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Abstract

Abstract

Assignment of staff to work tasks is a complex problem that involves a large
number of factors and requires a lot of expertise. Long term as well as short term
requirements need to be met which demands flexible solutions. Software tools can
aid planners in reaching optimal dispatching plans but currently available solutions
provide only incomplete support. This thesis describes the design, prototypical im-
plementation, and evaluation of a tool called A-Plan for semiautomated assignment
planning.

First, established procedures in a selected company were observed and inves-
tigated. During this phase, vulnerabilities of the current process and the software
systems in use were identified. Applying a user-centered development process, a new
tool has been designed and a prototype called A-Plan was implemented. Finally,
the prototype has been evaluated by potential users and IT professionals.

In A-Plan, the assignments of staff to customers are displayed visually and
can be modified via direct manipulation. This makes required information quickly
available to users. Also, a user friendly and efficient search method is implemented.
A-Plan provides awareness and communication features for collaboration of multiple
planners and simplifies data input. The semi-automated planning feature supports
complex scheduling tasks in computing optimal routes for service technicians in a
geographic area using the savings algorithm.

A major contribution of this work is that it shows how the fields of information
visualization, collaboration and optimization can be successfully combined for sup-
porting human dispatchers in their complex resource scheduling tasks. The feedback
of users in our evaluation was generally positive, especially compared to the system
currently in use. The implemented prototype was considered to be more efficient
and easier to use. This work also shows the benefits of early involvement of potential
users in the development process.
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Kurzfassung

Einsatzplanung von Mitarbeitern zu deren Arbeit ist eine komplexe Aufgabe mit
einer großen Anzahl an Einflußfaktoren und erfordert viele Fachkenntnisse. Lang-
fristige und kurzfristige Anforderungen müssen berücksichtigt werden, dafür ist eine
flexible Lösung notwendig. Planungssoftware kann Benutzer dabei unterstützen,
optimale Einsatzpläne anzufertigen, jedoch sind derzeit verfügbare Werkzeuge nur
bedingt brauchbar. Diese Arbeit beschreibt das Design, die prototypische Imple-
mentierung und die Evaluierung des Werkzeugs A-Plan für automatisationsgestützte
Einsatzplanung.

Zunächst wurden die Abläufe einer realen Firma beobachtet und analysiert.
Während dieser Phase wurden Schwächen der bestehenden Prozesse und des im
Einsatz befindlichen Softwaresystems identifiziert. Mittels eines benutzerzentrierten
Entwicklungsprozesses wurde ein neues Tool designed und daraufhin der Prototyp
A-Plan entwickelt. Als Abschluss wurde der Prototype durch potentielle Benutzer
sowie IT Experten evaluiert.

In der Applikation A-Plan werden Einsätze von Mitarbeitern bei Kunden visuell
dargestellt und können mittels direkter Manipulation modifizert werden. Dadurch
können die benötigten Informationen den Benutzern rasch geliefert werden. Außer-
dem wurde eine benutzerfreundliche und schnelle Suchfunktion implementiert. A-
Plan berücksichtigt für die Zusammenarbeit mehrer Benutzer ‘awareness’, bietet
Kommunikationsfunktionen sowie vereinfachte Dateneingabe. Die automatisation-
sgestützte Planungsfuntkion unterstützt die komplexe Planungsaufgabe dadurch,
dass optimale Routen für Servicetechniker berechnet werden.

Ein wichtiger Beitrag dieser Arbeit ist, wie die Bereiche Informationsvisual-
isierung, Zusammenarbeit und Optimierung erfolgreich zur Unterstützung men-
schlicher Disponenten in ihrer komplexen Ressourcenplanung kombiniert werden
können. Das Feedback der Nutzer in unserer Evaluierung war allgemein positiv,
vor allem im Vergleich zu dem im Einsatz befindlichen System. Der implementierte
Protoyp ist demnach effizienter und einfacher zu bedienen. Diese Arbeit zeigt auch
die Vorteile der frühzeitigen Einbeziehung von potentiellen Benutzer während des
Entwicklungsprozesses.
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CHAPTER 1
Introduction

In an economy time is money. Proper resource utilization (e.g., staff, machines, rooms,
vehicles) is one of the major cost factors. Let´s look at three different application
examples:

• An airline maintains its fleet in regulated maintenance intervals. A central disposi-
tion dispatches service technicians for scheduled service appointments. Emergency
defects, however have to be repaired immediately. The service dispatcher plans
the maintenance schedule on a long term basis, and must be able to dispatch
technicians in emergency situations immediately.

• A mobile nursing care company has to dispatch its staff to the patients depending
on their condition. The employees have different qualifications: some are only
allowed to give injections, but everyone is able to clean etc. The planning has to
take all qualifications, regulations as well as limitations into account. It is also
very important to minimize the distances between the assignments, because the
travel between patients causes additional costs for the company.

• A gas device (heater, stoves, et cetera) maintenance provider has to dispatch its
staff to the customers. Customers with a maintenance contract get their gas devices
serviced in specific intervals. Failure of a gas devices can be reported to a call
center and the call center agent can promptly dispatch a service technician. If the
technician is not available (e.g., in case of sickness), the dispatcher has to rearrange
the service technician to the assignments.

The given examples illustrate the relevance of this problem and the need for tool
support. Better scheduling can reduce costs and increase the quality of service for the
customers while reducing the administrative work as well as travel and vacancy times.
Particularly, a Visual Analytics (VA) approach that integrates automatic methods and
supports humans via interactive visual interfaces [Thomas and Cook, 2005] seems to be

1



2 CHAPTER 1. INTRODUCTION

a perfect fit for this kind of problem complexity. In this thesis we present the design,
implementation, and evaluation of a VA prototype that combines automatic optimization
and interactive visual interfaces to aid employees of a gas device maintenance provider
to schedule their service technicians. The three main challenges in this context are to (1)
design interactive visualization methods; (2) integrate automated planning functionality;
and (3) support synchronous collaboration when handling customer requests. Our main
aim is to aid personnel in their complex planning and scheduling tasks while keeping an
optimal balance between automatic algorithms and user interaction.

To evaluate the tool in real life, the project will be implemented for a gas device
maintenance provider. User requirements will be inquired at the beginning of the project
and a prototype will be tested by actual users.



CHAPTER 2
Problem Analysis

The basis for the qualitative research of this thesis was thoroughly analyzed. Qualitative
research helps according to Alan Cooper [Cooper et al., 2007, page 50] to understand :

• Behavior, attitudes, and aptitudes of potential product users

• Technical, business, and environmental contexts - the domain - of the product to
be designed

• Vocabulary and other social aspects of the domain in question

• How existing products are used

In our work we used the particular methods of task demonstration, ethnographic
observation and interviews for the analysis as presented in [Kulyk et al., 2007]:

• Ethnographic observation is a method where the designer observes the users work-
ing environment in practice. Observation is very useful but also has to deal with
severals problems: The observations can be misinterpreted (when the observer does
not know the context of the actions). An observation can also disturb the work of
the observed group, and the observed work can differ from normal work situations.

• Interviews: In interviews subjects will be asked about their work and the use of the
software and artifacts. Bartlett and Toms [Bartlett and Toms, 2005] notice that
‘a drawback to the interview approach is that it relies on recall, rather than directly
capturing the activity of interest, and is thus vulnerable to missing details that
were either forgotten, or not considered relevant.’ In [Cooper et al., 2007] different
groups of interview partners are described:

– Stakeholders are people with authority and/or responsibility for the product.
The goal is to gather information pertaining to budgetary, scheduling and

3



4 CHAPTER 2. PROBLEM ANALYSIS

technical constraints. Stakeholders may have important insights on users
that will help to formulate the research plan.

– Subject matter experts are often expert users. Similar to stakeholders they
can provide valuable perspectives on a product and its users.

– Customers are those people who make the decision to purchase a product.
Customers and user often coincide.

– Users are the people that actually work with the system and should be the
main focus of the analysis.

• Task demonstration: This method is similar to observation, however the observer
may ask questions, and the demonstrator may explain certain tasks in a more
detail manner. A disadvantage is that the task is described by the user, so the
feedback may be very limited and problems may not become visible, since most
experienced users are not aware of these problems [Shneiderman, 2005].

We started with a task demonstration, so we got an overview about the application
and the process. In the ethnographic observation we found out how the work is really
done (section 2.4). The interview process a possibility to get more information about
the users and the problems with the current application. Further methods for task anal-
ysis are questionnaires and participatory workshops [Kulyk et al., 2007]. Questionnaires
have compared to interviews two disadvantages. The user doesn’t have the possibility to
ask additional questions, which may leave the person misunderstood. In a participatory
workshop a focus group discuss the requirements of the system, here one member of the
group may dominate the discussion, in particular, when the participant has an higher
status. In our focus group one person has an higher status, since he is longer in the
company than the other participants. So we decided to omit a participatory workshop.

2.1 Initial Situation
Resource scheduling without computer support can be very difficult. To illustrate the
problems, all tasks and the currently used software in our company will be analyzed. The
company’s primary field of business is supplying their customers with energy. Further-
more, the company operates biomass power plants, and offers a variety of services, such
as thermography. One area, customer service, offers service and repair of gas appliances,
the activities of this area are examined in this thesis. The company has 50.000 customers
and 200 employees. The customer service department supports 20.000 customers. 35
employees of customer service are dispatched by 7 employees in the office.

The IT infrastructure is state of the art: the PCs are about four years old and were
equipped with mouse, keyboard and 24 inch TFT displays. Microsoft Windows Vista is
used as operating system, furthermore Microsoft Office is used for mailing and working
with documents. The companies standard software is supplied by SAP. Two different
SAP systems are used in the company: SAP ERP IS/U CCS for the whole company and
supports finance, human resources, material management, controlling and the functions



2.2. CURRENTLY USED SOFTWARE 5

needed for energy customers (e.g., accounting, billing, dunning etc.). The customer
service uses SAP CRM customer service, which consists of two parts: A mobile client
for all technicians which allows them to support themselves during their work, as well
as an solution for scheduling and billing.

The interesting part is everything surrounding scheduling in customer service. Three
different situations for dispatching assignments to customers can be distinguished:

2.1.1 Regular Assignment for Customers with Maintenance Contract

The service technician is scheduled according to the customers maintenance contract,
normally on a yearly basis. The existing software system delivers a report with scheduled
maintenance contracts. The dispatcher assigns the contracts accordingly.

The dispatcher assigns the appointments manually, using an existing resource schedul-
ing tool. Automated planning is not possible with this system, furthermore the usage is
complicated.

2.1.2 Failure of gas devices

Customers report repair requests through the company’s call center. The call agent tries
to solve the problem via telephone. If the problem cannot be solved, she makes an entry
in the failure list. Afterwards she tries to contact a service technician near the customer
to solve the problem: If she finds a free technician near to the customer, she makes an
entry in the printed form of the assignment plan. Short term planning is always done
manually on the printed because entering the data into the existing software system is
complicated and would take to long.

Once the problem has been solved, the entry’s status is changed to “done”.

2.1.3 Refusal or Deferral of Assignment for Maintenance

When customers want to cancel or change the date of their appointment, they contact
the company’s call center. The dispatcher corrects the date in the scheduled maintenance
plan.

2.2 Currently Used Software

The company we investigated uses the software SAP CRM customer service. The cases
mentioned above (refusal or deferral of assignments, failure and assignment planning)
will be presented in reference to the currently used software. Afterwards we show how
the work is done, and which tools are in use.

The most important entities in SAP CRM are:

• customer: Represents a customer of the company. All data relating to customers
are located here, e. g. the address, the name, birth date etc.
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• installation: Is the location where a gas device is installed. A customer may have
more than one installation, e.g. a business customer may have multiple branch
offices. Every installation location is individually saved.

• component: Represents an individual gas device. A component is installed in
an installation and an installation can have more then one component. Relevant
information concerning the manufacturer and technical specifications are saved on
the component.

• contract: Contains relevant information pertaining to the customer’s maintenance
contract.

• assignment: Is the planned appointment carried out by a service technician.

In SAP, the ‘transactions’ are comparable to Windows applications. The following
transactions are used for processing:

• CIC - customer interaction center: In the CIC all master and transactions data
are managed.

• Service list: The service list takes the data from the CIC into the resource planning
tool.

• Resource planning tool: This tool offers the assignment planning function.

In the following section we discuss the processes in detail:

2.2.1 Appointment Request

The customer requests an appointment by telephone. Two different cases can be distin-
guished:

1. No assignment was previously appointed.

2. The planning was already done.

Appointment Request without Prior Assignment

To use the requested date for an assignment, this date must be set as the next “due
date” of the contract. To do this, specific steps must be taken:

• The customer’s record must be opened in the CIC. Here the requested maintenance
date must be inserted as the next “due date”.

• Once this has been done, the service list is opened. Here the appropriate customer
care center is chosen. This depends on the customer’s installation location.
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Figure 2.1: Currently used resource planning tool in SAP

• Finally, the maintenance list appears. The user selects the desired maintenance
entries and confirm them for resource planning.

The actual planning takes place in the resource planning tool as seen in figure 2.1.
The screen is divided into two separate areas. In the upper area, the technicians as-
signments are displayed. The color of the box in any given row indicates the status of
the assignment. In the lower area a list of open assignments is displayed. To plan an
appointment for a specific date, the corresponding line in the lower area of the screen
must be selected and inserted in the technician’s time frame.

In the upper area the assignments of the technicians along the timeline are presented.
The assignments are displayed as boxes, different colors indicate the corresponding status
of the assignment. In the lower area the customer objects that have to be scheduled are
represented. These are the objects that have been selected in the service list in the
previous step. To plan an assignment for the requested appointment of the customer,
the corresponding line in the lower area has to be selected and inserted at the requested
point in time at a technician.

After this has been done, the assignment’s status can be changed to “fixed”. This
status indicates that the technician has to be on time at the customer.
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Appointment Request with Preexisting Assignment

In this case an existing appointment has been made in the resource planning tool. To
the assignment date, the dispatcher has two possibilities to choose from:

• The assignment can be moved via drag and drop into appropriate are of the display.

• The dispatcher can open a detailed view of the assignment and change the date of
the assignment.

The dispatcher can also set the status of the assignment to ‘fixed’, when the techni-
cian has to be at the customer at the specified time.

2.2.2 Planning of Due Maintenance

Every maintenance contract in the affected period must be assigned. The due date
is determined by the last maintenance appointment, and the intervals defined in the
contract. The maintenance intervals can be either annual or biennial.

The process is similar to that of an appointment request without assignment, however
it is not necessary to insert a specific date. In this case, the user selects the maintenance
period from the service list, as well as the affected rows. In the resource planning tool,
the maintenance appointments are assigned to the appropriate field technician.

It is the dispatcher’s responsibility to assign the appropriate service technician, be-
cause of the different types of devices serviced by the company. The dispatchers back-
ground knowledge of the available field technician is a key factor in planning activities,
as there is no automatic assignment. In the resource planning tool, it is only possible to
enter absences such as vacation or sick leave.

2.2.3 Cancellation of an Appointment

If a customer needs to cancel an appointment, the dispatcher deletes the appointment in
the resource planning tool. The dispatcher writes the abbreviation “AG”, which means
“abgesagt” (canceled), into the assignment description.

2.2.4 Gas Device Failures

In the settlement of failures, two types are distinguished:

• Recording of a failure without allocation

• Assigning with allocation to a technician
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Recording of a Failure without Allocation

Generally, device failures are directly reported to the companies call center. Using the
CIC platfrom, the dispatcher opens the customers data and records a new failure. It is
important that all of the device data is correctly noted, because some older devices can
no longer be repaired. The dispatcher notes a brief failure description, as well as the
customer’s telephone number. In this short consultation an estimated repair date is set.

The dispatcher starts a report showing a list of open activities and contact a suitable
technician. As soon as the dispatcher finds an available technician, necessary details are
noted, and the open activities status is changed to “transmitted”.

Assigning a Failure with Allocation to a Technician

In order to record a device failure of this type, it is necessary to insert a business
transaction into the CIC. In this entry, estimated data is inserted, such as the number
of hours needed, etc. After all of the necessary positions have been filled in, the status
of the transaction is changed to “in progress” and finally to “released”.

When the business transaction is successfully saved, it can be assigned in the resource
scheduling tool.

2.3 Criticism of the Currently Used Software

The existing system runs stable and offers a lot more functionality than actually needed
in the investigated company. In SAP CRM virtually everything is configurable. However,
the biggest problem with this software is not the functionality, rather the elaborate
processing that cause usability difficulties. The user related problems will be discussed
in a more detailed manner:

2.3.1 Resource Planning Tool

Abbreviation of Information at Assignments

The information in assignments is kept very short and the abbreviation is usually not
longer than four letters (figure 2.2). The user cannot locate a single assignment, because
it is necessary to open every item via double-click. The detail view of an assignment
is shown by means of a modal dialog box. This box allows only one assignment to be
analyzed at a time, and the response time is very long.

No Consistent Drag and Drop Behavior

Direct manipulation is an advantage of the resource planning tool, however the long
response time is definitely a disadvantage. It would be better for the user when the
application responded immediately, once the desired assignment was chosen. Direct ma-
nipulation is only possible for existing assignments, thus creating further disadvantages
for the user. To insert a new assignment, the dispatcher marks the customer record in
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Figure 2.2: Abbreviation at the resource planning tool

Figure 2.3: Insertion of an new assignment
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Figure 2.4: Confusing color marking

the lower screen area. In the planning area, the field where the new assignment is to be
inserted is marked (seen in figure 2.3).

It would be easier and more efficient when the system had a consistent drag and drop
behavior for existing and new assignments alike.

Partially Confusing Color Marking of Assignments

The use of colors (figure 2.4) to differentiate between states of the appointments is
considered quite reasonable. However, it is irritating that the red color code can have
different definitions: ‘hand generated’ and ‘not processed’. There should be a cleaner
color code system for the assignment status.

Withdrawal of Changes not Possible

If an appointment status has already set to ‘completed’, it cannot be changed. The
system doesn’t have an ‘undo’ function, which is another disadvantage for the user.

Complex Handling of Three Applications

The user has to handle three different applications for assignments processing. It would
be better when all of the necessary functions were facilitated in a single resource planning
tool.

Missing Technician Information

The dispatcher has a huge responsibility when it comes to allocating the appropriate
technician to an assignment. Because the system doesn’t supply this sort of information,
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Figure 2.5: customer interaction center

the dispatcher has to rely on recalled knowledge about every individual technician. The
system only allows basic information to be inserted, such as sick leave, vacation and long
term absences. Other information like the place of residence or skills of the technicians
are not available.

2.3.2 Customer Interaction Center CIC

Overloaded Interface

In the customer interaction center (figure 2.5) all of the customers data are shown. The
interface is structured using tabs. Every single tab is structured in tabs again. Some
information is redundant, most is useless and important information is hard to find. In
figure 2.5 and 2.6 you can see where the information of the next maintenance date is
positioned:

• start by selecting the customer (figure 2.5 I)

• select the contract (figure 2.5 II)

• select the tab ‘Servicevorgang’ (figure 2.5 III)

• select the button ’Positionsdetail’ (figure 2.5 IV)
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Figure 2.6: Placement of information "next service due" in CIC

• select the tab ’Servicedaten’ (figure 2.5 V)

• scroll down to the end of the mask (figure 2.6 VI)

• scroll down the table to the last row (figure 2.6 VII)

Another example of the overloaded interface can be seen in figure 2.7. As shown in
figure 2.7, the context menus contains 22 items, and each item has more than 20 sub
items. A reduction of the menu items would be advisable, as not all of the items are
actually in use.

Hidden Error Messages

When a business transaction can’t be saved due of missing data, the CIC only displays
a small red dot in the upper right hand corner, as shown in figure 2.8. For further
information, the user must click on this button to show the error message (figure 2.9).

Alan Cooper describes in About Face [Cooper et al., 2007, pages 534 to 547] oppor-
tunities for feedback in case of errors: Needless to say, this means that subtle status
information is simply never communicated to users at all. Furthermore he describes rich
visual modeless feedback (RVMF) as a way to provide information in case of incomplete
or inconsistent data input. RVMF provides the information directly next to the data
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Figure 2.7: Context menu when clicking on new button

Figure 2.8: Error when business transaction can’t be saved

input field and is modeless, so the user can continue his work. To provide clear feedback
in the application, RVMF would improve the usability of the existing application. In
difference to RVMF the error message in CIC prevents saving the entered data, so the
user has to correct the data and save afterwards.
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Figure 2.9: To receive the error message, the list of error messages has to be opened

Safe Exploration

When a user wants to create a failure without assignment a new entry is needed. Con-
fusing is the arrangement of the input fields in this place: the to-date is left of the
from-date. This leads to many missentries. The even bigger problem here is the reaction
of the program to the incorrect entry. The user gets an error message that the from-
date has to be less than the to-date. Instead of allowing a correction, the program is
terminated without saving.

This is entirely unreasonable: One of the most important aspects in user interface
design is safe exploration. The principle can be summarized as "Let me explore without
getting lost or getting into trouble."[Tidwell, 2005] A wrong input should not end in dire
consequences for the user, in the mentioned case all data is lost. If the customer has
already hang up the telephone, there is no possibility to recover the data.

2.4 How the Work Is Done

In a user observation it was discovered out that in many cases the dispatcher does not
use the software. The dispatcher answers questions and confirms customer data on the
telephone within seconds, which is not possible with the existing software. Therefore,
the users of the software have created a bypass that makes a rapid telephone answer
possible. Grudin describe this form of user behavior in his law:

‘Grudins law: when those who benefit are not those who do the work, then
the technology is likely to fail, or at least be subverted’ [Norman, 1993]

The company decided to purchase the software, without reference to users. For the
users, the existing software is too slow and awkward to use in real world situations.
Rather than retrieving information from the system, users use two artifacts:
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Figure 2.10: A book calendar is used to write down all data from the customers during
phone calls

• A Book Calendar (figure 2.10) includes all appointment requests from customers,
so the customer’s data can quickly be covered during the phone call. In the evening
all data is recorded in the system, thus the long waiting times of the service list
will occur only once for all assignments of the day.

• A folder (figure 2.11) with separator sheets for each technician as well as a list of the
technicians assignments. The lists are always printed from the SAP system some
days in advance. When a customer calls the dispatcher and reports short-notice
cancellations or schedule changes, the information will be recorded in this folder.
Later the information is transferred into the system. The reason for using the folder
as a tool is that the resource scheduling tool only delivers limited information of
the assignments, and therefore no quick answers on the phone are possible. The
information is sorted by region. Every region has an alphabetical listing of available
technicians, making allocation of assignments easier.

2.4.1 Consequences

Calendar books and folders are rarely used by multiple user, thus creating a further
disadvantage: Only one dispatcher can work with the book or the calendar folder at a
time. Nevertheless, in order to be able to serve multiple customers simultaneously, the
technicians are divided into regions and every dispatcher only gets calls of his/her region.
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Figure 2.11: A folder with one sheet per technician is used for answering phone calls

Again, it is the dispatcher’s responsibility to maintain an overview of the regional tech-
nicians. To keep all sites of 35 technicians in mind is almost impossible. However, when
numerous customer call from one region, the employees can only handle one incoming
call at one time. The consequence is a very long waiting time, at a higher incoming call
rate. Furthermore the dispatcher has to search manually for an ideal date.

The call could be answered much quicker if the dispatcher had a software tool that
supports this task. Thus, the weak software design in the illustrated example, directly
affects the company’s customers. Another consequence is that the subsequent capture
in the system caused an additional effort. This situation would be more efficient, when
the planning would be made directly into a software system.





CHAPTER 3
State of the Art

In the following, we will discuss related research work relevant to different aspects of our
work. The research was done in digital libraries, in literature and the internet. A main
aspect for a tool is the design of the user interface and interaction with the system. In
the example service provider a software with a lot of functionality exists, but it is not
being used because of a far too complex interface. In this chapter state of the art for
visualization and interaction will be shown.

Furthermore, the application is used by more than one person at a time, therefore
aspects of collaboration will be analyzed. In our opinion a proposal for tour planning
would bring a considerable improvement at the work of the users, therefore algorithms
for tour planning will be shown.

3.1 Interface and Interaction

A lot of literature about ’interface and interaction’ exists. In the following section
techniques that appeared most suitable and interesting in the context of scheduling will
be examined.

3.1.1 Visualization of time oriented data

At scheduling tasks the aspect how to visualize the time oriented data is important for
the usability of the application. In this section different visualization techniques will be
shown.

Timelines

Timelines are a simple visualization of events or time intervals. Karam describes time-
lines in [Karam, 1994] as linear graphical visualization of events over time. In general
the time axis is presented in one axis direction (mostly x-axis) and category on the other

19
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Figure 3.1: Timeline from E.J. Marey, La Methode Graphique (Paris 1885), page 6
[Tufte, 1983]

axis. Events are shown as bars where the length shows how long the event is active. In
[Tufte, 1983] examples for timelines are shown, as in figure 3.1.

Timelines are often used in scheduling scenarios, as in our example mentioned in the
previous chapter (figure 2.1).

LifeLines

In [Plaisant et al., 1996] LifeLines are introduced (figure 3.2) as a further development
of timelines. In LifeLines the thickness of the bars shows the importance of the cases.
Also information is encoded as colors. Plaisant also shows some possibilities for overview
and detail, and zooming in her work. This techniques are discussed later.

GANTT

GANTT charts are a special form of timelines invented by Henry L. Gantt. It was
published in the same year he died (1919), a long time before it was used in several
project management products. In his book [Gantt, 1919] some example for his timelines
are shown (figure 3.3). In the early GANTT charts users used progressively filling the
bars to show how much of the task was complete.1 Modern project software as in figure
3.4 also show milestones and hierarchies of tasks.

Time Mosaics

The disadvantage of the mentioned visualization techniques is the high space consump-
tion. Luz and Masoodian try to decrease the space consumption in their temporal mosaic

1An evolution of the GANTT chart can be seen in http://www.ganttchart.com/Evolution.html,
accessed on 19th August 2010.
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Figure 3.2: Example for LifeLine Visualization from [Plaisant et al., 1996] where Life-
Lines for Juvenile Justice records are shown. This simple youth record shows cases,
placements, assigned workers and available reviews. A click on the ‘drug abuse’ high-
lights the labels of the associated breaking and entering case, and the workers who where
assigned to the case.

technique[Luz and Masoodian, 2007]. timelines tend to require much space since inac-
tive intervals need to be represented as blank areas. Therefore, it is difficult to get an
overview of many categories on whether they run concurrently or not. Temporal Mosaics
have been developed to avoid this disadvantage.

Figure 3.5 shows an example of a multimedia application as timeline. In Figure 3.6
the same data is visualized as Temporal Mosaic. In the Temporal Mosaic view all bars
from one group (for example voice) are shown in one compound rectangle. If more than
one voice category is active, the corresponding color bars in the group share the space of
the group. If only one category is active, the whole height has the color of the category.
White space signals that no category is active.

The distinction between categories is done using by different colors (A, B, C and D
in figure 3.6). Hence a distinction between more than five categories becomes difficult.
Furthermore movement of assignments in temporal mosaics via direct manipulation is
difficult. Because of these facts Temporal Mosaics appear inappropriate for scheduling
tasks.
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Figure 3.3: Example from Organizing for work from H. Gantt [Gantt, 1919]

Figure 3.4: Modern GANTT chart in Microsoft Project
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Figure 3.5: Standard timeline visualisation example [Luz and Masoodian, 2007]

Figure 3.6: Temporal mosaic example [Luz and Masoodian, 2007]

3.1.2 Interaction

A scheduling application does not only visualize the data, the user must also have the
opportunity to work with the data. If a user is working with a large amount of data,
she must have the ability to determine the level of detail for herself. This approach is
described Shneiderman’s information seeking mantra [Shneiderman, 1996]:

Overview first, zoom and filter, then details-on-demand.

Techniques to offer this possibility to the user are described in the following sections:

Overview+Detail

An overview+detail interface design is characterized by the simultaneous display of both
an overview and a detailed view of an information space, each in a distinct presenta-
tion space [Cockburn et al., 2008]. Overview areas help the user with orientation in
the content. Overview+detail interfaces are widely used for example in image editing
applications, in map tools or charts.

An example for overview and detail can be seen in figure 3.7. In this example the
overview also provides the possibility to pan and zoom the detail view.

Zooming

Using zoom technique the user can change between detail and overview in one view. In
contrast to Overview and detail technique only one level of detail is displayed, however
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Figure 3.7: Example overview and detail at Google Finance where a chart of the selected
time interval in the upper area and long term overview in the lower area is shown

Figure 3.8: Example for three zoom levels in Google Earth

the entire available space is used for the view. Continuous and non-continuous zoom can
be distinguished.

An example for an application that makes extensive use of zooming is Google Earth
(see figure 3.8). In this application the zoom can be controlled intuitively using the mouse
wheel. A control in the upper right corner can also be used to zoom in or zoom out. The
application uses animation to help the user understand the relationship between pre-
and post-zoom. According to Tversky [Tversky et al., 2002] using animations is more
effective for re-orientation in time and space.
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Figure 3.9: Different focused time units in TimeZoom [Dachselt and Weiland, 2006]

Figure 3.10: Different focus regions (a and c) and transitional zones (b) between them
at TimeZoom[Dachselt and Weiland, 2006]

Focus+Context

In the focus+context technique the detail and the surrounding context is shown in a
single display. An example is the fisheye distortion used in the icon panel from Mac OS
X. The problem of this technique is the distortion of the information space, which might
lead to misinterpretation and challenges in target acquisition [Cockburn et al., 2008].

3.1.3 Special Techniques

In this section four visualization applications are shown. They can be seen as combina-
tions of the previously presented techniques.

TimeZoom

Dachselt and Weiland [Dachselt and Weiland, 2006] presented a new concept for a flex-
ible timeline widget. The widget supports zooming and focusing on special intervals of
time. TimeZoom uses weighted level heights for every focused time unit (figure 3.9). At
TimeZoom different zones for focused regions are also possible with transitional zones
similar to the fisheye distortion (figure 3.10).

Event Tunnel

Suntinger [Suntinger et al., 2008] introduces a different approach for visualization of
events as metaphor considering the event stream as cylindrical tunnel. The events are
plotted in temporal order in a cylinder. Two views are supported, a view from the top
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Figure 3.11: Example for the event tunnel from [Suntinger et al., 2008]

of the tunnel and a side view (figure 3.11). The events are rendered using perspective
projection, so events that are far away appear smaller in the event tunnel. Event tunnels
are suitable for the visualization of correlated events, for example the analysis of supply
chain management in logistics.

Perspective Wall

[Mackinlay et al., 1991] show a different approach by the Persepective Wall visualization
technique . In their work they use a wall metaphor for the visualization of context and
detail. The details pane in the center appears linearly, the context field is distorted in
perspective (figure 3.12). This is also the way the human eye perceives information,
where the center area perceives details and the surrounding region only low resolution.

Date Lens

Date Lens [Bederson et al., 2004] uses fisheye distortion and zoom in a calendar control
to show detail and context in one view (figure 3.13). The goal was to develop a calendar
control for (mobile) devices with very small displays where only few information can be
shown.
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Figure 3.12: Perspective Wall from [Mackinlay et al., 1991]

Figure 3.13: DateLens from [Bederson et al., 2004]
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3.1.4 Discussion

In this section several techniques for visualization and interaction with time oriented data
are shown. For our scheduling example we search for a visualization of assignments. At
this data there is no dependency of the assignments and so the GANTT charts seems
not to be the suitable visualization. We have up to 35 service technicians and with
time mosaics the application would not be practicable as 35 color would be needed to
distinguish between the technicians – no one would be able to distinguish 35 colors.
The special techniques show all distortions between a central area and a less interesting
peripheral area. This form of visualization may be interesting for special purposes but
for our application it might be confusing for users to have a distortion in time. Therefore
seems timeline and LifeLine best suited for the required tasks.

Furthermore are Overview and detail, zooming and focus and context described. In
our opinion all of these techniques can be used when designing application for scheduling.
Every single technique has its advantages and disadvantages. Overview and detail need
more space, but always provides an full overview. Zooming use the whole space for one
view, so only overview or detail are possible at one time. Focus and context may be
confusing for some users, one disadvantage is that the focus area cover often other areas
of the context.

Until now we only discussed visualization and interaction for a single user. In a
scheduling environment normally more than one user work with the data at the same
time. In the next section possibilities to support collaboration in one application will be
shown.

3.2 Collaboration

Due to the fact that more than one person uses the tool at the same time aspects of
Computer-Supported Cooperative Work (CSCW) systems will be examined. “These
systems aim to provide suitable forms of cooperation within a group of users to perform
collaborative activities” [Gomes et al., 2005]. The challenge is to implement interaction
between users in the user interface. “Cooperating actors align and integrate their ac-
tivities with those of their colleagues in a seemingly ‘seamless’ manner, that is, without
interrupting each other, for instance by asking, suggesting, requesting, ordering, remind-
ing, etc. others of this or that” [Schmidt, 2002]. As Schmidt describes, the awareness
is an important factor in the design of cooperative applications. Dourish and Belotti
[Dourish and Bellotti, 1992] describe awareness as “an understanding of the activities of
others, which provides a context for your own activity”.

To provide awareness some special requirements for software systems exist. Fre-
quently CSCW systems are distributed software systems, which require mechanisms to
distribute data between many clients. Technologies to provide the distribution will be
discussed in this chapter.



3.2. COLLABORATION 29

3.2.1 Awareness

Prinz [Prinz, 1999] suggest two types of awareness: task-oriented awareness and social
awareness.

Task-oriented awareness means that the application shows “change notifications or
information about the state of a certain document or a shared workspace”. Social aware-
ness in comparison “provide[s] notifications similar to the information received when
walking along an office floor”. For example social awareness is the information that
the colleague is busy or the colleague is not on his place. Both types of awareness are
important for a cooperative working environment.

3.2.2 Synchronous and Asynchronous

Synchronous and asynchronous cooperative work can be distinguished. An example of
an asynchronous cooperative system is e-mail, where the messages are transferred at
certain time intervals. Synchronous cooperative systems replicate their events as fast
as possible to the clients. In case of working on the same objects, there may also be
conflicts when more then one user tries to modify the object. Therefore, these systems
must take such conflicts into account.

3.2.3 Architecture

Patterson [Patterson, 1995] introduced a taxonomy of architectures for synchronous
Groupware applications. The aim is to provide consistent state for the system. The
distinction between shared state, synchronized state and hybrid architecture is based on
how often the data is replicated or how the data is exchanged between multiple clients.

In figure 3.14 the different types of shared state architectures are shown. Shared
view architecture (figure 3.14 (a)) is when all clients work with the same view, only the
displays exist more than one time. An example for this architecture is the software Team
Viewer 2 with this software sharing of a desktop is possible.

Shared model means multiple displays and views on the clients accessing one model
(figure 3.14 (b)). At the shared file architecture every client also has its own model logic,
all clients access the same file (database). The challenge at shared model and shared
file architecture is to provide mechanisms to synchronize the clients. The server has to
notify all clients when changes on the data are made.

In contrast synchronized state architectures have display, view, model and the file on
every client (figure 3.14 (c)). Synchronized state architectures send messages between
the clients with the information that has to be synchronized. The place where the
synchronization happens can be differentiated as shown in figure 3.15.

Patterson also introduces a hybrid architecture, where the model is shared and the
view is synchronized (figure 3.16).

2The software Team Viewer is available at http://www.teamviewer.com (accessed on August 28,
2010)
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Figure 3.14: Shared state architecture [Patterson, 1995]

Figure 3.15: Synchronized state architecture [Patterson, 1995]

Figure 3.16: Hybrid architecture [Patterson, 1995]
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3.2.4 Middleware

CSCW applications are often distributed applications, sometimes in heterogeneous en-
vironments. Middleware systems provide functionality for standardized access between
servers and clients. A Middleware is a additional layer that provides better distribution
transparency [Tanenbaum and Steen, 2003] and also simplifies the development process
of CSCW applications. In this section some different established Middleware systems
are introduced.

CORBA

CORBA stands for common object request broker architecture. The architecture of
CORBA is object oriented. Interfaces are defined in the CORBA IDL (interface defini-
tion language). On the server side objects implement interfaces, on the client side proxy
objects marshal request parameters to the server and unmarshal results.

CORBA supports the developer with many services, as for example the concurrency
service for the handling of concurrent processes or the persistence service for saving
persistent objects. CORBA implementations exist for almost any platform and pro-
gramming language.

RMI

RMI is a technique supported by Java for the implementation of remote procedure calls
in Java. As this technique is part of the Java environment, it is not possible to use RMI
in other environments. For the definition of the interface there is no IDL like in CORBA
necessary, as the interface is defined in Java too.

.NET Remoting

.NET remoting is the corresponding technology to Java RMI from Microsoft in the .NET
framework. As in RMI it is possible to communicate between remote objects like between
local objects. Before Microsoft developed .NET remoting, DCOM (distributed COM)
was used in Microsoft environments to communicate over network. Unlike with DCOM,
a remote call over the Internet is possible with .NET remoting.

Web Services

Web service are remote function calls over web standard technologies (XML, HTTP).
The interface of a web service is described in WSDL, the web service definition language.
Web services have the advantage, that they can be used in heterogeneous environments,
for example between a SAP system and Java. Basically, they don’t support object
oriented programming. Only method calls are possible and no support for transaction
handling exists.
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Windows Communication Foundation (WCF)

Windows Communication Foundation (WCF) is also a component of the .net framework
from Microsoft. WCF uses web services technology to communicate and can therefore
be used in heterogeneous environments. It is even possible to mix .net remoting with
WCF in one system, as WCF has the ability to communicate with .net remoting.

Discussion

The described technologies are the most important ones for distributed systems. Each
technology is associated with a set of circumstances they are supposed to work best with.
CORBA is often used in environments, where no other technology exist, as CORBA
exists for almost every platform. For example if C++ should be used on Windows as
client and Cobol on Unix as server, CORBA is to be used. Furthermore CORBA is quite
old and therefore stable technology.

If Java is used as client and server, RMI will be a good choice as Middleware if calls
don’t need to be made over the borders of a firewall. Similar is the situation if only .NET
is used for client and server with the advantage that .NET remoting can also be used in
Internet scenarios behind a firewall, as .NET remoting can be used over an SOAP-HTTP
channel.

Web services are widely used in internet scenarios. They can also be used for het-
erogeneous system environment where web service technology is available. An example
is the coupling of SAP with .NET: Because of its openness a web service call is very
simple. However, the performance compared to the other technologies is poor, as the
call has to be translated as XML over HTTP.

Windows communication framework is a package where web service calls and .NET
remoting are integrated and can even be mixed. The advantage is that the developer
can simply change the used technology.

3.2.5 Groupware frameworks

In this section toolkits for handling the needs of Groupware applications are described.
These frameworks hide the underlying network communication and make it easier for
the developer to implement Groupware applications.

Roseman and Greenberg [Roseman and Greenberg, 1992] introduced GroupKit as
toolkit for the implementation of real time Groupware applications. Three strategies for
building GroupKit components are described:

• an object-oriented run-time architecture: Supports the development of the dis-
tributed process and communication.

• transparent overlays: Can be used in the user interface for some kind of shared
sketching board.

• open protocols: The developer can handle policies by implementing a protocol.
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Figure 3.17: GroupKit architecture [Roseman and Greenberg, 1992]

In figure 3.17 a basic example for the use of GroupKit is shown. The registrar clients
are the interfaces for the Groupware application. One central ‘Registrar’ manages the
conferences and corresponding users. The ‘Conference’ object is the actual Groupware
application. In GroupKit a generic conference object is implemented, the developer has
to inherit a class with his own functionality. The coordinator is an intermediary between
the conference and the registrar clients.

An extension to GroupKit was implemented in [De Alwis et al., 2009] in GT/SD.
GT/SD stands for Groupware Toolkit / Shared Dictionary. GT/SD uses GroupKit
in combination with a distributed shared dictionary, where the shared dictionary can
be understood as distributed memory. The complete network handling is done by the
framework. The developer can write to the dictionary like a normal dictionary. All clients
are automatically notified by the framework about the updates. The same mechanisms
are implemented in the library .NetworkingGT.3

3.3 Optimization
In our example company, the planner schedules assignments for the technicians for the
next weeks manually. The challenge is to optimize the distances between the customers.

3The .NetworkingGT framework can be downloaded from projects website
http://grouplab.cpsc.ucalgary.ca/cookbook/index.php/Toolkits/NetworkingGT, accessed on August 19,
2010
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She also has to be aware of absences of the technicians. The number of assignments per
day is also restricted, depending of the time of the year (in autumn bigger reserves for
failure of gas devices are needed); some of the technicians have special skills for special
gas devices. All these constraints have to be taken in consideration by the user and are
not supported by the current software.

The described case is an example for an optimization task. More precisely it is a
linear programming task. Linear programming is described as the following model:

Min!/Max! : c1x1 + c2x2 + c3x3 + ... + cnxn

whereby

a11x1 + a12x2 + a13x3 + ... + a1nxn <= b1

a21x1 + a22x2 + a23x3 + ... + a2nxn <= b2

...

am1x1 + am2x2 + am3x3 + ... + amnxn <= bm

The first function is the linear function to be minimized. The other functions are
constraints. x1 . . . xn are the variables to calculate, c1 . . . cn are the cost parameters (in
our example the distances between the customers).

The constraints are (for example):

• Every customer should only be visited by one technician

• The number of assignments per day

• Skills of technicians for special gas devices

The aim is to bring the real world scenario into a mathematical model of this kind.
There exists another constraint to the model: x1 . . . xn are only integer numbers. Op-
timization problems of this type are called combinatorial problems or integer program-
ming. The specialty of a combinatorial problem is the exponential growth of possibilities
for a bigger number of variables. Combinatorial problems base on elemental combinato-
rial constructs like permutation. “For n objects exists in general n! possibilities to bring
this objects in sequence” [Littger, 1992]. As example there are 3628800 possibilities to
bring 10 objects in sequence, for 20 objects 20! is a number with 19 digits.

Because of the exponential growth of possibilities, only approximation algorithms
can be used. For the special problem in this example a lot of literature can be found.

The multiple traveling salesman (M-TSP) is a model where some salesman have to
travel to customers. The goal is to travel to all customers with minimal costs. An
overview of M-TSP can be found in [Bektas, 2006].

The generalized formulation of the problem is the vehicle routing problem (VRP).
The VRP is an M-TSP with cargo capacity restrictions. Cargo capacity can be inter-
preted as a restriction for the number of customers that can be visited by a technician per
day. Several approaches exist for VRP. Genetic algorithms are adaptive heuristic search
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0 1 2 3 4 5 6
0 - 3.2 2.2 2.2 1.4 2.8 1.4
1 3.2 - 1 2.2 4 5.8 2.8
2 2.2 1 - 1.4 3 5 2.2
3 2.2 2.2 1.4 - 2.2 5 3
4 1.4 1.4 3 2.2 - 3.2 2.8
5 2.8 5.8 5 5 3.2 - 3.2
6 1.4 2.8 2.2 3 2.8 3.2 -

Table 3.1: Distance matrix for the example

methods based on population genetics [Bräysy, 2004]. A dynamic genetic algorithm can
be found in [Hanshar, 2007], where dynamic means that new customer orders can be
dispatched after the planning has completed (in our example a failure assignment). A
similar solution with stochastic customers is described in [Cheung et al., 2007].

The aim is now to construct an algorithm for the example. Important is the fast
calculation (nearly in realtime) for a huge number of customers (about 20000).The result
of the algorithm is a suggestion for the plan that can be adapted by the user.

In the following sections two heuristics will be introduced for the described problem.

3.3.1 The Sweep Algorithm

The sweep algorithm was proposed by Gillet and Miller in [Gillett and Miller, 1974].
The algorithm assumes that the locations of customers and the headquarter are given
by coordinates (xi, yi) and the headquarter is in the origin of the coordinate system. The
distances between the locations are determined as Eucleadian distances. The customers
are sorted ascending by polar angle ϕ (counter clockwise) and are numbered in this order
as 1 to n. The first plan is calculated by taking customer 1, 2, 3, ..., i11 into the first tour,
and taking customer i11 + 1, i11 + 2, ..., i11 + i12 to the second tour and so on. Customers
are added to a tour until the restriction (capacity or time) is reached. Afterwards, the
shortest path for this route is calculated.

The second plan is obtained by starting with customer 2 for the first tour, so the first
tour has customer 2, 3, 4, ...i21, the second tour has customer i21 + 1, i21 + 2, ..., i21 + i22
etc. Subsequently, n tour plans are generated by starting with every customer. The best
tour plan will be selected as result.

In figure 3.18 a small example is shown. The starting point is in the origin of
the coordinate system, the points with the number one to six mark the customers to
deliver. The delivery points are already sorted by polar coordinates. For this example a
restriction to three customers per tour is given. As first step all distances between the
points have to be calculated (see table 3.1).

The first tour of the first tour plan is calculated starting with point one. The next
points (two and three) are added until a restriction is reached. The second tour is
constructed with the points four to six. The result can be seen in figure 3.19.
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Figure 3.18: A small example with six customers and the central in the origin of the
coordinate system

Figure 3.19: Tourplan one, generated by starting with point one, total length 18

The second tour plan starts with point two and the third tour plan starts with point
three as can be seen in 3.20. The fourth to sixth tours deliver the same results, as the
tours are symmetrical to the previous tour plans.

When all tour plans are generated, the shortest tour plan will be chosen (in this
simple example several tour plans with the same length exist).

3.3.2 The Savings Algorithm

The savings algorithm was introduced by Clarke and Wright [Clarke and Wright, 1964]
and is the most widely known heuristic for the VRP according to [Toth and Vigo, 2002].
The idea behind the savings algorithm is that savings can be obtained by joining two
routes into one route. This concept is illustrated in figure 3.21, where 0 is the central
depot and i and j are the delivery points. In (I) two single routes visit the two delivery
points, in (II) instead the two routes are joined into one. The savings can be calculate
with the following formula:

Sij = ci0 + c0j − cij
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Figure 3.20: Tourplan two and three using the sweep algorithm, generated by starting
with point two and three, total length 19 and 18

Figure 3.21: Concept of the savings algorithm

1 2 3 4 5 6
1 - 4.4 3.2 0.6 0.2 1.8
2 4.4 - 3.1 0.6 0.1 1.4
3 3.2 3.1 - 1.4 0.1 0.6
4 0.6 0.6 1.4 - 1.1 0
5 0.2 0.1 0.1 1.1 - 1.1
6 1.8 1.4 0.6 0 1.1 -

Table 3.2: Savings matrix for the example

Sij is the saving when the delivery points i and j are joined to a new tour. ci0 and c0j

are the distances from the depot to the delivery points and cij is the distance between i
and j.

Two different versions of the algorithm exist. In the parallel version the algorithm
constructs all routes in parallel by merging the routes with the biggest savings. In the
sequential version the current route is merged with the other routes until the restriction
is reached.

Let’s see how the algorithm works for the example from figure 3.18: As first step the
savings are calculated (see table 3.2) using the distance matrix from table 3.1. In the
next step the algorithm generates a route for every delivery point as in figure 3.22.

In the parallel version the merge with the biggest savings is always taken, in our
example between delivery point 1 and 2, then 2 and 3 and so on. In the sequential version
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Figure 3.22: Startings point for savings algorithm

Figure 3.23: The tour plan after merging between point 1 and 2 (left) and 2 and 3
(right).

the algorithm would only merge delivery points with one route until the restriction is
reached. In our simple example the result is the same.

As described by [Toth and Vigo, 2002] the parallel version of the savings calculates
more optimal results than the sequential version of the algorithm.

3.3.3 Discussion

In A-Plan we want a simple heuristic for automated planing of assignments to techni-
cians. In literature many different algorithms exists. Due to limited time an investiga-
tion of many existing algorithms is not possible in this work. In our work we decided to
choose the savings algorithm, because the algorithm is the most frequently-used method
for solving the VRP problem in practice [Domschke, 1990].

3.4 Dispatching Software

In the following section we will show different existing planing systems. Afterwards we
will discuss the similarities and differences.
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3.4.1 SAP CRM

The scheduling application of SAP CRM can be seen in 3.24. This application has been
discussed in section 2.2.

Figure 3.24: Scheduling in SAP CRM
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3.4.2 Microsoft CRM

Figure 3.25: Service planning in Microsoft CRM 4

Figure 3.25 shows the dispatching screen of Microsoft CRM 4. The application runs
in the Internet browser, so the interaction possibilities are restricted (there is no direct
manipulation supported, for example when moving assignments). The main focus of
this application is CRM (customer relationship management), the service modules of
Microsoft CRM play only a minor role in the whole system.
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3.4.3 Service Ledger

Figure 3.26: Service planning in Service Ledger

Service Ledger4 is a software for service providers and offers many different views
for dispatching, for example the dispatch board in figure 3.26. When clicking on one
assignment, detailed data is shown on the left side of the window.

Service Ledger also offers the possibility to plan with a timeline as in the applications
above. Furthermore a plan can be made using time slots, where a time slot is a time
range when the service technician is at the customer. An interesting functionality is the
MapPoint integration, this functionality shows the route on a map with the approximate
travel times.

4Information about Servicee Ledger is available at http://www.serviceledger.com/serviceschedulingsoftware.htm
(last access January 20, 2011)
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3.4.4 ORS Online Resource Scheduler

Figure 3.27: planning in open resource scheduler ORS

Online resource scheduler5 is a open source tool, that offers planning functionality for
planning of any resource. The application runs in a web browser, the presentation is
very simple and easy.

3.4.5 phpScheduleIt

phpScheduleIt6 is open source too, the application offers resource planing in a calendar
style as in figure 3.28.

5available at http://ors.sourceforge.net, last access january 20, 2011
6available at http://www.php.brickhost.com, last access january 20, 2011
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Figure 3.28: planning in phpScheduleIt

3.4.6 Flight Schedule Pro

Figure 3.29: planning in flight schedule pro
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Flight Schedule Pro 7 is a software for scheduling of aircrafts for flight schools, uni-
versities and flying clubs. The scheduler shows reservations for every aircraft, details are
shown as tooltips when pointing at one reservation as in figure 3.29.

3.4.7 Schedule Pro

Figure 3.30: Infovision Schedule Pro

Schedule Pro 8 offers a scheduling plan, where only one day shows details and the
other days are shown in a compressed form. This form of visualization is similar to
DateLens from section 3.1.3. Furthermore all changes on the plan are distributed to the
clients.

7available at http://www.flightschedulepro.com, last access january 20, 2011
8available at http://www.invisionwfm.com/de/produkte/personaleinsatzplanung/schedulepro, last

access january 20, 2011
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3.4.8 Titanium Schedule

Figure 3.31: Titanium Schedule

Titanium Schedule9 is a software for universities and counseling centers. The appli-
cation also has a scheduling functionality (see figure 3.31). In the scheduling screen the
user has the ability to switch between a single and multiple counselor view. In the single
counselor view, the appointments of one counselor of one week is shown, in the multiple
counselor view the appointments of all counselors of one day are shown.

3.4.9 Discussion

We presented some of the existing applications for planing of time depentend data. For
the visualization of the data timelines and calendars are used. The multiple view from
Service Ledger gives an overview in the calendar and provides details when selecting an
entry. Flight Schedule Pro delivers more information when pointing on an entry (via
Tooltip). We thought, that this way to provide information is useful for the user and
decided to implement this functionality to A-Plan. Schedule Pro distributes all changes
to the client, so all client always have the actual data — this functionality is necessary for
cooperative work. Titanium Schedule uses many colors and icons on the scheduling plan
to inform the user about the different assignments. Due to this fact the representation
is cluttered and confusing.

9available at http://www.titaniumschedule.com, last access january 20, 2011
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3.5 Summary
In this chapter aspects of visualization of time oriented data, interaction techniques,
aspects of collaboration and an overview of optimizations for the vehicle routing problem
were shown. Furthermore, different existing commercial systems were presented. For
our purpose timeline visualization with overview+detail and zooming appear to be most
suitable in order to provide a simple and easy-to-learn yet flexible and highly interactive
representation.

Aspects of collaboration have to be taken into account, as A-Plan should be used by
many people simultaneously. Therefore, the application should include mechanisms to
support cooperative work.

The presented algorithms for optimization can only give an overview of this research
area. In A-Plan only a simple optimization will be implemented, as for our application
a fast and good suggestion is more important than finding the optimal solution.



CHAPTER 4
User Study

The application A-Plan is to be designed for a very specific user group. It therefore
is necessary to take in account the capabilities and needs of these users. This human-
centered design is described by Stone et al.[Stone et al., 2005, page 628]. To learn more
about these groups, semistructured interviews were conducted with users of the existing
system. In a semistructured interview the questions of the specific topics are defined
before the interview starts. During the interview the interviewer can discuss special
topics in more detail. The preparatory questions serve as support.

With the help of the interview, the following questions should be answered:

• What experience with IT systems do the people have?

• What software do they know for their work?

• What problems occur with the use of this software?

• How should an optimal system for the desired tasks look like? (visualization,
collaboration, interaction)

The complete interview guideline can be seen in appendix A.
Based on the results of these interviews, prototypical types of individuals are de-

rived. This approach corresponds to the concept of Personas, Goals and Scenarios by
Alan Cooper [Cooper, 2004]. In doing so abstract personas should be elaborated which
symbolizes a group of people that will use the future system. For these personas scenar-
ios are developed - these scenarios are tasks that have to be carried out with the system
to be designed. The personas and scenarios help designers to develop the prototype, as
the process can be developed based on these concrete examples and not for a general
user group.

For the problem analysis, task demonstration and ethnographic observations were
used too. Through this deeper knowledge about the existing system and the application
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area can be learned. Processes and problems can be made visible and taken into account
in the development of the prototype.

4.1 Method

The interview, task demonstration and ethnographic observation were carried out with
the employees of the example company. For the interviews three people were available,
the ethnographic observation was carried out in normal daily operation. The existing
software was demonstrated by one person. The interview took about 30 minutes for each
one and was done on the place of work. The task demonstration took about one hour.
During the interview notes have been made.

The interview was conducted with the following persons:

• Customer care agent, female, 33 years old, in the company since 2 years

• Customer care agent, female, 26 years old, in the company since 4 years

• Customer service telephone agent and technician, male, 36 years old, in the com-
pany since 15 years

Afterwards, the answers to the interviews were compared, similarities identified and
summarized. This summary is now presented as result.

4.2 Results

The respondents have considerable experience with computers. The use of SAP (or
the legacy software system), Outlook and other Office applications and the Windows
operating system (currently Windows Vista) are not a problem for the respondents.
The user assess their knowledge with the use of computers as "good", which is also our
impression.

At the remaining skills two groups can be identified: on the one hand people with
better commercial practice and less know-how on the maintenance of gas appliances, on
the other hand are technicians that also serviced and repaired devices. These technicians
can also provide technical advice for customers on the telephone when they have troubles
with their gas devices.

The staff and the management are not satisfied with the currently used software, so
several alternative products from other companies were considered. The other software
was better in handling than the existing product, but could not be used due the enormous
costs for that software. The company tried to improve the current system by extensions
and changes, but the situation still can not be seen as optimal.

The visualization and interaction techniques discussed in the previous chapter have
been presented. For the respondents timelines were the most common technique, as this
visualization technique is also used in the current software. LifeLines were generally not
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known by respondents, they seem interesting but for the required tasks as rather inap-
propriate. GANTT charts are familiar from Microsoft Project. Time Mosaics appeared
confusing for two interviewees.

The interaction techniques zooming, overview+detail, and focus+context have been
proposed. For the interviewees this is a very useful way to determine the level of detail
about the information. The fisheye technique is generally unknown. Tool tips are well
known from Microsoft Office applications. Overview and detail and especially zooming
is well known from programs such as Google Earth or Google Maps. The existence of
such functions would improve the work on the existing system, that was the opinion of
all respondents.

The currently used process appears cumbersome. During a phone call the required
information can not be found, the entry of a case in the currently used software takes
too long. Therefore, the ‘paper solution’ was invented. A desired system should deliver
information as quick as the ‘paper solution’, with the difference that all the data is
stored immediately in the system. Furthermore, the new data should be displayed
simultaneously on the display of other users.

4.3 Personas
Based on the interview two Personas have been derived:

• Julia Steiner: Female, 30 years old, business education, rather little technical
knowledge - can hardly solve technical problems on the phone, good PC knowledge.

• Erich Gruber: Male, 50 years old, only use computer as tool for their work, is able
to do everything he needs in his office but tries to avoid it, is able to solve customers
problems by phone and has even the knowledge to help service technicians in the
field.

4.4 Scenarios
As described by Alan Cooper [Cooper, 2004], scenarios are generated. These scenarios
reflect important situations from real life of the users of the system that has to be
designed. In the design process these scenarios are very helpful, as the designer can let
the personas interact in the scenarios.

4.4.1 Appointment Request with Assignment

A customer (with maintenance contract) has received a postcard with an appointment.
On the date of the appointment, the customer has no time and therefore he wants a
service on a different date instead. She makes a phone call to the company and advise
his desired date.

The phone agent opens the data of the customer. When the customer has a desired
date, the phone agent tries to change the date of the assignment to the customers
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proposal. So the phone agent search for a free technician on the desired date. If the
customer is only at home at a certain time, the telephone agent tries to take this into
account - then this assignment is moved and fixed to this time. In a normal case a
commitment can only be given that the technician will either come before noon or after
noon, so the customer care agent move the assignment to the specified day.

When the customer does not specify a date, the old assignment has to be removed
and the contract is marked for planing. The customer will be informed about the new
date by post card (after the next planning).

4.4.2 Appointment Request without Assignment

A customer wants to make an appointment for service of his gas device. This can be
a customer with or without service contract. In this scenario no assignment has been
done so far.

The phone agent opens the customer data and look for a free technician at a desired
date. When a technician is free on the desired date, the phone agent insert a new
assignment on the desired date. When the customer is only at home at a certain time,
the telephone agent tries to take this into account - the assignment is moved and fixed
to this time.

4.4.3 Cancellation

A customer wants to cancel her appointment. She does’nt want a new appointment,
so she wants no service for this year. The phone agent open the data of the customer
and remove the assignment. In this case, the contract is not marked for planing — the
customer is not considered at the next planning.

4.4.4 Failure

The gas unit of a client does not work and so she calls the company. The telephone
agent tries to ask by telephone for example what error code on the display of the device
is issued. In many cases it is an operator error. In this case the problem can be solved
by phone and thus the use of a technician locally at the customer can be avoided.

If the correction of the issue is not possible by telephone, a technician is needed at
the customer. The phone agent opens the data of the customer and marks the customer
as ‘open failure’. The telephone number of the customer is quoted, so the customer can
be contacted by an technician.

The telephone agent tries to contact technicians and find out who has time to spare.
If she finds a free technician, the failure is assigned to the technician who will fix the
failure of the customer, as she does this by inserting the open failure from the previous
step as assignment to the technician. The customer is removed from the list of open
failures.



CHAPTER 5
Conceptual Design

In Chapter 2 an existing solution for the dispatching of assignments of a service provider
was analyzed. Many problems with the existing solution were found:

• Confusing visualization of the plan

• Inconsistend behavior

• Overloaded interface

• Complex handling of three applications

• Unclear error messages

• No safe exploration, no undo

• No consideration of collaboration

In the new application we wanted to avoid these usability issues. Furthermore, to
support and ease the workflow of users, an automated planning function should be
integrated into the software and the new application should allow multiple user to work
simultaneously with the data.

In Chapter 3 we reported about different visualization and interaction techniques.
We also discussed aspects of collaboration and techniques to implement an application
that supports collaboration. In this chapter we will discuss how this techniques can be
used in a real world application

5.1 Design method
Alan Cooper writes in About Face [Cooper et al., 2007] six steps to define an interaction
framework:
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Figure 5.1: Screen layout of the application

1. Define form factor, posture, and input methods: in our case a windows desktop
application.

2. Define functional and data elements: All functional and data elements will be
described in the language of user interface representations. It is also important to
be aware of principles and patterns.

3. Determine functional groups and hierarchy: The list of functional and data ele-
ments from the previous step will be grouped and their hierarchy will be defined.

4. Sketch the interaction framework: The first sketches have been made with a sheet of
paper and a pencil. Later the design was implemented using the software Microsoft
Blend, so the draft could be better discussed with an interface expert.

5. Construct Key path scenarios: The key path scenarios were discussed in section 4.4
(personas, goals and scenarios). Using these, the design was guided and evaluated
during the design.

6. Check designs with validation scenarios: Here less frequent scenarios are analyzed,
like edge cases, key path variant scenarios (variants of the key path scenarios) and
necessary use scenarios (actions that must be performed, but not so often).

During the design process we iteratively went through this steps.
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5.2 Screen layout

In the figure 5.1 you can see the layout of the application. The screen is divided into
three areas:

• The Planning area is where the user can view, insert, move and delete assignments.

• Details are shown on the right side of the window. In this location the user can
also start actions like searching for a customer and planning of assignments.

• In the lower area of the window the user is supported in the cooperation with other
users.

The size of each area can be changed by the user, the space available will be used by
the elements.

Alan Cooper recommended in About Face [Cooper et al., 2007] to dispose of save
buttons and avoid using ok buttons. Instead every action should be saved automatically
and an undo function should be available for the user to take back unwanted operations.
The application should be designed according to this principle, every transaction should
be saved immediately and should be distributed to the other clients.

5.3 Planning

After investigating the possible visualization techniques in chapter 3 it was decided to use
traditional TimeLines for the visualization of the assignment plan, because this visual-
ization seems the best applicable for a plan that should be interactive and cooperatively
used by more than one user. The assignments are displayed as boxes showing the most
important information about the assignment directly as text (city, customer, time). The
shape and the color of the box also gives information about the assignment: When the
box has rounded corners, the time of the assignment is not fixed, when the corners are
angular the time is fixed. The color of the assignment gives quick information about the
type of the assignment (maintenance or failure).

Pointing at an assignment a tooltip shows more details. Clicking on an assignment all
information about the customer is shown in the detail area. This resembles an overview
first and detail on demand approach that should be easier to understand for the user
than focus and context techniques like fisheye distortion.

The user can navigate by smooth panning and zooming as in Google Earth. The
user can zoom by using the mouse wheel, a slider in the tool bar or two buttons next
to the slider. Panning is done by dragging the background of the plan or by using a
navigation element in the tool bar. Furthermore, the user has the option to navigate by
selecting a date.

Changes in the plan are done by direct manipulation. The user can drag and drop
assignments in the plan. This is also the way to insert new assignments. In this case
the user can drag a mockup assignment into the plan. All changes are distributed to
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Figure 5.2: The planning area

Figure 5.3: The assignment is shown transparent while dragging

all clients immediately. While one user is dragging an assignment all other users can
follow the movement of the assignment. Until the assignment is dropped the rectangle
is rendered transparent on the plan (see figure 5.3).

5.4 Detail

The detail area has more functionality than showing the details: the user can search for
customers, can insert new assignments, insert new open failures and the user can plan
customers with due maintenance contracts. This part of the interface is organized using
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Figure 5.4: The detail and action area
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three tabs:

• the assignments tab

• the planning tab

• the open failures tab

The planning area and the detail area interact, when assignments are clicked in one
area, the corresponding element is also choosen and shown in the other area. Changes
in one area are immeadiatly shown in the other area.

5.4.1 Assignments

The first tab offers the following functionality:

• search: Customers can be searched by entering their data about the customers in
the search box. The application always provides a full text search over all data
of the customers. For example a search ‘Schneider Eisenstadt’ will provide all
customers with ‘Schneider’ in the name and living in ‘Eisenstadt’, furthermore the
result will also contain customers with ‘Schneider’ in the name and living in the
street ‘Eisenstadt Straße’ for example. This way to search is similar to internet
search engines, which is familiar to most users. Furthermore, it should be more
user friendly than a conventional search functionality where the user has to specify
the search criteria for each database field explicitly.

• information: All information about a selected assignment is shown.

• edit: Assignment data and information like the phone number can be edited in
place.

• insert: For the insertion of assignments the user has two alternatives: drag´n´drop
the mockup to the plan or let the system suggest a date for an assignment. Fur-
thermore a new open failure can be inserted - the open failures are displayed in
the ‘Open failure’ tab.

5.4.2 Planning

The planning tab is shown in figure 5.5. In our application we represented the number of
customers that have to be serviced using a heat map. The heat map has been described
by Wilkinson [Wilkinson, 2009]:

It consists of a rectangular tiling with each tile shaded on a color scale to
represent the value of the corresponding element of the data matrix.
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Figure 5.5: Planning of assignments of customers with due maintenance contracts

Figure 5.6: Visualization of open customers using a heatmap

The heat map shows the number of open customers via color intensity. Each square
shows the data of one week (the number on the square tells the user which calendar
week is shown). When the user points to a square on the heatmap detailinformation is
shown (date and number of customers, figure 5.6). When the user clicks on the squares,
the corresponding customers are selected for planning.

With the set of selected customers a plan will be generated using the savings al-
gorithm, as this algorithm is used in many applications in practice [Domschke, 1990]
and delivered good results in our tests. The calculated assignment plan is shown with
transparent assignments in the plan until the user accept the proposed plan.
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5.4.3 Open Failures

The list of open failures is displayed on the third tab. The layout of this tab is very
similar to the assignments tab, with the only difference that open failure assignments
can’t be inserted automatically.

5.5 Collaboration
In the collaboration area of the window two lists are shown: the active users and common
messages. In the list of active users all users working on the system are shown, as soon
as they close the application they disappear on all clients. The list of common messages
can be used to notify the other users about important news.
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Implementation

In the next step a prototype of the design has been implemented. Later the implemented
prototype was evaluated by potential users.

For the implementation Visual Studio 2010 with .net 4.0 was used. For the user
interface the WPF 1 framework was used, the communication between the server and
the clients is implemented with WCF 2. As database Microsoft SQL Server 2010 Express
Edition is in use.

6.1 Model-View-Viewmodel (MVVM)

The MVVM (Model-View-Viewmodel) Pattern has been developed for WPF and Sil-
verlight applications. It is based on the Model-View-Controller Pattern. The goal of
MVVM is to keep the code as maintainable as possible. This is achieved by separating
the user interface from the logic as strongly as possible. This is only possible by the so
called data binding infrastructure of WPF. When binding a property of the user inter-
face to the view model the two elements (user interface and view model) are only loosely
coupled, so in the view model no code for accessing the interface is needed. Another
advantage is the testability of the view models, as this can be done programmatically.

The data binding has to know about updates of the data in the view model. This is
done by implementing the INotifyPropertyChange interface in the view model and after
each change of the data the binding has to be informed by the PropertyChanged event.
For collections the ObservableCollection<T> class already exists, when using this class
the framework is informed about adding and deleting items. In this way every update
is automatically displayed in the user interface.

1WPF = windows presentation foundation
2WCF = windows communication foundation
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Thus the classes are divided into view (the user interface), model (those classes are
responsible for the data acquisition and data storage) and for the view model (the data
preparation for the view and the logic).

The user interface of WPF applications is defined in XAML (an XML language).
When the MVVM pattern is consistently applied no single line of code is needed in the
corresponding codebehind file. The reference to its code is done by binding to objects
that implement the ICommand interface. A class is implemented for each command, the
command can be bound to multiple actions in the user interface, for example to some
buttons or a menu item.

The ICommand interface has two methods: execute and canExecute. In the execute
method, the actual logic for the command is implemented. The method canExecute
notifies WPF whether the command can be executed or not. The corresponding user
interface controls are switched inactive, when the method canExecute returns false. The
method canExecute is called by WPF cyclically, so the developer does not have to take
care about updating the user interface.

Another advantage when using MVVM is the possibility to use Microsoft Blend.
Microsoft Blend is a tool for the development of the user interface. In comparison to the
possibilities of Microsoft Visual Studio, Microsoft Blend offers better functionality and
support for the development of user interfaces. Blend only works with the XAML files,
therefore it is necessary that no code behind exists.

6.2 MVVM light toolkit

In learning WPF and MVVM we found the MVVM toolkit from the company Galasoft3.
It is a freely available library which facilitates working with the MVVM pattern WPF.
The library provides the following functions:

• EventToCommand behavior

• RelayCommand and RelayCommand<T>

• Messenger

6.2.1 EventToCommand behavior

Normally commands can only be bound to few events of the user interface (for example
clicking on a button). By EventToCommand behaviors (behaviors are special classes in
WPF that can be attached to user interface elements) commands are not limited to this
few specific events. Only through this functionality, it is possible to avoid code in the
code behind file.

3the library can be accessed at http://www.galasoft.ch/mvvm/getstarted, last access on January 24,
2011
an interesting video is available at http://ecn.channel9.msdn.com/o9/mix/10/wmv/EX14.wmv, last ac-
cess on January 28, 2011
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6.2.2 RelayCommand and RelayCommand<T>

The normal use of ICommand implementations has the disadvantage that for each Com-
mand a separate class has to be implemented. This approach produces very much code
which partly has the same content. The RelayCommand avoids this. When instantiat-
ing the class the constructor takes two parameter: the first parameter is a delegate to a
method that has to be called for execute and the second parameter is a delegate for the
method canExecute.

The call is made even shorter using lambda expressions. Lambda expressions are
language constructs from functional programming, which can be utilized in the new
versions of C#. The following example demonstrates the use of RelayCommand using
lambda expressions (from the command for the search function in A-Plan):

public RelayCommand<string> SearchCustomers
{

get;
private set;

}

...

SearchCustomers = new RelayCommand<string>(
m => { proxy.GetCustomer(m);

IsBusy = true; },
m => !IsBusy);

The first parameter is the call to the execute method, the parameter of type string is
also used. The second parameter is filled with the value of the boolean variable IsBusy,
thus the command can not be executed as long as a search query runs (for example the
button that is bound to this command, can not be clicked as long as the variable IsBusy
is set to true).

6.2.3 Messenger

In the MVVM light toolkit also a messanger function exists. This is especially useful
to communicate between two view models. Normally the view models don’t know each
other, so they have no reference to the other view model. When the messenger is used,
methods can be registered to the messenger. Every time the send method is called from
the messenger, all registered methods are notified. This functionality has been used in
the project to communicate between the planning area and the detail area.

6.3 Middleware
In section 3.2.4 we already discussed techniques to share the data between many clients
to support collaboration. Groupware frameworks offer a high abstraction level and seem
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Figure 6.1: The ABC-Concept of WCF [Kuhrmann and Beneken, 2006]

to be practicable tools to develop the functionality of collaboration in A-Plan. First we
learned how to use the framework and we analyzed the GroupLab.Networking library4 in
more detail. This library has the most mature development status. The other libraries5

discussed in 3.2.4 have been developed at the university of Calgary. In our opinion the
abstraction as shared dictionary is a good way to distribute updates of data without
taking care about low level routines that handle the communication over the network.

In our experiments we had to find out that the elements of the shared dictionary
can only be simple data types (such as string or int). Own classes, for example a class
for an assignment, can not be used in these libraries. Due this disadvantage the data
needs to be transferred in a sort of marshalling mechanism which makes the use of this
technology very complicated.

6.3.1 Windows Communication Foundation (WCF)

Therefore we have discarded the use of groupware frameworks and decided to use WCF
(we already introduced WCF in section 3.2.4). WCF is part of the .net framework and
that is why we have chosen this technology. Kuhrman gives in [Kuhrmann and Beneken, 2006]
a good overview of functionality and usage of WCF (figure 6.1).

The three components A-B-C have the following meaning:

• Address: specifies where the service is accessible

• Binding: describes how the service communicates, for example using TCP or
HTTP

• Contract: describes what functions the service offers

In our project we used net.tcp as binding. This binding is restricted to WCF ap-
plications only, but offers better performance. The interoperability provided by other
bindings was not necessary for our application.

4The library is available at http://grouplab.cpsc.ucalgary.ca/software/networking/, last access Jan-
uary 22, 2011

5The other libraries like Groupkit or SDG Toolkit are available at
http://grouplab.cpsc.ucalgary.ca/software, last access January 22, 2011
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Figure 6.2: Overview of namespaces of A-Plan

The contracts are defined in the two interfaces IAPlanService and IAPlanCallback.
IAPlanService defines the interface of the server and IPlanCallback defines the interface
of the client which can be called by the server. This is necessary since all calls are made
asynchronously. If the call would be synchronously the processing of the application
would be suspended until the call of the service is terminated. These interruptions are
not very user friendly, so we decided to develop the communication between server and
client with asynchronous calls. At the end of each function on the server the client is
called with the result as parameter.

6.4 Architecture

Figure 6.2 shows the namespaces of A-Plan. APlanClient includes all classes for the
client application (controls and the main window), APlanServer has the program code
to start and shut down the server, APlanViewModel includes all view model classes
(shown in figure 6.4.3) according to the MVVM pattern and APlanService includes the
classes for data access (figure 6.3) and the service implementation (figure 6.4).

6.4.1 Data Classes

Figure 6.3 shows the implemented classes for the access to the database, the classes
correspond to the tables in the database. For the access to the database language
integrated query (LINQ) is used.

The classes offer the following functionality:

• Customer stores data about the customer, like name, city, street, etc.

• City includes data about cities - for example the city name, the latitude and
longitude (necessary for route calculation)

• Regiogroup divides the cities into regional areas
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• IBase can be understood as premise of the customer. The address of a IBase can
differ from the address of the customer, this often happens when a customer has
more then one house (for example a company with many branches).

• Installation is an installed gas device.

• Assignment includes the necessary data about a single assignment.

• Message stores the information for the exchange of messages (for collaboration).

6.4.2 Service Classes

The service classes (figure 6.4) in A-Plan are:

• APlanService offers all methods that are accessible as service (via WCF).

• Routeplan is a calculated route plan using the savings algorithm.

• Route is a helper class that represents a route of one technician on a specified date.

6.4.3 Viewmodel Classes

The view model classes deliver the data as needed for the user interface. Base class for all
view model classes is the ViewModelBase class from the MVVM toolkit. By inheriting
from ViewModelBase all classes have the PropertyChanged event and the OnProperty-
Changed method. The only thing that is necessary is to call the RaisePropertyChanged
method when a property is updated.

The following view model classes have been implemented:

MainViewModel

The most important view model class communicates with the server and offers the data
for the main window

EmployeeViewmodel

The EmployeeViewmodel class offers the data needed to view the employee information
in the user interface.
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Figure 6.3: Data classes of A-Plan
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Figure 6.4: Service classes of A-Plan

AssignmentViewModel

This class provides the information for the assignments. A transformation between time
information (date from and to) and spatial information (the coordinate on the assignment
plan) is also performed by this class, an update on one information automatically updates
the other information as the date of an assignment corresponds to certain coordinates
on the timeline. The control in the user interface is bound to the X and Y properties of
the object, when a user drag an assignment not only the coordinates are updated, the
setter properties also set the date of the assignment.

The coordinate of the assignment can be calculated using equation 6.1. An explana-
tion of the variables gives figure 6.5.

x = (Hours ∗ 60 + Minutes) ∗ PixelPerMinute + Days ∗ DayWidth (6.1)

The width of a day in pixel is calculated in equation 6.2.

DayWidth = (EndTimePerDay−StartT imePerDay)∗PixelPerMinute+DistanceP ixel
(6.2)
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Figure 6.5: Calculation of coordinate from given date

When calculating the number of days since the startdate the application has to take
care of weekends (weekends are not shown in the plan).

Days = NumberOfWeekdays(AssignmentDate − StartDate) (6.3)

When the X property of the object is updated, the date of the assignment is updated
and the same calculation is done in reverse.

CustIBaseViewModel

Holds the data of one IBase of a customer.

MessageViewModel

View model for the messages displayed in the lower area of the main window.

UserViewModel

Delivers the data for the list of logged in users.

ViewModelLocator

Normally the view model would be instantiated in XAML. The ViewModelLocator pro-
vides a way to access the MainViewModel globally. The second advantage is the possi-
bility to pass a parameter to the constructor. This approach was also recommended in
the use of MVVM light toolkit6 .

6The video of the talk can be downloaded at http://ecn.channel9.msdn.com/o9/mix/10/wmv/EX14.wmv,
last access January 28, 2011
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6.5 Optimization

The optimization for automated generation of an assignment plan is implemented using
the savings algorithm (section 3.3.2). The algorithm calculates the following steps:

• generate routeplan from existing assignments

• create pending tours (assign to employee with minimum distance to customer)

• calculate savings for the tours

The last step optimize the distances between the single tours. The processing of this
part is illustrated in the following pseudo-code:

while(savingFound)
{

when t1 is set
{

detect the earlier tour of t1 and t2
when t1.Assignments.Count + t2.Assignment.Count <= MaximumRoutesPerDay
{

join t1 and t2 to earlier tour
discard the later tour

}
}

savingFound = false
search for maximum saving in saving matrix
when saving exists
{

savingFound = true;
set t1 and t2 to the tours of the found saving

}
}

6.6 Zoomable Canvas

When implementing the visualization of the plan, we encountered the problem of dis-
playing many visual objects and permitting to pan and zoom smooth. The challenge is
to render only the objects that are currently visible in the view port. Via internet search,
we found a blog by Kael Rowan entitled Zoomable Canvas7. The Zoomable Canvas con-
trol has also the ability to make a semantic zoom to show different levels of detail at

7http://blogs.msdn.com/b/kaelr/archive/tags/zoomablecanvas, last access January 28, 2011
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Figure 6.7: Principle of Quadtree [Geoinformatik Uni Rostock, 2001]

different levels of zoom, as in Code Canvas [Deline and Rowan, 2010]. The implemen-
tation of a semantic zoom in A-Plan would be an improvement for the visualization of
the assignments, due the lack of time this feature could not be implemented.

The presented technique is the basis for the implementation of the visualization of
the timeline in A-Plan. We used three Zoomable Canvas controls in our assignment
view control to implement the visualization of the assignments. In XAML it is often
not necessary to implement a completely new control, the better way is to customize
existing controls. We implemented the visualization as ListBox, with a new template for
the ItemsPanel of the ListBox. In the ItemsPanel of the ListBox the Zoomable Canvas
is used with a binding to the Assignments collection of the MainViewmodel. We defined
an new ItemContainerStyle to visualize the items of the collection, the position of the
ListBoxItem is set using bindings to attributes of the elements of the collection. Using
the MVVM pattern, all updates between the visualization (the ListBoxItem) and the
corresponding view model (AssignmentViewModel) is done automatically.

The implementation of the Zoomable Canvas is based on a so called quadtree, a
quadtree makes it possible to answer the question ‘which objects are in a given rectangle?’
efficiently. According to the website of the university of Rostock, department for geodesy
and geoinformatics, [Geoinformatik Uni Rostock, 2001] a quadtree is a spatial index,
which splits a spatial data set into homogeneous cells with uniformly decreasing size.
The cells on each level are one quarter of the area of the previous cells. The process of
subdividing continues until a sufficient partitioning is reached. By traversing the tree
structure the data can be accessed efficiently.
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Evaluation

In order to assess the usability and utility of our design and implemented prototype, a
qualitative evaluation with domain experts was conducted. The goal of this evaluation
was less focused on validating the correct behavior of the prototype, but on investigating
to what extent A-Plan meets the presented requirements.

7.1 Method

The evaluation was done by demonstration of the prototype, by task solving by users
and by a semi-structured interviews. The guidelines for the evaluation can be found in
the appendix C of this document. For the test a PC and a laptop have been used to
demonstrate the possibilities of collaboration. The test subjects should solve some tasks
with A-Plan, while doing this they should express their thoughts aloud. This method is
called the ‘think aloud method’:

The think aloud method consists of asking people to think aloud while solving
a problem and analysing the resulting verbal protocols.[Someren et al., 1994]

The tasks that had to be solved by the test subjects and the details of the tasks can
be seen in appendix B:

• searching for information about customers

• move, edit and delete assignments

• insert open failures

• insert assignments using the automated planing function
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7.1.1 Materials, Procedure & Analysis Approach

During this process we made audio recordings and the activities of the system were
recorded by a screen recorder software. In addition, written notes have been made
about the activities of the testers. Through this multiple logging approach we wanted
to avoid that interesting aspects will not be included in the analysis of the evaluation.

After the tasks a semi-structured interview was conducted. The questions were
general questions about the application, questions about the visualization of the plan,
about the detail area (assignments and open failures) and about the long term planning
functionality of A-Plan. The questions are listed in appendix B.

The results of the test were collected and analyzed in tabular form. To categorize
the results the proposed categories by Forsell & Johansson [Forsell and Johansson, 2010]
were used. By doing this most important points for improvement have been identified.
The categories of Forsell & Johansson are listed in table 7.1. The proposed heuristics
of Forsell & Johansson are a new set of general heurstics for common and important
usability problems that provides the widest coverage of the given problems.

We carried out the prototype evaluation with five persons: two customer care agents,
one service technician and two IT experts:

• Student of informatics, female, 29 years old

• IT expert, male, 45 years old, skills in programming, system administration and
SAP CRM knowledge

• customer care agent, female, 33 years old, works since two years in this field of
work

• customer care agent, female, 26 years old, works since four year in this field of
work

• customer service technician, male, 36 years old, works as technician for 15 years

The main focus was on the potential users of the system (the customer care agents).
In section 4.3 we described two abstract personas, now in the evaluation the two customer
care agents assume the role of Julia Steiner and the service technician assume the role
of Erich Gruber. The reason to test the prototype with a service technician is, that
in times with big crowds a service technician has to help in the back office and so we
wanted to test this situation. With the two IT experts we wanted to get more critical
feedback about the usability of the prototype.

In our evaluation we evaluated the scenarios from section 4.4. The users had to solve
tasks that are described in more detail in appendix B.

7.2 Results
In general the feedback was very positive. When analyzing the the found problems and
issues based on the heuristics of Forsell & Johansson [Forsell and Johansson, 2010], most
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B3 Spatial Organization. Concerns user’s orientation in the information space,
the distribution of elements in the layout, precision and legibility, efficiency
in space usage and distortion of visual elements

B5 Information Coding. Perception of information is directly dependent on the
mapping of data elements to visual objects. This should be enhanced by using
realistic characteristics/techniques or the use of additional symbols.

E7 Minimal actions. Concerns workload with respect to the number of actions
necessary to accomplish a goal or a task.

E11 Flexibility. Flexibility is reflected in the number of possible ways of
achieving a given goal. It refers to the means available to customization
in order to take into account working strategies, habits and task requirements.

B7 Orientation and help. Functions like support to control levels of details,
redo/undo of actions and representing additional information.

B3 Spatial organization. Concerns users orientation in the information space, the
distribution of elements in the layout, precision and legibility, efficiency in
space usage and distortion of visual elements.

E16 Consistency. Refers to the way design choices are maintained in similar contexts,
and are different when applied to different contexts.

C6 Recognition rather than recall. The user should not have to memorize a lot of
information to carry out tasks.

E1 Prompting. Refers to all means that help to know all alternatives when several
actions are possible depending on the contexts.

D10 Remove the extraneous. Concerns whether any extra information can be a distraction
and take the eye away from the seeing the data or making comparisons.

B9 Data set reduction. Concerns provided features for reducing a data set, their
efficiency and ease of use.

Table 7.1: Categories proposed by Forsell & Johansson [Forsell and Johansson, 2010]
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B5 Information Coding. 10
B7 Orientation and help. 10
E7 Minimal actions. 8
B3 Spatial organization. 3
B3 Spatial Organization. 3
E16 Consistency. 2
E11 Flexibility. 1

Table 7.2: Occurences per Category

of them were of the categories B7 Orientation and help and B5 Information Coding (both
10 times), followed by E7 Minimal actions (8 times) — the other occrences can be seen
in table 7.2. In the following we will provide more details on the gathered data.

Three persons (the customer care agents and the service technician) gave very positive
feedback about the speed in which the required tasks can be solved with A-Plan. For
example the scheduling of a customer for maintenance in the current system can be
estimated with four minutes effort, in A-Plan this can be done within a few seconds.
The search function received much praise also, as the way to search in A-Plan is familiar
to all users from search engines in the internet, this is a very easy and fast way to find the
desired data. The possibility to plan customers automatically to service technicians is
very interesting for the subjects, as the planning is currently completely done manually.
In the actual system this is a very time consuming operation.

The screen layout was clear to all subjects. For three subjects the screen layout was
a little overloaded in some areas, but they also mentioned that they have no idea how
to make it better. For one customer care agent the simple way to modify the data was
unfamiliar, she would prefer an additional confirmation for some operations. This is also
the way how to work in the current system. One tester would prefer to use a save button
instead of the automatic save with undo/redo capability.

The program crashed in some situations, which was not a problem for the testers, as
we educated them about the early development and test state of the system. For a real
world application bugs should be corrected.

An important thing, which is missing, is the activity history of assignments. For
example if an agent deletes an assignment no one can comprehend what has been done,
because the data doesn’t exist anymore. This functionality has been planned in the
conceptual design of the application but was not implemented due to lack of time.

7.2.1 Planning Area

The visualization of the plan was clear for all testers. The functionality to show details
by tooltips has not been recognized by the users. Only after we give them a hint, they
used the function and found it useful. The way to move assignments by drag-and-drop
was no problem for the testers. The way to get details of assignments earned positive
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Figure 7.1: Movement of an assignment outside of the current view

Figure 7.2: Distinction between fixed assignments and not fixed assignments

feedback too, the testers who work with the current system mentioned that the system
is very fast.

Some problems occurred at several or even all testers. We want to discuss these
problems that happened often in more detail:

Movement of an Assignment Outside of the Current View

The most common problem for the users during the prototype evaluation occurred on
the shifting of assignments. The task was to move an assignment to the next day, all
users tried to do this by dragging the assignment to the next day. The problem happened
when they reached the border of the plan, they could not move the assignment anymore
(figure 7.1).

Recognition of Fixed Dates

For the test persons the distinction between fixed and not fixed assignments was not
strong enough (cmp. figure 7.2), they would prefer to use different colors or a border
around the fixed assignments.
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Figure 7.3: Overlapping assignments

Overlapping Assignments

In some test cases, the tester dropped an assignment over an existing assignment (figure
7.3). We didn’t implement a reaction of the program (for example, a possible reaction
could be that this operation is not allowed), so the second assignment is on the top of
the other and the lower one could not be seen anymore.

Direct Manipulation

For three testers the way to zoom and pan was very unfamiliar, they would prefer a
fixed view where no free panning and zooming is possible. One test person mentioned
that the movement of an assignment by drag and drop can happen unintentionally, she
would prefer to move assignments with the right mouse button.

7.2.2 Detail Area

In general there was not much criticism about the detail area, some mentioned this area
is a little bit overloaded, they also mentioned that if they would work every day with
the application they would get used to it.

A problem occurred two times at the insertion of an open failure: two testers clicked
more than once on the button to insert an new open failure, so the application should
give more feedback. It would be also possible to prevent this by disabling the button
when an open failure already exists. It doesn’t make sense to have more than one open
failure for one customers site.

7.2.3 Planning

The planning functionality earned very positive feedback, the calculated plan was ac-
ceptable, the handling of the planning area is easy and clear. One tester had problems to
understand the heat map, she would prefer a different representation instead a calendar.
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7.3 Summary
Conducting the evaluation was a very interesting part of this project, testing the ap-
plication with people who do their daily work in this field brought interesting inputs.
Some issues arose from our opinion that the users who did the evaluation are not familiar
with techniques like direct manipulation. In the current system every action has to be
acknowledged, direct manipulation without the need of a save button is very unfamiliar.

The general feedback of study participants was very positive and a number of short-
comings and future improvements could be identified.





CHAPTER 8
Conclusion

In this work we implemented an application for scheduling technicians. In the beginning
we investigated the field of work in such a company. It became apparent that the
standard software used does not support the needed tasks well. For customer care
employees, standard work routines are very cumbersome to carry out. This leads to more
effort needed for processing the cases and causes longer waiting times for the customers
of the company. Interestingly, paper-based workarounds have been developed by the
employees of the investigated company to mitigate these problems. We were somehow
astonished to encounter this quite sophisticated system of paper-based artifacts to reach
a more or less smooth working environment. This provided us with very valuable insights
for our developments.

Therefore we based in the development of a new system on human-centered design
[Stone et al., 2005], we conducted interviews where the needs and goals of potential users
were obtained. Based on the results of these interviews, certain types of individuals were
derived. This approach corresponds to the concept of Personas, Goals and Scenarios by
Alan Cooper [Cooper, 2004]. These Personas and Scenarios helped us to design the
application.

In this thesis we have shown that the integration of potential users in the design of
an application is an important factor. Functionality is not the most important factor,
however it is mandatory that designers take the goals of the application, as well as the
need of the potential users into consideration. The result is an application that has the
needed functionality in one interface.

We also studied the related literature in the areas user interface and interaction, col-
laboration and optimization. We discussed some techniques to visualize time-dependent
data and searched for ways to interact with this data. As our system is used by more
than one person at a time, collaboration is also an important aspect. We showed how an
application has to be designed when more people should cooperate in the application.
For the optimization task we discussed discrete optimization problems in general and
showed two heuristics to solve the task.
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Based on this information we designed a mockup prototype and discussed this with
an expert. Afterwards we implemented the prototype in C# with new techniques WPF
and WCF. We implemented the application using the MVVM pattern, which allows a
clean separation between interface and logic.

Collaboration between users is necessary in corporations, where multiple users work
with the same data. We showed an implementation, where the data is distributed in
real time to all clients. Aspects of awareness have also been taken into account. In most
of the investigated applications, support of collaboration was not available.

A time-saving functionality is the automated creation of a plan. To find the ‘optimal’
result is not as important to create a good fast result. We also showed in A-Plan how
to integrate the automated planing function into the application. The plan constitutes
a proposal for the user. The user may review the suggested assignment and accept or
deny the proposed plan. Using this human-in-the-loop approach, automatic planning
and human judgement are closely coupled using interactive visual interfaces.

We evaluated the implemented prototype with three users of the current system and
two IT experts. Testing the prototype with people who do their daily work in this field
yielded much interesting feedback. Some issues arose from the fact that the users who did
the evaluation were not familiar with techniques like direct manipulation. In the current
system every action has to be acknowledged explicitly and direct manipulation without
the need of a save button is therefore unfamiliar. Overall, we received encouraging
feedback and were able to identify shortcomings of the design and functionality of A-
Plan. All evaluation participants would prefer to use A-Plan instead of the existing
system.

The application A-Plan brings big improvements in visualization, interaction, collab-
oration and automated planning compared to software systems in use. The use of A-Plan
would simplify the work in the illustrated planning scenario. The main contribution of
our work is that we have shown an effective integration of automatic methods and in-
teractive visualizations based on a user-centric development approach. The integration
of the strength of both the human and the computer enables the creation a powerful
environment for a set of non-trivial and complex tasks.
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Future Work

As A-Plan is currently in the prototype stage, a number of directions for future work
remain. Firstly, there are a number of software bugs that need to be fixed in order to
improve the stability of the tool. Furthermore, the issues that surfaced in our evaluation
(chapter 7.2) should be addressed:

• The movement of an assignment outside of the current view should be possible.
The application should pan automatic, so that the assignment is in the view again.

• Fixed and not fixed assignments should be presented in different ways

• Overlapping assignments should not be possible — the application should insert
the assignments after each other

• Improvements in direct manipulation: for some users the movement of an as-
signment has been done unintentionally, an improvement would be an additional
process step.

An interesting improvement for the visualization of the plan could be a seman-
tic zoom. In section 6.6 the Zoomable Canvas by Kael Rowan was introduced. The
Zoomable Canvas control has also the ability to make a semantic zoom to show different
levels of detail at different levels of zoom, as in Code Canvas [Deline and Rowan, 2010].
This functionality could be implemented in A-Plan too. For example when the user
zooms out to a very high level the text on the assignments can’t be read anymore — so
the text could simply be omitted instead when it gets too small.

An important thing, which is missing, is the activity history of assignments. During
the evaluation (section 7.2) some testers commented, that it would be very useful to
have a history of all activities of an assignment. It was also planned to implement this
feature, but it was not possible due the lack of time.

Future work can also be done in optimization algorithm of A-Plan. A simple sav-
ings algorithm implementation was used for the application. For testing purposes this
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algorithm delivered good results. A possibility for better results would be to use an
improvement algorithm on the result of the savings algorithm.

If A-Plan should be used as planning instrument in the investigated company, the
application has to be integrated in the currently used IT environment. All customer
information (like the IBase, devices and so on) are currently maintained in the ERP
system, so all data between A-Plan and the ERP system have to be replicated. This
leads to many other issues in operation. Therefore, the integration of A-Plan into an
existing system environment would need as much effort as the implementation of A-Plan
itself.



APPENDIX A
Interview Guideline

A.1 German Version

A.1.1 Fragen

Person

• Welche Ausbildung haben Sie?

• Welche Aufgaben übernehmen Sie im Unternehmen?

• Welche Computerkenntnisse haben Sie?

Visualisierung

Möglichkeiten zur Visualisierung und Interaktion von Daten werden vorgestellt:

• Time Lines

• Life Lines

• GANTT

• Time Mosaics

• Overview and Detail

• Zooming

• Focus and Context

Welche Techniken kennen Sie bzw. welche erachten Sie als geeignet für die gestellte
Aufgabe?
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Bestehendes System

• Welche Tätigkeiten sind am bestehenden System umständlich durchzuführen?

• In welchen Situationen ist das Arbeiten besonders schwierig?

• Aufgrund welcher Informationen treffen Sie Entscheidungen?

• Welche Funktionen benutzen Sie im System?

• Welche Funktion wird davon am Häufigsten eingesetzt?

• Welche Aufgabe könnte am Besten im bestehenden System verbessert werden?

• Welche Tätigkeiten machen Sie als Erstes in der Früh?

• Welche Tätigkeit ist an Ihrer Arbeit besonders unangenehm?

A.2 English Version

A.2.1 Questions

Person

• What education do you have?

• What are your responsibilities in the company?

• What computer knowledge do you have?

Visualization

Possibilities for visualization and interaction are presented:

• Time Lines

• Life Lines

• GANTT

• Time Mosaics

• Overview and Detail

• Zooming

• Focus and Context

What techniques do you know or what do you consider to be suitable for the task?
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Existing System

• Which tasks are complicate on the existing system?

• In which situations is working particularly hard?

• On what information do you make decisions?

• What features do you use in the system?

• What is the function which is used most frequently?

• What task could be improved best in the existing system?

• What tasks do you do first in the morning?

• What activity is particularly uncomfortable in your work?





APPENDIX B
Evaluation Guideline

B.1 German Version

B.1.1 Aufgabe

Das Ziel dieser Arbeit ist, eine Applikation für die Planung von Serviceeinsätzen von
Technikern zu entwickeln. Fokus ist dabei die Interaktion, die Visualisierung, die Koop-
eration der Planer sowie die Möglichkeit automatisiert Routen zu berechnen.

B.1.2 Methode

Es wurde die Arbeitsweise mit einer aktuell im Einsatz befindlichen Standardsoftware
(SAP CRM) analysiert. An der bestehenden Vorgangsweise wurden Schwachstellen
aufgezeigt. Es wurden verschiedene aktuelle Möglichkeiten zur Visualisierung und Inter-
aktion untersucht. Der neu zu entwickelnde Prototyp soll die Zusammenarbeit mehrer
Benutzer ermöglichen. Für die automatisierte Planung konnte eine geeignete Heuristik
gefunden werden.

Mit diesen Informationen wurde ein Prototyp entwickelt, der den Anforderungen
gerecht werden soll. Bei der Benutzung des Prototypen kann es zu unbeabsichtigen
Abstürzen und Fehlverhalten kommen, da der Prototyp noch nicht ausreichend getestet
wurde. Ziel dieser Evaluierung ist jedoch nicht die Überprüfung des Prototypen auf
korrektes Verhalten, sondern inwieweit das vorgestellte Konzept für die gestellten An-
forderung als geeignet erscheint.

Im ersten Schritt wird der aktuelle Stand des Prototypen demonstriert. Daraufhin
haben die Testpersonen mit dem Prototypen bestimmte Aufgaben zu lösen, danach folgt
ein semistrukturiertes Interview über die Bedienung des Prototypen. Die Person wird
daraufhin hingewiesen, dass nicht sie getestet wird, sondern der Prototyp. Außerdem
wird nicht primär die Funktionalität, sondern die Bedienbarkeit des Prototypen getestet.
Der Tester darf die Evaluierung jederzeit abbrechen.
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B.1.3 Aufgabenstellungen

Folgende Aufgabenstellungen sind durchzuführen, der Benutzer soll dabei laut seine
Gedanken sprechen:

• Suchen Sie Kunden ‘Bruno Aichinger’ aus ‘Eisenstadt’, welche Informationen kön-
nen Sie ablesen

• Verschieben Sie den Termin um einen Tag und stellen Sie den Termin als ‘fixiert’
ein

• Löschen Sie den Termin von Marcel Klemenschits

• Der Kunde ‘Kurt Schneider, Waldeg 4, Eisenstadt’ meldet eine Gerätestörung,
erfassen Sie diese

• Planen Sie diese offene Gerätestörung ein

• Erstellen Sie einen Plan mit ca. 40 Kunden ab 10.2.2011, sehen Sie sich die einge-
planten Einsätze an

• Planen Sie die Frank Uchner (Anlage Kulmbachstr.) für die Wartung ein

B.1.4 Leitfaden für Fragen

Generelle Fragen zur Applikation

• Was wurde Ihrer Meinung nach gut umgesetzt?

• Was wurde Ihrer Meinung nach nicht gut umgesetzt? Warum?

• Welche Aufgaben können mit dem Prototypen Ihrer Meinung nach nur schwer
durchgeführt werden?

• Wie finden Sie den Bildschirmaufbau?

• Was kann verbessert werden?

Planungsbereich

• Wie beurteilen Sie die Darstellung im Planungsbereich?

• Wie beurteilen Sie die Interaktiosnmöglichkeiten im Planungsbereich?

• Wie nützlich finden Sie die Detailinformationen mittels Tooltips?

• Sind die Möglichkeiten in der Zeit zu navigieren verständlich?

• Ist die farbliche Darstellung der Termine in Ordnung?
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Detailbereich und Suchfunktionalität

• Wie beurteilen Sie die Darstellung im Detailbereich?

• Wie beurteilen Sie die Suchfunktion?

• Wie finden Sie die Möglichkeiten Wartungstermine einzuteilen (Drag´n´Drop bzw.
mittels Vorschlag)?

• Wie beurteilen Sie die Möglichkeit Einsätze mittels Eingabe einer Uhrzeit zu edi-
tieren?

Planung

• Wie beurteilen Sie die Darstellung der offenen Wartungen (heat map)?

• War die Bedienung verständlich?

Offene Gerätestörungen

• Ist die Aufteilung in Wartungen und Gerätestörungen Ihrer Meinung nach sinnvoll?

Zusammenarbeit

• Wie beurteilen Sie die Möglichkeit zur Zusammenarbeit?

• Wie beurteilen Sie die Möglichkeit Nachrichten an die Kollegen zu verteilen?

Abschluss

• Können Sie sich vorstellen, die Applikation für eine derartige Aufgabenstellung
einzusetzen?

• Optional: Wie beurteilen Sie A-Plan im Vergleich zur bestehenden Applikation?

B.2 English Version

B.2.1 Project

The goal of this work was to implement an application for planning of service assign-
ments of technicians. Focus was the interaction, visualization, the collaboration of the
dispatcher as wells as the possibility for the automated calculation of routes.
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B.2.2 Method

The currently standard software in use (SAP CRM) has been analyzed. The existing
problems of the current solution have been identified. Possibilities for visualization and
interaction has been examined. The prototype should allow the cooperation of several
users. For automated planning we found a suitable heuristic.

With this information we developed the prototype A-Plan, this prototype should
fulfill the requirements. At the operation of the prototype the application may crash or
misconduct. The reason is the early development status of the prototype. Goal of this
evaluation is not to test the correct behavior of the prototype, but how far is A-Plan
suitable for the presented requirements.

In the first step, the current state of the prototype will be demonstrated. Subse-
quently, the evaluators have to solve certain tasks with the prototype, followed by a
semi-structured interview about the prototype. The person is pointed out that not she
will be tested, but the prototype. The tester may stop the evaluation at any time.

B.2.3 Tasks

The following tasks have to be done with the prototype, the user should speek about his
experience:

• Search for the customer ‘Bruno Aichi’ from ‘Eisenstadt’. What information do you
see?

• Move this assignment to the next day and set the assignment as fixed.

• Delete the assignment from Marcel Klemenschits

• The customer ‘Kurt Schn..., Eisenstadt’ reports a device failure, record this case

• Plan the device failure from the previous point

• Create a plan with 40 customer starting at ..., take a look on the planned assign-
ments.

• Plan the maintenance of Frank ... (IBase Kulmbachstr.)

B.2.4 Guide for questions

General questions about the application

• What has been implemented well in your opinion?

• What has been implemented not good in your opinion? Why?

• What tasks can be solved difficult with the prototype?

• How do you like the screen layout?

• What can be improved?



B.2. ENGLISH VERSION 91

Planning area

• How do you rate the visualization in the planning area?

• How do you rate the possibilities for interaction in the planning area?

• What do you think about showing detail informations with tooltips?

• Are the possibilities to navigate in time comprehensible?

• How do you rate the use of colors?

Detail area and search functionality

• How do you rate representation in the detail area?

• How do you rate the search functionality?

• How do you like the possibilities to insert assignments(Drag´n´Drop and sugges-
tion)?

• How do you rate the possibility to edit date and time of assignments directly?

Planning

• How do you rate the representation of open maintenance(heat map)?

• Is the operation comprehensible?

Open failures

• Does the separation between maintenance and device failures make sense?

Collaboration

• How do you rate the possibilities for collaboration?

• How do you rate the functionality to send messages?

Completion

• Can you imagine to use the application for the requested tasks?

• Optional: How do you rate A-Plan compared to the existing system?





APPENDIX C
Prototype evaluation results

C.1 Test 1
The first test person (female) was an 29 year old student of informatics (master). She
has no experience with planing software and she also does not work in the investigated
company.

C.1.1 Summary of Tasks
Nr. Time Description Type Category
1 01:10 The current date can’t be seen - the window is

too small and the date label is outside of the
view

deficit B7

2 03:30 Selection of date: should be ‘today’ as default deficit B7
3 04:00 Movement of an assignment with drag-and-drop

to the next day difficult
problem E7

4 05:00 Bug zoomslider problem
5 05:00 100% zoom button is missing deficit E7
6 06:15 selected assignment without attracting atten-

tion
deficit B5

7 07:20 Can’t find button for insertion of new open fail-
ure

deficit B3, B5

8 09:10 Bug zoom problem
9 11:10 Representation as heat map not understandable deficit B5

10 12:30 Person marks all rows for planning deficit E16
11 13:40 The empty list bemused deficit B5

C.1.2 Summary of the Interview

• Screen layout good, a 100% button is missing for zooming
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• The tester misses a save button, in her opinion is accept/decline not necessary

• Visualization of the heat map is not clear, better would be a representation as
calendar

• Selected assignments should be more remarkable

• Tooltips should not be transparent

• Insertion of an assignment with double click would be better

C.2 Test 2
The second person (male) was a 36 years old customer service technician. He works in
the investigated company for 15 years.

C.2.1 Summary of Tasks
Nr. Time Description Type Category
12 00:00 The application should not pan to very old as-

signments
deficit E7

13 01:50 Informations about devices are missing problem B7
14 03:00 Google Maps: problem at scroll/zoom deficit B7
15 05:50 Bug zoomslider problem
16 05:00 Movement of an assignment with drag-and-drop

to the next day difficult
problem E7

17 06:50 The representation of fixed assignments should
be different (color, border)

deficit B5

18 08:05 Deleted assignments are not visible anymore problem B5
19 11:30 Intent of info field not clear deficit B5
20 12:25 Info field to small deficit B5
21 16:45 Can’t find address of IBase deficit B7

C.2.2 Summary of the Interview

• The tester likes automated planning, the speed, the map, the screen layout and
the way information is viewed

• When searching customer with old assignments (older than one month), no panning
should be done

• Some device information is missing

• The representation of fixed assignments should be different (color, border)

• A completely deletion of an assignment should not be possible, a cancellation where
the assignment still exists would be better
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C.3 Test 3

The third test person (female) was an 26 year old employee from customer care. She
works in the investigated company for four years.

C.3.1 Summary of Tasks

Nr. Time Description Type Category
22 01:00 Search with post code leads to program crash problem
23 03:30 Movement of an assignment with drag-and-drop

to the next day difficult
problem E7

24 03:50 Tester move assignment out of the view problem B7
25 03:50 Assignment is behind another assignment problem B3
26 05:55 Program crash problem
27 07:30 Can’t find Button for the insertion of an open

device failure
deficit B3, B5

28 07:50 Button device failure is pressed several times deficit B7
29 09:25 Insert: drag-and-drop does not work problem
30 09:30 Program crash problem
31 10:10 Program crash problem
32 12:20 Selection of single IBase not possible deficit E11
33 13:20 Program crash problem
34 15:00 Program crash problem
35 16:45 Different premises not recognized deficit B7
36 17:25 Insert: drag-and-drop does not work problem

C.3.2 Summary of the Interview

• When doing planning there should be a possibility to deselect single customers

• History of activities on assignments is missing

• The name of the customer should be bold at the assignments in the plan

• Maintenance contracts should be viewed more explicit

C.4 Test 4

The third test person (female) was also an employee from customer care. She is 33 years
old, works since two years in this field of work.
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C.4.1 Summary of Tasks

Nr. Time Description Type Category
37 02:20 Movement of an assignment with drag-and-drop

to the next day difficult
problem E7

38 03:05 Function for fixed assignments not found deficit B7
39 03:50 Before the search is operated the previous cus-

tomer is still on (Clear button)
deficit E7

40 04:45 For test is irritating that the result is automat-
ically selected

41 05:20 Button device failure is pressed several times deficit B7
42 06:20 Program crash problem
43 09:00 Date selection: Why is ‘15’ as an icon when 21st

is selected
deficit E16

44 10:15 Program crash problem
45 12:05 Program crash problem

C.4.2 Summary of the Interview

• Unfamiliar, very different to the existing software

• Search function is very good

• Date should be more highlighted, the days should be better differentiated

• Instead of free zooming/panning would be a fixed view better

• The usage of the navigation symbol is not good

• Movement of assignments with drag and drop is not good, better would be to use
the right mouse key

• The representation of fixed assignments should be different (color, border)

• A border around the customer data would make the detail area more clearer

• When searching for customers the open device failures should be viewed

C.5 Test 5

The last test person was male and an IT expert from the company we investigated.
He works in the investigated company for 20 years. Interesting is, that this person
implemented an individual software for the company. This implemented solution has
been replaced by the system that is still in use by the company.
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C.5.1 Summary of Tasks
Nr. Time Description Type Category
47 02:15 Movement of an assignment with drag-and-drop

to the next day difficult
problem E7

48 02:30 Move the plan using the navigation symbol:
does not react

problem

49 03:15 Assignment is behind another assignment problem B3
50 04:30 The representation of ‘fixed’ assignments is hard

to recognize
deficit B5

51 06:05 The procedure at device failures is not clear
52 07:20 Can’t find address of IBase deficit B7

C.5.2 Summary of the Interview

• General very positive

• Device info is missing in the plan area

• In the tool tips should be different information than in the plan

• Instead of free zooming/panning would be a fixed view better

• The representation of fixed assignments should be different (color, border)

• Detail area is a little overloaded

• Heat map should use more colors

• History of activities on assignments is missing

• Support for collaboration is excellent
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