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Abstract. The paper investigates the requirements for multimodal interaction on mobile devices in an end-to-end journey con-
text. Traditional interfaces are deemed cumbersome and inefficient for exchanging information with the user. Multimodal in-
teraction provides a different user-centred approach allowing for more natural and intuitive interaction between humans and
computers. It is especially suitable for mobile interaction as it can overcome additional constraints including small screens,
awkward keypads, and continuously changing settings - an inherent property of mobility. This paper is based on end-to-end
journeys where users encounter several contexts during their journeys. Interviews and focus groups explore the requirements
for multimodal interaction design for mobile devices by examining journey stages and identifying the users’ information needs
and sources. Findings suggest that multimodal communication is crucial when users multitask. Choosing suitable modalities
depend on user context, characteristics and tasks.
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1. Introduction

Human-computer interactions in mobile environ-
ments have an integral role in a personal and work
setting. Mobile devices provide us with ubiquitous
information access, entertainment and is helping us-
ers to stay connected to work, friends and family [6].
In comparison with traditional, visual based, inter-
faces, multimodal interfaces which use a mixture of
visual, audio and haptic information, are better able
to support rich expressiveness using familiar com-
munication modalities. Additionally, they can be
particularly well suited for mobile use as it is crucial
to minimise demands on the users’ workload while
keeping flexibility of interaction available. Therefore,
the major themes explored in this paper are the re-
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quirements and opportunities for mobile multimodal
interfaces in the context of end-to-end journeys.

2. Multimodal human-computer interaction

Human-computer interaction in mobile environ-
ments becomes increasingly important as mobility
poses further challenges due to a number of factors,
such as the need or desire for multitasking, manage-
ment of interruptions and unpredicted incidents, and
additional distractions as well as the fluctuation of
settings [1, 16]. These factors enlarge the risk of cog-
nitive overload, which consequently diminishes the
potential to carry out the primary task and increases
the chance of task failure or even physical accidents.
Traditional mobile devices mainly rely on a 12-key
system or a QWERTY-keyboard and limited display
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size which complicate interactions in mobile settings.
Therefore, Rossler et al [14] state that interfaces in
mobile environments should provide the following
features to tackle the additional challenges. Firstly, a
personal environment should be travelling with the
user. Secondly, the user should only gain access to
information relevant for task completion in a data
format best suited to the user’s needs at that time.
Finally, the interface should reflect the user’s profile,
location, situation, accessed network and current con-
text. To achieve these, mobile devices need to gain
an understanding of the precise context the user is in.

Turunen et al [16] suggest that location and timing
information could be used to automatically determine
the mode of transport as well as the environment the
user is in. However, care needs to be taken as all mo-
dalities used in one system need to be carefully bal-
anced according to the capacity and limits of human
sensory channels [2]. If this careful approach is over-
shadowed by an enthusiasm to try to enable every
modality at any time, the user will quickly be an-
noyed or even cognitively overloaded. Therefore, an
understanding of the relationship between user con-
text and presenting the user with suitable communi-
cation modalities is critical for multimodal interac-
tion design.

An ideal setting for appreciating multimodal hu-
man-computer interaction in a mobile context is the
concept of an end-to-end journey. This concept was
developed by the Department of Transport [3] when
analysing freight journeys such as a deep sea con-
tainers, or a food and drink, end-to-end journey. The-
se case studies set out to understand the context of
the entire journey with the full complexity of trans-
port chains instead of analysing individual elements
of a journey. However, the focus of this paper is on
passengers and passenger oriented journeys such as
the commute, meeting friends or family, travelling to
events, and trips or holidays. In the literature some

efforts have been made towards identifying stages of
passenger end-to-end journeys in order to increase
efficiency, effectiveness and satisfaction of the jour-
ney for individuals. One example of an end-to-end
rail journey is shown in Figure 1.

Thus, the aims of the paper are threefold. Firstly, it
aims to confirm the stages encountered in end-to-end
journeys for other, more universal journey types,
with consideration of two different journey types —
day trips and commutes. Secondly, it will map user
information needs and sources to different journey
stages. Finally, it will identify requirements and op-
portunities for multimodal interaction design in an
end-to-end journey context.

3. Methodology

Two methods were used to reach the goals of this
paper - focus groups and interviews. The focus
groups were deemed the most appropriate method to
meet the objectives of this study as little is known
about end-to-end journeys and they provide the re-
searcher with a tool for in-depth exploration [15].
The interviews were then used to enrich existing in-
formation by reviewing a different type of journey.

3.1. Participants

Two focus groups, discussing day trips, were car-
ried out with three participants respectively, 4 of
which were male and 2 were female and their age
ranged from 24 to 36. A total of eight interviews
were conducted with 4 males and 4 females. The
interviews focused on the commute and the partici-
pants’ age ranged from 22 to 47. All of the partici-
pants were in full-time employment and were paid
volunteers.
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Fig. 1: Stages of the Railway End-to-End Journey (as shown in [4])
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3.2. Focus group procedure

The focus groups were organised in two parts.
During the first part, participants were asked to talk
about any journey they have made or were planning
to make, followed by a discussion of a day trip of
their choice. This first part served two purposes. It
introduced the participants to the topic of interest and
the transcription of this part helped to formalise cate-
gories needed for content analysis of the data.

The second part of the focus group was scenario
based in order to focus the discussion and to foster
creative processes. The scenario was a day trip to the
Peak District, an area famous for hill-walking in Eng-
land, which enables the participants to envisage the
use of mobile technologies in a specific context. Dur-
ing the first activity, participants discussed the differ-
ent stages involved in this scenario. This method ap-
plies principles of participatory design, where end
users are involved as full participants in activities
leading to software or hardware computer products
and computer based activities [8]. Moreover, they
were asked to represent these journey stages and their
content using cards with predefined symbols. Blank
cards were also provided in case the participants felt
that something was missing. The artefact created by
the groups via the cards enabled them to communi-
cate with each other and with the researcher using a
different medium [10]. Moreover, the second activity
focused on the information needs as well as the in-
formation sources used by the participants in the con-
text of the scenario for each of the predefined stages.

3.3. Interview procedure

The interviews were carried out as part of a wider
study called the Socially Connected Journey Project
at the University of Nottingham [7]. The interview
themes included questions about commute informa-
tion and attitudes towards car sharing. During the
interview the stages of the commute and the informa-
tion required during the commute were covered.

Table 1: Categories for Content Analysis

Stages Planning, Arrival, Activity, Return, Reflection

Information |Choices, Cost, Navigation, People-2-People,
Needs Reviews, Tickets, Timing, Traffic, Weather

Camera, Compass, Environment, Internet,
Knowledge, Mobile Phone, Paper Maps, Radio,
Satellite Navigation, Signs, Visitor Centre

Sources of
Information

3.4 Analysis

Content analysis was used to analyse the data
gathered in the focus groups and the interviews. Con-
tent analysis can be defined as a research technique
for making replicable and valid influences from texts
[9]. Here the transcription of the focus groups and
interviews were used. The method of inductive con-
tent analysis was applied and the high-level hierar-
chies, which were derived from the literature, were
defined as stages, information needs and sources of
information. The categories itself were then obtained
using open coding and a feedback loop [5]. In this
case the first two activities in the focus groups were
used for open coding. The categories where then
grouped to the high-level hierarchies and are applied
to the remainder of the texts. Both are shown in Ta-
ble 1. The unit of analysis used here is theme based
rather than word based. Theme-based content analy-
sis uses both qualitative and quantitative aspects of
content analysis. Frequencies show general common-
alities and to suggest prevalence of specific human
factors related problems from the collected data [11].

4. Results

The results aim to firstly confirm the stages en-
countered in end-to-end journeys regarding two dif-
ferent journey types. The results will also map the
user information needs and sources to these stages.

4.1. Stages of end-to-end journeys
The data suggests that end-to-end journeys consist
of five stages. Table 2 summarises how often each

stage was mentioned in the focus groups covering the
day trip and the interviews concerning the commute.

Table 2: Journey Stages

Focus Focus .
Journey Stages Interviews

Group 1 Group 2
Planning 10 11 11
Arrival 3 8 9
Activity 7 9 2
Return 1 9 7
Reflection 8 9 none
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4.2. Day trips

The analysed data suggests that day trips have five
key stages. The first stage is the planning stage,
which is crucial to a day trip. The planning stage oc-
curs before leaving the house for the journey to the
destination. Both groups mentioned that a significant
proportion of time is spent on researching elements
of the trip such as choices of transport, timetables,
routes, and activities as well as planning these, which
becomes more critical when travelling with other
people.

DayTrip#3: “Yeah, like when I was talking about
that trip to Liverpool we nearly spent as much time
researching as we did actually there.”

Secondly, during the arrival stage people travel
from their door step to the goal location. Here, the
plan formulated in the previous stage is executed.
Mobile devices are now used to coordinate people.
Information, except for route or public transport in-
formation, is mainly consulted when a problem oc-
curs which may then trigger adjustments to the origi-
nal plan.

DayTrip#4: “This is all planning and then you
would follow all of this but I think you would leave
the computer things at the planning stage and the
transfer to a mobile platform because you would not
take your laptop with you.”

Moreover, in the third stage the actual activity is
carried out. The activities can range considerably for
day trips, but in this specific example consisted of
hill walking or mountain biking. Similarly to the ar-
rival stage, the decision of the nature of the activity is
made during the planning stage and executed here.
However, it is much less accurate and more open to
changes on the day.

DayTrip#6: “I am going to go and I am going to
have an experience that I am not quite sure what it is
going to be yet.”

The return journey, from the place of the activity
back home, defines the next stage of the day trip.
This stage is almost identical to the arrival stage be-
cause the plan is executed unless a problem occurs.
Finally, reflection takes place once arrived from the
return journey. Parts of the reflection are immediate
for instance planning a new trip or forming initial
judgements about the trip:

DayTrip#3: “To some extent whenever you get
back and you had a good time you feel like you want
to plan the next trip.”

Other parts of the reflection like organisation of
memories, including any digital or physical informa-
tion, or recollections, take part over time after the trip.

DayTrip#6: “Afterwards is much more, a sort of
reflection, introspection and less, it’s less informa-
tion about the outside world and more looking at
what has this done to me as a person. Was it worth
doing? Have I got out if it what I thought I would get
out of it? Have I got out of it completely different
things I thought I was going to get out of it?”

These five stages were also represented using
cards provided to the participants in the focus groups,
as shown in Figure 2 and 3. This enabled the partici-
pants to express their ideas using a different media.
With the aid of the cards insight on how multimodal
devices could be used throughout the course of an
end-to-end journey. The representations below illus-
trate that participants chose different ways to express
the stages on paper. One follows a flow, whereas the
other is much more modular.

Figure 2: Representation of Stages by Focus Group 1

Figure 3: Representation of Stages by Focus Group 2
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The representation from one group illustrates the
modes of transport used and the information sources
consulted in each stage. The different choices, such
as train, bus or car for the arrival and return journeys
and the resources used for reflection are clearly
shown. The second group shows the research sources,
like the computer, the internet and other people. It
also shows the arrival and return journeys in one area
on the right, which were perceived to be equivalent.
Entertainment was an additional focus in these stages.
The activity, depicted in the middle, reveals that
technology is barely used at this stage. Instead people
focus on the environment and face-to-face communi-
cation. Finally, mobile technology and maps are used
throughout the day trip. The reflection stage is not
shown as participants felt it was an intrinsic process.

4.3. The commute journey

Contrary to the day trip, the planning stage is
much shorter, more intuitive and a quick process just
before leaving for work. The importance shifts from
research to quick decision making on what transport
or route to take depending on factors such as weather,
activities during work or after work, and traffic.

Commute#3: “It is pretty much the same, only if
it is really pouring with rain or when it was really icy
1 got the bus instead of cycling.”

Research is unnecessary as individuals have
gained enough experience so that a plan is intrinsi-
cally developed and retrievable.

Commute#7: “When 1 first moved here I had a
loan of my Dad’s SatNav and to get to and from here
I would use that and it would take me a certain way
and then as I got to know the area I kind of experi-
mented taking different way. So I had that sort of
information when I was learning my way but now I
know it so I don’t really need any information at all.”

The arrival takes the individual from home to work.
This stage is fairly similar compared to the day trip.
Normal routines, rather than carefully planned jour-
neys, are executed and amended if any problems oc-
cur. Upon arrival, the working day will define the
activity carried out. Similarly to the day trip, the re-
turn journey is similar to the arrival. However, no
reflection takes place at the end of the journey, indi-
viduals know their commute journeys and therefore
evaluations as well as reflections are not necessary.

End-to-end journeys overall may not be limited to
five stages. For instance, multiple activity stages
could occur. Both focus groups which considered a
stop at a restaurant or a hotel. To accommodate for

this, the stages can act as components with which an
entire end-to-end journey can be represented.

4.4. Information needs and sources

A number of information needs and sources were
identified for the day trip and the commute. The most
interesting categories in terms of information needs
are people-to-people, traffic and weather information.

For the day trips all participants agreed that they
would with others and only two considered going on
their own. So communication is essential to come to
agreements about how to get there, what to do, when
to go, and so on. Participants felt that this would be-
come increasingly complicated with rising numbers.

DayTrip#3: “Discussing it in the office, we were
talking about going to the Peak District for a bike
ride or something and that’s kind of good but there is
obviously some logistical problems of getting there
and actually finding a decent route that everybody is
ok with. Just sorting out the routes on the trip and
how to get there, there are a few problems with that
as well.”

This contrasts with the information needs of com-
muters. People mainly travel alone, but even if the
commute involves travelling with others, it is very
much a routine operation, so that communication is
rarely essential. However, commuters consult infor-
mation about the weather and traffic more frequently
than those on a day trip. The information can influ-
ence the mode of transport or the route taken. So it is
used to plan their commute. But on a day trip weather
and certainly traffic information are less important.

Commute#t5: “If [ found out on the radio before I
leave in the morning that there has been an accident
on the M1 that is probably one of the situation, where
I would try to change my route and I reroute through
Mansfield if [ wasn’t using the M1. That is a big fac-
tor.”

Overall, a considerable amount of information
sources are consulted on a day trip including mobile
phones, maps, knowledge, the internet and cameras.
Three further observations were made. First, com-
puters were mainly used in the planning stage, but
people moved to a mobile platform throughout the
day to get information on the go.

DayTrip#2: “So yeah research wise use the inter-
net. I would use the internet for this kind of thing. To
find different places to sort of start from essentially.”

DayTrip#4: “This is all planning and then you
would follow all of this but I think you would leave
the computer things at the planning stage and then
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transfer to a mobile platform because you would not
take your laptop with you.”
Secondly, participants used both their own knowl-
edge and knowledge of others in all stages of the day.
DayTrip#4: “I might ask other people if they have
heard or have been to the place before and if they
have a good route or some good information.”
Finally, during the activity itself participants felt
that using technology was inappropriate. The goal
was to be immersed with the surroundings, enjoying
each other’s company and the relaxation related with
the activity. Thus, all felt that paper maps and com-
passes would be more suitable to the activity than
using devices like smart phones. However, this result
may change with the type of activity carried out.
DayTrip#4: “But yeah map, I don’t tend to use
technology in the Peak District, if I were in the Peak
District. And I don'’t think I would like, unless I was
by myself, I think the whole point about being there is,

for something like this, is to immerse yourself in the
surroundings and to enjoy the company and the
thing.”

5. Discussion

This study aimed to identify the requirements and
opportunities for multimodal interaction design in an
end-to-end journey context comparing day trips and
commute journeys. Table 3 shows a summary of the
implications for multimodal interaction design.

Initially the research focused on confirming the dif-
ferent stages that occur during journeys. Both jour-
ney types show similarities in their stages. Evidence
supports that the planning, arrival, activity and return
stages exist in both, whereas the reflection stage oc-
curs only in the day trip. Evaluation and reflection

Table 2: Journey Stages

Journey Type .;(t):gr:ey Information Priorities Information Sources | Implications for Mobile Interaction Design
inati le, choosi .
Coordinating peope, choosing Mainly performed on a computer at home so
. transport, considering reviews, Internet, Knowledge, . X . . S
Planning . . little opportunity for improving mobile interac-
cost, and timing, checking the Maps . .
L tion design
route, buying tickets
. . .| Environment, Internet, | Varied and rich information needs
. Navigating to the location, coordi-
Arrival nating people, entertainment Knowledge, Maps,
Atypical (e.g. g people, Mobile Phone, SatNav | Need or desire to multitask
Day Trips) . . . .
R .. . Use Multimodal interaction to decrease the risk
Activit Coordinating people, activity Camera, Environment, of overload and support for quick decision mak-
Y| related information Maps, Mobile ing PP 4
Return Considering timing, entertainment | Knowledge, Mobile M(')('ia‘hnes depend on user context, preferences,
abilities and the nature of tasks
. Create reviews, evaluate memo- Camera, Internet, Mainly user intrinsic so little opportunity for
Reflection | . . o . .
ries Knowledge improving mobile interaction design
Need for real-time information to support quick
decision making
. Transport Choices, Timing, Traf- | Environment, Internet, | Need or desire to multitask
Planning fic, Weather Knowledge, Radio
? £e Use Multimodal interaction to decrease the risk
of overload and support for quick decision mak-
. ing
Routine (e.g.
Daily Com- . L . Modalities depend on user context, preferences
mute) Arrival Navigation, Traffic Knowledge, Radio abilities and the nature of tasks
Mainly performed in an office or static setting
Activity | Work related activities Work related so little opportunity for improving mobile inter-
action design
Return None Based on experience Ma}nly ba§ed on user experience so _llttle oppor-
tunity for improving mobile interaction design
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are critical for journeys that are atypical. However,
during typical, routine journeys such as the daily
commute, these were not required. Secondly, the
paper aimed to map the user information needs and
sources to different journey stages. Commuters main-
ly depended on traffic and weather information dur-
ing the planning and arrival stages. On the contrary,
the information needs of day travellers were consid-
erably richer, supporting the claim that the need for
information is higher for occasional, atypical jour-
neys such as day trips. Thus, the potential for mobile
multimodal devices is much bigger for occasional
journeys. However, commuters emphasized the lack
of real time traffic information, showing that timely
information is key.

During the planning stage of the day trip, using the
internet on a computer was the focal starting point for
gathering information. Participants felt reluctant to
use a mobile interface for this process. However, all
participants highlighted the move from computers to
a mobile platform during the day. Here, information
such as people-2-people communication and naviga-
tion were critical and thus shape the requirements for
a mobile information device. Multimodal interaction
is crucial during arrival, activity and return stages to
improve usability of mobile devices especially since
users are often forced to multitask. During the day
trip, for instance, users may be walking or driving
when looking for navigation information or informa-
tion about their surroundings. Here, insights from
cognitive ergonomics theory are key. When tasks
become more complex humans need to use distinct
resources to ensure task demands are spread in order
to avoid cognitive overload [13].

The use of distinct resources can be triggered by
communicating information via different modalities.
Therefore, the use of audio, visual, tactile or other
modalities shape the technical requirements for mo-
bile technologies. The exact application of these still
has to be established in future research, where the
role of context for mobile interaction has to be estab-
lished. Moreover, the nature of the tasks that are car-
ried out by the user at the time will also influence
which modalities are most appropriate to convey in-
formation. For instance, it can be assumed that both
walking and driving heavily rely on visual perception
and spatial resources. Taking this knowledge as well
as the dichotomies from Wickens’ Multiple Resource
Model into account [17], the use of distinct cognitive
resources for a pair of tasks can be triggered. So,
when walking or driving, auditory perception and
categorical or symbolic processes are available to
cope with mobile interaction tasks. Thus, the study

confirms suggestions from the literature, stating that
mobile technologies should incorporate new input
modalities such as gesture recognition, haptic feed-
back and speech to allow the user to convey informa-
tion in the most convenient way [14].

However, the social situation may have an effect
on mobile interactions as well, as it is considered
rude to use devices as an information source. Future
research is required to gage the role of social context
in mobile interactions and investigate ways to reduce
the barrier when needed..Moreover, the user should
not be overloaded by the availability of too many
modalities [2]. The nature and number of modalities
available depends on the type of activity undergone
and varies with the user context and environment.
Further research needs to examine during which ac-
tivities mobile devices are acceptable or how they
need to change in order to add to the experience. Tu-
runen et al [16] suggest timing and location informa-
tion are crucial to determine the user setting. Thus,
mobile technologies are required to exploit existing
functionality to understand the user context. Finally,
understanding the nature of the tasks that the user
means to carry out is key to draw on suitable modali-
ties that trigger the use of cognitive resources, which
are untapped at the time.

6. Conclusions

Presently, interaction with mobile devices is very
cumbersome and often leads to cognitive overload.
Moreover, it is not flexible enough to cope with a
number of different contexts or the dynamic nature of
these. Multimodal human-computer interaction offers
much more flexibility in a mobile setting and it pro-
vides the user with more natural communication
methods. Therefore, this paper set out to explore the
requirements and opportunities of multimodal inter-
action design for mobile devices in the context of
end-to-end journeys, by confirming the stages of end-
to-end journeys and mapping the users’ information
needs and sources to these. Focus groups and inter-
views were used to accomplish these goals. The
study found that both day journeys consist of plan-
ning, arrival, activity, and return stages with the addi-
tion of a reflection stage for the atypical day trip. The
information needs varied within the journey types.
For the day trip these were much richer, relating to
the choices of modes of transport, the activity, peo-
ple-to-people communication and navigation for
commuters these were limited to traffic and weather.
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Mobile devices have the greatest potential in the
stages of arrival, activity and departure because of
the rich and varied information needs particularly for
atypical journeys. The remaining stages present few-
er opportunities as planning is performed on the
computer and reflection is mainly user intrinsic. Fur-
thermore, during the arrival, activity and departure
stages, multimodal interaction becomes crucial, be-
cause users often multitask. The increased complex-
ity of a mix of tasks calls for the use of distinct cog-
nitive resources, which can be triggered by the use of
different communication modalities. The choice of
modality depends on the user preferences or abilities,
as well as the social and task context. The use of
suitable communication modalities would decrease
the chance of cognitive overload and increase the
efficiency and possibly the enjoyment of interactions.

Future research first of all needs to examine how
to deliver information and how individuals would
communicate with the mobile device depending on
the stage and context they are in. Moreover, consid-
erable research is required in order to determine
which elements of mobile contexts are critical for
determining when and how information should flow
between the user and the device.
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