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Abstract: The rapid technical progress in the developmentobile devices and
technologies offers new possibilities for improviagd streamlining the performance
of business processes. However, only few successfbile applications exist in the
business area. This paper discusses the benefientanprise can gain by using
mobile technologies in business processes. It ptegeneral indicators to measure
the performance of business processes and showstliese indicators must be
adapted to be useful to determine the benefit diilm@pplications. Then, the set of
indicators is applied in a real-world scenario. Theults show that indicators like
throughput time, error rate, reduction of redungarand increased flexibility are
important for the benefit of mobile technologies.

1. Introduction

The rapid technical progress in the development of mobile devicesaitk rechnologies
offers many new possibilities for improving and streamliningpg@dormance of business
processes [11]. Due to the widespread use of mobile devices, usealsvegs be on-line,
they can always be connected to central ERP systems, non-moliilessusrocesses can
easily be substituted or extended by mobile processes, and aaehyphysical item can
become part of a mobile application. As over the last yeansettveork coverage increased
to a high level, these possibilities can be realized location-indepiiyndend almost
everywhere [21]. However, there are tight limitations for introdgiehobile technologies
in business processes. An important factor for using mobile techm®lgagibusiness
processes is choosing the right process. Appropriate processelsenadgaptable to mobile
technologies and must deliver a measurable benefit for both thens$dhe enterprise.
Without measurable additional benefit due to the introduction of a entdshnology, an
enterprise will not adopt mobile technology [2]. Therefore, one oftam challenges for
using mobile technologies in business processes is to determipetédmtial benefit that
results from the introduction of mobile technologies [22]. To createesstul mobile
applications, an enterprise has to carefully analyze a-priorivfoch processes which
mobile technology can result in an overall higher benefit (profit).

The goal of this paper is to study the benefit that resutis fthe use of mobile
technologies in business processes. To be able to determine the pbbtrdfd, in a first
step we review existing performance indicators for business gg®&eThen, we examine
which performance indicators are affected by the use of maulablogies. Furthermore,
we introduce additional performance indicators that take into accountifispe
characteristics of processes supported by mobile technologiedly,Fima apply our
indicators to a real-world business process in the area of ehawsse management and
production system. This allows us to examine the impact of moltlenaéogies on
business processes for one specific example (RFID tagsp aredify the benefit resulting



from the use of mobile technology. We do this by studying various scenarios andingeas
the differences between scenarios with and without mobile technologies.

The paper is organized into six sections. Section 2 describes isdinators for
measuring the performance of business processes. Section 3raesrspecific properties
of mobile technologies and Section 4 outlines how which indicatoramepriate to
measure the quality of mobile business processes. In sectiongertbemance indicators
are used to determine the benefit of mobile technologies in a real-worldwdge s

2. Performance M easurement of Business Processes

This section summarizes indicators for measuring the performance of Bysioessses
and discusses methods for determining their performance.

2.1 Indicators for Measuring the Performance of Business Processes

To measure the performance of a business process it is ngcassdetermine some
indicators which represent important aspects of the process andathén which the
process is performed. In general, performance indicators carr deheclassified as
quantitative or qualitative [6]. Quantitative indicators usually snea performance by
using ordinal numbers (or a rank order) whereas qualitative todécdo not allow a direct
ranking or comparison of performance aspects [19]. Common quantitative indicators ar
» time,

* Costs,

e error rate,

* number of performed process steps, and

» stock size.

There are different possibilities for measuring duration tiwfebusiness processes. It is
possible to measure the duration of single process steps, the tweeigrocess steps
(assuming that there are waiting times), or the overall ewecuime of a task.
Furthermore, we can count the number of process steps that musfdimee to execute
the entire process. [8] sub-divides performance indicators in proeedented and
resource-oriented categories. Both categories can be sglffenent sub-categories. One
sub-category addresses the time aspects. These are considéwe@dategories operation
time, holding time, and down time (resource-oriented indicators) as weltlas categories
cycle time, execution time, and queue time (procedure-oriented indicators).

Cost aspects are also important for determining the benefitusiness processes.
Examples for costs are processing costs or used capacky{&8pg6] argue that only time
and costs aspects determine the benefit of a business process. Htivezeeare additional
indicators that are relevant for the performance of businesegz®es like the error rate of
the process. The error rate describes how many errors occartehprocess is performed
[18], [17]. Furthermore, it is possible to measure the processtygumii counting the
number of process steps that are either performed or not performed [8]. In camnbivititi
the error rate this indicator describes the robustness of thespro&eprocess can be
assumed to be robust if the process steps are correctly pedfesran if some errors occur.
Finally, the size of the stock can be measured [16]. A lovsmkssize results in lower
capital lockup what results in higher benefits for the enterprise.

Common qualitative indicators are
e process goals,

» stakeholder goals,
* enterprise goals,
+ flexibility, and



* process quality.

Every business process is performed to reach specific goalsnémagethe quality of a
business process depends on the extent these goals are reached. Howevenpothergus
process goal but there are different goals for different lsté#ters like employees,
managers, investors, or the enterprise. To determine procebty, qine goals of the
different stakeholders must be considered [1]. Examples for diffegeals are that
employees are not interested in additional monitoring and controtiépg |is such steps
increase their work load whereas managers are interested ifoadprocess steps to
ensure a lower number of errors while performing the procesthefomore, the goals of
employees or managers do not necessarily correspond to the gtiadseniterprise [19],
[1]. For determining process performance, it must be measuredhitth vextend the
different goals are fulfilled. Another important qualitative perfante indicator is the
flexibility of the process. Flexibility measures the possipitit change the order of the
process steps, to interrupt current processes, or to insert othesg@®avithout loosing
data or without additional cost [12], [13]. Finally, the quality of thecpss is important for
the benefit of the business process [3]. The quality of a businessspreemmarizes the
previous indicators and describes how well these are fulfilleal.pifocess coincides with
the different goals and if it is flexible, it is performed Way the employees with high
probability and the enterprise can gain some benefit from this gwoddnerefore, the
quality of the process is a precondition to gain benefit from a business process.

2.2 On the Use of Performance Indicators for Determining the Performance of Business
Processes

When using the performance indicators discussed in Section 2.1, adddictoes must be
considered for measuring the performance of business processes.

First of all, the environment of the business process whose parioe should be
measured by the performance indicators must be considered. &arsmt is important
which tasks should be solved by the process and in which line of buiega®cess takes
place [20]. In addition, the specific business area of the processvant [1]. To consider
the task, the line of business, and the business area are impor@umebtdwese different
factors influence the performance of a business process.

After this step, it is important to identify possible interdepentks between the
different indicators. This is necessary to evaluate the impgachanges of a business
process on other indicators and the corresponding process propertibsrrrorg, some
indicators can be based on other indicators [1] what allows anpeséeto get better
information about the performance of the business process or to npakergial benefit
visible. However, this also leads to interdependencies between the differeatarglic

After defining the indicators that should be used for measurimgeps performance, it
IS necessary to determine in which intervals the indicators sheuideasured and who is
responsible for the measurement and the management of the infovichatia [23]. For the
analysis of the gathered data it is also necessary to die¢etanget values that should be
met [8]. Another option is to combine the measured values with vilaeare obtained in
previous time periods to get more meaningful results [4].

Finally, the values of the indicators must be compared to teafjets or to results from
previous periods. Using results from previous periods allows us to plugeges in the
guality and benefit of a business process in comparison to previous pgjaetaphasizes
that the use of diagrams can be helpful for comparing the valuextoial indicators to
target values or previous values.



3. Using Mobile Technologiesin Business Processes

This section describes aspects that are important when using ntethleologies in
business processes. These aspects influence the benefit of bysressses that are
supported by mobile technologies.

Despite the hype of mobile technologies a few years ago, ihaoesignificant number
of business processes that are supported by mobile technology. fieharargy reasons for
this “non-use” of mobile technologies in business processes. Fimgger@ who decide
whether a mobile technology should be introduced have no concepts ano tetisrmine
the benefit they would gain from introducing such a new technology. foherethe
decisions are often based on fuzzy perceptions and personal opinionsnafensa
Furthermore, the benefit of a business processes is often onlurettad the end of the
project, for example after a new technology has been implemertiedisTtoo late and it
would be more useful to determine the possible benefit of a mobiladiegy before the
introduction of the new technology. This would give managers the possibilithange
their strategy and the way in which the technology is introduced.tidddily, a-priori
studies would allow designing new business processes that use neahihologies such
that they have maximum benefit for the enterprise.

The following aspects must be considered before introducing mobHediegies in
business processes. For successful mobile applications it is important
* to choose an appropriate process,

» to choose a technology that fits well to the process,

» to consider specific properties of the resulting mobile application, and

» to ensure a proper fit between the used mobile technology and the end-user.

We will discuss these aspects briefly in the following paplgs. First of all, not all
business processes can be supported by mobile technologies in abieasayalt must be
possible to design business processes such that mobile technotogles esed and using
mobile technologies generates a measurable benefit for tleepese and the users,
respectively [2], [3].

The used mobile technology must be carefully chosen. Mobile devides idifmany
aspects like size of the display, input of data, available inesfawetwork connections,
storage possibilities, or the processing and transmitting of datenVgelecting an
appropriate technology, the situation in which the technology is useti e considered.
For example, in noisy environments the use of display to show data $ieoptéferred in
comparison to presenting information using acoustic signals.

It is important to consider specific properties of the regulitimobile application if the
technology should be used by users that are inexperienced with tephnot many
possible scenarios, end-users have not used mobile technologiesn@oewuters) before
to solve their tasks. This means, that end-users only have linkitedis using mobile
technologies and the resulting applications. To overcome such prohppiicatons must
be self-explanatory, easy to understand, and easy to use. Furthdommeefault-tolerant
and to consider end-users with low experience of mobile technolotdiesmobile
application must be robust with respect to wrong usage [15] and tiresisct the way the
end-user can use the application.

Finally, a proper fit between mobile technology and end-usergsrtiant. This means,
not only the fit between task and mobile technology/application mustgbebiot also the
technology must be chosen in such a way that users who have no expgeniensag
technologies (e.g. plumbers) are able to use the mobile applitatiomdlogy. To ensure
the success of a new (mobile) technology, the way in which éve technology is
introduced is important. Lacking skills of end-users can be alel/iay training and by
offering support and help-desks [14].



We can summarize that when using mobile technologies in businesssges it is
necessary to choose the right processes, to use the appropriateogebntd have a high
fit between technology and user and between task and user. To addielesngrof
inexperienced end-users, the introduction of the new technologies shaidchbmed with
trainings and additional support like help-desks.

4. Impact of Mobile Technologies on the Perfor mance of Business
Processes

This section describes how the use of mobile technologies cannicdlibke performance
and benefit of business processes.

Indicators that are used for judging the benefit of using molmletdogies in business
processes should be applicable to non-mobile variants of the proces#i as @ mobile-
supported variants of the process. Only then, we are able to comgdrenefit of business
processes before and after the introduction of mobile technologies.

If necessary and if the existing indicators are insufficieew indicators must be
introduced to consider the characteristics of mobile applications abdemechnologies
[10]. Important indicators for studying the benefit and performarfideusiness processes
that use mobile technologies are
* throughput time,

* automation of work steps,

e error rate,

* access to information,

o flexibility,

» connection to the backend-system,

» robustness, and

s costs.

On of the most important indicators for the benefit of mobile techreddg the change of
the throughput time. The throughput time is influenced by most of the iottieators and
is usually one of the main reasons for introducing mobile technology in baginecesses.
Due to the automation of work steps (e.g. when RFID is usedhergdata) the throughput
time can be reduced because less process steps have to bequedopreviously manual
process steps are performed autonomously. This often also leadsttacaon of (manual)
work steps by using mobile technologies. For example, in many majkcations the
manual gathering of data and the input into the backend-system can be done autonomously.

As a result of higher automation of process steps the erravfrhtesiness processes is
often reduced. Media breaks are avoided what leads to a lowerageroflso the design of
the mobile application has an influence on the error rate. Thergfwregsses that are
supported by mobile technology must be designed such that the input ofs datat i
tolerant and that the process and the technology restrict thenwaych the data input is
performed by the end-user.

The use of mobile technologies in business processes also chhegascess to
information for the end-user. Usually, by using mobile applicateomd/or technologies
more or better information is available anywhere and anylineimportant to measure in
which way the better access to information affects the lieokethe business process.
Furthermore, the presentation and usage of information can consideirret situation of
the user as applications can be context-sensitive [7].

A side effect of better access to information is an incre&gkexibility. This means,
users can react more flexible to new situations because they ddrhoc access to
additional information. Furthermore, users or business processesdcae reaiting times



or use waiting times more effectively if they have easyessdo additional information
anywhere and anytime.

As mobile applications can be used anywhere, the connectivity bathend-system is
relevant. To have a permanent connectivity to the backend-systémmnuake periodical
updates are important aspects in changing environments for ahasysy relevant data
available on the mobile client. Furthermore, the quality and bandwfdtie connectivity
are important for the benefit of the mobile application. A low dqualf the connectivity
can dramatically reduce the benefit of business processes supported by esbhibdopy.

Using mobile technologies can have a large impact on the robusfnesxesses. On
the one hand, robustness can be increased due to the bettert@aéoéssnation, on the
other hand, robustness can be decreased as performing tasks depends/aitathity of
mobile technology. Business processes can not be performed any fmtierei are
problems with the used technology. There is a wide range of prolifemsinsufficient
battery power, no permanent access to back-end systems, up to profifethe woftware
or operating system. For example, the substitution of paper by mdlelgs can be
problematic if the reliability of the mobile clients is low.dantrast to mobile applications
paper is permanent, it can not crash, and it is fault-tolerant.

When judging the impact of mobile technologies on business procebsespdts
associated with the introduction of mobile technologies must be coedid@osts occur as
a result of changing existing business processes, acquiringentetihnology, integrating
mobile technologies into the business processes, training the end-user, insedtiidgsks,
and maintaining the mobile applications. The resulting costgmgrertant for the overall
benefit of using mobile technologies in business processes.

5. Case Sudy

We studied the benefit of using mobile technologies in business predessereal-word
scenario. The study took place in the field of a warehouse manageme production
system in an enterprise for medical technology in Switzerl@hd.enterprise introduced a
mobile technology and we have been able to study the quality of the dsuprozesses
before and after the introduction of the mobile technology. In detail, a businessmittes
manual data-input done by the employees was substituted by a bysioesss which
collects data automatically by using RFID tags. This datiea@n is done when storing
material and products and also when producing new products. In the pyodurcicess,
information is collected about what type of product is produced by winetiucer and
which material and machines are used to perform which process step.

We performed the study in different steps. First, we analga#dthe original business
process and the planned, mobile-supported, process based on the documéiaid we
received from the enterprise which was responsible for impléngetite mobile business
process. In the next step, we identified the goals that should dieedesn the original and
in the mobile-supported business process. Based on these results, waprogpeiate
performance indicators with respect to the used mobile technologfDXRFhen, we
studied the workflow before and after the introduction of the mobgantogy. We
focused on error rate, flexibility, and throughput time. For meastii@dlexibility of the
process, we determined how often process steps became exceptidnebuld not be
handled based on regular process steps. In addition, we compared the Etepss
performed in reality with the theoretical, a-priori, descriptiorihaf new process. Finally,
we identified the employees’ perception of the goals of the bisspresess, their intention
to use the new technology, and their personal experiences.

In our study, we used existing technical documents, performed vamtengews, and
monitored the processes on-site. In the first step, after sSogvethe processes
documentation, we adapted our system of performance indicators stichet fit well to



the process. The performance indicators measured the impact obliie tachnology on
the efficiency of the stocking process, the error rates, thegsdtexibility, the number of
work steps an employee has to perform when checking in or out new fuagcessary
time, and the overall profit the enterprise can expect from intnogube new technology.
In the next step we made some interviews. We interviewed tijecpteader of the medical
enterprise as well as some employees. The project leadeaskad about the goals the
enterprise wants to reach with the adoption of the new mobile apmiicad about the
trigger for introducing the new technology. The most important fgoahe enterprise is to
have better information available about the production process. (Tlesom@e rules in
medical technology production which made it necessary to docurhenprbduction
process in detail and store the data for ten years.) With thef &$eD tags, collecting and
storing of data should be done faster and with fewer mistakes. Anptiar is the
controlling of the stock (random storage). This means they want todedtex and faster
information (quantity and place) about the products in stock. Furthermore, thetiotegfa
the new application in the existing ERP-System should lead ta feneblems and higher
performance. Another important aspect is that they want to redacaumber of mistakes
that persons make when inputting data. This is important because ttils dé¢ the
production process must be traceable for ten years. The triggartrfoducing a mobile
technology was that the management searched for a way tb teese goals. The
employees were asked about their expectations and fearsl relatee introduction of the
new technology/process.

We observed the following results: First, the automatic dafaiti increases the
efficiency of the business process as the error-rateshenthtoughput times are lower.
Furthermore, the employees are satisfied with the use of theecbnology as redundant
data input has been eliminated and some of the input tasks are nowudomatecally.
Problems occurred as some of the employees who worked with tfieabgprocess for
many years have been afraid that the new technology allowentbgprise to monitor the
employees to a higher extend because every detail of the prodoicicass is documented.
This fear could be reduced by the management by confirminghthalata will not be used
for monitoring purposes and by making obvious that the detailed docuroentdtihe
processes is due to public law (documentation duty) and to increaspiahy of the
product. Interestingly, the realization of cost savings has notdreanportant goal for the
management when introducing the mobile application. The main goadshagber quality
of the documentation and an improvement of the quality of the products the use of
RFID. Both goals have been reached by reducing media breaks.

6. Conclusions

This paper studied indicators that are able to describe the thafetising mobile
technologies in business processes. First, we gave a short surveyaena indicators
for measuring business process performance. The next step waalyse which aspects
are important when using mobile technologies in business processdeerfmore, we
described specifics of mobile technologies and their effects omahefits of business
processes. Finally, we performed a case study in a real-wmanéso. The results showed
that using mobile technologies reduced error rate and throughput tmn&alGor using
mobile technologies in business processes was a high fit betweéarser and technology
which could be reached by designing the mobile applications usediff and by offering
additional support.

Our further research will deal with analysing the benefuisahg mobile technologies in
business processes where the process structure and/or the usedtecbbitdogies are
changing. [5] studied the effect of changing the procesststeugvithout changing the
technology and changing the technology without changing the pretessure. They



found that both alternatives result in a better performance but comMiothglternatives
can lead to larger benefit. Furthermore, there is a higher dtémtithe use of mobile
technologies. For applications that use real-time data or handiectitital processes the
benefit of using a mobile technology can be greater than illedtiat this study. In our
future research, we analyse in which way these observations twoldtiHer mobile

applications and processes and which processes properties are imjpodelnter a high

benefit by the use of mobile technologies.
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