chapter 4
Assessment of deictic gaze cue to positively influence user's searching
strategy

4.1 Introduction
One of the essential characteristics of Self-Service Technology (SST) is
the digital user interface (Ul), necessary to operate the machine and
accomplish the goal that triggered such use. This Ul is usually displayed on a
screen strategically placed approximately in the centre of the area of user
interaction (it can be observed in Fig. 1, Chapter 1, how the screen in the
three devices shown - ATM, Self-Service Checkout (SSCO) and Self-Service
Check-in (SSCI) - is in a privileged place in the area of operation). This area
occupies an advantageous position in the space of interaction, becoming an
ideal place from where to direct user attention to relevant points inside the
interface and help the user to find the next item to perform the current step of
the transaction.
As discussed in Chapter 1, the problems encountered using SSCO as an
example of a SST device is of particular interest to users (due to an
increasing number of potential customers who have never shopped using a
SSCO before) and manufacturers (because of retail companies’ policies of
increasing the ratio of SST and decreasing the one of human cashiers).
Following extensive discussion with industry practitioners (M. Grossi,
personal communication at NCR Financial Solutions, February 15, 2010;
Martinez, Sloan & Scott Brown, 2010) a short engagement project was
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undertaken to establish the proof of concept of virtual agent (VA) in SSCO
contexts. This project is reported below as Experiment 1 with the underlying
paradigm of the human gaze used as a spatial visual cue. This paradigm has
been discussed in Chapter 2 and its efficacy widely tested inside the
laboratory (Posner, 1984; Langton et al., 2000), in applied human social
contexts (Kingstone et al., 2005) and in primates (Emery, 2000). The
application of gaze cueing to digital interfaces is made via a VA in a
searching task with the ultimate purpose of transferring principles of cueing
to the screen of a SST device.
To address these questions in a scalable manner, a interaction based
experimental protocol was developed in consultation with an industrial
partner, NCR Financial Solution Ltd., to incorporate some of the generic
features of self-service interaction in a plausible short spell interaction
decision with semi-realistic interface components surrounded an agent.

4.2 Experiment 1. Static Virtual Agent Gaze and Head Cues
A substantial volume of work on the role of assistive agents has been
conducted (see Chapter 2 for a review), with some indication that different
interaction contexts may have preferred agent characteristics. For the current
study, which is focussed on establishing general principles of agent efficacy,
it is important that a virtual agent is selected that does not sit on the extreme
end of the continuum of possible agents. For example, it might be
appropriate in a car-wash to have a robot agent, but this might not suit the
financial contexts so well (Wilson, 2007; Sloan, 2011b) has developed a
general purpose avatar or agent face that is designed to appear
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‘androgynously female’ so as to avoid the potential pitfalls of an agent that
may not be suitable. By sticking to a single agent, this programme is
focussed on the information transmission capability of the face rather than on
differences in agent gender which is part of a separate, parallel, study
(Payne, Szymkowiak, Robertson & Johnson, 2013). The agent was designed
using a practice based research methodology (Gray & Malins, 2004,
Haseman, 2007); in this methodology the design process is informed by
reflection, personal and professional experience and long-form appreciation
of audience response. This can be contrasted with approaches that take a
more experimental approach and as such are constrained by the
epistemological approach. This allowed the construction of an agent that is
based on convincing appearance of expression without the need for the actor
to create the animation.
In 2010, Sloan et al. showed that the animations created using this
practice based approach could be validated using an experimental method of
emotion classification. Participants were required to classify a series of agent
expressions presented in random order. Participants were able to classify the
emotions to the same level of probability as Eckman and Strong (1994). As
such, the overall approach of practice based research to create authentic
facial expressions has been validated by experimental studies confirming the
depiction of universal emotional expressions.
Based on the logic discussed above and previously in Chapter 2 (Langton
et al., 2006; Emery, 2000; Kuhn et al. 2009), the head and gaze cue stimulus
was incorporated into an experiment to create a simple validation paradigm
to confirm the efficacy of guiding participant eye movements and manual
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responses. To further elaborate the response mechanism and ascertain the
sensitivity of the proposed paradigm, the industrial partner recommended the
addition of an additional stimulus parameter, namely the level of artistic
realism of the VA. To address the question of realism in agent interaction, a
key issue that arises is that of the ‘uncanny valley’ (Mori, 1970). This is the
idea that as reproductions or renders of human likenesses become more and
more photorealistic, they can sometimes become unreal or uncanny in
appearance. One follow on implication from this is that, that it may be simpler
cheaper and more cost-effective to have a lower resolution character than a
high resolution character. Accordingly two versions of VA were rendered, one
in high resolution and one in a lower resolution ‘cartoony’ format. If
participant responses vary across this parameter then this would suggest
fine-scale manipulation of image format would be worthy of exploration. If no
differences accrue for this level of manipulation then scores for both VA types
can be aggregated for analysis purposes.
Thus Experiment 1 was run to give an indication of the suitability of the
overall principles applied. The hypothesis of applying VAcues tested whether
the research approach was applicable to digital interfaces. In addition, the
purpose of the experiment was to assess the appropriateness of the data
collection procedure, experiment layout and input channels, as well as to
detect possible errors in experiment design and analysis.

4.2.1 Hypothesis of Experiment 1
Experiment 1 aimed to test the potential efficacy of static congruent VA
cues in a searching task for an array of buttons. The null hypothesis of
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Experiment 1 was that there would be no significant difference in the
Response Latency (RL) between the informative and non-informative
conditions. An absence of a significant difference should have been
confirmed by the two ways of collecting data, by manual response and by
eye movement analysis. If both propositions (manual and oculomotor) of the
null hypothesis were found true, then VA cues would be found to be not fully
suitable for application in searching tasks within the digital interface
analysed. However, if either of those two propositions were found false,
further investigation would be required to explore the suitability of VA cues on
digital interfaces.
The effectiveness of the spatial visual cues (Posner, 1980) was defined as
if the cues presented in the informative condition were successfully followed
by the participant, by providing a substantial RL reduction compared with the
non-informative condition in the selection of target button or either by a
positive performance in the searching task based on the analysis of
oculomotor data.
To test the null hypothesis in which VA cues did not change effectiveness
of participants’ search behaviour during a selection of a specific labeled
button, a significance level of 95% was set above which the null hypothesis
would be rejected. The task was to find and select a specific labeled button
among twelve different ones distributed in a clock shape (see Fig. 13). The
distribution of the array of buttons is based on the target distribution around a
central point used in Langton (2006). The buttons were equidistant from that
central point to equate the time to be reached (based on Fitts’ law: Fitts,
1954).
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Figure 13. Experiment 1 interface layout. Nine labelled buttons
around the virtual agent (VA) head. In this case, the VA is looking
straight ahead (non-informative condition). The correct target
button was, in this case, the one with the ‘Check Out’ label (placed
in the bottom left quadrant). (Sloan, Robertson, Szymkowiak,
Scott-Brown and Martinez)

The conditions tested were informative versus non-informative. A static VA
head or, alternatively, a 3D ball (Fig. 15, p. 101), was presented in the centre
of the screen. The non-informative conditions consisted in a VA looking
straight ahead without performing any cues and named Control condition, or
a 3D ball-shaped object with no relevant meaning for the searching task and
named Blank condition (see Fig. 15, p. 101). The informative condition
showed VA cue statically and informatively pointing to the area of the screen
where the target button was. The informative conditions were: VA Gaze cue,
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where the VA used only a gaze cue; VA Gaze plus head cue, where the VA
used gaze and head to cue (Fig. 15.b, p.101).
A priori, if the cue was observed and followed by the participant, it would
potentially enhance the searching strategy reducing the search to 1 out of 3
buttons. If the cue was not present (Blank and Control conditions), not
observed or not followed (in the Gaze cue and Gaze plus head cue
conditions), the search task would probably use a brute-force technique,
exploring all the four quadrants and searching for one out of 12 buttons (Fig.
14.a). Therefore, a non-informative condition would ideally lead to a search to
target 1 out of 12 buttons, while the informative condition to target 1 out of 3
buttons (see Fig. 14.b). If the cue is effective then conditions where the
diagnostic cue is present should elicit a switch from depth-first/brute force
(Leiserson, Rivest, & Stein, 2001) search to heuristic search (Land & Doig,
1960) patterns. An additional graphical factor was introduced as a condition,
to assess any potential differences between normal computer graphics
resolution (Natural condition) or a more simplified cartoon version of the
agent with reduced detail in the rendering (Cartoony condition).
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Figure 14. Experiment 1 search tree strategy comparison, (a)
Blank condition with no cue about where the target button is. The
search tree shows the worst case scenario of the depth-first
search strategy, where the observer would inspect the twelve
buttons of the interface (all the possible nodes of the search tree),
visiting the four quadrants in which the buttons are distributed in
group of three, (b) Gaze plus head cue condition, where the cue
points towards the quadrant where the target button is. The search
tree shows the worst case scenario of the Bounded/Heuristic
search when the cue is followed. When these cues are followed by
the observer, only three buttons are inspected as a result of
exploring only one quadrant.

The VA was characterized either by a natural or a ‘cartoon’ style. The 3D
ball-shaped object was the same in the natural and cartoon condition. In
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summary, non-informative tests were: (2 VA_type (normal, cartoon) x 4 VA no
cue) + 8 (3D ball-shaped object) = 16 non-informative cases. Informative
tests were: 2 VA type (normal, cartoon) x 2 Cues (Gaze cue, Gaze plus head
cue) x 4 Quadrants (NW, NE, SE, SW) = 16 informative cases. In total, 16
informative cases + 16 non-informative cases = 32 cases studied (see Fig.
15).

Informative

( 3 ) Non-informative

oOI Q
o
Blank

Control

Gaze Cue

Gaze + Head Cue

4x

Figure 15. Experiment 1 tested conditions, (a) Non-informative
condition, from top to bottom and left to right: 3D ball-shaped and
virtual agent (VA) looking straight ahead, in natural style (top row)
and cartoon (bottom row), (b) Informative condition with the types
of VA cues, from top to bottom and left to right: gaze cue and gaze
plus head cue, in natural style (top row) and cartoon (bottom row).

4.2.2 Settings and Participants
The experiment was run in the University of Abertay, Dundee, Scotland,
United Kingdom (UK), at the Perception Laboratory of the School of Social
and Health Sciences (SHS). A total of thirteen participants were recruited
from undergraduate students from first to fourth year and members of the
staff of the University, such as lecturers and administrative employees. There
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were four female and nine male participants, eleven right handed and two left
handed, with a range of age between twenty-one and forty-two (X = 27, SD =
3). None of them had any disability described and two of them wore glasses.
None of them had seen the experiment’s digital interface before. Participants
had the opportunity to request a break at any time, although none of them did
so, probably due to the small number of trials (16+16 = 32) and their short
duration (the longest search was under 3s). Overall, the light, sound, and
ergonomics conditions of the experiment were set up to sufficient levels of
comfort and efficiency to not to disturb or provoke any serious disruption. The
experimenter was present during the whole experiment (i.e., during the
calibration of the eyetracker device, trials and final comments). No incidents
occurred during the 13 participant sessions.

4.2.3 Method
The searching task asked participants to find and touch as fast as they
could the button labelled with either the text Check out or My Logout. Only 1
button had the target label and the other 11 buttons had different ones. All the
labels represented common text found in current digital transactions13.
Each participant was required to use a chin rest during the whole
experiment, including the calibration and experiment trials. Participants were
seated on a chair with locked wheels, putting their head on the chin rest,
within comfortable arm’s reach of the touch screen and keyboard on the
table. Following the instructions of the experimenter, a 9-point calibration

13 See Appendix I for a complete list of the button labels available.
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procedure was done placing black crosses across the screen where
participant had to look at. The crosses covered the same area where the
buttons were displayed. The experimenter did the calibration setting up the
points in the eyetracker laptop using the iViewX software v. 2.8.26. Once
calibration ended, the experiment started. When the trials finished, the
experimenter checked again the accuracy of the calibration asking the
participant to look at the points sequentially and observing the result in the
eyetracker recording.
Once the eyetracker calibration was successful (only one participant could
not be tracked due to the blue tone of their eyes), the program started
presenting the instructions on the screen. Participants had to read the
instructions, selecting the handedness, school/faculty they belonged to and
press the start button once they were ready to start. At the beginning, 6 trials
were run to train each participant in the task. After the training trials, the
proper experiment started. In total, 32 true trials were run per participant and
in random order and counterbalanced. To start each trial, the participant had
to press the space bar and then the layout was displayed. The space bar was
held pressed until the participant released it to touch the selected button on
the touch screen. Those trials where the participant selected the target
button, it was counted as a success and the RL analyzed. If the participant
selected a button other than the target button, it was counted as a mismatch
and the RL was discarded. After the experiment was finished, the nature of
the experiment was explained to the participant and they were invited to ask
questions.
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4.2.4 Apparatus
The hardware set up was a modified Sensomotric (SMI) HED eyetracker
device, video-based monocular, pupil-CR, dark-pupil tracking, with resolution
<0.1° (typ.) gaze position accuracy < 0.5° - 1° (typ.) and with sampling rate
eye movements of 50 Hz. It was mounted and fixed to a chin rest where
participants put their head (see Fig. 16.a). The physical layout of the
experiment included a 15” touch screen placed at a distance of 0.4m from
the observer; a keyboard placed 0.2m. from the eyetracker and 0.1m from
the touch screen (see Fig. 16.c). The software application was programmed
in JAVA (version 1.5.0.14, Sun Microsystems Inc.) and set up to display the
interface with button distribution surrounding the VA or 3D-ball. The
participant responses were stored in a file, with selected button’s label and
RL of each selection.
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Figure 16. Experiment 1 physical set up with a participant and
interface shown, (a) and (b) show participant set up, with chin rest
and eyetracker. (c) The complete physical layout showing the
keyboard, touch-screen monitor and chin rest, (d) Interface layout
as seen by participants, with the twelve-button distribution and VA
cue in the centre.

4.2.5 Data Analysis
The data was stored in two different ways: the data corresponding to the
physical interaction with the touch screen was stored by the JAVA program
on text files (.txt format). The data corresponding to the eyetracking analysis
(where the participants where looking at, for how long, etc) was stored by the
eyetracker software, specifically iViewX (v. 2.8.26) and BeGaze (v. 3.0.181),
in files (.idf, .avi).
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4.2.5.1 Manual Response Data Analysis
The data relative to user interaction (JAVA program) stored the following
information for the data analysis: number of participant, age, gender,
condition, target button text label, selected button text label and RL in
milliseconds14 (ms), counted from task interface viewing until the participant
selected a button. The analysis was carried out analyzing the RL associated
to each condition in the succeeded trials, those were the button selected had
the target label, either with the text Check out or My Logout.
Participants were able to accurately select the cued target regardless of
whether the condition: Blank (100%), Control (94.2%), Gaze cue (100%) and
Gaze and Head cues (98.1%). This suggests that, in general, the condition
did not substantially impact on number of errors.
First, analysis consisted of a parametric 1-way Analysis of Variance
(ANOVA) Repeated Measures, using statistical software analysis package
SPSS v. 19, for the comparison of RL between the non-informative and
informative conditions of the 13 participants. The longest search was 2.6s for
Blank condition and fastest was 2.1s for Gaze plus head cue condition. The
primary statistical analysis showed significant results (F(3, 13) = 130.31, p <
0.01). However, the data did not comply with the three assumptions for the 1way ANOVA test, normality of the data, homogeneity of variances and
sphericity15. Thus, the significant results were discarded and, instead, a nonparametric test was carried out. The Friedman test showed no significant
results for the RL in the conditions tested (F(3, 13) = 6.771, p = 0.08; M Biank
14 See Appendix IV for a sample of a stored data file.
15 For the importance of the violation of the 3 assumptions of ANOVA test see
Field, 2009, p. 324.
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2139 ms.). However, the results approached significance and a larger
sample size would possibly have produced significant differences.
Rendering format showed no difference between the Cartoon and Natural
conditions, and so the data were collapsed across this dimension for
subsequent analysis.

4.2.5.2 Oculomotor Response Data Analysis
The second analysis was carried out based on the data stored by the eye
movement recorder’s proprietary software, iViewX, which stored participant’s
gaze dispersion on axis X and Y in pixels (px), number of fixations and
fixation duration in ms per participant per trial16. The fixation analysis was
hand coded, with an approximate ratio of 30 minutes of analysis per minute
of footage. In addition, the eyetracker data was visually analyzed in the form
of a scanpath, manually counting the number of nodes visited in each trial. A
node was considered visited when there was a fixation inside of a button.
The software stored eyetracker data with a sufficient quality17 to be analyzed
from 9 participants out of 13. All eyetracking measurements were analysed
only in the successful trials, those where the participant selected the button
with the target label. Unsuccessful trials were only counted to obtain the
absolute number of failures to obtain error percentage. Of the other 4
participants, 1 could not be tracked due to the blue shade of their eyes and

16 See Appendix V for a sample of a stored data file.
17 Sufficient quality for eyetracker data analysis means to have a clear image
of where the participant is looking during the trial that allows the researcher
to track and detect what and when the items in the scene are looked.
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the other 3 because the quality of their tracking was not sufficient to rely on
accurate data analysis.
The statistical test selected for the eyetracker data analysis was the
parametric test 1-way ANOVA Repeated Measures. In the eye movements
analysis there was no case where more than one of the three assumptions
were violated (see Table 2 with the three assumptions analysed per
condition).
Table 2
Experim ent 1 Results o f ANOVA test an d fulfillm ent

________ o f data sam ple assum ptions p e r condition ________
Comply Comply
withwith
Obs.

Measure

P

P ow e

r
n/a
Response
Latency
0.08
0.581
Dispersion X

with

Spherici Normali
ty

Comply

ty

Sig.

Homog.
Assump.

Assump Assump
No

No

No

No

Yes

Yes

No

No

Yes

Yes

Yes

No

0.07
0.141

Dispersion Y
0.63

Yes
No
0.153
Yes
Yes
Fixation
duration
0.63
0.054
No
Yes
Yes
No
Number of
fixations
0.54
<0.01 n/a
Yes
No
Yes
Yes
Number of
nodes
visited
Note, n/a = not applicable; p = probability; Obs. = Observed;
Assump. = Assumption; Homog. = Homogeneity;
Sig. = significant?; significant when p < 0.05
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The analysis of the Dispersion in X and Y axis showed that it was more
reduced in the case of VA cues in both axis but the differences found were
not significant (dispersion in axis ‘X’: F(3, 24) = 2.694, p = 0.07, obs. power =
0.58; dispersion in axis ‘Y’: F(3, 24) = 0.525, p = 0.67, obs. power = 0.141).
There was either no significant differences in the Fixation duration factor
(F(3, 24) = 0.586, p = 0.63, obs. power = 0.153). In the Number of fixations,
at first instance there was significant difference whether the sphericity was
assumed (F(3, 24) = 3.619, p < 0.05). However, a deeper analysis of the
sphericity denied that assumption (Mauchly's test of sphericity Sig. = 0.025,
significant). Using the protocol described by Field (Field, 2009), GreenhouseGeisser correction concluded that the sphericity was finally violated18.
However, a significant difference was found in the Number of nodes visited
(F(3, 24) = 7.907, p < 0.01; effect size of co2 = 0.11, small size).
A Bonferroni correction was used for pairwise test comparisons, showing
that there was a significant difference between the conditions Blank vs Gaze
plus head cue (p = 0.026, < 0.05) and Control vs Gaze plus head cue (p =
0.041, < 0.05). The condition Blank vs Gaze cues was not significant (p =
0.051) (see Table 3). The mean (M ) and Standard Error (SE) of the number

18 The violation of the sphericity assumption in the condition of Number of
Fixations was because Greenhouse-Geisser value was closer to lowerbound estimate of sphericity than to the upper limit of 1. Greenhouse-Geisser
= 0.57, resulting in the lower-bound closer to the factor (0.57 - (1/(4 - 1)) =
0.57 - 0.33 = 0.24) than the upper limit (1 - 0.57 = 0.43; 0.24 was lesser than
0.43). In that case, the adjustments Greenhouse-Geisser and Huynh-Feldt
were added together obtaining the half value of their sum (p = (0.60 + 0.47) /
2) = 0.054) which resulted in non-significant (p = 0.054 > 0.05, obs. power =
0.59).
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of nodes visited per condition ordered from higher to lowest number of nodes
Visited werei M Blank (7.6, SE = 0.65),

Control (7.2, SE = 0.61), M G a ze cu es

(5.2, SE = 0.57) and M Gazeplus h ea d cu e (4.2, SE = 0.59) (see Fig. 17).

Table 3

Experiment 1 Bonferroni Test results
for the condition Number of nodes
visited

Type

Com pariso
n

Mean
D eviat
ion

St.
Error

Significa
nee

Blank

0.329
Control
2.410
Gaze cue
Gaze plus head 3.343
cue

1.073
0.695
0.848

1.000
0.051
0.026*

Control

-0.329
Blank
2.081
Gaze cue
Gaze plus head 3.014
cue

1.073
0.696
0.835

1.000
0.104
0.041*

Gaze cue

-2.410
Blank
-2.081
Control
Gaze plus head 0.933
cue

0.695
0.696
0.658

0.051
0.104
1.000

Gaze
plus head
cue

Blank
Control
Gaze cue

-3.343
-3.014
-0.933

0.848
0.835
0.658

0.026*
0.041*
1.000

Note. St. = Standard; * = significant

110

S a n tia g o M a rtin e z - In te ra c tio n s ty le a n d v irtu a l a g e n t s p a tia l g u id a n c e

Experiment 1 - Average Number of Nodes Visited
12

~o

CD

CO
CD

T

T3

0

Blank

I

Control

Gaze Cue Gaze & Head Cues

Condition Analyzed
Figure 17. Experiment 1 results of the average number of nodes
visited in successful trials per condition. From left to right: Blank
(7.6), Control (7.2), Gaze cues (5.2) and Gaze and head cues
(4.2).

4.2.6 Summary
Experiment 1 aimed to test if VA static cues would improve or change in
some degree the participants’ searching behaviour. This improvement was
defined in a way that, compared with the non-informative condition, an
advantage was produced in the informative condition measured by the
reduction in the RL of the manual selection of correct target button on screen
or as a result of the post-trial analysis of the gaze location data. The resulting
null hypothesis was that VAcues did not change effectiveness of participants’
search behaviour during a selection of a specific labeled button. A
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significance level of 95% was set up above which the null hypothesis would
have been rejected.
The first analysis carried out on the differences of the RL’s showed no
significant result. That resulted in no significant improvement in the elapsed
searching time comparing both conditions in terms of time saving.
The second analysis was based on eyetracking data and showed different
results. First, the average dispersion on axis X and Y and fixation duration
were not significant. The number of fixations were also non-significant.
Importantly, the differences in the number of nodes visited across conditions
were significant. The informative conditions resulted in an average number
between 4-5 nodes visited and non-informative conditions above 7 nodes
visited.
In summary, at first glance the overall results seemed contradictory. While
the analysis of the RLs showed no significant difference in the conditions
studied, there were significant results on the number of nodes visited. These
data suggested that although the differences in RL were not significant, an
amount of time was saved when the static VA cues were successfully
followed. Furthermore, this cueing effect leading to a successful selection of
target significantly reduced the number of nodes visited in favour of the
conditions with cues. This effect clearly improved the strategy used in the
searching task, from a depth-first search strategy based in brute force to a
bounded or heuristic search resulting in a significant reduction of the number
of targets explored. In conclusion, the null hypothesis can neither be
rejected, nor accepted, and further investigation is required to validate VA
cues to enhance searching task in a digital interface.
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4.2.7 Discussion
Experiment 1 was the first of a series of six experiments developed to find
the viability of VA cues on unfamiliar digital interfaces. The internal validity of
Experiment 1 is discussed below. Afterwards, differences with previous
research will be described in detail.
As regards the internal validity of the experiment, an issue was the
significant character of the measurements. Although the difference in RL did
not reach a significant effect, the internal validity of the experiment was
demonstrated in the analysis of the eye movements data. The difference in
the dispersion on the XY plane (much more reduced in the informative VA
cue condition), the minor number of fixations and overall, the substantial and
significant diminution in the number of nodes visited in the resulting search
tree, are considered enough arguments to affirm that in the informative
conditions the VA cues could have improved the performance in the
searching task. These results are consistent with previous literature where
congruent visuo-spatial deictic cues provide benefits to the observer in
relation to the task (e.g., discrimination-detection: Posner, 1980; Langton,
2000; visual search: Conty, Tijus, Hugueville, Coelho, & George, 2006;
Senju, & Hasegawa, 2005). It can be appreciated how the average number
of nodes visited is inversely proportional to the amount of relevant
information presented, represented by the gaze and head cues. The
reduction in the number of nodes visited could potentially improve the search
behaviour of the active observer of gaze and head cues. This is evidence
that effective VA cues may improve the effectiveness of a search and
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selection task on a touch interface. It is consistent with the interpretation that,
with a more refined experimental design and data collection, investigation of
VA cues applied to digital interactions for users unfamiliar with the interface
could be developed.
After the in-depth analysis of the results was completed, a series of
improvements were proposed: to increase the number of participants to get
more statistical power; to improve the accuracy of the data collection (i.e., to
have a larger number of samples per participant); and above all, to redesign
several elements of the prospective experiment. In particular, the distribution
on the interface layout was considered not optimal. All the buttons were
distributed 3 by 3 in the corners of the interface, which restricted the agent’s
gaze cue power looking only diagonally to quadrants missing horizontal and
vertical axis positions. Another improvable element affecting the internal
validity was the instrumentation used in the experiment. It appeared
somewhat artificial that the participant had to maintain an extended key press
on the spacebar before touching the selected button from the beginning of
each trial. It was observed that some participants were still exploring the
scene after they released the space bar, from where it was deduced that the
requirement for holding the space bar on the keyboard was not appropriate
for the introduction of possible cognitive load that might distort RL. Therefore,
in terms of measuring RL, the use of a peripheral (e.g., holding pressed a
key, mapping buttons of the mouse with what is seen on the screen) may
introduce a severe cognitive load that negatively influences the results. For
instance, the use of a touch input involves human physical locomotion
movements that belong to a different order of magnitude, much higher than
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the one in which human gaze operates. It was therefore introduced to reduce
cognitive load to the minimum in searching tasks.
Regarding the fixed eyetracker, it seemed to be an ideal tool for the
searching task data analysis. Without it, only the data collected by the JAVA
program would have shown a non-significant effect of RL, increasing the
chances of Type II error and ending the analysis at that step. The eyetracking
data brought more elements into the analysis stage, enriching the set of
factors that truly shaped the experiment.
Based on insights gained from the experience or conducting Experiment 1,
there were potential improvements to be introduced relative to the external
validity of the experiment. The design of prospective experiments should take
into account all the possible responses of participants, and estimate with
better accuracy the necessary number of participants to have enough
statistical power to support the data analysis and respective conclusions.
That would increase the number of slots available and ideally more
participants could be tested. One lesson learned was the need to increase
the statistical power of the design (Field, 2009, p. 59). Lack of availability of
hardware meant testing had to stop before more participants were able to
take part in the experiment. In terms of trial procedures, the fact of holding a
key pressed introduced a considerable amount of cognitive load that could
distort the data collected. It was considered very important to improve the
input channel to ease the trial goals and to eliminate potential disruptions that
can interfere with the analysis.
The following points highlight the main differences comparing the
methodology applied in Experiment 1 with previous literature:
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1) The use of realistic cues
Psychological studies have traditionally made stimuli based on
simplified human faces, such as schematic plots, black and white
drawings or black and white modified pictures. More recently,
higher fidelity stimuli have been developed to realistic cues based
on colour pictures with some sort of alteration of the eyes or head
directions, made with image processing software, e.g., Photoshop
(Langton et a/., 2000) and presented in a limited sequence of
pictures. In the experiment previously described, the stimuli were
developed in some different directions. First, compared with the
traditional approach, a complete coloured VA head with eyes,
eyebrows, ears, neck and hair were presented in the trials
considering completeness of the human shape seen and
believability of the meaning of what is observed. Second, in
contrast with other psychological studies (e.g., Langton, 2000), the
stimuli were created from the beginning to be communicated via a
representation of a human head and face, instead of a primary
human image later modified. Third, the deictic cues were
coordinated based on an artistic model, aligning the gesture with
all the elements in the head and face that represented the cue.
2) Use of the cues in a more suitable scenario
The ultimate goal of the programme of research, of which this
experiment was a first step, was to demonstrate that VA static
cues could be used in unfamiliar digital transactions on SST. For
this reason the buttons displayed in the study had labels with text
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commonly found on everyday digital transactions. Unlike
traditional research where the trials consisted in tasks that would
have little connection with real-world scenarios, the experiment’s
underlying principles could be applicable to a digital transaction
that a user could perform on an everyday basis. The similarity
between the task and potential real-life situations was key to
increasing the ecological validity of the experiment, and it would
be incrementally developed in later experiments.
3) Selection of elements inside the interface using touch
Each element presented in the interface had a meaning. They
were placed not only to be observed, but also to be selected and
activated. Like it may occur in any other digital interface, most of
the elements displayed have a purpose that contributes to the
development of the interaction. In contrast with some
Psychological studies, there was an absence of having to map an
external peripheral with the answer made, e.g. right button of the
mouse with the answer mapped on the right side of the screen
(Simon, 1990; Friesen & Kingstone,

1998; Hampshire,

Chamberlain, Monti, Duncan, & Owen, 2010). The target element
inside the interface was perceived, selected and activated by
touch, instead of using an external peripheral to map the answers.
This diminished the cognitive load for the participant in the
response of each trial.
4) Use of an eyetracker device to store and analyse data
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The use of an eyetracker required a special physical set up for
the participant but in return it provided a complementary analysis
of the eye movement data. First, it brought the possibility to
retrospectively analyze the data of the eyetracker software and the
scanpath of the participant trial video, giving access to a deeper
analysis. Thanks to that, the analysis included dispersion in XY
plane, number of fixations, fixation duration and number of nodes
visited in the resulting searching task tree. Thus, the completeness
of the analysis was very important to obtain valid conclusions for
the progression of the research and thesis. In conclusion, the
gains made by using the eye-tracking system compensated for the
drawbacks (e.g., the participants having to maintain a fixed head
position for the duration of the study).

4.2.8 Chapter Summary
In relation with the research question the fact that through the use of VA
static gaze and head cue the search behaviour of the observer can be
improved (e.g., from depth-first (Leiserson, Rivest, & Stein, 2001) to a
bounded or heuristic search (Land & Doig, I960)) is consistent with a guided
search model, such as that proposed by Wolfe, (1994 and Wolfe et al,
(1989). Search behaviour in Wolfe’s explanation of visual search can be
modulated by both bottom-up and top-down guidance. The overall message
from the current experiment is that VA cues could be potentially incorporated
into a digital interface for unfamiliar users. The search task used in
experiment 1 comprises both a targets and distractors. The results show that
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when additional location-diagnostic information is provided in the stimulus,
the search behaviour of the participant is improved in terms of a reduction in
the number of distracting targets visited during the search task.
In the context of SST, the lack of external aids such as human assistants
(as presented in the research question earlier) suggests that a ‘selfexplained’ interface should be developed, guiding the unfamiliar user
throughout the steps. The results of Experiment 1, coupled with the wider
literature on the benefits of VA (Gratch, Wang, Gerten, Fast, & Duffy, 2007;
Johnson & Rickel, 1997, Gulz, 2004), suggest that a VA approach could
effectively guide the user. However, the nature of the guidance required
remains a key unanswered, question. Could the VA be animated? In order to
answer this question it is necessary to take a step back and examine the
nature of eye-guidance in cuing contexts. However, the use of a target
search paradigm with distractors creates a complex search task (e.g.,
Treisman and Gelade, 1980). In the first instance it is necessary to compare
static and dynamic cues guidance of eye-gaze in the direction of a specific
location of a target in an array of targets. If this is achievable without the
additional load of conjunction search, then a case can be made for the
inclusion of animated cues in interface layout.
In the next step of the research, different degrees of motion cues will be
analysed in order to provide an insight in how effective dynamic cues can be
when saving time in a target selection task. The reason for such comparison
is that spatial cues on social contexts can, when implemented by social
entities (e.g., human-like agents) incorporate context-sensitive features such
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as motion or emotion that may enrich the user experience and the interaction
outcome.
The transition from static frames on devices such as ATMs which have
limited computer graphics capabilities to modern SSCOs such as NCR’s Fast
Lane 5 system, offer up the interaction designer the possibility of using
animation cues as well as pictorial cues. In the following chapter, the
potential scope of animated cues are explored first for eye-gaze allocation,
and then for manual selection.
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Chapter 5
Orientation and Direction of Attention by Virtual Agent Deictic Gaze and
Head Cues19

5.1 Introduction
The allocation of attention by a human observer is a critical and ubiquitous
aspect of human interaction. For the designer of human-computer interfaces,
the efficient allocation of user attention is critical to the uptake and continued
use of their interface designs. Historically, many digital interfaces have relied
on static textual or pictorial cues, or a very limited sequence of frames
loosely interconnected over time, such as ATM on-screen menus or websites.
Until now, psychological insights on attention and their associated cognitive
processes have mirrored Human-Computer Interaction (HCI)’s reliance on
either static or stepped pictorial stimuli, where stepped pictorial stimuli
consist of a few static frames displayed over time to imply basic motion
(Langton et a/., 2000). This legacy can be attributed to limitations in
affordable and deployable computer graphics. However, more recently, the
increased power of computer graphics at more cost effective prices has
allowed for the introduction of high resolution motion graphics in humancomputer interfaces.
Based on the discussion of the results of Experiment 1 described in
Chapter 4, a series of another five further experiments were run to evaluate
19 Aspects of this chapter have been reported at The Second International
Conference on Creative Content Technologies, International Academy,
Research, and Industry Association (IARIA) (Martinez et al. 2010) and
appear in International Journal on Advances in Intelligent Systems (IJIAS)
(Martinez et al. 2011).
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fully animated (25 frames per second) virtual agent (VA) cues, where both
the eye- and head movements of the agent were animated to allocate user
attention. In contrast to many previous studies that have relied only on
manual inputs, such as using peripheral devices in response to cues, this
research explored the possibility of two different modes of interaction, gaze
and touch input. Experiment 2 used the captured eye-gaze of participants as
a response mechanism, following on from the work of Ware and Mikaelian
(Ware & Mikaelian, 1986), while Experiment 3 explored the suitability of
attention allocation on the same task involving small amount and range of
locomotion (i.e., touch action). Additionally, in relation with these two
experiments, in the next Chapter 6, three more experiments are described.
Specifically, Experiment 4 introduced emotional expressions on the VA cues
to look into the response latency (RL) to specific emotions on the interaction
with digital touch interface. In Experiment 5 and 6, VA cues were performed
using the principles of animation (Thomas & Johnson, 1981), in search of the
most likeable animation for the observer and therefore suitable for the
interaction.
A key objective of this set of experiments is to inform solutions to the
problems faced by the Occasional User (OU) (Ch 2), in particular the special
problem faced by occasional users, and indeed many users at any particular
point in a transaction, namely the problem of ‘what to do next’. In experiment
1, the goal of the participant was a search task: given a particular interaction
state, they had to find a solution or target consistent with that goal. However,
the problem of what to do next is not such a specific conjunction search task.
Rather, in SSTs the what to do next problem is more often general. The user
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may simply have to find an actuator or button in order to initiate the next step.
Particularly in ATMs, the actuators are general purpose buttons and their
function can be specific to screen. Mostly, the buttons themselves are not
labelled directly. In order to create a paradigm for interaction evaluation that
addresses these problems it is preferable to create a task that does not
require or assume a known goal or target state from the user. Rather, the
task should be a more generic type where the participant must look here or
press here. Therefore, to address the ‘what to do next problem’ in a simple
paradigm, the following set of experiments use a generalised form of
response target, namely a button icon. By arranging these in a circular array,
it is possible to create a generic, actuator-based, interface with a central
screen. In this way, it is possible to use a standard computer display to inform
more general interaction questions relating to interface design.

5.2 Experiment 2
To take the problem of ‘what to do next’ back to its absolute basic element;
in order for an individual to have their behaviour guided around an interface,
it is preferable first to get the observer to fixate (foveate with their eyes).,
specific targets. Regardless of subsequent manual behaviour, it is important
for the interaction designer to know how attention or gaze is allocated as a
function of cue stimuli. With this in mind, the first experiment simply recorded
the spatial and temporal allocation of eye gaze following a location cue.
Following on from experiment 1, the type of cue was facial gaze and head,
the combination of optimal social cues to attention. This was chosen to
maximize the chance of success, since experiment 1 showed the fastest
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nominal response latency. Thus, experiment 2 was designed to test whether
the use of dynamic VA cues introduced any significant difference in the
measure of the oculomotor RL made by gaze target selection, in other words,
how long does it take for a participant to orient their eye gaze to a cued
location in visual space following the presentation of either a face stimulus
with a head and eye gaze cue. In the next sections the method employed,
the data collection, analysis, and results are described. The conclusions are
presented together with the next experiment’s, which is analogous in task
and data analysis.
The VA used was developed by the expert animator Dr Robin Sloan (as
described in detail in Section 4.2). The critical point about the use of the VA in
this context is to utilize a VA with as much generalisability as possible but one
with the procedural control only possible by a synthetic, animated agent. In
other previous experiments, where photographs of real people are used,
(e.g.. Langton et a/., 2006) the depiction of eye-gaze is under the control of
the actor, likewise the head position is also under control of the actor. This
makes precise control of the lateral and vertical extent of the stimulus,
uncertain. It is not possible to render the eye and head position of a human
as precisely as an agent. An animated agent gives essentially perfect
precision in control. A leftward fixation is identical to a rightward fixation in
terms of the pixel changes of the image.
As well as providing spatial and temporal precision, the use of an
animated virtual agent (VA) can avoid some of the potential problems
associated with using an individual actor. By using a generic VA, designed to
be acceptable and believable (Sloan, 2010), the distracting potential of using
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real photographs is minimized. Thus in the following two experiments, an
animated VA was selected to allow for precise control of both head and eye
gaze to a circular array of target locations around the agent. The vertical and
horizontal positions of the facial features can be perfectly matched in their
spatial extent, and the timings of all animations controlled. The use of
practice based, and validated animations allows for believable animations to
be used (as discussed in 4.2). In cases where static cues are required, the
individual frames from the animated clips can be extracted at the same point
in time for each animation. Thus each clip and each frame is matched across
space and time.
The arrangement of cued locations was depicted with large ‘button’ icons,
which were designed to be size appropriate for the location on the screen
and to be within the spatial resolution of the eye-movement recorder to allow
for accurate response coding (Fig 18.).
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Figure 18. Experiment 2 interface layout. Virtual agent’s head,
neck and shoulders were placed in the centre of the screen,
surrounded by eight equidistant red square areas and arranged on
a clock shape distributed in both the cardinal and oblique axes.

5.2.1 Hypothesis of Experiment 2
Based on the literature reviewed, the prediction is that dynamic VA cues
would create a more effective overall gaze cue thanks to their closer
relationship with natural gaze cues. Accordingly the null hypothesis of
Experiment 2 was that dynamic VA cues would show no significant difference
in RL of participant’s gaze compared to RLs for static and 2-stepped VA cues.
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5.2.2 Settings and Participants
The experiment was run in the Perception Laboratory of the School of
Social and Health Sciences (SHS) at the University of Abertay, Dundee,
Scotland, United Kingdom (UK). A total of sixteen participants were recruited
from students and staff at the University of Abertay-Dundee. There were
eight female and eight male, twelve right handed and four left handed, with a
range of age between twenty and thirty nine (X = 26, SD = 3.5). There was
no compensation and all had normal or corrected-to-normal vision. None of
them had seen the experiment’s digital interface before.

5.2.3 Method
In the experiment, participants were asked to perform an object selection
task using their eye gaze alone on a series of twenty-four trials showing
agent animations as stimuli, presented on a monitor at a resolution of 1024 x
768. Each of the videos showed a virtual agent’s head in the centre of the
screen surrounded by eight different possible target areas (see Fig. 18).
Over the course of the video, each agent was displayed on screen for
3000ms orienting its eyes and head to aim at a particular target square area.
This procedure is named as the VA cue. The point at which that occurred
together with the nature of the agent’s movement were determined by the
type of agent cue (see Fig. 19). Each task presented eight possible target
square areas, among which only one was the right target choice in each trial,
the one specifically indicated by the agent gaze and head cue.
The read instruction for the participant to do the task was “One button has
to be selected per trial. You will see some information in the centre of the
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screen”. A target area was selected by a participant using only their gaze,
accounting the first-fixation inside a square area during a specific amount of
time tracked and recorded by an eyetracker device. Whenever a participant
selected that specific area with their eye-gaze, it was counted as success. If
a participant selected any of the other seven areas, it was counted as
mismatch. Fixations to areas outside the 8 target areas were coded as no
target selected and therefore not taken into account in the data analysis of
RL. The target areas were red squares of approximately 150 x 150 pixels in
size, and were all equidistant from the centre of the screen.
There were three different types of agent cues (see Fig. 19):
a) Static cue: A single image of a VA. The agent’s eyes and head
were aimed at the target area for the duration that the stimulus
was displayed. The orientation cue was therefore presented from
0ms until 3000ms.
b) Stepped cue: Two images of a VA, sequenced to imply stepped
movement. The agent’s eyes and head were looking straight
forward from 0ms, before the second image was displayed at
960ms. In the second image, the agent’s head and eyes were
aimed at the target from 960ms until 3000ms.
c)

Dynamic cue: A fully animated VA, showing naturalistic
movement from 0ms to 960ms. The agent’s eyes and head were
pointing straight forward at 0 ms, before the agent moved (at 25
fps20) to aim its head and eyes at the target area. The agent’s

20 Frames per second.
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gaze and head were fully aimed at the target at 960ms. The full
orientation cue was therefore presented from 960ms till 3000ms.
5.2.4 Apparatus
To capture participant gaze data, a modified SMI IView HED eyemovement recorder (SensoMotric Instruments, 2012a) was used with the two
cameras integrated into a bench-mounted chin rest. The scene camera
recorded the environment, pointing at the screen where the task layout was
displayed, while the eyetracker camera tracked the participant’s right eye by
an infrared light reflection, recording at a frequency of 50 Hz and accuracy of
0.5° of visual angle. Stimuli were presented on a TFT 19” monitor with a
1024 x 768 resolution and 60Hz of frequency controlled by a separate PC.
The monitor brightness and contrast were set up to 60% and 65%
respectively to ease the cameras’ recordings and avoid unnecessary
reflections. In addition, both devices were individually connected to two
different computers. Viewing was conducted at a distance of 0.8 meters in a
quiet experimental chamber. Prior to the start of data collection, each
participant underwent gaze calibration controlled by the experimenter.
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Figure 19. The Experiment 2 conditions. The sequenced
performance of the three types of VA gaze and head cues over
3000ms. In each trial, VA’s gaze and head aimed to one of the
eight surrounding red square areas. In the above example, the
three conditions analysed are shown with the VA cues pointing to
the NE target, (a) It shows a static (1-image) VA, which pointed to
the NE target from Oms onwards, (b) It shows the stepped (2image) VA, which looked straight ahead, towards the observer, in
frame 1 (from Oms) before changing to point to the NE target in
frame 2 (at 960ms). (c) It shows the dynamic VA (25-image,
25fps), which began at Oms by looking straight ahead, at the
observer, and it was animated with natural movement so that the
gaze and head fully shifted towards the NE target at 960ms. All VA
were shown to participants for a total of 3000ms, so that the show
of the 2-stepped and dynamic VA cue is totally performed at
960ms and held onwards for two seconds.

The participant was seated in a height adjustable chair with locked wheels,
their chin on the chin rest and in front of the monitor at 0.9 meters distance
1 30
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(see Fig. 20 for a representation of the experiment physical layout). Firstly,
the calibration of the eyetracker was executed with a sequence of five
separate dots distributed in the centre and in each of the corners of the
screen. The calibration covered approximately the same surface occupied by
the target areas presented in the task layout. A final image with the five
points set was shown to confirm the calibration by the operator. The
calibration was repeated whether following adjustments to the camera
positions were necessary to ensure better accuracy.

Figure 20. Experiment 2 participant physical layout. The
participant is sitting on a chair on the left hand side, resting their
chin on the chin rest. The head band holds the scene camera and
the eyetracking infrared camera. The monitor where the interface
layout was displayed is placed on the right hand side..

The experiment started with a ten-second countdown sequence. After that,
the series of twenty-four trials (3 agent cue types x 8 target areas) were
presented to participants in a randomized order. During the trial a video with
the VAwas shown. The duration of the video was three seconds in full screen
131

Santiago Martinez - Interaction style and virtual agent spatial guidance

mode. Each trial started with a central black cross over a white background
shown for two seconds to center the gaze of the participant. This ensured
that the participant was looking at the centre of the screen before the video
show. The Fig. 21 shows sample screen captures from the eye-tracker.
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Figure 21. Experiment 2 scanpath eyetracking analysis. The eye
tracking scanpath data of one participant is shown. The straight
blue line represents participant’s gaze path drawn on the recorded
scene video and the blue circles represent fixations, with the
thickest blue dot designating the last fixation at the current time of
the footage viewing. In image (a), the participant looked towards
the cross before the agent and target square areas appeared in
image (b). In image (c), the VA performed gaze and head cues to
the East target, at which point the participant looked towards that
target, before fixating on the cross again in image (d). Note in
image (c) the order of fixations in the participant’s scanpath follows
the VA cues: starts at the VA nose (where the black cross
preceded current trial start), moving to VA left eye, continues to VA
right eye and lands at right East target square, resulting in a hit.

5.2.5 Data Processing and Analysis
The participant gaze data was analyzed using the BeGaze v. 3.0.181
software. Only trials where the participant’s gaze started on the cross in the
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centre of the screen were considered valid. The data stored in BeGaze
contained all the necessary data for the analysis, where fixations’ timestamps
were analysed. Target selection was defined by the first full-gaze fixation
occurring in any of the eight predefined areas of interest overlying the 8 target
destinations during the course of each trial (see Fig. 22). The full gaze fixation
duration criterion for an observer response is defined in the light of previous
literature: Ware and Mikaelian (1987) used 400ms; Sibert and Jacob (2000)
considered 150ms. Because extended forced fixation (> 400ms) can become
laborious, a criterion for successful cognitive response to fixation was
established as equal as or greater than to 250ms, i.e., a fixation that locates
on one square area for at least 250ms.
Based on this concept, 92.18% of the total number of possible responses
were successfully tracked. Of the successfully tracked data, correct
responses accounted for 95.2% of the total and posthoc accounted for 4.8%.
The definition of a mismatch was when a fixation of 250ms or more occurred
inside an incorrect target area. In 8.47% of the total mismatches, no clear
target was selected - i.e., there was no fixation of 250ms or more in any of
the square areas.
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Figure 22. Experiment 2 screenshot of the eyetracking data
analysis of a participant scanpath. The image shows a trial with 2stepped condition where the virtual agent looked to the East target
and the participant successfully followed the cue (showed by the
blue line that represents participant scanpath), resulting in a hit.
The eight potential target areas were overlaid with areas of
interest (AOIs). In these regions the eyetracker software (BeGaze)
could detect when the first full-gaze fixation was made. In this
case, there was a hit at the East AOI (written AOI E in the image).

5.2.6 Results
Only one participant presented problems during the tracking because of
the unexpected movement of their contact lens during the experiment. This
produced four non-tracked responses from the same participant.
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For each of the 3 agent types, a total of 128 eye-tracking recordings were
made. Recordings were then evaluated and allocated to one out of four
categories: Correct, Mismatch, No Target or Corrupted (see Table 4).

Table 4

Experiment 2 Participant response types

Type
Correct

Description
participant clearly selected the target area cued by the
VA

Mismatch

participant clearly selected an area different than the
cued by the VA

No Target

it was not clear which area was selected by the
participant

Corrupted

the eye tracking data had been disrupted resulting in
lost data, e.g., a participant’s head moved in the
middle of a trial

After excluding the Corrupted recordings, it was clear that participants were
able to accurately select the cued target regardless of whether the VA cues
were static (93.5%), stepped (92.5%), or dynamic (94.2%) (see Table 5). This
suggests that, in general, the type of VA cue in terms whether it was static,
stepped, or fully animated did not substantially impact upon how effective it
was at communicating the target.
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Table 5

Experiment 2. Participant Tracked
Responses Gaze Selection of Targets

T yp e

C o rre c t

M is m a tc h

(% )

(% )

N o T a rg e t
S e le c te d
(% )

Static

93,5%

5,7%

0,8%

Stepped

92,5%

5,8%

1,7%

Dynamic

94,2%

5%

0,8%

A 1-way Analysis of Variance (ANOVA) Repeated Measures was used to
determine whether agent type had an effect on how long it took participants
to look at and select the cued target area. The RL for static VA cues were
oriented towards the target 960 ms earlier than both stepped and dynamic
cues, and consequently corrected to account for this difference. The analysis
showed that the type of agent did have a significant effect on participant RL
(F(2, 30) = 52.73, p < 0.001, effect size of u>2 = -0.011, small size).
Participants responded most quickly to the dynamic fully animated 25-image
agent type (M dynamic = 1220, SE = 95) than they did to either the stepped 2image agent type ( itf stepped = 1874, SE = 61) or the static with 1-image agent
type ( M static = 2091, SE = 59) (see Fig. 23).
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Experiment 2 Average Response Latency per
condition
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Figure 23. Experiment 2 average Response Latency (RL) results in
ms. In the graph, the mean gaze RL for static, stepped, and
dynamic agent cues indicated that participants reacted most
quickly to the dynamic agents (average RL of 1220 ms).

Comparisons between agent types were assessed using a Bonferroni
posthoc test. The results showed that participants responded to the fully
dynamic agent type significantly more quickly than both the static (M static =
870, p < 0.001) and the stepped (A*stepped = 654, p < .005) agent types.
Furthermore, participants also responded to the stepped agent type
significantly more quickly than the static agent type (A/ static = 217, p < .005)
(see Table 6). These results underlined that dynamic agent cues were
significantly faster at cueing observer attention in a searching task than either
stepped or static agents, and also that stepped agent cues were significantly
faster than static.
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Table 6

Experiment 2 Multiple Comparison
between Agent Types (Gaze)

C om pari
son

Mean
Deviation

Std.
Error

p

Static

Stepped
Dynamic

217 ms
870 ms

54.3
85.8

<0.01*
<0.01*

Stepped

Static
Dynamic

-217 ms
654 ms

54.3
114.3

<0.01*
<0.01*

Dynamic

Static
Stepped

-870 ms
-654 ms

85.8
114.3

<0.01*
<0.01*

Type

Note, p = probability; * = significant

5.3 Experiment 3
To follow up the initial findings or Experiment 2 with a gaze response
paradigm, the next logical step of the evaluation of the paradigm is to test its
validity with a manual response instead of a gaze response. Thus instead of
requiring the participant to simply allocate their gaze in the cued direction,
Experiment 3 involved a manual touch response to a single button in a
circular array of buttons, where the target location is cued by a face with
head and gaze cues. Thus, Experiment 3 replicated most of the conditions,
procedures and stimuli used in Experiment 2. The primary variation
introduced was the one produced by the change in the input method, using
touch (Sears, Plaisant, Shneiderman, 1990; Multitouch, 2012) instead of
gaze. In the evaluation of button presses, the move to a manual interface
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coincided a design insight on behalf of the development team that found that
the affordance of the button icon was increased with the inclusion of a high
contrast border around its edges. The inclusion of the border more accurately
mimics the appearance of buttons on existing ATM machines in general
circulation. Thus experiment 3 slightly incremented the size of target button
areas to give them a more touchable appearance. Without the eye-tracker to
record the sequence of events, a self-paced trial sequence protocol was
introduced. In order to start a trial, the participant was required to press the
space bar, this method is preferable to the release bar protocol used in
experiment 1, because the action does not require sustained attention, when
the participant is ready to start, they press the key. The additional benefit of
this method is that it ensures each participant has their hand in the same
location at the start of each trial.

5.3.1 Hypothesis of Experiment 3
Experiment 3 used the same null hypothesis as Experiment 2 but based
on the RL via participant’s touch, that is, dynamic VA cues would not have a
significant difference measured by the RL to static and 2-stepped VA cues via
participant’s touch.

5.3.2 Settings and Participants
A total of thirty-two participants were recruited from students and staff at
the University of Abertay Dundee. There was no compensation and all had
normal or corrected-to-normal vision and were able to use their dominant
hand correctly for the purpose of this experiment. There were thirteen female
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and nineteen male participants, 29 right-handed, 3 left-handed, with a range
of age between twenty-one and thirty-three (X = 24, SD = 3.1). They were
asked to use the same hand across all trials and all participants did so. None
of them had seen the experiment’s digital interface before.

5.3.3 Method
The task on which the experiment was based was analogous to that
described in Experiment 2 (in section 5.2.3 Experiment 2 Method).
Participants had to perform an object selection task using their same hand
for all trials, on a series of twenty-four different agent animations. Agent
animations were presented on a monitor at a resolution of 1280 x 720 pixels.
Each of the videos showed a VA’s head in the centre of the screen,
surrounded by eight different touchable square areas (see Fig. 24). Each
agent was displayed for 3000ms and remained on the screen with the last
frame shown until a target selection was made by the participant. Orientation
cues timing, type of agents and type of choices were identical as those
previously described in Experiment 2.
Over the course of the video, the VA would oriented its eyes and head
direction at a particular target square. The point at which the agent oriented
its gaze and head and the nature of the agent’s movement were determined
by the type of agent cue. There were eight possible target square areas. If
the participants selected the specific area indicated by the VA gaze and head
cues, it was counted as a success. If the participant selected any of the other
seven areas, it was counted as a mismatch. The experiment would not
proceed to the next trial until one of the touch target areas was selected. The
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target areas were red squares of exactly 150 x 150 pixels in size, and all
were equidistant from the center of the screen (see Fig. 24). In comparison
with the gaze experiment, targets had the same area but with the slight
difference in the layout of an added grey border around the square to create
a pressable notion on the eight squares. The VA cues were identical to those
used in Experiment 2.

Figure 24. Experiment 3 interface layout. VA’s head, neck and
shoulders were placed in the centre of the screen, surrounded by
eight touchable equidistant red square areas and arranged on
both the cardinal and oblique axes.
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5.3.4 Apparatus
The trials were run on a Sony VAIO® L Series Touchscreen. It was an AllIn-One multi-touch PC (two point) capacity on the screen (dimensions of 24
inches at 60 Hz; resolution of 1280 x 720 pixels; brightness and contrast at
62%, graphic card default levels). Computer specifications were memory of 4
GB DDR2 SDRAM, processor Intel® CoreTM 2 Duo CPU E7500@, 2.93
GHz and 2.94 GHZ. The OS was Microsoft® Windows 7 Home Premium 64
bit. The video card was an integrated GeForce G210M with a total graphics
memory of 2271 MB (512 MB dedicated). The PC was securely placed on an
office table and participants were seated on a chair with adjustable height
and locked wheels. The PC was at a distance of approximately 0.40m. from
participant’s head and 0.15m from participant’s hands, well within arm’s
reach. All the trials were run in a quiet chamber in the Usability Lab of the
University of Abertay Dundee. During the experimental trials, the
experimenter observed the experiment in a separate twin room through a
one-way mirror to minimize the chances of disturbing participants.
Participants were told they could raise their hand at any moment to request
the presence of the researcher. During the thirty-two runs, the researcher’s
assistance was required only once due to equipment failure. All of that
participant’s trials were removed from the analysis and all their response data
discarded, leaving a complete sample size of 31 participants.
After the participant was comfortably sat on the chair and contented with
the distance of the PC, a button-feedback training without stimuli was run to
make them confident with the button touch operation. They were
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recommended to make at least one touch per red square area (button), eight,
to see how the buttons were pressed.
The experiment started with a ten second countdown video. Before each
trial, a text indicated to the participant to press the space bar key to start.
This ensured that the participant was resting their hand at the same point
before the start of each trial. The series of twenty-four videos (3 agent cue
types x 8 target areas) were presented to participants in a randomized order
and counter-balanced. The duration of each video was three seconds, and
each video was shown one by one. Preceding each stimulus trial, a central
black cross over a white background was shown for two seconds (similarly
as seen in Fig. 21 .a) to mirror the Experiment 2 task preamble. The last video
frame from each trial remained on screen until the participant selected one of
the eight touchable areas.

5.3.5 Data Processing and Analysis
Participant’s RL data was stored using Adobe Flash CS5 (version
11.0.0.485). The data contained all the participants time responses, 24 per
participant, counted from the starting point of displayed cue, this was a video
showing the VA gaze and head cues, until the participant selected a target
area on the screen by their touch. Successful target selection was defined by
the touch on the target area cued specifically by the VA. A selection of any of
the other seven areas not cued by the agent was considered a mismatch. No
responses outside the eight target areas were recorded during the
experimental trials.
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To measure RL the software Adobe Flash was chosen to exploit the
graphical capabilities and flexibility in the user interface design. First, it gave
a desired degree of freedom in the design of the interface layout. In contrast
with the previous gaze experiment where all elements on the interface where
passive, here the touchable areas or buttons were external to the video with
the VA and became functional components themselves. This meant that
buttons played an active role in triggering the time stamp recording when
they were selected. Second, the decision was based on studies proving the
validity of Flash as reliable software to measure RL, once that specific
conditions were accomplished in the experiment. One condition is related
with the device used in the time measurement, the PC in this case. The
smaller the difference in RLs, the more critical it is to know the properties of
the timing device used. Neath et al. (Neah, Earle, Halite & Surprenant, 2011)
showed that the smallest difference in magnitude that a stock iMac 8.1 (April,
2008-March, 2009) using Flash (version 10.0 r42) could detect under realistic
conditions is approximately 5-10 ms. These times dictate the types of
research that should use these systems: if a researcher tests all subjects
using exactly the same hardware, if the focus is on relative rather than
absolute RLs, if the differences in RLs in the conditions to be examined are
expected to be fairly large (e.g., at least 20-40 ms), if only stable software is
used, and if many properties of the visual display are not of critical
importance, then the conclusions drawn from RL data collected on a stock
iMac are the same as those drawn from RL data collected on custom or highend hardware. In addition, Reimers and Stewart (2007) studied on PC
(processor 1.4 MHz AMD Athlon, 256 MB of RAM, graphic card PCI NVidia
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GeForce 2MX and 32 MB of video RAM) the estimation of the average and
the spread of RLs in the different conditions stating that RLs recorded with
Flash are between 10 and 40 ms longer than those recorded in the Baseline
condition (application developed with programming language C using the XWindow System to display stimuli and a parallel port button box). Flash did
not appear to add significant random error to RL measurements.

5.3.6 Results
For each agent type 24 RL recordings per participant were made, resulting
in a total of 744 recordings that were then analyzed and allocated to one of
these three categories: Correct, Mismatch or Corrupted (see Table 7).

Table 7

Experiment 3 Participant response
types

Type
Correct

D e s c rip tio n
participant selected the target area cued by the
VA

Mismatch

participant selected an area different than the
cued by the VA

Corrupted

file writing was corrupted or non-existent
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Of the stored answers, correct responses accounted for 98.48%, while
mismatches accounted for 1.52%. After excluding the corrupted recordings, it
was clear that users were able to accurately select the cued target
regardless of whether the VA cue was static (99%), stepped (99.7%), or
dynamic (99.7%). This suggest that analogously as seen in the previous
Experiment 2 of gaze-input, the type of VA cue in terms whether it was static,
stepped, or fully animated, did not substantially impact upon how effective it
was at communicating the cued target.
A 1-way Analysis of Variance (ANOVA) Repeated Measures was executed
to determine whether agent type had an effect on how long it took
participants to select a target area by touch. The RLs for static agent cues,
which showed VA cues oriented towards the target 960ms earlier than both
stepped and dynamic cues, were corrected to account for this difference. The
analysis showed that the type of agent cue did have a significant effect on
participant response latency (F(2, 724) = 50.38, p < 0.01). Participants
responded most quickly to the dynamic animated 25-image agent type (M
dynamic = 2423, SE = 32) than they did to either the stepped 2-image agent
type (M stepped = 2900, SE = 40) or the static 1-image agent type (M static =
3007, SE = 57) (see Fig. 25).
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Experiment 3 - Average Response Latency per
condition
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Figure 25. Experiment 3 average Response Latency (RL) results in
ms. In the graph, the mean touch RL for static, stepped, and
dynamic agent cues conditions indicated that participants reacted
most quickly to the dynamic agents with an average RL of 2423
ms.

Comparisons between agent types were assessed using the Bonferroni
posthoc test for multiple comparisons between variables analysed. The
results showed that participants responded to the dynamic agent type
significantly more quickly than both the static (Af dynamic-static = 584, p < 0.01)
and the stepped ( M dynamic-stepped = 476, p < 0.01) agent types. In contrast to
gaze-input experiment, participants did not respond to the stepped agent
type significantly faster than the static agent type ( Mstepped-static = 108, p >
0.05) (see Table 8). These results corroborated the gaze experiment results
where dynamic agent type was significantly faster at cueing observer
attention than either stepped or static agent type.
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Table 8

Experiment 3 Multiple Comparisons
between Agent Types (Touch)
C om pari
son

M ean
D eviati
on

Std.
E rror

Sig.

Static

Stepped
Dynamic

108 ms
584 ms

62.1
62.1

0.249
0.001*

Stepped

Static
Dynamic

-108 ms
476 ms

62.1
61.6

0.249
0.001*

Dynamic

Static
Stepped

-584 ms
-476 ms

62.1
61.6

0.001*
0.001*

Type

Note. * = significant

5.4 Discussion of Experiments 2 and 3
In Experiment 2, using a paradigm where the criterion for correct response
to animated VA gaze and head cues was the eye-gaze of the participant, it
was found that the presence of full-motion in the gaze and head inducing
agent drove the observer’s response the fastest. Gaze recorded responses
for 25-image stimuli were 35% faster than stepped (2-image) and 42% faster
than static (1-image) stimuli. This result was consistent with previous
research on gaze cueing (Langton, O’Donnell, Riby & Ballantyne, 2006). The
current paradigm provided the most direct route to the establishment of the
overt allocation of gaze location since it subverted the need for a translation
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to a device manual response. This confirmed Ware and Mikaelian’s (1987)
assertion that participants eye-gaze itself can be used as an input response.
By modifying the gaze cue paradigm from experiment to a touch-based
target selection paradigm, it was demonstrated that fully-animated agent
gaze and head cues still drove user responses faster than static and 2-image
agent cues. Touch recorded responses for dynamic stimuli were 17% faster
than stepped and 20% faster than static stimuli, confirming those obtained in
eye-gaze interface experiments. Compared with the gaze response results,
the decrease on the time differences suggested that the touch selection
method alters, to some extent, the delay from when the participant correctly
followed the cue to when the target selection was executed. It seemed that
the motor response reduced the speed advantages gained with the fastest
cue, suggesting that eye responses were much more rapid than hand
responses. There was an aspect clearly observed of longer RL in touch
modality, probably due to the translation of response into the touch input.
This fact reinforced the idea of the complex process of motor response that
reduced the time saved by the motion cue. Such a process should have been
greater in magnitude in order to explain those time-saving absorptions.
Confirming that the introduction of hand locomotion did not invalidate the
effectiveness of dynamic cue, results also showed that the difference on time
response between 2-stepped and static was non-significant.
The rationale for delaying the onset for RT purposes was to preserve the
continuity of the agent across trials. The continuity problem of presenting the
cue in the control condition (static cue) 960ms earlier than the other two
conditions (i.e., 2-stepped and dynamic) is based on the two possible
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alternatives of presenting the VA cue. One possibility is the one described.
The other was to not display the VA until the time 960ms in the trial timeline.
This method would leave the screen in blank from the beginning of the trial
(0ms) until the time 960ms, when the VA static cue would appear. Therefore,
presenting a blank screen followed by a static face would have equalized the
appearance of the static cue with the other two conditions resulting in all
conditions presenting the cue at 960ms. However, when compared with the
other two conditions, this alternative seems to be a significant disadvantage.
That is, the other two conditions present a VA face and head in the centre of
the screen before the cue is performed for a non-negligible period of time
(specifically those first 960ms where the control condition would be
supposedly in blank), with clear advantages in terms of capturing attention. In
addition, the effects that the control condition with a sudden appearance of
the VA face and head in the middle of the trial, similar to a transient signal
‘flash’, would have produced in the participant’s RT are unknown. In
conclusion, both possibilities (the one employed and the alternative) seem to
be non-optimal, but the one chosen is probably the most conservative, this is
the least disadvantageous for the control condition.
Regarding the suitability of the comparison between 2-stepped versus
dynamic conditions, a valid argument is that the 2-image VA could be
considered a semi-motional cue. This is so because the change in the VA
face and head, from looking straight ahead and then at the target, is made in
a very short period of time (milliseconds), and that gives the impression of a
jerky, but in fact perceived, movement made of small number of frames.
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It is possible that the presence of touch involved more factors than those
that could be controlled and included in the study, however at least one of
them should be the higher impermeability to attentional cues. The presence
of movement in gaze and head cueing stimuli seemed to drive the user’s
attention more quickly. One prediction arising from this is that, when
compared with 2D agents, 3D-like agents create an expectation of more
believable behaviour. The combination of additional pictorial cues and natural
motion may make the appearance of the agent more akin to that of a human
conversation partner. The additional realism possible with modern computer
animation techniques has the potential to make agents more believable and
engaging (Vanhala et al., 2010).
The findings of Experiments 2 and 3 lead to the exploration other
paradigms in the subsequent experiments. Based on the validity of dynamic
VA gaze and head cues as a vehicle to guide the user selection task inside
the interface, the next steps delved deeper in the VA expressivity via facial
emotions, and using the principles of animation to build the VA cue. These
two aspects are important to explore the degree and ways of expressivity an
agent can display, and how it might affect the reactions in the observer when
doing a follow the cue task and a likeability judgment.

5.5 Conclusions
In any given scene, where observers look is primarily determined by
where information critical to the observer’s next action is likely to be found.
The human visual system can be directed to guide and inform the motor
system during the execution of information searching. Consequently, a record
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of the path that human observer gaze takes during a task provides
researchers with what amounts to a running commentary on the changing
information requirements of the motor system as the task unfolds (Findlay &
Gilchrist, 2003). This is the underlying principle of the reported experiments,
which is an expansion of the Cognitive Ethology concept expressed by
Eastwood, Smilek & Merikle (2001) tailored to VAs. The experiments
presented were based on the deictic gaze cue, this is, the concept that the
gaze of others acts like a signal that is subconsciously interpreted by an
observer’s brain, and that it can transmit information on the world (Poggi &
Pelachaud, 2002). The gaze of another human agent is inherently difficult to
avoid, and it can be used as a specific pointer to direct an observer’s
attention (Langton & Bruce, 1999). The incorporation of this concept has
been implemented into an agent-based interface.
Another aspect these two experiments evaluated is how the human
locomotion can influence the effectiveness of spatial cueing observed. Most
research has been focused on manual responses using diverse peripheral
devices. To assess the validity of cues on a wider range of modalities,
Experiments 2 and 3 analyzed gaze and touch inputs. The suitability of spatial
VA cues was evaluated with regard to those input modalities, and their
applicability in upcoming interface design. The efficiency of orienting and
directing the attention preceding interactive responses towards relevant points
inside the interface could be assessed based on the latency of observer
response to cues. The cues were presented as dynamic agent (25-image per
second), stepped (2-image) agent, and static (1-image) agent, so animation
can link actions together, following the script: e.g., VA looking at the area
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where the Chip and Pin is, without the need of artificial intelligence. Thus part
of the script of the interaction becomes assistive without being artificially
intelligent.
Coupled with appropriate software, a VA could guide user’s goals, and
point, using its gaze and head, to the area where the next action has to be
performed. However, in the context of agent interaction, the concepts of
guidance are generally understood as predictive anticipations, those that
foresee the user incoming behaviour or needs requiring an artificial
intelligence (Al) or knowledge database from which infer the predictions. The
design insight informed by these findings is of an assistive aid based on
contextual information, gathered from the script of user’s interaction and
system’s states. For instance, it is easy to know and then anticipate when a
user potentially needs to insert a pin number, collect a receipt or select a
specific item of the interface.
These data provides evidence that a generic interface format with an array
of target buttons can produce quantifiable metrics for the evaluation of VA
cued behavior in mock digital interfaces. This blank button guidance
paradigm provides a platform for evaluation of interface behaviour using a
task that does not require sophisticated conjunction search or pop-out search
(Treisman and Gelade, 1980). To link this with the specific thesis research
question, dynamic cues have the potential to become a key component of the
script of the interaction for users unfamiliar with the interface, where the
guidance for ‘what to do in the next step’ can be dynamically implemented by
a VA. The fact that animated cues can allocate user interaction behaviour to
one of a number of homogeneous targets allows for a more sophisticated
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temporal use of the VA cues than would be available simply from static cues.
One element of this animated continuity is to be able to nuance the intentions
or interactivity of the VA themselves.
Continuing with the study of the potential of the VA for guiding unfamiliar
users, the next step of the research dealt with the use of emotional
expressions by the VA and their potential influence in the time saved during
the selection task. In addition, artistically animated VA cues are evaluated as
an important step in how the information relative to the task is showed. These
two steps are in line with the use of the VA not only as a mechanical system of
guidance, but also as a believable vehicle to benefit the user experience and
user likeability of what is perceived. This addresses a small part of the more
general question of whether is it possible for the VA to bring the interface to
life?
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Chapter 6
Investigation of Emotional and Artistically Animated Virtual Agent
Deictic Gaze and Head Cues

6.1 Introduction
Animation techniques have evolved in tandem with a boost in graphics
performance allowing a refined recreation of a wide spectrum of human
features such as emotion, face and gaze. In general, the animation of human
features is considered relevant to study the interaction with a virtual agent
(VA). In order to inform interface design from the perspective of the emotions
and use of principles to design the VA, Experiments 4, 5 and 6 were
developed to test the performance of VA cues when respectively introducing
facial emotions and the principles of animation.
The use of emotion is inspired by the use of emotional expressions in
other studies, where averted and converted gazes are consequently
interpreted as a rejection or selection of target (see Chapter 2, section 2.3.2
for a list of literature review in this matter). The goal is to analyse the
influence of emotion observed in the speed of the selection of a target. The
use of principles of animation is supported by the experience that animators
have accumulated through many years of animating characters selecting
those that are pleasant to the human eye, also described in Chapter 2.
Animators expertise suggests that the combination of several of these
principles in theory should be the most preferred in terms of observer’s
likeability judgement. Overall, the aim was to corroborate whether emotional
dynamic VA cues, and dynamic VA cues performed using the principles of
animation, would be suitable on digital interfaces for guided selection tasks.
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6.2 Experiment 4
Experiment 4 replicated most of the conditions, procedure and input
channel used in Experiment 3 (Chapter 5). The key innovation in this
experiment was the introduction of expressive emotions in the facial cues,
based on the seminal work of Eckman & Freisen (1975), the six universal
emotions were selected. As discussed earlier in Ch 4.2, the VA used in these
studies was previously validated (Sloan, 2011) using a triangulation method
of observer perception, artistic reflection and focus groups to confirm that the
agent could express and elicit the required emotions. In behavioural
experiments, the emotions were coded by naive observers required to
classify the emotions. Emotion recognition levels were comparable to those
found by Eckman and Strong (1994); in further studies, independent artists
were also tasked with creating emotional expressions using the same 3D rig
as used here, after a process of artistic reflection and creation, the resulting
animations also were found to conform to the initial stimulus set. Finally,
using a focus group method, all the individual emotions were shown to
several groups of observers in the format typically used for movie evaluation.
The transcripts of the data were analysed using

Interpretative

Phenomenological Analysis (Colaizzi, 1978). Again, consensus was reached
and the agent animations were shown to create the intended emotion
recognition within the group (Sloan, 2011).

Taking a design cycle (Zimmerman, 2007) approach to the design of the
interface, one criticism of the buttons used on the interface in Experiment 2
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was that they were essentially flat, while the agent was 3D. In experiment 3,
an attempt was made to enhance the 3D appearance of the buttons by
adding shadows and this was found to be effective. However, the reality of
contemporary digital interfaces is that all the actuator buttons are located on
the screen. There are no peripheral buttons on the NCR Fast Lane 5 model.
As a result the requirement for the buttons to resemble an NCR external
button is lost. Rather, from a design perspective, the interface should be
coherent. In this case, with a 3D agent, the buttons should also conform to
the 3D rendering of the space. Increasing the depth by using a perspective
cue and an actuator animation (button press reaction) on the screen matches
the 3D appearance of agent and buttons to give a consistent look and feel to
the interface. Pilot work revealed that participants did not need any
instructions to use them, unlike previous experiments where pilot study had
showed that explicit instructions were required.

6.2.1 Hypothesis of Experiment 4
The null hypothesis of Experiment 4 was that participant response latency
(RL) to dynamic VA cues showing facial emotions had no significant time
difference across conditions measured via touch input. The alternative
hypothesis was that participant's RL to the different dynamic VA cues
performed using facial emotions would have a significant time difference
across VA cue type measured by the same touch input.
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6.2.2 Settings and Participants
A total of thirty-one volunteer participants were recruited from students and
staff at the University of Abertay Dundee. There was no compensation given,
all had normal or corrected-to-normal vision and were able to use their
dominant hand correctly for the purpose of this experiment. There were
sixteen female and fifteen male participants, 22 right-handed and 9 lefthanded, with a range of age between twenty-one and thirty one (X = 23, SD
= 2.8). They were asked to use the same hand across all trials and all
participants did so. None of them had seen the experiment’s digital interface
before.

6.2.3 Method
The agent presented was the same as the one used in the fully dynamic
condition of Experiment 3 (25 images per second). The new feature tested
was the facial emotional expression performed by the VA. The conditions
tested were four types of emotion: Neutral, Happiness, Anger and Fear (see
Fig. 26); and how that emotion was depicted, the emotion was either held for
the duration of the video, or the emotion onset was shown so that the video
transitioned from a neutral expression to a peak expression of emotion.
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Figure 26. Visual example of the three emotions tested in the
Experiment 4: (a) Happiness , (b) Anger and (c) Fear.

The task to perform in the experiment was analogous to that described in
Experiment 3 (see Chapter 5, section 5.3.3 Method). Participants had to
perform a button press task on a series of fifty-six trials and following to the
dynamic VA cue expressed with emotional facial expressions. The interface
layout was very similar to the one used in the Experiment 3, replacing the
target square areas for red buttons with 3D appearance (see Fig. 27).
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Figure 27. Experiment 4 interface layout. Virtual agent’s head and
neck in the centre of the screen surrounded by eight equidistant
red 3D-appearance buttons, arranged on both the cardinal and
oblique axes.

Over the course of a trial, the agent would orient its eyes and head
towards a particular target button. The dynamic VA cue was always
performed at the same stage in the trial timeline. The difference resided in
the type of the condition analyzed regards the timing of the emotional
expression presented, resulting in two different options for the performance.
Whether the emotion was evolving from a neutral face into a particular
emotion (i.e., happiness, anger or fear; as seen in Fig. 26), the dynamic
facial expression was performed at the same time as the cue. If the
emotional expression was presented from the beginning of the trial, the
emotion expressed remained constant and therefore was presented before
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the gaze and head cue and for the whole duration of the trial (see Fig. 28 and
Fig. 29).

Figure 28. Experiment 4 conditions (I). The emotion showed
remained constant throughout the whole trial, (a) Neutral, (b)
Anger, (c) Fear, (d) Happiness.
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Figure 29. Experiment 4 conditions (II). The emotion showed
evolved from neutral face into a particular emotion, (a) Neutral, (b)
Neutral to Angry, (c) Neutral to Fearful, (d) Neutral to Happy.

Responses were then evaluated and allocated to one out of two categories:
Correct or Mismatch (see Table 9).

Table 9

Experiment 4 Participant response
types

Type
Correct

Description
participant selected the button cued by the VA
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Experiment 4 Participant response
types

Type
Mismatch

D escription
participant selected a button different than the cued
by the VA

In total, 7 emotion conditions (Neutral, Happiness, Anger, Fear, Neutral to
Happiness, Neutral to Anger and Neutral to Fear) x 8 cardinal points (North,
NorthEast, East, SouthEast, South, Southwest, West, Northwest) = 56
cases per participant analyzed.

6 .2 .4 A p p a r a t u s
The trials were run on the same touch screen PC as in the Experiment 3
(see Chapter 5, section 5.3.4 Apparatus), using touch input for participant
response. After the participant was sat on the chair and located within
comfortable reaching with the distance of the PC, a button-feedback training
without stimuli was run to make them confident with the button touch
feedback (see Fig. 30). To train button selection action, all participants made
at least one touch per each of the eight buttons.
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Figure 30. Button feedback training shown to participants, (a) Eight
red buttons clockwise distributed. The buttons are identical in
shape, position and function to those shown later in the
experiment trials.(b) Examples of button unpressed and pressed.

The experiment started with a ten second countdown video. Before each
trial, text displayed requested participants to press the space bar key to start
when they were ready. This ensured that the participant was resting their
hand at the same point before starting each trial. A series of fifty-six trials with
their correspondent video (7 VA type of emotion x 8 cardinal points) were
presented to participants in a randomized order and counter-balanced. The
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duration of each video was three seconds. Each stimulus trial began with a
central black cross over a white background shown for one second (see Fig.
31) to mirror the previous experiments’ task preamble. The last video frame
from each trial remained on screen until the participant selected one of the
eight buttons.

"Push Space Bar"
\

+

Response Latency
(RL)

participant's
button
selection
Figure 31. Experiment 4 stimulus trial sequence. The trial starts
after the participant pushes the space bar. Firstly it is shown a
black cross in the center for 1 second. After, the interface is
displayed with the video of the virtual agent (VA) in the centre. The
cue is totally performed by the VA at second 2. The Response
Latency represents the time from the starting of the trial until the
participant selects by touch the button cued by the VA (or any
other). In the image, neutral condition is shown (no emotion
performed by the VA).
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6.2.5 Data Processing and Analysis
During the thirty-one participant runs, the researcher’s assistance was
required only once due to equipment failure. All of that participant’s trials
were removed from the analysis and all their response data discarded,
resulting in a total of 30 participants analysed.
The participant RL data was stored using the same software as in
Experiment 3 (see Chapter 5, section 5.3.5 Data Processing and Analysis),
Adobe Flash CS5 (version 11.0.0.485). The data contained all of the
participants RLs, 56 per participant, counted from the starting point of
performed cue. This was a video showing VA gaze and head aligned towards
the target 3D button, until the participant selected a button on the touch
screen. Successful target selection was defined by the selection of the button
specifically cued by the agent. A touch of any of the other seven buttons not
cued by the agent was considered a mismatch. No responses outside the
eight buttons were recorded during the experimental trials.
Other data collected were the comments of the participants after the
experiment, annotated by the experimenter on a sheet of paper. Each
participant was asked
1) What do you think about the experiment?
2) Why do you think the VA expressed an emotion?
Once the experiment was finished, participants were debriefed about the
purpose of the experiment of VA facial emotions cues and they could add any
extra comment they considered relevant.
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6.2.6 Results
The result was not significant (F(6, 150) = 1.438, p = 0.204, obs. power =
0.547)21. Sphericity and Homogeneity of Variances were successfully
assumed in this case. See Table 10 for a review of the results.

21 See Appendix XVI to observe the plot of RL per participant where the effect
of extreme outliers is easily detectable.
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Table 10

Experiment 4 Means, Standard Deviations and
Confidence Intervals of the conditions tested
Condition

Mean (ms)

Standard
Deviation (ms)

95%
Confidence
Interval

Neutral

2645

670

[2375, 2916]

Happiness

2542

431

[2368, 2717]

Anger

2604

645

[2343, 2865]

Fear

2809

777

[2495, 3123]

Neutral to
Happiness

2651

656

[2386, 2916]

Neutral to
Anger

2722

530

[2508, 2936]

Neutral to
Fear

2739

766

[2430, 3049]

Descriptive statistics were also calculated on the comments from the
observers. 72%

of the comments referred to the same subjective

interpretation of the mood change of the agent. VA emotion expression
changes were attributed to two different circumstances.
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First, establishing a link within the current trial. For example, positively if
the VA showed a positive emotion (i.e., happiness) the button cued was
considered the correct one to be selected. Negatively when the VA showed a
negative emotion (i.e., anger or fear) and the button cued was considered the
wrong one because it could potentially

upset the

agent. In some of these

cases the opposite button was selected. Second, establishing a link between
one trial and the subsequent one. For example, positively where the
selection made in a trial was considered successful by the participant if the
VA in the subsequent trial showed VA happiness. Negatively, where the
selection made in a trial was considered mismatched by the participant if the
VA in the subsequent trial showed anger.
Participants’ comments were gathered at the end of the experiment and
for this it was not possible to track exactly what number or sequence of trials
were referring to. In any case what was clear is that these facts led to an
interpretation of artificial intelligence (Al) attributed to the agent and its mood
changes across trials which was triggered by user response accuracy. Such
assumptions were never disclosed or commented during experiment debrief
or after, which leaves the interpretations to be subjectively and freely made
by participants.

6.3 Experiment 5
Animators have received standardized training in the prediction of viewer
eye movements for over seventy-five years. The principles of animation,
developed by the Disney Studio from the late 1920s until the late 1930s, are
widely regarded in the film and games industries as the fundamental
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components of any successful animation (Thomas & Johnston, 1981). These
principles were inferred from those techniques that resulted in animated
movements that were pleasing to the eye and that most concisely
communicated the meaning and emotion of a story. The principles of
animation (Thomas & Johnston, 1981) were in effect developed through what
would now be called practice-based research (Gray & Malins, 2004), rather
than through application of a traditional experimental method. In this method,
it is the skill of the expert practitioners, drawing on experience and artistic
judgement, that decide which techniques have the optimal effects. Audience
response judgements are indirect, post-event and informal at best, the
primary source is the practice itself.
This phenomenological approach meant that those techniques that
resulted in animated movements that were pleasing to the eye, and that most
concisely communicated the meaning and emotion of a story, became known
as the principles of animation. In any particular cartoon, the intentions of the
characters or the direction of motion are conveyed by the artist using tricks of
animation to ensure a clear message. For example a
be exaggerated by the actor

c ro u c h

prior to a

jump can

shrinking down

as they coil up ready for the

pounce, then they might s t r e t c h as they

leap. For example in Fig 32,

the frames show the anticipation of a jump followed by the exaggeration,
accentuating the movements of the jump action.

171

Santiago Martinez - Interaction style and virtual agent spatial guidance

Figure 32. Two principles of animation are shown, (a) Anticipation,
where a preceding movement (often in the opposite direction)
used to prepare the audience for the subsequent main movement,
(b) Exaggeration, where the jump of the animal is accentuated via
the design an action of it. (Ice Age 2)

The transition from static frames on devices such as ATMs which have
limited computer graphics capabilities to modern SSCOs such as NCR’s Fast
Lane 5 system, offer up the interaction designer the possibility of using
animation cues as well as pictorial cues, as has been discussed in
Experiment 2-4, where it can be seen that animated gaze cues can
effectively allocate user activity across a screen array. However to fully
exploit the potential of animated computer displays, the interaction designer
has can use the extra information transfer capability of the moving image by
incorporating the principles of animation to the facial cues. If the principles of
animation can be shown to improve the allocation of attention across an
interaction array then this would strengthen the argument for their routine
inclusion in design of interactive assistive agents.
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Imagining the introduction of the principles of animation was conducted at
a design meeting and through a process of reflection and acting out, a story
board was produced. A sample frame from this is shown in Fig. 33, with the
top left frame show ‘Staging’. The sub frames indicate the rationale for
staging the agent either in the centre of the screen or potential for staging at
one side if the arm gestures are available to further allocate attention in more
complex displays (see chapter 7 for an example of this type of agent.). ‘Slow
in slow out’ is indicated with both beginning and end frames, plus a time line
showing the acceleration and deceleration required to make an animation
look natural (or come to life). Anticipation is shown, and can be a useful
attention grabbing trick. Arcs is another means of making motion more
biological and less robotic, because of the non-linearity of human motion
(e.g., Troje, 2002; Saunders, Suchan, Troje, 2009).
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Figure 33.

Design cycle sketch of the mapping of Thomas and

Johnston’s (1981) principles of animation onto an agent rig. Four
Principles are shown, Top left frame shows the staging options,
bottom left, slow in slow out, top right anticipation and bottom right
shows arcs. Further sketches were drawn for the other principles,
this one is included for demonstration purposes. All sketches
drawn by Robin Sloan and are copyright.

Experiment 5 tested the prediction that attention can be guided by a VA
designed with reference to Thomas and Johnston’s (1981) principles of
animation and also the prediction that animations designed with will enhance
engagement with digital environments. It was the goal of the researcher to
test whether the application of animation principles could successfully be
applied to direct the attention of the observer to the right target and, in a
context of a digital interface, to gather a subjective judgment of the likeability
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of such animated VA performance. Likeability was defined in terms of how
appealing or pleasant was the VA observed.
Most of the conditions, procedure and input channel used in experiments 3
and 4 were replicated. The only two variations introduced were first in the
stimuli, where the VA cues were made applying a range of animation
principles, and second in a new type of data stored based on a

Likeability 5-

item likert-scale.

6.3.1 Hypothesis of Experiment 5
The null hypothesis was that those dynamic VA cues developed using
animation principles would not have a significant effect on the RL to cues
measured via participant’s touch. The alternative hypothesis was that those
dynamic VA cues developed using animation principles would have a
significant effect on the RL to cues measured via participant’s touch.
In addition, this experiment tested another hypothesis related with the
likeability of the animated VA cues presented. The null hypothesis was that
the likeability score of the VA cues presented performed using animation
principles had no significant difference compared with the dynamic VA cues
performed without using any animation principle. The alternative hypothesis
was that the likeability score of the VA cues presented performed using
animation principles had significant difference compared with the dynamic VA
cues performed without using any principle of animation.
The prediction of what agent would be more likeable was difficult due to
the subjectivity of the observer judgement. However, based on the literature
described (chapters 1 and 2), and specially in the concept of the Uncanny
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Valley (Mori, 1970), the progressive inclusion of the principles of animation
should positively influence the likeability ratings, whereas an absence of
them should negatively influence them. The influence in the other variable,
RL, were unknown.

6.3.2 Settings and Participants
A total of thirty volunteer participants were recruited from students and
staff at the University of Abertay-Dundee. There was no compensation given
and all had normal or corrected-to-normal vision and were able to use their
dominant hand correctly for the purpose of this experiment. There were 17
male and 13 female, 23 right-handed and 7 left-handed and with a range of
age between twenty and thirty-six (X = 24.5, SD = 3.2). They were asked to
use the same hand across all trials and all participants did so. None of them
had seen the experiment’s digital interface before.

6.3.3 Method
The task to perform in the experiment was analogous to that described in
Experiment 4 (see section 6.2.3 Experiment 4 Method). Participants had to
perform an object selection task, on a series of fifty-six different VA
animations. The interface layout was very similar to the one used in
Experiment 4, with an array of buttons surrounding the VA in the centre (see
Fig. 34).
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Figure 34. Experiment 5 interface layout. Virtual agent’s head,
neck and shoulders in the centre of the screen surrounded by
eight equidistant red 3D-appearance buttons and arranged on
both the cardinal and oblique axes.

Over the course of the video, the agent would orient its eyes and head
towards a particular button. The VA cues were performed using a series of
animation principles based on those used in animation for characters on
commercial films and digital art (Thomas & Johnston, 1981). The type of the
animation principle used determined the condition analyzed. The same
methods as in the previous experiments were used: success was accounted
in the case of a participant touching the button cued by the VA, and
mismatch, in the case of touching any of the other seven buttons not cued by
the VA.
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A separate additional task was included in this experiment. Participants
were asked to score the Likeability of the VA using a 5-item Likert scale with
a range of values Strongly Not Likeable, Moderately Not Likeable, Unsure,
Moderately Likeable, Strongly Likeable. The score task was done after
viewing each video performance and then selecting their subjective score on
a scale displayed at the bottom of the screen (as seen on Fig. 35).

How Likeable do you consider the Virtual Agent?

O

O

O

Strongly NOT Moderately NOT
Likeable
Likeable

Unsure

O

O

Moderately
Likeable

Strongly
Likeable

Figure 35. Experiment 5 likeability score task interface layout. The
virtual agent cue video performance was played in the centre of
the screen without the 3D red buttons. The video could be
reproduced as many times as the participant wanted pressing the
button ‘Play Again’, in the top left corner. Once the video
reproduction was finished, a 5-item Likert-scale was displayed at
the bottom of the screen where the participant had to score the
likeability of the VA observed, selecting by touch the black circle
above the correspondent selection: ‘Strongly Not Likeable’,
‘Moderately Not Likeable’, ‘Unsure’, ‘Moderately Likeable’ or
‘Strongly Likeable’.
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Similar to Experiments 3 and 4, the VA cues were all fully dynamic (25
frames per second). The difference resided in the way the VA cues were
made, this time using specific animation principles to perform the gaze and
head cues on the VA. Specifically, the animation principles were:

Arcs,

Anticipation, Follow-through, Overlapping and Slow-in Slow-out (SiSo)

(see

Table 11 for a description of all the principles of animations tested and the
Fig. 36 for a visualization example).
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Table 11

Experiment 5 Description of the
principles of animation tested
P rin c ip le o f
A n im a tio n

Arcs

D e s c rip tio n

Natural movement follows an arched line
rather than a straight trajectory (see Fig.
36.a)

Anticipation

Follow-Through
Overlapping

A preceding movement (often in the
opposite direction) used to prepare the
audience for the main movement (see Fig.
36.b)
Parts of the object will continue to move
after the main object has stopped, i.e., hair
(see Fig. 36.c)
Parts of an object will move at different
rates, e.g. head and gaze movement are
not completely synchronized (see Fig.
36.d)

Slow-ln, Slow-Out

Emphasizes acceleration and deceleration

All-principles

All above five principles combined

No-principles

No principles applied

Therefore, the total number of trials were: 7 types based on principles of
animation

(Arcs, Anticipation, Follow-Through, Overlapping, SiSo, All
1 8 0
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principles22, No-principles23) x 8 cardinal points (North, NorthEast, East,
SouthEast, South, Southwest, West, Northwest) = 56 conditions analyzed.

Figure 36. Visual representation of virtual agent (VA) cue with the
four animation principles of the Experiment 5: (a) Arcs, (b)
Anticipation, (c) Follow-Through, (d) Overlapping. The fifth
animation principle, (e) Slow in-Slow out, is not represented here
due to the difficulty of showing it without a dynamic visualization.
There are other two conditions omitted: All-principles, that is the
combination of the five principles (4 are shown in this picture), and
No-principles, that is a straight blend between the first and second
pose of the cue.

22The ‘All-principles’ condition most closely reflected what a key-frame
animator would look to produce when tasked with creating a believable and
effective character animation.
23 In the case of No-Principles condition, a straight blend between the first
and second pose was used.
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6.3.4 Apparatus
The trials were run in the same touch screen PC as in Experiment 3 (see
section 5.3.3 Method), using touch input for participant responses. After the
participant was comfortably sat on the chair and contented with the distance
of PC, a button-feedback training without showing the stimuli was run to
make them confident with the button selection on the screen. All participants
made at least one touch per each of the eight buttons.
There were two different types of tasks to be executed during the
experiment, a selection task where the participant had to select the target
button cued by VA, and a score task where the participant had to subjectively
score the likeability of the VA in a 5-item Likert scale, with a range of values
from

Strongly Not Likeable to Strongly Likeable. The order of the tasks was

counterbalanced across participants.
The selection task started with a ten second countdown video. Before
each trial, text instructed the participant to press the space bar key to start.
This ensured that the participant was resting their hand at the same point
before the start of each trial. The series of fifty-six videos (7 VA type based
on animation principles x 8 target buttons) were presented to participants in a
randomized order and counterbalanced. The duration of each video was
three seconds, and each video was shown one by one. Preceding each
stimulus trial, a central black cross over a white background was shown for
one second (as shown in Fig. 31, p. 169) to mirror the previous experiments’
task preamble. The last video frame from each trial remained on screen until
the participant selected one of the eight buttons.
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The likeability score task started with a screen showing the instructions to
be read by the participant, explaining that they should score the likeability of
the VA viewed in each video. The participant viewed the fifty-six videos one
by one and they could repeat their playback as many times as they wanted.
In this particular task there were no buttons around the VA (see Fig. 35).
Once they had decided on their answer, they had to select one of the Likert
scale buttons displayed at the bottom of the screen for each video. Once the
current video score was done, a new button with the label

Next Video was

displayed to advance to the next video show. The answers were stored in a
text file with the corresponding participant’s name, condition and score.

6.3.5 Data Processing and Analysis
The participant RL and likeability data were stored using Adobe Flash CS5
(version 11.0.0.485) as in the previous experiment. The data was stored in
two different text files. One file contained all the participants RLs, 56 per
participant, counted from the starting point of showed cue. This was a video
showing dynamic aligned VA gaze and head cues towards the target button:
until the participant selected a button on the touch screen. Successful target
selection was defined by the selection of the button cued specifically by the
agent. A touch of any of the other seven buttons not cued by the agent was
considered a mismatch. No responses outside the eight buttons were
recorded during the experimental trials. The other text file contained the
likeability scores of each video. There was no data discarded during the
analysis stage.
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6.3.6 Results
The results of Experiment 5 were obtained from measurements of the two
dependent variables (DVs), response latency (RL) of successful target
selection and likeability score from the 5-item Likert scale of the VA seen.
RL data was analysed using non-parametric Friedman test24. Results
showed highly significant differences in the RL to the VA cues (X2(6) =
49.587, p < 0.01) (see Table 12). Wilcoxon test was applied and showed
significant differences between several animation principles tested25.
Participants performed well at the task with an average error rate of 6.2%
and no significant difference in error rate across conditions. Neither
handedness nor gender effects were observed in any of the two DVs.

24 The protocol described by Field (2009) was used because Sphericity
assumption was broken and the data did not comply with the Homogeneity of
Variances nor the Normality.
25 See Appendix XX for more information about the list of pair comparison
results.
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Table 12

Experiment 5 Average Response
Latency and Standard Error per
condition
A n im a tio n
P rin c ip le s

R esponse
L a te n c y (m s )

S ta n d a rd
E rro r (m s )

Slow-in Slow-out

2211

17

Follow-through

2225

19

No-principles

2256

22

Overlapping

2342

14

Arcs

2368

17

Anticipation

2373

20

All-principles

2414

30

The second measurement of the data included the results procured by the
likeability analysis. The 5-item Likert scale scores were ranked in a scale
from 1

(Strongly Not Likeable)

to 5

(Strongly Likeable).

Due to the ordinal

character of the obtained data, the non-parametric Friedman test was used
for the analysis. It showed highly significant results (X2(6) = 32.364, p <
0.01). Based on Wilcoxon’s correction, the significant results were found
across several conditions. These results showed that the combination of all
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five animation principles (All-principles) resulted in the second most likeable
VA at the same time that produced the slowest RL. The non-artistically
animated VA (No-principles) was the third fastest but the second least
likeable (see Fig. 37).

Response Latency ▲

Likeability •

3,45
3,35
LO
i

_Q

03

CD

2,95
Figure 37. Experiment 5 Response Latency (RL) and Likeability
results. Plotted means of RL (ms) (left ordinate) versus Likeability
(5-item likert scale) (right ordinate) of the seven conditions tested
(from left to right): Slow-in Slow-out, Follow-through, No-principles,
Overlapping, Arcs, Anticipation and All-principles.

6.4 Experiment 6

In order to narrow down the processes involved in animation and compare
motion and exaggeration effects, Experiment 6 replicated the same
procedure and goals of Experiment 5, regarding the dependent variables (RL
and Likeability) and tasks (button selection and likeability score). In
Experiment 6, another of Thomas and Johnston's (1981) animation
principles, Exaggeration, was included along with the other two conditions
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analysed:

No-principles and All-principles.

Exaggeration26 has been used in

Psychological experiments to explore the notion of perceptual averageness
when measuring static face attractiveness perception. For example, when
asking the question ‘is the attractive face the average face?’ (Langlois and
Roggman, 2000). Perrett and colleagues, (Perrett, May & Yoshikawa, 1994)
using a paradigm based on static face perception, argued that one of the
reasons why exaggerated or caricatured dimensions may be more easily
preferred or recognized than digitally averaged faces is that the brain might
store representations on a continuum of differences from a norm or
averageness.
Consistent with this research there is evidence (Rhodes & Tremewan,
1996) that seeing examples which are far from the norm (e.g., errors) are
often recognised better than more typical examples (Rhodes, 1997; Thomas,
Mood,Morrison, & Wiertelak, 1991). Further evidence that seeing action that
is not the average or most correct makes things easier, in this case seeing
action errors made by novices provide a better learning than seeing those
made by experts (Buckingham, Wong, Tang, Gribble, & Goodale, 2013).
In Animation there is a phenomena where some types of artistic or
procedurally rendered images have a sense of looking unreal, robotic or
even zombie-like. The appearance of this effect is argued to be more
prevalent as animators create more and more ‘realism’ using motion capture
or certain photorealistic presentations, and is known as the Uncanny Valley
(Mori, 1970). Canonical examples of movies considered as exemplars of

26 Exaggeration is defined (Apple Dictionary, 2011) as

“Enlarged or altered

beyond normal or due. ”
187

S antiago M artin e z - Interaction style and virtual a g e n t spatial guidance

uncanny animation are

Beowulf, Polar Express, & Final Fantasy. These types

of films use techniques championed by director Robert Zemekis, who is a
keen exponent of 3D motion capture (mo cap) (Sloan, 2010). The criticism of
these movies is that the animation is a strictly cosmetic instrument used on
top of motion-captured real images (Freedman, 2012, p. 46). In these cases,
animation was merely a corrective intervention instead of a creative and
artistic choice that can bring things to life. Citing Friedman:

“Since frame-by-frame animation remains the primary means of
finessing those [motion captured] images into a finished product,
the Motion Picture Academy still views character animation as a
necessary component of motion capture” (Freedman, 2012, p. 47).
In Computing, there are examples of programmatically generated
characters made incorporating artistic experience gathered by expert
animators into the renderisation algorithms (Liang, Chen, Xu, & Shum,
2002). These examples show how is possible to achieve artistically
acceptable results combining animator practice-based approach and
learning-based systems, appropriately trained with examples of caricatures
drawn by artists - in Fig. 38, the reader could visually compare exaggerated
caricature generated by the trained system (rows C and D) with the artist's,
row E).
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Figure 38. Examples of artistic and programmatically produced
caricatures, (a) Original image, (b) Unexaggerated sketch made
by artist, (c) Exaggeration applied to the caricature by the system,
previously trained with example caricatures drawn by an artist
(excluding the one presented in row b).

(Liang et al, 2002). (d)

Exaggeration applied to the original image, (e) Exaggerated
caricature made by an artist.

In summary, an exaggeration performance should be understood in terms
of pushing the boundaries of realism, without distorting nor losing the
believable connection with the reality (Redman, 1984). The potential scope
of exaggerated animations in user interfaces echos the phenomenological
experience of the retail experience in retail contexts, where slightly
‘overacted’ gestures can be used to guide the shopper.
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6.4.1 Hypothesis of Experiment 6
The null hypothesis was that those dynamic VA cues developed using
animation principles combined with exaggeration would not have a significant
effect on the RL to cues measured via participant’s touch. The alternative
hypothesis was that those dynamic VA cues developed using animation
principles combined with exaggeration would have a significant effect on the
RL to cues measured via participant’s touch.
In addition, this experiment tested another hypothesis related with the
likeability of the animated VA cues presented. The null hypothesis was that
the likeability score of the VA cues presented performed using animation
principles combined with exaggeration had no significant difference
compared with the dynamic VA cues performed without using any animation
principle. The alternative hypothesis was that the likeability score of the VA
cues presented performed using animation principles combined with
exaggeration had significant difference compared with the dynamic VA cues
performed without using any principle of animation.

6.4.2 Settings and Participants
A total of thirty volunteer participants were recruited from students and
staff at the University of Abertay Dundee. There was no compensation given
and they all had normal or corrected-to-normal vision and were able to use
their dominant hand correctly for the purpose of this experiment. There were
18 female and 12 male, 25 were right-handed and 5 left-handed and with a
range of age between eighteen and forty-three (X = 23.5, SD = 4.1). They
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were asked to use the same hand across all trials and all participants did so.
None of them had seen the experiment’s digital interface before.

6.4.3 Method
The task to perform in the experiment was identical to that described for
Experiment 5 (see section 6.3.3 Experiment 5 Method). Participants had to
perform an button press task, on a series of twenty-four different VA
animations. The interface layout was identical to the ones used in the
Experiment 5 (see Fig. 34 and 35).
Similarly to Experiments 5, the VA cues were all fully dynamic (25 image
per second). The difference was in the independent variable. Instead of

All-principles

seven there were only 3 conditions tested:

Experiment 5 where all five principles were combined27),

principles

(the same as

Exaggeration (All

plus exaggeration, see Fig. 39), and the baseline condition

No

principles (the same as Experiment 5 where no principles were applied). The
total number of trials were: 3 types based on animation principles

principles, No-principles

and

Exaggeration)

(All

x 8 cardinal points (North,

NorthEast, East, SouthEast, South, Southwest, West, Northwest) = 24 trials
tested, shown twice, one for the button selection task and the other for the
likeability score.

27 The animation principles combined were:

Arcs, Anticipation, Follow-

through, Overlapping and Slow-in Slow-out as described in Table 11.
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Figure 39. Experiment 6 evaluated conditions: No principles,
where no principles of animation were applied and, instead, a
straight blend between the first and second pose of the cue was
used; Exaggeration, where a magnification of all the principles of
animation (see Experiment 5, Fig. 36) is made; All-principles, that
presents a combination of the five principles of animation used in
the previous Experiment 5 (see Fig. 36, a-e: Arcs, Anticipation,
Follow Through, Overlapping, Slow-ln Slow out). (Sloan)

6.4.4 Apparatus

The trials were run in the same PC with touch screen as in the Experiment
5 (see section 6.3.3 Method), using touch input for participant’s responses.
The tasks were identical to those performed in Experiment 5, i.e., button
selection cued by VAand a likeability score task.

192

S an tiag o M artin e z - Interaction style and virtual age n t spatial guidance

6.4.5 Data Processing and Analysis
As in the Experiment 5 (section 6.3.6) the participant RL and likeability
data were stored using Adobe Flash CS5 (version 11.0.0.485).

6.4.6 Results
The measurements were made on the same DVs (RL and Likeability) as in
Experiment 5. In the RL data analysis, the data required analysis using a
non-parametric Friedman test28. The results showed highly significant
differences in the response times to the VA cues (X2 = 9.172, p < 0.01) (see
Table 13). The Wilcoxon correction was applied and showed significant
differences between

AII-principles-No-principles

and

All-principles-

Exaggeration. Accuracy was approximately the same across conditions, with
an average of 7.6% of misses and no significant difference. There were no
handedness or gender effects observed in any of the two DVs.
The analysis of likeability was performed by a Friedman test that showed
no significant results for the three conditions tested (X2 = 3.566, p = 0.168).
However, in line with Experiment 5, these results showed that the condition
that combined the animation principles

(All-principles) was the most likeable

and produced the slowest RL. The new condition,
the fastest, but with a lower likeability score than
the ranking to the

Exaggeration,

resulted in

All-principles and closer in

No-principles condition (see Fig. 40).

28 See Appendix XXI for the list of pairwise comparison results.
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Table 13
E x p e r im e n t 6 A v e r a g e R e s p o n s e

L a te n c y a n d S ta n d a rd E r r o r p e r

c o n d itio n

A n im a tio n
P rin c ip le s

R esponse
L a te n c y (m s )

S ta n d a rd
E rro r (m s )

Exaggeration

2644

73

No-principles

2716

74

All-principles

2820

81
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Figure 40. Experiment 6 Response Latency (RL) and Likeability.
Plotted means of RL (ms) (left ordinate) versus Likeability (5-item
likert scale) (right ordinate) of the three conditions tested (from left
to right): Exaggeration, No-principles and All-principles.

6.5 Discussion of Experiments 4, 5 and 6

Experiment 4 tested dynamic VA cues using emotional facial animations
and participants’ subjective interpretation of the same during a guided
selection task in the context of a digital interface. A range of positive and
negative valences of emotions were tested compared with neutral expression
of the VA. Despite the non-significant effect on RL, one insight arising from
the debriefs after the experiment was that participants attributed a sort of
‘intelligence’ to the agent that was connected with the emotions expressed. A
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majority of answers stated that the mood of the agent was anticipated or a
consequence of the succeeded or mismatched participant’s button selection
during the experiment.
Experiment 5 and 6 examined the cueing paradigm using animation
principles in the development of the VA cues. The results from both
experiments showed an inverse relation between the objective speed of the
participant response to VA cue and the score of subjective likability. The
results can be summarised accordingly:
1) Non-artistically animated VAs induced faster cued responses and,
in contrast, more artistically animated VAs
slower (Exp. 5, the slowest was
was

(All-principles)

were

All-principles while the 3rd fastest

No-principles).

2) More artistically animated VAs became more likeable and nonartistically animated VAs less likeable (Exp. 5, second most
likeable was

All-principles;

second least likeable was

No

principles).
3) The most artistically animated VA produced faster cued response
(Exp. 6:

Exaggeration

breaks the tendency and became the

fastest and surprisingly faster than

No-principles).

4) The most artistically animated VA did not become the most
likeable (Exp. 6:

All-principles,
highest,

Exaggeration was

surprisingly less likeable than

placed closer to the least,

No-principles, than to the

All-principles, in the ranking).
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5) The condition that combined five animation principles

principles)

became the slowest and the most likeable

(All
in

Experiment 6 and second most likeable in Experiment 5.
The first group of findings (1 and 2) showed that artistic principles increase
the likeability of the animated agent, at the same time that the principles slow
down a physical reaction to them, probably for the perceptual resources
captured by the artistic performance. The second group of findings (3 and 4)
demonstrated that by pushing the boundaries of realism (i.e., exaggeration) a
speed up in the response can be achieved. This finding suggests that there is
a trade-off that decreases its likeability. The fast physical response can be an
expected outcome of observed rapid and emphasized movements. However,
to explain the reduction in likeability the reason must be a judgement related
with the scene observed. It is possible that too much movement is witnessed
without a purpose (i.e., there is no apparent reason that explains why the
agent is exaggerating its movements). Thus, it could be argued that the
likeability reduction is caused by the absence of a congruency with the
context that would explain why exaggeration was placed down in the ranking
of likeability. Therefore, an explanation that might fit with several of the
findings is the ‘Contextuality’ (Gershenson, 2002) of the animated agent
observed. Contextuality originates from the philosophy of cognitive sciences
and it is defined by the completeness of a being in dependence of its
congruence with a context where it unveils. That is, in a given scene,
everything is connected and the congruency of that connection shapes its
completeness.
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Applying this reasoning to the experiments could explain some of the
findings. In Experiment 5, the context was created by a majority of similarly
animated conditions (6 out of 7), which might have made the non-artistically

No-principles)

animated performance (

very dissimilar to the others (i.e.,

Slow-in Slow-out, Follow-through, Overlapping, Arcs, Anticipation),
from the artistically optimal combination of the principles

and far

(All-principles).

In

Experiment 6, the contextuality, or rather the lack of it, is represented by the
absence of external purpose that could explain the motivation for the
condition

Exaggeration.

Thus, the appearance of exaggeration would

represent the flip side of the uncanny coin, where the dissimilarity is
represented by too much movement and excess of coordination without an
external justification. There, absence

(No-principles)

and saturation

(Exaggeration) of animation principles reduced the likeability, far again from
what is considered artistically optimal

(All-principles).

In summary, both experiments showed that the most likeable conditions
were among the slowest ones. This suggested that objective measures such
as RL should not be the only ones when measuring interfaces with a human
like component, e.g., VA, and that complemented with subjective measures
such as likeability can provide more accurate information of the user
perception of the interaction. Additionally, the congruency with the context
where the task develops, contextuality, seemed to be a factor that could
influence the suitability of a dynamic performance in the interface. Future
work will analyse the use of such findings analysing the congruency of the VA
dynamic performance with the context of the task as it unfolds.
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Overall, this study showed that the application of the principles of
animation in a VA within a digital interface increases the RL to the animation,
but positively influences the subjective likeability of the animations observed
(supported by finding 5).
Finally, the lack of variation in absolute terms in RL in the last two
experiments suggests that the optimal performance in terms of RL has been
reached with the fully dynamic (25-frames per second) VA cues. However,
there is still more to explore in terms of expressivity, quality of animations and
engagement of the target end-users of a digital transaction.

6.6 Conclusions of the Application of Virtual Agent cues for user
guidance in unfamiliar digital interfaces
Experiment 4 introduced facial animations in the development of the VA
cues. However there was no evidence that positive or negative valence
emotions would speed up a guided selection task when compared to neutral
control guiding animations. However, it was observed, post-hoc, that
changes in emotions triggered in the observers an attribution of artificial
intelligence (Al) to the VA, assuming that the VA emotion changes were
contingent on the previous trial button selection accuracy. The interpretation
of emotion variability as a sign of some sort of intelligence is a clear step in
the attribution of human features to a VA. It seems that the inclusion of
different emotion changes may lead to a personification of the agent,
according to human emotion changes. A lesson learned is that the
introduction of emotional expression should be carefully studied and pre
analyzed, in order to avoid any side effects that are seen likely to occur.
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The last two experiments, 5 and 6, evaluated the application of animation
principles in the development of a VA in the context of Human-Computer
Interaction. Measuring the RL to a VA gaze and head cues performed using
principles of animation, and the likeability of the seen VA, the results showed
a clear contrast between the latency in the response to cues and the
subjective likeability of the agent observed. One of the most likeable VA

principles)

(All

resulted in the slowest RL in both experiments. In addition, the

more artistically animated the VA was, inside a reasonable context, the more
likeable it became. These findings are relevant for the design of VA for UID
for three reasons: first, RL is an incomplete measurement to inform the
suitability of interaction with a VA, especially when what is intended to be
measured is the subjective experience of a user with an interface (Tinwell &
Grimshaw, 2009); second, there is another measurement, likeability, which
shows a positive trend towards the application of all animation principles
tested in a VA; and third, the application of animation principles that pushes
the boundaries of realism, i.e., exaggeration, obtains less likeability but faster
responses than the combination of the studied

principles without

exaggeration.
In conclusion, a design insight emerges that suggests that fully animated
agents have the potential to be a key new component of the guiding
characteristic of interfaces, where an appropriate animated performance
guiding throughout each step of a specific task can be implemented. In
relation with previous experiments, Experiments 2 and 3 demonstrated that
VA guidance would be suitable both for gaze and touch interfaces. Animated
agents could become a new component in the salience dynamic
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characteristic of interfaces, where a synchronized movement can reinforce
the perceptibility of relevant elements inside the interface. The findings hint
that more human-like interface components would be of practical use,
particularly with guiding agent behaviour synchronized with cues. The
combination has a potential role in attention conflict situations, significantly
influencing the overt allocation of user attention and, in general, their
consequent responses during the interaction process.
Based on the design insights generated by this set of experiments, the aim
is to propose new ways of implementing guidance in a design of a digital
interface specifically addressed to users unfamiliar with such interface. Only
by creating a natural sequence of user choices with a combination of gaze
cues where items are competing for attention can the efficacy of an agentbased cue in human computer interaction be fully confirmed. As an ultimate
goal, this and future related work pursues the intention to effectively design
methods of allocation of the attention of unfamiliar users to improve the
interaction flow. It is crucial that the cues used were evaluated as a part of a
guidance system based on the principle of cueing that can anticipate user
actions and help with what to do next problems.

6.7 Summary of the experimental research and next research steps
The series of 6 experiments developed in this thesis integrated an
interdisciplinary experimental research for testing psychological (spatial
visual cues: Posner, 1980; ToM Premark & Woodruff, 1978); gaze and head
cues surrounding a central point (Langton, 2006), animation (principles of
animation, Uncanny Valley, Mori, 1970) and HCI (gaze as input method,
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Ware & Mikaelian, 1986) paradigms in search of a cued guidance
mechanism suitable for unfamiliar users with a digital interface, in searching
and selection tasks of similar target items. The use of psychological visual
spatial cues implemented in a VA for orienting and guiding the user task has
been proven to be effective in various ways when doing a valid selection
inside an array of similar targets: with spatial visual static cues to improve
search strategy; with dynamic cues to speed up the task; with artistically
animated cues to increase the likeability of the VA although delaying the RL.

In addition, qualitative factors such as likeability become an important
component to consider when designing Uls for unfamiliar users. Thus RL can
be considered insufficient when evaluating these interfaces, and
consequently the effect of how spatial visual cues are represented by a VA
have a potential beyond what is explored in this thesis. Therefore, future
research in this area should investigate how the principles of animation affect
the user experience using qualitative research methods, e.g., focus groups.
By taking the interaction experience out of the laboratory into more
sustained, joined up, sequences of behaviour, the relevance of additional
properties of guiding agents will become more embedded in the interaction
scripts evaluated.
This way of approaching analysis and explanation of human behaviour is
known as Cognitive Ethology (Eastwood, Smilek, & Merikle, 2001), the
current findings underlined the need of further exploration and evaluation of
the paradigms in a real-world scenario. Implicit in the Cognitive Ethology
approach is the appreciation that not all evidence to inform explanation is
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gatherable using formal quantitative methods. Even if it were, it may not
always be the optimal way of going about the exercise. In the Cognitive
Ethology approach, emphasis is placed on structured observation of natural
behaviour in everyday normal contexts. In this way, thinking and insights can
be informed independent of existing paradigmatic constraints, or theoretical
biases. This approach is used to gain new practical and theoretical insights
and experimental opportunities, it can equally well help inform and inspire
innovation in user interaction.
To address a new interaction innovation, the designer can start with an
experiment and a prototype, or alternatively they can start with a clearer
understanding of the problem from different perspectives. With this latter
option in mind, the next chapter presents a new categorisation of one type of
SST user, the Occasional User (OU): representative of a SST user type who
is unfamiliar with its interface and may or may not use it again in the future.
This user type is used to inform a prototype design adopting some of the
elements of visual cue guidance mechanisms, applied in a static fashion to
begin with, in order to evaluate their effectiveness in a specific transaction
when designed using a new style of interaction suitable for those OUs.
Rather than following an evidence based, experimental approach based on
null hypothesis significance testing, the approach is one of iterative design,
but iterative design incorporating aspects of formal experimental comparison
to act as a framework to reduce confirmation bias and exert control,
discipline and experimental rigour on the evaluation of design options.
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