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Abstract

This thesis investigates the role of prior experience of products and its affect upon interaction. It
has been shown within this work that technological experience of products is related to age, and
that this has implications for the success of subsequent interaction. This research adds weight to
a growing body of literature that has identified age related and generational differences toward
product interaction. Implications for intuitive design such as the use of familiar features and
icon design are also identified. The adoption of a novel inclusive design approach, framing
interaction using an interactional, behavioural model, is proposed as a potential method to
identify issues that cause unnecessary interactional complexity.

The effect of prior experience and design upon interaction was investigated by performing
three main experimental studies that assessed individuals’ performance with products and
identified the problems real users’ experience through inadequate product design. The findings
reveal that older participants’ ability to learn and transfer knowledge for successful product
interaction may be adversely affected by design. Older users recognised fewer features and
iconic warning symbols than younger users, and this appears to place them at a disadvantage in
terms of learning and intuitive interaction. Technological experience was found to decrease
with age, further compromising older users’ ability to draw accurate inference from products.
The contribution of this work is to provide the design community with new knowledge and a
greater awareness of the diversity of user needs, and particularly the needs and skills of older
people. The hope is that the awareness of this knowledge can, in turn, assist toward the
community’s development of better design methods. The approach introduced can be applied to
new and existing products alike and can aid the development of products that are more

accessible and easier to use for a wider proportion of the population.
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1: Introduction

The intention of this thesis is to detail the study of the effects of prior experience and memory
on interaction with a view to understanding how the use of technology can be facilitated for an
increasingly ageing population. This includes how products and devices can be designed to
enhance their ease of learning and usability. This research contributes to an increasing body of
literature that has identified age related and generational differences toward product interaction,
and identifies implications for intuitive design. This work shows how prior product experience,
and particularly age, influences the ease with which users are able to interact with products.
Age and experience are shown to affect users’ knowledge of interface icons and features, and
this has a significant impact upon successful interaction. A unique feature of this work is the
way in which it has determined interactional complexity during this process. Instances of
complexity were highlighted by classifying human behaviour in terms of skill, rule and
knowledge-based activity, and observing where interaction was reduced to a knowledge-based
level. Under such circumstances, it was evident that users were attempting to acquire or affirm
knowledge and that they were being prevented from performing at a more desirable, skill-based
level. Identifying the design features causing this interference allows them to be addressed as
part of an overall inclusive design approach that will improve product interaction for all users,
irrespective of age or experience.

The remainder of this chapter introduces the immediate research area, describing the need for
further investigation, based upon the issues raised. The overarching research question that the

work examines is stated and the research approach and overall structure are defined.
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1.1 Motivation for Research

Inclusive Design is an approach that aims to create interfaces, artefacts and products that are
applicable, appropriate and accessible to as many users as possible within the constraints of the
design specification (Keates & Clarkson, 2003). Thus, it is not considered as design specifically
catering for those with reduced capability, physical or cognitive impairment, but attempts to
optimise design for maximum accessibility in conjunction with minimizing the user effort
required for interface or artefact interaction for all users (Deisinger et al., 2000). The intention
is that this approach will provide salient solutions; solutions that work as effectively for the
impaired as they do for the unimpaired. In order to maximise accessibility and minimise user
effort for efficient and effective interaction, inclusive designers have to better understand both

what the design brings to the user and what the user brings to the design.

1.2 Why Investigate Knowledge and Prior Experience?

Consideration of prior experience and other factors such as the context of use and environment
of interaction are required to create truly usable and inclusive products, and are key
considerations in the performance of usability evaluations (Nielsen, 1993). Mayhew (1999)
also advocated consideration of users’ psychological characteristics, knowledge and
experience, and users’ physical characteristics. By increasing understanding of these factors
and applying them within inclusive design, the potential exists to increase the long-term
profitability of product manufacturers and enhance the competitive edge of such companies
whilst concurrently assisting in the production of better products for all end users (Dong, et al.,

2006).

12



One approach to achieve this is to examine how humans learn and interact with interfaces and
designs, and by understanding more about how learning occurs, use this knowledge to
influence future design in terms of ease of learning, use, and access to all (Inclusive Design

Group, 2008).

1.3 Why Investigate Age and Generational Effects?

This research aims to investigate learning and the effect of prior experience, capturing further
information regarding what occurs during interaction with products. This includes products of a
novel nature, about which, users may possess limited, or non-existent internal concepts. In
order to ensure this work is inclusive in nature, other significant areas of interest are
generational effects and the effects of ageing upon interaction. As humans age, cognitive and
physical capabilities decrease as a factor of natural human atrophy (Rabbit, 1993, Tarakanov-
Plaz, 2005). Cognitive processing speed, the ability to switch attention, engage selective
attention and working memory, textual comprehension and response time to complex motor
tasks all affect behaviour and task performance (Chan et al., 2009, Nichols et al., 2006).
Although older individuals may have larger memory banks of interface and interaction
knowledge upon which to rely, they may experience difficulty retrieving useful chunks of
memory that help them interact with familiar or non-familiar interfaces, and this may be linked
to the knowledge that older individuals are required to exert greater effort in learning new tasks
(Howard & Howard, 1997). Docampo-Rama (2001) and Freudenthal (2001) refer to such
differences in age and experience as the Generational Effect, identifying particular stages in life
during which individuals are optimally receptive to adopting and interacting effectively with

new technology. This is typically seen to be manifest in those under 25 years of age.
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Inclusive design attempts to address these issues in its quest to assist designers design products,
artefacts, and systems, for maximum accessibility regardless of age and impairment. Literature
indicates prior experience of products is important to their usability, and that the transfer of
previous experience depends upon the nature of prior and subsequent experience of similar
tasks (Thomas & van-Leeuwen, 1999). Familiarity of the interface design, it’s interactional
style, or the metaphor it conforms to (if it possesses one), appear to be key features for
successful and intuitive interaction (Okeye, 1998).

There are also other important design implications under investigation. Initial findings of this
research provided evidence of the extent to which users avoided reading instruction manuals.
This prompted further investigation and consolidated the need for designers to effectively
convey product and interaction information through the product design itself. The extent to

which this has been successful has also been scrutinised.

1.4 Design and Design Practice

Throughout the thesis there are numerous discussions of design and the design process. In order
to convey how this work relates to these processes and how the knowledge gained may
transform the understanding of the design community, an overview of traditional design

practice and more contemporary design approaches will hereby be afforded.

1.4.1 A Traditional Design Framework: The Waterfall Model of Design

The waterfall model of design (largely attributed to Royce, 1970) is a stepped process
consisting of requirements specification, system design, implementation, testing and

maintenance (Figure 1).
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Requirements

Specification

System Design

Implementation

Testing /
Maintenance

Figure 1: The Waterfall Model of Design
(Royce, 1970)

Usually applied to software design, users are involved within the initial requirements or system
specification stage, but subsequent user involvement is often argued as being insufficient with
different parties often being responsible for the initial requirements elicitation and the later
testing and evaluation stages, and poorly developed or maintained feedback loops (Grudin, 1991).
This approach is indicative of non-user-centred design approaches that may lose valuable insights
about user perceptions of developing designs, and may also facilitate the implementation of
systems or designs that are far from ideal from a user perspective, as in reality development
projects are rarely entirely sequential and users are not always able to accurately state all their
requirements explicitly (Dhall, 2009). In such a scenario, there is an increased likelihood of
designers using their personal skill sets as natural points of reference and not engaging with the
full and diverse spectrum of potential users (Nickerson, 1999, Lewis et al., 2006). Design practice
is often time and financially constrained causing user involvement in the design process to be
seen as an expensive luxury; the benefits of user involvement are not always fully understood and

organisational structures do not always facilitate such interaction (Grudin, 1991).
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1.4.2 The Inclusive Design Approach: Participatory Design Thinking

Participatory design aims to develop new technologies with the close involvement of
stakeholders and end-users through cycles of requirements gathering, prototype development,
implementation and evaluation (Sharma et al., 2008). In this way, participatory design can be
seen as an attempt to understand and involve people throughout the design process with the
intention of creating more appropriate, applicable, and user friendly products. This research,
too, can be seen as an attempt to better understand the diverse needs and requirements of an
older demographic by involving them inclusively within a process that will foster and develop
knowledge acquisition for the design community. The intention is that this knowledge might
assist toward the subsequent design, development, and manufacture of products or tools that are
more immediately accessible and usable to a wider proportion of the population, including the
older generation. User involvement within the design process is seen as the key solution to
overcoming this imbalance and, in this way, all participants within this research can be
considered as members of a participatory design group, capable of influencing all aspects of

design (Figure 2).

Requirements
Analysis

[

h 4

Evaluation and
Analysis

Prototypical Design
Solutions

Participatory
Design Group

[y

-
L

h 4

Finalised Design and
Development

e

Figure 2: Participatory Design Process
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1.4.3 Contributions to Design and Design Practice

The overall intention of the thesis is to generate knowledge to inform designers and thereby the
design process; similar to the Total Quality Management ethos (Schonberger, 1986, Powell,
1995) of doing things right first time largely removing subsequent retooling requirements. The
presupposition presented is that design can, and has, traditionally failed in this respect. The aim
of the research is to highlight where insufficient designer consideration has negatively affected
usability and product interaction for all users — young and old alike. This also has a cost
implication on product and brand loyalty. Adopting the inclusive design approach forming the
basis of this thesis has the potential to increase usability regardless of age, reduce subsequent
manufacturing retooling and operational costs, and widen the market for existing or potential
products, designs, and artefacts. As a whole, the thesis contains knowledge that will help
designers formulate better design methods. It aids and increases design knowledge and
understanding, can help designers to produce informed designs that will be applicable to a
wider proportion of the population and designs that work more effectively and optimally first
time and ‘out-of-the-box’, and can thereby increase product adoption and product or brand

loyalty.
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1.5 Older People as Product Users

There is much debate in literature as to what constitutes the age-related definition of older
adults and older people (Tanner & Harris, 2007, Morris et al., 2007). For the purposes of this
research, older people and the older generation are defined as those belonging to the age-range
of 60-80 years of age to allow examination of age-related differences in terms of prior
experience and interaction in comparison with younger groups of users. This approach also

conforms to Tanner & Harris’s (2007) observation that:

“...research studies involving older people usually adopt a chronological definition of old age
(for example, selecting samples of people who are over the age of 60 or 65).”

(Tanner & Harris, 2007, p.9)

Although declines in health, and mental and physical function, are more likely in old age, these
are by no means inevitable (Rabbit et al., 1993, 2004, 2006). This means that older adults are a
most diverse demographic group encompassing a wide range of health and ability states.
Goodman-Deane et al. (2009) suggest that designers must fully comprehend the diversity of
this group, and that in order to do so the inclusion of older users in the design process is
paramount. Many of the older participants involved in this research are actively engaged in
their community with busy social lives. Many of them are members of committees, volunteer
with charities, or are heavily involved in care duties with grandchildren or spouses. This clearly
demonstrates the fact that older adults do not necessarily conform to the traditional stereotype
of dependent, lonely, isolated and incapable. On the contrary, discussions with older
participants demonstrates that many older adults wish to maintain very independent,
community based, active lifestyles, but that technology is not always designed to facilitate or

enhance such activity. The goals of inclusive designers are to create interactive technologies
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that are enjoyable, pleasurable, motivating, and satisfying, and these aims are largely dependent
upon users’ acceptance of technology, their perceptions of the technology and their level of
engagement with it (Preece, 2002). To do this, however, greater understanding of this

demographic and the diversity they represent is imperative.

1.6 Product Area: Novel and New to Market Home Technology

The focus of this research particularly targets household products that users of all ages might be
able to purchase from high street stores in the United Kingdom. The two products involved, an
electronic electricity meter and a multifunctional laser-level, are computer-embedded products
with varying degrees of Graphical User Interface (GUI), and the use of Liquid Crystal Display
(LCD) and additional external design features, were common to both instruments. As such,
they may be considered more toward the do-it-yourself spectrum of home products. These
products were chosen as vehicles to examine the effects of prior experience upon individuals’
performance with products and identify problems real users may experience during interaction
with technology. Both products when used were new-to-market and, as such, novel. This was
an intentional aspect in their use, as the research aimed to investigate how product design may
communicate aspects of use and knowledge to users with little previous experience of the
product in its current embodiment and if, purely due to the product’s design, users were
hampered in their ability to understand or interact. Conceptually, these products are not
necessarily new but their embodiment was, and this also allowed investigation into how
effectively knowledge of other interfaces and designs (prior experience) may be transferred
during interaction. The administration of a questionnaire developed from the work of Blackler
(2006) was used throughout the research to investigate the extent of familiarity and frequency

of interaction with more generic home and personal products, including satellite televisions,
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mobile telephones, laptops, and satellite navigation systems. The two new-to-market and novel
products were also included in the questionnaire to identify any instances of previous use that
may have contributed to or biased performance, and are afforded further description within the

work.

1.7 Research Aim

The overarching research question has been born out of the need identified through a
comprehensive study of the literature to address a number of factors within the design arena
that may overlook or insufficiently acknowledge age-related user requirements in the initial and

subsequent phases of design. In summary, the research question is:

Is there further knowledge to be gained for the design community from the study of

generational differences in terms of prior experience and contemporary product interaction?

The overall research question is addressed methodically on a chapter-by-chapter basis. The
following chapter introduces the literary contributions to the area and provides context as to
where this research is positioned. The third chapter presents an experimental methodology and
research plan that breaks down the overall question into sub-component aims. Chapters 4, 5 and
6 then address these sub-component issues, looking specifically at prior experience, mental
model development and the acquisition of knowledge through interaction. Chapter 7 examines
the effect of age on product experience and how individuals’ approaches to instruction manual
use may affect usability and intuitive design. Chapter 8 is largely seen as the culmination of
this approach, as it not only classifies interaction at a granular level to determine where and

when knowledge is acquired and developed during interaction, but goes further to identify
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where instances of interactional complexity are caused by design. Chapter 9 then discusses the
implications of the individual results in terms of how they relate to the area of research and the
overall research question. A critique of works follows and suggestions for future research are

then proposed.

1.8 Overall Contribution

By understanding in greater detail both the information that individuals bring to product
interaction (their prior experience) and the information interaction necessitates they acquire,
designers can utilise this knowledge in the creation of designs that fit more effectively and
more immediately into the users existing knowledge base. Success at this stage is often
recognised in reports by users of products or designs that are considered particularly user-
friendly and intuitive. This, in turn, can result in increased product and brand loyalty, although
it 1s clearly not only the designers and manufacturers that benefit from these advances;
individuals as product-users themselves can literally ‘feel-the-difference’ and the opportunity is
thus provided to accommodate those who were previously excluded from the design process,
by designing for the wider population.

This research contributes to literature by identifying further age related and generational effects
toward product interaction. It also exposes implications in contemporary design that impede
intuitive product use. A method is detailed that shows how framing interaction in terms of skill,
rule and knowledge-based activity allows the design aspects causing greatest cognitive or
interactional difficulty to be identified. Establishing where design directly compromises
interaction facilitates the redesign of features that can reduce complexity and make products

more accessible, easier to use and adopt. Overall, the contribution of this work is to provide the
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design community with new knowledge and a greater awareness of the diversity of user needs,
and particularly the needs and skills of older people. The hope is that the awareness of this
knowledge can, in turn, assist toward the community’s development of better design methods.
Ensuring products can be used more intuitively by a larger demographic will also enhance the
target market, increase commercial potential, and enhance the usability of products for all

users.

1.9 Summary

Chapter 1 has provided an introduction to the thesis stating the overall research question and
structure of the research. The following chapter will introduce the literary landscape of the area
to provide context as to where this research is positioned. The chapter will conclude by

developing the specific research questions and objectives this work sets out to investigate.
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2: Literary Observations and Contributions to the Area

The intention of the initial chapter was to introduce the effects of prior experience and memory
on interaction with a view to understanding how the use and design of technology can be
facilitated for an increasingly ageing population. This chapter expands upon this concept by
explaining the difficulties older users face when interacting with modern products and designs,
and how consideration of their specific needs may have been overlooked within the design
process. It also introduces the notion of product interaction being designed and viewed as a
process of communication between designer and user. Furthermore, it highlights how design
can affect and facilitate learning, knowledge acquisition, and mental model development, and

the importance of designing for individuals’ needs, expectations and experience.

2.1 Background to an Ageing Population

According to the Office for National Statistics (2008) the number of people in the United
Kingdom aged over 60 has recently overtaken the number of those under 18 years of age, and
this trend is set to continue. By 2035 it is predicted 23% of the UK population will be aged over
65 and although this will be one of the lowest proportions in the European Union, Japan will
see one-in-three aged over 65 (Population Trends, 2010). The Department for Work and
Pensions (2011) has indicated that increases in life expectancy are likely to account for half a
million people in the United Kingdom being over the age of 100 by 2066 and so a product
design that caters for both older people and younger users, with or without impairment will
appeal to an ever-increasing commercial market. Distinct interactional differences can be made

between user groups, purely on the basis of age. A study by Langdon et al. (2010) reported how
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symbols identifying features of an interface across product families were recognised by
different generations. Older generations of participants failed to recognise some of the modern
symbols used. According to Docampo-Rama (2001) this is a factor of exposure to technology
at a particular stage in life — modern symbols and layered computer interfaces being more
familiar and most suited to the interactional processes of those 25 years and younger.
Freudenthal (2001) also found elderly users performed slower in information retrieval tasks
which required searching in a hierarchical structure in comparison to younger adults. Such
findings may explain the difficulties experienced by older generations interacting with a variety
of current products and designs that employ menu-driven interactional styles whilst they also
experience a general decline in their cognitive and physical abilities (Tarakanov-Plaz, 2005).
With increased age comes reduced contact with other people and reduced access to information
that is readily accessible to the younger generation (Renaud & van Bijon, 2008). Therefore,
older users increasingly desire and expect technology to add value to their lives by providing
access to a more social, active, meaningful and independent life (Mallenius et al., 2007).

Kwon & Chidambaram (2000) found that perceived ease of product use significantly affected
users’ extrinsic and intrinsic motivation to interact with and adopt new technology. Similarly,
Phang et al. (2006) concurred that perceived ease of use and perceived usefulness were
significant factors in product adoption and interaction. They suggest considering both the
physical limitations of the device as well as the limitations of the surrounding physical context
(screen size, memory, storage space, input and output facilities), and acknowledge that the
physical and cognitive limitations of ageing have very real affects upon technology uptake.
Osman et al. (2003) revealed that older users expressed a preference for products with easy

menus, followed by large screens and buttons as a result of age affecting manual dexterity and
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the visual system. These factors were all considered to affect product ease of use. Arning &
Ziefe (2007) found that whilst older users’ intention to use may exist, actual use was impacted
by perceptions of ease of use, learning and understanding development. Burke & Mackay
(1997) suggest mental model development can also be compromised with age, as it takes the
older generation longer to distinguish between important and irrelevant stimuli in the product
and environment. This may also explain why it takes them longer to learn to use modern

products and devices.

2.2 The Designer Problem

Literature suggests that the views of older people are not being sought to inform the design
process (Hansen et al., 2007). This lack of involvement in the design and evaluation stage may
be responsible for causing some of the generational and age-related issues that prohibit and
exclude a larger proportion of the populous interacting with products and designs, and may
explain older peoples’ reluctance to engage with new technology. Individuals’ views are not
sought and, due to that reason, designers fail to realise and cater effectively for their specific
needs. This in turn may manifest itself in reluctance on behalf of this very section of the
population to purchase or interact with many forms of modern technology. Nickerson (1999)
also argues that designers have failed to engage with the full spectrum of potential users
including the older generation, and Lewis et al. (2006) point out that designers are typically
male, under 35 and unimpaired, and have been accused of designing for themselves and their
personal skill sets as a natural point of reference. The danger being that designers assume that

all users possess the same cognitive and physical abilities as themselves. Failing in this way to
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understand or connect with all potential user groups and their particular requirements, may risk

alienating or excluding a significant proportion of the population (Figure 3).

Designers continue Older people reluctant to
to fail to engage with modern
recognise older person’s needs technological designs

Older person's
views are not sought

Figure 3: Cycle of design oversight influencing the uptake and
engagement of technology
This also makes poor and short-sighted business sense (Hollins, 2008). Failing to engage with
older people forming part of an increasingly influential market force is seen as a missed
opportunity. Many consider that product designs catering for both older people and younger
users, with or without impairment, will appeal to an increasing commercial market and thus
make good commercial and ethical sense, benefiting a wider cross-section of society
(Middleton et al., 2006, Coleman, 2001). User involvement is seen as the key solution to
overcoming this imbalance. Dong et al. (2006) proposed that by including a more
representative sample of all end-users — less-able bodied users, children, and the elderly at an
early stage within the design process, designers no longer need to use their own knowledge or
personal points of reference as the norm by which to design. Catering for diversity within the

target market should not be a unique approach. It should be prerequisite for all design and a
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natural component within requirements specification. Design should consider the user as an
individual, possessing individual aptitudes, experiences and other human characteristics,
accounting for the abilities and limitations of all potential users (Tainsh, 2006). Products
designed in this way will be capable of being used by people with the widest possible range of
abilities, within the widest range of situations, reaching most, if not all, potential end users

(Buhler, 2001).

2.3 Communication and the User Experience

Interaction can be viewed as a form of communication. Communication is considered a two-
way process, and has been defined as the transmission of information in such a way that the
recipient comprehends the senders’ intention (George, 2006). In the context of design, this two-
way process remains, but can be considered in different terms. This idea is captured neatly by
Eveland (1986) who, referring to technology, proposed that technology was merely a
materialised form of information and that interaction with or through interfaces, products or
artefacts could essentially be viewed as the communication or transference of information, and

is depicted in Crilly et al.’s (2008) communication-based model of design (Figure 4).
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Figure 4: Communication-based model of design (Crilly et al., 2008)
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It is the designers’ responsibility to consider what the user will bring to the interaction and this
notion has been encapsulated below to convey the communication, information and

understanding flow within interaction (Figure 5).

Effective Effective
communication understanding of the
through the design to design by the user,
the user influenced in part, by
knowledge and prior

experience

-

I --d!

User/
Consumer

Designer

Figure 5: Communication and understanding flow

Inclusive designers attempt to understand both what the design brings to the user and what the
user brings to the design. Part of this information exchange is facilitated through the product
design itself — it can indicate the product type or area, its purpose or function, and innate
properties such as stability or strength. This communication is not restricted to purely the
verbal or auditory mediums, but may include visual design and iconic messaging or other non-
verbal communication (Persad et al. 2007). Karlsson & Wikstrom (2006) also identified that
the use of semantics could be an effective tool for enhancing product design and use,
particularly to a novel user. Users too will have expectations as to how the product or interface
will behave and how interaction is likely to occur. To succeed, Jordan (2006) posits that
designers must comprehend their target market on a cognitive, physical and emotional level.

This includes understanding users’ attitudes, values and expectations in an attempt to
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understand how these factors may influence what they desire and expect from a product. An
individual’s perception of a device can be influenced by the messages they receive from
different product features, visual cues regarding branding and colour, and tactile cues such as

surface texture (Henson et al., 2006).

2.4 The Effect of Age on Interaction

Langdon et al. (2010) reported that the technology generation and age of a product user will
affect their expectations of interfaces, the range of features those interfaces will possess, and
the skills as individuals they have at their disposal to interact effectively. Skill sets, it would
appear, are continuously increasing. Dewsbury et al. (2007) report that as the number of skills
required to participate in modern life increase, so does the level of technological understanding
required. One suggested solution to this increasing problem lies in liaising with user groups
directly: observing different user groups’ use of technology and discussing the role it plays
within their lives, would help establish what users find difficult. It is also suggested older,
disabled and impaired users are currently set aside in the design process from the mainstream
user, and it is recognised that these very groups often consider themselves to be techno-phobic,
unfamiliar, and averse to learning how to interact with new systems. It is important therefore, to
recognise that individuals’ ability to interact with everyday products tends to decrease with age,
in conjunction with both natural atrophy of physical and cognitive ability (Persad et al., 2006).
Some of the issues that should be considered include: fitness, dexterity, joint range of motion,
muscle strength and cognitive ability. The effects of ageing can reduce an individual’s ability to

reach, hold and manipulate objects and therefore design should allow for this (McDonald et al.,
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2007). The initiation of responses and their execution also become slower especially in novel
situations (Olson and Sivak, 1986).

Norman (2002) believes the young appear more open—minded to alternative problem solving
strategies, proposing that they are also keener to experiment and less afraid of making errors.
Motivation may also be a factor with young people being more motivated to utilise modern
technology to communicate and for social interaction (Mescellany, 2002). Older individuals
appear to employ slower, error-reducing approaches to interaction, where younger generations
adopt greater speed and tolerance of error as an element of a speed-accuracy trade-off strategy
(Langdon et al., 2010). As individuals move on from the formative under 25-year-old period
documented by Docampo-Rama (2001), it appears they become less flexible to adopting new

interaction strategies and mechanisms (Weiss, 2002).

2.5 Human Error within Interaction

To bridge the gulf between designers’ knowledge and their awareness of the needs of currently
excluded users, greater understanding of how a larger cross-section of individuals behave,
according to the stimuli they are presented with and the context of that interaction, is

paramount. All users make mistakes, and Kletz (2001) classified human error accordingly:

Those occurring because the intention is wrong (mistakes)

e Those occurring because someone knows what to do but decides not to do it (violations)

e Those occurring because the task is beyond the mental or physical capability of the
individual (mismatches)

e Errors due to slips or lapses of attention (correct intention, incorrectly executed)
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In a summation that is in accord with Inclusive Design, Kletz proposes that the human

tendencies of people should be accepted and designs created to accommodate them, using the

understanding of how individuals behave to create more effective design solutions. Lardner &

Reeves (2006) concur, positing that unsafe or erroneous behaviours are rarely intentional: the

behaviour normally making sense to the person performing it. They suggest interactions follow

a stepped process:

e Antecedents: occurrences prior to a resulting behaviour, that prompt or trigger that
behaviour

e Behaviour: the resulting behaviour that occurs

e Consequences: the subsequent consequences of the occurring behaviour

This provides some insight into the basic processes of interaction and learning: behaviour is

largely a function of its consequences, people do what they do because of what happens to

them when they do it and as a result, what people do (or do not do) is reinforced. Systems or

products can be assessed to determine the potential or actual mistakes which may occur. Smith

et al. (2006) confirm Kletz’s premise that individuals are naturally error-prone stating:

“...no matter how good the product is, it is impossible to make the product error proof:
humans are inevitably fallible.”
(Smith et al., p. 58)
Rasmussen (1982) considered error in terms of cognitive function, and classified error in the
following forms:
e  Skill based errors — variability of force, space or time
e Rule based errors — related to cognitive mechanisms; classification, recognition or recall

e Knowledge based errors — errors in planning, prediction and evaluation
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Human performance is heavily influence by the environment and the conditions under which
the individual performs the action. Factors that can adversely affect performance include high
cognitive workload, poor ergonomic design, inadequate training or situational complexity
(O’Hara et al., 2000). Wickens (1992) proposed a four-stage model of Human-Information
Processing accommodating human-error, to convey what occurs during interaction, and as a

function of natural cognition influencing behaviour (Figure 6).

Stage Occurrence Potential failure

Perception Information perceived Misperception of
from the environment by information
the senses...

Memory Is combined with Failure to implement a
information stored in step in procedure due to
memory. .. memory lapse

Decision making To arrive at a decision Failure to integrate data
and used to initiate... and information causing

misdiagnosis of situation
and inaccurate decision

Action An action Accidental performance

of inappropriate action

Figure 6: Four stage model of human-information processing (Wickens, 1992)

2.6 Perceptual Processing and Environmental Interaction

There are numerous theories proposed to explain the form and way in which information is
perceived and encoded, and the extent to which such processing is a conscious activity.

2.6.1 Connectionism

The connectionist approach, based on Hebb’s (1949) cell assembly of cognition theory,
considers that knowledge gained through experience is encoded and stored in memory in
elements or nodes that form neural networks. When information in the environment is

perceived (unconsciously or otherwise) nodes of the network associated with previous
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experience of this perception, or potentially similar perceptions, are activated and this
activation spreads to other nodes. These clusters of associated nodes are referred to as models
that provide the individual with an immediate bank of information. If the activation of clustered
nodes proves successful to understanding of the environment or completion of a task at hand,
the model for that task or environmental element is reinforced. Activation of extra associated
nodes that were deemed relevant to task completion may become more permanently associated
with the clustered network or mental model involved. Repeated activation may therefore
modify and strengthen the associated neural network or mental model.

2.6.2 Experientialism

Johnson (1987) proposed that an individuals’ experience of the world consisted of a
combination of sensory-motor, emotional and social elements that were refined into Image
Schemata: internalised structures of human experience that guide and facilitate subsequent
understanding. These schemata are considered, not to be fixed, but flexible abstract patterns
that are modified through further interaction with the world. This is largely in accordance with
Gregory’s (1972) views on environmental and informational perception and actors in a scene
subconsciously, or otherwise, formulating hypothesis upon the stimuli presented, and the
hypothesis being constantly compared to memory traces (prior knowledge and experience) to
assess if the current hypothesis should be supported, modified, accepted or rejected. In this
way, the physical environment can influence the behaviour of the actor, operator or product
user (David, 2008). Norman (1988) describes mental models as being the constructs or models
individuals have of themselves, other individuals, their environment and the objects with which
they interact. Norman proposes that individuals develop models through experience, training

and instruction (learning) of devices, and that the model is created on the basis of two
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phenomena: the perception of the device’s function and likely behaviour through its design.
Thus, design may have a significant effect upon individuals’ ability to perceive likely action or
function, and thereby inhibit effective interaction. The knowledge contained within these
internal, cognitive models can be transferred between interfaces if the designs are consistent
and are based upon interactions with which users are familiar (Ravden & Johnson, 1989).
According to Kellog (1989) consistency appears to be a key feature in facilitating transference:

consistency of interface design, interface element or feature, or environmental element.

2.7 Interaction and Learning

Interaction and task completion can be considered as activities utilising the resources available
through the mind, body and world (Clark 1997). In order to ease the process of learning and
interaction, Norman (1988) advocated the benefit of providing all necessary information for
successful interaction within the interface itself, with the intention of facilitating the correct
perception of the systems function and behaviour by users, whilst reducing the level of
cognitive loading and perceptual processing required. This notion is often associated with
Norman’s work and can be seen as a design characteristic of Affordance: a phrase used to
describe characteristics of a device, product or artefact that indicate or suggest how it should be
operated (David, 2008). Interaction is thus viewed as a constant learning process. This is
compatible with the flexible mental model approach. With a familiar interface, information
processing and subsequent human responses may be automatic and un- or sub- conscious.
Rasmussen (1993) proposed a model that accounted for fluctuations in the level of
consciousness required during interaction based on his assumption that individuals operated at

a level that was appropriate to the familiarity of the situation, and an individuals’ previous
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experience of it, or something similar, and also accounts for learning as a process. This model
was expanded upon by Wickens et al. (1998) to account for the type of processing that
occurred. Wickens et al. proposed that at the Skill-based level, automatic processing occurred

and that at the Knowledge-based level, conscious, analytical processing occurred (Figure 7).

Skill Rule Knowledge
High familiarity/experience ~ Familiar with tasks but lacking ~ Novel situations — no stored
Non-conscious experience rules or associated
Automatic process Rule-based processing: cues/actions, therefore a slow,
Rules: If-Then associations analytical conscious level of
between environmental cues processing adopted
and actions that are stored in
memory
Expert Intermediate Novice
Large knowledge and rule Some knowledge based rules No knowledge base or rules
base

Figure 7: Wickens et al. (1998) definitions of skill, rule, and knowledge-based processing
Blackler (2006) proffered that between the two, Intuitive Processing occurs. However, Bowers
(1984) considered intuition merely an unconscious mode of processing that accessed stored
information to facilitate decision making. Richman et al. (1996) described intuition as being
tantamount to recognition: something having been seen or recognised before, or possessing
similarity to something seen or recognised before, and that this recognition generally occurred
unconsciously. Similarly, Cole (1996) likened it to a more simplistic occurrence of often
unconscious pattern recognition. Rouse (1986) considered humans to possess “exquisite pattern
recognition abilities” (p.355) and this in accord with the notion that humans are “furious pattern
matchers” proposed by Reason (1990, p.66). Reason suggested that if a solution can be
achieved by pattern matching without the need to apply rules or use all but minimal conscious
thought, the individual could be considered to be operating automatically, at the Skill-based

level. Accordingly, increases in conscious activity and the application of Rules were indicative
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of operation at the Rule or Knowledge-based level; knowledge itself being gained through
experience (learning) in context. Edge et al. (2006) posit that whenever individuals arrange or
interact with objects in the physical (or virtual) world, they rely on feedback in order to modify
or adjust behaviour and confirm the effects of behaviour through direct manipulation. This also
confirms expectation within the realms of technology development. This development impacts
on user lifestyles, and can lead to new ways of interacting with products in numerous
environments: at home, in the car, and at work. These effects are not limited to how users
interact with products, but can also affect their expectation of them, thus it is important to

appreciate the relationship between user, product and environment (Figure 8).

Environment

User _ Product |

Figure 8: Triangular relationship between user, product and environment

Monk (1998) stressed that to be usable and accessible, interfaces need to be easily understood
and learnt, and in the process, must cause minimal cognitive load. Effective interaction consists
of users understanding of potential actions, the execution of specific action, and the perception
of the effects of that action, and ultimately a user evaluation of the effect of that action in terms
of their overall goals. Users’ mental models of products are also significant in this process: the
internal or mental representations reflecting their understanding of product behaviour and

interactional requirements.
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2.8 Perceptual Processing during Product Interaction

Persad et al. (2007) proposed a model of perceptual processing and cognition during product
interaction based upon the work of Wickens & Hollands (2000) but incorporated the product

within the interactional process (Figure 9).

PERCERPTUAL SENSORY ENVIRONMENT
FROCESSING PERCEFTION Rt
YWORKING MEMORY E
LOMI\IIEC:ASERI\?M Central Executive PRODUCT
Attentional Resources A

RESPONSE H EXECUTION }’

Figure 9: Model of perceptual processing and cognition during interaction (Persad et al., 2007)

Sensory organs perceive stimuli regarding the product and the environment within which the
product and user is situated. Through the act of perceptual processing, automatic responses will
be triggered leading directly to the execution of action, or information will be fed to the Central
Executive. The Central Executive function searches Long-Term Memory to determine if a
similar stimulus has been previously experienced. If so, it will attempt to ascertain what the
resulting actions were. This previously acquired information will be fed through Working
Memory leading to execution of a response decision. The speed of response-retrieval will be
dependent upon the similarity of the current situation to that which has been previously
experienced. Individuals create mental models in working memory based on environmental
cues and prior experience stored in long-term memory. Perceptual processing also extends to
language comprehension and may include visual or iconic messaging, iconic design and other

non-verbal communication. System feedback provides users with the opportunity to assess their
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current situation with their desired goal situation, assists users in understanding how the
product works and assists in learning.

As its indirect descendent, this model helps to explain how Rasmussen’s (1993) Skill, Rule and
Knowledge-based (SRK) approach accounts for fluctuations in the level of consciousness
required during interaction. The SRK approach is based on the assumption that individuals
operate at a level appropriate to the familiarity of the situation, and an individual’s previous
experience of it or something similar (Thomas & van-Leeuwen, 1999). Wickens et al. (1998)
expanded the Rasmussen model to account for the type of cognitive processing that occurs

(Figure 10).
A

Extensive Skill -
Familiarity/ Minimal cognitive
Experience requirement due to
experience
Rules —

IF-THEN associations
between environmental cues
and actions stored in
memory

Knowledge -
Novel situations: few

No stored rules or

Familiarity/ | js50ciated cues/actions

Experience >
Conscious, analytical Unconscious,
processing automatic processing

Figure 10: Wickens’ (1998) expanded version of Rasmussen’s skill,
rule and knowledge-based processing model

Skill-based activities are often highly rehearsed procedures of behaviour. Increasing the
automaticity of behaviour through repetition (making a cup of tea for example) reduces
cognitive loading and allows attentional and cognitive resources to be directed toward other
aspects of interaction (Wickens & Hollands, 2000). Such actions can be identified as being
highly practiced and fluently executed, requiring a minimal amount of conscious effort in their

implementation. Considered almost automatic, these actions are often swiftly repeated or
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repeatable (Embrey, 2003, Sicart, 2008). The application of rules to achieve the desired
outcome is indicative of Rule-based behaviour — the scenario may be familiar but to achieve
task completion may require the application of conscious attention to execute the associated
rule-based response (Rasmussen, 1993). Knowledge-based behaviour is characterised by the
exhibition of advanced reasoning (Wirstad, 1988, Reason, 1990). This approach often occurs in
novel scenarios, where the situation is unfamiliar: cognitive effort and resources are deployed
in understanding the current situation and developing pathways to the desired end-goal scenario
which must also be conceptualised. A consequence of exhausting all the options or behaviours
at the skill or rule-based level is increased cognitive element and situational demand. Resultant
interactional response times are usually greater than either skill or rule based interaction
activity (Reason, 1990). Thus, interaction typically requires greater attention and situational
awareness, and is often prone to error (Alario & Ferrand, 1999).

This framework has been used to better understand, detail and design interaction in terms of
information processing and can be used to classify human behaviour (Vicente, 1999). It
therefore lends itself to this research, as an approach that might contribute to determining how
interaction can be classified at a granular level to indicate what, when, and where, knowledge is

sought and learned within interaction.

2.9 Overall Research Aims and Objectives

The intention of this research is to contribute toward mounting literature that has identified age
and generationally related differences in product interaction and identify implications for

intuitive design, knowledge acquisition, and learning, that may be overcome with the adoption
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of a novel inclusive design approach. Chronologically, this research is a continuation of the
work by Langdon et al. (2010) and thus a brief synopsis of this specific work is well placed.
Langdon et al. investigated the effect of prior experience on consumer products, finding that the
age and technological generation of the user would affect both their expectations of the product
or its required method of interaction, and that the generational effect would influence the skills
or responses users had at their disposal.

Four crucial notions were outlined:

e Similarity of prior experience to the test-scenario was a main determinant of performance

e Some evidence for gradual age-related decline in individual capability

e Trial and error approach often adopted in novel situations —

o this may not be age, sex, or experience specific

e Strong technology generation effect —

o older users reluctant/unable to complete a task with a digital camera

It was considered that prior experience of products was critically important to subsequent
product usability. Also, that the effects of prior experience were strongly dependent upon the
similarities of key functional features and perceptual appearance of the task and product. The
methodology adopted included the administration of a prior experience questionnaire to elicit
information regarding participants experience with products, the frequency with which they
were used, and the brands with which they were familiar. Other forms of data capture involved
retrospective protocols whereupon participants viewed a video record of their action and stated
what they were doing and thinking at the time. Conclusions focused upon the evidence

presented that product interaction-learning may be facilitated by:
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e Use of generic/previously well-learnt and transferable functional features

e C(learly identifying key visual features associated with function

e Avoidance of product states or error states that are not accompanied by clear, visible

feedback or the results of actions

This research, then, set out in some way to replicate the findings of Langdon (2010) that the age
and technological generation of the user affects expectations of the product or its required
method of interaction. This work goes further by not only examining age and generationally
related differences in product interaction, but also investigates ease of learning and knowledge

acquisition and the effects of interactional complexity upon these processes.

This led directly to the development of three main subcomponent research aims, designed to
address the overarching research question. The overarching research question will be reiterated

and the subcomponent research aims presented below:

Is there further knowledge to be gained for the design community from the study of

generational differences in terms of prior experience and contemporary product interaction?

Subcomponent research aims:
1. To investigate the existence of age-effects regarding prior experience and any associated
effects upon interaction with a number of household products
2. To verify if a correlation between product experience and age exists on a larger scale,
outside of an experimental setting, and to investigate the extent to which individuals self-
report using or avoiding instruction manuals when interacting with products and the

associated implications for design and designers
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3. To investigate the efficacy of framing interaction in terms of Rasmussen’s (1993) Skill,
Rule and Knowledge-based Model of behaviour and thereby determine how knowledge
acquisition is facilitated and identify instances of interactional complexity.

The following chapter will expand upon these aims and outline a methodology for identifying
how and when learning occurs during interaction, to reveal what information is learned in that
process, as well as indicating the product elements that cause interactional complexity for users.
This section will also define the empirical evaluation methods used to measure the effectiveness

of interaction design and exactly how each of the above aims will be investigated.
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3: Methodology

This chapter sets out the justification for the experimental approaches used. Initially, the
techniques used will be introduced and the justification for their inclusion in the body of work
presented. The latter part of this chapter will detail a number of factors that are consistent in
each of the experimental investigations and these are explained to minimise unnecessary
repetition in the subsequent stages of the work. The rationale for selecting the products used in
the studies is presented, and the research plan is documented to show how each of the research

objectives will be investigated.

3.1 Methodological Grounding

There is a reciprocal relationship between the research questions to which researchers’ attempt
to find answers, and the methodological decisions made toward that aim. The method may
influence the questions posed, and the questions posed may influence the methodology
employed (Sackett & Larson, 1990). During a departmental methodology seminar on the 16™
February 2009 A. Maier explained that there are, in broad terms, two distinct camps of
methodology a researcher can adopt; the case-oriented, inductive approach and the scientific,
hypothesis-driven, deductive approach. The case-oriented approach is typically grounded in
theory and by focussing upon an area, it attempts to observe trends, or similarities and allows a
hypothesis/theory to evolve from the knowledge acquired, moving toward an overall
prediction, and using tools such as archiving, interviewing, ethnographic observation and
questionnaire administration, which are generally considered qualitative in nature (Eisenhardt,

1989). Conversely, the scientific, hypothesis-driven, deductive approach adopts an empirical,
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repeatable, data-driven stance, which attempts to study phenomenon in isolation, and utilises
the result of study to generate new theories or influence understanding of current theory
through experimentation and scientific method (Wolff & Krebs, 2008). A dualistic, mixed-
method approach is considered one that affords the most useful understanding and output from
applied study, and is in accord with Eckert et al.’s (2003) views upon design theory, which
suggested that developing design knowledge requires a multi-disciplinary approach, involving
fields including psychology, sociology and computer science. The primary goal being to gain
insight into human behaviour, attitudes, experience and knowledge applied during interaction,
it is felt a combination of both a quantitative, scientific approach and a more qualitative
ethnographic approach will have the potential to yield the most valuable data.

Studying Plowman’s (2003) overarching representation of the numerous tools available for
study in this area, it is possible to pinpoint the various tools that this research intends to utilise,

covering the spectrum as a whole (Figure 11).
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Figure 11: Cross-section of research tools available (Plowman, 2003)

44



The approach, as detailed above, is used to maximise both qualitative and quantitative data
acquisition, in order to obtain and increase both specific and contextual knowledge. It can then
be used to generate new theory or influence the understanding of current theory, with the
expressed aim of informing the design process. The experimental and research-based

techniques that have been chosen will be detailed and justified in the following section.

3.2 Justification for Experimental Approach

A thorough review of literature helped to initially develop and solidify understanding of the
research area and gauge the current research activity. This, in turn, led to the development and
proposal of a methodology for a pilot study to elicit information about what occurs in the
context of learning and interaction, particularly when individuals are presented with novel
products about which they possess limited preconceptions. Specific experimental tools and
approaches were identified and selected for use in the studies, as their ability to obtain objective
data in these scenarios is well documented (McClelland, 1999). The methodology thus
involved the use of:

e Verbal/talk aloud/concurrent protocol

e Semi-structured interviews

e Questionnaire administration

e Video-recorded observation

These verbalisation and data capture techniques have been found to be particularly effective
when conducting experimental investigations, which provide an excellent opportunity to study
communication between products, designers and users (Jarke et al., 1998, Rouse & Morris,

1986). The concurrent or talk-aloud protocol — a narration of thought and action — was chosen
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as literature suggests the alternative retrospective protocol (where participants return to view
and comment upon their recorded experience) may not accurately reveal participants actual task
performance experience. It is thought retrospective protocols place less emphasis on negative
events, while responses given during task completion are more representative of the behaviour
and problems users have during assessment (Hands, et. al., 1997). Furthermore, concurrent
protocol participants have been found to go into greater detail and provide more of an in-depth
evaluation, pointing out usability problems and places where their expectations fail to be met
(Teague et al., 2001). The experimental approach was also sympathetic to the financial,
experimental and practical resources available, and the combined methodology, in conjunction
with the tools used, was successful in ascertaining both useful contextual information and

quantifiable and analysable data (Wilkinson & Dix, 2010, Wilkinson et al., 2009, 2010a).

3.3 Experimental Theory and Rationale

From an Inclusive Design perspective the intention of this experimentation is to determine how
well current designers are considering the needs not only of the mass-market, but also those
users and consumers that are often neglected in the design process. By assessing both the
learning effects that occur whilst a user interacts with a novel product freely available on the
High Street, it is possible to observe any difficulties users experience. If these difficulties can
be directly attributed to the product in question, the opportunity lies to improve the design and
enhance the products ease of use.

Regardless of whether the participant is interacting with an established product with which the
user is familiar, or a new, novel, device that the user has not previously encountered, the

product’s design can significantly influence the ease with which both the product and situation
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is correctly perceived, understood, and an appropriate response initiated (Kletz, 2001). In these
terms, the experiments conducted were predominantly designed to elicit information regarding

user experience and the effects of prior experience upon interaction.

3.4 Cross-Experimental Consistencies

A number of deliberate consistencies are apparent within the experimentation conducted. The
recurring facets will be introduced here, in order to avoid future repetition. Where differences
occurred, specific referral will be made within each experimental report.

3.4.1 Hazard Analysis, Risk and Ethics Assessment

Prior to all experimentation, a comprehensive Hazard Analysis and Risk Assessment were
performed to ensure no participants or practitioners were placed in an unsafe environment or
situation. This involved discussions between the Department of Engineering Health & Safety
Officer, the Chairman of the Health & Safety Committee, and the Researcher. A Risk
Assessment Record was subsequently drafted and approved (Appendix 1). The record specified
issues regarding data collection and protection and these were made explicit within a Consent
Form (Appendix 2) that was developed in accordance with the Cambridge University
Engineering Department Official Consent Form Guide (Camtools, 2011). This was signed by
each individual prior to participation, and informed participants that although a recording
would be made, only members of the research team would have access to the recordings and
collected data. The consent form also reinforced that participants were able to discontinue
participation at any time without comment and that confidentiality would be protected at all
times. Ethically, it was imperative that a sensitive and person-centred approach to the research

was adopted as the research involved issues affecting individuals from a myriad of
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backgrounds, possessing different capabilities, experiences and expectations. Whilst it was
important to determine the abilities of older and younger people, it was not pursued at a cost to
their personal well-being or to the detriment of their self-belief.

3.4.2 Experimental Protocols

Protocols were developed for each experiment to maintain consistency and minimise the
encroachment of extraneous variables (Appendix 3). All experimental sessions occurred in a
laboratory setting, the set up for which can be observed in the following experimental reports.
Every effort was taken to ensure that the participant experience was identical, to ensure the
only differences in performance were due to the individual differences of participants.

The tasks participants were given to complete were randomised in the second and third
experiments to minimise any order effects or learning that could occur as a by-product of
exposure to the tasks and the interactional requirements of the product. This development was
pursued following the initial pilot study where, although practice effects were not directly
observed with such a small number of participants (3), it was realised this was an extraneous
variable that could encroach when conducting the larger experiments.

The nature and requirement of each task was conveyed, and with the participants verbalised
and written consent, experimentation began. The conclusion of each session provided a further
opportunity for discussion, and allowed the experimenter to place the current research in the
context of the overall subject area and the contributions made by participation. All experiments
shared the same methodological approach and data capturing tools.

3.4.3 Cantabeclipse Cognitive Assessment Tool

The Cantabeclipse Cognitive Assessment Tool (Cambridge Cognition, 2011) is a system

offering assessment of short-term memory ability, coordination and motor skills and it was
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possible to subsequently examine the results according to age group membership. Further, as a
tool, it was capable of verifying that age differences in performance were not limited to the
product interaction experiment alone. Two tests were used. The Motor Screening (MOT) test is
intended to relax participants and introduce them to the touch screen interface and provides a
stimulus-response reaction time. The Spatial Span (SSP) test is a computerised version of the
Corsi Block Task - a visuospatial analogue of the verbal-memory span task (Milner, 1971) and

can be used to assess short-term memory and neuropsychological impairment (Figure 12).

Figure 12: Participant completing the
Cantabeclipse SSP test

The test presents nine block items to individuals in a specific order. The spatial memory span
refers to the number of items for which an individual can correctly remember and repeat the
sequence of block presentation: the maximum possible within the test being nine items. This
conforms to Miller's (1956) observation that the memory span or length of adults is on average
seven (plus or minus two) items. Hence, a 'low' of 5 or 'high' of items 9 items are well within
the normal range, but performance can be subject to age effects (Clark et al., 2006).

Experimental control was maintained by conducting the experiments within a usability

laboratory, capable of providing consistent lighting, noise and temperature levels and the
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apparatus used was arranged identically for each participant to prevent the encroachment of
perceivable extraneous variables.

3.4.4 Data Capture Video Recording Equipment

A Sony Super Steady Shot Digital HandyCam (DCR-PC101E PAL) with 120x Digital Zoom
was used to record participant verbalisations and interactional behaviour in conjunction with
Verbatim Digital Video Cassettes. The recorded video-data was analysed to verify how the
concurrent protocols provided by participants corresponded to their behaviour. The subsequent
interview-phase material was intended to yield qualitative data upon user perception of
interaction to confirm overall levels of product understanding. For reference, the concurrent
protocols, interview material and observed interactional behaviour are reproduced in the
technical report User Experiences of Product Interaction (Wilkinson, 2011), published by the
Engineering Department, University of Cambridge.

3.4.5 Other Equipment

In all studies, a table lamp with 60 watt bulb was used for experimental purposes. Initially, the
household product under investigation monitored and calculated the cost of energy it consumed.
Latterly, it facilitated the second product under investigation detecting the flow of electricity to
it. In this experiment three jigs were also developed behind which were located a metal and
wooden stud, and an electrical cable. A fourth jig was developed to facilitate and simulate
hanging the product as intended, on a wall. A universal stand supported each jig in question.
3.4.6 Experimental Sample Acquisition

For the purposes of efficiency and speed, the initial pilot study utilised a small number of
Cambridge University graduates and a member of staff from a local college. It is acknowledged

in terms of ecological validity and the opportunity to generalise the findings to a larger
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proportion of the population, this should be seen as imperfect (Howitt & Cramer, 2007).
Although not necessarily representative of the ‘average’ user, it was, however, deemed
appropriate to gain relevant data for the purpose of the preliminary study and to justify further,
more empirically valid sampling and investigation. This was focussed upon in the latter studies,
and a number of recruitment avenues were followed in order to glean a more representative
sample of the general population, and thus facilitate a more ecologically sound assessment of
the research findings. There was a two-fold criterion for the sample selection process in that
there was a required age specification (16-80) and a desire to recruit a mixture of participants
from a wide range of different social and educational backgrounds. This encapsulated the aim
of approaching a representative sample from which to generalise, although scientific
verification was not conducted.

With the experimentation being conducted within Cambridge itself, the focus for participant
recruitment fell within the local community, although a number of national and international
organisations were involved including social networking sites such as Twitter, Tagged, The
Rev Counter, and Bikerbook. Other local organisations whom print in paper-based and online
media were also utilised: The Cambridge Network, Hardwick Happenings, Langstanton Life
Magazine, Cambridge Older Persons Enterprise, Histon & Impington Online, CamCreative
Network, and Girton Village News. The remaining local and national recruitment streams
involved advertising within local charity shops and Cambridge University colleges, Age
Concern, the University of the Third Age, a number of Higher Education institutions, and on
the researchers own Engineering Department Profile Page. The style of recruitment and

advertising varied slightly across formats, examples of which can be perused in Appendix 4.
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As recompense for participation, a free tour of the Engineering Department was offered with
the possibility, if desired, of being rewarded with a £5 Amazon voucher. Rewarding
participants in this way is a controversial issue, however the voucher approach is deemed more
ethical than a direct financial reward. Often the voucher was declined in return solely for the
opportunity to visit the Engineering Department of the University of Cambridge.

Gaining entirely impartial participants possessing no vested interest in participating within
research is extremely difficult. However, methods were sought to minimise this as much as
possible, and it was felt that the compromise made was justifiable in light of the results and
contribution toward the research and the overall research area gained.

3.4.7 Participant Age Ranges

Exploring generational effects upon product interaction involves studying a broad age range of
product users. Consistent throughout experimentation, participants were assigned to one of
three age groups: 16-25, 26-59 and 60-80. The justification for this approach will follow.

As has been mentioned, for the purposes of this research, older people and the older generation
are defined as those belonging to the age-range of 60-80 years of age to allow examination of
age-related differences in terms of prior experience and interaction in comparison with younger
groups of users. In order to investigate if the generational effects described by Docampo-Rama
(2001) and Freudenthal (2001) exist (that those under the age of 25 are capable of adapting and
interacting more effectively with technology than those over the age of 25), a younger
generational age group was thus formed. This created a mid age group that consisted of
participants between the ages of 26-59. This coincides with the fact significant human physical
and psychological development takes place from childhood, largely stabilising during the early

to mid-twenties (National Institute of Health, 2005, Educational Informatics, 2010). Once

52



attained, there is a period of relative stability in terms of physical and psychological ability or
development, until approximately the age of 60 or late adulthood, when physical and cognitive
degradation often occurs (Clark et al., 2006).

By separating the sample into three groups: 16-25, 26-59 and 60-80, the intention is to evaluate
the results in terms of verifying if cognitive development and ability (having increased from
birth and stabilised around the age of 25) may be an additional factor that contributes to those
under the age of 25 being able to interact with modern technology products more effectively in
comparison with those over the age of 25 in accordance with Docampo-Rama’s (2001) and
Freudenthal’s (2001) proposals. Although Clark et al. (2006) suggest the next phase of
cognitive alteration — a decline in cognitive ability — generally occurs due to natural atrophy
from the age of 60, no participants were shown to be affected by severe cognitive impairment
as verified with the application of the Cantabeclipse Cognitive Assessment Tool (Cambridge
Cognition, 2011). Age-related differences were apparent, however, in terms of cognitive
assessment performance, technological experience, and interactional ability, according to the
separation strategy utilised.

Thus, though these age groups may appear irregular, they have been found to be capable of
elucidating differences according to age group membership, in terms of task and interaction
performance, and in extent and form of prior knowledge (Wilkinson et al., 2010b).

It is acknowledged that it would be experimentally ideal to separate age groups more granularly
and involve larger numbers of participants. However, a realistic approach to considering the
financial, experimental and practical resources was also required. It was considered that the
increased cost and demand upon time and resources would have been unlikely to provide

substantially greater qualitative or quantitative output. Ultimately, the approach adopted has
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been seen to yield sufficient, effective, and internationally competitive results, as evidenced
and verified in the studies themselves and in various, subsequent, peer-reviewed publications
(Wilkinson et al., 2009, 2010a, 2011a).

3.4.8 Data Analysis

The raw data gleaned from the studies appear in Appendix 5, and where applicable, all data
were analysed using SPSS 17, the Statistical Package for the Social Sciences (SPSS Statistics,
2011). Some analysis was conducted utilising the Log 10 Transform, to stabilise the variance
and normalise the data for the purposes of statistical analysis (O’Hara & Payne, 1998, 1999).
The SPSS output is reproduced and available in Appendix 6. Finally, some data sets were

removed from the studies due to being incomplete or incorrectly completed.

3.5 Remaining Experimental Features

This section details the remaining commonalities between experiments, including the apparatus
and approaches, and rationales for their use.

3.5.1 Rationale for Novel Product Use

One overarching research aim was to investigate how product learning occurs and how product
conceptualisations develop with exposure. An interest also lay in determining the usability and
learnability of an existing household product, particularly from the perspective of older users.
A key question was to ascertain if individuals identify familiar interface elements and combine
them with experiential learning through skill, rule and knowledge-based behaviour, and
whether internalised concepts are facilitatory toward subsequent product interaction
performance. New-to-market, high street products were used to minimise the extent of

participants’ previous exposure and prior experience, and were representative of general
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products individuals of any age may purchase. This provided the opportunity to investigate how
users’ mental models and acquisition of knowledge developed over time, exposure and
experience. Other areas of interest to this research included the effects of natural atrophy and

ageing, generational effects, and the effects of prior experience upon interaction (Figure 13).
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Figure 13: Scope of research

Presenting participants with novel products and asking for their initial understanding of them
allowed the identification of pre-conceptions held or initially developed. After completing tasks
with the products whilst providing concurrent protocol, the initial questioning was duplicated.
Following further product exposure, the questioning was repeated in a post-interaction
discussion. This gained clarity on individuals developing understanding and internalised
conceptualisations, and ascertained if and how conceptualisations were modified through
product exposure and interaction over time. The intention was to elicit information that would
allow differentiation between knowledge possessed before product exposure, and the

knowledge possessed post-exposure. This would then facilitate the identification of the
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knowledge acquired due to interaction. Efforts were also made to observe knowledge
acquisition. Framing behaviour in terms of the SRK structure, allowed the identification and
determination of where, when, and what knowledge was acquired during interaction.

The products used possess some similarities but can equally be seen as contrasting. Both are
novel, but one presents a traditional, ubiquitous, design form, and the other exudes a unique
and bespoke aesthetical design (Figure 14). Regardless of these differences, both products
effectively permitted study of knowledge acquisition, the identification of product features and

their effects, and participant performance and behaviour (Wilkinson et al., 2010a, 2011a).
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Figure 14: Novel Products used in experimentation: Electricity Cost & Usage
Calculator and Laserplus Laser-Level

3.5.2 Instruction Manual Prohibition

Within experimentation, the products instruction manuals were not provided to participants.
This ensured it was only the devices ability to communicate with the user and vice-versa that
was being observed, and allowed assessment of how effectively the product facilitated this aim.

This approach mirrors industry sentiment toward designing for product accessibility: “If it
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requires a manual, maybe it’s too complex” (Gerard Kleisterlee, President and CEO, Philips
Electronics, 2004). In research that will be outlined in due course, there is also empirical
evidence that significant numbers of participants in an online survey admitted their reluctance
and avoidance of reading manuals for both new and old products. This is seen as good
justification for using novel products without providing participants with instruction manuals,
and as an experimental approach, ecologically valid. The research aim then, was to understand
and gain evidence for problems experienced in interaction, and by understanding more about
how learning occurs, attempt to illuminate how learning can be facilitated and complexity
reduced in novel product interaction.

3.5.3 The Administration of the Technological Familiarity Questionnaire

The use of a prior experience questionnaire to elicit information regarding individuals
experience with products, the frequency with which they were used and the brands with which
they were familiar, is well documented within the work of Langdon (2010). The approach was
adopted in this research to determine individuals’ experience of specific contemporary products
and the features of these products that individuals were familiar with. The ‘Technological
Familiarity Questionnaire’ (TFQ) used originates from the work of Blackler (2006) and was
modified slightly in the two former studies, detailing a larger range of both contemporary and
less-contemporary products than before (Appendix 7).

In all cases, two general questions are asked about a list of products:

e How often do you use the following products?

o When using the products, how many features of the product are you familiar with and do

you use?
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The available responses to the first question ranged from ‘Every day’ to ‘Never’ and responses
to the second question ranged from A/l of the features (you read the manual to check them)’ to
‘None of the features — you do not use the product’. The latter questionnaire also gave
participants the opportunity to record any items they may have thought of, or felt they were
influenced by, whilst interacting with the novel product. This allowed further exploration into
the kinds of technology participants regularly engaged with, and illuminated any potential
product features participants felt crossed over from their existing knowledge of products, to the
novel device they were presented with.

All responses were analysed following Blackler’s rating protocol that provided individual
scores for each question and an overall score for Technological Familiarity (Appendix 8). A
correlation is observable between score and experience — a high score being indicative of
greater experience and familiarity, and a low score representing a lower level of technological
experience and familiarity. This approach to identifying products and elements of individuals’
prior experience and technological familiarity was capable of efficiently yielding consistent and

significant data again evidenced in publication (Wilkinson et al., 2009, 2010a, 2011a).

3.6 Application of the Experimental Approach to the Research
Themes

The experimental work was crafted in three stages — a pilot study and two main studies. The

pilot study was conducted to validate that the experimental methodology developed would be

capable of gleaning suitable information. At this stage the investigation focussed upon mental

model development, generational differences, and differences in prior experience of

technology. The second study continued these themes, introducing a refined procedure that

utilised a larger sample. The third study investigated mental model development, generational
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differences, and the extent of prior experience with a range of products. It also addressed the
concept of learning development and knowledge acquisition during the process of product
exposure. Two further investigations were conducted. The initial one administered the TFQ on
a larger scale, in an online format. Investigating differences according to age and product
experience, it also illuminated the instruction manual reading behaviour adopted by users. The
final investigation classifying user behaviour in terms of skill, rule and knowledge-based
activity according to the Rasmussen (1993) model, again highlighted differences according to
age. The intention of this latter study was to draw out greater information about what occurs
during interaction on a more granular level: where, when and what knowledge is acquired
during the process of interaction, how design might influence this, and the effects of age upon

these processes.

3.6.1 Research Plan

As previously detailed, the overarching research question has been subdivided into three
separate research aims. The overarching research question will be reiterated and the
subcomponent research aims presented below, prior to the presentation of the overall research
plan, over the following pages. The research plan includes the individual questions posed, the
methodology used to address the research questions, and the location of the corresponding

analysis and discussion.
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Overarching research question:

Is there further knowledge to be gained for the design community from the study of

generational differences in terms of prior experience and contemporary product interaction?

Subcomponent research aims:
1. To investigate the existence of age-effects regarding prior experience and any associated

effects upon interaction with a number of household products

2. To verify if a correlation between product experience and age exists on a larger scale,
outside of an experimental setting, and to investigate the extent to which individuals self-
report using or avoiding instruction manuals when interacting with products and the

associated implications for design and designers

3. To investigate the efficacy of framing interaction in terms of Rasmussen’s (1993) Skill,
Rule and Knowledge-based Model of behaviour and thereby determine how knowledge

acquisition is facilitated and identify instances of interactional complexity.
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Subcomponent 1 Research Aim:
To investigate the existence of age-effects regarding prior experience and their effect upon interaction with a
number of household products (household electricity monitor and electronic laser-level product).

Research Question

1:

Is it possible to determine the
existence of age-effects regarding
physical approaches to interaction?

: Is it possible to determine the

existence of age-effects regarding
the level of icon recognition?

: Is it possible to determine the

existence of age-effects regarding
the level of product feature
recognition?

: Is it possible to determine the

existence of age-effects regarding
the numbers of products that
participants are prompted of during
interaction?

: Is it possible to determine the

existence of age-effects regarding
the extent of prior technological
familiarity?

: Is it possible to determine the

existence of age-effects upon
conceptual understanding?

: Are there other generational or age-

related differences in interactional
approach observable?

: Is learning and interaction facilitated

by ease of feature and icon
recognition, and age dependent?

Research Aim Conclusion

Analysis Method

Assessment of how task-completion-
times, number of button presses,
erroneous interaction, and mean time
for individual button presses vary
according to age

Assessment of initial and subsequent
icon identification variance as a
factor of age

Assessment of initial and subsequent
feature recognition variance as a
factor of age

Assessment of the number of
products participants are reminded of
during interaction

Assessment of the frequency of
specific product interaction, specific
feature use, and overall technological
familiarity according to age

Assessment of Concurrent Protocol
Summary

Assessment and interpretation of
observed interaction and participant
commentary

Assessment and discussion of
findings
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Subcomponent 2 Research Aim:

To verify if a correlation between product experience and age exists on a larger scale, outside of an experimental
setting, and to investigate the extent to which individuals self-report using or avoiding instruction manuals when
interacting with products and the associated implications for design and designers.

Research Question Analysis Method Analysis  Discussion
1: Is it possible to determine the Comparison of overall experimental 7.7.1 9.2.1
existence of age-effects regarding and online technological familiarity
the extent of prior technological questionnaire survey results
familiarity in both an experimental
and external setting?
2: Is it possible to determine the Comparison of experimental and 7.7.2 9.2.2
existence of age-effects regarding online survey results regarding
manual reading behaviour in both manual reading behaviour
an experimental and external
setting?
3: Is gender a factor in self-reported Comparison of experimental and 7.7.3 9.23
manual reading behaviour? online survey results regarding
gender and manual reading behaviour
4: Are there design implications posed Consideration of experimental and 7.8 9.2.4
by users approaches to manual literary findings 79
reading? )
Research Aim Conclusion 9.2.5

Subcomponent 3 Research Aim:

To investigate the efficacy of applying the SRK framework at a granular level toward participant
interaction to examine interactional complexity and knowledge acquisition.

Research Question Analysis Method Analysis  Discussion
1: Do users operate at different levels Evidence based discussion of Section 8.5.1 9.3.1
of SRK according to age? 8.5.1 and Table 25
2: Do users operate at different levels Evidence based discussion of Section 8.5.2 9.3.2
of SRK according to gender? 8.5.2 and Table 26
3: How and what knowledge is learned Overall assessment of SRK 8.6.1 9.33
during interaction? classification focussing upon
knowledge acquisition and operation
at the knowledge-based level
4: Is there a relationship between age, Conclusion of SRK classification 8.7 9.34
experience and level of including reference to data regarding
interactional complexity? age, experience and interactional
complexity
Research Aim Conclusion 9.35
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The combined aims of each study have been presented above, including the methodology for
addressing the individual research questions posed. Chapters 4 to 6 will detail each experiment,
including the rationale, procedure and results. Chapter 7 will present the Online Survey
examining prior product experience, and Chapter 8 will focus upon the application of the SRK
classification scheme toward product interaction in order to identify instances of interactional
complexity. Finally, Chapter 9 will present the overall findings and conclusions of the research

in terms of the Research Plan outlined in this chapter.
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4: Investigation 1: Pilot Study

The previous section detailed the justification for the experimental approach adopted, explained
the techniques that were to be used, and the areas upon which the investigation would focus.

This chapter focuses upon the development and assessment of the experimental methodology.

4.1 Introduction

The pilot study was instigated to verify that an appropriate methodology for relevant data
capture had been developed. The experiment was designed to determine the development of
mental models during product interaction and exposure, the existence of any generational
differences in performance or technological prior experience, and to capture differences in
knowledge acquisition and learning. The study itself possesses no statistical validity on account
of the sample size, and the allocation of participants is merely presented to introduce and
convey the development and verification of an appropriate experimental approach.

4.1.1 Participant Sample

By way of example, 3 individuals were assigned to the age ranges that would be used in later
studies: 16-25 (25 year old female), 26-59 (26 year old male) and 60-80 (60 year old male).
4.1.2 Novel Product

The household product used was a Plug-in Electricity Cost and Usage Calculator manufactured
by Nikkai Power (Figure 14). Capable of monitoring the power consumption of electrical
devices attached to it and, once the current unit cost of electricity has been entered, the
calculator can display how much the device consumes both electrically and financially. This
product was selected due to its novel nature; it being comparatively new to market in the

United Kingdom. This was intended to limit the preconceptions participants would bring to the
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experimentation, allowing focus upon interactional design issues, and to determine how
effectively it facilitated learning and the development of appropriate mental models. The
Technological Familiarity Questionnaire (TFQ) was designed to identify any participants
already aware or familiar with the product, to ensure this could be taken into account during
subsequent data analysis.

4.1.3 Research Materials and Equipment

Participants were presented with the novel household product and requested to use it to
complete 6 tasks, the optimum interaction technique for which was predetermined (Appendix
9). The apparatus consisted of the novel Plug-in Electricity Cost and Usage Calculator and a

desk lamp with a standard 60 watt bulb used in each trial (Figure 15).

Figure 15: Experimental set-up

A Sony Digital HandyCam was used to record participant verbalisations and interactional
behaviour. Cantabeclipse software ensured all participants were sufficiently hand-eye
coordinated and provided the opportunity to detect other age-related differences in
performance. Technological Familiarity Questionnaires and Standardised Interview Protocols
were developed to ensure consistency between trials. Participants underwent Cantabeclipse

assessment, were initially presented with the product and then asked their understanding of it.

65



4.2 Data Analysis

The recorded video-data was analysed to verify how the concurrent protocol corresponded to
the user’s actions, assessment of task completion times, and rates of error. Analysis would also
indicate if participants took longer to achieve task completion, according to age-group. The
interview-phase material was intended to yield qualitative data upon user perception of
interaction to confirm their overall level of product understanding. This would potentially elicit
useful information about how individuals internalise understanding or representations of
products and their interaction, and how in conjunction with their perceptions, interaction is
influenced. The Task Familiarity Questionnaire administered asked two questions regarding a
list of contemporary products; “How often do you use the following products?” and “When
using the products, how many features of the product are you familiar with and do you use?”
Answers were then rated according to Blackler’s (2006) protocol which provided individual

and overall TFQ scores (Appendix 8).

4.3 Procedure

Participants were initially presented with the product and asked their views upon it to gauge
any pre-experimentation conceptions they possessed about it. At mid-way and end points this
was repeated in an attempt to ascertain if their conception of the product had been developed or
modified through interaction, and potentially to determine if their conception was accurate and
therefore assistive toward task completion. Further discussion in this phase centred upon each
participant’s recognition of any familiar features observed in the product and at what stage (if

at all) the participants felt they understood the product and interaction.
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Protocol:
e Explain experimental requirements and administer consent form
e Administer pre-test Cognitive Assessment using Cantabeclipse
e Video-record participant exposure to the product and ask them to complete six tasks with it
whilst providing a verbal commentary or concurrent protocol. The tasks were:
o Find the lowest wattage reading for the device attached to the product.
o Find the current reading for the device attached to the product.
o Set Unit Cost Price to 99.50 £/kWh.
o Find the frequency reading for the device attached to the product.
o Find out how much the device attached to this product has consumed.
o Find the highest wattage reading for the device attached to the product.
e Record participant reaction to the product at initial exposure, mid-way through the
completion of tasks, and after the task completion phase.
e Administer the Technology Familiarity Questionnaire (TFQ).

e Participant Debrief
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4.4 Results

4.4.1 Cantabeclipse Cognitive Assessment Summary

The initial test (MOT) based upon reaction time data and screening for vision, hearing,
movement and comprehension impairment, highlighted no issues. The second test (SSP),
designed to assess working memory capacity, indicated minimal differences between age

groups, the participant in the 26-59 age group performing slightly better.
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Figure 16: Reaction times according to age group membership (n = 3)

The participant in the 16-25 age group completed the task the quickest, and the participant in
the 60-80 age group took the longest: the 16-25 age group completed the task in 66 seconds,

and the participants in the 26-59 and 60-80 age groups in 69 and 78 seconds (Figure 16).
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Figure 17: Number of remembered items according to age group membership (n = 3)

The SSP Test designed to assess working memory capacity indicated that the participant in the
26-59 age group remembered 9 items in comparison with the participant in the 16-25 group
whom remembered 7 items and the participant in the 60-80 age group, who remembered 6
(Figure 17). All results fell within Miller’s (1956) expected range of 7 +/- 2 items, the
maximum possible within the test being 9 items.

4.4.2 Interaction Data

It is evident that the participant in the 16-25 age group had a lower average number of button
responses than either of the other age groups, with the participant in the 26-59 age group
recording the greatest average number. This trend was repeated regarding rates of error. Task
completion times were more variable; the participant in the older age group completing tasks
quicker than both the participants in the 16-25 and 26-59 age groups. The participant in the 60-
80 age group also exhibited the lowest average time per button press, followed by the 26-59

age group and the 16-25 age group respectively (Table 1).
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Mean Data 16-25 26-59 60-80
1. Mean number of button presses 24.6 44.5 40.5
2. Mean rates of error 19.6 39.5 355
3. Mean task completion times (seconds) 121.6 203.3 103.1
4. Mean times per button press 4.13 2.98 2.28

Table 1: Interaction Data Results Overview

1: Total number of button presses divided by the number of tasks.

2: Error calculated by subtracting the theoretically-possible minimum number of button presses required
to achieve desired state from the number of button presses made (Rasmussen, 1990b).

3: Total task completion times divided by the number of tasks.

4: Total number of button presses divided by time taken.

4.4.3 TFQ Score Comparison

The administration of the TFQ provided an opportunity for experimentation to establish the
extent to which each participant interacted with technology on a regular basis, and the number

of different products and interfaces they are familiar with (Table 2).

16-25 26-59 60-80
Question 1:
Frequency of specific product interaction 28 20 28
Question 2:
Frequency of product feature usage 13 16 18
Overall TF Score 41 36 46

Table 2: Technological Familiarity Questionnaire (TFQ) Results

Although literature would suggest younger generations have greater familiarity with new
technology than older generations, in this pilot study it is the older generation that yield the
highest technological familiarity score, indicating they have a greater knowledge of different
devices and interact with them more regularly. However, the minimal sample may account for

this and hence it would be inappropriate to draw major conclusions in this particular instance.
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4.4.4 Concurrent Protocol Summary

All participants referred to the Function button, particularly in the early stages. They rapidly
learned the functionality it represented but all exhibited and voiced difficulty in attempting to
complete Task 3, as the functionality represented by the alternative buttons appears to have been
less apparent. All participants were able to reference other products they felt held a degree of
similarity with the novel product presented, and a consensus centred around watches in
particular. Participants stated this was because watch interaction often presents multi-
functionality through a single button clicked multiple times, as does the novel product. In the
case of the novel product, there is a requirement to depress button 1 (Function) and to hold-
down the remaining buttons in a specific order to set the device. The outward aesthetic of the
device was also mentioned, being referred to as reminiscent of an old mobile phone and the
display appeared: “dated like an early seventies calculator”. The response of the participants
regarding their overall concept of the product was largely similar. Relevant and accurate
inferences about the product were made from the beginning, all participants correctly assuming
that the product was electrical in nature, and something into which an electrical device was
inserted. By the mid-way questioning phase, the participant in the 16-25 age group correctly
identified the purpose of the product, stating that: ““...you’re setting up the cost price — pound
per kilowatt hour and then it records how much has been spent on electricity — it’s basically just
recording your usage”. The remaining test and final discussion stage confirmed the development
of participants’ internal concepts of the device. For further reference, please refer to the

technical report User Experiences of Product Interaction (Wilkinson, 2011, pp.5-10).
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4.5 Discussion

It is evident from Table 1 that the participant in the 16-25 age group had a lower average
number of button responses than either of the other age groups. This participant also had a
lower rate of error than either of the participants in the 26-59 or 60-80 age groups. In both
instances the participants in the 26-59 and 60-80 age groups were similarly matched for number
of average button presses and rates of error. Task completion times were more variable, with
the participant in the older generation age group completing tasks quicker than both the
participants in the 16-25 and 26-59 age groups. The concurrent protocol yielded revealing
information about the formation of internalised concepts regarding the product presented.
Uniformity was noted with regard to the fact that although all participants were unfamiliar with
the novel product, all were aware Button 1 (Function) would adjust the cost setting; it was the
sole button selected to achieve that specific goal. By the end of the testing phase participants
belonging to the younger age groups had both accurately modified their concepts of, and
identified, the actual product’s purpose. It is arguable that the concept described by the
participant in the 60-80 age group had been modified, although perhaps not as accurately. The
frequent admission by participants that they were adopting a random button press approach
toward goal achievement, with little or no intention to think about a plausible solution to task
achievement, is acknowledged as a significant experimental problem. However, this is often the
approach adopted by individuals in the real world and reported in literature, and so maintains
ecological validity (Sarker & Wells, 2003). The Cantabeclipse Cognitive Assessment results,
indicating that participants in the younger age groups performed better than the 60-80 age
group, concur with Lewis et al.’s (2008) and Blackler’s (2007) findings regarding age and

performance, although within the product interaction phase this was uniformly not upheld. A
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summary detailing the development of participants interactional and product knowledge over

the course of exposure and time is presented below (Figure 18).

Pre-interaction Mid-interaction Post-interaction
All participants unfamiliar Understanding of key Understanding of intended
with the product and both its functionality — particularly product use further
functionality and interaction. effect of pressing specific confirmed and expanded.
Reference made to product buttons. Reference to similar
being electrical in nature — Evidence of participants products suggested
inferred from product understanding the intended interaction was being
design. product use. influenced by prior
experience to some extent

Time

»
>

Figure 18: Summarised development of understanding over time, influencing product concept

4.6 Conclusion and Summary

The aim of the Pilot study was to verify a methodology capable of determining the existence
(or otherwise) of age-effects regarding prior experience and their effect upon interaction. The
experiment was also designed to examine the development of conceptual understanding during
product interaction. The older age group’s approach to task completion saw them produce
neither the largest number of button presses, or attempts toward task completion, nor
possessing the greatest rate of error. Task completion times for the 60-80 age group were the
quickest within the study. The subsequent larger-scale study would investigate if this was a
consistent effect and one that correlated with technological familiarity, as this age group also
possessed the highest technological familiarity score. The results contributed to not only
verifying the approach was experimentally sound, but also in providing justification for the
further investigation of how and where design may hinder or compromise product usability.
The next chapter details the subsequent study of these themes through experimentation that

utilises a more appropriate sample of some 30 participants.
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S: Investigation 2: Full Scale Study 1

The previous chapter detailed the developed methodology applied within a pilot study.

Investigation 2 was largely identical, but utilised a larger and more representative study sample.

5.1 Introduction

Full Scale Study 1 sought to obtain information regarding the development of internalised
concepts through product interaction and how interaction may have been influenced by design.
Generational differences were examined and a larger sample size used in an attempt to present a
more representative overview of the intricacies involved in interaction with the product.

5.1.1 Participant Sample

30 individuals from a variety of backgrounds were recruited to minimise educational biases and
maximise ecological validity, although this wasn’t verified. Participants were assigned to three
age groups: 16-25 (10 participants), 26-59 (10 participants) and 60-80 (10 participants). The

sample consisted of 18 males and 12 females. The age distribution is shown below (Figure 19).
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Figure 19: FSS1 Sample Age Distribution (n = 30)

Age Group Mean Standard Deviation
16-25 22 2.79
26-59 39 9.04
60-80 67.7 4.03
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5.1.2 Research Materials and Equipment

Participants were presented with the novel household product and requested to complete 6 tasks
that were randomised to minimise any order or learning effects. The most efficient interaction
technique (minimum number of button presses, errors and task completion times) had been
predetermined for later comparison. Again, the apparatus consisted of the Electricity Cost and
Usage Calculator that was used to monitor the electrical consumption of a desk lamp with a
standard 60w bulb.

The Sony Digital HandyCam was used to record participant verbalisations and interactional
behaviour, and running the Cantabeclipse assessment ensured all participants possessed
sufficient hand-eye coordination and motor skills, and allowed the investigation of other
potential age-related differences. The Technological Familiarity Questionnaires (Appendix 7)
were reused and standardised interview material developed to maintain consistency between
trials. Again, following Cantabeclipse assessment, participants were initially presented with the

product and then asked their understanding of it, throughout the course of experimentation.

5.2 Experimental Design

The experiment was a 2-factor mixed design comparing people’s performance and mental
model development according to observation of their interaction with a novel device and their
expressed knowledge of technology. 30 participants were assigned to one of three groups
according to age: 16-25 (10), 26-59 (10) and 60-80 (10).
The factors were:

e Between Subjects Factor: Age Group Membership

e Within Subjects Factor: Task Completion
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The different aspects of performance and mental model development being measured as

dependent variables were:

1.

2.

3.

4.

5.

Task completion times
Number of Button Presses
Error Rate

Mean Time per Button Press

Technological Familiarity Questionnaire (TFQ) Score

Participant verbalisations, interactional behaviour, and semi-structured interview responses,

were used to cross-reference participant understanding and mental model development.

5.2.1 Hypotheses

The expectation was that prior experience with similar products would affect users ability to

interact with the product and that this might be age-related. To investigate this, the following

hypotheses were proposed:

e There will be an effect of age upon task completion time

e There will be an effect of age upon number of button presses

e There will be an effect of age upon number of errors

e There will be an effect of age upon overall TFQ score or prior experience

5.3 Task Design

The six tasks (Appendix 9) were presented as follows:

1. Find the lowest wattage reading for the device attached to the product.

2. Find the current reading for the device attached to the product.

3. Set Unit Cost Price to 99.50 £/kWh.
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4.  Find the frequency reading for the device attached to the product.

5. Find out how much the device attached to this product has consumed.

6.  Find the highest wattage reading for the device attached to the product.

Tasks were randomised, although as task 5 could only be achieved after completion of task 3,
task 3 was provided during the first half of the experimental procedure and task 5 during the

second half. Tasks remained numbered solely for identification purposes.

5.4 Data Analysis

Each participant’s interactional behaviour was recorded to allow post-experimental analysis.
Task completion times, total number of button presses, and button press error rates (the number
of button presses made above the minimum required) were measured by subsequently
reviewing the video-footage, and mean times per button press calculated. Errors in this context
were viewed as unnecessary steps taken. This was in accordance with Rasmussen’s (1990)
views on task analysis, where discrete and specific steps toward task completion can be
identified, and omission or ignorance of these steps are counted as errors. The recording of the
session allowed the notation of participants’ verbal responses during interaction and
particularly the pre, mid, and post-experimental discussions. Verbalisations were noted in full
and then analysed to extract information according to common themes. This included the
quantification of the product concept: its purpose and operation as considered by participants
initially, at the mid-way stage, and at the end. Interview material also yielded qualitative data
upon user perception of interaction to confirm overall level of product understanding, and how
this influenced interaction. The Technological Familiarity Questionnaire posed the same two

questions as presented in the pilot study, regarding a list of contemporary products: “How often
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do you use the following products?” and “When using the products, how many features of the
product are you familiar with and do you use?”. Responses were then rated according to
Blackler’s (2006) protocol which provided individual Question TFQ Scores and an overall
combined TFQ score (Appendix 8).

Other points of interest included which product interface features, if any, were deemed familiar
to participants, and from which products these features originated. The aim being to determine
any transference of knowledge from one product or interface to another. It was possible to
formulate a list of frequently referenced products that either shared or possessed similar design
features to also consider if feature familiarity facilitated learning, akin to the findings of

Langdon et al. (2010).

5.5 Experimental Procedure

Participants were presented with the product and asked their views upon it to identify initial
conceptions possessed. At mid-way and end points this was repeated to ascertain if these had
been modified through interaction, and to determine the extent to which they had been assistive
toward task completion.

Procedure:

. Explain experimental requirements and administer consent form

o Administer pre-test assessment using Cantabeclipse

. Video-record initial exposure to the product and ascertain participant understanding

. Record participant performing 3 randomised tasks whilst delivering concurrent protocol

o Record participant understanding of product and interaction at mid-way stage
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Continue recording the performance of the 3 remaining randomised tasks whilst the
participant delivers the concurrent protocol

Record participant understanding of product and interaction at task completion stage

Commence semi-structured interview regarding participants’ interaction experience

Administer Technology Familiarity Questionnaire

Debrief Participants
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5.6 Results

5.6.1 Cantabeclipse Cognitive Assessment Summary

5.6.1.1 MOT Task Completion Time Assessment

The initial (MOT) reaction-time test that also screens for vision, hearing, movement and
comprehension impairment, highlighted no neuropsychological issues, but indicated differences

in performance times between the 26-59 and other age groups (Figure 20).
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Figure 20: MOT task completion time comparison (n = 30)

A 1-way analysis of variance (ANOVA) showed no significant effect of age on MOT task
completion time: F (2, 27) = 0.865, p>0.01. The 26-59 age group completed the MOT task the
quickest, and the 16-25 age group took the longest; the 26-59 age group completing the task in

59.7 seconds, and the 16-25 and 60-80 age groups in 85 and 83.7 seconds respectively.

The relationship between Age and MOT task completion time was also investigated using

Pearson product moment correlation coefficient, but no significant correlations were found.
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5.6.1.2 SSP Memory Capacity Assessment

The SSP Test designed to assess working memory capacity indicated that the 26-59 age group
on average remembered 7 items in comparison with the 16-25 group whom remembered 6.5

items and the 60-80 age group, who remembered 5 (Figure 21).

7
6 -
£
£ 5-
G
5 4
€
2 4.
3
= 2 |
1 4
0 -
16-25 26-59 60-80
Age Group

Figure 21: Memory span comparison (n = 30)

Assessing the effect of age upon SSP Memory Capacity, Tukey HSD post-hoc analysis
indicated that the mean score for the 60-80 age group (M = 5.0, SD = 1.24) was significantly
different from the 26-59 age group (M = 7, SD = 1.33). However, the 16-25 age group results

(M =6.4, SD = 1.57) did not significantly differ from either the 26-59 or 60-80 age groups.
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The relationship between Age and SSP Score was investigated using Pearson product-moment
correlation coefficient. There was a moderate negative correlation between the two variables

with a high level of Age associated with a low level of SSP Score (Table 3).

Age
r 4
FSS1 SSP Score r=-0.450 0.013 r=-0.450 (30), p <0.05

Table 3: Correlation coefficient results

This suggests that age is a factor in memory capability, and that as we age our memory
capability decreases. Older participants recalled fewer items than the other age groups,
although overall, the results fell within Miller’s (1956) expected range of 7 +/- 2 items, the

maximum possible within the test being 9 items.
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5.6.2 Interaction Data

5.6.2.1 Task Completion Time Comparison

The older generation took longer to complete tasks 1 — 6 than both the younger age groups,

with the 16-25 age group completing tasks in the quickest overall times (Figure 22).
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Figure 22: Task completion time data comparison

A multivariate analysis of variance (MANOVA) showed a significant effect of age on Task
Completion Time (TCT): F (2, 27) = 7.153 p<0.01. Tukey HSD post-hoc analysis indicated that
the mean score for the 60-80 age group (M = 1.45, SD = 0.41) was significantly different from
that of the 16-25 age group (M = 1.13, SD = 0.35). However, the 26-59 age group results (M =

1.34, SD = 0.30) did not significantly differ from either of the remaining groups.

An anomaly clearly exists with regard to Task 3 task completion time in that it took much
longer for all participants to complete this specific task in comparison with the remaining tasks.

It should be noted that the results of Task 3 have thus skewed the overall task completion time
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mean values. Whilst the mean values are legitimate, their inclusion may have a
misrepresentative or misleading effect upon the interpretation of the average task completion

time, and the reader is urged to take this into consideration.

The relationship between Age and Task Completion Time was investigated using Pearson

product-moment correlation coefficient on each of the individual tasks and the mean (Table 4).

Age
r 4
FSS1 TCT: T1 r=0.364 0.048 r=0.364 (30), p <0.05
TCT: T2 r=0.401 0.028 r=0.401 (30), p <0.05
TCT: TS r=10.400 0.028 r=0.400 (30), p <0.05
TCT: T6 r=0.339 0.034 r=0.339 (30), p <0.05
TCT Mean: T1-6 r=0.482 0.007 r=10.482 (30), p < 0.01

Table 4: Correlation coefficient results

There were no other significant correlations.

In five instances there was a moderate positive correlation between the two variables with a
low level of Age associated with a low level of Task Completion time. This suggests that age is
a factor in the speed with which tasks were completed: as age increased, the speed with which

these specific tasks were completed also increased.
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5.6.2.2 Button Press Comparison

Figure 23 indicates that the older generation made a greater number of button presses toward

task completion and the 16-25 age group made the fewest.
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Figure 23: Button press data comparison

A multivariate analysis of variance (MANOVA) showed a significant effect of age on Number
of Button Presses made to complete tasks: F (2, 27) = 3.417 p<0.05. Tukey HSD post-hoc
analysis indicated that the mean score for the 60-80 age group (M = 0.93, SD = 0.36) was
significantly different than the 16-25 age group (M = 0.75, SD = 0.26). However, the 26-59 age

group results (M = 0.56, SD = 0.30) did not significantly differ from the remaining groups.

An anomaly clearly exists with regard to the number of button presses taken to complete Task 3
in that it required many more button presses for each participant to complete this specific task
in comparison with the remaining tasks. It should be noted that the results of Task 3 have

therefore skewed the mean values for number of button presses. The reader is urged to consider
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that whilst the mean values are legitimate, their inclusion may have a misrepresentative or

misleading effect upon the interpretation of the average number of button presses made.

The relationship between Age and Button Press data was investigated using Pearson product-

moment correlation coefficient and the significant correlations are presented below (Table 5).

Age
r 4
FSS1 NoBP/C: T1 r=0.398 0.029 r=0.398 (30), p <0.05
NoBP/C: Mean: T1-6 r=0.323 0.041 r=10.323 (30), p < 0.05

Table 5: Correlation coefficient results

There were no other significant correlations.

Increases in age correlate to a significant increase number of button presses made to complete
task 1. Those in the older age group made more button presses to complete the task than the
mid age group who, in turn, made more than the younger age group. There is also a positive
correlation between age and average number of button presses, showing the same trend. This
indicates that the older generation, in this instance, is not being as efficient interactionally as

they might be or as design might facilitate them being.
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5.6.2.3 Error Rate Comparison

The data regarding Error Rates indicated that the older generation made more errors during
product interaction, followed by the 26-59 and 16-26 age groups respectively making fewer

errors and exhibiting greater accuracy in their approaches (Figure 24).
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Figure 24: Error rate data comparison
A multivariate analysis of variance (MANOVA) showed a significant effect of age on Number
of Errors made whilst completing tasks: F (2, 27) = 3.440 p<0.05. Tukey HSD post-hoc
analysis indicated that the mean score for the 60-80 age group (M = 0.61, SD = 0.42) was
significantly different than the 16-25 age group (M = 0.40, SD = 0.32). However, the 26-59 age

group results (M = 0.48, SD = 0.33) did not significantly differ from the remaining groups.

Again, an anomaly clearly exists with regard to Task 3 error rate data in that far more errors are
apparent for this task in comparison with the remaining tasks. It should be noted that these

results for Task 3 have thus skewed the overall error rate mean values. Whilst the mean values
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remain legitimate, their inclusion may have a misrepresentative or misleading effect upon the

interpretation of the average rate of error, and the reader is urged to take this into consideration.

The relationship between Age and Error Rate was investigated using Pearson product-moment

correlation coefficient and the significant correlations are presented below (Table 6).

Age
r P
FSSI1 Number of Errors: T5 r=0.316 0.044 r=0.316 (30), p <0.05
Number of Errors: r=0.315 0.045 r=0.315(30), p <0.05

Mean: T1-6

Table 6: Correlation coefficient results

There were no other significant correlations.

There is a positive correlation between age and the number of button press errors made to
complete task 5, and age and the overall average number of button presses. The correlation
indicates that in these instances, increases in age correlate to increases in the number of button
presses made to achieve task completion. This indicates that again, as the participants age
increases, the design appears to impair interaction, causing it to be less accurate or efficient,

and placing such users at an interactional disadvantage.
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5.6.2.4 Mean Time per Button Press Comparison

The Mean Time per Button Press data indicated that, overall, the older generation took slightly
longer to make button presses during product interaction than the 26-59 age group and 16-26
age group took less time still, which may be indicative of a slower interactional approach being

adopted by the older generation (Figure 25).
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Figure 25: Mean time per button press comparison
A multivariate analysis of variance (MANOV A) showed no significant effect of age on the time
per button press data whilst participants completed tasks: F (2, 27) = 1.714 p>0.05.
It is worthy of note, however, that in Task 1 (find the lowest wattage reading) the older age
group exhibited quicker average button response times. Task 1 rates of error, number of button
presses and completion times were almost double for the older age group, indicating that
although this group made more attempts, these attempts were more erroneous. This individual

instance of faster mean button response times is counter to the overall results which suggest
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that, in general, as individuals age they take longer to physically interact with products, devices,

or systems.

The relationship between Age and Mean Time per Button Press was investigated using Pearson

product moment correlation coefficient and the significant correlations are presented below

(Table 7).
Age
r p
FSS1 TpBP: T2 r=0.445 0.014 r=10.445 (30), p <0.05
TpBP: T5 r=0.343 0.032 r=0.343 (30), p < 0.05
TpBP Mean: T1-6 r=0.346 0.031 r=0.346 (30), p <0.05

Table 7: Correlation coefficient results

There were no other significant correlations.

The effects identified above indicate a positive correlation between the two variables, with
increasing age being associated with greater amounts of time taken per average button press.
These correlations indicate that as individuals age they take longer to physically interact with
products, devices or systems. This may be due to age-related physical dexterity issues, a
decline in cognitive ability, or exposure to age-related design phenomenon that preclude or

compromise efficient interaction.
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5.6.3 TFQ Score Comparison

The overall results of the Technological Familiarity Questionnaire indicated that the 26-59 age
group were most familiar with contemporary forms of technology; closely followed by the 16-

25 age group, with the older generation exhibiting the lowest familiarity (Figure 26).
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Figure 26: TFQ score comparison

A 1-way analysis of variance (ANOVA) showed a significant effect of age on Technological
Familiarity Questionnaire Question 1 Score: F (2, 27) = 10.278, p<0.01. Tukey HSD post-hoc
analysis indicated that the mean score for the 60-80 age group (M = 1.43, SD = 0.18) was
significantly different to the 26-59 age group (M = 1.70, SD = 0.07) and significantly different
to the 16-25 age group (M = 1.63, SD = 0.13). However, the 16-25 and 26-59 age groups did
not significantly differ from each other.

There is a significant difference between older age group and the young age group and there is
a significant difference between the older age group and the mid age group. This result
indicates that the older participants were less familiar and interacted with the products less

frequently than the younger and mid-age groups.
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A 1-way analysis of variance (ANOVA) showed a significant effect of age on Technological
Familiarity Questionnaire Question 2 Score: F (2, 27) = 14.858, p<0.01. Tukey HSD post-hoc
analysis indicated that the mean score for the 60-80 age group (M = 1.21, SD = 0.26) was
significantly different to the 26-59 age group (M = 1.62, SD = 0.06) and significantly different
to the 16-25 age group (M = 1.52, SD = 0.13). However, the 16-25 and 26-59 age groups did
not significantly differ from each other.

Post-hoc Tukey analysis indicates that there is a significant difference between the older age
group and the younger age group and that there is a significant difference between the older age
group and the mid age group. This result implies that older individuals are significantly less
aware or use fewer features of the examples of the technological products presented upon the

TFQ questionnaire than the younger age group, and than the mid-age group.

A 1-way analysis of variance (ANOVA) showed a significant effect of age on Technological
Familiarity Questionnaire Overall TFQ Score: F (2, 27) = 13.706, p<0.05. Tukey HSD post-hoc
analysis indicated that the mean score for the 60-80 age group (M = 1.64, SD = 0.20) was
significantly different to the 26-59 age group (M = 1.96, SD = 0.05) and significantly different
to the 16-25 age group (M = 1.88, SD = 0.12). However, the 16-25 and 26-59 age groups did

not significantly differ from each other.

There is a significant difference between the older and the young age group (Sig = 0.002) and
there is a significant difference between the older age group and the mid age group (Sig =
0.000). This suggests that the older age group were familiar with significantly fewer examples
of the technological products presented upon the technological familiarity questionnaire than
the younger age group, and the older age group were familiar with significantly fewer examples

of the features of the products presented upon the TFQ than the mid age group.
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There is a strong negative correlation between Age and TFQ QI1, Age and TFQ Q2 and Age

and TFQ Total Score (Table 8).

Age
r 4
FSS1 TFQ: Q1 r=-0.424 0.020 r=-0.424 (30), p <0.05
TFQ: Q2 r=-0.563 0.001 r=-0.563 (30), p <0.01
TFQ: Total r=-0.509 0.004 r=-0.509 (30), p <0.01

Table 8: Correlation coefficient results

There were no other significant correlations.

Increases in age significantly correlated to decreases in the frequency with which participants
interacted with the technology identified in the Technological Familiarity Questionnaire, and to
a decrease in the use and awareness of product features. Overall, this indicates another strong

generational effect — ageing equates to less feature awareness and product interaction.
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5.6.4 Concurrent Protocol Summary

Mirroring the pilot study reports, all participants initially recognised that the product was
electrical in nature, and the majority surmised that it was used in the measurement of electricity
itself. All participants identified and made reference to plug devices and measuring tools in the
initial phase of questioning and, if anything, it was evident that the 26-59 age group provided
the most accurate and elaborate descriptions at this stage. By the mid-way stage participants
had confirmed their original ideas and nearly all confirmed that it was designed to measure the
flow of electricity through it, and that it could be set to indicate how much that usage cost.
Again however, the 60-80 age group were the vaguest, having not (unlike other age groups)
solidified their understanding of the product or it’s interaction at this stage. Likewise, all age
groups voiced disquiet at the complexity of setting the electrical cost function (Task 3). Again,
in the latter stage, the older generation provided the vaguest descriptions of the device and what
it was designed for. The 16-25 and 26-59 age groups provided at this point, more concrete,
thorough, and accurate descriptions of the purpose, function, and interaction of the product.

The scrolling menu feature of the product was learned and understood rapidly by all age groups,
and was cited as being a design feature with which many were familiar. The most frequently
cited product resemblance was to digital watches and alarm clocks, both featuring multi-button
press requirements, scrolling menus, and up and down adjustment controls. The 60-80 age
group provided the fewest number of familiar devices, followed by the 16-25 age group. The
26-59 age group cited the highest number of similar devices. For further reference, please refer

to the technical report User Experiences of Product Interaction (Wilkinson, 2011, pp.11-56).
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5.7 Discussion

The performance data indicates that with regard to task completion times, the younger
generations exhibited faster responses and overall task completion times than the older
generation (Figure 22). Indeed, the older generation took considerably longer to complete tasks
in comparison with the other age groups. Although it may be that the older generation took
more time to consider each move for a variety of reasons, it would appear they made more
attempts (Figure 23) and consequently made a greater proportion of erroneous attempts (Figure
24). Observed in conjunction with each groups TFQ Scores, it is evident that the 26-59 age
group possess the greatest awareness and level of interaction with contemporary technology.
Overall, it appears a greater level of familiarity may correspond to increased task performance.

In relation to interaction and learning, there is evidence of participants understanding a
connection between both the effects of their interaction with the novel product and effects
within their environment in accordance with the views of Clark (1997). All participants were
aware that the lamp influenced the energy monitor, or vice-versa. As all participants performed
fewer button presses in the latter stages of the test than at the beginning, and made fewer
references to not understanding how to proceed, it could be concluded that learning of
interactional behaviour had occurred. In the latter stages the method of achieving task
completion by repeatedly pressing the Function button was learnt in all conditions. Again, this
was seen as being performed automatically, and thus verged upon the skilled or rule-based
levels of processing according to the Wickens et al. (1998) model of Skill, Rule and

Knowledge-based processing.
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As in the pilot study, all participants quickly consolidated their understanding of the Function
button, rapidly learning its scrolling functionality. Task 3 presented some difficulty to all
participants. If anything, it would appear that those in the 26-59 age group were most used to
the multi-button press approach and multi-button functionality model required, but all groups
indicated that it was at this stage their understanding, or the adequacy of the design, was
lacking. This feature of the product was most likened to alarm clocks, digital watches and DVD
controllers by 14 out of 30 participants (Table 9). Although individuals were familiar with the
model or mode of interaction required (as stated post-experimentation), there were obviously

some issues with its implementation as indicated during experimentation.

16-25 26-59 60-80
Trivial Pursuit Game 1
Controller

DVD Controller
Alarm Clock

Digital Watch

Circuit Breaker

Timer

Multi-meter

Energy Monitor

Video

Mobile Phone (text)
Radio

Microwave
Automobile dashboard
Laser printer
Chlorinator
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Total 10 16

Table 9: From the number of products referenced during post-interaction discussions it is evident that
alarm clocks, digital watches and DVD controllers were the most frequently cited products
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5.7.1 Generational Differences

It would appear participants of the older age group were reticent and reluctant to try new things

with the device, as Dewsbury et al. (2007) suggested:

“I would have thought you should only have to press any of them once (the buttons) not
multiple times. You're afraid and think pressing the buttons quickly will break it.”

Participant 15 (60-80 Age Group)

Accordingly, the average time per button press data revealed that those in the 60-80 age group
took longer to make individual or combinations of moves, as opposed to the younger age
groups who were noticeably quicker in their average times per button press. In conjunction
with each groups level of technological familiarity, it is evident that the younger generations
possessed a greater awareness and level of interaction with contemporary technology than the
older generation. This greater level of familiarity may correspond to an increase in overall task
performance, and perhaps a notable observation is that the younger generations were the most
economical in their interaction — making the least number of errors in the shortest time. The
concurrent protocol indicated that the younger generation were convinced, given time, they
would obtain the solution. Conversely, the older generation quickly became frustrated when the

product would not respond in an intuitive fashion:

“Young people would know about multi-button pressing and holding buttons, and have the
patience to try different combinations, until they get the response they want. I just don't have
the patience. I would try what I know, and if it didn't do what I wanted it to, 1'd just go mad and
give up with it.”

Participant 16 (60-80 Age Group)
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The Cantabeclipse data revealed that the older age group possessed the shortest short-term
memory span and those in the 26-59 age group the longest. Also observed were differences in
the quantity of referenced products according to age. The older generation again indicated
fewer points of reference than the younger age groups, with the 26-59 age group reporting the
highest number. This may be because the 26-59 age group have a wide spectrum of device
knowledge across a significant technological time period. This device experience, coupled with
a recall ability that should be unaffected by the affects of ageing, should increase the potential
information available that could be useful in subsequent novel situations.

5.7.2 Hypothesis Acceptance

In this experiment the hypothesis that prior experience would affect users’ ability to interact

with products was supported, as was the hypothesis that differences might be age related.

Hypothesis 1: There will be an effect of age on task completion time. Task completion times
varied significantly according to age, the youngest age group completing tasks quickest and the

older age groups taking the longest time [F (2, 27) = 7.153, p <.01]

Hypothesis 2: There will be an effect of age on number of button presses. The number of button
presses made by participants differed significantly as a factor of age, the younger group
recording the least number of button presses and the older group recording the most [F (2, 27)

=3.417,p < .05]

Hypothesis 3: There will be an effect of age on number of errors. Errors varied significantly
according to age, the younger age group making the fewest errors in comparison with the other

age groups, the older age group making the most errors[F (2, 27) = 3.44, p <.05]
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Hypothesis 4: There will be effect of age on TFQ Score or prior experience. The amount of
prior experience possessed as determined by overall TFQ Score again varied according to age.
In this instance, the 26-59 age group recorded the greatest experience with the products listed
upon the TFQ, followed by the 16-15 age group, the older age group recording the least

familiarity with the products listed [F (2, 27) = 13.706, p < 0.05]

5.8 Inclusive Design Observations

With regard to the products design itself, there was some expectation voiced that with so few

buttons, the interaction of the device must be specific and as it appeared to offer considerable

functionality, complicated. The utilisation of up and down arrows was recognised, almost
universally, although accessing their function was not deemed intuitive. From a generational
perspective, a number of observations were made:

1. The display digits were considered large and assistive toward older individuals’ perception.
However, the units of measurement were deemed too small to ease recognition and this
directly contributed in increases in task completion time, particularly for older participants.
Although the measurement was perceived, it was often indeterminable which is indicative of
poor user centred design (Rogers et al., 1997)

2. Colour could improve the products intuitive interaction, having the up and down arrows and
square icon differentiated from the devices background would also assist their observation
and the labels above buttons would be better discriminated had they been coloured

3. Screen illumination was insufficient: in low lighting conditions, the display itself appeared
difficult to read and this factor has high probability in the home with plug sockets at floor

level
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4. An older participant explained that with increasing arthritis, they rarely felt the end of their
fingertips, and thus, successfully manipulating the device was made increasingly awkward,
given the button size. This led to increased errors and supports reports in literature that
decreasing manual dexterity impacts upon ease of use for older people (Osman et al., 2003)

5. Button design also limited the size, ease of recognition, and ease of finger-tip touch

recognition of the icons embossed upon the buttons

The interaction and observational evidence presented would suggest that simple alterations to
the physical design and the method of interaction would enhance individuals’ ability to learn
and use this product. Difficulty in interaction was highlighted in attempts to complete Task 3 —

setting the unit cost, regardless of age (Figure 22).
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Figure 22: Task completion time comparison

Altering this procedure and reducing the level of complexity required to achieve task

completion to that required when interacting with the other available functions would reduce
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the level and extent of initial learning required and increase its intuitive usability. The setting of
the cost could have been improved by simply providing more effective feedback. From the
verbal protocol and interview material it was evident that participants consistently recognised
elements of the overall product concept, comprising of individual components, and outward
aesthetic elements (Figure 27). The findings remain in line with Norman’s (1988) views that
internalisations are created and developed by the accurate perception of a device’s function and

likely behaviour through its design.
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Figure 27: Overall product concept and constituent parts

There are financial and manufacturing reasons for producing products in the way this new-to-
market energy monitor appears on the shelves. Ensuring a minimum number of components do
a multitude of tasks may be cheaper initially. However, this economy may compromise
usability as users struggle to engage with such products, promoting the sluggish adoption of
technology by all users — not only the older generation. Thus, in this instance, the economy of
design does not translate well into simplicity, or user friendliness, of design. In fact, it appears

to have produced the opposite effect.
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5.9 Conclusion and Summary

This chapter has detailed a larger study that followed the same principles and used the same
product and experimental set-up as the pilot study. The performance data indicated that the
younger generations performed faster and that the older generation made greater numbers of
errors and attempts toward product interaction. The TFQ data suggest a correlation between age
and level of familiarity, and this appears to be associated with increases in task performance.
Mental model and understanding development were observable during the course of
experimentation and exposure, and the application of the Rasmussen’s SRK classification
suggested that for the most part, interaction was occurring at a skill-based level, requiring little
cognitive effort and being achieved rapidly and almost automatically.

With the experimental approach verified, the overall investigation then attempted to determine
on a more granular level the type of knowledge and learning that occurs during product

interaction. This was the focus of Full Scale Study 2, detailed in the following chapter.
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6: Investigation 3: Full Scale Study 2

The next step regarding the overall project was to investigate the notion of learning through
interaction. This was achieved by taking snapshots of knowledge possessed before and after

product exposure, to reveal the knowledge acquired through experience.

6.1 Introduction

The overall approach was identical to that used in the previous studies, but utilised a different
novel product that was available from high-street suppliers. This experiment set out to evaluate,
not only the further existence of generational effects within interaction with household products,
but also to evaluate the product itself in terms of its usability, user-friendliness and learnability.
6.1.1 Participant Sample

30 individuals from a variety of backgrounds were recruited to minimise educational biases and
maximise ecological validity, although this wasn’t verified. Participants were assigned to one
of three groups according to age: 16-25 (10 participants), 26-59 (10 participants) and 60-80 (10
participants). The total sample consisted of 13 males and 17 females. The age distribution of
the samples is represented in Figure 28. Further information regarding the sampling

methodology is available in section 3.4.6 and 3.4.7.
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Figure 28: FSS2 Sample Age Distribution (n = 30)

Age Group Mean Standard Deviation

16-25 23.1 1.20
26-59 39.2 11.98
60-80 69.2 5.81

6.1.2 Novel Product

The Black & Decker Laserplus laser-level (Figure 29) is a multifunctional device contained
within a unique and bespoke aesthetical design and is used to detect wooden and metallic studs
or pipes and electricity cables obscured behind walls or fascias. It is also capable of emitting a
laser beam to provide a straight level line. To operate the device successfully, users set the
device to detect wooden studs indicated by a wooden block icon, or metal studs/pipes indicated

by an icon of a beam representing a metallic object.

r

e

Figure 29: Black & Decker ‘Laserplus’ laser-level
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Setting is done by pressing a red toggle switch on the front of the device. Users must then
calibrate the device by pressing and holding down the button on the right side of the device.
Once calibrated the device emits an audible ‘beep’ and requires the button remain depressed
whilst the user passes the device across the wall surface or fascia. The detector itself is located
in a ‘Detector Zone’ and thus for accuracy it is this area of the device that must be considered
during operation. As the device is passed nearer to a stud, vertical lines converge on the display
and an audible ‘beep’ occurs when the device is directly above the stud itself. The display
reflects this by showing the converging lines meeting in the centre. As the stud is passed, the
beep ceases and the vertical lines separate and retract.

The detection of electrical cables follows an identical procedure, although there is no ‘setting’
of the device required. Once calibrated, the device can be immediately passed across walls or
fascias. The feedback provided is identical with the addition of the electrical warning LED
illuminating when the device detects live electrical cables in the vicinity. The laser-level
functionality is accessed by inserting a hanging tool into the rear of the device and pushing the
slider button on the left side to the ‘Laser On’ position. The hanging tool in this instance was to
be located upon a protruding screw, and thus could easily pivot until the laser line was at its
strongest, indicating a true, level, straight line.

Whilst the device may have only four functions, the level of conceptual development required
to understand and operate it successfully appears significant. The devices bespoke and novel
nature also affords more direct study of understanding-development as the likelihood of prior
specific product experience is minimal. For further justification for the usage of novel products

in experimentation, please refer to section 3.5.
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6.1.3 Research Materials and Equipment

6.1.3.1 Warning Icon Assessment Sheet

An icon assessment sheet was developed to test participants’ recognition or understanding of
warning icons appearing either upon the packaging of the device or upon the device itself

(Figure 30).
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>

Figure 30: Icon assessment sheet Figure 31: Modifying responses on the
assessment sheet

This was presented before and after product exposure, to both verify participants’ levels of
prior experience, and determine knowledge and understanding acquired during the process of
interaction (Figure 31).

6.1.3.2 Product Feature Assessment Sheet

Studying the video-data and verbal report allowed assessment of feature recognition during
initial exposure, and the development of the Product Feature Assessment Sheet (Figure 32)
permitted the assessment of product features each participant recognised post exposure (Figure
33). This approach allowed the determination of product features, usage and understanding

development over the course of exposure.
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Can you identify the features present
on the product?

Figure 32: Product feature assessment sheet Figure 33: Completing the product feature
assessment sheet

6.1.3.3 Revised Technological Familiarity Questionnaire

The Technological Familiarity Questionnaire (TFQ) was a modified version of that used in a
previous study (Wilkinson et al., 2010a), which itself has origins within the work of Blackler
(2006). The modified Technological Familiarity Questionnaire posed the same two questions:
“How often do you use the following products?” and “When using the products, how many
features of the product are you familiar with and do you use?” but detailed a larger range of
both contemporary and less-contemporary products than before (Appendix 10). Again, rating

the answers provided produced an overall participant TFQ score.

6.2 Experimental Design

Between-subjects design, assigning a total of 30 participants (13 male and 17 female) to one of
three groups according to age: 16-25 (10), 26-59 (10) and 60-80 (10).
Independent Variable:

Age: 3 levels: 16-25, 26-59, 60-80.
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Dependent Variables:
1. Cantabeclipse cognitive assessment performance
2. Icon pre/post exposure recognition
3. Task performance times
4. Product feature pre/post exposure recognition
5. Technological familiarity questionnaire performance
6.2.1 Hypotheses
Based on the research conducted, the following three hypotheses were proposed:
e Iconic knowledge is increased through interaction and increased exposure
e There will be a correlation between age and technological familiarity or experience

e There will be a correlation between age and task completion time performance

6.3 Data Analysis

The recorded video-data verified how the concurrent protocol corresponded to the users’
actions, assessment of task completion times, and understanding of the products design and
function before, during, and after product exposure. Interview material provided qualitative and
quantitative data upon user perception of interaction to confirm overall level of product
understanding, and how this influenced interaction. Other data recorded included: MOT and
SSP scores, overall two-stage TFQ scores, the quantity of products recalled during interaction,

and warning icon and product feature recognition initial and subsequent scores (Appendix 11).
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6.4 Experimental Procedure
The following procedure was adopted as the experimental protocol to maintain consistency

between of each and every participant’s experience:

e Explain experimental requirements and administer consent form

e Administer pre-test assessment using Cantabeclipse Cognitive Assessment Tool

e Assessment of warning icon recognition

e Record initial exposure to the product and participant understanding
(including initial product exposure feature recognition)

e Record participants performing randomised tasks with the product whilst verbalizing
actions: 1: Fit Battery, 2: Find Wooden Stud, 3: Find Metal Pipe, 4: Find Electric Cable, 5:
Fit Hanging Tool, 6: Hang and operate laser-level

e Reassess participant understanding of product and interaction, and warning icon recognition

e Assess post exposure product feature recognition

e Administer technological familiarity questionnaire

e Debrief

109



6.5 Results

6.5.1 Cantabeclipse Cognitive Assessment Summary

6.5.1.1 MOT Task Completion Time Assessment

The initial (MOT) reaction-time test that also screens for vision, hearing, movement and
comprehension impairment, highlighted no neuropsychological issues, but indicated differences

in performance times between age groups (Figure 34).
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Figure 34: Cantabeclipse MOT reaction times according to age group membership (n = 30)

A 1-way analysis of variance (ANOVA) showed no significant effect of age on MOT Task
Reaction Time: F (2, 27) = 0.594 p>0.05. The 16-25 age group completed the MOT task the
quickest, and the 60-80 age group took the longest; the 16-25 age group completing the task in

49.2 seconds, and the 26-59 and 60-80 age groups in 52.1 and 52.8 seconds respectively.
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The relationship between Age and MOT Task reaction time was investigated using Pearson

product-moment correlation coefficient. There was a moderate positive correlation between the

two variables with a high level of age associated with a high level of reaction time (Table 10).
Age

r p
FSS2 MOT R-Time r=0.317 0.044 r=0.317 (30), p <0.05

Table 10: Correlation coefficient results

There were no other significant correlations.

Increases in age correlate to a significant increase in MOT Task completion time. Thus, those
in the older age group will take longer to complete the task than those of a younger age. This
correlation indicates that the older generation’s interaction is somehow being compromised as

they are unable to perform as efficiently as their younger counterparts.

111



6.5.1.2 SSP Memory Capacity Assessment

Memory Span Length decreased with age: the 16-25 group recording 6.9 items, the 26-59 age

group recording 6.4 and the older age group recording 4.9 (Figure 35).

8.0

7.0
g 6.0 -
s 5.0
T 4.0 -
E 301
Z
& 2.0 -
(]
= 1.0 -

0.0 -

16-25 26-59 60-80
Age Group

Figure 35: Cantabeclipse SSP (Memory Span Length) results: Number of remembered items (n = 30)

A 1-way analysis of variance (ANOVA) showed a significant effect of age on SSP Memory
Capability: F (2, 27) = 5.205, p<0.05. Tukey HSD post-hoc analysis indicated that the mean
score for the 60-80 age group (M = 4.9, SD = 1.19) was significantly different than the 16-25
age group (M = 6.9, SD = 1.44). However, the 26-59 age group results (M = 6.4, SD = 1.64)

did not significantly differ from either of the remaining groups.
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The relationship between Age and SSP Score was investigated using Pearson product-moment
correlation coefficient. There was a moderate negative correlation between the two variables
with a high level of Age associated with a low level of SSP Score (Table 11).

Age

r 4
FSS2 SSP Score r=-0.664 0.00 r=-0.664 (30), p <0.01

Table 11: Correlation coefficient results

This suggests that age is a factor in memory capability, and that as we age our memory
capability decreases. Thus, older participants recalled fewer items than either of the younger
age groups. Results fell within the expected range (Miller, 1956, refer to section 3.4.3 for a

reminder), the maximum possible within the test being the correct recall of 9 items.
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6.5.2 Interaction Data

6.5.2.1 Task Completion Time Comparison

Figure 3 indicates time taken to complete tasks 1 to 6 (1: Fit Battery, 2: Find Wooden Stud, 3:

Find Metal Pipe, 4: Find Electric Cable, 5: Fit Hanging Tool, 6: Hang and operate level).

180
160 -
140 -

120 1
100 | 0 16-25
m 26-59
0 60-80

80 -
60 -
40 - - M .

o ol
0 - u

Tasks

Completion Time (seconds)

Figure 36: Task performance times according to age group membership (n = 30)

A multivariate analysis of variance (MANOVA) showed a significant effect of age on Task
Completion Time (TCT): F (2, 27) = 8.146 p<0.05. Tukey HSD post-hoc analysis indicated that
the mean score for the 60-80 age group (M = 1.71, SD = 0.30) was significantly different than
the 16-25 age group (M = 1.37, SD = 0.33). However, the 26-59 age group results (M = 1.49,

SD = 0.32) did not significantly differ from either of the remaining groups.
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The relationship between Age and Task Completion Time was investigated using Pearson

product-moment correlation coefficient on each if the tasks and the mean (Table 12).

Age
r 4
FSS2 TCT: Tl r=0.554 0.002 r=0.554 (30), p <0.01
TCT: T2 r=0.431 0.017 r=0.431 (30), p <0.05
TCT: T4 r=10.508 0.004 r=0.508 (30), p <0.01
TCT: T6 r=0451 0.012 r=0.451 (30), p <0.05
TCT Mean: T1-6 r=0.575 0.001 r=10.575 (30), p < 0.01

Table 12: Correlation coefficient results

Although there were no other significant correlations, in five instances there was a moderate
positive correlation between the two variables with a lower age associated with a lower task
completion time. The visible fluctuation in performance between tasks is predicted to have
been due to differences in task complexity. Overall, the results suggest that age is a factor in the
speed with which tasks were completed: as age increased the speed with which these specific

tasks were completed also increased.
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6.5.2.2 Warning Icon Identification Comparison

Warning Icon Identification Pre and Post Experimentation (Figure 37).
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Figure 37: Comparison of number of warning icons identified pre and post experimentation (n = 30)
A multivariate analysis of variance (MANOVA) indicated a significant effect of time of
assessment and age group on the number of icons identified: F (2, 27) = 415.969, p<0.01.
Analysis indicated no significant difference between the age groups at the pre-experiment
exposure stage, but a significant difference between the 60-80 age group (M = 6.20, SD = 2.34)
and the 26-59 age group (M = 8.20, SD = 1.93) and between the 60-80 age group (M = 6.20,
SD = 2.34) and the 16-25 age group (M = 8.40, SD = 0.84) in the post-experiment stage. Thus,
although initially age was not a significant factor in identification, it is a factor in the amount of

iconic knowledge gained during exposure.
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The relationship between Age and Icon Identification was investigated using Pearson product-
moment correlation coefficient. There is a strong negative correlation between Age and pre-
experiment icon identification, Age and post-experiment icon identification, and Age and

difference between pre and post-experiment icon identification (Table 13).

Age
r 4
FSS2 Pre-Exp Icon ID r=-0.335 0.035 r=-0.335 (30), p <0.05
Post-Exp Icon ID r=-0.613 0.000 r=-0.613 (30), p <0.01
Post — Pre Icon ID (diff) »=-0.394 0.031 r=-0.394 (30), p <0.05

Table 13: Correlation coefficient results

There were no other significant correlations.

Increases in age correlate to a significant decrease in icon recognition at the pre and post-
product exposure stage. Increases in age also correlate to decreases in iconic information
acquisition, providing evidence of another generational effect — in this instance that as we age

our ability to acquire iconic information decreases as a correlational factor of age.
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6.5.2.3 Product Feature Identification Comparison

Product Features Identified Pre and Post Experimentation (Figure 38).
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Figure 38: Comparison of number of product features identified pre and post experimentation (n = 30)

A multivariate analysis of variance (MANOVA) indicated a significant effect of time of
assessment and age group on the number of features identified: F (2, 27) = 268.518 p<0.01.

In the pre-experiment exposure stage, analysis indicated that there was a significant difference
between the 60-80 age group (M = 6.40, SD = 3.50) and the 26-59 age group (M = 10.80, SD =
5.18). The 16-25 age group results (M = 8.70, SD = 3.09) did not significantly differ from either
of the remaining groups.

However, in the post-experiment exposure stage, analysis indicated a significant difference
between the 60-80 age group (M = 11.70, SD = 3.19) and the 26-59 age group (M = 15.70, SD =
6.05) and between the 60-80 age group (M = 11.70, SD = 3.19) and the 16-25 age group (M =
16.40, SD = 2.91). In both stages age was a significant factor in feature identification. Thus, age
is a factor in the amount of product feature knowledge gained, and the older age groups ability

to acquire information and learn is adversely affected.
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The relationship between Age and Icon Identification was investigated using Pearson product-
moment correlation coefficient. There is a strong negative correlation between Age and pre-
experiment icon identification, Age and post-experiment icon identification, and Age and

difference between pre and post-experiment icon identification (Table 14).

Age
r 4
FSS2 Pre-Exp Icon ID r=-0.384 0.036 r=-0.384 (30), p <0.05
Post-Exp Icon ID r=-0.544 0.000 r=-0.544 (30), p <0.01
Post — Pre Icon ID (diff) »=-0.394 0.031 r=-0.394 (30), p <0.05

Table 14: Correlation coefficient results

There were no other significant correlations.

Increases in age correlate to a significant decrease in feature recognition at the pre and post-
product exposure stage. Increases in age also correlate to decreases in the ability to acquire
product feature knowledge: in this instance that as we age our ability to acquire feature related

information decreases as a correlational factor of age.
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6.5.2.4 Product Recall Comparison

Mean Number of Products Participants reminded of during Interaction (Figure 39).
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Figure 39: Mean number of products participants were reminded of during interaction (n = 30)

A 1-way analysis of variance (ANOVA) showed no significant effect of age on the mean
number of products recalled during exposure: F (2, 27) = 2.965, p>0.05. Although there
appears to be a generational trend of older participants scoring lower and younger participants

scoring higher in terms of products recalled, the effect is not significant.
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The relationship between Age and mean number of products recalled during exposure was
investigated using Pearson product-moment correlation coefficient. There was a moderate
negative correlation between the two variables with a higher levels of age associated with a
lower levels of recalled products (Table 15).

Age

r p
FSS2 Prompted Product Recall »=-0.383 0.037 r=-0.383 (30), p <0.05

Table 15: Correlation coefficient results

Although differences between groups are not significant, increases in age correlate to a
significant decrease in prompted product recall. This indicates the existence of a generational
effect — our ability to recall products is significantly negatively correlated to increases in age.
Natural atrophy in terms of reduced cognition and memory access may also play a role, but this
and subsequent findings contribute to the notion that increasing age equates to a reduction in
regularity of interaction with modern products. This may be a key factor causing poorer
performance in terms of age related icon and feature recognition, with such icons and features
being common characteristics of the types of contemporary products examined. This apparent,
age-induced, reduced familiarity with modern products and designs would also account for

older users reduced ability to recall other, similar, contemporary products.
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6.5.3 TFQ Score Comparison

The Technological Familiarity Questionnaire results represented below (Figure 40) indicate
that differences are observable between groups, the 16-25 age group possessing the highest

overall TFQ Scores and the older age group the lowest.
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Figure 40: Technological familiarity questionnaire scores according to age (n = 30)

A 1-way analysis of variance (ANOVA) showed no significant effect of age on TFQ Q1 Score

(frequency of product interaction): F (2, 27) = 0.890, p>0.05.

A 1-way analysis of variance (ANOVA) showed a significant effect of age on TFQ Q2 Score
(awareness and use of product features): F (2, 27) = 4.973, p<0.05. Tukey HSD post-hoc
analysis indicated that the mean score for the 60-80 age group (M = 25.4, SD = 11.21) was
significantly different to the 16-25 age group (M = 50.1, SD = 17.12). However, the results for
the 26-59 age group (M = 43.0, SD = 23.58) were not significantly different from either of the

remaining groups.
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A 1-way analysis of variance (ANOVA) showed a significant effect of age on Overall TFQ
Score: F (2, 27) = 3.470, p<0.05. Tukey HSD post-hoc analysis indicated that the mean score
for the 60-80 age group (M = 64.8, SD = 22.36) was significantly different to the 16-25 age
group (M = 97.3, SD = 16.32). However, the results for the 26-59 age group (M = 85.6, SD =
39.69) were not significantly different from either of the remaining groups.

There is no significant difference between the frequency of interaction with the products
identified upon the questionnaire according to age. There was an effect of age upon the
awareness and use of product features, however. Post-hoc Tukey analysis indicates that there
was a significant difference between the older age group and the younger age group. This
implies older individuals are significantly less aware or use fewer features of the examples of

the technological products presented upon the TFQ questionnaire than the younger age group.

The relationship between age and technological familiarity was investigated using Pearson
product-moment correlation coefficient. There was a strong negative correlation between Age

and TFQ Q2, and Age and TFQ Total Score (Table 16).

Age
r 4
FSS2 TFQ: Q2 r=-0.509 0.001 r=-0.509 (30), p < 0.01
TFQ: Total r=-0.462 0.004 r=-0.462 (30), p <0.05

Table 16: Correlation coefficient results
There were no other significant correlations.
Increases in age significantly correlated to decreases in the frequency with which participants
interacted with the technology identified in the Technological Familiarity Questionnaire, and to

a decrease in the use and awareness of product features. Overall, this indicates another strong

generational effect — ageing equates to less feature awareness and product interaction.

123



6.5.4 Concurrent Protocol Summary

Analysing the concurrent protocol in combination with the experimental data — task
performance times, icon recognition, product feature recognition, understanding of product
function, functionality, and conceptual awareness — revealed increases in knowledge and
understanding over the duration of product exposure. Design features appeared fundamental to
the creation and development of product understanding and formation of an internalised mental
model, and the mental model of the product was significantly developed in the latter stages of

the experimentation from a basic initial concept to an accurate post-exposure conclusion:

Early conceptualisation
“Device to detect a solid wall, or hollow wall. It’s got a solid here (participant points to the
solid block icon on the device) and an I-block (icon on the device). I've used something like this

before, like a finder and you go around the wall.”

“I haven't the faintest idea what it is, but it may be for levelling something. An “I” and “end of
block” icon — these are the main functions, but I don’t know what they mean.”

(Participant FSS2P04)

Increasing understanding during interaction

“The red light stayed on, so is this all electricity (participant points)? Ah, now it went off, ok.
I’m thinking this is the indicator for the electrical line (pointing to the symbol and LED). So it’s
electric all through here (passing the device back across the jig right-to-left) — the LED
illuminates and as the run of cable is crossed, the interface ‘beams’ indicate the crescendo
point, or lie of the cable. Ah, these elements work in combination — the beep, the light and the

interface beams.”
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Post exposure conclusion
“Well, it’s not just for use as a spirit level, which presumably the laser is mainly for that. You
can detect where pipes or electric cable are so if you're drilling a hole in the wall (you can
avoid them), and you can tell if they re vertical or horizontal.”

(Participant FSS2P04)
Feature familiarity was also a key factor as Okeye (1998) suggests. For example, the On/Off
switches including the sliding switch to operate the laser function was felt to have been seen
before by a number of participants in such devices as mobile phones, including the tactile
requirement to hold specific buttons for a time period to activate a particular response or
function. However, the LCD display contents were not so well understood as it was felt the
design of the feedback provided failed to tap into users’ conscious awareness of other

products/design:

“I'm partly familiar with this type of tool to find a stud in the wall and the knob (laser-slider
switch) on this and (the press-and-hold button), to do that (calibrate and detect). And I'm
familiar with a tool to line things up, but I've never seen it together like that.”

(Participant FSS2P01)
There was also an expectation-led focus of attention and interaction:
“Viewfinder area seems like the focus of attention, but maybe I should have been looking
elsewhere.”
Designers themselves may be unaware how the design of an artefact will affect both perception
and use of a product, particularly in the initial stages of exposure. 50% of participants verbally
referenced the device’s ‘viewfinder element’ during the initial product feature assessment: six

participants in both the 26-59 and 60-80 age groups, with just three participants in the 16-25 age
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group. The ‘viewfinder’ is actually an almost redundant feature of the product, and yet with
users’ preconceptions of design and associated use, it appears to have had an adverse effect
upon learning, understanding and interaction. As the younger age group referenced this element
the least and performed the most effectively, we can propose that this design feature may have
interfered with the development of an accurate model of interaction and contributed to the older
age groups poorer performance.

Two participants, who expressed being visual people, admitted their approach to interaction was
very object orientated — searching for familiar objects and features. They tended to ignore
written information and adopted a pattern recognition technique that reduced the amount of
effort required. Their initial searches focused upon locating recognisable and familiar elements
of the product to achieve task completion.

These reports indicate that the mental models developed are dependent upon observations of
features, icon recognition, and the product design as a whole, as well as its designed interaction.
Younger age groups recognised greater numbers of both icons and product features, and these
elements contributed to the depth, accuracy and content of their mental models of the product.
This superior knowledge or awareness, it would appear, also correlates to both the younger age
groups greater familiarity with modern products and designs, and in this instance correlates to
their superior performance with the laser detector.

The complete protocol analysis is reproduced in the technical report: User Experiences of

Product Interaction (Wilkinson, 2011, pp.57-190).
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6.6 Discussion

The trend of the younger age group performing the quickest is evident within the Cantabeclipse

MOT results included within Table 18.

Age Group

16-25 26-59 60-80
Cantab MOT Completion time (seconds) 49.2 52.1 52.8
Cantab SSP Memory Span Length (items correctly recalled) 6.9 6.4 4.9
Interaction Task Completion Times (1-6) (seconds) 36.1 51.0 79.0
Icon Recognition (pre-exposure) (number of icons) 4.6 5.5 4.1
Icon Recognition (post-exposure) (number of icons) 8.4 8.3 6.2
Product Feature Recognition (pre-exposure) (number of features) 8.7 10.8 6.4
Product Feature Recognition (post-exposure) (number of features) 16.4 15.7 11.7
Prompted Product Recall (number of products) 3.0 2.7 1.1

Table 18: Overall means per age group, representing the results of Cantab MOT and SSP tests,
task completion times, icon and product feature recognition, and prompted product recall.

In this instance, the younger age range (16-25) performed the MOT task the quickest, followed
by the 26-59 and 60-80 groups respectively. The older age group performed the slowest of all.
Likewise, the Memory Span Length (SSP) results also reflect that the older age groups
possessed the shortest memory span and the younger age group the largest. The averages of
task completion during the interaction phase of the experiment show that the younger age group
completed tasks in the shortest timeframe, followed by the mid and older age groups. It was
noted that all age groups were not fully aware from the beginning or able to make completely
accurate inferences regarding warning icon meaning and design, as no individual recognised
the maximum number of 9 warning icons initially. The younger age group developed this
understanding the most during the course of exposure. This in itself has ramifications for

designers attempting to convey important (in this case potentially safety-critical) information to
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users. The results for product feature identification are similar; knowledge of product features
increased during the course of exposure, influencing participants overall understanding of
product functionality and intent. These are all elements that have inclusively contributed to the
formulation of overall product concepts or mental models. Likewise, the number of recalled
products varies uniformly with age — older participants recalling fewer than the other age
groups, and the younger age group recalling the most (Figure 39). This is considered a factor of
prior experience — younger individuals appearing more familiar and aware of a greater number
of products whilst interacting with the novel device, and is further supported by the TFQ data
that confirms the younger generations were more familiar with the technology specified in the
questionnaire (Figure 40). This may be beneficial: if not in learning to interact with a novel
product, certainly in understanding more about its functionality.

Individual task performance times are more varied and whilst trends can be seen according to
task, they are not evident in all tasks (Figure 36). Battery fitment (Task 1) was completed most
efficiently by the 26-59 age group, and not the 16-25 group as might be expected. Interacting
successfully with the product and locating the wooden stud (Task 2) did reflect the expectation
with the younger age groups completing the task significantly quicker than older age groups.
Locating the metal pipe (Task 3) and the electric cable (Task 4) mirrored this finding. The 16-
25 age group took the least time to successfully secure the products ‘hanging tool’ (Task 5) and

the 26-59 age group the least time to operate the laser-level function (Task 6).
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6.6.1 Hypotheses Acceptance

Participant knowledge was clearly enhanced through interaction and exposure. Correlations

were found to exist between age and experience and task completion time performance.

Hypothesis 1: Increases in age were correlated with decreases in amounts of knowledge
acquired during product exposure/interaction; r = -.394, n = 30, p = 0.031 and the effect of age
on differences in amounts of pre and post exposure knowledge or awareness of icon design was
significant [F (2, 27) = 415.969, p = 0.01]. The mean number of increases in warning icon
recognition/understanding over the course of exposure was 2.97 items. The overall average

number of increases in features identified over the course of exposure was 5.97 items.

Hypothesis 2: There is a correlation between age and technological familiarity or experience
supported by the TFQ data. Increases in age were significantly correlated with decreases in

overall TFQ score: r =-.462, n = 30, p = 0.004.

Hypothesis 3: There is support for the hypothesis that there will be correlations between age
and task completion time evidenced by the results presented. Task completion time positively
correlated with age in 5 out of 7 instances, indicating that a lower age was associated with a

quicker task completion time.

129



6.7 Inclusive Design Observations

A number of design issues were voiced during the course of interaction, which directly affected
participant performance and user experience. These included the LCD display timing-out too
quickly for individuals to fully comprehend the information available, and it was felt this
contributed toward participants finding it difficult to realise the functionality and purpose of the
different modes in searching for wood and metal objects. This in turn affected task success and
extended the time taken to complete tasks, as multiple efforts were required to obtain the
information. Continually pressing the detector button was demanding and fatiguing particularly
for older people. The provision of visual and audible feedback was considered beneficial in
highlighting object detection, but the audio frequency raised issues for older people with
deteriorating hearing. It was felt that more comprehensive and coherent icon design on the
product and packaging would enhance the accuracy and detail of product understanding and
interaction. During battery fitment, significant conscious attention was observable in locating
the battery compartment cover and inserting the battery correctly. This might be improved by
contrasting the colour of the compartment cover from its surroundings and labelling it Battery.
Differentiating the battery insertion diagram (Figure 41) from its background would also reduce
the amount of time and effort involved. The current design (left) appeared to particularly

disadvantage the older generation and significantly increased their task completion times.

Figure 41: Although embossed, the lack of contrast affects accurate battery polarity perception
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The design of the device and particularly its side-grips caused the LCD display to often be
occluded by the users’ hand (Figure 42). Equally, due to this issue, it would be easy to overlook
the illumination of the LED that indicates the detection of an electrical cable (Figure 43).
Ambiguity was also cited over the multi-functionality of the LED, as it illuminated both during
calibration and when detecting a live electrical cable. Misinterpretation could lead to the
misdiagnosis of a safety-critical situation by the user, with the potential to result in
electrocution. Equally, the fact that the device only detects /ive cables is another safety critical

factor, especially if they cables become live during or after wall drilling for example.

Figure 42: Implication of grip-design Figure 43: LED and screen occlusion

6.8 Conclusion and Summary

Through the course of this latter experiment, it has been possible to establish differences in

performance according to age-group membership, and identify outcomes of learning through

product experience and indicate how successfully this design facilitates learning. Some of the

key findings have been that;

e Participant knowledge was increased through interaction and exposure. This was evidenced
with increases in 1) iconic knowledge and awareness, and 2) feature recognition and

understanding
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e Increases in age were correlated with decreases between amounts of knowledge acquired
during product exposure/interaction

e The effect of age on differences in amounts of pre and post exposure knowledge or
awareness of warning icon and feature design was significant

e There is a negative correlation between age and technological familiarity/experience

e Task performance was also correlated to age in 4 out of 6 instances, the remaining two still
being marginally significant

e Accurate mental model development hinges upon accurate perception and interaction with
the product, and the success of the product, in facilitating learning and understanding,
hinges upon the designers ability to convey the correct message and communicate

effectively, through design

Exploration of the Technological Familiarity Questionnaire data revealed that 14% of the
sample reported intentionally avoiding reading instruction manuals or quick-start guides
accompanying the products listed. This poses an implication upon product design and designers
to convey all the required information through the product itself, especially when there is a
safety critical element to the operation of the product in question. The next chapter details the
administration of the TFQ on a larger scale, to determine the extent to which this manual

reading behaviour was commonplace.
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7: Investigation 4: Online Technological Familiarity
Survey

This chapter introduces and details the development of an online survey, based upon the
Technological Familiarity Questionnaire (TFQ) utilised throughout the experimental studies.
There are three main areas of focus, namely; the effects of age and technological familiarity,
the effects of age and self-reported manual reading behaviour, and the effects of gender and
self-reported manual reading behaviour. Initially a recapitulation of the TFQ and its
development is presented, followed by the rationale for the development of an online survey,

and the subsequent results of its administration.

7.1 The Technological Familiarity Questionnaire

As mentioned, prior experience questionnaires have been used to determine individuals’
product experience and feature familiarity (Langdon et al., 2010, Wilkinson et al., 2009). The
‘Technological Familiarity Questionnaire’ (TFQ) used originates from the work of Blackler
(2006) and was modified slightly in the initial two studies and revised again in the latter study
to detail a larger range of products (Appendix 10). In the online survey as no product
interaction occurred, the instruction to indicate any products that participants may have thought

of during interaction was removed.

Two general questions were asked about the list of products:
e How often do you use the following products?
e When using the products, how many features of the product are you familiar with and do

you use?
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The available responses to the first question ranged from ‘Every day’ to ‘Never’, and likewise
responses to the second question ranged from ‘All of the features (you read the manual to check
them)’ to ‘None of the features — you do not use the product’.

The results were rated according to Blacker’s rating protocol, the answers providing an
individual score for each question posed above, and an overall participant TFQ score
(Appendix 8). A relationship exists between score and experience — a high score being
indicative of greater experience and a low score representing a lower level of technological
familiarity. It was possible to analyse the resultant data in terms of Technological Familiarity

(Prior Experience), Gender, Age and Manual Reading Behaviour.

7.2 Why Develop the Online Technological Familiarity Survey

One intention of conducting an online survey was to verify if the trend of product experience
decreasing as a factor of age was replicable on a larger scale, outside of the experimental
setting. If so, it might validate the original findings and allow greater generalisability of results
to a larger population. Another aspect that the performance of the TFQ in an experimental
setting highlighted was the extent to which individuals self-reported using manuals when
interacting with products. 14% (n = 30) reported that they didn’t use instruction manuals to
interact with the products and devices listed and this included product manuals, instruction
booklets and quick-start guides. The online survey was thus developed based solely upon the
experimental TFQ and administered on a larger scale (n = 74).

Some explanations for this behaviour were born out of the interview and discussion material

during Investigation 3, a brief summary of which is documented below.
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7.3 Reasons for Avoiding Manual Reading

The verbal reports and interview material gave illuminating insights into why manual reading
behaviour may be avoided. Some individuals are simply of a more visual persuasion, preferring
icon and image visualisation over text (Participant 22I3). Such participants preferred more
visual information available on the product, feeling this would have enhanced their product
interaction performance and fitted well with their desire to learn product function directly from
the interface, in accordance with the work of Shneiderman (1983) and Norman (1988). This
participant considered it to be simply a cost (in terms of time) versus benefit analysis - reading
instructions was considered time consuming and cognitively involving. There was also an
emotional element: according to one participant new items need to be played with, there and
then, for immediate gratification. The participant had made an association between enjoyment
derived through direct manipulation and interaction with the product and negativity derived
from reading the instruction manual which interrupted the enjoyment experience. This is
supported by the notions of Physio, Ideo, Psycho and Socio Pleasure put forward by Tiger
(2000) and Porter et al. (2007) who proposed that there is a reciprocal relationship between
emotion and interaction, and that product design can affect emotion and thus enhance the return
of pleasure from interaction. Similarly, participants reported an apparent information/time
trade-off — participants in the study tended not to read (or want to read) all the information
available. The immediacy of access to information also appeared be a factor - if the information
is easily accessible (within the immediate environment) there appears a greater likelihood of it
being read or accessed. If the manual is required it is considered a laborious activity for which

there is less motivation. The association of the manual as a laborious artefact was perhaps
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summarised neatly by Imeson (2011) who observed that modern manuals were more concerned

with avoiding litigation, as they were about assisting toward successful interaction:

“Don't you love the three pages of disclaimer information sheets and one picture of how to put

up lkea stuff?”

Some participants were less concerned about reading manuals for household products, but
when using more industrial products such as chainsaws or drills, were happy to invest in the
activity to minimise the danger of impairment or injury (Participant 1913).

Another participant concurred with the concept of being a visual person who sought object
recognition, rather than searching for textual information in the environment (Participant 1713).
This particular individual adopted such an approach both when looking at and selling products.
Knowing what the product and packaging looked like, and basing visual search strategies on
this approach, was cognitively less demanding than reading either text on the packaging itself
or accompanying documentation. This is not uncommon, and can be considered as a basic
pattern recognition technique, reducing the extent of cognitive loading experienced to achieve
task resolution (Reason, 1990). It is not unfair to conclude individuals may be capable of
adopting similar approaches to product interaction — to search for recognisable and familiar

elements of the product to achieve task completion.

7.4 Procedure and Sampling

The TFQ used (Appendix 10) was converted into an anonymous, electronic, online survey
using ‘SurveyMonkey’; a free online survey software and questionnaire tool that allows the

rapid creation of online surveys and is capable of displaying results graphically in real time
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(SurveyMonkey.Com, 2011). Appropriately, the survey was designed to feature a welcome
page explaining and thanking individuals for participating toward the research about how the
use, awareness and experience of technology and specific products may vary according to age.
Anonymous age group and gender data were captured on the second page, and participants
were again categorised according to the age groups specified in the experimental studies: 16-
25, 26-59 and 60-80. The third page was entitled ‘Frequency of specific product usage’ and
provided the same products and response options as in the paper-based version, asking how
often the participant used the products listed. The fourth page was entitled: ‘Product Feature
Usage’ and asked participants to indicate when using the products listed, how many features of
the product were they familiar with and did they use. Finally, a fifth page thanked participants
for sparing the time to complete the survey. The results were then accessible to the researcher
online via the SurveyMonkey Analyze Results Interface.

As in the experimental studies, and mentioned previously in the cross-experimental
consistencies section (3.4.6 and 3.4.7), a number of recruitment avenues were followed in an
attempt to glean responses from a representative sample of the general population. Invitations
to participate were sent out across a number of mediums including Twitter, University of the
Third Age, Cambridge College Mailing Lists, and local publications, with the intention of
ensuring a varied response in terms of age, social and educational background, although these
factors were not expressly verified. Those wishing to participate in the research that couldn’t be
directly involved in the experimental studies, were emailed a link to the EDC Researchers
Department Profile Participation Page (EDC People, 2011) that, in itself, contained a link to the

electronic version of the Online TFQ Survey (SurveyMonkey TFQ Survey, 2011).
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74 individuals from a variety of backgrounds were recruited to minimise any educational biases
and maximise ecological validity. Participants were assigned to one of three groups according
to age: 16-25 (21 participants), 26-59 (33 participants) and 60-80 (20 participants). The total

sample consisted of 34 males and 40 females.

7.5 Data Analysis

Explanation of how the data were analysed to reveal the effects of trends regarding age and

gender on experience, interaction and manual reading behaviour will now follow.

7.5.1 Age

During both experimental and online investigations, participants were required to indicate their
age. Thus overall TFQ Scores could be assessed and analysed for correlations between age and

TFQ Score (level of experience or familiarity).

7.5.2 Gender

Another requirement was to specify the gender category participants felt they most alluded to

and this allowed assessment in terms of gender and TFQ Score.

7.6 Manual Reading Behaviour

This was extrapolated from the results and particularly focused upon participants’ responses to
the question posed on the second page of the Technological Familiarity Questionnaire
(Appendix 10): How many features on the product are you familiar with and do you use on a
regular basis?

As can be seen in Table 18, answers to this question range from ‘All of the features (you read

the manual to check them) to ‘“None of the features — you do not use this product’.
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Product All of the As Just Your None of
features many as enough limited the
(you read you can to get knowledge features
the figure by with of the —you do
manual out features not use
to check without limits your this
them) the use of the product

manual product

Television °

Video Recorder °

Satellite ° °

Television

Camcorder

(TV) DVD o

Recorder

Mobile b

Telephone

Each Column 4 3 2 1 0

assigned a

number

Number of 0 9 2 2 0 13

responses

multiplied by

the column

number

TFQ 2 Score 13

Table 18: TFQ 2 scoring system: Each column is assigned a number, and this
is multiplied by the number of responses the participant has in that category

It was only noted when participants had not indicated they read the manual to check the
features of a product for any of the 24 products listed (as in the reduced example above).

Any figure or score in this column would indicate that the participant had read the manual for
at least 1 of the 24 products. Where this occurred, they were subsequently categorised as being
manual readers.

The intention was to identify cases when the total in the first column was equal to 0, thus
permitting categorising participants as non-manual readers (it is acknowledged this approach
doesn’t allow for differences according to individual products). The inference from this
analysis was that participants’ with O in this column interacted without referral to the

instruction manual for all 24 products.
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For example, in the experimental condition (n = 30); 4 people out of 30 participants showed 0
in Column 1 indicating they didn’t read the manual and it was then possible to investigate this

in terms of Gender (Table 19).

Male Read Female Read Male Don’t Female Total
Read Don’t Read
11 15 2 2 30
37% 49% 7% 7% 100%

Table 19: Manual Reading Behaviour according to Gender

Although a rudimentary method of analysing manual reading behaviour, it does indicate the
presence of particular effects and, at worst, this approach under-represents the extent to which
users avoid reading product instruction manuals. With the procedure for extracting age, gender
and manual-reading behaviour presented, the experimental and online results follow (it should
be noted that only correctly completed questionnaires were used, as a number of online
versions were incomplete and it was necessary to remove them from the study).

The age group and gender breakdown used in the study is represented in Table 20 below.

Condition Age Group Number of Gender
Participants Breakdown
Experiment 16-25 10 2m 8f
Experiment 26-59 10 8m 2f
Experiment 60-80 10 3m 7f
Online Survey 16-25 20 9m 12f
Online Survey 26-59 34 18m 15f
Online Survey 60-80 20 7m 13f

Table 20: Age Group and Gender Analysis
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7.7 Results

7.7.1 Effects of Age on Technological Familiarity

Figure 44 represents the TFQ score comparison between the experimental and online survey
results. A similar trend is observable in both instances with the 16-25 age group possessing a

higher score than the 26-59 age group who possess a higher score than the 60-80 age group.

120
1 00 | 97.3

80 1 Al W 16-25

W 26-59
160-80

60

TFQ Score

40

20 1

0

Experimental TFQ Online TFQ Survey
Score (n=30) Score (n=74)

Figure 44: Technological familiarity questionnaire scores according to age

A 1-way analysis of variance (ANOVA) showed a significant effect of age on Overall TFQ
Score in the experimental condition: F (2, 27) = 3.470, p<0.05. Tukey HSD post-hoc analysis
indicated that the mean score for the 60-80 age group (M = 64.8, SD = 22.36) was significantly
different to the 16-25 age group (M = 97.3, SD = 16.32). The results for the 26-59 age group
(M = 85.6, SD = 39.69) were not significantly different from either of the remaining groups.

A 1-way analysis of variance (ANOVA) showed no significant effect of age on Overall TFQ
Score in the online condition: F (2, 71) = 2.552, p>0.05. The variation between groups in this
condition is not sufficient to provide significance, so that overall, only the identical trend of

younger people possessing higher TFQ scores than older people can be reported.
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7.7.2 Effects of Age on Manual Reading Behaviour

Figure 45 represents the number of people who self-reported not reading manuals for any of the
24 products listed within both the Online Survey and the Experimental TFQ.
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Figure 45: Age and self-reported manual reading avoidance behaviour

A 1-way analysis of variance (ANOVA) showed no significant effect of age on the avoidance
of reading instruction manuals in the experimental condition [F (2, 29) = 2.65, p>0.05] or in the
online survey condition [F (2, 73) = 1.277, p>0.05]. However, it is observable that 14% (n =
30) in the experimental condition and 34% (n = 74) of participants in the online survey
condition reported not reading manuals to interact with products.

In the experimental condition, out of the three age groups, more participants in the older age
group reported not reading instruction manuals. In the online survey condition, the greatest
reportage of instruction manual avoidance was by the 26-59 age group, with fewer older people
reporting avoiding manuals than the younger age groups. This indicates that the younger age
groups are more prepared to ‘learn-as-they-go’ than the older generation, of whom greater

proportions use manuals to successfully interact with products.
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The data on manual reading behaviour has further been analysed in terms of gender in Figure
44. In the experimental condition it indicates that one female in the 16-25 age group reported
not reading manuals, one male in the 26-59 age group, and one male and one female in the 60-
80 age group. In the online survey condition two males and seven females in the 16-25 age
group, seven males and five females in the 26-59 age group and four females in the 60-80 age
group report not reading manuals when interacting with products. More females report not
reading manuals than males according to the online survey, and this analysis is expanded in the

following section.

7.7.3 Effects of Gender on Manual Reading Behaviour

The data on gender and manual reading behaviour indicates in the experimental condition equal

numbers of males and females self-reported avoiding reading instruction manuals (Figure 46).
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Figure 46: Comparison of experimental and online results of Gender and Reading Behaviour

Almost half of the experimental sample that reported reading manuals were female (49%) and a
smaller proportion of males in comparison reported reading manuals (37%). The results of the

online survey were conversely more equally distributed regarding those that reported reading
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instruction manuals (32% female: 34% male), and more females reported avoiding reading
manuals (22%) than males (12%). Overall, it is evident that a considerable proportion of
participants confessed to avoiding reading instruction manuals and in the online survey more

females did this than males (Table 21).

Male Read Female Male Don’t Female Total
Read Read Don’t Read
Experiment 11 15 2 2 30
37% 49% 7% 7% 100%
Online 25 24 9 16 74
34% 32% 12% 22% 100%

Table 21: Experimental and Online Survey Comparison of Reading Behaviour

7.8 Discussion

The administration of the experimental TFQ indicated 14% (n = 30) of users ignored product
manuals. Thus the TFQ was developed into an online survey and administered to a larger
sample (n = 74). This revealed a conservative estimate of 34% of users self-reported ignoring
instruction manuals. It is worthy of note, that the TFQ Score Data followed the same trend
online as experimentally, and the fact that fewer older people self-report not reading manuals
may indicate the presence of a further a generational effect. Reasons for this were hinted at by a
number of older users who commented that when they were younger, products and technology
were not as robust or reliable as today’s products. Therefore, based upon this prior experience,
they were reluctant to misuse or abuse products through what they perceived to be inappropriate

interaction, and were more likely to follow instructions to the letter.
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7.8.1 Implications for Design

If a significant number of users ignore manuals, design must faultlessly convey the required
information — especially in safety critical situations. Industry appears to be following this trend
in terms of increasing usability/intuitiveness, as suggested by the President and CEO of Philips
Electronics, Gerard Kleisterlee, who considered that if a product was released that required a
manual, it could actually benefit from redesigning and simplifying (Kleisterlee, 2004).

It is important to recall, that no users understood a// the icons and warnings presented initially
in the latter experimental study, although some increases were apparent through exposure and
learning. There is a very real potential for electrocution/gas leakage/boiling water leakage if the
laser-level detector is incorrectly operated and a user inadvertently damages or drills through
pipes or cables hidden behind walls or fascias.

Older people experienced greater difficulty in operation and understanding, and therefore
learning, as highlighted by the warning icon recognition, product feature awareness and
interaction performance data. Although learning occurred, the older age groups level of
knowledge developed peaked at a similar point to that at which the younger age groups
awareness and recognition began. Clearly in these instances, product design can and should be
improved to facilitate and encourage ease of learning. A generational effect is evident that either
hampers learning through exposure, or places the older generation at an immediate disadvantage

with regard to learning, operating and interacting with these particular products.
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7.9 Conclusion

The Online TFQ Survey indicated that significant proportions of participants and users regularly
avoid reading instruction manuals and guides (34%). Kleisterlee’s (2004) observation justifies
and supports the prohibition of instruction manuals in experimental investigation as an
ecologically valid approach. The findings themselves highlight and reinforce some implications
for design: if product users are not utilising instruction manuals, then design needs to bridge the
gap and facilitate communication between the user and the device. Viewed in conjunction with
the previous findings, particularly of Full Scale Study 2 involving the laser-level detector, these
notions enhance concerns that not only are designers failing to understand the needs of the user
base, but that this is also impacting safety. Furthermore, it would appear the older user in
particular is being placed at a disadvantage in this respect. By establishing that there is a
fundamental problem that is alienating potential product users, the next chapter introduces the
notion of categorising interactional behaviour in terms of the SRK structure which will allows
us to assess the extent of cognitive load placed upon users due to product design. By
determining where within interaction, greater levels of cognitive demand are a consequence of
design, a new method can be used to identify product features that cause increased cognitive
loading, impede learning and understanding, and increase interactional complexity. The method
will then advocate addressing these issues by directing a redesign focus to these areas.
Increasing the ease of interaction and learning by ensuring greater amounts of activity occur at
the skill-based, automatic and unconscious level, to a broader age range of users, will widen

subsequent product inclusivity, and thereby widen the potential product market.
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8: Classifying Observed Interaction in terms of Skill, Rule
and Knowledge Based Behaviour

Frequent mention has been made throughout this work to the notion of Skill, Rule and
Knowledge based interaction. This chapter will introduce the concept in greater detail, and will
then report how the experimental interactions were classified according to the definitions of
each activity based on Rasmussen’s (1993) work. Following a brief elaboration regarding the
SRK Model itself, and provision of the working definitions, the procedure by which interaction
with a novel product was framed is provided and the results and conclusions presented. This
chapter makes particular reference to the transcribed concurrent protocols and observed
behaviour that were created after participants undertook the experimental elements of the
research. For complete reference, the reader is directed toward the technical report ‘User
Experiences of Product Interaction’ (Wilkinson, 2011, pp.57-190) published by the

Engineering Department, University of Cambridge.

8.1 The Skill, Rule and Knowledge Based Behaviour Model

As mentioned previously, Rasmussen’s model accounted for fluctuations in the level of
consciousness required during interaction, based on the assumption that individuals operated at
a level appropriate to the familiarity of the situation (Thomas & van-Leeuwen, 1999). The
model was developed by Wickens et al. (1998) to incorporate the type of cognitive processing
that occurs (Figure 8). In this context, it will be used to classify human behaviour during
interaction and simultaneously assess the extent of interactional complexity users experience as

a consequence of product design.
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Figure 8: Wickens’ (1998) expanded version of Rasmussen’s skill, rule
and knowledge-based processing model

By determining where, within interaction, greater levels of interactional complexity exist, the
suggestion would be to redesign or design-out the features causing confusion or difficulty,

thereby increasing the ease of use of the product.

8.1.1 Definitions of Skill, Rule and Knowledge-based Behaviour

Skill-based activities are often highly rehearsed procedures of behaviour: increasing the
automaticity of behaviour through repetition (making a cup of tea for example) reduces
cognitive loading and allows attentional and cognitive resources to be directed toward other
aspects of interaction (Wickens & Hollands, 2000). Such actions can be identified as being
highly practiced and fluently executed, requiring a minimal amount of conscious effort in their
implementation. Considered almost automatic, these actions are often swiftly repeated or
repeatable (Embrey, 2003, Sicart, 2008). Skill-based activity is susceptible however, to
attentional errors — skipping or repeating steps in well rehearsed action sequences, or when

stimuli trigger an inappropriate automatic response.
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The application of rules in the scenario to achieve the desired outcome is indicative of Rule-
based behaviour — the scenario may be familiar but to achieve task completion may require the
application of conscious attention to execute the associated rule-based response (Rasmussen,
1993). Rule-based mistakes refer to the application of ineffectual rules or rules that are no
longer appropriate. These are often short-cuts developed from experience that work most of the
time (Wogalter, 2006).

Knowledge-based behaviour is characterised by the exhibition of advanced reasoning (Wirstad,
1988, Reason, 1990). This approach often occurs in novel scenarios, where the situation is
unfamiliar: cognitive effort and resources are deployed in understanding the current situation
and developing pathways to the desired end-goal scenario which must also be conceptualised.
A consequence of exhausting all the options or behaviours at the skill or rule-based level is
increased cognitive element and situational demand. Resultant interactional response times are
usually greater than either skill or rule based interaction activity (Reason, 1990). Thus,
interaction typically requires greater attention and situational awareness, and is often prone to
error (Alario & Ferrand, 1999). Knowledge-based errors are failures in the mental models

people use or manipulate, or are based on erroneous perception of current stimuli states:

“...mistakes result from changes in the world that have neither been prepared for nor
anticipated...errors arise from the fact that the problem solver has encountered a novel
situation for which he or she possesses no contingency plan or preprogrammed solutions.”

(Reason, 1990, p61).

8.1.2 The Interaction of Perception, Error and Action

Lehto (1991) developed Rasmussen’s early model of processing to encapsulate human

behaviour and its implications in warning system design, indicating how perception, processing
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and action interconnect and influence each other. To show how the skill, rule and knowledge-
based approach will be conceptually applied, and the corresponding error types that may be
observed to aid the classification of behaviour, Lehto’s model and Rasmussen’s concept of
cognitive performance levels and error types have been combined in the following diagram

(Figure 47).
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Figure 47: Lehto’s (1991) model of human behaviour combined with Rassmussen’s (1990) performance levels
and Reason’s error types (1990)

These notions will directly determine what level of interactional behaviour is being adopted by
individuals. To reiterate the overall intention of this study, the aim is to apply the SRK
framework at a granular level toward the observed and documented participant behaviour. It
will further be used to examine interactional complexity and knowledge acquisition. In
inclusive design terms this will allow interactional and product design enhancements to be
suggested that would support skill and rule-based behaviour, reducing the cognitive resources

required for successful interaction and the occurrence of error.
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8.2 Applying SRK Classification to Novel Product Interaction

By way of introduction, an overview of the interactional findings of the first full-scale study
(FSS1) have been analysed in terms of the SRK framework. This is prior to the subsequent
studies’ more rigorous and granular classification of human behaviour in terms of SRK activity.
8.2.1 Classifying an Overview of Interaction

Based upon the definitions of Skill, Rule and Knowledge-based interaction, it is possible to
propose that observing the design of the first novel product — the electricity monitor — and
physically interacting with it via its button controls, is both a common activity and one that
only requires basic input from the user to be accomplished. Therefore with experience this can
be classified as skill-based behaviour. Accessing and utilising the scrolling-menu system
eventually became a skill-based activity, but initially participants would have operated at a
knowledge, then rule-based, level.

Interacting with the cost-setting function and the scrolling menu system was initially an
unfamiliar activity as participants had not developed skill or rule-based procedures or
sequences of behaviours. The interaction required the user to use their cognitive ability to enter
the correct form of information, and to understand that by entering specific information certain
results were obtainable. It also required users to actively review their input and the system’s
output, and therefore required greater conscious awareness in order to complete the activity.
That issues remained regarding the cost-setting functionality, even post-exposure, highlights
that it may be an area that would benefit from an inclusive redesign. It was clearly an aspect
that demanded much conscious activity even after initial exposure, where users continued to

operate at a knowledge or rule-based level. The intention would be to show how a redesign of
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this interaction procedure or individual features of the product may reduce it’s interactional

complexity and increase its usability.

8.3 The Classification Procedure applied to Full Scale Study 2

To reiterate, the research aim is:
“To investigate the efficacy of applying the SRK framework at a granular level toward
participant interaction to examine interactional complexity and knowledge acquisition.”

Figure 48 indicates the element to which the SRK classification procedure was applied.

Cantabeclipse Initial Warning lcon / Initial Product Exposure Interaction
Cognitive Irage Recognition (including Initial Product Performance:
Assessment Feature Recognition) Tasks 1-6
Post Exposure Warning lcon / Product Featurs Technological Familiarity
Bisemssien Image Recognition Recognition Questionnaire
Revisited Revisited Adrinistration

Figure 48: FSS2 experimental procedure

The aim of this approach is to collect qualitative data that can be quantified and evaluated to
reveal interactional behaviour in context. It is used to investigate and observe how individuals
learn to operate technological products through experience, and to identify where product
design may enhance or impede this process. In this instance, the qualitative data consists of the
complete video-footage of each individual’s user experience of interacting with the product
within the experiment. The footage was observed, documented and presented in transcript
form. The actions of each individual were interpreted with regard to which category of SRK
behaviour the participants’ behaviour was most indicative of. To ease discrimination, each of
the three categories were assigned a different colour and participants responses highlighted
accordingly. Skill-based (automatic) behaviour was highlighted in Green, Rule-based in Blue,

and the Knowledge-based (slow, conscious-processing) behaviour highlighted in Red.
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The following is a summary of the formal procedure set out by Chi (1997, p.8) for assessing
and interpreting qualitative data:

1) Reduce or sample the protocols (transcripts)

2) Segment the reduced or sampled protocols — optional

3) Develop or choose a coding scheme or formalism (SRK)

4) Operationalise evidence in the coded protocols that constitutes a mapping to a chosen

formalism

5) Depict the mapped formalism

6) Identify patterns in the mapped formalism

7) Interpret the patterns

8) Repeat the process — optional

Interactional behaviour was documented in transcript form and, as will be subsequently
detailed, the protocols have been segmented into 180 individual data sets. The coding scheme
adopted is the classification of behaviour according to the observation of Skill, Rule or
Knowledge-based activity, and the 180 individual data sets have been classified accordingly.
Chi (1997, p.17) proposes further justification for depicting the coding of the data;
1) As a way of presenting the data to the audience, (just) as quantitative data would be
presented graphically or in tabular form

2) To verify if patterns can be detected in the depicted data

Furthermore, Chi suggests that obtaining separate quantitative data from studies also provides a
confirmation of the qualitative analysis (p.7). The remainder of this chapter will expand upon
this approach, presenting the patterns found in the data and proposing an interpretation that
highlights how individuals learn through experience, and identifies where design may enhance

or impede this process.
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8.3.1 An Example of Classifying FSS2 Interaction

This example focuses upon the insertion of a battery into the household product (Table 22).
This was Task 1 of FSS2 and included locating and removing the battery compartment cover,
determining the correct orientation of the battery, correctly fitting the battery and replacing the
battery compartment cover. The total time taken to correctly insert the battery is 17 seconds.
The initial behaviours are swift and automatic — grasping the device and removing the battery

compartment cover located on the rear of the device. Hence, these behaviours are demarcated

in Green following the key definition of Skill-based behaviour discussed in section 8.1.1.

Time Product Observed Participant SRK Decision Knowledge Acquisition /
feedback | behaviour verbalisation | rationale Learning component
39.33 Device picked Skill-based
up in right hand motor action
and turned over,
cover facing up
39.37 Battery cover Skill-based
removed with motor action
left hand
39.39 Polarity checked Application of
— scan of rule regarding
terminals in battery fitment
product and on
battery
3941 Device checked No prior Knowledge
more experience / acquisition/affirmation
consciously and search for —new knowledge of
in greater detail knowledge or interaction is learned or
for battery information imparted
polarity
instructions
39.47 Battery inserted Application of
rule regarding
battery fitment
39.49 Cover replaced Skill-based
motor action
39.50 End

Table 22: SRK Classification applied to the transcript of observed behaviour

More conscious activity is observed whilst the participant scans and refers to the internal
diagram indicating the correct orientation of the battery. There is evidence of the application of

a rule as the participant checks for the polarity of the device, relying partly on expectation that
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the battery will have to be inserted in a specific orientation. This activity is therefore
highlighted in Blue. Unable to complete the task at this stage, activity develops into a search for
further information as the participant visually scans between the battery and polarity instruction
diagram within the battery compartment. Taking on a more conscious feel, this activity is
considered most akin to the key definition for Knowledge-based activity, and is demarcated
accordingly, in Red. This also highlights an element of interactional complexity, as the
individual is not operating at a fluid, skill-based level of interaction, but has had to intentionally
search for specific information in order to successfully interact with the product and complete
the task. Having acquired this information, the participant is considered to have implemented or
affirmed a rule regarding battery insertion. The new information acquired contributes to the
creation and implementation of this rule and this activity is demarcated in Blue indicating
operation at the rule-based level. The action of replacing the battery cover, being swift and
fluid-like, permits activity to be recorded in Green indicating operation at the skill-based level.

As can be observed, the classification goes further by detailing:

The timings of interaction

e The visual and auditory feedback produced by the device during interaction

e The observed behaviour of participants

e The justification for the skill, rule or knowledge-based classification decision

e The knowledge acquired, sought or affirmed during interaction

e Instances of misapplied rules, correctly applied rules, and incorrectly applied rules, are also
determined through interpretation of verbalisation, behaviour and contextual observation

Interactional complexity is identified as episodes within interaction that require the acquisition

or affirmation of knowledge, under the premise that if no knowledge is sought or affirmed, or
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rule applied, the individual will be operating with comparative ease at a skill-based level. Thus,
it is possible to frame interaction in terms of SRK activity and identify instances of
interactional complexity. Due to the chronological nature of the documented reports, this

approach also determines where, when, and what, knowledge is acquired within interaction.

8.4 Applying SRK Classification to the Complete Study Sample

The procedure was applied to the 6 tasks completed by all 30 participants, providing 180
individual data sets. To review the complete application of SRK classification to the observed
behaviour of participant interaction, the reader is directed toward the technical report ‘User
Experiences of Product Interaction’ (Wilkinson, 2011, pp.57-190).

8.4.1 Analysis of SRK Classification

The analysis focussed upon differences between age groups in terms of skill, rule, and
knowledge-based activity participants were engaged in during interaction. An additional
‘Other’ behaviour category was developed to allow for situations where there was no
observable interaction, no verbalised thought, extended pauses in speech, or when participants
were merely engaged in the activity of listening to product feedback. Studying the timeline of
interaction in each of the reports, it was possible to extrapolate the percentage of interaction
each participant was engaged in, performing a particular skill, rule, knowledge-based, or other
behaviour. This provides a straightforward method of determining each individual’s
engagement in a specific form of activity.

Table 23 represents the analysis performed upon the previous battery insertion example (see

User Experiences of Product Interaction, p. 73).
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Behaviour Type Skill Rule Knowledge Other
Time (Seconds) 4+2+1 2+2 6 0 17
Total (Seconds) 7 4 6 0 17
Percentage of task 41% 24% 35% 0% 100 %
interaction

Table 23: Analysis of SRK framed interaction identifying the predominant behaviour type

The task completion time was 17 seconds, and it is evident that this individual predominantly
operated at a skill-based level (41% of the interaction), applied rule-based behaviour for 24%
of the interaction, and engaged in knowledge-based activity for 35% of the interaction.
Observing the report itself, it is evident the participant needed to acquire information relating
the correct orientation of the battery in order to complete the task successfully, and this was

particularly an area where increased interactional complexity was experienced.

8.5 Complete Study Results

The complete study results of all 30 participants completing each of the 6 tasks were combined
to produce the following tables of overall percentages of time spent engaged in skill, rule,
knowledge-based, or other activity, according to age group membership and gender. For

reference, a more granular breakdown is available in Appendix 12.
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8.5.1 Results of SRK Classification according to age

It is evident from both Figure 49 and Table 24 that the overall predominant behaviour type

participants engaged in was skill-based in nature.
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Figure 49: Behaviour Activity Type Classification according to age group membership (n = 30)

Behaviour Type
Age Group Skill Rule Knowledge Other
16-25 54% 22% 11% 13%
26-59 49% 27% 11% 13%
60-80 39% 28% 15% 17%

Table 24: Complete Analysis of SRK classification identifying the predominant
behaviour type as a percentage of overall interaction according to age group

Rule-based behaviour was the next most commonly occurring type of activity with both
knowledge-based and other activity showing comparatively minute differences in terms of
overall percentages of behaviour participants were engaged in. Differences according to age
group membership are also apparent: the 16-25 age group engage in greater amounts of skill-
based interaction (54%) than either of the 26-59 age group (49%) or the 60-80 age group (39%)

who indulge in higher rates of rule and knowledge-based activity.
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8.5.2 Results of SRK Classification according to gender

Figure 50 and Table 25 indicate that the product has a marginal gender bias regarding skilled

operation, in favour of males.
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Figure 50: Behaviour Activity Type Classification according to gender (n = 30)
Behaviour Type
Gender Skill Rule Knowledge Other
Male 50% 23% 11% 15%
Female 45% 28% 14% 14%

Table 25: Complete Analysis of SRK classification identifying the predominant
behaviour type as a percentage of overall interaction according to gender

Table 26 indicates that 50% of males as opposed to 45% of females operated the product at a
skill-based level. The results suggest that females exhibit marginally higher levels of rule and
knowledge-based interaction than males as a percentage of overall interaction (28% to 23% and

14% to 11% respectively) but these results were not significant.
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8.6 Highlighting Interactional Complexity within SRK
Classification
The interactional issues highlighted in framing behaviour in terms of SRK activity centre
around some key areas that are both related to individuals’ and their personal capability, and
issues inherent in the design, that were interrelated:
e Physical problems affecting interaction —
o Participant movement capability — manifest in accessing the battery compartment cover
o Sight capability in terms of both locating the battery compartment cover and the internal
battery polarity diagram
e Design problems affecting interaction —
o Lack of detailing/differentiating the battery compartment cover from its surroundings
o Lack of detailing of the battery polarity diagram from its surroundings
A total of 16 participants had issues either with coordinating their physical movement toward
successful interaction or had difficulty in visually recognising either the battery compartment

location or internal battery polarity diagram. Again these results are age-related (Figure 51).
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Figure 51: Instances of interactional difficulty in physical movement or
visual recognition (n = 30)
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It is evident the older age group experience more difficulty interacting with the device,
particularly in relation to inserting the battery correctly and locating and manipulating the
battery compartment cover, although these issues affect users regardless of age.

8.6.1 Identifying Knowledge Acquisition within SRK Classification

The data also allow examination of the type of knowledge sought by users when interacting
with the product. Reflected within instances of interactional complexity, Figure 52 indicates
when users were reduced to a knowledge-based level of interaction. These are key points when
knowledge was both required and acquired to continue successful interaction with the product.
Thus, this identifies what, when, and where, within interaction, knowledge is sought and

learned, as well as identifying the issues causing users the greatest interactional complexity.

40
354
(3]
Y 30 H
cC
8
u),
525
G
© 20 -
(O]
Q
E 15 14
3
=
10
5,7
o T \D\D\I:l\l:l\D\ \EI\EI\ \I:l\ \C\
c [ N c
z2 s 8 8§ 5 ¥ T sy Bt 8 g s
s 2 &£ 2 5 s g a5 = 8§ g 8 & 9
s @ < o a & 5 & £ $ $ o © 2
L © a = » o 2 O E 8 ©® @ 1 o g
> S 5% 2 5833292 ¢ 2356 g
mxomggggs 3 2 & 2 ©
= 1 O — o O
s 3 F 2 2 0 S ¢ 3 o 5
© g n & - € 5 5 oo
g o 6 g Q0 2 2 5
- € © o ©® 0©
[0) © @©®© O < Ik
> E £ o I
o) 6 ® ¢ o]
[ O 2 D =
§ § o
o T o

Figure 52: Instances of interactional complexity where interaction is reduced to a
knowledge-based level, indicating the features of interaction involved (n = 30)
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Clearly the two features of interaction causing the most challenge and greatest interruption to
operation at skilled, or rule-based levels of interaction regardless of age or gender, revolve
around determining Battery Polarity and the location of the Battery Compartment Cover. The
next most frequently occurring design implications centre upon the use of the Hanging Tool
that is attached when operating the laser-level function.

With regard to learning and ease of knowledge acquisition, the overall analysis indicates that
further consideration of how the information regarding battery polarity and battery insertion,
and battery compartment cover location and removal is conveyed to users would be well
justified. The compartment cover itself is quite understated and was frequently overlooked
because of this. The use of colour and labelling to highlight the cover and the internal battery
diagram would improve the ease of knowledge acquisition and learning considerably. The
analysis indicates that these elements were the information being sought most during
interaction, and indeed, these are elements that are required for successful interaction. Thereby
the current design is actively preventing users from interacting with the product intuitively,
which limits the product’s ease of use and potentially affects user perception and product and
brand loyalty. Alienating any consumer makes poor commercial sense, and a simple redesign

or rethink may overcome the issues currently hampering the product’s intuitive interaction.

8.7 Conclusion and Summary

The intention of this chapter was to introduce the classification of behaviour in terms of Skill,
Rule and Knowledge-based interaction, based upon Rasmussen’s model of cognitive
processing. The differences between these levels of processing were defined and used to

interpret the behaviour and verbalised thought processes of participants interacting with the
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novel device during the experiment. Skill-based interaction was effectively positioned on one
end of a continuum, representing an automatic and largely unconscious activity, with
knowledge-based interaction at the other, indicating activity that occurs in often novel
environments requiring much conscious attention. Rule-based interaction is considered to fall
somewhere between these extremes, defined by if-then associations between environmental
cues and actions. That these associations have already been formed implies previous experience
of similar situations that assist in decision making strategies toward task completion.

SRK classification was applied to the complete study sample of Full-Scale Study 2, framing the
interaction between user and product, as each of the six tasks in the experiment were completed.
The main findings indicated that more members of the younger age group operated the product
at a skill-based level. In contrast, a lower number of older participants tended to interact with
the product at this level, and showed higher levels of rule and knowledge-based activity. Very
slight gender differences were also observed, and these findings were supported by the
Technological Familiarity Questionnaire data that found correlations between age, performance
and product experience.

The approach of framing interaction in terms of SRK behaviour has highlighted interactional
design and complexity issues, as well as analysing learning activity. It is recommended that
SRK framing is applied to all tasks a product, design, system or interface is designed to fulfil.
This research approach has been capable of identifying how and when learning occurs during
interaction, revealing precisely what information is learned, and has indicated the elements that
cause interactional complexity for users. The final chapter discusses the overall findings and

conclusions of the research in terms of the Research Plan outlined in Chapter 3.
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9: Discussion and Conclusions

This chapter discusses the implications of the results presented in Chapters 4 to 8 and how they
relate and interconnect with the theories discussed in Chapters 1 to 3. Following the
conclusions drawn, a critique of the work conducted and suggestions for future research are
presented. To recall, a pilot study was conducted to ascertain that the experimental approach
conceived was capable of gleaning the desired information. The first main study examined
mental model development, generational differences and differences in performance according
to individuals’ prior experience of technology. The second main study continued these themes
and also addressed the concept of learning development and knowledge acquisition during the
process of interaction. Of the two further investigations, the initial one took the form of an
online study that administered the Technological Familiarity Questionnaire on a larger scale.
This investigated differences according to age and experience, and highlighted findings
regarding the use of instruction manuals and manual reading behaviour adopted by users. The
final investigation focussed upon generational differences within the classification of user
behaviour in terms of skill, rule and knowledge-based behaviour according to the Rasmussen
(1993) model. The intention was to draw out greater information about what occurs during
interaction on a granular level to determine where, when and what knowledge is acquired
during the process of interaction, how design might influence this, and the effects of age upon
this process.

To recap, the intention of the overall project was to investigate the effect of prior experience
upon interaction and its role within Inclusive Design and toward this aim the overarching

research question posed was:
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Is there further knowledge to be gained for the design community from the study of

generational differences in terms of prior experience and contemporary product interaction?

This research question was subdivided into three main subcomponent research aims, which will
be discussed in conjunction with the presentation of their contribution toward answering the
overarching research question and their relation to literature:
1. To investigate the existence of age-effects regarding prior experience and any associated
affects upon interaction with a number of household products
2. To verify if a correlation between product experience and age exists on a larger scale,
outside of an experimental setting, and to investigate the extent to which individuals self-
report using or avoiding instruction manuals when interacting with products and the
associated implications for design and designers
3. To investigate the efficacy of framing interaction in terms of Rasmussen’s (1993) Skill,
Rule and Knowledge-based Model of behaviour and thereby determine how knowledge

acquisition is facilitated and identify instances of interactional complexity.

9.1 Addressing the first subcomponent Research Aim

This first subcomponent research aim was: ‘To investigate the existence of age-effects
regarding prior experience and any associated affects upon interaction with a number of
household products’. Subdivided ultimately into 8 components that were developed through
experimentation, each of these subcomponent elements will be introduced and the overall

findings discussed.
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9.1.1 Is it possible to determine the existence of age-effects regarding
physical approaches to interaction?

The interaction results were studied to reveal if participants’ approaches to interaction differed
according to age. In the first main study (FSS1), significant differences between the 60-80 age
group and 16-25 age group were revealed regarding task completion times, with numerous
correlations suggesting age is a factor in terms of task completion speed. This finding was also
repeated in the second main study (FSS2). There was a significant effect of age on task
completion time between the older and younger age groups, with age correlating to task
completion times in five out of seven instances. Overall, this suggests that age is a factor in the
speed with which tasks were completed: as age increased the speed with which these specific
tasks were completed also increased.

Differences were also apparent in FSS1 between the 60-80 age group and 16-25 age group
regarding the number of button presses made to complete tasks. Increases in age correlated to a
significant increase in the number of button presses made to complete task 1, and there was a
positive correlation between age and average number of button presses, showing the same
trend. Thus, the interactional accuracy of the older generation appeared compromised in this
respect. Significant differences between the 60-80 age group and 16-25 age group also were
revealed in this study regarding the number of erroneous interactions made. Positive
correlations between age and the number of erroneous interactions made to complete task 5 and
for the overall average number of button presses were also observed. The correlations indicate
that in these instances, increases in age correlate to increases in the number of button presses
made to achieve task completion. This indicates that again, as the participants age increases, the

design appears to impair interaction, causing it to be less accurate or efficient, and placing such
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users at an interactional disadvantage. Further correlations indicated that increases in age were
associated with higher levels of time taken per individual button press. This indicates that as
individuals age they take longer to physically interact with products, devices or systems. This
may be due to age-related physical dexterity issues, a decline in cognitive ability or exposure to
age-related design phenomenon that preclude or compromise efficient interaction. As a whole,
these results indicate that it is possible to determine the existence of age-effects regarding
physical approaches to interaction, and are in line with research that suggests generational
differences are a factor in terms of product interaction (Docampo-Rama, 2001, Freudenthal,
2001, Langdon et al., 2010, Tarakanov-Plaz, 2005). From a design perspective, these results
show that as the participants’ age increased, so their interaction with the product was
compromised, evidenced in less accurate and efficient interaction, and ultimately placing such

users at an interactional disadvantage.

9.1.2 Is it possible to determine the existence of age-effects regarding the
level of icon recognition?

The notion of icon recognition was examined by assessing participants’ pre-product-exposure
levels of icon recognition, and their levels of post-product-exposure icon recognition. Analysis
indicated no significant difference between the age groups at the pre-product-exposure stage,
but significant differences between older age group and middle age group, and between the
older age group and young age group in the post-product-exposure stage. Increases in age were
also found to correlate to a significant decrease in icon recognition at the pre and post-product-
exposure stages and correlated to decreases in iconic information acquisition during exposure.

This provides further evidence for the generational effect — that as we age our ability to acquire
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new knowledge and learn from interaction decreases, and that the knowledge we bring to

interaction also decreases as a factor of age.

9.1.3 Is it possible to determine the existence of age-effects regarding the
level of product feature recognition?

The notion of feature recognition was examined by assessing participants’ pre-product-
exposure levels of feature recognition, and their levels of post-product-exposure feature
recognition. Analysis indicated a significant difference between the 60-80 age group and the
26-59 age group at the pre-product-exposure stage. Significant differences were also indicated
between the 60-80 and 26-59 age groups, and the 60-80 and 16-25 age groups in the post-
product-exposure stage. In both stages age was a significant factor in feature identification and
in the amount of product feature knowledge gained through exposure. The older age groups
ability to acquire information and learn appeared to be adversely affected. Furthermore,
increases in age correlated to significant decreases in feature recognition at the pre and post-
product-exposure stage, and to decreases in the ability to acquire product feature knowledge.
As individuals age their ability to acquire feature related information would appear to decrease
as a correlational factor of age. These findings, again, are in accordance with literary
expectation (Norman, 2002, Mescellany, 2002, Docampo-Rama, 2001 and Langdon et al.,

2010).
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9.1.4 Is it possible to determine the existence of age-effects regarding the
numbers of products that participants are prompted of during
interaction?

Prompted product recall was examined in both experiments, although primarily the latter.
However, reappraisal of the findings of FSS1 in this context are warranted. Investigating the
potential transference of product knowledge from familiar to unfamiliar products, the study
examined the number of products participants referenced during experimentation. In the latter
study this was expressly labelled ‘prompted product recall’. In the former study, examination
focussed upon the most frequently referenced products during interaction and discussion. In
this instance, it appeared that those in the 26-59 age group were most used to the multi-button-
press interactional approach and the multi-button functionality model required. This feature of
the product was most likened to alarm clocks, digital watches and DVD controllers by 14 out of
30 participants (Table 9). The 26-59 age group referenced the largest quantity of products
possessing similar characteristics (16) followed by the 16-25 age group (10) and the 60-80 age
group (6). In the latter study, comparison according to age group membership revealed that
although there was no significant effect of age upon prompted product recall, a trend was
evident that indicated recall differed uniformly with age. Younger individuals recalled higher
numbers of products than older individuals, and although differences between groups were not
significant, increases in age did correlate to a significant decrease in prompted product recall.
This indicates the existence of a generational effect — our ability to recall products decreases
with age. In terms of this research, this implies the older generation will be compromised in the
extent to which they can draw on other frames of contemporary interactional reference, when
interacting with a novel device. That the younger age groups indicated greater numbers of

products, may be linked to their superior performance with the novel products, and provides
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further evidence for feature familiarity and the transference of product mental models

facilitating novel product interaction.

9.1.5 Is it possible to determine the existence of age-effects regarding the
extent of prior technological familiarity?

The administration of the Technological Familiarity Questionnaire (TFQ) provided the
opportunity for experimentation to establish the extent to which participants’ interacted with
specified technology on a regular basis and the number of products with which they were
familiar. In the former study, TFQ analysis showed a significant effect of age on frequency of
contemporary product use, indicating that the older participants were less familiar and
interacted with the products less frequently than the younger and mid-age groups. Analysis also
indicated that there are significant differences between the older age group and the younger age
group, and between the older age group and the mid age group, in terms of product feature
familiarity. This result implies that older individuals are significantly less aware or use fewer
features of the examples of the products presented than individuals belonging to the younger
and mid-age groups. Increases in age significantly correlated to decreases in the frequency with
which participants interacted with the technology identified in the TFQ and to a decrease in the
use and awareness of product features. Overall, this indicates another strong generational effect
— ageing equates to less feature awareness and contemporary product interaction.

In the latter study (FSS2), the expectation that older users would experience greater difficulty
and be less familiar with current technology (Tarakanov-Plaz, 2005) was largely supported by
the experimental data. Although there was no effect of age on TFQ Q1 score regarding the
frequency with which participants interacted with the specified technology, there was a

significant effect of age upon awareness and use of product features (Q2) between the older and
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younger generation, and this was replicated in terms of the overall TFQ Score. Similarly there
was a significant correlation between age and overall TFQ score, indicating that increases in age
correlated to decreases in the frequency with which participants interacted with the technology
identified in the questionnaire, and to a decrease in the use and awareness of product features.
Overall, this indicates another strong generational effect — ageing equates to less feature
awareness and product interaction. Thus, it would appear that prior technological familiarity or
experience is affected by age and that increases in age relate to decreases in breadth and depth
of product knowledge and usage. This supports literary expectation that older individuals will
experience difficulty interacting with non-familiar products or designs (Howard & Howard,

1997) and may provide some explanation as to why this might be the case.

9.1.6 Is it possible to determine the existence of age-effects upon conceptual
understanding?

The concurrent protocol was assessed to examine how participants understanding of interaction
differed between groups and changed over time. In the former study, all participants initially
recognised that the product was electrical in nature and made reference to plug devices and
measuring tools in the initial phase of questioning. The 26-59 age group provided the most
accurate and elaborate descriptions at this stage. At the mid and the latter stages, again, the
older generation provided the vaguest descriptions of the device and what it was designed for.
The 16-25 and 26-59 age groups provided at this point, more concrete, thorough, and accurate
descriptions of the purpose, function and interaction of the product. The scrolling menu feature
of the product was learned and understood by all age groups, and the most cited product
resemblance was to digital watches and alarm clocks, both featuring multi-button press

requirements, scrolling menus, and up and down adjustment controls. The 26-59 age group
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cited the highest number of similar devices. Thus it was clear differences were apparent
according to age group membership and the older generation again appeared most
compromised in their ability to formulate accurate internal models of the product and its
required interaction technique. This concurs with literary expectation that model development
and interaction can be compromised with age (Burke & Mackay, 1997, Langdon et al., 2010,
Pape et al., 2002, Dickinson et al., 2003 and Weiss, 2002).

Analysing the concurrent protocol of participants from the latter experimental study (FSS2) in
combination with the experimental data (task performance times, icon recognition, product
feature recognition, understanding of product function, functionality, and conceptual
awareness), revealed increases in knowledge and understanding over the duration of product
exposure. Design features appeared fundamental to the creation and development of product
understanding and formation of an internalised mental model, and the mental model of the
product was significantly developed in the latter stages of the experimentation from a basic
initial concept to an accurate post-exposure conclusion. Feature familiarity was also a key
factor. For example, the On/Off switches including the sliding switch to operate the laser
function was felt to have been seen before by a number of participants in such devices as
mobile phones, including the tactile requirement to hold specific buttons for a time period to
activate a particular response or function. The transcribed reports indicate that the mental
models developed were dependent upon observations of features, icon recognition, and the
product design as a whole, as well as its designed interaction. Younger age groups recognised
greater numbers of both icons and product features, possessed the greatest TFQ scores and

highest numbers of prompted product recall. In combination, these elements contributed to the
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depth, accuracy and content of their mental models. This increased knowledge or awareness

also appears to account for their superior performance with the laser detector.

9.1.7 Are there other generational or age-related differences in interactional
approach observable?

Attitudes toward interaction also appeared to differ according to age as Dewsbury et al. (2007)
has suggested. Of particular note, in FSS1, it appeared that participants belonging to the older

age group were reticent and reluctant to try new things with the device, stating:

“I would have thought you should only have to press any of them (the buttons) once, not

multiple times. You're afraid and think pressing the buttons quickly will break it.”

Accordingly, the average time per button press data revealed that those in the 60-80 age group
took longer to make individual or combinations of moves, as opposed to the younger age
groups who were noticeably quicker in their average times per button press. In conjunction
with each groups level of technological familiarity, it is evident that the younger generations
possessed a greater awareness and level of interaction with contemporary technology than the
older generation. This greater level of familiarity may correspond to an increase in overall task
performance, and perhaps a notable observation is that the younger generations were the most
economical in their interaction — making the least number of errors in the shortest time. The
older generation quickly became frustrated when the product would not respond in an intuitive

fashion:
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“Young people would know about multi-button pressing and holding buttons, and have the
patience to try different combinations, until they get the response they want. I just don't have
the patience. I would try what I know, and if it didn't do what I wanted it to, I'd just go mad and

give up with it.”

Conversely, the concurrent protocol indicated that the younger generations’ interactional
approach was more relaxed and that they were convinced that, given time, they would obtain
the solution. These findings were considered further evidence for the fact that older participants
are less prone to engage with modern products and interfaces. That a greater level of familiarity
may consequently correspond to an increase in overall task performance is, again, in line with

the research of Langdon et al. (2010) and Blackler (2006).

9.1.8 Is learning and interaction facilitated by ease of feature and icon
recognition, and age dependent?

The awareness and recognition of product features and icons was examined in the solely in the
latter study, and the number of product features identified increased cross-generationally over
the course of exposure. The average number of increases in features identified over the course
of exposure was 5.97 items. The extent to which a greater number of product features were
recognised by the younger generations initially and subsequently is of interest both to this study
and to the overall design of products. In both instances of learning and knowledge acquisition
recorded by this approach that consisted of increases in warning icon and product feature
awareness and understanding, it was evident that the younger age group exhibited greater rates
of learning and knowledge acquisition. The 16-25 age groups’ rate of learning was the most

accelerated although the 26-59 age group exhibited the greatest amount of initial recognition
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and awareness of warning icons and product features. Of further interest is that the level of
knowledge acquired by the older age group at the end of exposure, is roughly at the level at
which the younger generations commence the study. Thus, it may be that these icons and
features may themselves alienate older users. Greater levels of icon and feature recognition also
correlate with greater levels of interaction performance in this study and are traits exhibited by
the younger age groups. This provides further evidence that familiarity is age-related, and as
such, is a key aspect in performance and user-centred design that aims to facilitate more

intuitive interaction.

9.1.9 Subcomponent 1 Conclusion

The aim of subcomponent 1 was to determine the existence of age-effects regarding prior
experience and any associated affects these have upon interaction with a number of household
products. It is clear that the findings supported the notion that age-effects did exist in terms of
physical approaches to interaction, the extent of icon and feature recognition and prompted
product recall, and technological familiarity, and that these elements contributed to differences
in terms of conceptual understanding and development. Furthermore, the ease of feature and
icon recognition appears to facilitate successful and effective interaction. Through
experimentation then, it has been possible to establish differences in performance according to
age-group membership. Younger people appeared more adept at interacting with contemporary,
novel products confirming literary expectation (Norman, 2002, Mescellany, 2002, Docampo-
Rama, 2001, Langdon et al., 2010). It appeared that the specific features and warning icon
designs and symbols used within this product may alienate older users, as fewer recognised and

understood their meaning, and their overall performance suffered. This may provide further
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evidence and justification for feature familiarity being a key aspect in user-centred and
inclusive design. The notion that older participants were hampered by being unable to transfer
useful information from other products may be supported by the evidence that the number of
products they were reminded of during interaction was significantly lower than the younger
generations. The observation that the younger age groups were reminded of greater numbers of
products may also be linked to their superior performance with the novel product. This supports
the theory of feature familiarity and transference of product mental models facilitating novel
product interactional performance. This notion is also supported by the results of the TFQ
administration, which concluded older individuals possessed less prior experience with a range
of contemporary technology products than the younger generation and may provide further
support for a generational effect in that as we age our inclination to ‘keep up to date’ with the
latest developments may decline (Wright, 2006).

Design elements were apparent in the studies causing users interactional difficulty. These
ranged from poor display design — digits being too small and compromising readability, screen
illumination being considered insufficient in the low-lighting conditions that the devices might
reasonably be subject to, and the difficulty of button manipulation for older users. These factors
are evidence of both poor user centred design and a lack of user consideration (Rogers et al.,
1997). Amongst many other aspects, it is well reported that manual dexterity decreases with
age and this impacts directly upon ease of product use for older people (Osman et al., 2003).
Overall, the interaction and observational evidence presented throughout this work would
suggest that simple alterations to the physical design and the method of interaction would
enhance individuals’ ability to learn and use these products, potentially having an immediate

impact upon product usability. Indeed, more informed initial design conceptualisation might
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also have alleviated the problems experienced, regardless of age, in the products released to

market.

9.2 Addressing the second subcomponent Research Aim

The second subcomponent research aim was: ‘To verify if a correlation between product
experience and age exists on a larger scale, outside of an experimental setting, and to
investigate the extent to which individuals self-report using or avoiding instruction manuals
when interacting with products and the associated implications for design and designers’. This
was addressed with a comparison of results from the Technological Familiarity Questionnaire
administered as a factor of FSS2 and an online version of the questionnaire administered to a
larger sample. Subdivided into 4 components, a key intention of conducting the online survey
was to verify if the experimental trend of product experience decreasing as a factor of age was
replicable on a larger scale outside of the experimental setting. The existence of age and gender
effects were also examined in terms of the extent to which individuals self-reported using
manuals when interacting with products, and finally, from a design perspective, if there are
design implications posed by users’ approaches to manual reading behaviour. Each of these

subcomponent elements will be introduced and the findings discussed.

9.2.1 Is it possible to determine the existence of age-effects regarding the
extent of prior technological familiarity in both an experimental
and external setting?

The Technological Familiarity Questionnaire was developed into an online survey to
investigate both if a correlation between age and product experience exists on a larger scale,

and to examine the extent to which users read instruction manuals when confronted with novel
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products. Although there was a significant effect of age on TFQ score in the experimental
setting, this was not replicated in the online survey results. However, the same trend was
observed regarding overall TFQ scores in the online study as in the experimental setting — the
16-25 age group possessed a higher score than the 26-59 age group who possessed a higher
score than the 60-80 age group. Thus, whilst it is not possible to confirm on a larger scale, that
there is a significant effect of age upon TFQ score, the general trend observed indicates that
although not statistically significant, the trend for younger individuals to possess greater

amounts of contemporary product knowledge than older individuals is maintained.

9.2.2 Is it possible to determine the existence of age-effects regarding manual
reading behaviour in both an experimental and external setting?

Analysis showed no significant effect of age on the avoidance of reading instruction manuals in
the experimental condition or in the online survey condition. However, greater proportions of
participants reported not reading manuals to interact with novel products in the online
condition: 14% (n = 30) in the experimental condition and 34% (n = 74) of participants in the
online survey condition. The results of the online survey condition, with the greatest reportage
of instruction manual avoidance by the 26-59 age group, and with fewer older people reporting
avoiding manuals than the younger age groups, suggests that the younger age groups are more
prepared to ‘learn-as-they-go’ than the older generation, of whom greater proportions use

manuals to interact with novel products.
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9.2.3 Is gender a factor in self-reported manual reading behaviour?

In the experimental setting (n = 30), 7% of males and 7% of females reported intentionally
avoiding instruction manuals when confronted with the products identified on the TFQ. In the
online survey condition (n = 74), more females reported avoiding reading manuals (22%) than
males (12%). Therefore, there does appear to be some evidence for gender to have an effect
upon manual reading behaviour in the online survey condition. However, investigation of
gender was only of peripheral interest to the study. The more relevant finding was that
regarding the overall numbers of participants who admitted to avoiding reading manuals when
interacting with products: 14% (n = 30) in the experimental condition and 34% (n = 74) in the
online survey condition. This was felt to pose serious ramifications for designers, particularly

of products or systems that possessed implications for user safety.

9.2.4 Are there design implications posed by users’ approaches to manual
reading?
As already mentioned, this study found that 14% of users in an experimental setting and 34%
of users in an online survey admitted to ignoring or avoiding reading instruction manuals when
confronted by new technology. Recalling that no participants in the experiment understood al/
the icons and warnings presented initially on the product in the study, and that 14% of these
participants freely admitted their preference for avoiding manuals, it is a concern that the
product itself does possess implications for user safety. There is a real potential for
electrocution, gas or boiling water leakage, if the laser-level detector is incorrectly operated and
a user inadvertently damages or drills through pipes or cables hidden behind walls or fascias.

Although learning occurred in both scenarios due to product exposure, in both instances the
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level of knowledge developed by the older age groups peaked at a similar point to that at which
the younger age groups awareness and recognition began. Clearly in these instances, product
design can and should be improved to facilitate and encourage ease of learning, and to alleviate
the generational effect that is evident. This effect either hampers the ability of the older
generation to learn through exposure, or places them at an immediate disadvantage with regard

to learning, operating and interacting with this product.

9.2.5 Subcomponent 2 Conclusion

The fact that older individuals were more inclined to read manuals may indicate the presence of
a further generational effect in terms of their approach to technology and problem solving.
Older users may have concerns about damaging products based on prior experience and thus
‘follow the rules to the letter’. Or, as found in these studies, be less inclined to continue to
achieve task completion or contemplate interacting with a novel product. Reasons for this were
indicated by a number of older users who commented that when they were younger, products
and technology were not as robust or reliable as today’s products, therefore they were reluctant
to misuse or abuse products through what they perceived to be inappropriate interaction.
Similarly, some users stated that if the device didn’t respond as they expected, they would be
more inclined to “give up with it” than complete the task in hand. The study highlighted the
importance of communicating effectively through design to compensate for the reluctance of
users to peruse instruction manuals. Thus, there is greater impetus and need for design and
designers to convey the correct message in a way it will be understood to ensure successful and
safe interaction. The ability of users to accurately comprehend the message is also a factor

within this research, as findings indicate that regarding icon and feature recognition, older users
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in particular may be placed at a disadvantage. This age group is thus being excluded, purely on
the basis of age and insufficient consideration, awareness, or knowledge of the needs of a

significant proportion of the potential product market.

9.3 Addressing the third subcomponent Research Aim

The third subcomponent research aim was: ‘To investigate the efficacy of framing interaction in
terms of Rasmussen’s (1993) Skill, Rule and Knowledge-based model of behaviour and thereby
determine how knowledge acquisition is facilitated and identify instances of interactional
complexity’. This was addressed with the application of the SRK framework at a granular level
toward participant interaction and examined both interactional complexity and knowledge
acquisition. The video-footage of each individual’s user experience of interacting with the
product within the latter experiment was observed, documented, and presented in transcript
form. Each individual’s actions were classified in terms of which category of Skill, Rule or
Knowledge-based behaviour the behaviour was most indicative of. The procedure was applied
to the 6 tasks completed by all 30 participants, providing 180 individual data sets, and the
analysis examined the effects of age, gender, knowledge acquisition and interactional

complexity. Each of the subcomponent elements will be introduced and the findings discussed.

9.3.1 Do users operate at different levels of Skill, Rule or Knowledge-based
activity according to age?

It is evident from the analysis that the overall predominant behaviour type participants engaged
in during interaction with the laser-level detector was skill-based in nature (Table 24). Rule-

based behaviour was the next most commonly occurring type of activity with both knowledge-
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based and other activity showing comparatively minute differences in terms of overall
percentages of behaviour participants were engaged in. Differences according to age group
membership are also apparent: the 16-25 age group engage in greater amounts of skill-based

interaction (54%) than either of the 26-59 age group (49%) or the 60-80 age group (39%).

Behaviour Type
Age Group Skill Rule Knowledge Other
16-25 54% 22% 11% 13%
26-59 49% 27% 11% 13%
60-80 39% 28% 15% 17%

Table 24: Behaviour Type according to age group membership

Thus, it is evident that users operate at different levels of skill, rule and knowledge-based
behaviour according to age, and that interaction predominantly occurred at a skill-based level,

followed by rule and knowledge-based activity respectively.

9.3.2 Do users operate at different levels of Skill, Rule or Knowledge-based
activity according to gender?

The results indicate that the product has a marginal gender bias. Males spent 50% of the

interaction operating at a skill-based level, whilst females spent only 45% of the interaction

operating at a skill-based level (Table 25).

Behaviour Type
Gender Skill Rule Knowledge Other
Male 50% 23% 11% 15%
Female 45% 28% 14% 14%

Table 25: Behaviour Type according to gender

The results suggest that females exhibit marginally higher levels of rule and knowledge-based

interaction than males as a percentage of overall interaction (28% to 23% and 14% to 11%
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respectively). Thus the results indicate that there are mild gender differences with regard to

level at which users operate.

9.3.3 How and what Knowledge is learned during interaction?

The analysis allowed examination of the type of knowledge sought by users when interacting
with the product, and highlighted the issues that reduced interaction from a skill-based activity
to a knowledge-based level of interaction. These were the key areas of design that
compromised users’ ability to interact intuitively with the device and caused interactional
difficulty or increased the complexity of the interaction. Highlighted in the following diagram
are all the instances where knowledge was either sought or gained during interaction with the
product (Figure 52). The features causing the most challenge and greatest interruption to
operation at skilled, or rule-based levels of interaction regardless of age or gender, revolve

around determining battery polarity and the location of the battery compartment cover.
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Figure 52: Instances of interactional complexity where interaction is reduced to a
knowledge-based level, indicating the features of interaction involved (n = 30)
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The next most frequently occurring design implications centre upon the use of the hanging tool
that is attached when operating the laser-level function. This analysis defines the moments
when the knowledge possessed by users was insufficient for them to operate at a skill-based
level, and where users were required to search for more information in the environment and the
product itself to be able to continue interaction. This approach has identified how and when
learning occurs during interaction, revealing what information is learned, and required to be

learned, and has indicated the elements that cause interactional complexity for users.

9.3.4 Is there a relationship between age, experience and level of
interactional complexity?

From the results of FSS2 that are directly connected with the SRK classification, it is clear that
the younger age groups showed a prevalence of operating at a skill-based level of interaction,
indicating that their responses were more automated, immediate and quicker toward task
completion than the older participants. To recall, Skill-based activity was defined as being
automatic and fluid-like with minimal cognitive requirement due to the familiarity and
experience. This finding is supported by the TFQ Data that also correlates technological
familiarity with age, indicating the younger age groups had a higher level of technological
familiarity with modern interfaces and products.

Interfaces ideally facilitate user-interaction at a skill-based level for successful operation.
Although skill-based behaviour was certainly evident, inclusively, the design of the battery
compartment cover and the battery recess was not as intuitively designed as it might have been.
This was seen as a fundamental area where the design and intuitive interaction of the product
could be significantly improved. Analysis revealed that 16 participants had difficulty solely

coordinating their physical movement for successful interaction or had difficulty in visually
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recognising either the battery compartments location or internal battery polarity diagram

(Figure 51).

Number of instances

16-25 26-59 60-80
Age Group

Figure 51: Instances of interactional difficulty in physical movement or visual recognition (n = 30)
9.3.5 Subcomponent 3 Conclusion

Developing the required skill-based behaviour should be straightforward and an underlying
aim of designers. If a user continues to operate at a rule or knowledge based level, it may
indicate that the user is experiencing difficulty deciphering interactional sequences or that the
overall design of the product is not facilitatory toward intuitive interaction and understanding.
Either specific elements of the task the user is trying to perform require alteration, or the
product design requires evaluation and ultimately simplification, to maintain interaction at a
skill-based level. To reiterate, if a user is still using the "slow, sequential, laborious and
resource-limited conscious processing" (Reason, 1990, p. 57) of knowledge-based behaviour
for basic operations, even after several times of trying to use it, at which point a user should
normally have developed their own stored rules and procedures (Rasmussen, 1987, p. 293), it
may be an indicator there is an issue with the way the product, or it’s interaction, is designed or
in the way information about the operation the user is trying to perform is being conveyed to

the user. Users may engage in knowledge-based behaviour in order to comprehend the

185



interaction initially and then follow through with planning, goal setting, and research, in order
to formulate and consolidate rule-based behaviours. Finally, these may be developed into skill-
based behaviours, capitalising upon an individual's automated, instinctual, behaviour and
reduce the level of cognitive processing required. It was evident from framing interaction in
terms of SRK activity, that subtle differences were observed according to age and gender in
terms of knowledge acquisition, learning and skill-based interaction. In this respect the overall
approach to determining both interactional design issues as well as analysing learning activity
was achieved. In combination with the other results presented throughout this work, this has
been successfully used to indicate how and when learning occurs during interaction, revealing
what information is learned and indicating product elements that cause interactional complexity
for users. These findings, then, can be used to inform the design process with the aim of

ensuring products are more intuitive to use by a wider proportion of the population.

9.4 Addressing the Overarching Research Question

Is there further knowledge to be gained for the design community from the study of

generational differences in terms of prior experience and contemporary product interaction?

The three main subcomponent research aims have each assisted toward understanding and
answering the overarching research question. The over-riding observation from the
experimental aspects of this work is the significance of prior experience and product
knowledge on interaction. The following diagram depicts the effect experience has upon
individuals’ capability to recognise product iconography and product features, and

subsequently upon product understanding and interaction (Figure 53).
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Figure 53: The effect of prior experience on interaction

Prior experience affects individuals’ ability to make accurate inferences about a products
function and purpose. This enhances the informational depth and content of the mental model
of the device developed by the individual. In combination, these factors contribute to user’s
interactional performance. Figure 54 presents a holistic overview depicting in greater detail

elements that were found to influence interaction that the design community should consider.
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Figure 54: Holistic overview of factors found to influence interaction
This work has shown how prior product experience, and particularly age, influences the ease
with which users are able to interact with products. Age and experience affect users’

knowledge of interface icons and features, and this has a significant impact upon successful
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interaction. This research has successfully classified interaction at a granular level and in so
doing has determined interactional complexity during the process of product interaction. By
classifying human behaviour in terms of skill, rule and knowledge-based activity, it has been
possible to observe where interaction was reduced to a knowledge-based level. It was evident
when this occurred, that users were attempting to acquire or affirm knowledge and that they
were being prevented from performing at a more desirable, skill-based level. The challenge
remains then, for designers to facilitate or maintain interaction at a skill-based, automatic, and
unconscious processing level, as it equates to usability, accessibility, and intuitive design and
use. That older people were regularly reduced from operating at such a level, to either a
knowledge or rule-based level of interaction, indicates they had to focus consciously on more
aspects of the interface, or the product interaction, to achieve a successful outcome than other
age groups. In this way, product design did compromise their ability to perform, and it would
appear there is also a direct correlation between prior experience and their performance. Whilst
with perseverance users were generally able to reach satisfactory outcomes with the devices, it
is more desirable from a user and marketing perspective to be able to operate such products and

devices intuitively and immediately. This remains a quest for Inclusive Designers.

9.4.1 Addressing Design for Older People

Differences in generational approach to problem solving with devices and gadgets were
highlighted within this study. The older age groups appeared wary about interacting with the
devices inappropriately. Whether this was due to their perception of contemporary
technologies’ inability to withstand abuse in today’s materialistic and disposable society is not

clear, but may explain why older participants in these studies frequently voiced concern that by

188



pressing multiple buttons at the same time they might break the device, and may also explain
their more restrained approach to discovering the correct sequences and problem solving in
general. Ageing itself is a factor, as although people are often able to perform familiar tasks and
skills up to a very advanced age, learning new skills and changing familiar routines becomes
more difficult (Craik and Jacoby, 1996). Also with age, the ability to focus and divide attention
tends to decrease (Greenwood & Parasuraman, 1997). Conversely, the younger generations are
familiar with thousands of new technological developments that are robust, reliable,
predictable, and safe. This is due to both internal and external components’ improved design
and use. Thus, modern devices can withstand what might be considered inappropriate input or
abuse with comparative ease. The approach of younger individuals to interaction is also more
flexible and uses more contemporary strategies and mechanisms (Docampo-Rama, 2001,
Weiss, 2002).

If the output of this study is viewed in terms of the age affects found, it is clear that older users

face greater difficulty interacting with products and require greater consideration:

Physical approaches to interaction were a function of age — younger individuals exhibited

quicker task completion times than older individuals

. The ability to acquire iconic information was found to decrease as a function of age

e Age was found to be a significant factor in feature recognition and in the amount of
product feature knowledge gained through exposure

e  Younger individuals recalled greater numbers of similar products than older individuals

J There was a significant effect of age upon awareness and use of product features and in

terms of the overall TFQ Score — younger individuals possessing the higher TFQ scores
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J Conceptual understanding of the product and it’s interaction was heightened for
participants in the younger age group, and the above factors appeared to have contributed
to both the increased depth, accuracy, and content of their mental models as well as their

performance with the product

9.4.2 How can this work impact and benefit the Design Community?

This research provides a wealth of information from experimental investigation and
participants’ interactional experiences that could be applied to the initial design and, if
necessary, the potential redesign of products and their interaction. Such improvements would
increase both the market and marketability of the product, whilst improving the user experience
and interaction for all individuals regardless of age.

These findings go some way to revealing why older participants ability to learn from product
interaction and exposure in the study and on a larger scale, may be adversely affected. Older
users recognised fewer features and iconic warning symbols than younger users. This appears
to place them at a disadvantage in terms of then learning from interaction, and affects their
ability to draw accurate inference from products. It also appears to impair their ability to create
accurate mental models, reinforcing the previously mentioned implication for design and
designers. This research provides the opportunity for designers to understand the age-related
issues involved, and identify the physical and cognitive issues causing interactional complexity.
The following diagram encapsulates the areas of study involved in this research and identifies
the knowledge gained from the study of generational differences in terms of prior experience
and interaction with contemporary technology products (Figure 55). The design community can

use this information to create better, more informed, and inclusive, design methods.
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Figure 55: Nodes of knowledge gained from the study of generational differences in
terms of prior experience and interaction with contemporary technology products

9.4.3 In conclusion

The overall intention of the thesis is to generate knowledge to inform designers and thereby the
design process. The research has also successfully highlighted where insufficient designer
consideration has negatively affected usability and product interaction for all users — young and

old alike. This has cost implications on product and brand loyalty. Adopting the inclusive
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design approach forming the basis of this thesis has the potential to increase usability regardless
of age, reduce subsequent manufacturing retooling and operational costs, and widen the market
for existing or potential products, designs and artefacts. As a whole, the thesis contains
knowledge that will help designers formulate better design methods. It aids and increases
design knowledge and understanding, can help designers to produce informed designs that will
be applicable to a wider proportion of the population and designs that work more effectively
and optimally first time and ‘out-of-the-box’, and can thereby increase product adoption and

product or brand loyalty.

9.5 Critique of Works and Avenues for Future Research

This section sets out to acknowledge the areas of research that were unforeseen or
unanticipated, and attempts to modestly acknowledge where good research practice was

manifest. [deas and suggestions for future research are then presented.

9.5.1 Critique of Works

9.5.1.1 Sampling Methodology

Although the intention of sourcing a representative sample from which to generalise was
present throughout the study, one shortfall was that verification wasn’t conducted. For
example, although the procedure adopted attempted to utilise participants from a broad
spectrum of educational backgrounds, participants were not required to divulge their actual

level of educational or academic achievement. Retrospectively, this was an oversight on behalf
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of the experimenter who attempted to minimise the extent of personal intrusion in the interests
of encouraging participation.

Equally, issues regarding computer literacy were not acknowledged. Although multiple sample
participant acquisition streams were utilised including local publications and advertisements in
local shops, the remaining stream relied upon web-related media and therefore required internet
access and a degree of computer literacy. This may have caused bias or introduced an
extraneous variable within the participant recruitment process that may have affected individual
performance. This should have been verified and needs to be acknowledged.

Furthermore, the online investigation into technological familiarity naturally relied upon an
adequate level of computer literacy and internet access. Although an efficient questionnaire
administration strategy, this undoubtedly introduces an unwelcome element of bias when
attempting to generalise from the sample population, as it cannot be concluded that all
members of a population will have similar levels of competency or internet connectivity.
Computer literacy, web access and the ability to respond electronically, may be seen in
themselves, as additional indicators of increased technological familiarity that could potentially
distort the results. However, the technological familiarity questionnaires in particular were
designed to target specific contemporary technology products in order to minimise this

possibility.

9.5.1.2 Allocation of Participants to Age Group Ranges

Although the rationale for the age groups utilised in the study has been well justified, if time
and resources presented no obstacle to research, it would be rewarding to re-administer the two

main investigations using a more granular age separation; perhaps separating the sample from
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16-80 in approximately 10 year segments. This may elucidate more specific findings and a

specific age range within which interactional ability is optimum.

9.5.1.3 Pilot Study

Regarding the pilot study, the Cantabeclipse MOT reaction-time results were as expected,
showing that the younger age group performed the quickest, followed in turn by the 26-59 age
group, and the older age group taking the longest time to complete the test. However, the
difference between the groups did not appear particularly significant. The trend exhibited in the
SSP results was not as expected, with marginal differences between the youngest and oldest
groups, and the middle 26-59 age group possessing the greatest amount of short-term memory
retrieval. Equally, the number of button presses was highest for 26-59 group, as was the rate of
error, and mean interactional task completion times, and in this instance task completion times
were lowest for older age group. Time per button press was also lowest for older group, who
possessed the highest TFQ scores. Arguably the results exhibit little consistency, and don’t
conform to the literary expectation that the younger generation will perform the most
effectively and efficiently, and have greatest knowledge of contemporary technology. In
defence, conducting research and particularly hypothesis testing with premeditated results in
mind, is not good practice, and as much is learned from mistakes as from success. Regardless,
the methodology appeared fruitful and appropriate.

A factor that undoubtedly contributed to the effects observed was the use of only 3 participants.
This was perhaps not ideal ecologically, neither was it ideal that all participants possessed a

similar educational background. Both factors clearly compromised the opportunity to draw
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significant conclusions from the pilot study results, but useful output was forthcoming that

assisted the development of the later studies.

9.5.1.4 Full Scale Study 1

In Full Scale Study 1, again, the Cantabeclipse MOT and SSP results were not as expected,
with the 26-59 age group performing poorly in terms of task completion time, and slightly more
effectively than the younger age group regarding memory capability. The larger sample should
have prevented the experimentation from being susceptible to the problems experienced in the
pilot study. However, the product interaction results are generally more consistent and reveal
the expected trend of the youngest participants performing the most effectively and the older
participants taking longer and performing less well. The TFQ results were not entirely
consistent with expectation, indicating that the 26-59 age group used, and were familiar with,
more of features of the products listed than either of the other age groups. Perhaps the products
listed were more generationally orientated than expected — even though contemporary, it may

be that the middle age group were more attuned to the actual products listed.

9.5.1.5 Full Scale Study 2

The results of Full Scale Study 2 were largely as literature might have predicted. The younger
age group consistently performed the best regarding the MOT and SSP tests, the product
interaction task completion time assessment, and in terms of product recall comparison.
Similarly the older age group consistently performed the least well, particularly in terms of icon

and feature recognition and learning. Indeed, the researcher’s continued accumulation of
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knowledge and the application of this knowledge in terms of performing research, may have

contributed to the consistency of the results observed in this study.

9.5.1.6 Non-validation of the SRK Classification Scheme

Inter-coder (or interrater) reliability or agreement is the extent to which independent coders
evaluate a characteristic of a message or artefact and reach the same conclusion (Tinsley &
Weiss, 2000). The coding analysis and interpretation were conducted solely by the researcher.
Although not entirely an oversight, it is clearly deemed best-practice to perform such activities
by independent coders and to investigate the consistency of the results to minimise any
subjective effects. There was a concern regarding how much of the work would constitute
being the candidates’ sole research alone — a key requirement of thesis submission — if another
individual was tasked with coding the transcriptions of observed activity. This regulation may
have been taken too literally, and retrospectively, a compromise might have been to
acknowledge an additional coders contribution and obtain coding consistency on a small subset
of transcriptional data.

Chi (1997) states: “If there is a great deal of discrepancy between two raters in the first pass
(interrater reliability of less than 80%, for instance, then this should caution the researchers to
redefine the categories, rather than to concentrate their efforts only on resolving the interrater
discrepancies” (p.23). This was a key reason much time and effort was consumed ensuring the
definitions of Skill, Rule, and Knowledge-based activity were thorough, clear, and unequivocal
— to make it transparent and clear how the approach was applied, and thus make it easily

repeatable. This objective, it is felt, was successful.
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Transaction and coding are also often labour-intensive: “Typically, verbal data tend to be
voluminous: 1 hr of tape may take up to 10 hr to transcribe, which can result in 15 to 50 pages
of text (to code)” (Chi, 1997, p8). This study’s data collection consisted of 30 x 1 hour records
that were transcribed and coded in their entirety. This fact compounded the researcher’s
concerns about requesting additional coders to contribute to the coding and analysis. However,
as Chi also states: “Oftentimes, a researcher’s (unique) contribution is the evidence that she or
he can ferret out of the verbal data” (p13).
Although no formal verification of the coding procedure occurred, the researcher would request
the reader to observe that the potentially subjective interpretation was validated by other
qualitative and quantitative data presented in the study:

® Qualitative in terms of participants discussions of their conceptualised understanding

during the study
e Quantitative in terms of icon and feature recognition data, task completion time data, and
technological familiarity questionnaire data

These factors support and validate the interpretation and classification by indicating often
strong correlations between age and performance. Indeed, “quantitative data can serve as
confirmation of the qualitative analysis and vice-versa” (Chi, 1997, p7). The fact that older
users recognised fewer features and icons and performed less well correlates with them
operating at a knowledge-based level. This empirical data alone goes some way to validate the
potentially subjective interpretation and results thereof. The sole remaining counter-argument
would therefore be that the researcher has made the findings of the SRK classification ‘fit’ the
non-subjective and empirical quantitative and qualitative results, and with the utmost integrity

and honesty, the researcher states this is not the case.
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9.5.1.7 The Development of Mental Model Understanding

Although this work focuses heavily upon the concept of mental models and product interaction,
and routinely determined what users described as the contents of their mental models, this
research did not determine the exact form that mental models may assume. A contribution to
understanding users conceptual development through experience and interaction was achieved,

but future research may try to specify more clearly the form that mental models actually take.

9.5.1.8 Inclusive Design Exclusion

With an increasing ageing population, in time, if not now, there will be reason to ensure those
from 80-100 at least are included in such studies, and it is arguable that the inclusive design
approach presented has, in fact, excluded a proportion of the population on whose behalf it is
trying to change design-thinking. There is some justification for the approach used however, in
that it was attempting to obtain more generic baseline data of a large proportion of users with

the minimum ethical constraint and maximum ecological validity.

9.5.1.9 Critique Conclusion

It is felt that both a useful method and methodology have been developed for the design and
research community, and that this represents a commercially valuable and viable approach to
product redesign that will provide an output of value to manufacturers as well as product users.
In an Industrial context, manufacturers could adopt this methodology and evaluate existing
products, novel designs, or prototypes, to assess how varying age groups may respond, and

utilise it to determine where intuitive interaction and usability gains may be made for increased
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commercial advantage. Overall, this project has provided a unique and great opportunity to
further develop, enhance and hone research skills, and has been a hugely enjoyable and

informative experience.

9.5.2 Avenues for Future Research

9.5.2.1 Method Validation

Further research would seek to validate the methodology in terms of identifying interactional
complexity and the types of redesign suggested. Indeed, if time and both physical and financial
resources permitted, an intention would be to seek the permission of the manufacturers of the
products used within the study to redesign the features that were found to cause interactional
complexity, and retest them under similar circumstances to assist designers to create more user
friendly and inclusive products. However, the approach addressed the issues under
investigation, and the output, both quantitative and qualitative, can still be seen as

commercially valuable and valid.

9.5.2.2 Other Investigation 1

One suggestion would be to investigate products and product generations more closely. The
main finding from this research was that older people perform less well with modern products.
Bearing in mind the generational effect, it would be of significant interest to observe if older
users would perform better with products from their youth and, in turn, would younger users
exposed to the same products perform less well. This may reveal if there is there a connection

between product performance ability and time-in-life exposure to the product itself. If there is
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some connection it would be interesting to determine why, and also what effect the design of
the features of the products used have upon this phenomenon. The qualitative results of the
pilot study support this, as an older participant observed the design of the product appeared
“dated like a ‘70’s calculator”. It may be this very factor that permitted his superior

performance in that experiment.

9.5.2.3 Other Investigation 2

The significance of icon and feature awareness was also highlighted in Full Scale Study 2. The
26-59 age group were initially able to identify more features and icons than any other age
group, and continued to develop their understanding to the greatest extent. Although this didn’t
directly contribute to an overall performance advantage for this age group, it is another
example of the significance of icon and feature design within interaction, well supported in
literature (Langdon et al., 2010, Okeye, 1998, Henson et al., 2006) and is an area worthy of

continued study.

9.5.2.4 Future Research Conclusion

With an ageing population, developments within the realm of technology use for older people
can only be seen as worthwhile both commercially, and from a product interaction perspective.

Inclusive Design will thus play a very real role toward this, in the usability of the future.

200



10: References

Alario, E-X. & Ferrand, L. (1999). A set of 400 pictures standardized for French: Norms for
name agreement, image agreement, familiarity, visual complexity, image variability, and age of
acquisition. Behaviour Research Methods, Instruments & Computers, 31(3), pp. 531-552.

Arning, K. & Ziefe, M. (2007). Understanding age differences in PDA acceptance and
performance. Computer in Human Behaviour, 23, pp. 2904-2927.

Black, A. (2006). The business case (for user-centred design). [online] Available at:
http://www.creative-net.co.uk/About-Design/Design-Techniques/User-centred-design-/The-
business-case/ [Accessed 01 December 2011]

Blackler, A. (2006). Intuitive interaction with complex artefacts. Ph.D. Queensland University
of Technology: Australia.

Boring, S., Jurmu, M. & Butz, A. (2009). Scroll, tilt or move it: using mobile phones to
continuously control pointers on large public displays. In: Proceedings of OZCHI '09. New
York: ACM, pp. 161-168.

Bowers, K. (1984). On being unconsciously influenced and informed. Toronto: John Wiley &
Sons.

Bruseburg, A. & McDonough-Philp, D. (2002). Focus groups to support the industrial/product
designer: A review based on current literature and designers’ feedback. Applied Ergonomics,
33, pp. 27-38.

Buhler, C. (2001). Empowered participation of users with disabilities in universal design.
Universal Access in the Information Society. 1(2), pp. 85-90.

Burke, D. & Mackay, D. (1997). Memory, Language and Ageing. Philosophical Transactions
of the Royal Society B: Biological Sciences, 352, pp. 1845-1856.

Cambridge Cognition. Cantabeclipse Cognitive Assessment Tool. [online] Available at:
http://www.camcog.com/science/ [Accessed 01 December 2011]

Camtools, 2011. University of Cambridge: Example Consent Form. [online] Available at:
https://camtools.cam.ac.uk/access/wiki/site/e30faf26-bcOc-4533-acbe-
cft4f9234e1b/example%20consent%20form.html [Accessed 01 December 2011]

Chan, C., Wong, A., Lee, T. & Chi, L. (2009) Modified automatic teller machine prototype for
older adults: A case study of Participative approach to inclusive design. Applied Ergonomics,
40(2), pp- 151-160.



Chi, M. (1997). Quantifying Qualitative Analyses of Verbal Data: A Practical Guide. Journal
of the Learning Sciences, 6(3), 271-315.

Clark, A. (1997). Being there. Putting brain, body, and world together again. Cambridge, MA:
MIT Press.

Clark, C., Paul, R., Williams, L., Arns, M., Fallahpour, K., Handmerc, C. & Gordon, E. (2006).
Standardized assessment of cognitive functioning during development and aging using an
automated touchscreen battery. Archives of Clinical Neuropsychology, 21, pp. 449—-467.

Cole, W. (1996). Cognitive integration of data in intensive care and anesthesia. International
Journal of Clinical Monitoring and Computing, 13, pp.77-79.

Coleman, R. (2001). Designing for our future selves. In Preiser, W & Ostroff, E. eds.,
Universal Design Handbook. New Y ork: MacGraw-Hill, pp. 4.1-4.25.

Constant, E. (1980). The origins of the turbojet revolution. Maryland: The John Hopkins
University Press.

Craik, F. & Jacoby, L. (1996). Aging and Memory: Implications for Skilled Performance. In
Rogers, W., Fisk, A. & Walker, N. eds., Aging and Skilled Performance: Advances in Theory
and Applications. New Jersey: Erlbaum, pp. 113-137.

Crilly, N., Maier, A. & Clarkson, P. (2008). Representing Artefacts as Media: Modelling the
Relationship Between Designer Intent and Consumer Experience. International Journal of
Design, (2)3, pp. 15-27.

Damouth, D. & Green, P. (1997). Influence of warning messages content on message
understandability and when drivers respond. [online] Available at:
http://hdl.handle.net/2027.42/1200 [Accessed 01 December 2011]

David, H. (2008). Human-computer interaction: the elephant in the corner. In P. Bust, ed. 2008.
Contemporary Ergonomics. Great Britain: Taylor and Francis, pp. 239-245.

Deisinger, 1., Breining, R., Robler, A., Holfe, I. & Ruckert, D. (2000). Immersive ergonomics
analyses of console elements in a tractor cabin. In: Proceedings Fourth Immersive Projection
Technologies Workshop. lowa: Ames.

Dejean, P-H., Souzam M. & Mourthe, C. (2006). Of the interaction of cultural and emotional
factors on industrial design. In P. Bust, ed. 2006. Contemporary Ergonomics. Great Britain:
Taylor and Francis, pp. 184-188.

Department for Work and Pensions (2011). Increases in life expectancy: Olffice for National

Statistics  predictions. [online] Available at: http://www.bbc.co.uk/news/uk-14398140
[Accessed 04 December 2011]

202



Dewsbury, G., Rouncefield, M., Somerville, I. Onditi, V. & Bagnall, P. (2007). Designing
technology with older people. Universal Access in the Information Society. 6(2), pp. 207-217.

Dhall, S. (2009). QuickTest-Professional: Waterfall Model.
http://qtp.blogspot.it/2009/04/waterfall-model-dis-advantages.html

Dickinson, A., Goodman, J., Syme, A., Eisma, R., Tiwari, L, Mival, O. & Newell, A. (2003).
Domesticating technology: In-home requirements gathering with frail older people. In:

Proceedings of the /0™ International Conference on Human — Computer Interaction. Greece.
pp. 827-831.

Docampo-Rama, M. (2001). Technology generations handling complex user interfaces. Ph.D.
TU: Eindhoven

Dong, H., Bobjer, O., McBride, P. & Clarkson, J. (2006). Inclusive product design: Industrial
case studies from the UK and Sweden. In P. Bust, ed. 2006. Contemporary Ergonomics. Great
Britain: Taylor and Francis, pp. 338-342.

Eckert, C., Clarkson, P. & Stacey, M. (2003). The spiral of Applied Research: A
Methodological View on Integrated Design Research. [online] Available at:
http://oro.open.ac.uk/13226/1/13226.pdf [ Accessed 01 December 2011]

EDC People, 2011. Christopher R Wilkinson: Participate. [online] Available at: www-
edc.eng.cam.ac.uk/~crw42/participate.html [Accessed 01 December 2011]

Edge, D., Blackwell, A. & Dubuc, L. (2006). The physical world as an abstract interface. In P.
Bust, ed. 2006. Contemporary Ergonomics. Great Britain: Taylor and Francis, pp. 224-228.

Education Information, 2011. Brain Development and Education for the Information Age.
[online] Available at: http://www.edinformatics.com/news/teenage brains.htm [Accessed 01
December 2011]

Eisenhardt, K. (1989). The Academy of Management Review. 14 (4), pp. 532-550.

Embrey, D. (undated). Understanding Human Behaviour and Error. [online] Available at:
www.humanreliability.com/articles/Understanding%20Human%20Behaviour%20and%20Error
.pdf [Accessed 01 December 2011]

Eveland, J. (1986). Diffusion, technology transfer and implications: Thinking and talking about
change. Knowledge. 8(3), pp. 303-322.

Freudenthal, D. (2001). Age differences in the performance of information retrieval tasks.
Behaviour & Information Technology. 20(1), pp. 9-22.

203



George, C. (2006). Regional Officers Seminar, 1 June 2006. (5 of 18). [online] Available at:
http://nearyou.imeche.org.uk/NR/rdonlyres/A9F111C1-CB38-47BE-818F-
9DEDF55BE7F4/149/Chris.PPT#260,4, WHAT IS COMMUNICATION? [Accessed 01
December 2011]

Gibson, J. (1986). The ecological approach to visual perception. New Jersey: Lawrence
Erlbaum Associates.

Goodman, J., Dong, H., Langdon, P. & Clarkson, J. (2006). Industry’s response to inclusive
design: A survey of current awareness and perceptions. In P. Bust, ed. 2006. Contemporary
Ergonomics. Great Britain: Taylor and Francis, pp. 368-372.

Goodman-Deane, J., Keith, S. & Whitney, G. (2009). HCI and the older population. Universal
Access in the Information Society, vol. 8, no. 1, pp. 1-3.

Greenwood, P., & Parasuraman, R. (1997). Attention in Aging and Alzheimer’s Disease:
Behavior and Neural Systems. In Burack, J. & Enns, J. eds., Attention, Development, and
Psychopathology. New York: Guilford Press, pp. 288-317.

Gregory, R. (1972). Visual illusions. In Gross, R. ed., Psychology: The science of mind and
behaviour. 2™ ed. London: Hodder & Stoughton.

Grudin, J. (1991). Obstacles to user involvement in software development, with implications
for CSCW. International Journal of Man-Machine Studies 34, 435-452.

Haigh, R. (1993). The ageing process: a challenge for design. Applied Ergonomics, 24(1), pp 9-
14.

Hands, D., Avons, S. & Davidoff, J. (1997). Recency and duration neglect in television picture
quality evaluation. Applied Cognitive Psychology. 15, pp. 639-657.

Hansen, J., Percival, J., Aldred, H., Brownsell, S. & Hawley, M. (2007). Attitudes to telecare
among older people, professional care workers and informal carers: a preventative strategy or
crisis management? Universal Access in the Information Society. 6(2), pp. 193-205.

Hebb, D. (1949). The organization of behaviour. New York: Wiley.

Henson, B., Choo, D., Barnes, C. & Childs, T. (2006). A semantic differential study of
combined visual and tactile stimuli for package design. In P. Bust, ed. 2006. Contemporary
Ergonomics. Great Britain: Taylor and Francis, pp. 174-178.

Hollins, B. (2008). The Design Council: 13 lessons in service design. [online] Available at:

http://www.designcouncil.org.uk/en/About-Design/Design-Disciplines/Service-design-by-Bill-
Hollins/13-lessons-in-service-design/ [Accessed 01 December 2011]

204



Howard, J. & Howard, D. (1997). Learning and memory. In A. Rogers, ed., Handbook of
human factors and the older adult. San Diego.: Academic Press, pp. 7-26.

Howard Hughes Medical Institute, 2011. Color Blindness: More Prevalent Among Males.
[online] Available at: http://www.hhmi.org/senses/b130.html [Accessed 01 December 2011]

Howitt, D. & Cramer, D. (2007). The Companion Website for Introduction to Research
Methods in Psychology. [online] Available at:
http://wps.pearsoned.co.uk/ema uk he howitt resmethpsy 2/77/19810/5071521.cw/index.htm
1 [Accessed December 2011]

Huppert, F. (2003). Designing for Older Users. In Clarkson, J., Coleman, R., Keates, S. &
Lebbon, C. eds. Inclusive Design: Design for the whole population. London: Springer Verlag.

Imeson, R. (2011). Observations on Ikea. [post]. (Personal Communication, 6 March, 2011).
Inclusive Design Group, 2011. Inclusive Design: Countering Design Exclusion. [online]
Available at: http://www-edc.eng.cam.ac.uk/research/inclusivedesign/ [Accessed 01 December

2011]

Jarke, M., Bui, T. & Caroll, J. (1998). Scenario management: an interdisciplinary approach.
Requirements Engineering. 3(4), pp. 155-173.

Johnson, M. (1987). The body in the mind: The bodily basis of meaning, imagination, and
reason. Chicago: University of Chicago Press.

Jordan, P. (2006). Lifestyles and values of older users — a segmentation. In P. Bust, ed. 2006.
Contemporary Ergonomics. Great Britain: Taylor and Francis, pp. 414-418.

Jordan, P. (2008). The dream economy — design, emotion and the user experience. In P. Bust,
ed. 2008. Contemporary Ergonomics. Great Britain: Taylor and Francis, pp. 81-85.

Karlsson, M. & Wikstrom, L. (2006). Safety semantics: A study on the effect of product
expression on user safety behaviour. In P. Bust, ed. 2006. Contemporary Ergonomics. Great

Britain: Taylor and Francis, pp. 169-173.

Keates, S. & Clarkson, P. (2003). Countering design exclusion — An introduction to inclusive
design. London: Springer-Verlag.

Kellogg, W. (1989). The dimensions of consistency. San Diego: Academic Press.
Kemper, S. & Lacal, J. (2003). Addressing the communication needs of an ageing society. In:

Pew, R. & Van Hemel, S. eds. Technology for adaptive ageing. Washington DC: National
Academic Press, pp. 131-149.

205



Kleisterlee, G. (2004). The simplicity imperative. [online] Available at:
www.newscenter.philips.com/main/standard/about/news/speechespublications/archive/2004/art
icle-3188.wpd [Accessed 01 December 2011]

Kletz, T. (2001). An Engineers View of Human Error. 3™ ed. Rugby: Institute of Chemical
Engineers.

Kwon, H. & Chidambaram, L. (2000). A test of the technology acceptance model: The case of
cellular telephone adoption. In: Proceedings of the 33" Hawaii International Conference on
System Sciences. Hawaii: IEEE Computer Society.

Langdon, P.M. and Hurtienne, J. (2009). Is prior experience the same as intuition in the context
of inclusive design? In: Proceedings of the 23rd British Computer Society Human Computer
Interaction Workshop and Conference. Cambridge, UK.

Langdon, P., Lewis, T. & Clarkson, P. (2010). Prior experience in the use of domestic product
interfaces. Universal Access in the Information Society. 9 (3), pp. 209-225.

Lardner, R. & Reeves, G. (2006). Why do people do what they do? In P. Bust, ed. 2006.
Contemporary Ergonomics. Great Britain: Taylor and Francis, pp. 580-584.

Lehto, M. (1991). A proposed conceptual model of human behaviour and its implications for
the design of product warnings. Perceptual and Motor Skills. 73, pp. 595-611.

Lewis, T., Langdon, P. & Clarkson, J. (2006). Investigating the role of experience in the use of
consumer products. Designing Accessible Technology. London: Springer-Verlag, pp. 189-198.

Lewis, T., Langdon, P. & Clarkson, J. (2008) Prior experience of domestic microwave cooker
interfaces: a user study. Designing Inclusive Futures. London: Springer, pp. 95-106.

Maguire, M. (2001). Methods to support human-centred design. International Journal of
Human-Computer Studies. 55, pp. 587-634.

Maier, A. (2009). Discussions of methodology. [Department of Engineering, Cambridge
University, RCC1 Reading Club Seminar] (Personal communication, 16 February, 2009).

Mallenius, S., Rossi, M., & Tuunainen, V. (2007). Factors affecting the adoption and use of
mobile devices and services by elderly people-results from a pilot study. In: Proceeding of 6th
Annual Global Mobility Roundtable. Los Angeles.

Mayhew, D. (1999). The Usability Engineering Lifecycle. California: Morgan Kaufmann
Publishers.

McClelland, 1. (1999). Product Assessment and User Trials. In: Wilson, J. & Corlett, E. eds.

Evaluation of Human Work: A Practical Ergonomics Methodology. London: Taylor Francis,
pp. 249-284.

206



McDonald, A., Loudon, D., Rowe, P., Samuel, D., Hood, V., Nicol, A., Grealy, M.A. &
Conway, B. (2007). Towards a design tool for visualising the functional demand placed on
older adults by everyday living tasks. Universal Access in the Information Society. 6(2), pp.
137-144.

Mescellany, P. (2002). Is there a UI generation gap? [online] Available at:
http://www.peterme.com/archives/00000348.html [Accessed 01 December 2011]

Middleton, J., Mitchell, J. & Chesters, R. (2006). What’s in it for me? Altruism or self interest
as the “driver” for inclusion. In P. Bust, ed. 2006. Contemporary Ergonomics. Great Britain:
Taylor and Francis, pp. 382-386.

Miller, G. (1956). The magical number seven plus or minus
two: some limits on our capacity for processing information.
Psychological Review, 101(2), pp.343-352.

Milner, B. (1971). Interhemisphere difference in the localization of physiological processes in
man. British Medical Bulletin. 27, pp. 272-277.

Monk, A. (1998). Cyclic interaction: a unitary approach to intention, action and the
environment. Cognition. 68, pp. 95-110.

Mono, R. (1997). Design for product understanding. Stockholm: Liber AB.

Morris, J. (1992). The effects of an introductory computer course on the attitudes of older
adults to towards computers. In: Proceedings of the 23" SIGCSE technical symposium on
Computer Science Education. Missouri, USA, pp. 72-75.

Morris, A., Goodman, J. & Brading, H. (2007). Internet use and non-use: views of older users.
Universal Access in the Information Society 6 (1), pp. 43-57.

National Institute of Health, 2011. Report on Brain Immaturity: Washington Post. [online]

Available at: http://www.washingtonpost.com/wp-dyn/articles/A52687-2005Jan3 1.html
[Accessed 01 December 2011]

Nichols, T. A., Rogers, W. A., & Fisk, A. D. (2006). Design for aging. In Salvendy, G. ed.,
Handbook of human factors and ergonomics. 3rd ed. Hoboken, NJ: John Wiley & Sons, pp.
1418-1445.

Nickerson, R.(1999). How we know—and sometimes misjudge—what others know: Imputing
one’s own knowledge to others. Psychological Bulletin. 125(6), pp. 737-759.

Nielsen, J. (1993) Usability Engineering. California: Academic Press.

Norman, D. (1988). The design of everyday things. New York: Doubleday.

207



Norman, D. (2002). The Ul generation gap. [online] Available at:
http://peterme.com/archives/00000353.html [Accessed 01 December 2011]

Office for National Statistics, 2008. Children outnumbered by over-60’s. [online] Available at:
http://news.bbc.co.uk/1/hi/uk/7575869.stm [Accessed 01 December 2011]

O'Hara, J., Higgins, J. & Kramer, J. (2000). Advanced information systems: Technical basis and
human factors review guidance. NUREGKR-6633. Washington: Nuclear Regulatory
Commission.

O'Hara, K. & Payne, S. (1998). The effects of operator implementation cost on planfulness of
problem solving and learning. Cognitive Psychology. 35, pp. 34-70.

O'Hara, K. & Payne, S. (1999). Planning and the user interface: The effects of lockout time and
error recovery cost. International Journal of Human-Computer Studies. 50(1), pp. 41-59.

Okeye, H. (1998). Metaphor mental model approach to intuitive graphical user interface design.
Ph.D. Cleveland State University: USA.

Olson, P. & M. Sivak. (1986). Perception-response time to unexpected roadway
hazards. Human Factors. 28(1), pp. 91-96.

Online TFQ Survey, 2011. Online Survey hosted by SurveyMonkey.com. [online] Available at:
http://www.surveymonkey.com/s/QPRNRFN [Accessed 01 December 2011]

Osman, Z., Maguire, M. & Tarkiainen, M. (2003). Older Users Requirements for Location
Based Services and Mobile Phones. Human-Computer Interaction with Mobile Devices and
Services. Heidelberg: Springer-Verlag, pp. 352-357.

Pape, L-B., Kim, J. & Weiner, B. (2002). The shaping of individual meanings assigned to
assistive technology: A review of personal factors. Disability and rehabilitation. 24(1/3), pp. 5-
20.

Persad, U., Langdon, P. & Clarkson, J. (2006). Exploring user capabilities and health: A
population perspective. In P. Bust, ed. 2006. Contemporary Ergonomics. Great Britain: Taylor
and Francis, pp. 373-377.

Persad, U., Langdon, P., Clarkson, P. J. & Brown, D. (2007). Cognitive Scales and Mental
Models for Inclusive Design. Universal Access in Human-Computer Interaction, Part 1.
London: Springer-Verlag.

Phang, C., Sutanto, J., Kankanhalli, A., Li, Y., Tan, B. & Teo, H. (2006). Senior citizens’
acceptance of information systems: A study in the context of e-government services. IEEE
Transactions on Engineering Management. 53(4), pp. 555-569.

Plowman, T. (2003). Ethnography and critical design practice. Design research: methods and
perspectives. Cambridge, United States: MIT Press, pp. 30-38.

208



Population Trends (2010). UK Population Changes. [online] Available at:
http://www.telegraph.co.uk/news/uknews/8191962/UK-population-ageing-slower-than-most-of-
Europe.html [Accessed 01 December 2011]

Porter, C., Porter, J. & Chhibber, S. (2007). RealPeople; capturing the emotions of product
users. In Pikar, R. ed., Meeting Diversity in Ergonomics. Elsevier, pp. 187-208.

Powell, T. (1995). Total Quality Management as competitive advantage: a review and
empirical study. Strategic Management Journal 16 (1), 15-27.

Preece, J. (2002). Interaction design: beyond human-computer interaction. New York: John
Wiley & Son.

Rabbitt, P.(1993). Does it all go together when it goes? The Nineteenth Bartlett Memorial
Lecture. The Quarterly Journal of Experimental Psychology. 46A (3), pp. 385-434.

Rabbitt, P., Diggle, P., Holland, F. & Mclnnes, L. (2004). Practice and Drop-Out Effects
During a 17-Year Longitudinal Study of Cognitive Aging. The Journals of Gerontology Series
B: Psychological Sciences and Social Sciences, vol. 59, no. 2, pp. 84-97.

Rabbitt, P., Donlan, C., Bent, N., Mclnnes, L. & Abson, V. (1993). The University of
Manchester Age and Cognitive Performance Research Centre and North East Age Research
Longitudinal Programmes, 1982 to 1997. Zeitschrift fur Gerontologie, vol. 26, pp. 176-183.

Rabbitt, P., Scott, M., Thacker, N., Lowe, C., Jackson, A., Horan, M. & Pendleton, N. (2006).
Losses in gross brain volume and cerebral blood flow account for age-related differences in

speed but not in fluid intelligence. Neuropsychology, vol. 20, no. 5, pp. 549-557.

Rasmussen, J. (1982). Human errors: A taxonomy for describing human malfunction in
industrial installations. Journal of Occupational Accidents. 4, pp. 311-333.

Rasmussen, J. (1987). Skills, Rules, and Knowledge; Signals, Signs, and Symbols, and Other
Distinctions in Human Performance Models. In Sage, A. ed., System Design for Human
Interaction. New York, NY: IEEE Press, pp. 291-300.

Rasmussen, J. (1990). The role of Error in Organizing Behaviour. Ergonomics. 33, pp. 1185—
1190.

Rasmussen, J. (1993). Deciding and doing: Decision making in natural contexts. Norwood,
NIJ.: Ablex.

Ravden, S. & Johnson., G. (1989). Evaluating usability of human-computer interfaces: A
practical method. Chichester: Ellis Horwood Ltd.

Reason, J. (1990). Human Error. New York: Cambridge University Press.

209



Renaud, K. & van Biljon, J. (2008). Predicting Technology Acceptance and Adoption by the
Elderly: A Qualitative study. In: Annual Conference of the South African Institute of Computer
Scientists and Information Technologists (SAICSIT 2008). New York: ACM Press, pp. 210—
219.

Richman, H., Gobet, F., Staszewski, J. & Simon, H. (1996). Perceptual and memory processes
in the acquisition of expert performance: The EPAM model. Mahwah, NJ: Lawrence Erlbaum
Associates.

Rogers, W. & Fisk, A. (1997). ATM design and training issues. Ergonomics Design. 5(1), pp.
4-9.

Rouse, W. & Morris, N. (1986). On looking into the black box: Prospects and limits in the
search for mental models. Psychological Bulletin. 100(3), pp. 349-363.

Royce, W. (1970). Managing the Development of Large Software Systems, Proceedings of
IEEE WESCON, August 1970. Institute of Electrical and Electronics Engineers Inc, p.1-9.

Sackett, P. & Larson, J. (1990). Research Strategies and Tactics in Industrial and
Organizational Psychology. In Dunnette, M. & Hough, L. eds., Handbook of Industrial and
Organizational Psychology. California: Consulting Psychologist Press, pp. 418-489.

Sarker, S. & Wells, J. (2003). Understanding Mobile Handheld Device use and adoption.
Communications of the Association for Computing Machinery (ACM). 46(12), pp. 35-40.

Schonberger, R. (1986). World Class Manufacturing: The Lessons of Simplicity Applied. Free
Press, New York.

Schneider, W. & R. Shiffrin. (1977). Controlled and automatic human information processing:
1. Detection, search, and attention. Psychological Review. 84, pp. 1-66.

Sharma V., Simpson R., LoPresti E., Mostowy C., Olson J., Puhlman J., Hayashi S. & Cooper
R. (2008) Participatory design in the development of the wheelchair convoy system. Journal of
NeuroEngineering and Rehabilitation 5, 1-10.

Shneiderman, B. (1983). Direct manipulation: a step beyond programming languages. [EEE
Computer. 16(8), pp. 57-69.

Sicart, M. (2008). [International journal of computer game research: Defining Game
Mechanics. [online] Available at: http://gamestudies.org/0802/articles/sicart [Accessed 01
December 2011]

Smith, 1., Siemieniuch, C. & Sinclair, M. (2006). Development of a tool testing team reliability.
In P. Bust, ed. 2006. Contemporary Ergonomics. Great Britain: Taylor and Francis, pp. 58-61.

210



SPSS Statistics, 2011. Statistical Package for the Social Sciences. [online] Available at:
http://www.spss.com/ [Accessed 01 December 2011]

SurveyMonkey, 2011. Free online survey software & questionnaire tool. [online] Available at:
http://www.surveymonkey.com/ [Accessed 01 December 2011]

SurveyMonkey TFQ Survey, 2011. Technological Familiarity Questionnaire Survey. [online]
Available at: http://www.surveymonkey.com/s/GIJH75K9 [Accessed 01 December 2011]

Tainsh, M. (2006). On documentation for the design of school buildings. In P. Bust, ed. 2006.
Contemporary Ergonomics. Great Britain: Taylor and Francis, pp 13-16.

Tarakanov-Plaz, A. (2005). Design concept for ATM machine, accessible for the elderly users
in Israel. Journal of the International Society for Gerontechnology. 3(2), pp. 107-110.

Teague, R., de Jesus, K. & Nunes-Ueno, M. (2001). Concurrent vs. Post-Task Usability Test
Ratings. In: Proceedings of Computer-Human Interaction (CHI "01). ACM Press, pp. 289-290.

Thomas, B. & van-Leeuwen, M. (1999). The user interface design of the fizz and spark GSM
telephones. London: Taylor & Francis.

Tiger, L. (2000). The pursuit of pleasure. New Brunswick: Transaction Publishers.

Tinsley, H. & Weiss, D. (2000). Interrater reliability and agreement. In H. E. A. Tinsley & S.
D. Brown, Eds., Handbook of Applied Multivariate Statistics and Mathematical Modeling, pp.
95-124. San Diego, CA: Academic Press.

Vicente, K. J. (1999). Cognitive Work Analysis: Toward Safe, Productive, and Healthy
Computer-Based Work. Mahwah, NJ: Erlbaum and Associates.

Weiss, S. (2002). Handheld usability. Chichester: John Wiley & Sons.

Wells, S. & Thorley, P. (2006). The warship as a sailor’s home: from HMS Victory to the type-
45 destroyer. In P. Bust, ed. 2006. Contemporary Ergonomics. Great Britain: Taylor and
Francis, pp. 23-27.

Wickens, C. (1992). Engineering psychology and human performance. 2" ed. New York:
Harper Collins.

Wickens, C., Gordon, S. & Liu, Y. (1998). 4n introduction to human factors engineering. New
York: Addison-Wesley Educational Publishers Inc.

Wickens, C. & Hollands, J. G. (2000). Engineering Psychology and Human Performance. 3rd
ed. Upper Saddle River, NJ: Prentice Hall.

211



Wilkinson, C. (2011). User Experiences of Product Interaction. Technical Report: CUED/C-
EDC/TR154. Engineering Department: University of Cambridge.

Wilkinson, C. & Dix, A. (2010). Considering prior experience and expectation in automotive
safety system development. In: Proceedings of the 4th Irish Human Computer Interaction
Conference (iHCI 2010). Dublin, pp. 51-58.

Wilkinson, C., Langdon, P., & Clarkson, J. (2011b). Generational Studies in Interaction
Learning using Novel Products. Universal Access in the Information Society Special Edition:
Designing Inclusive Futures. London: Springer-Verlag, (in press).

Wilkinson, C., Langdon, P., & Clarkson, J. (2011a). Evaluating the design, use and learnability
of household products for older individuals. In: Proceedings of the 24th HCI International
Conference. Orlando, USA, pp. 250-259.

Wilkinson, C., Langdon, P., & Clarkson, J. (2010b). Observing learning and conceptual
development through novel product interaction. In: Proceedings of the 24th BCS Interaction
Specialist Group Annual Conference on People and Computers Volume 1. Dundee, United
Kingdom, (in press).

Wilkinson, C., Langdon, P., & Clarkson, J. (2010a). Prior experience and learning:
Generational effects upon interaction. Designing Inclusive Interactions. London: Springer-
Verlag, pp.145-154.

Wilkinson, C., Langdon, P., & Clarkson, J. (2009). Investigating prior experience and product
learning through novel interface interaction. In: Proceedings of the 5th International
Conference on Universal Access in Human-Computer Interaction (Part ). San Diego,

California, pp. 654-664.

Wirstad, J. (1988). On knowledge structures for process operators. In Goodstein, L, Andersen,
H. & Olsen, S. eds., Tasks, Errors, and Mental Models. London: Taylor and Francis, pp. 50-69.

Wogalter, M. (2006). Handbook of warnings. New Jersey: Lawrence Erlbaum Associates.

Wolff, J. & Krebs, C. (2008). Hypothesis testing and the scientific method revisited. Acta
Zoologica Sinica 54: 383-386.

Wright, A. (2006). Live for tomorrow — future-proof your home. In P. Bust, ed. 2006.
Contemporary Ergonomics. Great Britain: Taylor and Francis, pp. 353-357.

212



Appendix 1: Risk Assessment and Hazard Analysis Form

UNIVERSITY OF
¥ CAMBRIDGE
Deprartmers uf Enginsaring Engineering Design Centre

Experimental Risk Assessment: August 2010
An azsessment of risk and hazard analyzis has been conducted involving:

Christapher Wilkinzan
[the Rezearcher)

Tan Slack Richard J. Collet-Fenzan
Heath and Safety Officer Secretary of Department (F &

Enginesring Design Centre Department of Engineering Chairman of Health and Safety
Department of Engineering  The University of Cammittee

The University of
Cambridge

Cambridge Departrment of Enginesring
University of Cambridge

The following conziderations were identified and have been addreszed:

Factor identified

Fequested aut-af-
hours-access and
izolated risk

Conveyance of
knowledge regarding
Fire Exits and Escape
Rautes in the suent of
Ermergency

Apparatus, Securty
and Safery

Drata Protection

Resolution

Cue ta the zmall numbers of participants invalued and after
discussion with both the Health and Safety Officer and Chairman of
the Health and Safety Committee, it haz been agreed the Rezearcher
will azsume full responsibility for participants and their welfare whilst
they are inside the building, and will escartthern on and off the
premizes as a matter of course.

Itis also noted out-of-hours-acceszz will only be required as 3 last
rezort and Security [including the watchman@eng.cam. ac.uk)
have beeninformed,

Thiz responsibility iz aszumed by the Researcher as detailed above,

Experimentaton will be conducted in alab within the old EDC loft,
Curing non-experirentation periods all equiprment will be remaved ta
zafeguard the experimental apparatus,

Eatth-testing has been performed on all relevant equiprient invalved
in the experimentation — narmely an electrical larmp,

Although the product under examinaton [a laser-level] contains a
lazer that complies to EM 6082511994 +41 +AZ it iz deemed
completely zafe at diztances aver 1 meter, and eyelid refleses are
deemed ta provide sufficient protection. Furthermore, the deszign of
the device ensures that the lazer itself doesnt aperate unlazs
positioned on a flat surface and operating at less than 10 degrees to
horizontal and all interaction will be oversean by the experimenter,

The consent form which must be zigned by all participants clearly
identifies that a recording will be made of the experimentaton, that
only mermbers of the research team will have access to the
recordings and collected data, and that pardcipants may discontinue
participation at any e without cormment,

It also states that participant confidentiality will be protected at all
times, that their name will not be used in any dacument ar published
papet, and that the collectad data will be stored in a secure location.
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Appendix 2: Consent Form

UNIVERSITY OF
¥ CAMBRIDGE
Tiepas ¥ Enginseriy, Engineering Design Centre

Statement of Informed Consent
Contact Information: Christopher B Wilkinson
Engineering Design Centre
The University of Cambridge
Department of Engineering
Trumpington Street
Cambridge

CBZ 1PZ

UMITED KIMGDOM

Phone: 01223 766962
Mabile: 07772 750405

Project Title:
Inwestigating Prior enperience and Product Learning through nowel interface intzraction

This project is being conducted as part of ray PhD studies within the Engineering
Dresign Centre, University of Cambrdae, This study is designed to investgate
whether existing products and designs can be enhanced for those with cognitive or
physicalimpairment of any age. Indeed, the departrment concentrates upan
improving everyday products such as microwaves and toasters for enample, and in
arder to enhance them for the ageing andfor impaired we require baseling data on
productintzraction with non-impaired individuals,

Research involues investigating how individusls transfer knowledge of one interface
to another and the extent to which their prior experience may affect this knowledge
transfer and their subse quent interactional abiliey,

Project Objectives:

= What effect does the level of previous experience with the same or similar
products have upen users’ ability to interact with products?

= Is there an effect upon interactional ability caused by age of the user and their

ip of a ding technology i

= Is there evidence of an ageing effect — a declination of learning or cognitive
ability due to increasing age - that affects product understanding and
interaction?

What you are being asked to do:

fou are asked to complete a computer controlled assessment followed by
undertaking a number of tasks with an everyday product available on the high
street, You are asked to explain your understanding of the product during this
process, You will be filmed undertaking the tasks and afterwards asked about how
wou interacted with it A short questionnaire is alse administered,

Itis not pessible to participate in the project without being recorded, but enly
members of the research team will have access to the recordings,

UNIVERSITY OF
¥ CAMBRIDGE

Dieparr Eingineeriny

Contact Infoermation:

Project Title:

UNIVERSITY OF
¥ CAMBRIDGE
Tieps oF Enginsering. Engineering Design Centre

Participant Selection:

Participants are recruited to ensure that 2 balanced and representative number of
people undertzke the asseszment, Thiz is to allow for useful comparison between the
groups in the study.

Expected outcomes of research:

1 hope to contribute toward the development of a thearstical or conceptual model
thatcan predict how people learn to interact and transfer knowledge of one interface
to znother and the extent o which their prior experience may affect this knowledge
transfer and their subse quent interactional ability,

This would be supported by relevant examples and resufts are expectad to be
publishedin scholary journals. If you would like to have copies of published papers
or feedback about the resuls of the research when data has been acquired and
analysed, please contact Christopher Wilkinson [contact details provided).

Benefits of the research:

Products are often difficultto use correctly and are frequently misused for 2 variety
of reasons by able bodied and non-impaired individuals, While there may be no
immediate benefit for you as an individual paricipating in this research, the overall
intention is that this research will benefit both the research community and wider
community of consumers by providing guidance to designers about how they can
mazke their products and designs more accessible to a wider proporton of the
population, including those with impairment or age-related difficulties,

Confidentiality:

Your confidentality will be protected at all times. Your name will not be used to
identify you in any document o published paper. and only the research team will
have access to the collected data, which will be storedin asecure location.

¥oluntary Particip ation:

Your participation in the project is entirely veluntary, If you decide to withdraw from
the study, you will not be penalised erjudged in any way. You may discontinue
participation atany time without comment,

Please contact Christopher Wilkinson (details provided) for any further details about
this project or if you have any questions, now or in the future,

Engineering Design Centre

Christopher Wilkinson
Engineering Design Centre
The University of Cambridge
Department of Engineering
Trumpington Street
Cambridge

CBZ 1PZ

LINITED KINGDOM

Phone: 01223 TEEI62Z
Mobile: 07772 750405

Irwestigating Prior experience and Product Learning through novel interface interaction

Statement of consent:
T have read and understood the information provided, and have had any queries
answered to my s atisfaction,

1 understand that I can contact the researcher if I have any additional questons,

I understand that I can withdraw from the study at any time, without comment or
penalty,

1 understand that participation in the project inwolves being recorded, and thatitis
not pessible to take partin the research without being recorded. I understand that
only members of the research team will have access to the recordings and they will
be stored in a secure location,

1 agree to paricipate in this research project,

Name

Age ___
[To facilitate placemert of results within correspoanding age-group)
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Appendix 3: Experimental Protocols

Experimental Protocol
Reset product
1.

2.

10.Questionnaire Adrninistration
11.Debrief - Any Questions?

12.Ernail confirmation for voucher

. Press Record on video

. "What do you understand about the product I've just handed to you?"

. Provide TASK 1, 2, and 3 in randomised order,

. "What do you understand about the device and its interaction at this point?”
. Provide TASK 4, 5, and 6 in randomised order,

. "What do you understand about the product now that you've had chance to

. "0k, some brief questions about the product”:

e to 00.00 £/kWh

Administer Consent Form

Adrninister Cantab Assessment

interact with it?”

"Did you find any features of the product (design) familiar?”

"If so, what was the original device that you found that particular element
similar to?”

"Did you feel it was easy to understand and complete the tasks with the
product?”

" At what stage were you able to guess how to interact with the product to
access the function you desired (if at all)?"

" At what stage did you feel you'd learned the functions of the product?”

"Any other observations?”

Experimental Protocol

1. Administer Consent Form
2. Administer Cantab Assessment
3. Press Record on video

4, "Please look at these images and write down {whilst verbalising to help you
get used to it) what you feel they represent or mean.”

5. “"We're obviously interested in design, so I wondered what the design of
this product says to you and what you understated about this product, from
its design.”

Inform participant (hopefully after they have observed the product contains a
laser} about precautions of using the product.

6. "Here's the battery - can you insert it, and then tell me what you observe or
understand about the product?”

7. Provide jigs in random order, asking them to locate the position of electric cables,
wooden studs, or copper pipe

8. "Here's the hanging tool - could you fit that to the device for me please?”
9. "Could you hang the device on the jig and operate the laser level function?”

1

o

."So0 could you tell me what you understand about this product now, and give
a summary of its design and function?”

11."And, looking again at the images, what do you think they may mean now -
same as before or something different?”

12."Can you identify all the design features present on the product?”
13.Questionnaire Administration
14,Debrief - Any Questions?

15.Email confirmation for voucher
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Appendix 4: Recruitment Advertising

Selections of the advertising used to recruit participants for the study are reproduced below.

Cambridge
"| ideas change
the world

James Clerk Maxwell

Home | About Us | Join | Directory | News | Views | Events | Jobs & C¥s | Discounts | Login | Sitemap | Zones

UNIVERSITY OF
¥ CAMBRIDGE

University of Cambridge

FROFILE | | PRODUCTS/ SERVICES | | NEWS

Date: 26/01/09

complicated?

Christopher Raphael Wilkinson
MRes., BSC,
crwd42@eng.cam. ac,uk

Engineering Design Centre
The University of Cambridge
Department of Engineering
Trumpington Street
Cambridge CBZ 1PZ

htty wrww-edc.eng.cam.ac. uk

See also:

Organisation: University of Cambridae

Ifamll
| N7 |

In This Issue
News and Events
Get Involved
Creative Picks
Member Spotlight

Spotlight on New Member
Just for Fun

About Us

Join Gur
M ailing List

1085

PhD research into novel interfaces - are you interested in taking part?

When was the last time you were confused by a piece of technology you couldn't figure out how to use? Christopher
wilkinson, a researcher at the Engineering Design Centre, Cambridge University, is seeking people to help with his
research into learning and the manipulation of novel interfaces

He says: How or why is it that some new technology is easy to use (the Iphone perhaps) and some technology overly-

If you are interested in this research and would like to know more, please contact Christopher by email 5o that he can arrange a
novel product testing session at your convenience,

) \
\_JCambrldge
NETWORK

Engineering Design Centre
Carnbridge University

Are you aged between 16 — 807?

T am particularly interested in how pecple’s prior experience of various forms of technolagy influences their ability to use novel
interfaces they may not have seen or used before.

‘I am running some novel product testing sessions that take no more than an hour at the Engineering Design Centre, Cambridge
University and seek volunteers. In return for your participation, 1 can offer a €5 Amazon voucher and a tour of the Department.’

The Inclusive Design Group is investigating how
technology can be enhanced for the older generation and
need your help!

Participate in research and receive a £5 Amazon Gift
Voucher and a free tour of the Engineering Design Centrel

Sesstons last no more than 35 minutes and you will be
contributing toward ground-breaking researchl
For more information please contact:
Christopher Wilkinson
01223 766562

07772750405

crwd 2@eng cam. ac.uk

CamCreative Newsletter - October 2009

Welcome to CamCreative

Get Involved

Take part in PhD research
When was the last time you were confused by a piece of technology wou couldn't figure out how to use,
ar annoyed with a house-hold device that was unnecessarily complicated?

CamCreative rmember Chris Wilkinson is a researcher at the Engineering Design Centre, Cambridge
University, and is seeking people of all ages who might be interested in participating into research that
invalves the learning and manipulation of interfaces, products and dewices.

The test sessions generally take no more than an hour and vou'll get an Amazon voucher for your
trouble,

Contact Chris to find out more
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Raw Data: Pilot Study
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Appendix 5: Raw Data: Full Scale Study 1 Part 1
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Appendix 5: Raw Data: Full Scale Study 1 Part 2
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Full Scale Study 1 Part 3

Raw Data:

Appendix 5
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Appendix 5: Raw Data: Full Scale Study 1 Part 4
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Full Scale Study 1 Part 5

Raw Data:
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Full Scale Study 1 Part 6

Raw Data:
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Appendix 5: Raw Data: Full Scale Study 1 Part 7
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Full Scale Study 1 Part 8

Raw Data:
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: Raw Data: Full Scale Study 2
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Appendix 6: SPSS Output: FSS1

FSS1 MOT - 1-way ANOVA (Section 5.6.1.1)

Oneway
MOTScare Descriptives
95% Confidence Interval for
Mean
I Mean Std. Deviation Std. Error [ Lower Bound Upper Bound Minimurm | Maximum
1.00 10 84.7000 42 076TS | 1330585 A4 6001 114.79499 A1.00 163.00
2.00 10 B0.0000 820564 2489487 A4.1300 B5.8700 49.00 T74.00
3.00 10 73.4000 A8.84292 | 1860776 31.3063 115.4937 41.00 240,00
Total a0 727000 4183725 T.E3840 A7.0777 88,3223 41.00 240,00
MOTScore ANOVA
Sum of
Squares df Mean Square F Sin.
Eetween Groups 3057.800 2 1528.900 .BEA 432
Wyithin Groups 47702.500 27 1766759
Total A07ED.300 28

FSS1 MOT - Pearson product moment correlation coefficient

(Section 5.6.1.1)
Correlations
Descriptive Statistics Descriptive Statistics
Mean Stol. Deviation [+ hearn Std. Deviation &
Ane 42 4667 19559545 a0 Age 42 4667 19.53545 an
MOTScore | 72.7000 41 83725 an MOTScore | 72.7000 4183724 an
Correlations Correlations
Age MOTScore Age MOTScore
Age FPearson Correlation 1 22 Ane Pearson Correlation 1 022
Sig. (2-tailed) 08 Sin. {1-tailed) 454
M a0 an i a0 an
MOTScore  Pearson Caorrelation 022 1 MOTScore  Pearson Correlation 022 1
Sig. (2-tailed) 08 Sin. (1-tailed) A54
M an an M an an
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FSS1 SSP — 1-way ANOVA (Section 5.6.1.2)

Oneway
SSPScare Descriptives
95% Confidence Interval for
Mean
I Mean Std. Devigtion | Std. Error | Lower Bound Upper Bound Minimum | baximum
1.00 10 £.4000 157762 498849 52714 7 5286 4.00 5.00
2.00 10 7.0ooa 1.33333 42164 6.0462 79538 5.00 4.00
3.00 10 5.0000 1.24722 39441 41078 58922 3.00 7.00
Total 30 61333 1.59164 2490549 56380 67277 3.00 4.00
SS5PScore ANOVA
Sum of
Souares of Mean Sguare F S
Between Groups 21.067 2 10.533 5.427 010
Within Groups 52,400 27 1.941
Total 3467 29
Post Hoc Tests
SSFScore Multiple Comparisons
Tukey HSD
95% Confidence Interval
Mean
Difference (-
DAgeGroyn  Ch AneGrogn I Std. Errar Sig. Lower Bound | UpperBound
1.00 2.00 - 60000 62302 BOG -2.1447 Q447
3.00 1.40000 B2302 0&1 - 1447 29447
.00 1.00 .B0ooa B2302 BOG -.9447 21447
3.00 2.00000° 62302 o9 4553 3.5447
3.00 1.00 -1.40000 62302 081 -2.9447 1447
2.00 -2.00000° B2302 o4 -3.5447 -4553

* The mean difference is significant at the 0.05 laval.

FSS1 SSP — Pearson product moment correlation coefficient (Section 5.6.1.2)

Correlations
Descriptive Statistics Descriptive Statistics
Mean Stol. Deviation [ Mean Std. Deviation [+
Age 42 4667 10.58545 30 Ane 42 ARRT 19.59445 3n
S5PScare £.1333 1.549164 30 S8PScore 6.1333 1.59164 30
Correlations Correlations
Ane SSPScan: Age SSFScare
Age Pearson Correlatian 1 - 450 Ane Pearson Correlatian 1 - 4507
Sig. (2-tailed) 013 Sig. (1-tailed) 0og
M a0 30 il 30 30
SSPScore  Pearson Correlation - 450 1 S5PScore  Pearson Correlation -.4507 1
Sig. (2-tailed) 013 Sig. (1-tailed) 006
M a0 30 il 30 30
* Correlation is significant at the 0.05 level (2-tailed). = Correlation is significant at the 0.01 level {1-tailed).
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FSS1 Task Completion Times (TCT) — Multivariate ANOVA
(Section 5.6.2.1)

General Linear Model

Descriptive Statistics

Within-Subjects AneGroyn llean Std. Devigtion
Factors LOGTCTI 1.00 1.0854 A7244 10
Measure MEASURE 1 2.00 1.4552 340145 10
Dependent 3.00 1.5939 51844 10
TCT ariable Total 1.3815 51645 an
1 LOGTCT LOGTCTZ2 1.00 H628 .a07aa 10
a LOGTCTZ 2.00 1.3212 36240 10
3 LOGTCT? 3.00 1.4008 4587 10
Total 1.2283 A1162 ao
4 LOGTCT4
LOGTCTS 1.00 2.25810 A23748 10
5 LOGTCTS 2.00 2.3419 L31r0s 10
b LOGTCTA 3.00 2.4120 20738 10
Bat Subiects Fact Total 2.33580 34473 3o
ween-sunjects Factors LOGTCT4 700 5116 33607 10
I 2.00 8162 19324 10
AneGroup 1.00 10 3.00 89872 31242 10
2100 10 Total 9383 27959 30
300 10 LOGTCTA 1.00 Y031 21966 10
2.00 640 34036 10
3.00 1.1831 J3BE14 10
— Total 94501 aAY016 ao
Mean Std. Deviation LOGTCTE 1.00 8719 27207 10
1 ]1.1326 .3553 2.00 1.0467 27541 10
2 |1.3408 .3047 3.00 1.1 460 52124 10
3 1.4538 .4135 Total 1.0215 7961 an
Tests of Between-Subjects Effects
heasure:MEASLIEE_1
Transformed Yariahle:Averane
Type [l 5um
Source of Sguares df Mean Sguare F Sig.
Intercept a0g.4749 1 a0ge.479 | 1385.396 .0an
AgeGroup 3.185 2 1.583 T.183 003
Errar B.012 27 223
Post Hoc Tests
AgeGroup
MEASURE 1 Multiple Comparisons
Tukey HSD
95% Confidence Interval
Mean
Difference (-
O AneGroun N AdeGroun 1 Std. Error Sig. Lower Bound | Upper Bound
1.00 2.00 -.2082 0BE145 .0a7 -4218 0054
3.00 -3nT 08614 0oz -.4348 - 1076
2.00 1.00 2082 0BE14 0a7 -.0054 4218
3.00 - 11248 0BE145 A0 - 3266 1007
3.00 1.00 X 08615 003 1076 5348
2.00 1129 08615 A01 -1007 3266

Eased on observed means.
The error term is Mean Square{Errar) = 037,

* The mean difierence is significant atthe .05 level.
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FSS1 TCT/Age — Pearson product moment correlation coefficient

(Section 5.6.2.1)
Correlations
Descriptive Statistics
Mean Std. Deviation
Age 42 AGRT 19549545 30
LogTCT1 1.381% A1645 30
Correlations
Al LogTCTH
Ane Pearson Correlation 1 64
Sig. (2-tailed) 048
M 30 30
LogTCT1  Pearson Correlation 364 1
Sig. (2-tailed) 048
B 30 30

* Carrelation is sighificant atthe 0.05 level {2-tailed).

Descriptive Statistics
Mean Std. Dewiation i
Ape 42 ABRT 19.5954% a0
LogTCT2 1.2283 41182 a0
Correlations
Ale LogTCT2
Arje Pearson Correlation 1 4017
Sig. (2-tailed) 028
B a0 a0
LogTCT2  Pearson Correlation A01° 1
Sig. (2-tailed) 28
B a0 a0

* Correlation is significant at the 0.05 level (2-tailed).

Descriptive Statistics Descriptive Statistics
hean Std. Deviation Wean Std. Deviation
Age 42 4667 18.09545 30 Aige 42 4667 18.09545 30
LogTCTS 4501 ATME 30 LogTCTE 1.0214 37461 30
Correlations Correlations
Aije LogTCTA Ane LogTCTE
Anje FPearson Correlation 1 Ao0° Ane Fearson Correlation 1 EEES
Sig. (2-tailed) 028 Sig. {1-tailed) 034
] a0 30 ] a0 a0
LogTCTS  Pearson Correlation A7 1 LogTCTE  Pearson Correlation EEELS 1
Sig. (2-tailed) 028 Sig. (1-tailed) 034
I+l an 30 I+l a0 a0

* Correlation is significant at the 0.05 level {2-tailed).

Descriptive Statistics
hean Std. Deviation
Ade 42 4667 1950545 li]
leanTCT 1.3081 22991 an
Correlations
Ane MeanTCT
Aoe Pearson Carrelation 1 A48
Sig. (2-tailed) ooy
] 30 30
MeanTCT  Pearson Correlation 487 1
Sig. (2-tailed) .oov7
] 30 30

** Correlation is significant atthe 0.01 level {2-tailed).
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FSS1 Number of Button Clicks — Multivariate ANOVA (Section 5.6.2.2)

General Linear Model

Descriptive Statistics

. . Mean Std. Deviation
e LI ) I N
Measure MEASURE 1 3.00 1.0110 45525 10
oot Depenaent Total 7551 47756 20
1 LOGHECT LOGMNBICZ2 1.00 GE4G 20597 10
5 LOGNEC? 2.00 7438 26215 10
3.00 TETT 2RAR3T 10
3 LOGENCS Total T2R4 23821 a0
4 LOGENCA LOGBMNG3 1.00 17978 25187 10
a LOGBMCS 2.00 1.8001 39631 10
3] LOGBRCE 3.00 1.9226 33345 10
Total 1.8402 32646 30
Between-Subjects Factors LOGEMC4 1.00 TE43 13631 10
M 2.00 G720 14457 10
AgeGroup 1,00 0 3.00 G702 2BGTT 10
2 00 10 Total 7022 19062 30
LOGEMCS 1.00 3061 23918 10
3.0d 1 2.00 3108 31283 10
3.00 5205 38873 10
Mean | Std. Deviation Tatal 3992 33650 30
1 10.7579 2631 LOGEMNCE 1.00 5053 28807 10
2 | 0.5666 .3085 2.00 F479 34123 10
3 10.9328 .3616 3.00 449 A7047 10
Total G327 3G240 30
Tests of Between-Subjects Effects
Measure:MEASLIREE_1
Transformed VariahleAverage
Type I Sum
Sorce of Squares df Mean Sguare F i
Intercept 127750 1 127.7450 947879 .ooo
AgeGroup A2 2 AB0 3417 048
Error 36349 27 1348
Post Hoc Tests
AgeGroup
MEASIURE_1 Multiple Comparisons
Tukey HSO
95% Confidence Interval
Mean
Difference (-
I AgeGroyn D AdeGroun ) Std. Error S Lower Bound Upper Bound
1.00 2.00 -0787 06703 A7a -.2449 087a
300 - 1749 DOETO3 nam -.3411 -ooev
2.00 1.00 o7ar 06703 A7a -.0875 2444
300 - 0962 DOETO3 ek - 2624 oron
3.00 1.00 A749 OE703 03s .ooa7 L3411
2.00 0962 06703 337 -.a7on 2624

Based on observed means.

* The mean difference is significant at the .05 level.

The errarterm is Mean Square(Erran = 022,
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FSS1 Number of Button Clicks /Age — Pearson product moment correlation
coefficient (Section 5.6.2.2)

Correlations
Descriptive Statistics Descriptive Statistics
Mean Stol. Deviation I+ Mean Sid. Deviation i
Age 42 4667 19.59545 el Age 42 4667 19.59545 30
LogMaBP1 Fas1 ATTEE a0 LogHoBFPMezn 8424 16188 30
Correlations Correlations
Logho
A P Correlat - 1 LUgND:aagpal = Sfblean
e faarsunl orrefation : Age Fearson Correlation 1 327
Sig. (2-tailed) 029 Sig. (1-tailed) 041
] an an M a0 10
LogMoBP1  Pearson Correlation ELES 1 LoghoBPMean  Pearson Correlation 3T 1
Sig. (2-tailed) 029 Sig. (1-tailed) 041
] a0 30 i kil 30
* Correlation is significant at the 0.05 level {(2-tailed). * Correlation is significant atthe 0.04 level (1-tailed).
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FSS1 Error Rate Data Analysis — Multivariate ANOVA (Section 5.6.2.3)

General Linear Model

Descriptive Statistics

Within-Subjects AneGroup Mean Std. Deviation
Factors LOGErrar 1.00 L3386 62033 10
Measure MEASILIEE 1 2.00 AE23 35366 10
Dependent 3.00 B470 BE3I3 10
factor] Yariahle Total 5160 A2E23 30
1 LOGErrar LOGErrar2 1.00 1544 A2734 10
2 LOGError2 2.00 1653 38550 10
3 LOGError3 3.00 2681 33235 10
4 LOGEErrard Total 860 34113 30
5 LOGErors LOGError3 1.00 1.6567 43583 10
E LOGErTark 2.00 1.7477 43910 10
3.00 1.8860 36410 10
Between-Subjects Factors Total 1.7634 A1124 30
LOGErrord 1.00 07TE 24607 10
k! 2.00 0477 15088 10
AgeGroup  1.00 1 2.00 0845 26724 10
2.00 10 Total 0700 21974 20
3.00 10 LOGErrars 1.00 1556 20932 10
2.00 1798 30654 10
Mean Std. Deviation 3.00 4870 A0575 10
1 0.4088 .3266 Total 27432 34260 a0
2 0.4801 .3356 LOGErrorf 1.00 0599 22103 10
3 [0.6128 4252 2.00 ATTR 37850 10
3.00 .a051 51880 10
Total 1843 .390749 an
Tests of Between-Subjects Effects
Measure:MEASLIRE_1
Transformed Variable:Average
Type Il Sum
Sayre of Sauares of Mean Sguare F Sig.
Intercept 45114 1 45114 | 241.087 ]
AgeGroup 1.288 2 Bd4 3.440 047
Errar 5.082 27 87
Post Hoc Tests
AgeGroup
MEASURE_1 Multiple Comparisons
Tukey HSO
95% Confidence Interval
Mean
Difference -
I AoeGroun G0 AdeGrogn Jl Std. Errar Sig. Lovyer Bound | Upper Bound
1.00 2.00 0713 07898 643 - 2671 1245
3.00 20417 07898 040 -.36949 -.0083
2.00 1.00 0713 07898 643 -1245 2671
3.00 -1328 07898 230 -.3286 0630
3.00 1.00 20417 07898 040 0083 3999
2.00 1328 07898 230 -.0630 3286

Based on observed means.

T * The mean difference is significant at the .05 level.
The errorterm is Mean Square(Errori = .031.
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FSS1 Error/Age — Pearson product moment correlation coefficient

(Section 5.6.2.3)
Correlations
Descriptive Statistics
Mean Stol. Deviation
Age 42 4667 15.59545 an
LogErrorRates 2742 34260 li]
Correlations
LogError
Ane Rates

Age FPearson Correlation 1 E

Sig. (1-tailed) 044

M a0 30
LogErrorBates  Pearson Correlation A1E 1

Sig. (1-tailed) 044

M a0 30

Descriptive Statistics
Mean Stdl. Deviation
Adge 42 4667 19.69545 a0
LogErrarMean 4006 190389 30
Correlations
Afje LogErraridean

Age Pearson Carrelation 1 e

Sig. (1-tailed) 045

i 30 30
LogErrarMean  Pearson Correlation 315 1

Sig. (1-tailed) 044

i 30 30

* Caorrelation is significant atthe 0.05 level (1-tailed).
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FSS1 Mean Time per Button Press Data Analysis — Multivariate ANOVA
(Section 5.6.2.4)

General Linear Model

Descriptive Statistics
W'i’thggg:#gec’ts LN I=1cTaaI00a) hWean Std. Diewiation Il
_ LOGTpEP1 1.00 6856 66825 10
MeasureMEASUIRE 1 2.00 TE43 27852 10
Dependent 3.00 5825 35413 10
facior] Mariable Total Bd44 43744 30
1 LOGTpBERP1 i i
LOGTREPZ 1.00 2880 27784 10
2 LOGTREP2 2.00 5504 43793 10
3 LOGTRER3 2.00 7361 28812 10
4 LOGTpEP4 Tatal 62832 40473 an
5 LOGTpEPS LOGTpERP3 1.00 4562 23516 10
5 LOGTpBFE 2.00 Aa06 20236 10
3.00 4880 29139 10
BEtWEEn-SuhjE[:tS Factors Total 4937 24044 an
M LOGTpEP4 1.00 1473 36392 10
AgeGroup 1,00 0 2.00 1282 39553 10
200 10 3.00 2167 40413 10
Tatal 1641 .37BE1 30
3.00 1o LOGTpERPS 1.00 3671 16123 10
2.00 6628 32566 10
3.00 G024 27983 10
Mean Std. Deviation Total 5108 2TE10 a0
1 |0.3701 .3055 LOGTREPE 1.00 3664 22736 10
2 0.4636 .3849 2.00 2250 ARA01 10
3 0.5199 .3658 3.00 4939 ATEIG 10
Tatal 3618 A4BTE 30
Tests of Between-Subjects Effects
Measure:MEASLIEE_1
Transformed Yariahle:Average
Type Ul Sum
Snlrce of Squares df hMean Square F Sig.
Intercept J6.640 1 J6.6450 182774 o0n
AgeGroup 68T 2 344 1.714 199
Errar a.414 27 2
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FSS1 Mean Time per Button Press /Age — Pearson product moment
correlation coefficient (Section 5.6.2.4)

Correlations
Descriptive Statistics Descriptive Statistics
Mean | Std. Deviation M Mean | Std. Deviation M
Al 42,4667 18.53545 30 Are 42 4RET 19.59545 a0
LogTpBR2 5282 AD473 3l LogTpBPS A108 2TELD ad
Cl]rrElatil]nS cDrrelaﬁunS
Ale LogTpBP2 Anle LogTpBFS
Age Pearson Correlation 1 245 | | Age Pearson Carrelation 1 343
Sin. (2-tailed) 014 Sig. (1-tailed) 32
M 3a 3 M an 30
LoaTpBRZ  Pearson Correlatian 445 1 LoogTpBPES  Pearson Correlation 347 1
Sig. (2-tailed) 014 Sig. {1-tailed) 03z
M 3 30 il 30 30
* Carrelation is significant at the 0.09 level {2-tailad). * Correlation is significant atthe 0.05 level {1-tailed).
Descriptive Statistics
hean Std. Devigtion [+
Age 42 4667 1959544 30
LogThean 4512 JABT26 30
Correlations
Ae LogThiean
Ane Pearson Correlatian 1 A4E
Sig. (1-tailed) 031
M 30 30
LogThean  Pearson Carrelation AdE 1
Sig. (1-tailed) 031
M 30 30

* Correlation is significant at the 0.05 level (1-tailed).
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FSS1 Technological Familiarity Questionnaire: Q1 Analysis — 1-Way
ANOVA (Section 5.6.2.5)

Oneway
TFao Descriptives
5% Confidence Interval for
Mean
I Mean Std. Deviation | Std. Error Lower Bound Upper Bound Minimum [ Maximum
1.00 10 1.6343 136498 04332 1.5363 1.7323 1.45 1.84
2.00 10 1.7066 07125 02243 1.6856 1.76745 1.61 1.81
3.00 10 1.4378 18063 0a712 1.3086 1.8670 114 1.72
Total 30 1.5929 17868 03208 1.5273 1.6585 1.15 1.84
TFQQ1 ANOVA
Surm of
Sguares df Mean Square F Sig.
Between Groups 38T 2 1483 10,273 .ann
Within Groups 508 27 0149
Tatal 8495 24
Post Hoc Tests
TFG Multiple Comparisons
Tukey HSD
95% Confidence Interval
tean
Difference -
O Agecroyn G AdeGrogp I Std. Errar Sig. Lower Bound | Llpper Bound
1.00 2.00 -07228 06136 ATE -2244 0798
3.00 19649 06136 .ong 0444 3486
2.00 1.00 07228 06136 ATE -.0ras 2244
2.00 26877 06136 .ooo 166 4204
3.00 1.00 - 19649 06136 .ong -.3486 -0444
2.00 -26877 06136 .ooo -42049 - 1166

* The mean difference is significant at the 0.05 level.
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FSS1 Technological Familiarity Questionnaire: Q2 Analysis — 1-Way
ANOVA (Section 5.6.2.5)

Oneway
TFQQ? Descriptives
495% Confidence Interval far
Mean
I Mean Std. Devigtion | Std. Error | Lower Bound Lpper Bound Minimum | Maximurm

1.00 10 1.6272 13408 04240 1.4313 1.6231 1.30 1.71
2.00 10 1.6227 08028 01906 1.57495 1.6658 1.52 1.69
3.00 10 1.21489 2E411 0a3sz? 1.0269 1.4048 848 1.687
Total a0 1.4552 24405 04456 1.3641 1.5464 .85 1.71
TFQQ2 ANOVA

Sum of

Sguares of Mean Square F Sig.
Between Groups H04 2 Aaz 14.853 .00n
Within Groups 822 a7 030
Total 1.727 29

Post Hoc Tests

EE&%QHSD Multiple Comparisons
95% Confidence Interval
Mean
Difference {-

L AgeGrogn  LhAdeGroun J Std. Error Sig. Lower Bound | Llpper Bound
1.00 2.00 -.09544 07805 450 -. 2889 0581
3.00 31133 07804 001 1178 A048
2.00 1.00 08544 07804 450 -.08a 2888
3.00 40677 07805 .aoa 2133 B003
3.00 1.00 -311338" 07804 01 -5048 - 1178
2.00 - AQNGTT" 07805 .aoa -B003 -2133

* The mean difference is significant atthe 0.09 level.
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FSS1 Technological Familiarity Questionnaire: Total Analysis — 1-Way
ANOVA (Section 5.6.2.5)

Oneway
TFQTatal Descriptives
95% Coanfidence Interval for
Mean
I lMean Std. Deviation | Std. Error Lower Bound Upper Bound Minimuim | Maximum
1.00 10 1.6884 12360 034908 1.8000 19768 1.71 2.06
2.00 10 1.9688 04730 o1a12 1.9278 20088 1.88 2.04
2.00 10 1.6442 20972 OB6E32 1.49432 1.7943 1.32 1.94
Total a0 1.8338 97T 03611 1.7600 1.9077 1.32 2.06
TFGTotal ANOVA
Sum of
Souares df Mean Square F Siiy.
Between Groups 571 2 286 13.706 .ooo
Within Groups 563 27 021
Total 1.134 28
Post Hoc Tests
TFQTotal Multiple Comparisons
Tukey HSD
95% Confidence Interval
Mean
Difference (-
M AneGroun G0 AgeGroln i) Std. Error Sig. Lower Bound | Upper Bound
1.00 2.00 - 08046 OE457 437 - 2406 07496
3.00 24117 OE457 .00z 0840 4042
2.00 1.00 08046 0E457 437 - 07496 2406
3.00 324607 0E457 .onn 1645 4847
3.00 1.00 B TITEN 0B457 ooz -4042 -0840
2.00 - 324607 0B457 .onn - 4847 - 1644

* The mean difference is significant atthe 0.05 level.

FSS1 Technological Familiarity Questionnaire: Q1/Age — Pearson product
moment correlation coefficient (Section 5.6.2.5)

Correlations
Descriptive Statistics
Mean Std. Deviation ]
Age 42 4667 19.59545 30
TFCEM 420333 1479628 30
Correlations
Age TF QG
Ane Pearson Correlation 1 - 428
Sig. (2-tailed) 020
M 30 30
TFOM Fearson Correlation -4247 1
Sig. (2-tailed) 020
M 30 30
* Correlation is significant at the 0.04 level (2-
tailed.
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FSS1 Technological Familiarity Questionnaire: Q2/Age — Pearson product
moment correlation coefficient (Section 5.6.2.5)

Correlations
Descriptive Statistics
Mean Std. Deviation [+
Aige 42 4BR7 18.59544 ao
TFQG2 32 1667 13.1438949 3o
Correlations
Arje TFQGQ2 |
Ade Pearson Carrelation 1 -5637
Sin. (2-tailed) 0o
M a0 ao
TFQ2  Pearson Coarrelation -A63T 1
Sin. (2-tailed) 0o
M ao ao
** Correlation is significant at the 0.01 level (2-
tailed).

FSS1 Technological Familiarity Questionnaire: TFQ Total/Age — Pearson
product moment correlation coefficient (Section 5.6.2.5)

Correlations
Descriptive Statistics
Mean Std. Dieviation [+
Age 42 ABET 1959545 an
TFQTotal T4.2000 26.84104 an
Correlations
Are TFQOTotal |
Ane Fearson Correlation 1 - A09™
Sig. (2-tailed) oo4
Ml an a0
TFGTotal  Pearson Carrelation =509 1
Sig. (2-tailed) .oo4
Ml an a0
= Correlation is significant atthe 0.01 level (2-
tailed).
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Appendix 6: SPSS Output: FSS2

FSS2 MOT - 1-way ANOVA (Section 6.5.1.1)

Oneway
MOTRT Descriptives
95% Confidence Interval for
Mean
I Mean Std. Deviation | Std. Error | Lower Bound Upper Bound Minitmum | Maximurn
1.00 10 | 49.2000 4.04969 1.28062 46.3030 52.0870 43.00 56.00
2.00 10 | 521000 §.765900 3.08823 451117 50.0883 38.00 £4.00
3.00 10 | 52.8000 8.49575 2 68659 46,7225 58.8775 41.00 §4.00
Total 30 | 51.3667 TIM3AT 1.40872 48,4835 54.2499 38.00 §4.00
WMOTRT AMOVA
Surm of
Souares df hMean Sguare F Sig.
Between Groups R 2 36.433 Ad4 Aag
Within Groups 1656.100 27 61.337
Total 1728.967 29

FSS2 MOT - Pearson product moment correlation coefficient (Section
6.5.1.1)

Correlations
Descriptive Statistics
Mean Std. Deviation [+
Age 438000 20.96853 30
MOTRT a1.366T T.r2137 30
Correlations
Ange MOTRT
Ane Pearson Carrelation 1 kS
Sig. (1-tailed) 044
¥ 30 30
MOTRET  Pearson Correlation T 1
Sig. (1-tailed) 044
] 30 30
* Correlation is significant atthe 0.04 [evel (1-
tailed).
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FSS2 SSP — 1-way ANOVA (Section 6.5.1.2)

Oneway o
SSFScare Descriptives
45% Confidence Interval for
Mean
I Mean Std. Deviation | Std. Errar Lower Bouni Upper Baund Minitnum | daximum
1.00 10 G.9000 1.445914 45826 5.8633 T.9367 4.00 4.00
2.00 10 6.4000 1.64655 52068 5.2221 T.A87T79 3.00 2.00
3.00 10 4.9000 1.19722 378549 4.0436 A.TA64 3.00 r.an
Total 30 A.066T 1.638E1 29917 f.4548 A.67845 3.00 9.00
SEFScare ANOVA
Sum of
Sguares df Mean Sguare F Sig.
Between Groups 21.6687 2 10.833 5.204 2
Within Groups A6.200 27 2.081
Tatal TT.867 28
Post Hoc Tests
SSPScore Multiple Comparisons
Tukey HSD
95% Confidence Interval
Mean
Difference (-
M Agecrogn G AdeGroun J Std. Error Sig. Lower Bound | Lipper Bound
1.00 2.00 A0000 44821 | -1.0987 2.09497
2.00 2.00000° B4521 012 4003 2.59497
2.00 1.00 -50000 B4521 | -2.0997 1.09497
3.00 1.40000 4521 0649 -.0997 3.09497
3.00 1.00 -2.00000° 64521 012 -3.64997 -.4003
2.00 -1.40000 44821 064 -3.0997 0997

* The mean diference is significant at the 0.05 level.

FSS2 SSP — Pearson product moment correlation coefficient (Section 6.5.1.2)

Correlations
Descriptive Statistics
Mean Std. Deviation [+
Age 43.8000 20.7831496 30
S5FPScore G.06ET 1.63861 30
Correlations
Aie SSPScote |
Aije Pearson Carrelation 1 - BG4
Sin. (2-tailed) .aoa
[+ 30 30
S5PScare  Pearson Carrelation - BE4T 1
Sin. (2-tailed) .aoon
[+ 30 30

= Correlation is significant at the 0.01 level (2-tailed).

244



FSS2 Task Completion Times (TCT) — Multivariate ANOVA (Section

6.5.2.1)
General Linear Model Descriptive Statisti
esCripine ISIICS
Within-Subjects Factors
] A GO tdean Std. Deviation
Measure:MEASURE 1 LogT10iPerTime 1 136752676 | 187227638 0
_ Dependent 2 1.24463037 | 226102656 10
TCTimes Yariahle
i LogTi hiFer 3 1.70905288 336259517 10
Tirne Total | 1.43707000 .321B96R22 a0
2 LogT2wPerf LogT2wPerTime 1 1.68451342 324340017 10
Time 2 185705079 | 390824119 10
3 %ﬁ,ﬁ?mpe"f 3 206207787 | 355684693 10
f LogT4ePerf . Total | 1.83454736 398648687 a0
Tirre LogT3mPerTime 1 1.64896483 AGBYATETS 10
5 LogTatPerf 2 1. 70876711 A7g70aa1 4 10
Tirme 3 1.83988343 308710354 10
i %Frggﬁlperf Total | 1.73253845 385894360 30
LogT4ePerTime 1 1.35140256 S50772539 10
BEtWEE“-SuhjEﬂS Factors Z 176118517 2493656498 10
" 3 1.941001 60 241244167 10
Total | 1.584520978 440996807 a0
AgeGroup 1 10 -
5 10 LogT5tPerTime 1 .B8040402 AG1166ET1 10
10 2 1.18841447 299238235 10
3 1.21380462 279403284 10
Mean Std. Deviation Total | 1.09420770 289240863 a0
1 1.3715 3327 LogTEIParTime 1 1.40634553 294085533 10
> 1.4979 3233 2 1.22805048 .395100187 10
3 1.7190 3095 3 1.54895189 336996326 10
Total | 1.39444930 358617942 a0
Measure:MEASURE_1 Tests of Between-Subjects Effects
Transformed Yariahle Averade
Type ll Sum _ Partial Eta
Solfre of Sguares of Mean Soguare F Sin. Sruared
Intercept 421118 1 421118 | 1847.05849 .0oo HE6
AgeGroup 3714 2 1.8587 g.146 ooz aTE
Errar f.1456 27 228
Post Hoc Tests
AgeGroup i .
Measure:MEASURE 1 Multiple Comparisons
95% Confidence Interval
Mean
Difference (-
O AgeGroun G0 AgeGroun Ji Std. Error Sig. Lower Bound | Upper Bound
Tukey HSD 1 2 - 12648021 087176791 330 -.34263789 [0B9E5T47
3 - 34760253 087176791 .om -A6375021 -13145485
2 1 12648021 087176791 330 -.0B965747 34263789
3 -22111232 | 087176791 044 -.437259549 - 00496464
3 1 34760253 087176791 .om 13145485 AE3TE0M
2 22111237 | 087176791 044 004596464 4372595949
Bonferroni 1 2 - 12648021 087176791 K ¥ia) -.34900538 09602496
3 - 347E0253 | 087176791 o0 - AT011770 - 125808736
2 1 12648021 087176791 K ¥ia) -.09602496 34900538
3 S2MM1232 | 0BV1TETI 052 - 44362748 00140285
3 1 34760253 087176791 .om 12508736 AF017T0
2 22111232 087176791 052 -.00140285 44362748

Eased on observed means.

The erat te rm 15 Mean Square(Erran) = 038, . The mean difference is significant at the .05 level.
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FSS2 TCT / Age — Pearson product moment correlation coefficient

(Section 6.5.2.1)
Correlations
Descriptive Statistics Descriptive Statistics
Mean Std. Deviation I hlean Std. Deviation [+
Ane 43.8000 20.78196 a0 Ane 43.8000 20781496 30
TCTH AT.86RT 41.7TERTO n TCTH aAT.86RET 41.TEETY 30
Correlations Correlations
Ane TCT1 | Ane TCTH _
Ane Pearson Correlation 1 A447 AlE Fearson Correlation 1 A4
Sig. (2-tailed) 00z Sig. (1-tailed) oo
M4l a0 30 M a0 30
TCT1  Pearson Correlation 44T 1 TCT1  Pearson Correlation A44T 1
Sig. (2-tailed) ooz Sig. (1-tailed) .om
Ml 30 a0 I a0 30
= Carrelation is significant at the 0.01 level (2- . Correlation is sighificant atthe 0.01 level (1-
tailed). tailed).
Correlations
Descriptive Statistics Descriptive Statistics
Mean Std. Deviation M hean Std. Dieviation |
Ane 43.8000 20.78196 30 Ane 43.8000 20.78196 a0
TCT2 102.4333 104.443458 30 TCTZ 102.4333 104.44358 a0
Correlations Correlations
Ale TCT2 Afe TCT2 |
Age Pearson Correlation 1 4317 || Age Pearsan Correlation 1 431
Sin. (2-tailed) 017 Sin. (1-tailed) 009
4 30 30 [+ 30 30
TCT2  Pearson Correlation 4317 1 TCT2  Pearson Correlation 4317 1
Sig. (2-tailed) mrv Sin. (1-tailed) 009
[+ 30 30 [+ 30 30

* Correlation is significant atthe 0.04 level (2-
tailed).
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= Correlation is significant atthe 0.01 lewel (1-
tailed).



Correlations

Descriptive Statistics Descriptive Statistics
hean Std. Dieviation g hean Std. Deviation I
Aije 43.8000 20.78196 an Ane 43,8000 2078196 3o
TCT4 BY.B000 45 BEROT 3o TCT4 67 6000 45 86607 an
Correlations Correlations
Ane TCT4 | Ange TCT4 |
Ane Fearson Carrelation 1 AO0E™ Ane Fearson Correlation 1 A08™
Sing. (2-tailed) o4 Sin. (1-tailed) nnz
I an an Ml 3o a0
TCT4  Pearson Caorrelation A08™ 1 TCT4  Pearson Correlation A08™ 1
Sig. (2-tailed) 004 Sig. [(1-tailed) ooz
I 3n an Ml 3o a0
= Correlation is significant at the 0.01 level (2- **_ Correlation is significant atthe 0.01 level (1-
tailed). tailed).
Correlations
Descriptive Statistics Descriptive Statistics
hean Std. Dieviation [+ Mean Std. Deviation I
Age 43.8000 20.75196 30 Arge 43,8000 20.78196 30
TCTE 336333 2T.233496 30 TCTE 936333 2T 2I30E a0
Correlations Correlations
Ae TCTE _ Lge TCTE |
Age Pearson Correlation 1 451 Age Pearson Carrelation 1 4817
Sig. (2-tailed) 02 Sig. {1-tailed) 006
M el a0 N 30 30
TCTE  Pearson Correlation 4517 1 TCTE  Pearson Correlation 4517 1
Sig. (2-tailed) mz Sig. (1-tailed) 006
[+ 30 30 I a0 a0

* Correlation is significant atthe 0.05 [evel (2-
tailed).
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** Correlation is significant atthe 0.01 level (1-
tailed).



Correlations

Descriptive Statistics Descriptive Statistics
fean Std. Deviation i hlean Std. Deviation ]
Aige 43.8000 20.78196 30 Ane 43.8000 20.78196 a0
TCThean | 995333 3295487 30 TCTMean | 555333 32.98457 a0
Correlations Correlations
Ae TCThiean | Age TCThiean |
Ale Pearson Correlation 1 A7 Ane Pearsan Carrelation 1 ATET
Sig. (2-tailed) m Sig. (1-tailed) o0
il a0 30 M a0 30
TCTWean  Pearson Correlation ATET 1 TCTMean  Pearson Correlation A7H" 1
Sig. (2-tailed) 0 Sin. (1-tailed) .oon
il a0 a0 M a0 30

** Correlation is significant atthe 0.07 level {2-tailad).
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FSS2 Warning Icon Recognition — Multivariate ANOVA (Section 6.5.2.2)

General Linear Model
Within-Subjects Factors

Measure:MEASURE 1 Descriptive Statistics

WarminalD Dﬁgﬁgglim . AnBGEILN Mearn Std. Deviation M
1 WarningFre WarningPre 1.00 4 6000 1.77639 10
2 WamingPost 2.00 5.8000 1.9497349 10
3.00 41000 166333 10
Between-Subjects Factors Total | 47333 1.83704 30
il WarningPost 1.00 3.4000 84327 10
AgeGroup  1.00 10 2.00 2.2000 1.93218 10
2.00 10 3.00 G.2000 2.347458 10
3.00 10 Total ¥.e00o0 202740 30

Measure:MEASLIRE 1 Tests of Between-Subjects Effects

Transformed VariableAverage

Type [l 5um
Solrce of Sgquares df hMean Sguare F Sig.
Intercept 2281 667 1 2281 667 415,969 000
AgeiGroup 32,233 2 16117 2.4938 0ro
Etrar 148.100 27 5.485

Measure MEASURE 1 Pairwise Comparisons

95% Confidence Interval far
Difference?
Mean
Difference (-
WarninolD B AdeGrogn G AgeGrUn J Std. Error Si 2 Lower Bound Upper Bound
1 1.00 2.00 -.800 806 274 -2.5548 Fah
3.00 A00 806 440 -1.185 2155
2.00 1.00 400 806 274 - 755 2,555
3.00 1.400 806 054 -.2585 3.0585
3.00 1.00 -.a00 806 440 -2.1585 1.145
2.00 -1.400 806 094 -3.0558 284
2 1.00 2.00 .200 814 .a08 -1.472 1.872
3.00 2.200° 814 01z A28 3.872
2.00 1.00 -.200 814 .aog -1.872 1.472
3.00 2.000° 814 021 .328 3672
3.00 1.00 -2.200° 814 012 -3.872 -A28
2.00 -2.000°7 814 021 -3672 -.328
Based on estimated marginal means * The mean diffierence is sionificant atthe 05 level.

a. Adjustment for multiple comparisons: Least Significant Difference (eguivalent to no adjustments).
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FSS2 Warning Icon Recognition — Pearson product moment correlation
coefficient (Section 6.5.2.2)

Correlations S
Descriptive Statistics Descriptive Statistics
Maan Std. Deviation N Wean | Std. Deviation M
Age 33,8000 075105 30 Age 43.8000 20.78196 30
lconRecogPre 47339 183704 10 lconRecogPre | 4.7333 1.83704 a0
Correlations Correlations
Age | lconRecogPre : Age | leonRecogPre
Ae Pearson Correlation 1 -3% Age Fearson Carnelation 1 33
S, (2alled) hird a. (-taller) 038
N 10 20 N 3 30
lconRecogPre  Pearson Correlafion -335 1 IconRecogPre  Pearson Comelation | -39 1
Siig. (2-tailed) o7 Sig. (I-ailed) 03
N gl gl N il il
* Corelation is significant atthe 0.05 level (1-tailed).
Correlations
Descriptive Statistics Descriptive Statistics
Mean | Std. Devigtion M Mean | Std. Deviation i
Age 43.8000 20.78196 a0 Age 438000 2078156 a0
lconRecogPost 7.6000 202740 30 [conRecogFost | 7.6000 202740 a0
Correlations Correlations
lconRecon [conRecog
Ane Post | Aige Post |
Age Pearson Correlation 1 Nk Aoe Pearsaon Correlation 1 -5
Sig. (2-tailed) .oan Big. (1-tailed) oo
M a0 3 i a0 a0
[conRecogPost  Pearson Correlation ks 1 [conRecogPost  Pearson Caorrelation -B1" 1
Big. (2-tailed) .00o Big. (1-tailed) 0o
N a0 Al i a0 a0
** Corelation is significant atthe 0.01 level {2-tailed). = Correlation is significant atthe 0.01 level (1-ailed).
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Correlations

Descriptive Statistics
Mean | Std. Devigtion
Age 43,8000 2073196 a
[conRecogDiffdcoui | 28667 1.59164 a
Correlations
lconRecogDiff
Ale Acui
Aie Fearson Correlation 1 - 364"
Big. (2-tailed) ik}
M a0 a0
lconRecogDifficqui  Pearson Correlation - 04" 1
Big. (2-tailed) N
M a0 a0

* Correlation is significant atthe 0.08 level (2-tailed).
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Descriptive Statistics
hean | Std. Deviation
Age 43.8000 20.78196 0
lconRecogDificqui | 2.8667 150164 30
Correlations
[conRecogDiff
Age Acqui
Age Pearson Carrelation 1 TS
Sig. (1-tailed) ME
N a a0
[conReconDifAcoui — Pearson Correlation T 1
Sig. (1-tailed) 016
N a a0

* Comelation is significant at the 0.05 level (1-tailed).




FSS2 Feature Recognition — Multivariate ANOVA (Section 6.5.2.3)

Within-Subjects Factors
Measure:MEASURE 1

Depe_ndent Descriptive Statistics
EegfurelD Vatiahle

1 FeaturelD_ AoeGroun hean Std. Deviation i
Fre FeaturelD_Pre 1.00 8.7000 3.09300 10
2 E%gtturelD_ 2.00 10.8000 518116 10
3.00 B.4000 350238 10
Between-Subjects Factors Total 86333 429501 a0
M FeaturelD_Post 1.00 16.4000 2.91357 10
AgeGroup  1.00 10 2.00 15,7000 B.05622 10
2.00 10 2.00 11.7000 319896 10
3.00 10 Tatal | 14.6000 4 B5055 a0

Measure MEASURE_1 Tests of Between-Subjects Effects

Transformed Yariable:Avarage
Type [l Sum
Soyfre of Souares if Mean Square F Sin.
Intercept anas.a1v 1 8096817 268.518 .aoon
AgeGroup 202,533 2 101.267 3358 a0
Error 214.150 27 30154
Measure MEASURE 1 Fairwise Compansons
45% Confidence Interval for
Differenced
hean
Difference (-
FeafurelD (b AgeGroun LI AgeGrogm Jl Std. Errar Sig @ Lower Bound Upper Bound
1 1.00 2.00 -2.100 1.8 264 -A.THE 1.696
3.00 2.300 1.8M 213 -1.3586 L= L]
2.00 1.00 2100 1.801 254 -1.586 5.7496
3.00 4.400° 1.801 021 T04 8.096
3.00 1.00 -2.300 1.801 213 -5.906 1.396
2.00 -4 4007 1.801 021 -3.008 - 704
2 1.00 200 Jon 1822 714 -3.243 4643
3.00 47007 1.522 021 7a7 B8.643
2.00 1.00 -.7on 1.822 14 -4 643 3.243
3.00 4.000° 1.822 047 0a7 7.843
3.00 1.00 -4.700" 1.522 021 -8.643 -7av
2.00 -4.000° 1.822 047 -7.943 -.087
Based on estimated marginal means * The mean difference is significant at the 05 level

a. Adjustment for multiple comparisons: Least Significant Difference {equivalent to no adjustments).
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FSS2 Feature Recognition — Pearson product moment correlation coefficient
(Section 6.5.2.3)

Correlations
Descriptive Statistics Descriptive Statistics
Mean Std. Devigtion h Wean Std. Deviation H
Age 43.8000 20.78196 a0 Age 43,8000 2078196 3l
FrodFeatRecogPre | 86333 429501 3 ProdFeatRecogPre | 86333 429501 a0
Correlations Correlations
ProdFeat ProdFeat
Ale RecogPre Ane RecogPre
Age Pearson Carrelation 1 -384° Age Pearson Carrelation 1 - 384
Sig. (Xtailed) 036 Sig. (1-tailed) 018
M al a0 M al an
ProdFeatRecogPre  Pearson Correlation =388 1 ProdFeatRecogPre  Pearson Caorrelation BETS 1
Sig. (2-tailed) 036 Sig. (1-tailed) 018
M 3l an M al A
* Carelation is sighificant atthe 0.0% level (2-tailed). * Correlation is significant atthe 0.05 level (1-tailed).
Correlations
Descriptive Statistics Descriptive Statistics
Wean Std. Deviation M ilean Std. Deviation I
Age 43.8000 2078198 a0 Aie 43.8000 20781986 a0
FrodFeatRecogPost | 14.6000 4 64055 30 FrodFeatRecogPost | 14,6000 4.65055 30
Correlations Correlations
ProdFeat ProdFeat
Ane RecogPost Age RecogPost |
Ae Pearson Carrelation 1 5447 [ ] Aoe Pearson Correlation 1 - 544"
Sig. (2-tailed) 00z Sin. (1-tailed) 001
M a0 a0 N 30 a0
ProdFeatrecogPast  Pearson Corelation | -5447 1 ProdFeatRecogPost  Pearson Corelation | - 5447 1
Sig. (2-tailed) 00z Sin. (1-tailed) o1
M a0 a0 | an 30
= Corelation is significant atthe 0.01 level (2-tailed). ** Correlation is significant atthe 0.01 level {1-tailed).
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FSS2 Prompted Product Recall — 1-way ANOVA (Section 6.5.2.4)

Oneway
FromtProdRec ANOVA
Sum of
Souares f Mean Square F 3ig.
Between Groups 20867 2 10,433 2965 0E3
Within Graups 95.000 27 38149
Total 115.867 29
Post Hoc Tests
%‘-}'{';}T_{E%REE Multiple Comparisons
95% Confidence Interval
Mean
Difference (-
Agedroun &N AdeGrodn Jl Std. Error Sin. Lower Bound | Upper Bound
1.00 2.00 20000 83887 a3z -1.774949 2.37849
3.00 1.90000 83887 ara -1749 3.97849
2.00 1.00 -.30000 83887 A3z -2.374949 1.77849
3.00 1.60000 83887 1586 -.47499 367849
3.00 1.00 -1.90000 83887 ara -3.8974949 17949
2.00 -1.60000 83887 146 -3.674949 4799

FSS2 Prompted Product Recall — Pearson product moment correlation
coefficient (Section 6.5.2.4)

Correlations
Descriptive Statistics
hean Std. Deviation [+
Ane 43.8000 20.78196 30
PromtProdRecall 226867 1.998845 30
Correlations
PramtProd
Are Fecall

Ane Fearson Correlation 1 =38y

Sig. (2-tailed) .0ar

] 30 30
PromtProdRecall  FPearson Correlation =38y 1

Sig. (2-tailed) .03r

Ml 30 30

* Correlation is significant atthe 0.05 level (2-tailed).
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FSS2 TFQ: Q1 Analysis — 1-way ANOVA (Section 6.5.2.5)

Oneway
TFoo Descriptives
95% Confidence Interval for
Mean
il Mean Std. Deviation | Std. Error | Lower Bound Lpper Bound Minimurm | Maximum
1.00 10 47.2000 742069 234663 41.8916 528084 36.00 f4.00
2.00 10 426000 17.68992 559404 29,9454 55,2546 16.00 73.00
2.00 10 39,4000 12267349 387928 a0.E244 481756 26.00 £1.00
Total 30 43.0667 13.09628 239104 381764 47 9568 16.00 73.00
TFaG1 ANOVA
Sum of
Sguares df Mean Square F Sig.
Between Groups 307 467 2 183.733 850 423
Within Groups 4666.400 27 172.830
Total 4973 867 24
FSS2 TFQ: Q2 Analysis — 1-way ANOVA (Section 6.5.2.5)
Oneway
TFQQ? Descriptives
495% Confidence Interval for
Mean
il lean St Deviation | Std. Error Lower Bound Upper Bound Minitnum | Maximum
1.00 10 a0.1000 17.12880 A 416494 37 8460 623540 26.00 73.00
2.00 10 43.0000 23.88436 T 45803 26.1288 A9.8712 11.00 T8.00
3.00 10 25,4000 11.21705 354714 17.3758 334242 10.00 45.00
Total 30 39,5000 20.35334 371600 31.8999 47,1001 10.00 749.00
TFQQ2 ANOVA
Sum of
Squares of hean Sguare F Sin.
Between Groups 3234.200 2 1617.100 4,973 014
Within Groups 8779.300 27 325148
Total 12013500 24

Post Hoc Tests

%E&%EHSD Multiple Comparisons
95% Confidence [nterval
Mean
Difference (-

I AgeGroyn  Ch AgeGroUn J Std. Error Sing. Lower Bound | Upper Bound
1.00 2.00 F.1a0o0 B.06423 B5T -12.8946 27.0946
3.00 24700007 B.06423 013 47054 44 6946
2.00 1.00 -7. 10000 8.06423 BAY -27.0946 12.8546
3.00 17. 60000 8.06423 .0az2 -2.3946 3755946
3.00 1.00 -24.70000°7 B.06423 013 -44 6946 -4.7054
2.00 -17.60000 B.06423 .0g2 -37.54946 2.3946

* The mean difference is significant at the 0.05 level.
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FSS2 TFQ: TFQ Total Analysis — 1-way ANOVA (Section 6.5.2.5)

Oneway Descriptives
TFQ
94% Confidence Interval for
Mean
I IMean St Devigtion | Std. Errar | Lower Bound pper Bound Minimum | kaximurm
1.00 10 97.3000 16.32347 16133 856229 108.9771 73.00 122.00
2.00 10 25,6000 I9. 69663 | 1255318 A7.2027 113.9973 27.00 151.00
.00 10 f4.8000 22.36464 T.07232 488013 a0.7aaey 36.00 106.00
Total a0 82 8667 30229749 A.514918 T1.2787 93.8547 27.00 151.00
TFQ ANOVA
Sum of
Sguares of tean Sguare F Sig.
Between Groups 5419267 2 2T09.633 3470 046
Wiithin Groups 21082100 27 T80.819
Total 26501367 28

Post Hoc Tests

TFQ Multiple Comparisons
Tukey HED
95% Confidence Interval
Mean
Difference (-
MAneGrogn G ADRGrILIGD ] St Errar Sig. Lower Bound | Uppet Bound
1.00 2.00 11.70000 | 12.49654 k23 -18.2842 42 6842
3.00 32500007 | 12.49855 03g 1.51468 63.4842
2.00 1.00 -11.70000 | 12.49655 623 -42.6842 18.2842
3.00 2080000 | 12.49655 237 -10.1842 51.7842
.00 1.00 -32.50000° | 12.49655 03g -63.4842 -1.51458
2.00 -20.80000 | 12.49654 237 -51.7842 101842

* The mean difference is significant at the 0.05 lewvel.
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FSS2 TFQ Q2 Analysis — Pearson product moment correlation coefficient
(Section 6.5.2.5)

Correlations
Descriptive Statistics
Mean Std. Deviation [+
Age 43.8000 20.78196 3o
TFQG2 a9.a000 20.35334 3o
Correlations
Aie TFQ@2 |
Ane Fearson Correlation 1 -.5097
Sig. (2-tailed) o4
M 3o 3o
TFQG2  Pearson Correlation -A09™ 1
Sin. (2-tailed) o4
M ao 30
**, Correlation is significant at the 0.01 lewel (2-
tailed).

FSS2 TFQ: TFQ Total Analysis — Pearson product moment correlation
coefficient (Section 6.5.2.5)

Correlations
Descriptive Statistics
hean Std. Deviation [+
Ane 43.8000 20.78196 30
TFQScare 22.5667 30.22979 a0
Correlations
Are TFRAScare
Ane Fearson Correlation 1 - ABT"
Sig. (2-tailed) 010
] 30 30
TF@Score  Pearson Correlation - A5 1
Sig. (2-tailed) 010
] 30 30

* correlation is significant at the 0.05 level {2-tailed).
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Appendix 6: SPSS Output: TFQ Survey

Effect of Age on Technological Familiarity — Experimental Condition

(Section 7.7.1)
Oneway ANOVA
TFQScoreExp
5um of
Sguares df hiean Sguare F 5ig.
BEetween Groups 5419.267 2 2709633 3.470 046
Within Groups 21082.100 27 T80.819
Total 26501367 29
Post Hoc Tests
Multiple Comparisons
TFScoreExp
Tukey HSD
95% Confidence Interval
Mean
Difference (-
I AgeGroyp G AgeGroyn i)} Std. Errar Sig. Lower Bound | Upper Bound
1.00 2.00 11.70000 | 12.49655 623 -19.2842 426842
3.00 3z2.500007 | 12.49655 RikE] 1.5158 G3.4842
2.00 1.00 -11.70000 | 1249655 623 -42.6842 19.2842
3.00 20.80000 | 12.49655 237 -10.1842 51.7842
3.00 1.00 -32.500007 | 12.49655 RikE] -63.4842 -1.5158
2.00 -20.80000 | 12.49655 237 -51.7842 101842

* The mean difference is significant at the 0.05 level.

Effect of Age on Technological Familiarity — Online Condition (Section 7.7.1)
Oneway

ANOVA
TFQScareOnling
Sum of
Snuares df hean Square F Sig.
Between Groups 3377809 2 1688.795 2,652 084
Within Groups 46976.829 71 B61.644
Total A03454.338 T3

Post Hoc Tests

Multiple Comparisons

TFQOScara0nling

Tukey HSD
95% Confidence Interval
Wean
Difference (-

M AgeGrogn  ChAgeGroun i Std. Etrar Sig. Lower Bound | Upper Bound
1.00 2.00 3.39394 7180H B84 -13.7945 20,5824
3.00 16.95000 8.03674 085 -2.2886 361886
2.00 1.00 -3.39384 7180 B84 -20.5824 13.7945
3.00 13.55606 7.28918 158 -3.84930 31.0051
3.00 1.00 -16.95000 8.03674 085 -36.1886 22886
2.00 -13.95606 7.285918 158 -31.0051 3.8930
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Appendix 6: SPSS Output: Manual Reading Behaviour

Effect of Age on Manual Reading Behaviour — Experimental Condition
(Section 7.7.2)

Oneway

MonManReadBehaviour Descriptives
95% Confidence Interval for
tean
I IMean St Devigtion | Std. Error | Lower Bound Upper Bound Minimum | Maximum

1.00 10 Jo0n 31623 0000 -1262 3262 .00 1.00
2.00 10 R 31623 0000 - 1262 3262 .an 1.00
3.00 10 .2000 42164 13333 - 1016 A6 .00 1.00
Total a0 1333 344875 06312 0042 2624 .00 1.00
HonhanFEeadBehawviaur ANOVA

Sum of

Sguares of tean Sguare F Sig.
Betweean Groups 0BT 2 033 265 B9
Within Groups 3.400 27 126
Total 3467 29

Effect of Age on Manual Reading Behaviour — Online Condition (Section
7.7.2)

Oneway

HonManEeadBehaviour Descriptives
95% Confidence Interval for
Mean
I Mean Std. Devigtion | Std. Error | Lower Bound Upper Bound Minimum | baximurm

1.00 21 4286 A0709 1066 977 B594 0o 1.00
2.00 33 636 48850 .0aa04 1904 5364 .00 1.00
3.00 20 2000 41039 09177 .oova 391 0o 1.00
Total 74 33ra ATEZ0 058536 2274a 4482 .00 1.00
MNonManReadBehaviour ANOVA

Sum of

Souares df Mean Square F Sig.
Between Groups 5758 2 287 1.277 285
Within Groups 15979 71 224
Total 16.954 T3
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Appendix 7: Technological Familiarity Questionnaires

Participant Numbesr

Age Group (please circle) 16-25 26-59 &0-80
When using the products below, how many features on the product are you
Gender (please circle]) Male Fernale familiar with and do you use?
How often do you use the following products?
(if you have never used a product of the type indicated, please tid< never) Product All of the As many a5 | Just enough | Your limited | None of the
features you can to get by knowledge features -
Product Every Several | Once or | Every Ewvery Only never ({you read figure out with of the you do not
day times a | twice a few few ever the manual without the features use this
week week weeks months | usedit to ched: manual limits your product
once or them) use of the
twice product
Telavizion with Televizion with
rernote control rernote control
Video Recorder Video Recorder
Satellite Satellibe
Television Televizion
Carncorder Carncorder
WD Recorder VD Recrder
capable of capable of
recarding recarding
television television
programs prograrnz
Mabile Mabile
Telephone Telephans
Horne Hi-fi or Horne Hi-fi or
Stereo Stereo
Perzonal Stereo Parzonal
- &g Sony Stereo - eq:
Walkrnan Sony Walkrnan
Car Stereo Car Stereo
Personal Personal
Electronic Electronic
Organizer 2rganiser
Laptop Laptop
Satellite Satellibe
Mavigation Mavigation
Suzharn Systern
Sat Maw] Sat Mav)
Ipod Ipod
Plug in Plug in
electridgty and electridty and
cost caloulator cost calaulator
Cther Producks Cther Producks

Participant Number

How often do you use the following producks?

(if you have never used a product of the type indicated, please tid: never)

remote control

Product Every | Sewveral | Once or | Every | Every Only Newver
day times a | twice a | few few used
week week weeks [ months | once or
hwice
[ Televizion with

Video Fecorder

Tatelle T elevision

Camcorder

T DVD Fecorder

Wobile Telephone

Horne Hi-T or Stereo

Perzonal Steren —
eg Sony Walkman

Car Stereo

Perzonal Electronic

Organiser
Captop

Tatellfe Mavigation

ser Poirie riPen

Plug-in electriciy
monitor

TRIFT level

CablefStud ey
Dratector

Fower Toolz —
Sanders, Grinders

Laser tape measure

Tigtal Certral

Heating Controls
Burglar Alarm

Control Panels

Hurnidity Sensors

Han d-held toolz

Talkie-Talkie s

deoing so

Mow uze the remaining colurnn to idertify any of the above devices you thought about
whilst interacting with the lazer level detector, and please verbalise your thoughts whilst

When using the products below, how many features on the product are you
familiar with and do you use on a regula- basis?

Product

As many as
you can
figure out
without the
manual

Just enough
to get by
with

Your limited
knowledge
of the
features
limits your
use of the
product

None of the
features -
you do not
use this
product

elevision with
remote contral

Video Fecorder

Tatellite
Televizion

Camcorder

T TVD

Recorder

Tobile Telephone

Horne Hi-fi or
Stereo

Perzonal Steren —
eq: Sony
I alk ran

Car Steren

Ferzonal
Electronic
organizer

LCaptop

Tatellie
Mavigaton
Systern

TP EEIE player
eg: Ipod

ser Pointe rPen

Plug-in electriciy
monitor

TRIFT Tevel

THilfy Detector

Power Tools —
Sanders, Grinders

Lazer tape
measure

Tigtal Cerral

Heating Contrals
Burglar Alarmn

Control Panels

Hurnidity Sensors

Hand-hield tools

Talkie-Talkies
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Appendix 8: TFQ Rating Protocol

The scoring system used to calculate individual and overall TFQ Scores according to the
Blacker (2006) approach (p. 278-281). Product list is reduced for brevity.

How often do you use the following products?

Product

Every
day

Several
times a
week

Once
or
twice

Every
few
weeks

Every
few
months

Only
used
once or

Never

a twice
week

Television °

Video °
Recorder

Satellite °
Television

Camcorder °

(TV) DVD .
Recorder

Mobile °
Telephone

Each 6 5 4 3 2 1 0
Column
assigned a
number

Number of 0 0 4 9 2 1 0
responses
multiplied
by the
column
number

TFQ 1
Score

16
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How many features on the product are you familiar with and do you use on a regular
basis?

Product All of the As Just Your None of
features many as enough limited the

(you read you can to get knowledge features
the figure by with of the —you do
manual out features not use
to check without limits your this
them) the use of the product

manual product
Television °

Video Recorder °

Satellite ° °
Television
Camcorder
(TV) DVD .
Recorder
Mobile °
Telephone
Each Column 4 3 2 1 0
assigned a
number
Number of 0 9 2 2 0
responses
multiplied by
the column
number

TFQ 2 Score 13

TFQ 1 16
+ +

TFQ 2 13

Overall TFQ 29
Score
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Appendix 9: Investigation 1 and 2 Tasks

Task 1:

Task 2:

Task 3:

Find the lowest wattage
reading (W) for the larmp
attached to this product:

Write down the wattage
displayed.

Lo

] w

Find the current
reading (&) for the
larnp attached ta
thiz product:

Write dawn the
current displayed,

Set Unit Cost Price
to 99,50 £/kwh

£/kwh
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Task 4

Find the frequency
reading (Hz) for the
larnp attached to
this product:

Write down the
frequency
displayed.

Hz

Task 5:

Find aut how rmud
the lamp attadhed
to thiz product has
consurned since the
start:

Write down the
amounts displayed.

kiwvh

] £

Task 6:

Find the highest
wattage (w) reading
far the larp
attadhed to this
product:

Wribe down the
wattage displayed.




Appendix 10: FSS2 Technological Familiarity Questionnaire

Participant MNumber

How often do you use the following products?

{if you have never used a product of the type indicated, please tick never)

Product

Every
day

Several
times a
week

Once or
twice a
week

Every
few
weeks

Every
few
months

Only
used
once or
twice

Never

Television with
rermnote control

Video Recorder

Satellite Television

Carncorder

(TW) DVD Recorder

Mobile Telephone

Horne Hi-fi or
Stereo

Personal Stereo -
eq: Sony Walkman

Car Stereo

Personal Electronic
Qrganiser

Laptop

Satellite
Mavigation Systemn

MP3/Music player
{eq: Ipod)

Laser Pointer/Pen

Plug-in electricity
rmonitor

Spirit level

Cable/stud/AUtility
Detector

Power Tools -
Sanders, Grinders

Laser tape
measure

Digital Central
Heating Controls

Burglar Alarm
Control Panels

Hurnidity Sensors

¥When using the products below, how many features on the
product are you familiar with and do you use on a regular basis?

Hand-held tools

Walkie-Talkie’s

doing so

Mow use the remaining colurnn to identify any of the above devices you thought about
whilst interacting with the laser level detector, and please verbalise your thoughts whilst _T

All of the
features
{you read
the manual
to check
them)

As many as
you can
figure out
without the
manual

Just enough
to get by
with

Your limited
knowledge
of features
limits your
use of the
product

None of the
features —
you do not
use this
product

Television with
remote control

Mideo Recorder

satellite
Television

Carmncorder

(TW) DVD
Recorder

Mobile
Telephane

Horne Hi-fi or
Stereo

Personal Steren
- eqQ: Sony
walkrnan

Car Steren

Personal
Electronic
Crganiser

Laptop

Satellite
Mawvigation
Systermn

MP3/Music
player eg: Ipod

Laser
FointersFen

Flug-in
electricity
rnonitor

Spirit Tevel

Utility Detectar

Power Tools -
Sanders,
Grinders

Laser tape
measure

Digital Central
Heating Controls

Burglar Alarm
Control Panels

Hurnidity
Sensors

Hand-held toals

W alkie-Talkie’s
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Appendix 11: Warning Icon and Product Feature Analysis

==
é"].l.

X A
AN

As mentioned in text, the above Warning Icon Assessment Sheet was presented to each

/4
=

A%

Warning Icon Assessment Sheet

participant at the commencement of the product interaction phase. Participants were asked to
label and write down what they thought the icons meant or implied. Post-interaction, the
assessment sheets were revisited and the opportunity provided for participants to alter their
descriptions if desired. One point was awarded for each correctly identified icon out of a
maximum of nine. In this way, it was possible to determine pre and post recognition scores,
changes in conceptualisations over time, and infer elements of information that had thus been
acquired due to product exposure and interaction.

The actual warning icon meanings are represented below:

Laser Hazard/Warning Electrical Cables
Not for use by under 16’s Electrical Shock Hazard Wood
Do not look directly into Metal Information
Laser
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Can you identify the features present

on the product?

Product Feature Assessment Sheet

The Product Feature Analysis consisted of comparing pre and post interaction observations of
product features. By observing the video-captured and verbal report data during the initial
phase, it was possible to identify the features referenced by participants prior to interaction.
After interaction participants indicated the features they were aware of on the product feature
assessment sheet. A point was awarded for each identified feature which contributed to the pre
and post interaction scores. This then indicated the additional features observed, understood, or
learnt in conjunction with developments in warning icon understanding that were affects of
interaction, and contributed to product overall understanding.

The total product features are listed below:

FRONT/SIDE FEATURES: REAR FEATURES:
SIDE GRIPS, FAKE ALAN KEY BOLTS, BLACK & DECKER LOGO, DATE STAMP, FELT ‘GLIDES’ (3),
LASERPLUS LOGO, ‘VIEWFINDER AREA’, SHOCK ICON, LED LIGHTS BLACK & DECKER STICKER, HEX
— DURING CALIBRATION & WHEN ELECTRICITY DETECTED, WEB NUT HEADS, BATTERY
ADDRESS, TOGGLE BUTTON, BLOCK/BEAM ICONS, DETECTION COMPARTMENT COVER, LASER
ZONE, DETECTOR BUTTON ( PUSH & HOLD), LASER ON/OFF SLIDER RADIATION STICKER, WARNING
CONTROL, LASER EMITTING ORIFICE S, LINES/BEAMS, BATTERY DON’T LOOK INTO BEAM, LASER,
ICON, ‘CALIBRATING’ SQUARES, CALIBRATION ‘TICK’ (TOP), INFORMATION BOOK, NO UNDER
CALIBRATION ‘TICK’ (MID), WOOD BLOCK ICON (LCD), METAL 16’s, PUSH-TOGETHER CATCHES
BEAM ICON (LCD), ICON SELECTED INDICATOR, AUTO LEVELLING

OTHER: AUDIBLE NOISE (BEEP)
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1on Data

SRK Classificat

Appendix 12
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