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Abstract

The processing power of mobile devices has gréathgased in recent years. This increased power
has allowed for a greater range of applicatiortsetdeployed on this platform, providing constant
access to information for end users. The limiteé sif these devices however, causes a number of
usability issues which make these applicationsrgmone and difficult to use. This paper presents
current research being undertaken into the usprefdsheets, an important end-user development
environment, on a mobile device. The key errorenlex] during this work are presented here to
highlight some of the problems with using spreadshin this way. We believe these problems may
be due to the increased cognitive load placed erswgho try to use spreadsheets in a mobile cantext

1. Introduction

The introduction of smart phones, such as the iPHimm Apple or the Desire from HTC, has
enabled a range of desktop applications to be imsganobile context. The affordance of mobility
however, has introduced a number of usability issu# seen in traditional computing environments.
For mission critical applications, such as the agsbeet application, these issues have the pdtentia
cause Serious repercussions.

A pilot survey [1] among experienced spreadsheatsusas found that almost 80% of users have
required access to spreadsheets where traditiongdting devices were unavailable. Although
access to these spreadsheets is available throoigiterdevices, users found them to kséful but
tedious [1].

To investigate why this is the case, this papelirag some early observations from an on-going
experiment which is examining the use of spreadsh@emobile devices. During the experiment
participants were asked to complete a number dfatien and alteration tasks on an existing
spreadsheet using both a desktop computer and derdebice. Despite the simple nature of the
tasks, completing them on a mobile device provezhtese a number of issues for the participants.

As this study is still on-going a full report oretfindings is unavailable. However, a number obmesr
were observed among the participants use of thelengffireadsheet application. These errors have
allowed for a better understanding as to why uedsusing spreadsheet applications on a mobile
device to be tedious, and also highlighted a nurobermys in which mobile spreadsheets can be
made more usable, providing a more efficient anidfgang user experience.

Section 2 of this paper outlines some of the udgglsisues associated with mobile devices and
highlights the risks associated with using mobieeadsheets. A controlled experiment, outlined in
Section 3, was conducted to better understandothafic issues associated with using spreadsheets i
a mobile context. Section 4 presents some of the ownmon issues observed during the evaluation.
This paper is then concluded in Section 5.

2. Related work

The rapid progression of technology has led tanarease in the number of mobile applications
available. Although these applications offer a namdf advantages in terms of portability and
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convenience they do so at the cost of usabilitanghand Adipat [2] have highlighted a number of
issues that affect the usability of mobile applmas, which are summarised below:

» Mobile Context: When considering mobile applications the usewistied to a single
location. This will also include interaction witkearby people, objects and environmental
elements which may distract a user’s attention.

» Connectivity: With mobile devices connectivity is often slowdamreliable and therefore
will impact the performance of mobile applicatiomgich utilise these features.

* Small Screen Size & Different Display Resolution: In order to provide portability mobile
devices contain very limited screen size meaniag ttre amount of information that can be
displayed is drastically reduced.

* Limited Processing Capability and Power: In order to provide portability, mobile devices
often contain less processing capability and poiMeis has the effect of limiting the types of
applications that are suitable for mobile devices.

» DataEntry Methods: The input methods available for mobile devicesadifficult and
require a certain level of proficiency. This prabléncreases the likelihood of erroneous input
and decreases the rate of data entry.

The above limitations of mobile devices further raggte existing usability problems with
spreadsheet applications. The limited screen sizaabile devices requires the user to perform
considerably more navigation when looking at lasgeeadsheets. Users may find it difficult to
conceptualise the overall spreadsheet and to se¢heosection on-screen fits with this overall
picture, causing cognitive overload.

Flood et al. [3], have identified navigation asiggsue that affects the performance of people
debugging spreadsheets through voice recognit@mt#dogy. By addressing this issue it was found
that the debugging performance could be improvedas also found that participants audited more
cells with the improved navigation system, whiclmsimportant aspect of the debugging process.

Mobile devices generally do not contain a tradgildkeyboard as the size required would be too large
to enable portability. Some devices incorporatéysigal keyboard which utilises small keys while
other devices use touch screen technology to predezyboard to the user on screen. These
keyboards require the physical keys to be smdikem traditional keyboards to fit all keys on screen
The iOS platform addresses this issue by providsgrs with three separate keyboards; one
containing letters, one containing numbers and sspreial characters and a third containing
additional special characters.

Chen et al. [4] conducted an evaluation of usetsrgny text on a small size QWERTY keyboard.
This evaluation required 15 participants to entpassage of text using the small sized keyboard. On
average participants used 540 keystrokes to dmgudassage of text. The most prevalent type of erro
made by these participants during the task way amkdiguity error, which occurred when a user
entered a character other than the target char#toteas found that on average, participants made
about 9 key errors on the first typing task. lliso worth noting that all participants made asteme
error of this type during the study.

Errors of this type, when made on a spreadshestyesalt in a misspelled word or in an incorrect
reference in a cell formula, which could alter bmtom line value of a spreadsheet substantidlly. |
has been shown repeatedly that even on desktoputeragerrors like this persist. Two independent
studies [5, 6] have found that over 85% of the eai@d spreadsheets contained errors.

The limited processing power of portable devicesmaant that existing spreadsheet applications
may not function correctly when run on these deyite an attempt to address this issue a number of
developers have created spreadsheet apps whiehdsah the level of functionality to enable users
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to view and use spreadsheets in a mobile contextieder, most of these applications are limited in
terms of functions available and spreadsheet size.

A recent evaluation [7] of mobile spreadsheet ayaslable for the iOS platform, used on iPhone and
iPod touch devices, has found that the qualithe$é apps varies widely. Some apps feature in
excess of 100 functions while other apps contaglatively small number of functions, one
application only provided the “Sum” function.

In addition to the number of functions availabl&eystroke level modelling (KLM) analysis of the
apps has shown that there is a wide variationamtimber of keystrokes required to perform even the
most basic tasks, such as entering numerical ddtaroula. The number of keystrokes can vary by

as much as 100% between applications.

The applications presented above are designeglioate desktop spreadsheet applications. It has
been found [1] however, that the needs of mobiteasheet users are quite different to those of
desktop spreadsheet users. A survey of experiespreddsheet users has shown that participants
required mobile spreadsheet applications to eitlgav or alter existing spreadsheets. It was also
found that over 80% of participants required actespreadsheets when traditional computing
devices were unavailable. The paper demonstraggsiportance of mobile spreadsheet applications
and offers a number of ways in which these apptinatcan be improved.

3. Experiment design

To investigate the usability of a mobile spreadsheelication, 12 participants were asked to
complete a series of tasks using both a desktopetamand a mobile device, an iPod Touch. The
participants were randomly assigned into two gro@sup 1 and Group 2. Group 1 were asked to
use the desktop spreadsheet application followetidynobile spreadsheet application while Group 2
reversed the order in which they used the techmedod his approach was used to counter any
learning effects that may be experienced duringsdo®nd completion of the tasks.

3.1 Tasks

In a survey conducted by Flood et al. [1] it wasrfd that the most common need of spreadsheets on
a mobile device was to view existing spreadsheets alter an existing spreadsheet. For this reason
participants were asked to alter nine cells andtka further seven pieces of information located o
the spreadsheet.

The spreadsheet used was adopted from Howe andr9Bhkvho used it during an investigation of
spreadsheet debugging. The spreadsheet was usaldutate the five year projections of Acme Ltd.
It contains 3 worksheets; Payroll, Office Expereed Projections. The participants of the original
experiment were expected to investigate the spheatdsind locate and repair 42 seeded errors.

The aim of this study was not to investigate thiitalof participants to debug a spreadsheet on a
mobile device, but to investigate the usabilityss associated with using a spreadsheet on a mobile
device. For this reason, all but nine of the ernotthie original spreadsheet were repaired. Pp#its
were then informed as to the location of the reingirerrors and the correct value of each cell. The
nine remaining errors were made up of 5 cells doimig numerical data, 2 cells containing textual
data and 2 cells containing formulae.

For the location tasks, participants were givemief blescription of the cell and asked to navigate
this cell and change the background colour to drikeir choosing. By asking participants to change
the background colour, in this way they are fortmefirst enter the cell once it has been located
allowing the navigation time to the cell to be dptmed.

3.2 Software
During the evaluation the following software compots were used:

* Microsoft Excel 2007 was used as the desktop sphesd application;
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» Spreadsheet by AppAutts was used for the mobile spreadsheet applic;

» CamsStudio was used to record the input from theecarand the screen of the particip
while using the desktop compu

* Yawcam was used to stream the picture from the matoehe CamStudio softwa

3.3 Data Collection

During the evaluation a number of data items wetkected.At the beginning of the experime
participants were asked to complete a short derpbgrs questionnaire relating to their previ
experience with spreadsheets and mobivices. This questionnaire also asked participambsit
their previous experience with mobile spreadsheplieations

During the experimerthe participants’ interactions with the spreadslagglication were recorde
For the desktop application CamsSio [9] was used to record the participants’ screen fodthation
of the experiment. As it wasot possible to use screen cae software on the mobile devi a
camera was mounted on top of the device which coaliy recorded the users’ interactiorth the
device. The set up of the mobile device can be geEigure 1 Once the participants had comple
the tasks, the spreadsheet artefact was coll

Figure 1: Camera mounted mobile device

As well as the video recordings a number of quastdres were used to solicit users’ opinions ol
technology. The System Usability Sc[10] was used to measure the level of satisfaction et
with each technology. The SUS questiaire requires participants to state how stronglya® poin
scale, they agree or disagree with a number areits. Using these answers it is possib
guantify how usable the participants found theeysto be

As well as the SUS questionnaiparticipants were also asked to complete a secoestignnaire
relating to specific aspects of the tasks. For emehthe participants were asked to state how gy
they agreed or disagredtht the task was eas

3.4 Procedure

The experiment was cdocted individually with each participawhotook approximately 45 minut
to complete For the duration of the experiment, the partiotpavere placed in a small office w
only the first author to oversee the experiment $ame procedure, descritbelow, was used for &
participants with the order of the technologiesraidl fo participants ireach group.

When the participants arrived for the experimdmytwere greeted by the first author and giv:
short verbal description of the expeent. This description outlined the aim of the ekpent and ¢
brief description of what they were expected toTt participantsvere then asked to reac
participant information sheet outlining the aimgte# experiment ar theirresponsibilities dung the
experiment. When participarttac finished reading the participant information shéety were
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given the opportunity to ask any questions and tsed to sign a consent form agreeing to
participate in the experiment.

The participants were then asked to complete & gleanographic questionnaire asking about their
previous experience with spreadsheets and mobiieate The questionnaire also asked participants
if they had used a mobile spreadsheet applicatievigusly. Only 1 participant had used a
spreadsheet in this way and quickly abandonedthesfound it to be too frustrating to use.

Once they had completed the demographics questientiae participants were asked to complete the
set of tasks using the first technology. For thasiag the mobile device, their interaction with the
spreadsheet was recorded through a mounted caihetaated in Figure 1. For those using the
desktop computer CamStudio was used to capturgctieen for the duration of the experiment.

When the participants were satisfied they had cetaglall of the tasks or were unable to complete
the tasks, they were asked to complete the Systahility Scale (SUS) questionnaire [10] relating to
the technology they had just used and an additigmestionnaire asking them how strongly they
agreed or disagreed that the tasks were easy.tjleeof question used was chosen to be consistent
with the style used on the SUS questionnaire, smato cause any confusion for the participants.

Once the questionnaires were completed participaats offered the opportunity to take a short rest
before proceeding to the second set of tasks. Nbthe participants took advantage of this, instead
choosing to proceed to the second set of taskdwvasked them to complete the same set of tasks
using the second technology. After this the pgréints were asked to complete the same
guestionnaires relating to the second technolopis doncluded the experiment and participants were
thanked for their participation.

4. Results

During the course of the experiment a number afrenwere observed that had a substantial impact
on the ability of the users to perform the tasKigiehtly. This section details some of the most
prevalent errors observed during the course oétiperiment.

Inaccurate cell selection: One of the most common errors observed duringdbese of the
experiment was the inaccuracy of cell selectionil&\#nying to select a particular cell it was found
that participants would inadvertently select aroaaiipg cell. It was noticed that in the majority of
cases this occurred, the participants were aimiigeatext in the cell. As the numerical text ie th
spreadsheet typically contained only a small nunobeharacters, the users target area was quite
small. This in conjunction with the right alignmesftnumerical text has resulted in users presgiag t
cell located to the right of the desired cell. Hsnalso observed in a number of cases that pamitsp
selected the cell below the target cell.

A subsequent experiment is planned to investidgegavay in which participants select cells using a
touch screen device. This experiment will consttierimpact of the alignment of the text, the type o
text in the cell and the number of characters withe cell on users’ selection behaviour. A better
understanding of the impact of each of these factali enable us to produce a set of guidelines to
help prevent this kind of error in the future.

A technical solution to this problem could alsophatidress this issue. It was clear that the point a
which the user touched the screen was usuallya@siyall number of pixels from the target cell. By
introducing extra space between the edge of the aedtl the text located within the cell would regluc
the likelihood of this type of error from occurring

Character selection: Another common problem observed during the evalnatas the participants’
difficulty in navigating to individual characterdtivn a word. One of the errors within the
spreadsheet required participants to repair a mligsg (“compony”). The default behaviour of the
participants was to try and select the incorreeratier. However, the default behaviour of theesyst
placed the cursor at the end of the selected word.

To provide fine grained navigation within a texirsg users are required to use a long press, where
the participants holds the screen for a few secandsdrags the cursor to the correct location. Only
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participants familiar with the iPhone platform digered this functionality. Arrow keys could be used
to provide fine grained navigation among charactérieh may ameliorate this problem as it would
allow recognition rather than recall [11]. For mesgerienced users the existing approach may be
more efficient.

Unexpected Behaviours: In a number of scenarios the system failed to rieattte way the user
expected. In addition to character selection, petliabove, this issue was also seen when users were
trying to set the background colour for the fiisid. When the user discovered the colour pallet the
selected the colour they wanted and expected #tersyto return to the spreadsheet with the
background colour of the cell set. Instead theesypsinly highlighted the colour. To return to the
spreadsheet, the user was required to hit the kmcknd then close the format cell options. When th
system had not responded as expected the usemsegbsthat the system did not recognise the input
and retried, selecting the colour again multiphects.

This behaviour can be explained by an inconsistenttytraditional desktop applications in which a
user only needs to click the desired colour onomfthe colour pallet to set the background coldur o
the cell. The consistency between platforms istaradf the heuristics defined by Nielsen [11] for
designing good user interaction and is also reseghgood practice for design.

Unintended actions: The final problem we observed occurred with omg participant. This issue
however, should be mentioned due to the seriousecpuences of the error. During one of the tasks
the participants were asked to alter a formulapair an incorrect reference. To complete this task
the participant had to remove the incorrect refeeensing the backspace key and then type in the
correct cell reference.

While doing this task, one participant accidentallgssed the ‘done’ button while removing the
incorrect reference. This had the unintended caresazg of moving the user to the following cell,
which contained a similar formula (a common ocaueceein many spreadsheets). The user did not
notice this shift and continued with the changenging the wrong cell. When the user finished the
change they looked back at the original cell apaired the error again. The participant therefore
introduced an error into the spreadsheet whicpr@gous research [12] has shown, can have severe
consequences.

This error is partly caused by the requirementlieruser to focus on the keyboard while entering
data. On a traditional desktop computer, userdexrthe keys and therefore are not required tafoc
as much on the keyboard during data entry. Theofismich as a guidance mechanism is lost when
data entry is done through touch screen technaagythe users’ view is then split between the data
entry location (i.e. the cell) and the keyboard.

5. Conclusions

This paper presents a controlled experiment whiitls #0 examine the usability issues that arise
when using spreadsheets on a mobile device. Thik stneen size and limited processing power have
forced mobile app developers to review the waysisgeract with spreadsheets. Although this
redesigned interaction has offered many benefitsrins of portability and convenience, it doestso a
the cost of usability.

A number of problems were observed among mostepéiticipants. Poor recognition, inconsistency
of interfaces and poor visibility all contributeald useful but tedious experience with mobile
spreadsheet applications for the users in our @xpet. It is quite likely that the increased coiymit
load placed on the users is partly to blame fa. thi

6. References

1. Flood, D., R. Harrison, and K. McDafflpreadsheets on the move: An evaluation of mobile
spreadsheetsn The European Spreadsheet Risk Interest Group Ar@uoaflerence2011.

PPIG, University of York, 2011 WWW.ppig.org



10.

11.

12.

Zhang, D. and B. Adipa€hallenges, Methodologies, and Issues in the UaBiesting of
Mobile Applicationsinternational Journal of Human-Computer Interact®005.18(3): p.
293 - 308.

Flood, D., et al Evaluation of an Intelligent Assistive Technologiy\oice Navigation of
Spreadsheetsn Proc. European Spreadsheet Risks Int. Grp. (EuSpRIE8: London, UK.

Chen, T., Y. Yesilada, and S. Harpathat input errors do you experience? Typing and
pointing errors of mobile Web usetat. J. Hum.-Comput. Stud., 20168(3): p. 138-157.

Panko, R.R\What we know about spreadsheet errdrsEnd User Comput., 1998)(2): p.
15-21.

Powell, S.G., K.R. Baker, and B. Lawsé&ntors in Operational Spreadsheelsurnal of
Organizational and End User Computing (JOEUC), 200E8).

Flood, D., et alA SYSTEMATIC EVALUATION OF MOBILE SPREADSHEET ARPS
IADIS International Conference Interfaces and Hun@mmputer Interaction2011: Rome,
Italy.

Howe, H. and M.G. Simkirkactors Affecting the Ability to Detect SpreadsHerebrs.
Decision Sciences Journal of Innovative Educat®96.4(1).

CamStudiohttp://camstudio.org/ 2011 [cited 2011 05/07/2011].

Brooke, J.SUS - A quick and dirty usability scaie Usability Evaluation in IndustryP.W.
Jordan, et al., Editors. 1996, Taylor and Fraricstdon.

Nielsen, JEnhancing the explanatory power of usability hetigtsin ACM CHI'94 Conf.
1994.

Powell, S., K. Baker, and B. Lawsdhrors in Operational Spreadsheets: A Review of the
State of the ArtProceedings of the 42nd Hawaii International @cerice on System
Sciences. 2009: IEEE Computer Society. 1-8.

PPIG, University of York, 2011 WWW.ppig.org



