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Abstract. IT ecosystems consist of dynamically interacting subsystems, com-
ponents, and services containing software. Companies provide parts of IT eco-
systems, e.g. for airports, train stations, and shopping malls. Due to the complex 
interaction of subsystems, overall behaviour cannot be completely anticipated 
or engineered. IT ecosystems constantly evolve by adapting to new user re-
quirements and to changes in their environment. On-going improvement re-
quires feedback from users. However, feedback is not easy to get. This paper 
presents an approach facilitating feedback in context. It is gathered by mobile 
devices like Smartphones. Effective support for evolution needs to cover (1) 
identifying the component or subsystem a user wants to address, (2) the ability 
to send feedback at very low effort and cost, and (3) support for interpreting in-
coming feedback. We present an architecture, a framework, and an application 
example to put stakeholder feedback into context. Contextualized feedback 
supports providers in driving the IT ecosystem evolution. 

Keywords: IT ecosystem, feedback, context, architecture, improvement cycle. 

1   Introduction: Evolution in IT Ecosystems   

Today, many technical systems and devices interact with each other. In public places 
like airports, train stations, or universities, citizens become stakeholders of tightly in-
terwoven systems. Their mobile phones can be used to make reservations, pay tickets, 
and receive confirmations from banks, ticket counters, and train information systems. 
Software controls subsystems and services, all of which are developed independently. 
They often depend on each other to provide higher level services. Subsystems interact 
with other subsystems, and with users. We call a system an “IT ecosystem“, if those 
parts act and react autonomously or semi-autonomously [1]. This term is used as a 
metaphor. Bosch presents a taxonomy of ecosystems [2]. He starts from biological eco-
systems and distinguishes human, social, and economic ecosystems. In particular, he is 
interested in software ecosystems: "A software ecosystem consists of the set of software 
solutions that enable, support and automate the activities and transactions by the actors 
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in the associated social or business ecosystem and the organizations that provide these 
solutions." Our notion of IT ecosystems emphasizes emergent behaviour similar to an 
ecosystem in nature, where different species and animals interact autonomously.  

Stakeholders perceive resulting system behaviour as a complex “smart environ-
ment“. IT ecosystems are not designed as a whole; they rather evolve. Components 
and requirements change often, and new parts are added. Lentz and Bleizeffer state: 
"Modern IT ecosystems have evolved organically into complex systems of hardware, 
software, middleware components, applications, organizations, practices, application 
lifecycles, and job specializations." [3]. Changes in requirements are not easily recog-
nized in IT ecosystems. Nevertheless, getting feedback on acceptance of their prod-
ucts or services is vital for providers to tune and improve their software. Traditional 
requirements engineering is not appropriate for software in an IT ecosystem for sev-
eral reasons, as a comparison shows: 

• In traditional, individual software projects, requirements engineering has 
been a distinguishable project activity. Requirements could be elicited, ana-
lyzed, and validated before implementation started. Iterations and prototypes 
may be advisable, but requirements are still elicited before they are imple-
mented. Usually, there is a defined user community. Interviews and workshops 
are the recommended approach for eliciting and validating requirements. 
There is a good chance to reproduce observations and problems. When a small 
system does not behave as expected or desired, users have a good chance to 
recognize the deviation. They will be able to identify the responsible software 
system and to contact the developers.  

• In "IT ecosystems", new requirements and suggestions need to be identified 
while the system is already running. They result from on-going changes in en-
vironment, interaction, and user expectations. Stakeholder will recognize un-
foreseen or undesired system behaviour, but will often not be able to identify 
the responsible subsystem. Even if they could, it would take time to find pro-
vider contact information. In most cases, stakeholders may be angry or an-
noyed, but not provide feedback. From the provider perspective, opportunities 
for improvement are missed. 

Eliciting requirements proactively (instead of a reaction to a problem) is 
also difficult: Requirements of different user groups may diverge and will de-
pend on context. Representative samples of users need to cover all groups and 
many contexts or conditions. It is expensive and ineffective to conduct inter-
views or workshops with such a large sample of users: Instead, companies use 
questionnaires, marketing studies and other tools to reach many (potential) 
customers [4], which is again a suboptimal solution:  

o Stakeholders are interrupted in their original tasks.  
o They will often not remember or report a problem - unless they en-

counter it just before they were asked.  
o Emergent effects may occur in an IT ecosystem with all its interact-

ing subsystems. Some phenomena might not be reproducible in a 
laboratory setting or user test if the context and conditions differ.  
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• Our approach to “IT ecosystems”: Focused feedback channels are made 
available to stakeholders when and where they encounter a situation or prob-
lem they consider worth reporting. Feedback can be given via Smartphone. By 
integrating this feedback into an improvement cycle, stakeholders engage in a 
community effort for improving their own environment – and for their own 
benefit. 

The tools that are required to support this approach need to facilitate and guide the 
identification of appropriate addressee subsystems in the IT ecosystem. Whatever is 
"close" might be the responsible part. Therefore, we suggest using heuristics on geo-
graphical and logical proximity to identify addressees for feedback: Context can be 
captured implicitly and at minimal effort by locating users automatically. In addition, 
tailor-made mechanisms for pre-sorting feedback are proposed to facilitate analysis of 
feedback and fast improvement reaction.  

Accordingly, this paper makes a three-fold contribution: 

1. We present a technical concept that enables feedback in context. It contains an 
architecture and a framework to be used in different applications.  

2. We argue how providers of subsystems can benefit from feedback in context. 
Empirical evaluation of this aspect (acceptance, benefit) is not covered in this 
paper. 

3. We show the technical feasibility of our concept by implementing it using 
technology that is currently available and in wide use.  

Section 2 presents the main assumptions and concepts that underlie our approach. 
Related work is described in Section 3. In Section 4, we explain the architecture of 
our distributed support framework. An implementation of our concepts is presented in 
Section 5. We illustrate our approach and framework by applying it to an example 
(Section 6). With these mechanisms at hand, user evaluation and optimization of 
heuristics can now be the next step. We discuss the current status and conclude. 

2   Assumptions, Opportunities, and Concepts 

A number of trends in modern technology and society have created a new situation. 
So far, the only way for unsatisfied customers of software and systems to complain 
was by calling or writing to providers. However, spending extra time and effort for 
identifying and contacting the responsible provider prevented most people from giv-
ing feedback. Why would someone spend time and money to report requirements? 
And why would providers care to collect complaints after they already sold a product? 

Assumption: Competitiveness in IT ecosystems depends on available feedback 
Providers of systems, software, or services compete with others in an IT ecosystem. 
For example, traffic providers like Deutsche Bahn (German railways) or airports will 
depend on embedded software that interacts with mobile phones, proprietary business 
systems, and the internet. Dissatisfied users may turn away from services and look for 
a similar service from a competitor. In order to keep customers, and to keep custom-
ers satisfied, providers will need to improve their processes and their software-based 
products while they are running. The ability to recognize problems and implement 
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suggestions for improvement quickly will be a key to success in IT ecosystems [4]. 
Stakeholders (i.e., subscribed and potential customers) could be encouraged to indi-
cate their feedback and desires. Thus, an important new communication channel could 
be opened. Providers could play an active role in shaping their portion of the evolving 
IT ecosystem. 

Opportunity: Stakeholders are familiar with new and ubiquitous technology 
Our work tries to support the upcoming generation of stakeholders who are familiar 
with video-equipped mobile phones and multimedia handhelds. Two new develop-
ments encouraged us to explore ad-hoc video and light-weight feedback in context (as 
explained in more detail in [5]):  

(1) The advent of inexpensive ubiquitous recording and sending devices. For ex-
ample, digital cameras, Smartphones and flatrates are in wide use today. 

(2) A generation of stakeholders who have grown up using Smartphones and 
PDAs voluntarily in their private life. Today's high school and university 
students represent that generation. They are current and future customers. 

Many people recognize faults and weaknesses in public systems (e.g., airport dis-
plays, navigation or information services). We assume that many citizens will be able 
to use their familiar mobile devices for giving feedback. We further assume that many 
technology-affine citizens are willing to provide feedback if that causes no or mar-
ginal cost and effort. According to Davenport [6], incentives do not need to be finan-
cial. Stakeholders may be happy to provide short feedback to enhance the systems 
they use themselves. When stakeholders wait for a service or a system reaction (e.g. at 
an ATM), this is an opportunity to get feedback. There is a two-fold benefit: waiting 
time appears shorter, and stakeholders can express frustration.  

Concept: Context from object perspective 
Context is an important issue for feedback. Many context-aware systems consider the 
context of users and adapt system behaviour to the context observed. In Fig. 1, they 
would consider objects A and B to be in the context of stakeholder S (dashed line). 
Our perspective in this paper is slightly different: The geographical and logical posi-
tion of a user in an IT ecosystem is identified along several dimensions (GPS, 
WLAN, Bluetooth etc.). When a user indicates the intention to give feedback, the 
multi-dimensional position of his or her Smartphone is used to identify those compo-
nents of the IT ecosystem that are most likely to be the intended addressee of that 
feedback. Administrators can define under which circumstances a stakeholder is con-
sidered "close". There can be individual definitions for each object. Instead of asking: 
“What objects are in the context of S?” (dashed line in Fig. 1), we ask: “What objects 
would consider S to be close enough for giving useful feedback to them?”  

In Fig. 1, S is in the context of B. Object A has defined a narrow context and 
would not consider S close enough. If S triggers feedback, the Smartphone of S dis-
plays only B as a potential addressee, since only B considers S close enough. Please 
note that Fig. 1 maps the multiple context dimensions to a geographical model of 
“closeness” for visual presentation.  
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Fig. 1. Context depends on perspective: S is close enough to B, but not to A 

Concept: Context as a key to low-threshold feedback 
The main contribution of this paper is the use of multi-dimensional context of feed-
back for lowering effort and threshold to participate. As outlined in the introduction, 
we assume that proximity or closeness indicate appropriate addressees. Context is 
established by physical proximity to a real-world object (display, ticket machine, tree, 
car), by logical proximity to a Web site (as identified by the URL currently con-
nected), or by being in the range of a bluetooth or Wi-Fi sender. We assume that 
“participating objects and systems” will be registered as potential feedback receivers. 
When a stakeholder wants to submit feedback, “close” objects are identified, and the 
stakeholder selects the best addressee for his or her feedback. 

In [7] and [5], we suggest using ad-hoc video-clips for eliciting feedback and sup-
porting requirements validation. In this paper, we will not discuss videos as a feed-
back medium, but focus on the framework and infrastructure for feedback.  

3   Related Work 

Non-traditional requirements engineering. In most traditional development en-
vironments, requirements are elicited early from stakeholders. Validating those requi-
rements is an important prerequisite for good quality. Interviews and workshops are 
often used for bridging the gap between customers and software developers. Ethno-
graphic approaches were recommended for observing and analyzing complex situation 
that are difficult to explore by asking stakeholders [8]. When a system is developed for 
an entire market rather than an individual customer, product management and market-
driven requirements engineering [4] are more relevant than individual up-front interro-
gation. In that case, phases of building and phases of analysis and validation must take 
turns. Karlsson et al. [4] point to the drastically growing importance of feedback when 
an operational version of a system is supposed to be improved.  

Fickas and Feather [9] state that requirements change over time. Requirements 
monitoring helps to automatically detect mismatches between the system functions 
and desired goals. Goals that have not been made explicit cannot be observed auto-
matically. Our approach utilizes the users of the system directly to detect mismatches. 
User feedback can uncover mismatches between the system and their own personal 
goals - which may contribute to making tacit goals explicit.  

Video clips are a straight-forward extension to the concepts presented in this pa-
per. As discussed in [5], some researchers have investigated high-effort approaches in 
using videos [10]. For getting contextualized feedback from everyday situations, we 
advocate ad-hoc videos recorded on mobile devices by normal citizens. A video 
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shows a concrete situation in context, which is an advantage over textual feedback. 
Audio explanations can provide the intention of recording this situation. In text, how-
ever, context must be described explicitly, or it will be ignored. 

Zachos and Maiden [11], [12] used their ART SCENE system on mobile devices to 
guide stakeholders through scenarios. By following those scenarios in concrete and 
contextualized situations, misunderstandings and invalid assumptions can be detected. 
Again, this approach is directed towards requirements engineers and stakeholders who 
are willing to spend a considerable amount of time on requirements validation. Our 
approach is complementary in nature. It enables ordinary citizens to send a short, but 
contextualized feedback within a minute. If many people participate, even small 
pieces may help to get a picture.  

Sitou and Spanfelner [13] propose a set of possible models to capture the usage 
context and users expectations. They argue for the multi-dimensionality of the con-
text in order to be helpful for requirements engineering. Sitou and Spanfelner observe 
users while they interact with the system in order to elicit new or changed require-
ments. We do not observe users, but enable them to provide feedback in context. 

Dey et.al. suggest a software infrastructure for smart environments [14]. They 
gather context data from sensors and use it as a substitute for user input to trigger 
defined processes. Again, we do not substitute users and their activity but enable them 
to give feedback actively. Context is used to identify possible addressees. Sutcliffe, 
Fickas and Sohlberg propose a method for requirements engineering that takes into 
account the context of a person as parameter for requirements [15]. Rather than elicit-
ing requirements from feedback directly, we encourage and gather light-weight feed-
back. It indicates where more in-depth requirements engineering is needed. 

The concept of derivating implicit feedback is a common task in information re-
trieval to obtain better results by adapting to the user’s needs. Fox et al. described 
how implicit ratings like the number of returned result sets or the duration of a session 
can be used to get an indication of user satisfaction [16]. Another class of sources for 
implicit feedback is analyzing clicktrough data from web logs as described by Dupret 
and Liao [17]. These approaches rely on observing the user during the interaction 
with a system. Contrary to this, our approach is dedicated to an environment where 
observing the user is not an option, although recognizing the surroundings of the user 
is possible. 

4   Architecture and Process of Feedback in IT Ecosystems    

An IT ecosystem consists of several subsystems, components, and services. Not all 
parts of such a system will participate in soliciting feedback. For example, only the 
passenger-related parts of an airport may be in focus, while baggage handling, human 
resources, or runway services may not be taking feedback. Therefore, elements must 
register in order to qualify for feedback. We call registered elements “SmartObjects”. 

There will be many registered elements. Their representatives, SmartObjects, are 
managed by a central feedback management unit. Although that unit can be distrib-
uted for increased efficiency or robustness, we consider it one central unit from a 
logical perspective. It contains software to represent and manage all SmartObjects. 
Management includes features for defining new SmartObjects and for specifying the 
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circumstances under which a given stakeholder will be considered “in the current 
context” of that SmartObject.  

We postulate stakeholders to use a mobile device with several sensors for different 
dimensions of context, such as Bluetooth, Wi-Fi, GPS, or the URL of a website. 
When stakeholders want to provide feedback, they connect to the central unit. Context 
information provided by the mobile device is evaluated in the central unit. According 
to a matchmaking algorithm (as exemplified in Section 5), a list of SmartObjects is 
presented. They are potential addressees since the stakeholder is in their context. The 
final selection of the addressee SmartObject is made by the stakeholder. Depending 
on the definition of that SmartObject, a few questions may be displayed on the mobile 
device. Answers are sent back to the SmartObject as part of the feedback interaction.  
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Interact and
Send

Evaluate
React and
Improve

PCs

Digital
cameras

Smart
Phones

Internet

Smart
Objects

Improvement

IT Ecosystem
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Administration

Unit
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Fig. 2. Architecture of a framework and process for feedback in context 

See Fig. 2 for an overview of the distributed architecture and the improvement 
process for feedback in context. Dark process steps are at the core of this paper, while 
video recording is mentioned only briefly. White process steps are required to close 
the improvement cycle, but they are beyond the scope of this paper: A stakeholder 
must perceive a trigger for giving feedback; and a service or software provider com-
pany must react to feedback. We do not discuss these steps here. 

The architecture as sketched in Fig. 2 is characterized by several aspects: 

- Feedback in context is achieved by a distributed framework of interacting 
parts: (1) The Central Administration Unit, (2) SmartObjects, and (3) software 
embedded in participating mobile device or digital cameras. This architecture 
reflects the distribution and flexibility of the IT ecosystem.  

- Each of the three parts can be integrated with provider or mobile device sys-
tems. All parts together make up the feedback in context framework. 

- There is a difference between a real-world object (subsystem, software, service) 
and the SmartObject representing it in the framework: Note that even software-
free objects like restaurants or escalators can be represented by SmartObjects. 
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For example, a stakeholder can be specified to be in the context of a house 
whenever their GPS coordinates are within 100 m of each other.  

- Feedback for all SmartObjects is first received by the central unit. Once the 
addressee SmartObject is identified, the feedback call is handled by the Smar-
tObject software. It also collects data for evaluation.  

Fig. 3 shows an overview sequence chart of the feedback interaction. While Fig. 2 is a 
static view of the architecture, Fig. 3 highlights dynamic aspects. 

CentralUnitSmartphone SmartObject2SmartObject1

initiate

feedbackCategory
getContextData

getContextData

sortByHeuristic

store

List potent.addr.

SelectedSmartObject

repeat

category

Selection or response

Options or question

Complete successfully

Feedback 
interaction

 

Fig. 3. Sequence chart of general interaction during feedback in context 

Submitting feedback in context can vary in detail, but it always takes the steps 
sketched in Fig. 3: 

1. Something triggers a stakeholder to send feedback, e.g. a problem concern-
ing the behavior of a ticket machine or a software service.  

2. The mobile device has software which connects it to the Central Unit. 
3. According to the multi-dimensional context specifications, several Smar-

tObjects may qualify as addressees (“within range of our service Wi-Fi” or 
“in 20m range of GPS…”). Their context definition is evaluated heuristi-
cally by the Central Unit. 

4. The Central Unit determines a list of SmartObject “in context” and submits 
it to the user’s Smartphone. This is the list of potential addressees.  

5. The Smartphone displays the list, and the stakeholder selects the objects he 
or she wants to provide feedback to, e.g. SmartObject1 in Fig. 3. 

6. The selected SmartObject may establish a short feedback interaction by 
presenting options for selection, or by asking simple questions.  



 Feedback in Context: Supporting the Evolution of IT-Ecosystems 199 

5   Implementation of the ConTexter Framework   

ConTexter is an implementation of the architecture and technical concepts described 
above. The ConTexter framework was implemented in four parts which can run on 
independent computer systems. They can be mapped to the architecture. 

1. The GUI is used by the administrator to create, define, and edit SmartObjects. 
It is a Java Swing Application and works as a client that connects to the Cen-
tral ConTexter Unit as well as to the SmartObjectAdministration (part of the 
Central Unit) via Java Remote Method Invocation (RMI). 

2. The mobile part is used by the Smartphone user to submit feedback by mobile 
phone. We used a G1 Smartphone running the Android operating system.  

3. The Central Unit identifies relevant SmartObjects by the context data provided 
by the G1. It returns information on how to connect to different SmartObjects.  

4. The SmartObjectAdministration in the Central Unit provides an interface be-
tween the G1 Smartphone and selected SmartObjects.  

Mobile ConTexter components use standard Android APIs. The accuracy of differ-
ent modules of the G1 was a problem in general. In particular, the calculated GPS 
positions differ and depend on the current environment. To handle this problem, the 
administrator can define and adjust the range of tolerance with each SmartObject that 
has a GPS context. The actual context (via GPS, URL, WLAN, Bluetooth) is identi-
fied by a separate program thread to let the stakeholder use the GUI meanwhile.  

URL context is retrieved by searching the browser's cache for the last visited web-
site. URL context is only classified as relevant if the visit of this website was within 
the last three minutes. 

The SmartObjectAdministration is necessary because the Android API does not 
provide any remote method invocation (RMI) functionality. We had to run the com-
munication based on standard sockets communicating with our own protocol. In real 
applications, it is infeasible to assign each SmartObject a separate port. To avoid the 
need for one port per SmartObject the SmartObjectAdministration uses only one port 
and listens for incoming requests from the G1. It forwards its socket to the currently 
chosen SmartObject. Along the same lines, the SmartObjectAdministration is imple-
mented as one process only, which dynamically instantiates SmartObjects on demand 
- instead of running one process per SmartObject permanently. This also opens the 
opportunity to run several SmartObjectAdministrations in parallel on different ma-
chines. This may be useful in a commercial setting where more than one software 
provider uses ConTexter feedback independently. 

Heuristic for sorting potential addressee SmartObjects. When a call reaches the 
server, it calculates a preference value for each potential addressee (SmartObject). To 
determine the relevance of a SmartObject as potential addressee, a "context relevance 
index" is calculated. More relevant objects are displayed higher on the mobile phone 
SmartObject list. For each SmartObject: The administrator can adjust priorities of 
different context type via adjustment factors. A SmartObject's relevance is not only 
determined by its context alone, but also by the number of calls in which it was finally 
selected to be the intended addressee by the stakeholder. This heuristic is based on the 
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assumption that an existing problem will trigger several feedbacks. Counting calls and 
finally selected SmartObjects is an element of learning and adaptation.  

Many other heuristics can be formalized and compared: Time and environment 
conditions, even weather and history could be included. We decided to start simple 
and investigate refinements later, during usage evaluation. 

In our implementation, we decided to implement the management of actual context 
data in a central database located in the Central Unit: The request for context data is 
implemented by database queries in the Central Unit instead of involving SmartOb-
jects. Fig. 3 is a good representation of the logical interaction, while our implementa-
tion uses one of many performance optimizations one could imagine.  

6   Example Case Study: UniImprove      

Our concept of multi-dimensional context of feedback and the framework architecture 
are independent of any particular implementation. In the previous section, core as-
pects of our implementation in the ConTexter framework were presented. In this sec-
tion, we illustrate the concepts introduced above.  

In this example, Leibniz Universität Hannover is considered an IT ecosystem. Our 
scenario pretends the university board decided to start the UniImprove initiative. It 
uses ConTexter to guide improvement of university services, software, and other 
objects under university control. Enrolled students are invited to register (as stake-
holders) at the Central ConTexter Unit. Registration is carried out over the internet. 
Fig. 4 illustrates some contexts and SmartObjects on a Google Earth map: The main 
gate in front of our university building (a) is specified by its GPS coordinates and by a 
Bluetooth sender (b). When students follow path (c), they reach the information dis-
play in the entrance hall, which is a registered SmartObject. Its context is defined by a 
Wi-Fi network (d). There is also the University Restaurant (e: GPS context and URL 
for menu) and the pathway to the next building (f: GPS). The pathway is included and 
represented by a SmartObject since there were many complaints about dirt and poor 
lighting in the past. Finally, there is a Bluetooth antenna of our department (g).  

 

Fig. 4. Example of registered objects and context areas along a path at Universität Hannover 
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Fig. 4 is for illustration only. Real ranges and areas may differ, and there are far 
more registered objects in a real IT ecosystem. When a new object is registered at the 
Central ConTexter Unit, multi-dimensional context conditions are specified. A regis-
tered real object (e.g. tree, pathway, display, software, service) can be relevant when 
the stakeholder is “close” in any of the available dimensions. Fig. 5 shows a situation 
in which the online syllabus (list of offered classes) is being registered as “Syllabus” 
SmartObject. For demonstration purposes, URL, GPS, and Wi-Fi dimensions have 
already been specified. A specific Bluetooth connection is just being added. When-
ever a stakeholder is in range of any of those context dimensions, the Syllabus will be 
considered a potential addressee of feedback.  

 

Fig. 5. Central ConTexter Unit during specification of multi-dimensional context 

As soon as some SmartObjects have been registered, UniImprove can be used. 
When ConTexter is activated on a Smartphone, it asks for the category of feedback: 
complaint, compliment, or neutral remark. In Fig. 6 (left) a complaint is about to be 
made. In the next step (centre) all SmartObjects in the current context are displayed. 
In this example, the stakeholder selects Syllabus as the addressee. Since the Smart-
Object list was sorted by a heuristic, stakeholders make the final selection. Depending 
on the SmartObject definition, a few feedback options may be offered (right).  

       

Fig. 6. Choosing category of feedback, final addressee, and submitting feedback 
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Stakeholders can check boxes and type free text if they wish. In an extended ver-
sion of ConTexter, even previously recorded video clips can be attached to the feed-
back message. This short example covers most concepts introduced above. However, 
it illustrates only one possible implementation. We implemented other variants of the 
fine-grained interaction and heuristics. For example, the initial choice of a feedback 
category can be dropped. There is room for more optimizing heuristics. The goal is to 
present a reasonable list of possible addressees that most likely contains the object 
intended by the stakeholder.  

7   Semi-automatic Feedback Evaluation 

Soliciting feedback is an important yet difficult task. Submitted feedback must be 
used to the benefit of providers and stakeholders in order to justify the effort invested. 
In the introduction (Section 1), semi-automatic evaluation of submitted feedback was 
identified as one of the core opportunities. If many stakeholders participate, a large 
number of feedbacks will be received. By that time, a strategy for evaluation must be 
implemented and ready. 

We present an example solution that supports simple pre-evaluation in many cases. 
As Fig. 7 shows in the realm of the UniImprove example, feedback options are defined 
in the Central ConTexter Unit when a SmartObject is registered and defined. So far, 
two compliments, a neutral type of feedback, and two types of complaints have been 
introduced. A third type of complaint (“confusing presentation”) is just about being  
added. In all cases, stakeholders may include free text with their selections. During 
operation of the ConTexter framework, administrators and providers can use a similar 
interface to review the current status of feedbacks received. At this point, pre-defined 
options help classifying and visualizing the distribution of feedbacks.  

 

Fig. 7. Feedback options are defined during SmartObject registration 
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In Fig. 8, there is an overview of feedback types on the left, and a detailed view on 
all pre-defined options on the right. Free text annotations are shown in the lower left 
corner. In a more detailed view, original feedbacks (selected options with free text) 
can be seen for fine-grained analysis. In Fig. 8, two complaints refer to the title of a 
missing course.  

 

Fig. 8. Automatic classification of incoming feedback based on selected options 

Obviously, the simple counters and visualizations can be refined and combined by 
marketing or requirements experts in a provider organization. Providers who registe-
red more than one SmartObject can compare and use their respective feedback for 
advanced analysis. ConTexter is an implementation of a framework for contextualized 
feedback. Thus, providers can integrate the SmartObject statistics API into their inter-
nal evaluation systems by using the ConTexter framework. As presented in this paper, 
all aspects are integrated and facilitate installation and operation of that framework in 
a new application domain or software environment. After several feedbacks have 
been received, the above statistics screen Fig. 8 is created from specified feedback 
options and received feedbacks.  

The components of the ConTexter framework offer the infrastructure for seamless 
interaction around feedback. When a new application is set up, administrators (i.e., 
providers) must register and specify SmartObjects with feedback types etc. Immedi-
ately afterwards, feedback can be sent and received. Writing or compiling code is not 
required. 

8   Summary and Conclusions   

Technical systems and software-controlled subsystems continue to interact more and 
more. Once this interaction exceeds central control, IT ecosystems start to emerge and 
evolve. The interaction of their subsystems is difficult to understand and may be im-
possible to anticipate.  
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Commercial software and service providers need to update and improve their sub-
systems if they want to stay competitive. Feedback from users and stakeholders is an 
essential input to continuous improvement. Stakeholders perceive an IT ecosystem as 
a smart environment and may not be able to distinguish all its parts. For the first time, 
the new generation of customers and stakeholders have the technical prerequisites and 
personal ability to recognize sub-optimal system behaviour – and to report it through 
contextualized feedback. This is a new opportunity, and we present an approach of 
seizing that opportunity.  

Our approach consists of a technical framework, infrastructure, and concepts for 
applying them in an improvement processes. We first describe the architecture and 
framework in general. Then, we present the ConTexter implementation of that 
framework. ConTexter framework and UniImprove application example demonstrate 
that our concepts can be implemented with current technology. They establish a feed-
back and learning cycle for continuous improvement of IT ecosystem. We will con-
tinue exploring applications and extensions, such as the potential of ad-hoc video 
clips attached to contextualized feedback.  

There are numerous open research questions in this field. Many interesting ques-
tions were actually stimulated by the work presented in this paper: How many stake-
holders will provide feedback? Is it sufficient to lower effort, or do providers need to 
grant incentives for good feedback? What is the optimal proximity heuristic for Smar-
tObjects? How should related SmartObjects be organized? Empowering semi-
automatic interpretation is another research area that we have only touched upon in 
Section 7. We expect answers to vary significantly over different application areas 
and implementation alternatives. For example, acceptance might depend on perceived 
reaction and improvement time as much as on feedback mechanisms.  The impact of 
our approach will be influenced by the personality of users such as their affinitiy to 
technology. Even the brand of supported Smartphones could have an influence. We 
are currently developing an iPhone interface to be used in addition to Android Smart-
phones to study that effect. 

By applying our approach, subsystems of IT ecosystems can be explored and con-
tinuously evaluated by affected stakeholders. For example, an airport or an entire city 
could open that new feedback channel. Frameworks like ConTexter can support the 
evolution of IT ecosystems. Both service providers and their users can benefit from 
seamless feedback in context. 
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