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Abstract
This paper describes the creation of a problem-based learning unit. The 
aim is to help students to learn how to make applications more accessible 
through aspects of personalization. In addition, a basic understanding of 
smarthome interfaces will be given. For this purpose, the personalization 
framework OpenAPE and the smarthome interface OpenHAB will be used.
A java OpenAPEClient will be created for OpenAPE. The client will then be 
used in a tutorial application. This tutorial application is to be integrated as 
a kind of cloze text in the learning unit as a practical exercise. It implements 
a lamp control and a personalizable user interface. Final user tests showed 
that the learning unit is executable as planned. Some problems and inconsis
tencies were already identified and eliminated during the user tests.
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Introduction

A problem-based learning unit design is described in this paper, which is 
supposed to introduce students to concepts of personalization and the area 
of Smarthome. For this purpose, a learning unit with a practical exercise is 
to be created. In the area of personalization, the personalization framework 
OpenAPE will be taught. This can be used to store personalizable settings 
in contexts in an account and synchronize them across multiple applications 
and devices. For the smarthome domain, OpenHAB is used. This interface 
is used in smarthomes and offers to connect, control and automate different 
areas in smarthomes.
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In the research part of the work, three topics will be addressed. First, the 
field of personalization needs to be looked at in more detail. In the second 
topic, the concept of problem-based learning is to be further explored. The 
third topic is about learning analytics, which is a possible extension of the 
learning unit.

For OpenAPE a Java client is developed, which can be used in Java 
and Android applications. The client should reduce the complexity of these 
applications since the use of the client replaces direct communication with 
the rest interface of OpenAPE.

In the learning unit, a final exercise will be performed. For this purpose, 
the so-called OpenAPETutorial application has been developed. This appli
cation implements a simple lamp control via OpenHAB and basic persona
lization, which can be synchronized using OpenAPE. In the application, 
the functionalities concerning OpenAPE and OpenHAB are outsourced to 
services. The methods in these services are left empty for the task, the 
students should complete these functionalities.

Motivation

More and more people are dependent on barrier-free applications. 15% of 
people live with at least a moderate disability, a large number of whom 
require some level of accessibility. (World Health Organization, 2011) Acces
sibility can also play a major role in older ages, as eyesight or motor skills 
may decline. In addition, the population is getting older; from 2008 to 2018, 
the number of people over 60 increased by 3%. (Bevölkerungspyramide: 
Altersstruktur Deutschlands Von 1950 - 2060)

Politicians also see the need for accessibility. Therefore, guidelines and 
laws are written, which make accessibility mandatory for public authorities. 
(EUR-Lex - 32016L2102 - EN - EUR-Lex, 2016)

For these reasons, it is important that students learn early which me
thods can be used to increase accessibility in applications.

A lot is also happening in the area of the smarthome. More and more 
devices in the home can be networked and some even enforce this networ
king. 3.3 million people in Germany were already using connected house
hold appliances at the beginning of 2021. The number has increased by 
5% within the last 10 years. In the area of heating, lights and electricity, 
about 5 million use systems in the smart home. (Statistisches Bundesamt) 
A central management instance in your own smarthome, which brings 
together various devices or technologies, is therefore becoming increasingly 
relevant.
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Personalization

is an aspect of accessibility in which the software can be adapted in such 
a personalized way that, in the case of various limitations, the software can 
still be used without any problems?

A distinction is often made between personalization and auto-persona
lization. Personalization is about possible changes to the interface according 
to the needs of the user. Auto-personalization allows this to be done auto
matically, i.e., without knowledge of exactly how this works in the system 
being used. (Vanderheiden & Jordan, 2019)

Many different ways can be used to increase accessibility in applications 
with personalization.

Many available tools simply try to customize different parts of the user 
interface. On the web, for example, this can happen by customizing CSS 
files. These tools are mostly installed on the client side. On the web, these 
tools are often included as toolbars. Predefined toolbars can be used, but al
so user-defined toolbars with the desired functionalities can be created. (AT
bar ; Wald et al., 2011 ; Web Developer) Another possibility is to intervene 
in the network traffic of the browser in order to apply the corresponding 
transformations there. This works via a proxy. (Iaccarino et al., 2006) Outs
ide the web, operating system extensions can be used, which can directly 
access the operating system's functionalities. (Vanderheiden & Jordan, 2019)

If changes are made to the user interface where the application itself is 
not the initiator, some problems can arise. For example, increasing the font 
size could cause the font to become larger than the displaying area, making 
it unreadable. Figure 1 shows how this could look like.

In addition to client-side tools, there are also tools that are used on 
the server side. The adaptations of these tools are then mostly more deeply 
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Example of two fields with different font-sizesFigure 1
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anchored and equally available for every user of the website or application. 
(OpenAPE) But even here there are possibilities to focus only on surface 
changes. These are easier to implement, but may have the problem descri
bed in Figure 1 again. However, since it is integrated by the providers, it can 
be assumed that the functionalities have already been tested. (Cloud Based 
Accessibility Assistive Technology Toolbar | Products | Recite Me)

In operating systems there are many functionalities to personalize a 
device. These include colors, contrasts, font size or size of elements. But 
also, ScreenReader, voice control, zoom or the reduction of animations is 
mostly offered.

For developers, it seems relatively difficult to write a cross-operating 
system application that uses the corresponding personalization of each ope
rating system to the full extent. This is due to the different interfaces of 
the operating systems. A possible solution would be a uniform interface, 
which addresses the appropriate functionalities depending on the operating 
system. (Gonzalez & Reid, 2005)

Problem-based Learning

In the design of the learning unit, aspects from the field of problem-based 
learning are used.

Problem-based learning originated in the medical context and was used 
to teach students content through real-world problems. After it had much 
success in the medical context, it was transferred to other areas as well. 
(Jonassen & Hung, 2012)

In problem-based learning, mostly small groups of learners should tack
le the real-world problem together. In many cases, no further information 
about the problem is provided. But often information about the fundamen
tals is provided. (Ellis et al., 1998)

It usually starts with some kind of analysis of the problem. The aim is 
to find out exactly what the problem is and what the learners already know 
about it.

This is followed by an attempt to enhance the missing knowledge 
through research in order to get closer to the solution. The problem is then 
discussed again in the group and analyzed once more. This process can then 
be repeated until the solution is found. (Jonassen & Hung, 2012) This is 
only one possible process. Depending on the requirements and use case, the 
process can also be different.
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(Ellis et al., 1998) differs into three different approaches within prob
lem-based learning:
• problem-based approach
• guided problem-based learning
• full problem-based learning
While in the first approach the necessary information regarding the prob
lem is already provided, in the second approach the information is only 
partially described. In the third approach the independence of the learners 
is highlighted. Here almost no information is given, this must be searched 
for in the process of finding a solution. Moreover, the way in which the 
problems are presented may vary. The problems to be addressed may be 
fully known and described by the teacher. So, the learners only have to look 
for a solution to the problem. On the other hand, the problems can also 
be completely unknown. In this case they have to be identified first. In 
between there is a mixture with partially described problems. (Ellis et al., 
1998)

In the context of computer science and programming, problem-based 
approaches can be particularly effective. In this field, the competence to 
solve problems is needed every day and is therefore very important. This 
competence is also strengthened by problem-based learning. (Learning Pro
gramming: Enhancing Quality Through Problem-Based Learning, 2003)

Problem-based learning can increase the complexity of the learning pro
cess, as students need to have skills in problem solving and possibly also in 
communication and teamwork, in addition to technical skills. This can be 
a potential weakness. Another weakness is the teaching of fundamentals via 
the problem-based approach. (Learning Programming: Enhancing Quality 
Through Problem-Based Learning, 2003)
While problem-based learning engages learners deeply in the subject matter 
and thus develops a concrete understanding of that problem, it can create 
a gap in the learners' broader knowledge. The students are very focused 
on this one-use case, a transfer to another use case in the future could still 
bring problems despite a good understanding during the learning unit. To 
counteract this problem, learners must be offered sufficient information, 
which can then be accessed as needed. (Kolmos & de Graaff, 2003)

Learning Analytics

(Clow, 2012) describes learning analytics as a cycle consisting of four steps. 
The starting point in the cycle is the learners. During learning, the second 
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step is to collect data. This can be either from learners or about learners. 
This data is then processed in the third step, for example through analysis. 
After the data has been processed, the results of this processing can be used 
to influence the learners in the final step. This step completes the cycle. The 
Figure 2 visualizes this approach.

In order to implement learning analytics, various methods and tools 
are required. First of all, it must be clarified which data needs to be collec
ted. This can be done on different levels. For example, in programming 
exercises, the number of compilations or the exceptions thrown during an 
execution of the application can be collected. If this data is not sufficient, 
more detailed data can be collected. Here you might log every keystroke the 
learner makes. Additionally, data can be collected on a social level by using 
discussion forums for the tasks. There, the learners can exchange informati
on about the problems in the tasks and the teachers gain information about 
which problems occur during the execution. (Ihantola et al., 2015)

Since the data often contains person-related data, ethical aspects and 
privacy should not be neglected. However, according to (Ihantola et al., 
2015), this is not addressed enough in many studies.

Simplified representation of the learning analytics cycleFigure 2
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To integrate learning analytics various ways can be chosen. For example, 
plugins in the development environment can help to collect data and pro
vide a direct forum for communication inside of the development environ
ment. (Olivares & Hundhausen, 2017)

Furthermore, interfaces can be used, which can receive data from diffe
rent tools and applications. The data can then be analyzed on an appropriate 
platform. (Ihantola et al., 2015)

Introduction OpenAPE

OpenAPE is an open-source framework that offers a way for developers to 
implement personalization in their own application.

The biggest difference between OpenAPE and many other tools for per
sonalization is that OpenAPE must be integrated into the architecture of the 
application. Here the integration of a plugin or a toolbar is not sufficient. 
The personalization functions must be implemented in the source code 
and must be retrievable from OpenAPE or stored in OpenAPE. However, 
once it is integrated into the architecture, properties can be synchronized 
across multiple devices and multiple applications that have implemented 
OpenAPE. This will then work without any further installations on the user 
side.

In OpenAPE everyone can create an account, in which he can store 
so-called contexts. These contexts can contain different data. In OpenAPE, 
there are the following four context types:
• User-Contexts: can be used to assign specific properties to a user.
• Task-Contexts: intended for various tasks, e.g. properties for surfing on 

the Internet or writing e-mails.
• Equipment-Contexts: represents the properties for a specific device, e.g. 

desktop PC or a laptop.
• Environment-Contexts: for specific environments, e.g. a daytime or 

nighttime use.
In this work only, the user contexts are relevant, therefore the other contexts 
are not described in more detail. If a context is mentioned, the user context 
is always meant here.

Each user can have several user contexts, where he can store different 
preferences. For example, font size, colors, language or other information 
about applications can be stored here. This stored information can then be 
accessed by any application after logging in via the Rest interface.
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The Listing 1 shows such a context. Line 2 contains the unique name 
or ID of the context. There can be multiple of these objects behind line 2, 
they are identified by the ID. Line 3-6 shows the stored preferences of the 
context. In this case a font size of 60 was stored in the context with the name 
"default".

    10 

1 { 
2   "default": { 
3     "preferences":  
4       {  
5         "..fontSize": "60" 
6       } 
7   } 
8 }  
Listing 1 Simple OpenAPE user context 

The entries in the preferences are simple key-value pairs, where the value can be a 
string, Boolean, or a number. To make the preferences consistent across multiple 
applications, the OpenAPE Registry Service should be used. (OpenAPE Registry Ser-
vice – HdM) This is available at "https://terms.gpii.eu" and already contains several 
publicly available entries. Here, an ID, a description of the data type to be selected, 
and other information are stored. Additionally, a json schema can be defined, which 
describes the format of the value. All developers can access this database, so that 
the data is saved in a uniform way. However, this is not controlled, so there is no 
control over whether the data is really stored according to the given specification. 

5.1 OpenAPE Focus Group 
In a focus group with students from the Computer Science and Media bachelor's 
degree course at the Hochschule der Medien, the goal was to gather information 
about what the students think of the idea and implementation of OpenAPE. In ad-
dition, the aim was to find out how such a framework could be integrated into a 
learning unit.  

As part of a lecture in which students are required to program an application with 
OpenAPE connectivity, 9 students participated in the focus group. The focus group 
took place online, which may have led to reduced activity in the discussions. 

Only one student had already used the interface; all the others had only had an 
introduction to the topic. Nevertheless, some points could be discussed. What was 

Simple OpenAPE user context

The entries in the preferences are simple key-value pairs, where the value 
can be a string, boolean or a number. To make the preferences consis
tent across multiple applications, the OpenAPE Registry Service should 
be used. (OpenAPE Registry Service - HdM) This is available at "https://
terms.gpii.eu" and already contains several publicly available entries. Here 
an id, a description of the data type to be selected and other information 
is stored. Additionally, a json schema can be defined, which describes the 
format of the value. All developers can access this database, so that the data 
is saved in a uniform way. However, this is not controlled, so there is no 
control whether the data is really stored according to the given specification.

OpenAPE Focus Group

In a focus group with students from the Computer Science and Media ba
chelor's degree course at the Hochschule der Medien, the goal was to gather 
information about what the students think of the idea and implementation 
of OpenAPE. In addition, the aim was to find out how such a framework 
could be integrated into a learning unit.

As part of a lecture in which students are required to program an 
application with OpenAPE connectivity, 9 students participated in the focus 
group. The focus group took place online, which may have led to reduced 
activity in the discussions.

Only one student had already used the interface, all others had only 
the introduction to the topic. Nevertheless, some points could be discussed. 

Listing 1

5.1
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Especially important for the students was a type safety for the preferences. 
The types of the entries can be described by a second service, but a control 
mechanism, which then also checks whether the correct values were ente
red, does not exist. Another point was lists. In the current implementation it 
is not possible to store lists in OpenAPE.

Furthermore, it was mentioned by the students that it would be helpful 
to have direct examples of the use of OpenAPE in order to learn OpenAPE. 
For example, a "Hello World!" application that implements the benefits of 
OpenAPE could help to understand how exactly OpenAPE should be used.

Introduction OpenHAB

The open-source project OpenHAB stands for open Home Automation Bus. 
It is used in Smarthomes, where it can do different jobs. Many devices, sys
tems or technologies can be connected to the OpenHAB system and Open
HAB can become the centre of a smart home. Moreover, with OpenHAB au
tomation can be achieved in the Smarthome area. A cloud connection is not 
necessary with OpenHAB, but if desired, it can be connected to common 
cloud-based systems. You can host OpenHAB on your own local system or 
via a cloud connector directly in the cloud. (OpenHAB Documentation) 
Several keywords are relevant for OpenHAB: Bindings, Things, Items, Rules.

To connect OpenHAB with other devices, you can install Bindings in 
your OpenHAB system. These Bindings create a connection to the devices 
and then create so-called Things. These Things are the corresponding repre
sentations of the devices. Things can then be used to generate items. Items 
represent functionalities of the things. They have a status which can be 
changed if necessary. For example, there is the item type "Switch", which 
can represent an on/off switch of a lamp. (OpenHAB Documentation)

For automation, rules can be created that can execute different comman
ds in different situations. To be able to use OpenHAB from everywhere, a 
rest interface is offered. (OpenHAB Documentation)

Java OpenAPEClient

In addition to the learning unit, a Java client for OpenAPE was also imple
mented. This client will also be discussed in the learning unit and used in 
the tutorial application of the learning unit. The aim of this client is that 
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it can be used in any Java and Android application in order to reduce the 
complexity of these applications.

In the client, an http client is implemented, which makes the appropria
te calls to the Rest interface. The client then offers the corresponding calls as 
methods.

So far, only the methods for user contexts are available in the client. 
However, it is built in such a way that the other context types can be added 
without a major modification of its structure.

The OpenAPEClient is close to the Rest interface. Listing 2 shows how 
a context containing two preferences can be created using the client. Lines 
1 and 2 initialize the client and log in the user. Lines 3-6 show how to 
create the structure of the context and insert the appropriate data. In line 
7 the context is then created. What happens with the returned ID must be 
decided depending on the use case.

Learning Unit

The goal of the learning unit "Universal Design & Personalization for Smar
thomes - Implementation" is to get a technical understanding of how to 
implement accessibility through personalization already during the develop
ment of applications. The personalization framework OpenAPE will be 
used for this purpose.

In addition, basic knowledge in the area of Smarthomes will be taught; 
this will be implemented with the help of the Smarthome framework Open
HAB. After the learning unit has been completed, the students should be 
able to implement and use both interfaces in applications. Especially the 
personalization with OpenAPE should be kept in mind as an option to 
improve accessibility in applications.

The learning unit is aimed at students who already have experience in 
the field of programming. In addition, the students must have already com
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7 Java OpenAPEClient 
In addition to the learning unit, a Java client for OpenAPE was also implemented. 
This client will also be discussed in the learning unit and used in the tutorial appli-
cation of the learning unit. The aim of this client is that it can be used in any Java 
and Android application in order to reduce the complexity of these applications.  

In the client, an http client is implemented, which makes the appropriate calls to 
the rest interface. The client then offers the corresponding calls as methods. 

So far, only the methods for user contexts are available in the client. However, it is 
built in such a way that the other context types can be added without major modi-
fication of its structure. 

The OpenAPEClient is close to the rest interface. Listing 2 shows how a context con-
taining two preferences can be created using the client. Lines 1 and 2 initialize the 
client and log in the user. Lines 3–6 show how to create the structure of the context 
and insert the appropriate data. In line 7, the context is then created. What happens 
with the returned ID must be decided on depending on the use case. 
1 OpenAPEClient openAPEClient = new OpenAPEClient(); 
2 openAPEClient.login("username", "password"); 
3 UserContextMapDTO contextMap = new UserContextMapDTO(); 
4 UserContextDTO context = contextMap.getOrCreateContext("default"); 
5 context.addOrUpdatePreference("http://terms.gpii.eu/common_fontSize", "60"); 
6 context.addOrUpdatePreference("http://terms.gpii.eu/common_language", "de"); 
7 String id = openAPEClient.createUserContext(contextMap);  
Listing 2 OpenAPE Client—code sample create context OpenAPE Client - codesample create contextListing 2
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pleted another course unit before this learning unit, which is the learning 
unit "Universal Design & Personalization for Smarthomes - Concepts".

The course is intended to be carried out by each student alone, so no 
group work is foreseen. The learning unit is also well suited as an online 
course since the students should work alone either way. Nevertheless, a 
lecturer should be available at any time for questions. However, this could 
also be solved via a forum in which the students can exchange information 
with each other.

In the subdivision of (Ellis et al., 1998), the learning unit falls between 
the first and second approach. Students get most of the information they 
need through the learning unit. However, with the help of various docu
mentations about interfaces and tools, the students should read more in 
depth and thus gain more information. As the problem of the learning unit, 
it is described to the students how people with a visual impairment operate 
applications and what problems can arise. More concretely, the programmed 
application should be operated by different people, therefore it should be 
made usable in a personalize way with OpenAPE.

Through the information about the interfaces in the learning unit, it 
attempts to counteract the problem that problem-based learning is less sui
ted to fundamentals. By providing additional links to documentation and 
further information, students will also have the opportunity to know where 
to find this information at any time in the future. (Learning Programming: 
Enhancing Quality Through Problem-Based Learning, 2003)

The verification of the tasks can be designed dynamically. If no veri
fication is provided, the students can verify themselves by checking the 
functionalities they implemented. Otherwise, the tasks could be checked by 
handing in the programmed source code.

Content

The content of the learning unit can be divided into two parts.
Part one covers the theory of the unit. The learning unit is introduced 

by trying to give the learners an understanding of why personalization can 
be useful in an application. For this purpose, four images of a seat selection 
in a movie theater are shown. Reserved seats are marked in red and free seats 
in green. On three of the images a filter is applied, where the seat selection 
is shown with different visual impairments. The learner sees the selection 
as a person with a visual impairment would see it. On two of the images 
no differences in color can be seen through these filters, on another one 
the colors are no longer the original colors. The fourth image shows the 

8.1
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selection without the filter. The Figure 3 and Figure 4 show examples of the 
used use case.

Chapter two describes OpenAPE. The basic information about it is 
already explained in the preceding learning unit. The possibilities of the 
rest interface are described, and the individual calls are explained in more 
detail. Afterwards the usage of the programmed Java OpenAPEClient is 
explained. Here the available methods and Exceptions are presented. In 
addition, an illustrative use is demonstrated in a sequence diagram and parts 
of the data structure used within the client are shown in a UML diagram. 
In the third chapter OpenHAB is introduced. In addition to background 
information, the required calls of the rest interface are described in more 

Seat selection without any filterFigure 3

Seat selection with red-green filterFigure 4
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detail. In the fourth and fifth chapter, the OpenAPETutorial application and 
the assignment for this application are presented. Necessary information 
about the implementation of this application is also given. More about the 
application and the task will be described in the next chapter, chapter 8.2. 
The second part of the learning unit is the practical exercise. The exercise 
is a fully programmed application with parts of the source code removed. 
The removed content relates to the implementation of the OpenHAB and 
OpenAPE interfaces. So, it becomes a kind of cloze. As already mentioned, 
the application is described in the following chapter 8.2.

The description of the functionalities of both interfaces are all techni
cal. For example, the rest calls describe all the technically required data. 
This leads to the fact that it might be difficult to imagine the execution. 
Therefore, there is a short video in the learning unit for each rest and 
method call, which has a length of about 30-60 seconds. In these videos 
the corresponding call is executed using an example and in addition it is 
explained. These videos have the additional advantage that the students can 
watch individual videos about the problematic functionalities at later stages 
if they have problems with these certain functionalities. In addition to the 
videos, a file is provided that can be imported into the rest interface tool 
insomnia. It can be used to perform the rest calls described in the videos 
themselves. The focus group from chapter 5.1 showed that students find 
practical examples useful for learning the interface. Since a complete examp
le application would simplify the tasks in the OpenAPETutorial application 
too much, only the videos and the exported file are given here as examples.

OpenAPETutorial Application

In the learning unit, basic knowledge about the implementation of the 
OpenHAB and OpenAPE interface will be acquired. This basic knowledge 
will be tested and deepened in the OpenAPETutorial application.

For this purpose, a simple Smarthome application was programmed, 
which shows a simple lamp control on the first page. The items retrieved 
via OpenHAB are displayed. In addition to the status of the item, there is 
also the option to change the status. When switching to the settings page, 
possible settings for personalizing this application are offered. These are the 
following settings:
• language
• font size
• font color
• background color

8.2
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• font color of controls
• background color of controls
These settings are integrated in the application and can be changed, depen
ding on the needs of the user. Through this page, the user can get to a login 
page for OpenAPE. After a login, the settings stored in a user's context are 
retrieved and applied in the application. If no settings have been saved there 
yet, nothing will happen. In addition, after the successful login, all changes 
to the settings in the application are also saved in the context in OpenAPE. 
If necessary, a context is created for this purpose.

In order to integrate the application into a learning unit, the functiona
lities of OpenHAB and OpenAPE were outsourced to services, which are 
called from the rest of the source code. For the assignment, the contents of 
the methods implemented in these services are removed. What remains are 
empty methods, which the students then must fill.

The following empty methods remain for the OpenAPEService:
• constructor
• login()
• isLoggedIn()
• saveSettingsInOpenAPE()
• loadSettingsFromOpenAPE()
In addition, a method remains which returns an object of the global set
tings. This object must be used if settings are to be read from the application 
or applied.

The following empty methods remain in the OpenHABService:
• constructor
• getItems()
• sendCommand()
For OpenHAB one more class remains: OpenHABRest. Here an interface 
is implemented, which is needed by retrofit. It contains wrapper methods 
with information regarding the rest calls to be executed. These must also be 
filled in by the students. The methods that are included there are the same.

The possibility to personalize the application has already been imple
mented and is not relevant for the learning unit. If the students have to 
implement these aspects additionally when doing the learning unit, another 
big topic would need to be opened up. By keeping this content out, no 
knowledge about the framework in which the application is written needs 
to be taught.
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Usertests

In order to check whether the designed learning unit can be carried out as 
planned, final qualitative user tests are executed.

Preperation

For the user tests, students from the target group, i.e., with experience in 
programming, are recruited. The problem here is that the students who 
are recruited have not done learning unit 1, so they do not have the prior 
knowledge. In addition, the user tests should not last longer than one hour.

For these reasons, the learning unit is only carried out in sections. Parts 
of the learning unit will only be discussed orally. For some content, assistan
ce will be provided so that the content can be processed more quickly. In ad
dition, not everything will be completely programmed in the programming 
exercise; comments or pseudocode are usually sufficient. This procedure 
is intended to validate the learning unit in terms of content and still not 
exceed the time frame of the user tests.

In the individual user tests, different priorities are set in each case, 
so that each area is carried out as planned at least once. The focus is set 
depending on previous user tests, depending on what worked well or poorly 
there.

During the user tests, the users were asked to think aloud and try to 
explain how they understood the subject at hand. This leads to the identifi
cation of whether the described content conveys what it is supposed to.

Evaluation

A total of 5 user tests were carried out. Many weaknesses that were noticed 
by the users could be fixed directly, in the following some points for such 
problems are described.

In general, many small logical or syntactical errors have been fixed. 
But also the structure of how the information is provided was adjusted 
according to the findings of the users.

Some subjects were unclear about the data structure of the OpenAPE 
client. As a result, corresponding UML diagrams were added for the most 
important classes in the data structure.

In the chapter about OpenAPE, a sequence diagram was shown, which 
is intended to reflect a possible flow of the OpenAPEClient in a real applica
tion. Here the steps of the initialization of the OpenAPEClient were skipped 
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and the return value void was not described. This led to students missing 
the initialization step in the programming exercise and the void return value 
causing confusion.

In one user test, the test person described that he first had to orient 
himself in the task and especially in the OpenAPETutorial application. He 
found this relatively difficult. To help students orient themselves better, the 
tasks could be broken down and described in more detail. In addition, code 
comments could be added, which describe again what must be done at 
the respective locations in the source code. This is probably a problem in 
time-limited user tests. In real-life situations, however, students should deal 
with the topics more intensively and not be given exact instructions for the 
tasks. This should lead to students learning the knowledge better as it is not 
a simple fill in the blanks. This issue should nevertheless still be noted in 
possible pilot tests.

The videos were rated as particularly positive. The demonstration of the 
functionalities with real data made it possible to understand the contents 
very well. Three test participants had little to no experience with the use of 
rest interfaces, but after a brief introduction to the basics and watching the 
videos, they were able to complete the learning unit without any problems. 
The videos were rated particularly well by these test participants, as they 
were able to help very well in understanding the calls to the rest interface.

In the tasks regarding OpenHAB, retrofit (Retrofit) is used as http 
client. For this topic, little information is described in the learning unit. 
The learners must read the documentation of the tool to understand the 
functionalities. After a user had problems with it, the section of the explana
tion about retrofit was filled with additional information. In a subsequent 
user test, there were still unclear points. These were not corrected in the 
following, because here again the assumption is that in a real situation 
there is enough time to read the documentation. This assumption is strengt
hened by the fact that the users could understand the functionalities well 
afterwards.

Conclusion and future work

The OpenAPEClient implements only basic functionalities so far. The fur
ther development of this client can go into many areas. Probably the most 
important further development would be the support of all context types, 
the client is designed to implement this extension. Moreover, type safety or 
lists in the preferences could be implemented via the client. These are the 
functionalities that stood out through the focus group. The functionalities 
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should first be implemented in the OpenAPE interface itself, so that everyo
ne can access them via the rest interface.

The execution of the learning unit could be validated by the user tests. 
The tests showed that the learning unit is understandable and the tasks can 
be performed with the knowledge taught. In addition, some weaknesses 
could be identified, most of them could also be fixed directly. Some issues 
were intentionally not fixed, as they may have occurred only under the 
circumstances of the user test.

Through the focus group, it became clear that students liked having 
hands-on examples like a Hello World application to learn from. Although 
a Hello World application was not provided, the explanatory videos of the 
individual calls to the interfaces provided practical examples with sample 
data, which were very popular during the user tests.

Despite the successful user tests, a pilot test under real conditions 
should be done in the future. In the conducted user tests different aspects of 
the learning unit were reviewed, but due to the way it was conducted, e.g. 
the time needed for the theory part and the tasks could not be checked. In 
addition, this pilot phase could further monitor the vulnerabilities encoun
tered in the user tests and identify additional issues. Especially the problems 
that were not fixed due to the circumstances of the test should be monitored 
further.

Regarding learning analytics for the application, it must be decided 
which data can be relevant for a possible analysis. From this, it can then be 
decided at which level the data must be collected. In order to then embed 
this in the learning unit, it may need to be integrated into a development 
environment that has been designed for this purpose. Another possibility 
would be an interface which collects the data.
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