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Preface

Umeå’s Student Conference in Computing Science is the highlight of the conference course in our Computing Science curriculum. The idea and objective of the
course is to give the students a forum where they can develop their own ideas
in a scientific manner, thereby improving their understanding of how research
is conducted and how the achieved results should be presented according to scientific standards. The conference format was chosen to provide a comparatively
realistic environment in which the research results can be presented.
A student who participates in the course first selects a topic and a number
of research questions that he or she is interested in. If the topic is accepted,
the student outlines a paper and composes an annotated bibliography to give
a survey of the field. The main work consists in conducting the actual research
that answers the questions asked, and convincingly reporting the results in a
scientific paper. Each submitted paper receives two or more reviews written by
members of the department. If the reviews are favourable, the paper is accepted,
meaning that the student is given the opportunity to present his/her work at
the concluding conference, and to submit a final version that will be included in
the proceedings. The course thus gives an introduction to independent research,
scientific writing, and oral presentation.
This offering of the course was the eighteenth. The conference received ten
submissions (out of a possible fifteen) which were carefully reviewed by the
reviewers listed on the following page. We are very grateful to the reviewers who
did a very good job within a very short time frame. As a result of the reviewing
process, six submissions were accepted for presentation at the conference.
Umeå, 6 January 2014
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Simulation and Analysis of Bidding Behaviours
Using Agents in Online Auctions
David Desmeurs
Department of Computing Science
Umeå University, Sweden
daviddesmeurs@gmail.com

Abstract. In this paper we simulate an auction system including an
auctioneer selling goods to a set of bidders. Bidders are agents simulating
human behaviours. Bids must be increasing and the winner is the bidder
with the highest bid at the end of the auction. This highest bid has
to be paid by the winner to obtain the goods. This paper focuses on
bidders with three types of behaviour: the last-bidders, who bid at the
last moment; the classic-bidders, who normally bid during the whole
auction; and the incremental-bidders, who also bid during the whole
auction, but incremental-bidders only add the smallest possible amount
to increase the price of the bids. The simulation permits to analyse the
behaviours of incremental-bidders when interacting with the classic and
last-bidders. The simulation results show that incremental-bidders win
less often than last or classic bidders, but when they win, they obtain the
goods for a lower price on average. When incremental-bidders interact
with last-bidders (and not with classic-bidders), there is a lot of activity
in the auctions as incremental-bidders tend to bid often between each
other. There is less activity when they interact with classic bidders (and
not with last-bidders), and this activity decreases with the time.

1

Introduction

Online auction systems, such as eBay [1], permit their users or external agents1
to bid in auctions to obtain goods. Human participants in auctions may have
different behaviours [2] which determine at what price the winner will obtain the
goods. In auctions, human bidding behaviours are influenced by relations with
other persons: for example, the bidders can be cooperative or not [3]. Human
behaviours can also be influenced by emotions or interests. For example, being in
a good mood can influence the chosen amount for a bid [4], or the bidding can be
influenced by an interest in a special type of goods. Human behaviours are also
influenced by the auction system. Several systems exist. The most known system
is the English auction in which there is a starting price and the bid amounts must
increase. Bidder identities are disclosed to each other (as bidders are physically
there): it means the auction is “open”. The winner is the bidder with the highest
1

For instance the website esnipe.com uses agents to bid at the last moment in eBay
auctions on behalf of the website members
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bid when no other bidder wants to bid. The Dutch auction system uses a high
starting price which is lowered during the auction. The first bid is the winning
bid and the auction stops. The first, or second, price sealed-bid auction systems
is an auction in one round. Bidders submit a bid without knowing other bidder
bids. At the end the bidder with the highest bid is the winner and has to pay
the price of the first, or second, highest bid. There exist other auction systems,
which are often variants of these systems such as the Vickrey auction.
This paper focuses on an auction system where bidders have to bid in a given
time frame. When a bid is placed, other bidders have to bid with a higher price
to be the current winner. At the end of the time frame, the bidder with the
highest bid wins and obtains the goods for the price of the last bid. This system
can be compared to a first price sealed-bid auction system with several rounds
during the given time frame. This system has been chosen for the simulation as
it common in online auction systems.
A possible behaviour for a bidder is to always bid the smallest amount possible above the previous bid. For instance, if the current price is 400, and the
smallest amount to add is 1, then the next bid would be 401. Bidders acting like
that are called incremental-bidders in this paper. This paper focuses especially
on the incremental bidding behaviour as it is along the lines of [5]. Indeed in [5]
the authors investigate the interaction between classic-bidders and last-bidders
in an auction system which can be compared to a second price sealed-bid auction
with several rounds. Therefore [5] is extended with incremental-bidders in this
paper. The authors in [5] show that classic-bidders (called early-bidders in [5])
win much less often than last-bidders (called snipers in [5]) but with a lower
price on average.
The purpose of this paper is to analyse, by using a simulation with intelligent agents simulating human behaviours, the effects of the incremental bidding
behaviour on two other bidding behaviours. The first behaviour is to bid by not
using always the smallest amount to place the next bid and to bid in regular
intervals during the given time frame. Sometimes jump bids can be used [6]. A
jump bid occurs when a bidder bid far more than necessary, that is, using far
more than the minimal amount over the previous bids. The second behaviour is
to bid at the last moment [7], that is, bidding only one time at the end of the
time frame. Bidders acting like that will be respectively called classic-bidders
and last-bidders.
The simulation uses intelligent agents within an application written in the
Java programming language that we created. This application permits to set different parameters, such as the number of agents and which are their behaviours,
to simulate an auction. Then results are shown as text and can be analysed.
Graphs can be produced with the results to analyse one auction. Graphs are
produced using the online application which can be found at fooplot.com. The
interactions between incremental-bidders and classic-bidders, as well as the interactions between incremental-bidders and last-bidders, are simulated. The results, once analysed, show the advantages and disadvantages of the incrementalbidding agent behaviour when interacting with the two other types of agents.
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Auction System

The system used in this paper is a single auction with an auctioneer selling one
item to a set of n bidders. The general parameters in the auction are the current
time t, in time units, and the time frame T F such as 0 ≤ t < T F . An initial
price pi for the good to be sold, and a fixed network delay to simulate an online
auction (for instance the network delay can be 5 time units). And a minimal
amount a to add above the previous bids.
During the auction, only one bid, or no bid at all, can be placed for each
time instance t. Each time instance t is also called a round for the simulation.
The identity of bidders is hidden, therefore only the winning bid, for each time
instance t, is known for all bidders. The goals for every bidder are to obtain the
goods and to obtain them with the lowest price. In the simulation, obaining the
goods is more important as bidders bid until the end of the auction (there is no
price limit).
At the beginning of the auction the time is t = 0. One of the bidders has to
bid with a price p, where p ≥ pi . The first bid in the auction, and only this bid,
can be equal to the minimal price as there is no previous bid. Hence p represents
the winning bid at this time t = 0. Then t = t + 1 and another bidder has to bid
a price pnext where pnext ≥ p + a and a is the fixed minimal amount. Then p is
set to pnext and represents the current winning bid. Then t = t + 1 and the same
process continues until t = T F − 1. When the auction is over, the winner is the
bidder with the last winning bid, who has to pay his bid and get the good.
The system differs from auction systems where the winner pays the second
highest bid (which is the case in [5]). This is important for the bidders as they
know that they always have to pay their bids (this is not the case in certain
types of auction systems, such as the second price sealed-bid auction system).
The simulation uses the following parameters as inputs
–
–
–
–
–
–
–
–
–
–

The
The
The
The
The
The
The
The
The
The

number of incremental-bidders
number of last-bidders
number of classic-bidders
time frame T F , an integer (big enough so all bidders can participate)
initial price pi , a floating point number
network delay d, an integer
minimal amount a, a floating point number
initial probability for an incremental-bidder to bid
initial probability for an last-bidder to bid
initial probability for an classic-bidder to bid

The probability parameters are “initial” as they might change during the auction.
For example, the probability for a classic-bidder to bid increases when many
incremental-bidders place bids. Once the simulation is over, the following outputs
are produced:
– The winner (if it is a incremental, classic, or last-bidder)
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– The winning bid
– All the previous winning bids during the auction, and which type of bidder
made them

Winning bids are used to create a graph (using the textual results produced by
the simulation and an online graph generator which can be found at fooplot.com)
so the auctions can be analysed.
The auction can also be repeated several times. In this case the results are
how many time each type of bidders won an auction, as well as an average of the
highest bid for each type of bidders. Let us assume, for example, we have 100
repeated auctions using incremental and last-bidders. Then the results could be
for instance that 95 last-bidders won with a price of 42 for the highest bid on
average. And 5 incremental-bidders won with a price of 33 for the highest bid
on average.

3

Agent Interactions

Agent interactions are based on observed human behaviours. Incremental-bidders
bidding in auctions often leads to bidding wars. A bidding war occurs when bidders bid one after the other with no interruption. To avoid bidding wars, other
bidders (that is, classic-bidders during the whole auctions and last-bidders at
the end of the auctions) could place a very high next bid to stop the bidding
war by using a jump bid [6]. The simulation uses different parameters for each
type of bidders, as well as probabilities. These probabilities are fixed values at
the beginning of the auctions (and might change during the auctions) used to
simulate the human behaviours. For instance the probability for a classic-bidder
to bid is, at the beginning of the auctions, lower than the one for a incrementalbidder as the later has a behaviour which imply more bids. Bidders do not have
a price limit, that is, they can bid until the end of the auctions. Indeed using a
price limit would result in the bidder willing to pay the most to be the winner,
which does not permit to correctly analyse each bidding behaviour.
3.1

Incremental-Bidders

Incremental-bidders follow the whole auction, and thus they may bid very often. The probability for a incremental-bidder to bid in a round is 20%. They
do not avoid bidding wars. It means that when there are a lot of bidders who
want to bid without interruption, it does not affect the probability of 20%. However, after another bidder made a jump bid, they may want to stop bidding
as it would result, indirectly, in a jump big for them too if they bid right after. Therefore the probability that they bid after another incremental-bidder is
higher than the probability to bid after a classic-bidder using a jump bid. This
is calculated with a parameter which increases each time a jump bid occurs after
a incremental-bidder bid. The greater this parameter is, the lower is the chance
for a incremental-bidder to bid (hence, it is lower than 20%).

Bidding Behaviours Using Agents in Online Auctions
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Classic-Bidders

Classic-bidders do not want to follow the whole auction. They prefer bidding
and going back later on to see if they are still the current winner. Therefore the
probability that they bid is lower than the one for incremental-bidders. For the
simulation, it is set to 5% for each round. However if they detect that as soon
as they bid, a small higher bid exceeds their bids, then they want to prevent a
bidding war. A parameter is used for each classic-bidder to detect if there is a
bidding war. Each time a small higher bid exceeds theirs bids, this parameter is
increased. The greater this parameter is, the higher is the chance for a classicbidder to bid (hence it is greater than 5%). Also, it increases the chances for
classic-bidders to use a jump bid.
In some cases during an auction, classic-bidders may use a incremental behaviour. For instance, in cases where there is no bidding war going on and they
are not the current winner. This is however not the case at the end of the auction,
when they bid more frequently with a higher probability of using jump bids.
3.3

Last-Bidders

Last-bidders always want to bid at the last moment. They can bid only one time
as it is assumed that humans, and therefore agents simulating humans, do not
have time to bid more than once at the end of the time frame. For instance if the
time frame is 100, the end is considered between 100 − d and 100, where d is the
network delay. Indeed, as the auction is online, network delays may occurs. This
is why the parameter network delay d is used with last-bidders: they consider
the delay and bid between T F − 5d and T F . (They use a margin of security,
that is why they do not bid always between T F − d and T F ). The probability
that they bid is 40% at T F − 5d and it is increased until 90% at T F − d.
They also might follow the auction, without bidding, and see if there is a lot
of competition. In this case they have an idea of how it is going, if there is a
lot of bidders, and a lot of competition between them. A parameter is used to
detect when there is a lot of bids during the auction. If this parameter is high at
the end of the auction, then last-bidder bids are more likely to be high. Indeed
they know that other bidders could bid just after them, that is why a high last
bid has more chances to be the winning bid.

4

Results of the Simulation

The simulation uses a set of incremental-bidders with the two other types. First,
incremental-bidders and last-bidders bid in auctions and the results are shown.
Then another simulation is run with incremental-bidders and classic-bidders.
The number of bidders is 5 for each type of bidders. The number of bidder
influence the auction. Many classic or incremental bidder increases the activity
during the action as the chances for getting a bid each time unit is high. Many
last-bidders increases the chances for a last bidder to win the auction, as they
all bid at the end. The time frame is divided in rounds, a round occurs every
time instance t.
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Incremental-Bidders and Last-Bidders

Figure 1 shows the auction results produced by the simulation when incrementalbidders and last-bidders interact.

Fig. 1. Auction with incremental and last-bidders. Graph generated with an application which can be found on fooplot.com. In the above results, the initial price, minimal
amount and network delay were set to 5. The number of each bidder is also set to 5,
thus the total is 10 bidders. The winning bid is 482.05 at time t = 99. In this case the
winner is a last-bidder.

Other cases had incremental-bidders as winners, but last-bidders win more
frequently. The auction has been repeated 10000 times and the results show
that last-bidders are winners in about 91% of the auctions. However, when
incremental-bidders win, they obtain the goods for a lower price than lastbidders.
4.2

Incremental-Bidders and Classic-Bidders

Figure 2 shows the auction results produced by the simulation when incrementalbidders and classic-bidders interact.

Bidding Behaviours Using Agents in Online Auctions
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Fig. 2. Auction with incremental and classic-bidders. Graph generated with an application which can be found on fooplot.com. In the above results, the initial price,
minimal amount and network delay were set to 5. The number of each bidder is also
set to 5, thus the total is 10 bidders. The winning bid is 1153.02 at time t = 100. In
this case the winner is a classic-bidder.
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Other cases had incremental-bidders as winners, but classic-bidders win more
frequently. However incremental-bidders win more frequently with classic-bidders
than with last-bidders. When the auction is repeated 10000 times, the results
show that classic-bidders are winners in about 76% of the auctions. They obtain the goods for a higher price than incremental bidders on average, but the
variation is lower than the one between incremental and last-bidders.

5

Discussion

The results permit to write an analysis for incremental and last-bidders auctions,
and incremental and classic-bidders auctions.
5.1

Incremental-Bidders and Last-Bidders

In general the produced graphs look alike, that is, incremental-bidders bid between each other, which leads to bidding wars. Therefore there are many bids
during the auction. At the end, last bidders also bid which, in most of the cases,
implies that incremental-bidders either do not have time to bid, or their bids are
lower than last-bidders. Indeed incremental-bidders continue to bid by adding
small amounts to the previous bids, so the last-bidders have higher bid amounts
and win the auctions. It also implies that, when last-bidders either do not bid
at the end of the auction, or when there is just a few of them, then incrementalbidders might have a higher bid with a small amount, and win the auction for a
lower price than last-bidders. This, however, happens rarely.
5.2

Incremental-Bidders and Classic-Bidders

In general the produced graphs look alike, that is, there are sets of bids with
a small increment, then a higher bid, and so on. The number of bids with
small increments tends to decrease with the time. This is due to the fact that
incremental-bidders bid less often than classic-bidders when the price becomes
high, due to jump bids. This also implies that the total number of bids decreases
with the time, as the probability for incremental-bidders to bid decreases when
classic-bidders use jump bids. Therefore classic-bidders have more chance to
win, but as they use often jump bids, they win with a higher price than when
incremental-bidders win. The probability that classic-bidders use jump bids depends on the previous bids (if many incremental-bidders bid before there are
more chances for a jump bid) and the remaining time before the auction ends.

6

Conclusion and Future Work

Overall, the results show that the incremental behaviour is not very likely to
win in auctions when other bidders may use jump bids (during the auction or at
the end). Incremental behaviour implies a lot of activity in the auction which is,

Bidding Behaviours Using Agents in Online Auctions

9

finally, not in favor of the incremental-bidders. However it can be an advantage if
the goals are to obtain the goods and obtaining them for a low price, even if the
probability is also low. The last-bidders have the same advantages as described
in the paper that this paper extends [5], that is, they win more often than other
bidders but with a higher price on average.
Future work can be considered. The simulation in this paper relies on fixed
parameters (e.g. the minimal amount to add after a previous bid) and probabilities (e.g. the probability that a incremental-bidder bids after a jump bid).
Even if these parameters and probabilities are consistent is the way they might
reproduce the reality, these probabilities might not be accurate. Therefore a future work could be to study the three behaviours investigated in this paper,
in particular the incremental behaviour. This study should be made on large
sets of data from real online auctions to determine how bidders behave. Then,
thanks to these data, accurate probabilities could be determined to simulate the
behaviours with agents. Hence the simulation would be more accurate as the
simulation parameters and probabilities would be based on real data.
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The Elderly’s Usage of Digital Payments in
Sweden
Karin Drugge
Department of Computing Science
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Abstract. Many changes have been made towards a more digitalized
world in Sweden. Because we are moving ahead towards a cash-free environment it is important to know how elderly people are prepared for
it. It is also important to know to what extent the elderly use cash and
how much they use digital payments. These findings will show how well
elderly people have been able to adapt to the current digitalization. In
order to design digital systems which are easy for the elderly to use, their
reasons for not using digital payments need to be explored. A survey was
conducted to find the answers. A questionnaire to assess the elderly’s use
of digital payments was distributed to two different age groups. The first
group consisted of elderly people aged 65-94, and the second group consisted of young adults aged 20-29. A total of 80 people participated in
the survey (42 elderly and 38 young adults). The survey showed that 10
percent of the elderly had never used a computer. When the elderly pay
their bills, 67 percent of them, compared to 100 percent of the young
adults surveyed, use the Internet bank; while 13 percent of young adults
only used digital payments when they did their shopping. Only elderly
aged 71 and older who were exposed to computers while they were employees use the Internet bank. Exposure to computers at work is therefore
a prerequisite for this group; however, more surveys need to be done to
verify this is the case. Even though we are moving towards a more digital world, people need to have other options to pay their bills besides
digital payments. Those who use digital payments may lose that ability
(for example, if they suffer an accident). If other payment options remain
available, they would be able to keep their independence.

1

Introduction

Many changes have been made towards a cash-free and digital payment world
in Sweden. In many banks in Sweden cash cannot be deposited or withdrawn.
In places where payments used to be done mostly with cash, they now only
accept credit cards or some other digital payment. It is important to find out
how digital payments have affected the elderly in order to design easy-to-use
digital systems for this user group. It is also important that no one will be left
out when everything gets more digitized [1]. Life expectancy has increased in
Sweden. During the time period between 1970 and 2007 elderly persons over
S. Bensch, T. Hellström (Eds.): Umeå’s 18th Student Conference in Computing Science
USCCS 2014.1, pp. 11–23, January 2014.
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100 years old have increased 10 times1 . In 1970 there were 127 elderly persons
over the age of 100; and in 2010, this number has increased to 1813 persons2 .
According to data from 2011, an elderly woman’s life expectancy is 83.7 years
old and an elderly man’s 79.8 years old3 . As a result, this fact that the elderly are
living longer makes them an interesting group to survey regarding their digital
behaviors. Because we are moving ahead towards a cash-free environment, it is
important to know how elderly people are prepared for it and how well they have
to adapt to the current digitalization. Do the elderly still use cash? How often
do elderly people use digital payments? What are the reasons for the elderly
not to use digital payments? This paper tries to answer these questions by a
questionnaire which was given to two different age groups. One group consisted
of elderly people aged 65-94 and a reference group consisted of young adults
aged 20-29.
In order for elderly people to use digital payments, technology needs to be a
help and not an obstacle [2]. It is beneficial if new technical devices are designed
to be used by everyone [1]. However, if digital payments are not possible for
everyone to do, new forms of isolation will occur [1]. One of the concerns with
electronic payment is identity theft4 . Firewalls and virus protection programs
on the computer can guard against this5 .
In 2010, 18 percent of the Swedish population was over age 65, which is about
1.6 million people. It was predicted that in 2020 that number would increase to
20 percent, or about 2 million people over age 65 [3]. It is also estimated that in
2010 1.3 million Swedes over age 50 did not have Internet at home [3].
The difference between using digital payments and other ways of making
payments, like going to the bank or using bankgiro/postgiro, depends more than
ever on consumers´ active use of Internet Technology (IT ) [4]. In the past we
learned how to use the newest technology at work [4]. Today it is different; IT is
needed to get access to Internet banks and other digital payments (for example
web stores for mobile applications).
1

2

3

4

5

http://ww2.lakartidningen.se/store/articlepdf/1/13438/LKT0952s3489_
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Läkartidningen 52 homepage, accessed 2014-01-03
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Äldrecentrum forskning & utveckling (2012). Hur mår hundraåringarna idag?,
Äldrecentrum forskning & utveckling homepage, accessed 2014-01-03
http://www.socialstyrelsen.se/publikationer2013/2013-3-26, Socialstyrelsen
(2013). Folkhälsan i Sverige, Årsrapport 2013 Socialstyrelsen homepage, accessed
2014-01-03
http://money.howstuffworks.com/personal-finance/online-banking/
electronic-payment3.htm, Hord, J. How Electronic Payment Works howstuffworks
homepage, accessed 2014-01-02
http://money.howstuffworks.com/personal-finance/online-banking/
electronic-payment3.htm, Hord, J. How Electronic Payment Works howstuffworks
homepage, accessed 2014-01-02
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The use of new technology can be both a paradox and filled with conflicts [5].
IT can make it easier to pay bills, but it can also make it harder to pay bills if you
are unable to use IT while at the same time other payment options disappear.
People may protest against new technology by their refusal to use digital
payments [4]. So when someone refuses using digital payments, it may not be
because they are afraid of new technology [4]. It may instead be that they lack
interest or are intimidated by learning how to use digital payments. A Swedish
survey showed that 50 percent of elderly Swedish people did not use the Internet
and that the biggest group were those with little education [3].
When developing technical devices, like Internet banks or mobile digital payment devices, it should be easy for elderly people to use [6]. Life can change as
a result of a stroke or an accident, and that can make it almost impossible to
use digital payments [4].
For the most part, Swedish people have access to the Internet to pay their
bills [7]. 78 percent of those belonging to the 61-70 age group in 2010 had access
to the Internet and 62 percent of them used it daily. Only 53 percent of the
71-80 age group had access to the Internet in 2010, and 31 percent of the 71-80
age group used it daily. 15 percent of the 81-90 age group in 2010 had used
the Internet in 2010 and 6 percent of them used it daily [3]. If they do not
own a computer themselves they have access through their work place or the
public library, unless they live in a place far from a public library. 20 percent
of Swedes were still outside the information society in 2010 [7]. The reason
for this is that they lack the knowledge, or lack a positive attitude towards
technology [3]. The factors that have the biggest influence when it comes to not
using digital payments are disability, age, or education level [3, 7]. Some of the
reasons for people to be digitally excluded are access, motivation, skills and lack
of confidence6 . Some people may not be able to afford the required equipment
nor Internet cost, nor have confidence in their ability to learn7 . Lack of interest
seems to be the main reason for staying out of the digital world [3].
A survey conducted in 5 European countries showed that people who were 55
years and older had low usage of most technologies, like electronic banking [8].
Those that used these technologies were satisfied with them. Elderly people seem
to feel barriers (like disinterest, because it is hard and complicated to use) when
it comes to using new technologies, and this may be a reason for not using digital
payment methods. A combination of a high income, a high educational level and
good health conditions provide means of overcoming these barriers [8]. A Swedish
survey done in 2010 showed that elderly people with little-to-no education used
the Internet the least [3]. The survey also showed that elderly men with little6

7

http://www.21stcenturychallenges.org/focus/the-reasons-for-digital-exclusion/,
21stcenturychallenges.org (2011). The reason for digital exclusion Royal Geographical Society homepage, accessed 2014-01-02
http://www.21stcenturychallenges.org/focus/the-reasons-for-digital-exclusion/,
21stcenturychallenges.org (2011). The reason for digital exclusion Royal Geographical Society homepage, accessed 2014-01-02
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to-no education have started to use the Internet more [3]. However, no increase
has been noticed among elderly women with a low education level [3].

2

Methods

A questionnaire (see Figure 1 for an English version) were given to elderly people
(65 to 94 years of age) who lived in Sweden. They have either spoken Swedish
as their native language or have lived and spoken Swedish for at least 45 years.
They live in a few cities in the northern part of Sweden; namely Luleå, Skellefteå,
Umeå and Sundsvall. The questionnaire was distributed to find out if and to
what extent they used digital payments. Non-probability sampling methods,
(convenience sampling together with snowball sampling) were used to select the
participants. Convenience sampling is when participants are selected based on
whether they are easy to find; however, a participant may not be representative
for the entire population under investigation8 . Snowball sampling works like
chain referral, ; however, due to limited time, only one participant was found
using snowball sampling9 . The advantage with snowball sampling is it may find
representative samplings which are difficult to find and -that is cost-effective10 .
The questionnaire was also distributed to young adults, 20-30 years old, who
resided in Umeå. This group is the reference group. Most of the young adults
were or had been students at Umeå University and some young adults were
workers. Different groups of students were asked to fill out the questionnaire
to better match the elderly group. The students studied medicine, physiology,
gender studies, law, pharmacy, police education, computer science, and social
work, etc. The survey needed to be done in a relatively short time period for
this reason: mostly students participated in the young adult group.
Each questionnaire handed out was marked with either E or Y, where E
is code for elderly people, and Y for young adults. In addition, each questionnaire had a serial number. For example, the first elderly person to fill out the
questionnaire was assigned E1 on the questionnaire and the first young adult
was assigned Y1 on the questionnaire. The questionnaire got marked when the
information was transferred to an Excel spreadsheet for analysis purposes.
2.1

Pilot Test of Questionnaire

Since the questionnaire was central to the investigation, we had a strong focus
on designing and creating the questionnaire. The questionnaire was designed
to be one page long to make it easy to fill out but still contain meaningful
information. A pilot test of the questionnaire was then conducted. Two elderly
8
9
10

http://explorable.com/convenience-sampling, Explorable.com (2009). Convenience Sampling homepage, accessed 2014-01-03
http://explorable.com/snowball-sampling, Explorable.com (2009). Snowball
Sampling - Chain Referral Sampling homepage, accessed 2014-01-03
http://explorable.com/snowball-sampling, Explorable.com (2009). Snowball
Sampling - Chain Referral Sampling homepage, accessed 2014-01-03
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women, 71 and 75 years old, participated in the pilot study, which is included in
the result. The questions from the questionnaire were read to them and because
of their answers an additional question was added. A Swedish person proofread
the Swedish questionnaire to make sure the questionnaire was understandable.
2.2

Questionnaire

The questionnaire was distributed by e-mail to elderly people in Luleå, Skellefteå
and Sundsvall who had previously been told about the purpose of the questionnaire and had shown an interest in participating. About 60 percent of those who
received the questionnaire by mail answered it. The people who lived in Umeå
got the questionnaire personally. We knew some of the elderly participants, and
to a small degree their previous or current occupation; however, how they did
their bill payments or what their computer skills etc were are unknown. Some
elderly people got the option of taking the questionnaire home and giving it back
a week later. A few elderly people got the questionnaire at home and it was filled
out during a short visit. A few elderly people answered the questionnaire over
the phone.
2.3

Drawbacks With the Questionnaire

The drawbacks for both convenience and snowball sampling are that they can
be biased and also it may not be a representative for the entire population under
investigation1112 .
One drawback when it comes to the elderly aged group may be that some
elderly persons who do not use computers may be less willing to answer the
questionnaire. Since more and more things get digitalized those who do not use
computers may not want to show their lack of knowledge. We did meet elderly
people who were the same age as the elderly participants in the survey, who did
their bill payments with the help of a bank clerk or used bankgiro/postgiro by
mail, who declined answering the questionnaire. These elderly people also only
used cash because it was easier for them to see how much they could spend. Another drawback is that we do not know, out of those elderly participants’ who
answered the questionnaire, what their educational level and/or what relevant
work experience with computer skills they had. If more uneducated people had
participated the result may had been different. An additional drawback is that
some of the elderly participants got the questionnaire by e-mail, so this requires
the participants to have some computer knowledge; however, these elderly participants were also asked if they preferred answering the questionnaire over the
phone. A final drawback is that the elderly aged group is too small. If the user
group had been at least twice as large it would have been more statistically
accurate than what now is the case.
11
12

http://explorable.com/convenience-sampling, Explorable.com (2009). Convenience Sampling homepage, accessed 2014-01-03
http://explorable.com/snowball-sampling, Explorable.com (2009). Snowball
Sampling - Chain Referral Sampling homepage, accessed 2014-01-03
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One drawback with the youth group is that not enough young adults with
a low educational level participated in the study. Another drawback is that the
young adult group was too small. One young adult who was about the same age
as the young adult participants, but who did not answer the questionnaire, said
that when he lived in town he stopped using a credit card since it was so easy
to overspend and thus started to use cash instead. He did not record or track all
his expenditures when using the credit card, and so the problem was that the
credit card statement only came once a month. If the young adult group had
been larger (perhaps twice as large as the young adult group that used cash,
perhaps the results would have been larger than what the result in this survey
shows.
A limitation is that the scope of this paper did not allow for a more comprehensive survey to be performed.
2.4

Method of Analyzing the Result

Excel spreadsheets were used to enter all the information from the questionnaire
for analysis purposes. Each item from the questionnaire got its own column
and each participant got its own row. All the elderly data was entered on one
worksheet and all young adults data on another spreadsheet. In addition, information was transferred from the elderly group to three other spreadsheets where
the elderly group was divided into three different age groups (65-70, 71-80 and
81-94). All data in the spreadsheets were checked for accuracy. Totals for each
item in the questionnaire, percentage use, the arithmetic mean and median for
each group and elderly aged group were calculated using the Excel spreadsheets
functions. Relations between “used computers,” “owned computers” and “digital
payments” were analyzed in both groups and between the three different elderly
age groups. In addition, relationships between computer use and Internet shopping were also analyzed in each group and between the three different elderly
age groups. The relationship between mean and median of weekly computer time
and Internet bill payments and Internet shopping was analyzed in all the groups.
In addition, all comments that could be of value to understand the barriers for
using computers for digital payments was added to the paper since this is important information when designing digital systems for the elderly population, and
it also give some answer to the question earlier stated: “What are the reasons
for the elderly not to use digital payments?”. “Do the elderly still use cash?” and
“How often do elderly people use digital payments?” And lastly, similarities and
differences between the elderly and young adult user groups were analyzed.

3

Results

Table 1 and Table 2 shows how many men and women answered the questionnaire
and if they had used a computer. The weekly usage had a large variations with-in
both groups, with the biggest difference presenting in the elderly group. In both
groups, there were a few who were not using computers very much, while some
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Age
Men Women Used computer Own computer Computer Computer
group
weekly
weekly
time
time
Mean
Median
65-70
10
16
100 %
91 %
17.70 hours 11.25 hours
71-80
4
13
88 %
82 %
5.0 hours 5.0 hours
81-94
0
3
33 %
33 %
1.67 hours 0.0 hours
Table 1. Comparing different age groups of elderly peoples use of computers. Note the
small size of age group 81-94.

were using the computer much more. Even those who did not spend much time
by the computer in the elderly group still used the Internet bank to pay their
bills. However, this is not true for the elderly groups in the 71-80 and 81-94 age
range. Those in these groups who had not used a computer at work and who did
not spend much time on the computer did not use the Internet bank to do bill
payments. The elderly in the 71-80 age group also spent on average, almost 13
hours per week less time on the computer than the 71-80 age group. However,
the 81-94 years old group is too small to be statistically correct. Some elderly
people only wanted to do their shopping with cash because it was easier for them
to see how much money they could spend than with using credit cards.
Age
Men Women Used computer Own computer Computer Computer
group
weekly
weekly
time
time
Mean
Median
65-94
10
32
90 %
83 %
11.6 hours 7.0 hours
20-29
22
16
100 %
100 %
27.63 hours 21.0 hours
Table 2. Comparing elderly peoples use of computers with young adults

The results from the survey (see Table 3 and Table 4) show how the different elderly participants used to pay their bills. Two-thirds of the elderly people
used the Internet Bank. The second most popular way of paying bills was bankgiro/postgiro via mail. Some elderly got help from other people, and a small
group of elderly went to the bank and got help from a bank clerk. Elderly people
use more different combinations when paying bills than young adults who only
used autogiro together with the Internet bank. Both groups used autogiro to
about the same extent in combination with other payment options. The young
adult group did a little more than double the amount of Internet shopping.
All elderly people do some or all of their shopping in local stores (see Table 5)
Some elderly people only use cash at market places and other places where paying
by credit card is not possible. Other elderly people prefer using cash and only
use credit cards when they have to. Some of the elderly use invoices in stores
when they make a large purchase.
At least 10 of the participants in age group 65-70 are still working and those
who use computers as part of their work spend 25-70 hours weekly on the computer. The other participants in age group 65-70 spend 0- 20 hours weekly on
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Age
Internet bank Bank
group
office
65-70
71-80
81-94

86 %
53 %
0%

0%
6%
0%

19

bankgiro/
Bank Autogiro Get
postgiro
via via
help
mail
phone
23 %
0%
14 % 5 %
35 %
0%
65 % 6 %
33 %
0%
0%
67 %

Table 3. Payment methods used by the different age groups. Note some use a combination of alternatives.

the computer. The participants in age group 71-80 spend 0-15 hours weekly on
the computer. Only one participant, E17, who is 81 years old, used computers
from the 81-94 age group, and she did all her bill payments by bankgiro and all
her shopping at the local store.
Age
Internet bank Bank
group
office
65-94
20-29

67 %
100 %

2%
0%

bankgiro/
Bank Autogiro Get
postgiro
via via
help
mail
phone
29 %
0%
60 % 10 %
0%
0%
58 % 0 %

Table 4. Paying bills. Note some use a combination of alternatives. 21 percent use only
bankgiro/postgiro without or together with autogiro. 8 percent use bankgiro/postgiro
together with Internet bank

100 percent of young adults use the Internet bank to pay their bills and 19
percent only use digital payments options, like credit cards. Elderly people use
cash six times more than young adults do. Only a small number of young adults
use cash and some only when a credit card option is not available(See Table 4
for more information).
Age group Internet Local store
65-94
40 %
100 %
20-29
87 %
100 %
Table 5. Internet shopping vs local store shopping. Note some use a combination of
alternatives.

All young adults do shopping in local stores (see Table 5 and Table 6 for
more information) and only 13 percent used digital payments when they did
their shopping. They also all have their own computer and spend in average 10
hours more on the computer than most elderly people.
In the following we give some more detailed information about all elderly
participants who never used computers or do not own a computer. This information from the questionnaire is important to know to get an understanding of
what kind of barriers elderly people have towards using computers and paying
bills electronically.
E1 is a woman who is 75 years old who said she has never used a computer.
She has had an occupation in a store where she used a cash register. If she needs
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Age group Credit card Cash Invoice Gift card mobile app Store card
65-94
86 %
83 % 7 %
42 %
0%
5%
20-29
100 %
13 % 13 %
42 %
11 %
0%
Table 6. Local store shopping. Note some use a combination of alternatives.

some information from the Internet her children or grandchildren help her to
obtain that information. She does not have any interest in learning how to use a
computer. E1’s grandchildren had offered her their old computer when they got
a newer one but she declined. She pays her bills through postgiro/bankgiro and
the only digital payment E1 uses is her credit card.
E12 is a man who is 77 years old and he has never used a computer. He
thinks computers are hard to use and he lacks interest in using computers. He
has had various different occupations where computers were not used. He pays
his bills with the help of a bank clerk and does not want to do it any other way.
By going to the bank and paying the bills there he knows the payments are done
right away, he gets physical proof of payments (receipts), and it is the safest way
to pay bills. E12 thinks Internet payments are too risky since someone else may
get access to sensitive information, and if payments are sent by mail then they
may get lost. E12 only uses cash and never uses any kind of digital payment like
credit cards.
E24 is a 68-years old woman who had used a computer when she worked,
but did not have a computer because she did not feel she had any need for one.
If E24 needed to use a computer, she did it at her son’s place. She did her bill
payments by bankgiro/postgiro via mail. E24 only shops locally and pays mostly
with cash, and credit cards are seldom used.
E32 is a 85-years old woman with poor eyesight who gets help paying bills
from relatives. She calls and orders food from a store that comes to her home
and delivers it. Upon delivery she pays with cash. The store has sent her a letter
saying they are going to change their procedures and will no longer accept cash
payments. Now everyone using the home delivery service has to transfer money
to the owner’s store card. E32 does not like this change since a stranger will be
taking out money from her store cards. She is afraid that someone else will use
her card for other purposes. E32 feels she has to follow the stores new procedure
because she needs the delivery service.
E33 is a woman who is 94 years old with poor eyesight. Even if her eyesight
were good, using computers to do digital payments would still be too complicated. E33’s only son pays all her bills and does all her shopping. She says they
use the same wallet since he is the one that will inherit everything when she
dies.
E40 is a 70-years old woman who is who has used a computer, but does not
own a computer because she can-not afford it. She uses the Internet bank to do
her bill payments, either by using the terminal at the bank or she uses her son’s
computer.
E42 is a 79-years old woman who has used a computer, but does not own a
computer because of poor eyesight. For her, a computer is too cumbersome to
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use because of her poor eyesight. Most of her bills are paid with autogiro, and
the other bills she gets help with paying. E42 only shops locally and either pays
with cash or a store card.
A young adult also made an interesting comment which can be related to the
elderly group. Y30, a 23-year old man, said he only knew how to pay bills using
the Internet bank. If he were not unable to use the Internet bank he would not
know how to pay his bills. People tend to pay bills in the way they have learned
and may not know how to do it if that option disappears.

4

Discussion

The elderly participants in our survey show a much higher percentage when
it comes to access to computers, which is a bigger requirement to be able to
do digital payments than those surveyed in 2010 [3]. We had expected that
not many elderly people would use an Internet bank to do their payments and
were surprised that it was as many as 67 percent who used an Internet bank.
We had also expected a smaller number of elderly people who own their own
computers. Some of the elderly participants´ previous occupations were known
in our survey. However, to be sure these numbers are accurate, concerning the
use of Internet banking and owning a computer, a more comprehensive survey
needs to be done where education level is known for all participants and which
includes a large portion of participants who belong to the group with little-to-no
education. In particular, women with little-to-no education need to be included
since this group is the group that has the lowest level of computer use in previous
surveys. Even though none of the participants called a bank clerk to help them
pay their bills, a survey with a much larger number of participants needs to be
done to see if any elderly people use this option of payment.
There are some different reasons for the elderly not to use computers and do
digital payments. Both previous research and our survey show that the elderly
people who had never used a computer had no interest in learning to use computers [3]. Some elderly people in our survey did not see any need in having their
own computer. A few of the elderly participating in the survey did not think the
computer was secured enough; they worried about theft of their money.
Today elderly people use many different ways of paying their bills. A large
group of the elderly willingly embrace the digital payment world. Others use
other options. Even though we are moving towards a more digital payment world,
people need to have other options to pay their bills. As previous research has
shown life can change because of an accident or stroke, and the ability to do
digital payment may be lost [4]. For some, computers may be too difficult to use
(in the survey E42, who had some computer knowledge found using computers
to be too cumbersome because of poor eyesight). If other payment options are
still available, the elderly may be able to keep their independence. We need to
keep the freedom of choice concerning how to pay bills and not force people to
embrace the digital payment world. In addition, the design of digital systems for
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elderly people needs to be more easy to use and learn, for those of them who
want to be a part of the digital world.
A surprise finding was that exposure to computers at work for elderly people
aged 71 and older was a prerequisite for using the Internet bank. However, this
survey is too small to be statistically correct and more surveys are needed to
verify this finding.
As expected the young adult group have adapted to the current digitalization
much more than the elderly group.

5

Summary and Future Research

Our survey showed that all young adults used an Internet bank compared with 67
percent of the elderly participants. The second most popular way of paying bills
was bankgiro/postgiro via mail. Some elderly got help from other people and a
small group of elderly people went to the bank and got help from a bank clerk.
Elderly people use more different combinations when paying bills than young
adults who only used autogiro together with the Internet bank. Both groups
used autogiro to about the same extent in combination with other payment
options. The young adult group did a little more than double the amount of
Internet shopping.
Our survey showed that only elderly, aged 71 and older, who were exposed to
computers while they were employees use the Internet bank. Exposure to computers at work is therefore a prerequisite for this group; however, more surveys
need to be done to verify this is the case. The survey showed that 10 percent of
elderly people had never used a computer. The reasons for this were that they
thought computers were too complicated and that they had a lack of interest
in learning how to use a computer. Every young adult surveyed has come in
contact with computers and have their own computer. A few young adults only
use credit cards, while others use cash very seldom.
Here follows some suggestions on future research. An extended survey needs
to be done with elderly people aged 71 and older to see if exposure to computers
at work really is a prerequisite for using the Internet bank. The questionnaire
was only given to elderly people in four cities in the northern part of Sweden. If
the questionnaire was given to 35 elderly people in each of the cities of Luleå,
Skellefteå, Umeå, and Sundsvall, a comparison between the cities could be done
to see if there were any differences concerning digital payments. A survey over
how elderly people with little-to-no education use computers and digital payments needs to be done since too few of those people were included in the survey
we did. How elderly people use digital payments in smaller and less populated
places in the north, may show different results. Also, an investigation on how
many places Internet access is not available in Sweden would be interesting to
research. An investigation on how many elderly people use both the computer
and mobile phone to access Internet and do digital payments would also be interesting to research. This questionnaire was only distributed to Swedish people
who had Swedish as their native language or had spoken Swedish for at least
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45 years. How often digital payments are being used by elderly people living in
Sweden whose native language is not Swedish could also be useful to research.
For these, a reference group of young adults with parents who had immigrated
to Sweden could be used.
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Real Time Voice Feedback
A Study on Running Intensity
Evelina Fagertun
Department of Computing Science
Umeå University, Sweden

Abstract. In order to find out whether mobile applications that include
real time voice feedback can help runners to push themselves harder during running sessions, this paper studies the effect such a system had on
three male runners during a number of running sessions over a time period of 29 days. By letting the runners log their heart rate during running
sessions with and without the voice feedback system, the differences between the two situations could be compared. Also, the runners answered
questions regarding their experience with using the voice feedback system once the test period was over. The purpose of these questions was to
supplement the analysis of heart rate with a self-report from the participants on their experienced level of motivation and intensity during the
test period. The results show no significant difference between average
heart rate in the two situations, but further research would have to be
carried out in order to ensure that result. The results did show some
increase in motivation among the participating runners when the voice
feedback system was used and this could be used as a starting point for
further research in the area.

1

Introduction

Running is a way to stay physically active and there are many smartphone
applications that provide support for runners, for example by tracking routes and
distances and saving the data. Some applications also include a real time voice
feedback function, which allows the runner to get information about performance
during the running session. In this study, we investigate whether this type of
feedback can help runners to push themselves harder during outdoor running
and if their motivation increases when such a feedback system is being used.
Previous work in the area has shown that feedback on performance is important
in order to increase motivation [1], and that audio feedback is a good way to
provide information when the user’s attention is limited [2].
In the following section (section 2), background information is provided in
the areas of physical activity, running, intensity, feedback and motivation. Also,
we look at motivation and exercise and different ways to increase motivation
during exercise sessions. In section 3, the set-up of the study, the test group and
the technology used are presented. Section 4 provides the results from the study,
and in section 5 we discuss these results, as well as drawbacks and limitations
of this study and ideas for future work in the area.
S. Bensch, T. Hellström (Eds.): Umeå’s 18th Student Conference in Computing Science
USCCS 2014.1, pp. 25–38, January 2014.
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2

Background

2.1

Physical Activity, Running and Intensity

Staying physically active has many positive effects, including reducing the risks
for cardiovascular disease, stroke, type 2 diabetes and different types of cancer [3]. It also has a positive influence on mental health, energy balance and
body composition. Physical activity is defined as movements that substantially
increase energy expenditure [3] and includes all types of movement from competitive sport and exercise to activities such as walking, vacuum cleaning and
ironing. The energy expenditure vary depending on the intensity of the activity
and is usually measured in kcal/kg/min or METs. METs stands for metabolic
equivalents and is commonly used to estimate the metabolic cost of physical
activity, usually in order to decide the intensity (for example light, moderate
or vigorous) of a physical activity [3]. One MET is assumed to be a person’s
metabolic rate when at rest, which is set to be 3.5 ml of oxygen consumed per
kilogram of body mass per minute. This value is called the resting metabolic
rate (RMR), and all other MET values are given in multiples of RMR [3]. Table 1 shows some examples of MET values and corresponding intensity level of
common types of physical activity.
Activity
Ironing
Walking - strolling, 2 mph
Vacuum cleaning
Walking - brisk, 4 mph
Running, 6 mph
Running, 8 mph

Intensity
Light
Light
Moderate
Moderate
Vigorous
Vigorous

METs
2.3
2.5
3.5
5.0
10.0
13.5

Table 1. Intensities and METs for some common types of physical activity [3].

Common methods for measuring exercise intensity are monitoring the athlete’s heart rate (HR), oxygen uptake (VO2 ), power and velocity [4]. Since the
study presented in this paper was performed outdoors, without access to any
other tools than the runners’ smartphones and heart rate monitors, the intensity was measured by analyzing the heart rate throughout the running sessions.
Intensity usually varies during competitions in endurance sports, including running events [4]. This variation in intensity can be connected to factors like terrain,
tactics and fatigue. We can assume that the same factors have an impact on intensity in exercise session as well, and this makes it difficult to correctly interpret
variations in intensity during a running session. Figure 1 shows heart rate and
terrain profile from one of the running sessions performed by a participant in
the present study.
Interval exercise training can be described as periods of high-intensity exercise training (for example running, cycling, rowing or skiing) that are interspersed by periods of lower intensity [5]. The periods of lower intensity provide
a chance to recover slightly before the intensity is yet again increased. The heart
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rate will vary during the exercise session depending on the set-up of the intervals,
which makes this kind of work out not suitable for this study. Due to these variations in heart rate during interval exercise training, only mid- to long-distance
runs were analyzed in this study and not interval sessions.

Fig. 1. Heart rate (white line) and terrain profile (orange line) from a running session
performed by one of the participants in the study. The figure shows variations in both
terrain and heart rate throughout the session, and how the heart rate at some points
seem to increase and decrease accordingly to the terrain profile. The graph is copied
from the participant’s logged running session at www.movescount.com.

2.2

Feedback and Motivation

Feedback can be described as a consequence of performance, provided by an
agent to give information about one’s performance [6]. Feedback can be given
in numerous ways and the most effective forms of feedback are those that: provide cues or reinforcement, are given by video, audio or a computer, and/or
relate to goals [6]. Previous work has shown that verbal encouragement can help
to increase performance, for example on the mean distance walked in walking
tests [7], on maximum effort in treadmill tests [8], in controlling the running mechanics of well-trained athletes [9] and on mean peak force of the elbow flexors
during isometric muscle action [10].
Being motivated, or to be inspired to act in a specific way, is something that
vary among people and situations. People have different amounts and different
kinds of motivation, and these factors affect a person’s underlying attitudes and
goals which result in the actions one choose to take [11]. Two different types of
motivation are intrinsic and extrinsic motivation. Intrinsic motivation is the kind
of motivation that inspire us to perform an activity for its inherent satisfaction
and not for some external reason [11], for example enjoying to exercise because
it makes us feel good. Extrinsic motivation refers to doing something because of
the action’s separable outcome [11], for example exercising in order to look good
in other people’s eyes or to get the approval of someone else.
The work by [1] suggests a number of factors that are important in order for
motivational user interfaces to be efficient:
1. Feedback of performance need to be provided.
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2. User’s perception on how well they are performing affect how they respond
to praise.
3. An abstract, static embodied agent1 can positively affect the user’s motivation.
2.3

Motivation and Exercise

There are different ways to increase motivation during exercise sessions. Music
can have positive effects on physical activity, for example by enabling a certain workload to be perceived as less strenuous [12]. Listening to music during
exercise can also result in the athlete choosing to do more work without an increased sense of effort. The results from the study performed by [12] show that
music with fast tempo enable exercisers to perform at a greater work rate and
with a greater physiological effect. These effects seem to be due to some motivational and distracting effects and can therefore be used as a way to maximize
performance during exercise sessions.
Exergaming (that is, video games that require physical activity from the
player) has also shown to increase motivation and intensity of the physical activity performed and can be a way to activate people who normally do not
exercise [13]. Exergaming can also be implemented in mobile games for smartphones, using the sensors of the phone in order to tie the user’s actions in the
real world to the mobile game [14]. One goal with exergaming solutions is to
improve the user’s physical well-being by motivating exercise and reducing the
experience of fatigue.
Today there are many applications, both for mobile and web, that enable the
users to log – that is, to document – their training sessions2 . This can help the
users to get an overview of their training history and of their progress. Many
of these applications also provide the possibility to see other people’s results
and for the user to compare his/her own results to the results of his/her peers.
Intrinsic motivation seems to increase both when feedback on one’s performance
is given and when one gets the opportunity to compare results to others [1].
These factors might be a reason why these applications are so popular. Some of
the mobile applications also include features that can be used during a session,
for example, measuring time and distance and logging heart rate. In some of the
mobile applications there is also a function that gives the user the option to get
real time feedback, for example, by a voice that in specific intervals gives the
user information such as how far she has run, at what average pace and what the
current pace is. Audio feedback has shown to be a good way to provide feedback
when the user’s attention is limited [2], which is the case in outdoor running. The
system presented in [2] lets the user choose a target training zone (fat burning,
cardio training or high intensity) which determines a corresponding heart rate
zone defined by maximum heart rate (60 to 70 %, 80 to 90 % or 90 to 100 % of
1
2

An embodied agent is a simulated character that embodies human qualities [1].
For example Fitocracy, Endomondo, Sports Tracker and Nike Training Club. http:
//gearpatrol.com/2013/05/29/best-fitness-apps/?read\_single=1
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maximum heart rate). If the user’s heart rate exeeds the maximum heart rate
for the chosen target zone, an audio message is given that encourages the user
to slow down. In the same way, a message is given encouraging the user to speed
up if the heart rate is below the minimal target heart rate. One advantage with
this type of feedback is that the user do not have to interpret the data, such as
heart rate, but only follow the instructions from the system [2].
In this study, we used the Runkeeper application for iPhone and Android,
which is a popular smartphone application for runners 3 . It includes functions
such as GPS tracking, pairing with heart rate monitors, audio cues, activity
sharing through social networks and data syncing with the Runkeeper website.

3

Method

3.1

The Study

The participants was given instructions to log their running sessions for 29 days,
alternating between using the feedback function from the application and not
using it. The participants were instructed to log their heart rate throughout each
session and to save this data, making it possible to look at the heart rate over
time for each run. They were instructed to only log their mid- to long-distance
runs and not interval sessions in order to get comparable results from the heart
rate logging.
The running sessions were performed outdoors. For each run, the participants
noted the date and answered eight questions. These questions primarily aimed
to give a more complete picture of each run and to make the evaluation more
accurate. The following questions were answered before each session:
1.
2.
3.
4.

What is your goal with this session?
How do you feel? (Physically, mentally, motivation etc.)
Will the voice feedback be activated during this session?
Will you be using any other type of feedback?
After the run, the participants answered the following questions:

1. How did the run go compared to your goal?
2. Do you find the collected data (from GPS and heart rate monitor) to be
accurate?
3. Did you get any problems during the run? (For example technical problems,
ailments etc.)
4. Do you have any additional comments?
3

The application had more than 20 million users in the summer 2013 according to Business Insider and ABC News. http://www.businessinsider.
com/runkeeper-partners-with-myfitnesspal-2013-6, http://abcnews.go.com/
blogs/technology/2013/07/app-of-the-week-runkeeper
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Furthermore, the participants were instructed how to set up the voice feedback in the Runkeeper application. They were instructed to activate time and
distance feedback in order to get information about elapsed time and distance
during the run. If they wanted velocity feedback given in min/km, they were
instructed to activate average pace and current pace. If they wanted this feedback given in km/h, they were instructed to activate average speed and current
speed. The only difference between these two settings is the unit used to give
information about velocity. Finally, they were instructed to make sure that the
feedback would be given on an interval of 1 km. These settings would allow the
application to give voice feedback for each completed kilometer, giving the runner information about elapsed time and distance, average velocity and current
velocity. Other settings were optional, but if any additional audio cues (for example information about heart rate) was activated the participants were asked
to make a comment about this in the answers connected to the session. One of
the runners chose to set up the feedback at an interval of 500 meters instead of
1 km, which was taken into account when the data was analyzed.
The feedback from the application is given by a female voice and can, for
example, be: “Time: 8 minutes. Distance: 2 kilometers. Average pace: 4 minutes,
40 seconds per kilometer. Current pace: 4 minutes 50 seconds per kilometer”.
When the data was collected from the participants, a comparison was made
on the average heart rate during running sessions with the real time voice feedback activated and without it. We also investigated the heart rate specifically
around the times when the voice feedback was given to the runner by comparing
the heart rate 100 meters before the feedback was given and the heart rate 100
meters after. The reason we use 100 meters is because we wanted to make sure
that the runner had been given all the information from the application at the
point where we measure heart rate, and it takes about 15-20 seconds for the
application to give the basic information that is described above.
After the test period the participants answered a questionnaire with questions
mainly regarding their experience with using the voice feedback system. Figure 2
shows the questions included in the questionnaire. The main purpose of these
questions was to supplement the analysis of heart rate with a self-report from
the participants on their experienced level of motivation and intensity during the
test period (questions 3 and 4) and to give some insights in how the feedback
was perceived by the participating runners.
3.2

Test Group

In the initiation of the study, eight runners registered to participate. Two of them
quit the study early on, the main reason being that they did not plan to run
a sufficient number of sessions during the test period. When the data from the
running sessions was collected, only three of the participants responded accordingly and therefore the data being analyzed is based on these three participants.
The final questionnaire, on the other hand, was answered by five of the initial
participants and all of these answers were used in the self-report analysis (see
section 3.3). In order to get information about the participants, a questionnaire
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Name
Your name is needed in order for the test leader to connect your answers to the information from
your running sessions. When the study is finished it will no longer be possible to connect your
name to the information and your participations is completely anonymous when the results are
presented.

What heart rate monitoring system did you use during the test period?
Did you experience any change in motivation when you were given voice
feedback from the application?
-

No, my motivation was unchanged.
Yes, my motivation decreased.
Yes, my motivation increased slightly.
Yes, my motivation increased markedly.

Did you experience any change in intensity in your running sessions when the
voice feedback from the application was turned on?
-

No, my intensity was unchanged.
Yes, my intensity decreased.
Yes, my intensity increased slightly.
Yes, my intensity increased markedly.

Will you continue to use the voice feedback during your running sessions?
- Yes.
- Maybe.
- No.

What are the benefits with the voice feedback, according to your experience?
What are the drawbacks with the voice feedback, according to your
experience?
Do you have any additional comments regarding your experience in using
voice feedback during running sessions?

Fig. 2. A translation to English of the final questionnaire originally written in Swedish.
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was sent to them before the test period started. Figure 3 shows the questions
included in the questionnaire.
Name
Your name is needed in order for the test leader to connect your answers to the information from
your running sessions. When the study is finished it will no longer be possible to connect your
name to the information and your participations is completely anonymous when the results are
presented.

Age
How many running sessions do you normally perform each week?
Describe the kind of running you usually perform.
For example distance, level of strain, set-up of sessions etc.

For how long have you been running regularly?
Do you have any experience in measuring and logging your running sessions?
For example distance, pace, heart rate etc.
- Yes, I do it regularly.
- Yes, but I don’t do it regularly.
- No.

If yes, in what way have you logged your running sessions?
Have you previously used voice feedback during your running sessions?
Voice feedback is used i some applications where the runners is updated in real time with
information such as distance and pace.
- Yes, I use it regularly.
- Yes, but I don’t use it regularly.
- No.

Do you currently have any general goals with your running?

Fig. 3. A translation to English of the initial questionnaire originally written in
Swedish.

The results from the questionnaire showed that the participants were all
experienced, male runners in the ages 26-50, running regularly at the time of
the test period. The least experienced runner had run regularly for six months,
and the most experienced for two years. They all ran on average at least two
times per week, and one of them ran as much as five times per week. All of
the participants were regularly logging their training with a heart rate monitor
connected to some online application. The participants were all Swedish and were
invited to the study through the Swedish training web site Funbeat’s forum for
runners. The test leader and the test participants communicated primarily by
email. The responsibilities of the test leader (who also is the author of this paper)
was to find participants and to provide them with information. After the test
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period, the test leader was responsible for collecting and analyzing data from
the participants.
3.3

Technology

The participants all used their own heart rate monitoring systems to log their
heart rate during the test period. The heart rate monitoring systems used was
from the manufacturers Wahoo, Polar and Suunto. The participants were instructed to use the Runkeeper application for iPhone or Android during the test
period.
The data from each run was exported to GPX-format4 and converted to plain
text format and graphs for analysis using the application found at http://www.
gpsvisualizer.com/convert\_input and http://www.gpsvisualizer.com/
profile\_input.

4

Results

4.1

Average Heartrate (HR)

The data from each participating runner was collected and the average heart
rate was calculated for each run. In total, 14 running sessions was collected from
the runners. This data was then ordered in two sub-groups: A (with the voice
feedback) and B (without the voice feedback). Table 2 shows the average HR
from each reported running session, and standard deviation and mean value for
each dataset.
Dataset A
Dataset B
(voice feedback ON) (voice feedback OFF)
144.5302
153.5443
153.2242
159.4980
155.0246
152.3869
144.4960
147.7060

156.7286
159.3451
137.4376
156.3945
140.6798
151.1975

Mean value
151.3013
Standard deviation 5.292085

150.2972
9.155075

Table 2. Average HR from each reported running session divided into the two datasets,
with standard deviation and mean value given for each dataset.
4

GPX (GPS Exchange Format) is an XML data format used for passing GPS data
between different applications.
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We wanted to find out whether there is any significant difference between
the average HR from running sessions performed with real time voice feedback
(dataset A) and the average HR from session without it (dataset B). In order
to find out if the two sets of data (A and B) are significantly different from
each other, a paired t-test was performed with the null hypothesis, H0 , that the
two sets are not significantly different. Our alternative hypothesis, H1 , suggests
that there is a difference between the two sets, meaning that the average HR is
different when a real time voice feedback system is used compared to when it is
not used.
We assume that the data has a normal distribution and we choose a significance level (α) of 0.05. The t-test performed resulted in a p-value of 0.7995,
which is higher than α and therefore we cannot reject H0 . This means that we
cannot statistically claim that there is any significant difference between the
average HR from the two datasets.
4.2

HR Before and After Voice Feedback

In this test, we wanted to find out whether there is any significant difference
between the HR 100 meters before the voice feedback was given to the runners,
and 100 meters after they had gotten the feedback. HR values was collected from
each run where the runner had the voice feedback system turned on. HR values
at 100 meters before feedback was given was added to dataset C and HR values
at 100 meters after feedback was given was added to dataset D. The mean values
and standard deviations for each dataset are presented in table 3.
Dataset C
Dataset D
(HR 100 m before feedback) (HR 100 m after feedback)
Num. of items
103
Mean value
151.9223
Standard deviation 9.54626

103
153.4854
7.62332

Table 3. Mean value and standard deviation for the heart rate values documented
before (dataset C) and after (dataset D) feedback was given to the runners.

A paired t-test was once again performed, with the null hypothesis, H0 ,
claiming that the two datasets are not significally different. Our alternative
hypothesis, H1 , suggests that there is a significant difference between the two
sets of data, meaning that the HR before feedback is given is different from HR
after feedback is given. Again, we assume the data to be normally distributed
and choose a significance level (α) of 0.05. The t-test performed resulted in a
p-value of 0.195, which is higher than α and therefore we cannot reject H0 .
4.3

Self-Report

After the test period, the participants answered a number of questions regarding
their experience using the voice feedback system. The complete questionnaire is
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displayed in Figure 2. Five of the participating runners submitted answers to
this questionnaire. The questions we investigate in the self-report are questions
3 and 4 (“Did you experience any change in motivation when you were given
voice feedback from the application?” and “Did you experience any change in
intensity in your running sessions when the voice feedback from the application
was turned on?” ’ ).
Experienced Motivation The distribution of answers to the question “Did
you experience any change in motivation when you were given voice feedback
from the application?” are displayed in Figure 4.
This result indicates that the test participants in general experienced an
increase in motivation and shows that this type of feedback can have a positive
effect on motivation during running sessions.

Yes - my motivation was decreased 0
No - my motivation was unchanged

1

Yes - my motivation increased slightly

4

Yes - my motivation increased markedly 0
0

5

Fig. 4. Distribution of answers regarding experienced change in motivation when the
feedback system was used.

Experienced Intensity The distribution of answers to the question “Did you
experience any change in intensity in your running sessions when the voice feedback from the application was turned on?” are displayed in Figure 5.
The result shows that the test participants in general did not experience an
increase in intensity when using the feedback system during running sessions.

5
5.1

Discussion
Conclusion

The results of the study show no significant difference in intensity during running
sessions with a real time voice feedback system activated and without such a
system. The results are not completely reliable due to some great limitations and
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Yes - my intensity was decreased 0
No - my intensity was unchanged

4

Yes - my intensity increased slightly

1

Yes - my intensity increased markedly 0
0

5

Fig. 5. Distribution of answers regarding experienced change in intensity when the
feedback system was used.

drawbacks in the study (described more in detail below) and further research
would have to be performed in order to determine the level of credibility of the
results presented here.
The results do indicate that motivation increases when a real time voice feedback system is being used during running sessions. This is in line with previous
studies on feedback and motivation and can be a good starting point for further
research in this specific area.
5.2

Drawbacks and Limitations

One of the main drawback of the study presented is the number of participants.
In order to get more credible results, we would have to engage more runners in
the study and preferably also have them document more running sessions. In
this way, we could to a greater extent eliminate errors and our results would be
more reliable.
Another factor that makes the study unreliable is the method of collecting
data from running sessions. Heart rate is an established method of measuring
intensity, but the risk of errors showed to be quite large during this study. There
were at least tree running sessions in the study where the registered HR at some
intervals clearly did not correspond to the actual intensity. The HR values could
in some cases be way too low and in other cases be way too high. Also, when
using GPS as a way to track distance (which was the case in this study) there
is a certain risk for incorrect measurements.
As mentioned in the introduction, there are many factors that affect a runner’s intensity (and, consequently, the heart rate) and this has to be taken into
account when designing a study like this one. One way to eliminate some of the
errors is to have the participants running the same route during all sessions. This
would to some extent eliminate variations in HR that are due to differences in
altitude and distance. Also, the runner’s initial goal with a certain run affects
the intensity throughout the session. This could be taken into account by making
sure that the runners only log running sessions that are alike in this matter, for
example sessions where the goal is to run as fast as possible.
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Future Work

As mentioned earlier, additional research would have to be carried out in order
to confirm whether the results presented in this paper are reliable. The study
presented here could provide important information on factors to consider when
designing such a study.
The final questionnaire in the present study included questions regarding the
participants’ experiences with using the voice feedback system, and the results
show that this kind of system both have positive and negative effects on the
runner. The answers to these questions include comments such as “It is hard to
know at what pace I am running and the feedback helped me to follow my goals”,
“It was good to get the feedback without having to check any devices”, “A problem
was when the GPS-tracking clearly was wrong, it was frustrating having to listen
to information that I knew was not correct.” and “A bit annoying having to make
even more set ups (beyond everything else that I have to go over) before each
run.”.
Some of these comments accord well with previous work in the area. As
earlier mentioned, [2] claim that audio feedback is an effective way to provide
information when the user’s attention is limited. A runner’s attention and ability
to, for example, read something on a small mobile screen can be assumed to be
dependent on multiple factors, for example if it is light or dark outside, if it is
raining and how fast he or she is running. In many situations audio feedback
can therefore be presumed to be superior to visual feedback. Further research
could investigate how audio feedback is perceived by the runner and how it can
be optimized. A result from such a study could be a number of parameters that
are important to consider when designing a real time voice feedback system for
runners.
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Guidelines for Designing Touch Interfaces for Live
Coverage of a Football Game From the Arena
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Abstract. This paper examines the use of touch devices when reporting
live from a football game at the location where the game is taking place.
It includes a literature study looking at touch devices and the use of them
when live reporting in general. It also includes a case study conducted
using the Sportswik iPhone app where the reports produced by the app
are compared to reports made by persons reporting verbally. The quality
of the reports made with the app were lower than of those made verbally.
Based on these studies, four guidelines for the design of applications with
similar use cases are suggested.

1

Introduction

The main goal with this paper is to evaluate the use of the Sportswik application
and to suggest guidelines when designing applications with similar use cases.
Globally there are over 260 million people actively playing football, and both
attendance at the games and TV audiences are growing [1]. This in combination
with the increasing numbers of smartphone users and better internet connections
world wide [2] makes it likely that the number of people sharing their experiences
via their smartphones, tablet or other similar devices from the football games
they attend will grow as well.
Using the phone to do this has a number of advantages, two of the biggest
ones being convenience and mobility [3], [4]. Most of the devices on the market
are wireless and powered by a battery, making the devices easy to bring to
the game. The prices of touch enabled devices are also dropping, making them
affordable to an increasing number of people around the world [5].
Apps are also easy to install making it easier for the users to customize and
personalize their device to fit their preferences and needs, making the device more
useful to the users [6]. The ecosystem surrounding smartphones with the app
stores and cloud-based storages for instance makes it less complex for developers
to fix bugs and problems with user interaction, in most cases resulting in higher
user satisfaction [3].
The usage patterns of smartphones also make them good candidates to be
used as reporting tools on football games, since users are accustomed to using
their phones while doing something else. However, this is a two-edged sword,
S. Bensch, T. Hellström (Eds.): Umeå’s 18th Student Conference in Computing Science
USCCS 2014.1, pp. 39–47, January 2014.
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making the user less focused on the app and more easily distracted by external
stimuli [3]. Since football games are context where distractions are numerous
[6], this has to be designed for.
The one of the most widely used app for reporting live from a sports event
today is Twitter, where users can compose 140 character long messages, tweets,
and broadcast them to his or her followers [7], [8]. During Super Bowl in 2013,
24,1 million tweets about the game were sent out by the users of the platform.1
1.1

Sportswik

The software mainly examined in this paper is created by a startup in Umeå,
Sweden, called Sportswik. The product with the same name is a social media
platform for football teams and fans of football teams. The platform has apps
available for Android, iPhone and the web, so in order to delimit the complexity
of the study only the iPhone version was examined. The users of this platform are
able to take photos, film and stream videos, create live reports, write summaries,
consume content, make comments and interact socially with other users of the
platform2 . Out of these functions, the literature and case study focuses on the
creation of live reports.
1.2

The Live Report

If a Sportswik user is present at a game, he or she can start a live report. This
is done by accessing the game in the app through the calender functionality
and using the live report-button in the bottom bar. The live report consists
of a number of football events and comments. The football events all describe
something that happens on the playing field. There are 6 different events, namely:
–
–
–
–
–
–

Start of clock (beginning of half time or overtime)
Stop of clock (end of half time or overtime)
Goal
Chance
Card
Substitution

Adding one of these football events or a comment can all be done through
the live report view of the app. The game view and the live report view can be
seen in Figure 1
When added, every football event and comment gets a time stamp relative
to the game clock, so if the game is started at 19:02 and a goal was reported by
the user at 19:07 it will be reported as scored in the 5th game minute. Adding
a goal, chance, card or substitution also require the user to provide which of the
two teams the football event should be linked to. The user also has the option
1
2

https://blog.twitter.com/2013/the-super-tweets-of-sb47, Blog post on Twitter.com about Superbowl, accessed 2013-11-25
https://www.sportswik.com, Frontpage of Sportswik.com, accessed 2013-11-17
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Fig. 1. Screenshots of the application showing the game view (left) and the live report
view (right).

to provide information about which players that were involved in the football
event and/or add additional comments. If the user wants to report a football
event that is not among the six mentioned earlier (for instance a corner kick or
a throw in), he or she can describe it in a comment.
1.3

Problems and Bottlenecks

When designing a touch application for live reporting from a game at the arena,
there are several potential problem areas and bottlenecks the developers and
designers have to consider.
Fingers As the user’s main tool of input are their fingers, the ability to use
these are paramount. In cold enviroments for instance, use of fingers might
be everything from awkward to downright impossible. Fingers also have the
tendency of obscuring the user’s view of the screen, something that has to be
taken into account in the design process [9]. This problem is extra important
if the device has a small screen and/or limited screen estate, since the fingers
will obstruct more of the user interface for the user [3].
Usage Patterns The general iPhone user is downloading 10 apps per month
and are only using them a handful of times before moving on. In general,
two out of three apps are never opened two months after download [3].
This makes designing good user experiences challenging, since familiarity
of how a system works enhances user satisfaction [3]. The fact that most
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users use a multitude of different apps every day also makes it hard to keep
their attention. At any given moment the user can recieve a phone call, a
push notification from or get the idea that they want to use another app to
complete a task [10]. This, however, might not only be a bad thing as this
gives the developers tools to call for the user’s attention when it is necessary
or preferable in order to make a better user experience [3]. From a cultural
point of view it might not be socially acceptable to use your smartphone at
the game, people in the audience or the players on the field might find it
arrogant and/or rude [11].
Limited Affordances and Feedback On of the main weaknesses for touch
devices is that they lack physical buttons on the screen, making it harder
for the user to validate whether a button, for instance, has been pushed or
not. This makes it extra important to create relevant feedback to the user by
using for instance sound or vibration, the latter generally being the better
alternative since it works better in most enviroments [12], [10].
Contextual Conditions As stated earlier, rough weather like rain or snow
might make it hard for the user to interact with the device and the application properly. Fog might make it hard for the user to properly see what is
going on on the field. The user might reduce the effect of this by moving to
a spot with clearer vision [4].

2

Method

The main goal with this paper is to evalute the use of the Sportswik application
on an iPhone when reporting live from a football game at the location where it
is taking place. This was done by comparing the quality of reports produced by
users using the application and users reporting verbally from the same game.
2.1

Survey

In order to measure the quality of the live report, measures of how important
each football event was needed to be established. A form was created using
guidelines from [13] and sent out to 100 users of the Sportswik platform where
they were asked to grade a list of football events importance on a scale from
1 - 5, where 1 being the lowest and 5 being the topmost grade. These users all
resided in Umeå and were active players in a youth team, ranging from 14-18
years old. Of these 100 users 50 were male and 50 were female. The form was
sent out using a custom built form within the Sportswik platform, and asked for
grading on the following football events [14]:
–
–
–
–
–

Goal
Chance
Red card
Yellow card
Substitution
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–
–
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Throw in
Free kick
Penalty
Offside
Pass
Other

The order of the list was randomized for all users in order to prevent uneven
distribution of the grading.

2.2

Case Study

With the results from this survey the case study was conducted.
Six persons that had not completed the survey and were active players in a
youth team in the age between 14 and 18 years old were asked to report from
a live game, completing one football report each. Three of the users were to use
the Sportswik app on an iPhone 5, and three users were to verbally report a live
report to a representative from Sportwik taking notes. Both the users using the
app and the user reporting verbally were shown the same list of football events
that were used and graded during the survey, and then stationed at roughly the
same place but out of hearing distance (when speaking in an conversational tone)
from each other to prevent overhearing. The users reporting via the app were
given instructions on how to report and 15 minutes to familiarize with the user
interface before kick off. Three games were covered this way, with one Sportswik
live report and on verbal report being created each game. All of the games were
played on an outside field in the beginning of October in Umeå.
After the game the persons using the application were asked to leave suggestions on improvements or changes they would like to see in the app.
Each live report were given a score by taking all the reported football events,
taking the number of times they were reported in the report times the mean
value of the importance of the football event obtained from the survey and then
summed together. For instance, if a live report contained 4 goals and one red card
it’s score would be 4 * 5 + 1 * 5 = 25. This gives us an indication on the quality
of the live report, where football events with higher importance effecting the
score more greatly than football events that recieved lower scores of importance
in the survey. This score from the app-reported games were then divided by the
score from the verbal report from the same match, giving us a percentage of
the quality of the report from the app when compared to the report by the user
reporting verbally.
If a reported football event did not include any of the keywords from the list
of football events shown to the users before the game, the event was classified
as Other.
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3

Result

3.1

Survey

Out of the 100 users asked to rank the importance of the football events, 45 users,
26 male and 19 female, completed the form and submitted it to the Sportswik
servers. All of the users gave goal a score of 5, ranking it as the most important
football event with a mean of 5, followed by penalty and red card with a mean of
4.6. A complete list of the football events and their mean score from the survey
can be found in 1.
Football event
Red card
Penalty
Yellow card
Substitution
Offisde
Chance
Free kick
Other
Throw in
Pass

Mean importance
4.6
4.6
3.9
3.5
3.3
3.2
3.0
1.9
1.8
1.4

Table 1. Mean importance of football events ranked by the users of Sportswik

3.2

Case study

Over the course of the case study, a total of 94 football events were reported. All
three of the games had the same number of goals and the same number of red
cards reported by the reporter using the app and the one reporting verbally. The
number of reports and the quality of the app report can be found in Table 2.
Game 1 During the first game, the user reporting from the app reported one
substitution, two offsides, two football events classed as other and one free
kick less than the user reporting verbally. The overall quality of the report
by the app user was 68 percent of the quality of the verbal report.
Game 2 Game number two was the game where the reports from the app user
and the verbal reported differed the most, three more chances, three more
passes and one free kick were reported by the verbal reporter. The app user,
on the other hand, reported one offside and three more events classified as
other, mainly concerning the availability of hot dogs and coffee at the arena.
The report from the app user recieved a quality of 87 percent when compared
to the verbal report.
Game 3 In game 3, the user reporting verbally reported one yellow card and
one offside less than the once using the app. However, three more chances,
one freekick, two football events classified as Other and two passes were
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reported by the user reporting verbally. The overall quality of the report by
the app user was 81 percent of the quality of the verbal report.
Game Events (app) Events (verbal) Qual. of app
report
1
10
16
68 percent
2
14
17
87 percent
3
15
22
81 percent

Mean impor. Mean impor.
(app)
(verbal)
3.4
3.7
3.7
3.9
3.3
4.0

Table 2. Number of reported events, quality of app report and mean importance.

In total, passes and chances had the largest number of reports differing between the two ways of reporting, with a total of six more reports each from
the reporters not using the app. Both of these were among the least important
events according to the survey, with passes being at the bottom of the list and
chance being at the bottom half 2.
3.3

User Suggestions

When asked to give suggestions on how to improve the application used for
reporting, the users had a few ideas. One user wanted the buttons (or the text on
the buttons) for the different cards to be colored the same color as corresponding
card in order to make the buttons easier and quicker to locate. The same user also
suggested putting team logos on the buttons with team names on them for the
same reason. One user did not see who scored one of the goals and had problems
proceeding with reporting this football event until he found the alternative “Did
not see who scored” in the list of players in the scoring team.
One of the users wanted to know more about how he could control the game
watch, starting and stopping it, resetting, changing the time or even hiding it,
something he did not find obvious. He said that he felt stressed about it being
wrong, showing the wrong time, even though he did not actually suspected it
to be. Two users stated that they liked the size of the buttons, they were big
enough to easily press. One of the users claimed to have reported a few events
while wearing a pair of thin mittens. All three app users agreed that the app
was easy to use, even though it was their first time.

4

Discussion

The survey tells us that for football games, goals, penalties and cards are the
most important football events, so in order to create reports with as high quality
as possible, the reporting interface should be designed to make the reporting
these events as convenient as possible for the user. This can be done by making
the controllers for creating them distinct and putting the controllers in a place
that is easy to reach for the user [10].
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Complexity should be kept low in use cases similar to reporting live from
a football game, at the venue where it is being played, as described by Clark
[3]. Since one user felt stressed about the game time, even though he did not
suspect that something was wrong with it, the game watch might be better to
be removed in this application, both to reduce complexity and to relieve the user
from unnecessary stress. However, deeper studies on how important the users find
the information about when something occured during the game is should be
conducted before making this decision. The same goes for additional information
about a football event, such as who scored and assisted. If not removed, it should
be clear to the users that this information is optional for them to provide [3].
When removing or bundling together functionality in order to reduce complexity for the user when performing a task, it might be a good idea to give
the the user one more general function to work with things that do not directly
fit within the template of the task [5]. Giving the user this freedom might inspire him or her to do something creative, as seen when one of the app users
reported about the hot dog situation on the stadium, creating (arguably) the
most unexpected and entertaining content produced by the users during the case
study.
The case study suffered from a few methological problem. First and foremost,
more games should have been covered by a larger number of users using the app
to report in order to get more data. This was hindered by a lack of games
played by teams using the Sportswik media platform in late October. Secondly,
when taking the reports verbally, the users tended to start talking to the person
taking notes about the report, even though they were instructed not to. Some
of the users asked about the study, about the application, how and what they
“should” report etc. This might have distracted the user from the task of actually
reporting.
The number of events reported from the app and the quality of the report
were always lower than from the verbal report at each game 2. The mean importance however, were always higher from the app reports, meaning that more
of the less important events were reported by the verbal reporter.
After having conducted the literature study, the survey and the case study,
the findings of this paper can be boiled down to a few guidelines that can be
used when designing a touch-enabled live reporting tool for football games:
Design for the most important football events in order to keep complexity down Football is a complex game, but as seen in the case study,
when given an interface that is simple to understand and use the user is able to
produces a live report with relatively high quality.
Guide the user, but also give him or her freedom to be creative
Constraints on what the users are able to report can help the user to create the
content other users find important, but it might also limit them from reporting
content the other users did not know they would find interesting [3].
Be clear about what information that is required and what is optional
When giving the user the opportunity to change or add information to the report,
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make sure the users understand what is required for them to provide and what
is optional [10].
Make buttons easy to tap Football is played all over the world in many
different climates and in most weather types. Make your interface easy to use,
even with sweaty or cold hands [3]. If the users of your app can use it while
wearing mittens, as one test person claimed to have during the case study, even
better!
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Abstract. It has been established that users of public screens are affected by people in their surroundings, privacy is of importance when
interacting with a non-personal screen in a public environment, in particular when private information is transferred. In this study it has been
investigated how spectators affect the user of a machine that requires a
playful interaction in a public environment. When does a user of a screen
based machine feel watched and how are spectators affecting the users
comfortableness in their interaction with such a device? It has been investigated if the level of user comfort increases or decreases in relation
to spectators distance to the user and if interaction is affected differently
depending on the number of spectators. The results show no difference
between high and low density audiences but a small difference was observed in users behaviour depending on what distance the audience was
placed.

1

Introduction

There are many fields of applications for an interactive screen in the public environment, they can for example be found in train stations in the form of ticket
vending machines or interactive screens used as tourist attractions in public
spaces. When a person interacts with a screen in a public environment, other
people will be around and may watch the interaction between user and screen,
some just standing behind without watching the interaction and others just passing by. This paper aims to investigate how people in the surrounding influence
the users behaviour when interacting with a public screen. If users of an interactive screen are affected by spectators guidelines can be developed for how to
keep the immediate surrounding more private to enable people to act in a way
that is appropriate.
The effect of spectators has been investigated in several earlier studies, Naz
and Feyzan’s case study of an Automatic Teller Machine [1] evaluated privacy
concerns and showed that participants felt uncomfortable if other people were
standing too close and that a high density of spectators disturbed the user more
than a low density. Privacy is often considered when studying public screens,
according to Maguire [2], most people that interact with a non-personal screen
S. Bensch, T. Hellström (Eds.): Umeå’s 18th Student Conference in Computing Science
USCCS 2014.1, pp. 49–58, January 2014.
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in public places want to have some privacy around them and do not want to be
observed by other people standing close to them.
According to Littlea et al. [3] and Naz and Feyzan [1], privacy is important
when personal information is entered into a system on a public screen. If users
of an ATM want to protect their private information, users can for example
use their body to hide the screen from spectators [1]. If the screen is put to
use as an attraction in itself, other concerns than protecting private information
on a screen might occur. A machine that exhorts a playful interaction may not
display private information. So instead of trying to hide information on the
screen, users might be inhibited in their interaction with the public screen when
other people are watching them [4]. According to Akpan et al. [5] social context
impacts interaction in a public environment, during interaction with a screen
that encourages playful behaviour the way people interact with the screen may
depend on where the screen is placed and which social codes that comes with
the specific context [5]. Littlea et al. [3] discuss how the surrounding space can
be used to regulate privacy. In their study they investigated if different screen
sizes and the use of partitions can affect the users perceived level of privacy, they
found that small environmental changes could increase user satisfaction.
In this study users interact with a Postcard Machine, this specific Interactive
Postcard Machine is a self-service photo machine that merges an image of users
into photos of the animals in a zoo (see Figure 1). With the help of computer
vision technology the Photo Machine extracts the user from a picture and fuses a
background picture. The postcard can be given a personal design, when the user
is finished the postcard is printed out. This Postcard Machine has been used as
a tourist attraction during the busy high-season of 2013 in Lycksele djurpark, a
zoo in north of Sweden (www.lyckseledjurpark.se).

Fig. 1. Photo taken with the Interactive Postcard Machine.
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In this paper it is considered how the user of such a screen is affected by
surrounding people. The effect of distance between user and spectators is investigated as well as how the number of spectators influences the users behaviour
and the perceived level of comfort. In the case with the Interactive Postcard
Machine the level of comfort is defined by how well the user can interact with
the machine without feeling inhibited by spectators. A reason why people do
not want to interact with a public screen is because they are afraid of being
confronted with social embarrassment during their public interaction with the
device [6]. The results can be used to find guidelines for how to keep the immediate surrounding of such a screen more private to achieve a higher perceived
level of comfort for the user.
The organization of this paper is as follows; Section 2 consists of the methods
used in this study and how the user tests are performed are introduced. In Section
3 the result from the user study is presented. The fourth and last section ends
with a discussion about the results and how they can be utilized. Suggestions
for further work in this area are also discussed in the last section.

2

Method

To investigate the effect of distance between user and spectators as well as how
the number of spectators influences the users behaviour, a study involving 31
people operating an Interactive Postcard Machine, similar with the one that was
in use at the zoo, was conducted.
Two factors were measured, the first was the number of spectators: high
density or low density. Low density spectators was defined to 1-9 persons and a
high density of spectators was defined as 10 or more people. These definitions
took into account the large size of the area where the interaction in this user
study took place. The second factor was the distance between spectators and
user. The distance was divided into four intervals (see Figure 2): 15-45 cm,
46-120 cm, 121-360 cm and 361-760 cm which are based on Hall’s Proxemetic
Theory [7], the chosen intervals represent Intimate distance, Personal distance,
Social distance and Public distance.
The dependent variables were: the time the user interacts with the machine,
how many photos he or she takes, the users perceived level of comfortableness
and an observation made by the test leader of how comfortable the user is when
interacting with the machine. The time and numbers of photos taken were used
as indication as to how comfortable the user feels in the situation. If the user
takes time to retake a photo and make choices in the interface he or she is
probable more comfortable than if they rush through the motions. To give more
significance to these two parameters the users were observed whilst interacting
with the screen, the users were also answering questions about their perceived
level of comfortableness.
The user study took place in a public area at Umeå University and participants were students at the university who passed by and wanted to use the
machin (Figure 3 shows a person interacting with the machine). 12 males and

52

IdaMaria Harnesk

Fig. 2. Floor plan for the test area.

19 females participated and the age range was 18-35 (mean 22.5 years). The
study was performed during two days in an area where the number of present
people varied with time. Social effects are problematic to measure in laboratory.
The advantage with conducting tests in a public environment according to Alt
et al.[8] is that the data represents the specific environment and can therefore
be assumed to have a high validity for that environment.
The density of people and the distance between the closest spectator and
the user during a test session was observed by the test leader. The distance was
measured approximately by visual estimation, markers in the floor were used to
facilitate the estimation. Before each session participants answered some general
questions that gave information about how familiar they were with the environment and how they felt about public places. Akpan et al. saw in their study that
users that are familiar with their surroundings feel more comfortable engaging
with an interactive installation in that place [5]. During each test session time
spent at the machine was measured, a stopwatch was started when the user
started using the system and when the user were done and had printed their
postcard the clock was stopped. The system logged the number of photos that
each participant took. Each test session ended with a questionnaire in which the
test participant responded to statements about social impact and perceived level
of comfortableness. Each statement was answered using a scale 1-4, where 1 was
“I do not agree” and 4 was “I agree”. The statements were:
–
–
–
–
–

People around me were watching me when I was using the machine.
I was disturbed by the people around me.
I would have acted differently if I had been alone.
I felt inhibited in my actions of people around me.
I felt stressed out by people around me when I used the machine.
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Fig. 3. A user interacting with the Interactive Postcard Machine.

The difference in users’ perceived level of comfort, the time that they used the
machine and numbers of photos taken were analyzed using a two-way repeated
measure ANOVA. ANOVA is a statistical method used to analyze variance between group means and can show if there is any significant differences with low
or high density and spectators’ distance to the user. The significance level for
the ANOVA test was p<0.05.

3

Result

This section will present the results of this study. Table 1 shows the number of
users for each test condition. The user test was performed in a public environment
and the environment was not controlled by the test team. During the user study
there were always spectators standing in the social space (Figure 2), closer than
360 cm to the user, therefore greater distances than that are not included in the
results.
Low dencity (1-9 persons)
High dencity (>10 persons)

15-45 cm 46-120 cm 121-360 cm
3
6
7
5
5
3

Table 1. Number of users participating in each test condition.

The results do not show any significant difference in users’ perceived level
of comfort with low and high density or with different distances. A comparison
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between the mean values for the 6 conditions (Figure 4) showed that the 15 45 cm distance with low density of spectators (mean 2.5) was rated as most
uncomfortable. The most comfortable condition was 121-360 cm distance with
low density of spectators (mean1.8). The ANOVA method did not reveal any
significant differences between distances or high or low density audiences. When
spectators were standing at an Intimate distance to the user (15-45 cm) it was
more often than not someone the user knew, also, the test participants that used
the machine when there was a high density of people standing close to them had
stated that they often felt comfortable in social situations and in public places.

Fig. 4. Mean value of percieved level of comfort for each test condition. Range 1-4
where 1=feel comfort and 4 = feel uncomfort.

The numbers of photos taken by each user was also analyzed, Figure 5 shows
the mean value for each test condition. The ANOVA method only revealed a
significant difference between Intimate distance (15-45 cm) and Personal distance
(46-120 cm). There was no significant difference between the two densities of
spectators. Participants that interacted with the Postcard Machine together with
a companion took more photos than people that acted alone.
The time that each test participant used the machine was analyzed in the
same way as other parameters, Figure 6 shows the mean time that users in each
test group used the machine. The ANOVA method revealed a significant different
between Intimate distance (15-45 cm) and Social distance (121-360 cm). There
was no significant difference between low and high density audiences.
The user test does not show any significant difference between the two density ranges, not in perceived level of comfort, usage time or numbers of photos
taken. The distance had an impact on the time that the user interacted with the
machine and the number of photos that the user took.
During test sessions some users issued comments like “I do not want to do
this alone in front of other people” or “I want to go get my friend before I
use the machine”. Most of the users had at least one friend that watched them
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Fig. 6. Mean value of duration in seconds for each test condition.
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intently while they used the machine, some people did use the post card machine
together. All of the users stated that they had fun using the machine but many
of them argued that they would have acted differently if they were alone.

4

Discussion

This study shows that there is a small difference in how the user of the Interactive
Postcard Machine act depending on how close surrounding people stand. The
results demonstrate a difference in usage time when spectators are within the
users Intimate space (15-45 cm) as well as their Social space (121-360 cm). There
is a difference in the number of photos taken in each session between Intimate
distance (15-45 cm) and Personal distance (46-120 cm). There is no significant
difference in the users’ perceived level of comfort with different distances. This
study cannot conclude that there is a significant difference between a high and
low density of people, not in perceived level of comfort, usage time or number
of photos.
The difference in time usage indicate that people feel more uncomfortable and
stressed when other people are standing close to them while they are interacting
with the machine. But using time as a gauge to measure discomfort has certain
drawbacks that have been observed during the study, users that felt comfortable
with the test situation could have scored a short time if they were satisfied with
the first picture or if they were in a hurry whilst using the machine. It should
be noted that the reason why distance does not seem to matter very much could
be these factors.
Difference in numbers of photos taken indicate that people are more willing to
retake a photo when spectators are at a further distance from the user. The same
factors that affect the time that a user spends interacting with the machine is also
relevant when it comes to the numbers of photos taken. This user study showed
a difference between Intimate distance (15-45 cm) and Personal distance (46-120
cm). The reason why no significant differences can be shown if one compares the
shortest distance (Intimate distance) with the longest (Social distance) or the
middle distance (Personal distance) with the longest distance (Social distance)
may be that a comfortable user that takes a perfect photo directly only takes
one photo, and a user that do not feel comfortable only retakes the photo if a
friend prompts them to retake it.
This study did not show any significant difference in the users’ perceived
level of comfort. It was observed that the users were more comfortable in their
engagement with the machine when only a few people were around them. The
users in this study were often accompanied by a friend when interacting with
the machine. User comments about acting alone in front of other people echoed
that some of them felt uncomfortable interacting with this particular machine
in a public area. Users wanted to have a friend close by when they were interacting with the machine, some only wanted to use the machine if their friends
actively joined in. This observation about which conditions most people want to
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use a public entertainment machine is in correspondence with previous studies
(e.g.[4]).
The introductory questions that each participant answered gave information
about how comfortable they felt in social situations and in public places. People
who felt confident in public places felt more comfortable interacting with this
public screen than people that felt uncomfortable in public places. All participants knew that they were participating in a user study when they interacted
with the Postcard Machine and the initial inquiries concerning their feelings
about public places may have affected their interaction and how they answered
to the statements that were given after the test session.
The distances used in the user study were based on Hall’s Proxemetic Theory
[7] and similar distances were used in other studies, like the one with an ATM
machine [3] where the sense of privacy was tested. In the introduction of this
paper it is noted that the machine used in this study does not display private
information and that privacy concerns are more about weather or not the user
feels uncomfortable to act in a playful way in front of other people. Since the
post card machine provides a completely different type of service than an ATM,
in a vastly different context, it could be possible that the distances have to be
adapted to this type of machine and environment.
The range of density between high and low spectator groups was approximated for the place where the user test was performed and since this study
does not show any significant different between the densities of people it can be
assumed that these ranges have to be modified in later studies.
Since this study shows a difference in how close the spectators stand to the
user this is where suggestions can be made for how to design the immediate
surrounding of such a machine to achieve a higher perceived level of comfort for
the user. When people interact with this kind of machine it should be possible
for others to stand close to the user, since some individuals want to interact
together as a group and sometimes they want input from friends finding the
perfect pose in front of the camera. To achieve more privacy partitioning in front
of the machine could be used, Littlea et al. [3] found during their ATM machine
study that partitions increased the users’ perceived level of privacy. In this case
partitions could be placed so that the users body is hidden from spectators when
interacting with the screen. If partitions can be used for the Interactive Postcard
Machine and if it will have any effect could be investigated in further studies. It
is also desirable to conduct user tests where the Public distance (360-760 cm) is
included and to investigate the effect of ranges of spectators further.
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Abstract. This study analyses the effects created by so-called toolkits
for user innovation and design (TID), a new method of integrating customers into product development and design. Toolkits allow customers
to create their own product, which in turn is produced by the manufacturer. User toolkits for innovation are linked to a product or service
type and to a specified production system. This study analyses the effects derived from the use of TID. The effects are divided in the effects
for the owner of the toolkit and the user. The claimed effects in the literature are tested with a simple toolkit in a user study. Outcome shows
that TID has several psychological, functional, social and process effects
which are different for customer groups. The effects also change the way
for manufacturers.

1

Introduction

New products and services must be responsive to user needs in order to succeed [1]. The flop rate of new products are approximately 70 percentage, which
indicate that manufacturers have problems to Figure out customer needs [2].
A new approach to find out customer needs is the use of a User-Toolkit for
Innovation and Design (TID) [3]. The customer changes from a traditional consumer to a product-designer and customizes a standard-product for his or her
needs [2]. Famous examples show that it is possible to make successful business
with such toolkits like designing your own furniture (My-Möbelstück.de), watch
(Factory123.de), T-Shirt (Shirtcity.de), shoes (Adidas.de) or mobile phones (designyourhandy.de) [2].
Franke and Piller [4] defines TID as systems that allow the user to design a
novel product via trial-and-error experimentation and deliver feedback on the potential outcome of their design ideas. Schreier et al. [2] view TID as the interface
between customer and manufacturer. They are virtual, often online design-tools,
which allow the customer to design their own product. The feedback function
consists of price, design and functionality. The goal is that the customer should
get exactly the product he or she want. The customer changes from a traditional
customer to a co-designer [5]. Customer co-design describes a process that allows customers to express their product requirements and carry out product
realization processes by mapping the requirements into the physical domain of
S. Bensch, T. Hellström (Eds.): Umeå’s 18th Student Conference in Computing Science
USCCS 2014.1, pp. 59–71, January 2014.
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the product [5]. According to von Hippel [6] the users go through several trial
and error cycles which can be compared with a learning by doing. Franke and
Schreier [7] identified two different kinds of toolkits. High-end toolkit which allows users to generate new radically products and low-end toolkits which are
able to customize standardized products.
The topic of this paper is the effects claimed with TID. An effect is a change
which is a result or consequence of an action or other cause [8]. These effects can
be positive or negative. According to this general definition it can be seen that
an effect can be very flexible and connected to multiple actions.
TIDs have different benefits for manufactures and customers [7]. An example
is the easy access to sticky information [7] and for customers the I designed myself effect [9]. Sticky Information are the information that is costly to acquire,
transfer, and use in a new location [10]. According to Franke and Schreier [7] the
integration of customers via toolkits might be a winning strategy for manufacturers. They also noticed that the measurable value of individualized products
in comparison to standard products still constitutes a black box in research at
the moment. Therefore Franke and Schreier [7] said that an evaluation of TID
and empirical studies is necessary. Franke et al. [9] also has the opinion that
empirical data is needed to evaluate the effects of these TID.
This paper investigates if claimed effects by TID can be verified in a user
study. In the first step of the research, several benefits with TID are searched in
journal papers, books and white papers. The results are categorized and sorted in
different categories like process benefits or psychological benefit. To investigate if
a specific TID has these benefits, a semi-structured survey is created. A relative
simple design-focused toolkit for creation of furniture is tested with a total of
12 participants who use the toolkit and 2 participants who own the toolkit. In
this way we can understand the effects for manufactures and customers. After
creating their own products the participants complete a survey and evaluate the
experienced benefits.
The organization of the paper is as follows. In Section 2 the methodology
of the work is explained. Section 3 shows the results of the literature and a
suggested framework. Based on this framework, the survey is created in Section 4
and the toolkit is explained. The Section also contain the results of the survey.
Limitations of the research and shows the conclusion follow in the last Section.

2

Method

This Section show the methodology of the paper. Figure 1 shows the different
steps in the research. As a first step we use several databases to search for journal
papers with the keywords toolkit, customer-integration and effect. The collected
information are categorized and sorted. Based on this the valueframework is
created. After that, a semi-structured survey are created in order to evaluate
the valueframework (Figure 3).
Our research is based on the grounded theory. It consists of the systematic
charging and analysing of inductive derived data [11]. The grounded theory is the
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Fig. 1. Methodology used in the paper.

collection of data, the analyse and theory development in iterative cycles [12].
Figure 2 shows the cycle of the grounded theory. After reaching enough data
we leave the cycle and evaluate the created valueframework (Figure 3). At this
communicative validation we ask the participants and watch them while using
the toolkit to make notes [13]. This ensures a valid evaluation of the framework.

Fig. 2. Cycle of the grounded theory [12].

3

Analysis

At the first step we entered the cycle of the grounded theory and search for
journal papers, whitepapers and books. To build up the theoretical framework
we use several references.
In the process of data collection we use the searchstring explained in Section 2. The result of the analysis is that it was possible to identify several frame-
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works and success stories of TIDs. From in total, 27 references we identify 191
effects. After these 191 effects the saturation criteria according to Strübing [14]
is reached. That means that after one iteration cycle (Figure 1) no more changes
in the concept were noticed.
The effects are analysed with several criteria. Similar effects are merged, duplicates are eliminated and effects without enough references are also eliminated.
The result is 21 effects with an average of 6,5 references for each factor.
Effect
References
Costs
[15], [16], [17], [18], [3], [19], [1]
Time
[15], [4], [7], [18], [3], [19], [1]
Fit customer needs
[4], [5], [17], [20], [21], [2]
Efficiency
[2], [7], [22], [23], [24], [5]
No change in process
[25], [19], [7]
Sticky Information
[15], [26], [4], [27], [10], [18], [19], [1], [3]
Supportculture
[27], [10], [17], [4], [22]
Marketing
[23], [19], [18], [5], [16]
Without knowledge and Easy [25], [15], [28], [23], [19], [29], [30], [1], [3], [2]
User Friendly
[15], [28], [23], [3], [2]
Solution Space
[15], [20], [4], [24], [1], [3], [2]
Entertaiment
[16], [9], [17], [28], [23], [20], [21], [24], [1], [2]
Trial and Error
[7], [15], [30], [26], [23], [18], [2]
Satisfaction
[15], [23], [21], [3], [19], [6], [2]
Willingness to Pay
[26], [4], [16], [21], [2]
Pride of Authorship
[4], [7], [21], [1], [3], [2]
Customer Integration
[7], [27], [10], [28], [1]
I designed Myself effect
[9], [31], [21], [1], [3], [2]
Individual Solution/Needs
[15], [10], [28], [23], [20], [18], [19], [2]
Unique
[4], [5], [7], [21], [3], [19] ,[1], [2]
Better Product
[16], [23], [21], [24], [1], [2]
Table 1: Effects and References
Table 1 shows reported effects for a user or a manufacturer when they use a
TID. They save costs for the manufacturer and time for the customer because the
amount of time to design their own product to try to search it in different stores
is normally much lower and the costs of market research decrease for the manufacturers beause they get with the toolkit the specific needs of the customers.
The references in Table 1 show that it is more efficient and fit the customer needs
better. It is also not necessary to change existing processes because toolkits are
very flexible and can fit with existing processes [25]. The manufacturers have
easy access to sticky information. The support culture change from a traditional
product consulting to a technical toolkit support [27]. That means that manufacturers not help the customer to choose a specific product because it is his or her
task to design it. They just help customers to use the toolkit. Toolkits change
the way of marketing from a one-product to a all-in-one solution and makes it
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easier [23]. Manufacturers should beware how much solution space they offer for
the customers because otherwise it will be to complex. TID should be useable
without any knowledge and they are user-friendly and entertain the people. So
the process of buying is fun and customer enjoy it. They use toolkits with a trial
and error mentality. So they xare willing to pay more for these products and the
satisfaction is higher. The customer is integrated as a co-designer in the process
and is proud of the product. Customized products are unique and individual
solutions for individual needs. Normally customized products are regarded as
better products.
For the next step we sort the effects in different categories. During the literature analysis we identified several categories, which we use for this.
The first category is functional. Schreier [21], Schreier at al. [2], Sigala [24],
Franke and Piller [4] and Schreier [3] use this category in their papers. Franke and
Piller [4] define functional benefit, as adapting a product to suit an individual
preference or need. Schreier et al. [2] define it as the customization from technical
aspects to the user preferences. The category process is also used by Schreier [21]
and Franke and Piller [4]. It is likely that users enjoy the design process due to
a flow experience and the joy of performing an artistic and creative act [4].
The customer spends time and effort in the products and so the process has
to be a good experience. The social category ([7], [23] and [24] ) means that
these low-end toolkits may well reap the social benefits of individualization (i.e.,
the demonstration of individuality) [7]. In other words, social value represents
effects that users can get from the inter-customer interactions between other
customers [16]. The fourth category is psychological effects ([7], [23], [24] and
[2]). Franke and Schreier [7] recommend that toolkits lead us to conjecture that
other factors also have an impact on subjective value creation for user-designers.
Specifically, the self-designed product not only has a well-adapted design, it is
also an individual design. The fact that the user designed the product by himself
has effects on their subjective thinking and is more valuable for him [2]. The
last category covers the manufacturer effects of TID. Franke and Schreier [7]
recommends that toolkits are able to support successful business models and
have many effects on the manufacturers. Using these categories with the founded
factors in Table 1 we received the value framework (Figure 3).

4

Evaluation

The following Sections describes the evaluation which consist of two parts. First
we decribe how we create the survey and the process to evaluate our value
framework. Then we explain the TID used to evaluate the framework and the
participants. At the end the results are shown. The evaluation is divided into
two parts. The first part evaluates the effects for customer with a total of 12
participants. They create furniture with the software and evaluate the feelings
and effects after the creation process. The secound part is the interview with
manufacturers.
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Fig. 3. Value Framework.

4.1

Design of the Survey

End-User Survey The questionnaire contains 23 statements. The scale ranges
from 1 to 5 (I do not agree to I agree with). We added the question about the
knowledge of their own needs because customer with heterogeneous needs are
more influenced by the effects of TID [2]. This is because for design your own
product it is necesarry to know their own needs to define them in the design.
The statements are:
– I know my needs and how my furniture should look like (Knowing my own
needs)
– Individualized products are more expensive than standardized (Costs)
– The use of the toolkit save time compared to traditional buying (Time)
– This product fit my needs (Fit needs)
– The invested time, effort and money is justified for a customized product
(Efficency)
– During the process I try different things, go back and try it again (Trial and
Error)
– The given options are not too much or too less to customize my product
(Solution Space)
– I was able to use the toolkit without any problems (Easy)
– The process was funny and I feel comfortable with it (Entertainment)
– The toolkit is user friendly (User-Friendly)
– I like my product more than other comparable products because I designed
it (Design Myself)
– I am proud of my product (Pride of Authorship)
– How much are you willing to pay for this product (Willingness to pay)
– I feel like a designer of this company (Co-designer)
– The product and the process are better than traditional buying (Satisfaction)
– My product is unique (Unique)
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– This product is an individual solution and fit my individual needs (Individual
Solution)
– This product is better than comparable standardized products (Better Product)
The statements were derrived from the effects. For example the effect that
customers feels like a co-designer is derrived to I feel like a designer of this company. The survey is structured in general data, functional, process, psychological
and social effects. According to Eberhart et al. [32] semi-structured evaluation
(scale 1 - 5) is good because it is easier, shorter and more objective than traditional interviews. For a better evaluation we convert the statements to key
Figures and sort them in the defined categories. Preissler [33] claim key Figures
to be a good method to find weaknesses because Figures are honest and realistic.
The interviews follow the step and theoretical derived method of the qualitative
content analysis [34]. The material is analysed with a strong view on the research
question and theories are derived [34]. To guarantee a better evaluation we start
the survey with a classification of the customer in the customer-innovation framework (Figure 4).

Fig. 4. Framework of customers [35]

Customers have two main characteristics which are important for the use
of TID. Application knowledge refers to practical experience with a product
through intensive usage. Professional runners for instance, have a high application knowledge in using (and possibly co-designing) running shoes [35]. Object
knowledge focuses not on practical experiences with a product, but on knowledge
concerning e.g. the technology, procedure or material of a product (physical conditions of the product and how single components work together coactively) [35].
So Reichwald et al. [35] divide the customers in freshmen, nerd, intuitive and
pro. With the help of this framework we have a better understanding of the
answers of the participants. A nerd user with a little object knowledge will be
not searching for an individual solution and a intuitive user with high object
knowledge and low application knowledge will have problems with the process
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and the use of the toolkit. So we weigh the different effects according to a specific
type of customer.
Manufacturer Survey The second part is the two interviews with responsibles
behind the toolkit. The goal is to evaluate the effects for manufacturers with 5
Interview questions (excluded the general data like age, gender and position):
– Did the process change because of the toolkit or is the toolkit flexible for
different processes (Process Change)
– In which way did the traditional Marketing change (Marketing)
– Did the use of the toolkit change your acitivities in customer support (e.g.
more technical support) and do you think the customer is more integrated
in your product development (Integration/Support)
– Did you have better access to Sticky Information from Customer (Sticky
Information)
– Did the use of the toolkit decrease the Market Research (Sticky Information)
– Did the toolkit save costs for the company compared with the traditional
process (Costs)

Fig. 5. Screenshot of the Toolkit at www.my-moebelstueck.de.

Toolkit for Furniture Used in the User Test The low-end toolkit allows
customers to design their own furniture. The responsible company for the toolkit
is the German start up My Möbelstück (www.my-moebelstueck.de) and was
founded in 2013. The toolkit allows designing furniture with different elements
and they are produced by carpenters. The solution space is very high and the
user receives design feedback in the trial and error process. The toolkit has six
steps in which the customer can come closer and closer to his or her furniture
he or she want.
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Participants The survey is divided in 2 parts. The first part is with potential
customers of the toolkit. The 12 people consist of 6 women and 6 men. The average age is 40 and they are from Germany, Sweden and Holland. The participants
are current students, graduated people and people with higher education. The
customers are divided into the 4 groups shown in Figure 4. From every group
we interview 3 people. The participants was choosen in our closer environment
according to the four groups of customer. It was very important to be sure that
every group is represented by three participants.
The second part is the interview with the manufacturers of the company. Both
participants are 24 and they are the founders of the company. The company is
in Germany.
4.2

Results

This Section shows the results of the study. They are divided into two different
Sections. The first Section show the results for the end-user and the second the
results from the manufacturer.
End-User Results Table 2 shows the different effects with the results divided in
the different kinds of customers according to the four different groups described
Figure 4. The participants evaluate the effects on a scale from 1 (I do not agree)
until 5 (I agree).
All in all the effects for every group with an average of 4,23 are very positive.
Every effect exists and is validated by the end-users. The strongest influence has
with 4,42 the social and the functional (4,34) effects. But also the process (4,12)
and psychological (4,05) effects are confirmed by end-users. So it can be seen
that all effects are given. The users are also able to define their needs (3,92)
before they use a toolkit.
The freshman is with 4,51 the most addicted user to the effects. He is much
influenced by the functional (4,75) and the social (4,5) effects. The process (4,33)
and the psychological (4,4) are also very high. So this group of end-user is very
influenced by effects. But they have problems to define his or her needs (2,33).
The intuitive (4,27) end-user is also very addicted to all of the effects. As
an expert for furniture he or she knows exactly his or her needs (5). This user
group is addicted to the social effects (4.83). The other effects are also given.
They think that are also claimed by the functional effects (4,33). The process
(4) and the psychological (4,13) are also confirmed by this kind of end-user.
The nerd is the weakest group (3,86). They do not really know their needs
(1,67) and so the effects are not strong. They think that social (4,17) and functional (4) effects are given. They are unsure with the process (3,87) and psychological (3,53) effects.
The pro end-user results are very high (4,25), so they confirmed the effects
claimed with TID. Especially the social (4,33) and the process (4,27) effects are
given. They also rate the psychological (4,13) and the functional (4,27) effects
very high. This target group was able to formulate their needs very well (4,33).
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All in all the end-users are influenced by the effects claimed with TID. But
the effects are different for different user groups. So it has to be separated which
kind of end-user uses the toolkit. As an overall view it can be confirmed that
the effects exists in general for all kind of end-users.
The statistical significance of the results is very high because the different
customer groups represents their logical results. Nerd users for example has low
knowledge about furnitures and high knowledge about using the toolkit. Results
show that they can handle the toolkit easier but also show their lack with the
product themself. This can be seen in every customer group.
Effect
All
Freshman Intuitive
Nerd
Pro
Heterogeneous Needs 3,33
2,33
5
1,67
4,33
Functional
4,34
4,75
4,33
4
4,25
Costs
4,17
4,67
4,33
4
3,67
Time
4,25
4,67
3,67
4
4,67
Fit needs
4,67
4,67
4,67
4,33
5
Effiency
4,25
5
4,67
3,67
3,67
Process
4,12
4,33
4
3,87
4,27
Trial and Error
3,75
3,67
3,67
4
3,67
Solution Space
3,83
4,33
3,33
4
4
Easy/Knowledge
4,08
4,67
3,33
4,33
4
Entertaiment
4,5
4,67
4,67
3,67
5
User-Friendly
4,42
4,33
4,67
4
4,67
Psychological
4,05
4,40
4,13
3,53
4,13
Design Myself
4,75
4,67
5
4,33
5
Pride of Authorship 4,83
5
5
4,33
5
Willingness to pay 4
4,33
4
4
5
Co-designer
2,75
3
3
2
3
Satisfaction
3,92
5
3,67
3
4
Social
4,42
4,50
4,83
3,17
4,33
Unique
4,83
5
5
4,33
5
Individual Solution 4,67
4,67
5
4,33
4,67
Better Product
4,25
4,33
4,67
4
4
Average
4,23
4,51
4,27
3,86
4,27
Table 2: Results of the study (1 - I do not agree to 5 - I agree)
Manufacturers Results The interviews with the manufacturers shows that
the effects of TID are also valid for them. The process of the production does
not change because the toolkit is very flexible and can fit with existing processes.
The access to sticky information is according to the manufacturers easy because
it is possible to look at the results and functions, which users want to have.
In case of marketing, the behavior changes only in the presentation because
manufacturers do not advertise for a single product. They advertise with design
it yourself and creativity. But the last effect, that TID saves costs is not valid at
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the beginning because the implementation of TID is very expensive. But after
that implementation it can save costs compared to the traditional selling process.
The results are summarized in Table 3.

Factor
No process change
Sticky Information

Claimed effect
TID are very flexible and fit with existing processes
you can see what the customer really want, easy access
Marketing
change from a classical product to creativity and design yourself
Support
change to design and technical support
Costs
high costs and the beginning and than cost decreasing effects
Table 3: Claimed effect for different factors reported by manufacturers

5

Limitations

IIn practice several toolkits from pure product configurators to high-end software
[5]. According to Franke and Piller [5] different toolkits can have different effects
on users. In this study we only use one toolkit, which is created for the furniture
market. Maybe other toolkits have different effects on user. So the study is
limited on this low-end toolkit and of the furniture market. The results are only
valid for this specific toolkit.

6

Conclusion

TID are systems, which allow the user to design a novel product via trial and
error experimentation and deliver feedback on the potential outcome. These
systems have different effects for manufacturers and customers. With the method
of the grounded theory we searched for different effects and categories. After
that we created a valueframework for the different effects and sorted them in
categories. Based on this framework a semi-structured survey was created and a
total of 12 customers and 2 manufacturers were asked. The 12 customers were
divided in 4 kinds of customers. The participants used a simple low-end toolkit
to design their own furniture.
The study shows that there are several effects claimed with user toolkits
and they are different for different kinds of customers. The effects also influence
manufacturers processes and organization. For a further research the framework
should be tested with other kinds of TID. So theories about different markets
and toolkits can be made. It is also necessary to interpret the results and find
out why a group of customer is more influenced by effects and why not.
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