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  Abstract   Collaborative annotation techniques for digital multimedia contents 
have found their way into a vast amount of areas of daily use as well as professional 
fields. Attendant research has issued a large number of research projects that can be 
assigned to different specific subareas of annotation. These projects focus on one or 
only few aspects of digital annotation. However, the whole annotation process as a 
operative unit has not sufficiently been taken into consideration, especially for the 
case of collaborative settings. In order to attend to that lack of research, we pres-
ent a framework that supports multiple collaborative workflows related to digital 
multimedia annotation. In that context, we introduce an process-based architecture 
model, a formalized specification of collaborative annotation processes, and a concept 
for personalized workflow visualization and user assistance.    

  Introduction 

 As means of enriching digital content by additional information, collaborative 
annotation techniques for digital multimedia contents have found their way into a 
vast amount of areas of daily use as well as professional fields. In the Web, popular 
platforms can be identified such as  Flickr.com ,  Youtube.com , or  Delicious.com , 
which enable shared manual classification and bookmarking of contents of various 
media formats in order to organize such files in a structured form and facilitate later 
retrieval. In addition to these simple ways of applying annotations, more complex 
environments are utilized for various purposes and objectives, such as information 
retrieval, content analysis, or group communication, and in the scope of different 
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application areas and practices, e.g., computer-supported collaborative learning, 
medicines, engineering, human science, sports science, e-Commerce, edutainment, 
or gaming  [  4,   30,   31,   33  ] . In our research work we focus on two concrete scenarios 
of collaborative multimedia annotation. The first case deals with annotation of 
multimedia content with semantic information. At this, users first annotate multi-
media documents (e.g., websites, videos, images, etc.) or parts of a document (e.g., 
single video scenes, image sections, etc.) with simple metadata such as descriptors 
or textual tags. Subsequently, documents or document parts are assigned to a given 
ontology. The second annotation scenario is concerned with video content analysis. 
In that case, users collaboratively select video segments by performing shot detec-
tion, write transcriptions, categorize video segments using a predefined vocabulary, 
enter own ratings and interpretations of the observed content, and discuss their 
results. In the following, the differing variants of digital multimedia annotation are 
going to be illuminated. 

  Digital Multimedia Annotation: A General Overview 

 In order to comprehend the background of this work, it is important to briefly 
overview the wide range of the area of digital annotation concerning its various 
forms and usages. In a general view, annotations are means of enriching arbitrary 
content by additional information. Thus, from a user’s point of view, annotations 
enable persons to associate own information with provided documents  [  2  ] . That 
personal information can manifest different types and purposes such as commen-
tary, elucidation, explanation, footnote, interpretation, reflection, linking, classifi-
cation, or linking  [  1,   26,   30  ] . In the scope of such usages, annotations may appear 
as  metadata ,  content , or  dialog act . Annotations as metadata serve as additional 
data associated to existing contents, defining their properties and structure  [  1,   2  ] . 
Annotations also can be applied as content, enriching existing content by a further 
layer of explanation or interpretation  [  1,   2,   26  ] . As part of a collaborative dis-
course respecting a certain subject, content-annotations can be regarded as dialog 
acts  [  1,   14  ] . Different media formats such as text  [  36  ] , images  [  40,   41  ] , audio files 
 [  5  ] , video  [  12,   20,   40  ] , or 3D-models  [  19,   23  ]  are involved in digital annotation 
referring to the contents that are annotated on the one hand and the coding of 
annotations on the other hand  [  2,   13,   32  ] . In general, annotation techniques aim 
the exposure and elucidation of the semantics of given information  [  2  ] . In line with 
that superior objective, annotation environments are used in various application 
areas such as indexing and retrieval, information classification, content analysis, 
sharing and discussion, or collaborative authoring. The latter forms of usage reveal 
that annotations also can be means of exchanging and sharing ideas and opinions 
of a collaborating community with respect to mutual accessible digital contents 
 [  2,   10,   11,   14,   43  ] . In that context, different types of annotations are identified: 
annotations written by the producer of the content, and annotations created by the 
recipients of the provided contents  [  1  ] . Furthermore, annotations can be private, 
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shared, or public  [  27  ] . Private annotations are visible and accessible only to their 
authors, whereas shared and public annotations are treated by a certain team or all 
participating users. In cases of collaborative working, user groups obtain multiple 
views of the handled information  [  27  ] . Thus, annotations support the discourse 
and information exchange within specific communities improving various forms 
of collaborative work scenarios  [  2,   11,   13  ] . In conclusion, the area of (collabora-
tive) digital annotation includes a large set of different workflows that embrace 
several research topics.  

  Support of Collaborative Annotation Workflows: 
Key Challenges and Our Contribution 

 Beginning from the times of manual annotation of textual documents, research on 
annotation has long tradition and issued a large number of research projects that can 
be assigned to different specific subareas of annotation. These projects focus on one 
or only few aspects of digital annotation  [  20,   21  ] . However, the annotation process, 
as a whole operative unit which issues several different workflows, has not suffi-
ciently been taken into consideration, especially in cases of collaborative work 
 [  1,   17,   20,   21  ] . The exploration of workflows of collaborative multimedia annota-
tion is a relevant research topic due to user-specific requirements and challenges of 
application design. First, from a  user’s point of view , problems can be identified 
with respect to the usage of annotations systems. To take an example, within the 
process of collaborative video analysis, an amount of tasks or sub-processes can be 
registered: configuration of specific application and community settings, marking 
and chunking contents, classification of selected contents, generate transcriptions, 
writing (shared) interpretations and ratings with respect to the observed facts, 
searching and commenting of co-analysts results, leading discussions about dis-
agreements, subsequently re-editing of configurations and own contributions, and 
publishing of results  [  17,   21,   29,   30,   35  ] . Different annotation tools, algorithms, etc. 
can be used to accomplish that large number of analytic (annotation) tasks. Commonly, 
the amount of available services leads to multi-optional and complex user interfaces. 
Thus, users struggle in understanding and learning how to use the system’s set of 
tools and have problems in recognizing their current state and the next steps within 
the process  [  37  ] . In that context, annotators have to make an effort in recognizing 
contents that are to be executed by them and not by other community members. 
Furthermore, annotation can be an elaborate and time-consuming work, especially 
when it is conducted in a “manual” way  [  3  ] . Second, from an  application design 
point of view , relevant key features have been declared with respect to flexibility in 
order to support different ways of using annotations and integration of different 
services  [  1,   11  ] . 

 In order to attend to the lack of research on the annotation process as (collabora-
tive) workflows, and based on the described challenges and problems which arise 
from a user’s and an application design points of view, the main contribution of this 
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paper is the illustration of a generic framework to support collaborative workflows 
related to digital multimedia annotation. By workflow-support, we mean the facili-
tation of loops and transitions between the single workflow steps and tasks in 
general. More precisely, appropriate services and information shall be provided at 
the proper time, depending on the current individual or group’s state of the work. 
Consequently, we expect a reduction of the users’ load with regard to the use of 
such applications and hence enhancement of efficiency. In addition to that, we 
enable the integration of different annotation services by applying a service-oriented 
infrastructure. Thus, previously declared demand on flexibility can be complied. 
The annotation framework has been developed in the scope of the THESEUS 
program. THESEUS is a research program, initiated by the Federal Ministry of 
Economy and Technology (BMWi), to develop a new internet-based infrastructure 
in order to better use and utilize the knowledge available on the internet. 

 In Section Related Work, the identified related work concerning research on support 
of annotation workflows and practices is illuminated. Section Process of Collaborative 
Multimedia Annotation gives a brief overview of an abstract model describing anno-
tation processes and tasks. Following, an integrable generic framework for workflow-
based collaborative annotation is presented in Section A Framework to Support 
Collaborative Annotation Workflows. In that context, we illustrate an architecture 
model that is based on a process model for digital annotation, as well as a concept for 
workflow visualization and user assistance by interpreting process specifications. 
Concluding, we summarize the presented results and assume our future work.   

  Related Work 

 Bertino, Trombetta, and Montesi present a framework and a modular architecture for 
interactive video consisting of various information systems. The coordination of these 
components is realized by identifying inter-task dependencies with interactive rules, 
based on a workflow management system  [  4  ] . The Digital Video Album (DVA) 
system is an integration of different subsystems that refer to specific aspects of video 
processing and retrieval. In particular, the workflow for semiautomatic indexing and 
annotation is focused  [  31  ] . Pea and Hoffert illustrate a basic idea of the video research 
workflow in the learning sciences  [  22  ] . In contrast to our research work, the projects 
mentioned above do not or only to some degree consider the process for collaborative 
use cases. The reconsideration of such communicative and collaborative aspects 
requires modifications and enhancements of the existing approaches and concepts.  

  Processes of Collaborative Multimedia Annotation 

 In this section, workflows of digital annotation are illustrated in a general view by 
means of an abstract process model. That model arises from an empirical study of 
multiple identified annotation workflows of real practices, primarily focusing on 
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collaborative usage settings  [  21  ] . As shown in Fig.  1 , the annotation process is 
divided into the sub-processes  configuration ,  annotation , and  externalization . 
Annotation is subdivided again into the sub-processes  selection ,  addition , and 
 exploration . These sub-processes consist of one or more different tasks that have to 
be accomplished by certain users or groups applying differing tools and algorithms. 
Although these sub-processes are subsequent in a first sight, this section shows that 
annotation workflows have to be regarded as networks including options, iterations, 
loops and re-entries to previous steps. In the following, the sub-processes of digital 
multimedia annotation are illustrated as tasks of the annotation process.  

  Configuration 

 Before starting an annotation project, the environment has to be configured. 
Specific project preferences can be adjusted and the graphical user interface may 
be customized  [  9  ] . Furthermore, participants are assigned to accounts and user 
groups that are associated with specific roles and access rights. The annotation 
tasks can be distributed among the individual users  [  9,   25,   40  ] . For example, tasks 
of a project are assigned to predefined groups, and furthermore a group administra-
tor is able to distribute the annotation tasks among the individual users  [  25,   40  ] . 
Since annotation processes are iterative and contain loops and re-entries to previous 
process states  [  30,   38  ] , predefined configurations of the used environment often 
need to be modified during a running annotation process.  

  Fig. 1    Abstract process model for digital multimedia annotation       
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  Annotation 

 The following phases selection, addition, and exploration can be regarded as one 
operative unit. The conducted expert interviews revealed that no specific operative 
sequences can be identified referring to these “real” acts of annotating  [  30  ] . Note 
on video analysis processes that activities of de-composition (segmentation, cod-
ing, categorization, and transcription) and re-composition (rating, interpretation, 
reflection, comparison, and collocation) are closely interrelated. They depict video 
annotation as a complex process that contains circular and recursive loops, in which 
the analyst alternately marks, transcribes and categorizes, analyzes and reflects, and 
needs to conduct searches  [  28  ] . Performed a field study with respect of the annota-
tion of digital libraries, reporting that acts of searching, reading and annotating are 
performed at the same time and can be done together with other activities, e.g. 
working with colleagues. Hence, selection, addition, and exploration, as higher-
level categories, have to be considered related to each other. In the following, these 
three items are explicitly described.  

  Selection 

 Annotators need to mark concrete contents of interest that annotations shall refer 
to. The simplest variant is marking a whole document such as a website. A second 
variant is the selection of elements contained within a document. Let us assume that 
a considered website consists of a text, various graphics, and a video. An annotator 
is able to mark each of these elements as an independent unit, or select two or more 
of these elements as a composed unit, and consequently annotate a unit with differ-
ent information  [  13,   32  ] . As a third variant, these single elements can be again 
subdivided into segments. For example, annotations may be associated to a whole 
text, or to one or more special parts of the text  [  11  ] . How exactly segments are 
defined depends on the media format of the original content and the specific media 
properties, as well as the purpose of annotation. Segments can also be artifacts of 
collaborative work. In some of the investigated use cases, the segmentation task is 
partitioned and assigned to individual users or groups. For example, group A 
chunks the video according to a certain characteristic 1, group B seeks for charac-
teristic 2, and so on. Furthermore, in content analysis use cases, users or groups 
may also work with different classification systems, vocabularies, ontologies, etc.  

  Addition 

 After marking the relevant documents, document subsets, or object segments, co-
annotators continue adding annotations as additional information to these elements. 
As already mentioned, a relevant objective of annotation is the classification of 
given information resources or parts of it, in order to facilitate archiving and later 
retrieval  [  3  ] . Collaborative practices are supported by allowing shared information 
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organization activities and exploiting of information structures establish by 
collaborators. For example, widespread approaches are  Collaborative Tagging , 
 Social Bookmarking , and  Semantic Annotation   [  3,   10,   26  ] . In a further context, 
users may describe observed facts, e.g. behaviors and events of a video, objects 
within an image, sequences of an audio file, etc. In order to explain, elucidate, 
interpret, or comment on the given contents, users need to give descriptions in a 
more free way than assigning metadata  [  35  ] . In most cases, they are allowed to 
enter free textual annotations that can be regarded as additional content  [  1,   2,   26  ] . 
Like the selection task, the addition of annotations may be distributed to different 
users and groups. In that case, annotated information becomes a shared contribution 
 [  2,   11,   14,   43  ] . Shared contributions are an important part of collaborative work. 
They enable the communication between co-annotators as well as the organization 
of common tasks and are regarded as dialog acts  [  1,   14  ] . Organization and coordi-
nation of collaborative activities are essential in the context of co-writing or co-
authoring with respect to granulated information exchanges between collaborators 
creating a shared document  [  10,   43  ] . Furthermore, when users work separately, 
they need to discuss their annotations, conclusions, and the annotation process with 
other participants  [  9  ] . Particularly in the context of consensual approaches applied 
in content analysis, discussion is a means of agreement and consistency of different 
annotators’ results. Thus, discussion often leads to a return to previous steps of the 
annotation process  [  29,   30,   35  ] . In the end, the final results of the annotation project 
arise from iterative loops through the process, in which the data is continually 
modified and adjusted.  

  Exploration 

 Selection and information addition always go along with searching, browsing, and 
reception activities  [  28,   30  ] . Especially in collaborative annotation situations, users also 
need to search for their own results but also for results of co-annotators, experts, or other 
sources  [  22,   30  ] . Exploration of co-annotator’s data also can be an issue in asynchro-
nous collaborative projects which proceed over a long time frame. After being absent, 
users may need to track the changes performed by other annotators involved in the 
project. Exploration also includes restructuring of the data representation. With regard 
to this, annotators are allowed to contrast relevant data with each other, or to hide less 
important information. According to this, exploration also supports reflection. It facili-
tates the consideration of multiple views of the video where users are allowed to obtain 
perspectives beyond their subjective point of view  [  27,   38,   40  ] .  

  Externalization 

 The externalization phase refers to two different aspects at the end of the annotation 
process: Publication of the process’ results and export of data for the purpose of 
processing the data with external applications. Public annotations are treated by all 
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participating users  [  2,   26  ] . Normally, publication begins with editing and converting 
the data into several formats, and moves on to presenting this information by means 
of corresponding media  [  30  ] . Published results can be used for demonstration pur-
poses  [  29  ] . Also databases of already annotated material can serve as digital 
resource for information retrieval in following annotation sessions  [  35  ] . Furthermore, 
a goal of annotation can be obtaining (mostly automatically) generated surveys and 
assemblies of similarly categorized content subsets, e.g. video summaries  [  3  ] . 
Furthermore, it is often necessary to export data for further processing by means of 
more specific applications.   

  A Framework to Support Collaborative Annotation Workflows 

 In this section, a generic and integrable framework that supports different concrete 
annotation workflows is presented. First, general requirements with respect to 
workflow-support and collaboration are derived. Subsequently, we present a devel-
oped the architecture model that is based on the sub-processes of collaborative 
annotation illustrated in the previous section. In particular, it is shown that the 
architecture aims at establishing a framework that can be integrated in superior 
systems. Furthermore, we propose a formal specification of processes that is used 
for the purpose of workflow control and visualization, as well as a process-driven 
user assistance. Workflow visualization and process-driven assistance are presented 
as concepts in the last part of this section. 

  Process-Based Requirements 

 Conceptual design decisions particularly base on our endeavor to support given 
operating procedures within the annotation workflow. In that context, we identified 
basic requirements that have to be fulfilled by the framework. In general, the fol-
lowing requirements result from our explicit consideration of annotation workflows 
on the one hand, and collaborative practices on the other hand. The requirements 
are based on a comparative analysis of current annotation environments.

    1.     Workfl ow Control.  Workfl ows of collaborative multimedia annotation can be 
complex, since they are network-like and may contain several iterations. Thus, 
transitions between workfl ow phases and the control of sequences of sub opera-
tions have to be supported. Also loops and re-entries to other phases of the 
workfl ow must be considered.  

    2.     Sub-Process Enclosure.  In order to guarantee workfl ow control, sub-processes 
of annotation must be made “tangible” for a certain control instance. Thus, the 
identifi ed phases and tasks of collaborative annotation workfl ows need to be 
pooled into functional units that are mutually delimited. In doing so, task areas 
can be typecasted and invoked by addressing respective modules.  
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    3.     Process Awareness . In order to support operating fl ows of annotation, users 
must be enabled to monitor the current process. That is, he or she needs to 
obtain information about the current state as well as actual and upcoming activ-
ities or tasks. Thus, users are “aware of process”. For example, Process Aware 
Systems use work lists to offer work items that have to be performed by people 
 [  24  ] . In that context, especially in the case of collaborative work, that kind of 
visualization needs to be personalized due to the different needs of varying user 
groups and roles  [  7,   8  ] .  

    4.     Service Integration and Providing.  As mentioned in that paper’s introduction, a 
large number of potential functionalities can lead to complex and multi-optional 
user interfaces that obstruct especially unexperienced users. Furthermore, 
Agosti et al. (2007) and Constantopoulos et al. (2004) note that fl exibility in 
order to support different ways of annotation as well as integration of different 
services are key aspects of the design of annotation systems  [  1,   11  ] . As a result, 
integration of different annotation services and providing these services to users 
in an appropriate way have to be supported.  

    5.     Extensibility.  Flexibility and service integration require a framework that pro-
vides interfaces or “docking ports” for multiple tools or external services. In 
addition to that, the system must enable administrators to integrate, replace and 
remove tools that can be assigned to task-related modules.  

    6.     Consistency.  As a consequence of extensibility, since multiple tools read and 
possibly write on the same data. Thus, the consistency of shared parts of the 
data set has to be ensured at every point of the annotation process. Furthermore, 
with respect to collaborative practices in which data is exchanged between 
members of a community, consistency of data must also be warranted for every 
peer in the shared system.  

    7.     Selection Support.  It is essential to select the concrete contents that are to be 
annotated. In doing so, there are two levels of different kinds of contents. First, 
a whole multimedia document, one or more media elements contained in a 
document, or segments of single media elements can be marked. Second, infor-
mation may be coded in different media formats  [  2,   11,   13,   32  ] . In order to 
support the annotation workfl ow, selection of the desired contents must be 
alleviated.  

    8.     User Management.  User management is required due to the following reasons: 
Users have to be assigned to accounts, user groups, and roles with respective 
access rights. In collaborative settings, the annotation task may be portioned 
and distributed to users and user groups in several ways. As a consequence, 
a personalized view on the workfl ow for varying roles of users must be 
provided  [  7,   8  ] .  

    9.     Data Exchange.  In collaborative use cases, the annotation environment has to 
realize the data exchange between multiple users of the application that are 
potentially separated over space. For this purpose, stored information must be 
made available to every participant of the group.  
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    10.     Correct Data Handling.  In the scope of collaborative work, in which each group 
member has full access to shared contents, Stahl et al. regard the emerged informa-
tion set as a  Dynamic Information Space . That is, the information set is continually 
change and extended  [  38  ] . In addition to that, annotations can be assigned to dif-
ferent kinds of contents. Thus, an appropriate handling of media fi les, its annotated 
information, as well as their organizational structure must be provided.      

  Process-Based Architecture Model 

 In this section, the general assembly of the framework’s underlying architecture are 
presented. In that context, components of the architecture that are related to the 
sub-processes of annotation are illustrated. 

 The architecture model of the collaborative annotation framework was drafted relying 
on the presented requirements on the one hand, and on the identified sub-processes 
and tasks of collaborative annotation on the other hand. As a result, the key features of 
the concept are (a) a  Client-Server-Architecture , (b) a  Component-based Environment , 
(c) the realization of an  Model-View-Controller  (MVC) and the  Mediator  design patterns, 
(d) an  Event-based Communication , and (e) a  Service-oriented Infrastructure . The 
single features of the architecture are illustrated in the following (Fig.  2 ).  

  Client-Server Model 

 A fundamental condition for collaborative processes is the interconnectedness of 
every peer taking part for information exchanging purposes  [  9,   13  ] . Within a range 
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  Fig. 2    Process-based architecture model       
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of optional models that can be considered, e.g., client-server, peer-to-peer, or 
web-based approaches. We suggest a client-server architecture, not only due to its 
wide spreading in the area of information systems  [  9  ] . In general, data consistency, 
shared data exchange, and user management are enabled. A centralized  Multimedia 
Annotation Server  realizes a centralization of the information space. In doing so, the 
data system is available for any client that is connected. Additionally, it provides 
several services such as authentication of annotators, and management of accounts 
and access rights. In that context, modifications of the data set by the community 
are managed and provided to respective group members. The server is also respon-
sible for a consistent storage and management of local media files, global project 
configurations, and annotation information, but also workflow-related data like pre-
defined process specification files or integrated services. Centralized management 
also provides support for distributed authoring processes, e.g. tracking of changes 
made by co-annotators. With respect to our specific research focus, a relevant func-
tion of the server application is to provide predefined workflow specifications. 
Suchlike description files can be accessed by the local Workflow Management 
Environment in order to perform controlling activities. For example, one prototype 
of our annotation framework transmits workflow descriptions coded in  XPDL  (XML 
Process Definition Language) via HTTP. The client application handles user entries 
and interaction on the graphical user interface. It provides authoring options and 
assigned tools for media and annotation editing purposes. Here, the views of the 
MVC model are pooled as graphical representation of services.  

  Component-Based Environment 

 The identified sub-processes of annotation need to be pooled into functional units 
that are mutually delimited in order to typecast task areas that can be invoked by a 
central control unit. Furthermore, the architecture must enable administrators to 
integrate, replace and remove tools that can be assigned to these task-related modules. 
Thus, the phases of the workflow are implemented as software components. 
A software component can be seen as an enclosed unit which provides specific 
services. It can be embedded into a higher-level system and combined with other 
components. The concrete implementation of a component is concealed from its 
accessing instance, the communication is provided by specific interfaces  [  29  ] . 
Within our architecture model, the components are abstract and serve as containers 
for previously assigned tools and methods. Furthermore, they may be implemented 
several times. To sum up, sub-process enclosure, service integration, and extensibility 
are guaranteed. Central components are the  Broker Component ,  Process ,  Media , 
and the  Communication Component . The Broker implements the Mediator compo-
nent as global controller of the MVC model. The Process Component is responsible 
for process visualization and process-driven user assistance which are going to be 
explained in the next section. The Media Component serves as display component 
for selected media files. The Communication component realizes the connection 
between elements of the shared framework. First, the communication between the 
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framework’s central Multimedia Annotation Server is establish. Additionally, 
access is warranted to external information resources such as web servers, external 
annotation services, or external annotation servers, e.g., providing and storing 
semantic annotations or ontologies. Based on the identified process phases and 
tasks, we conceived and included the abstract components  Configuration ,  Selection , 
 Addition ,  Exploration , and  Externalization . The Configuration Component is 
responsible for any administrative task performed by authorized users. It provides 
input interfaces for several configuration options such as users and task manage-
ment, process specification, or project settings. Selection components represent any 
service for content selection or segmentation. For that purpose, interfaces must be 
provided that support interaction with media players and data visualization compo-
nents. Analogously, addition components are responsible for the conjunction of any 
kind of annotation. Exploration components serve as means of reception, browsing, 
navigation, and searching. Basically, information is visualized, and services for 
manipulation of the data representation such as filtering or sorting are provided. 
In addition to that, specific search functionalities may be integrated. Examples are 
specific timeline views for continuous media like audio or video, or annotation 
structure visualization tools. Externalization tools are responsible for data process-
ing for the use in external environments.  

  Model View Controller and Mediator Pattern 

 In order to realize an appropriate management of media files and its annotated 
information, we rely on existing approaches with regard to content annotation or 
linking. In the area of hypermedia research, several models can be identified, e.g. 
the  Dexter Hypertext Reference Model . That model divides the system into three 
delimited layers, separating data, the given hyper structure, and its representation 
 [  18  ] . The  Model View Controller Model  (MVC) equally divides the application into 
three levels: the model layer represents the involved data, views display the infor-
mation and assume user interaction, the controller layer processes user entries and 
is enabled to modify data in the model. Furthermore, data consistency is warranted 
through a specific notification policy. In the presented process-based architecture, 
the model layer consists of data and information from contents and assigned anno-
tations to project configuration information, etc. In that context, the storage of 
predefinable process specifications and (references to) the available services are a 
central part of our work. The view layer represents any visual component at the 
graphical user interface. Besides the general elements of the user interface, the 
single views display the available tools or services that are previously assigned to 
respective tasks of the annotation workflow. The controller layer includes two dif-
ferent kinds of controllers: local controllers are assigned to every component of the 
view (as well as the server communication component) and act as interfaces 
between component and application. A central component serves as global control-
ler and implements the included Mediator pattern. The Mediator pattern provides a 
central instance, called  Broker Component , which defines the cooperation and 
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interaction of multiple objects. This central unit holds an intermediary role and 
coordinates the overall behavior of the system  [  15  ] . Thus, workflow control can be 
supported with regard to transitions between workflow phases, sequences of sub 
operations, passing through loops, and re-entries to other phases of the workflow. 
The specific processes and sequences within the annotation workflow are defined 
by task groups and sub operations, which can be pooled into several system com-
ponents. The global controller is key component with respect to the realization of 
 Event-based Communication  and the establishment of a  Service-oriented 
Infrastructure . A event-based system is a shared environment composed of multiple 
active software components and an service that realizes event transmission, 
commonly called Event-Broker or Event-Dispatcher  [  34  ] . There, active software 
components may obtain the role of an event publisher or an event consumer. The 
Broker component appears as event transmitter and is responsible for inter-service 
communication and interoperability, as well as workflow control and governing. 
Thus, a service-oriented infrastructure can be implemented. Service-oriented infra-
structures focus on the realization of components as modular services that can be 
invoked by certain clients. Thus, based on a service-oriented infrastructure that is 
enabled by the global controller, modularized sub-processes of collaborative anno-
tation can be individually invoked and controlled.   

  Process Management I: Specifying Processes 

 The main objective of our work is to support different workflows by dealing with 
user-specific problems that arise from multi-optional tool sets and complex user 
interfaces, and design-specific requirements. More precisely, we enable the integration 
of different annotation services and realize service providing at the proper time, 
depending on the current individual or group’s state of the work. For that purpose, 
we applied a service-oriented infrastructure. Hence, the emphasis is to handle com-
ponents as modular services that are provided to clients  [  16  ] . An essential require-
ment for process management within service-oriented infrastructures is the coordination 
of shared resources  [  16  ] . In general, among these resources are the available anno-
tation services and the single users or user groups. In order to enable management 
of process-related resources, an appropriate workflow management concept is 
necessary. Workflow Management comprises all tasks that are to be accomplished 
at modeling, simulation, and execution and supervision of workflows  [  34  ] . A work-
flow can be regarded as a business process that is executed by means of computing 
devices  [  34  ] . Such processes are automatized, and documents, tasks, or contents are 
transferred according to specified rules  [  42  ] . A process-based system must be 
driven by a specific process model  [  24  ] . According to that, the concrete applied 
processes must be modeled and fed into the framework in forms of a schema or 
workflow specification  [  16  ] . Workflow schemata describe a process by means of a 
workflow modeling language for the purpose of documentation, analysis, or 
execution within a workflow management system  [  34  ] . In the following, we 
specify a formal description of collaborative multimedia annotation processes. 
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That formal specification aims at supplying relevant requirements for workflow-support 
in collaborative annotation settings. First, the general tasks (work items), involved 
annotation services, multimedia contents, and users are specified. Additionally, 
essential attributes for user assistance within a workflow can be set, such as the 
state of a task, service types in order to also realize real-time service assignment, 
e.g. “selection of video segment”, and definition of content types. Tasks may be 
structured in an hierarchical order, e.g., the superior task “addition” can obtain 
the sub-tasks “annotate metadata” or “add comment”  [  24,   39  ] . Transitions 
between related or subsequent tasks are defined. Thus, the operative flow is speci-
fied and workflow control procedures are driven. Furthermore, transitions are 
linked with contents that are transfered from one task to the following. In doing 
so, the data flow referring the annotation flow can be defined. Tasks are also 
assigned to available services, as well as to the single users or user groups that 
have to execute them. As a result, service providing is supported at a user inter-
face level. In addition to that, on user interfaces, personalized views of the work-
flow can be provided. As stated in  [  7,   8  ]  personalization is a key requirement at 
workflow visualization. Here, personalization is realized at two areas: first, at the 
area of tasks that have been assigned to users and groups with respective autho-
rizations and, second, the concrete contents that are processed by a user or group. 
In particular, the latter case can be regarded as useful for selection support. In the 
following, a formal specification of (collaborative) multimedia annotation work-
flows, is presented. 

  Definition 1.  An annotation process is defined by a tuple p = (i
p
, W, T, S, C, 

G, WS, ST, CT )      where: 

       – ip    is the unique identifier of    p  .  

      – { }1 2, , , nW w w w= …    is a finite set of work items which assemble    p  .  

      – { }1 2, , , nT t t t= …    is a finite set of transitions located between consecutive

work items.  
      – { }1 2, , , nS s s s= …    is a finite set of services which are offered to perform the 
single work items included in    p  .  

      – { }1 2, , , nC c c c= …    is a finite set of contents that are transfered in between work 
items.  

{ }1 2, , , nG g g g= … –         is a finite set of user groups which execute the single work 
items included in    p  .  
      – → =: : { , , } ,WS W WorkItemStates NotEnabled Enabled Active Accomplised    
indicates the state for each work item    w W∈   .  
      – → =: : { , , , ,

, , , ,
, , , , , 3 , } assigns a set

ST S ServiceTypes Configuration Selection Addition Exploration
Externalization Document Element ElementComposition
ElementSubset Text Graphic Audio Video D GenericFormat

   

of service types for each service    s S∈   , indicating for what kind of tasks and 
contents a service can be used.  
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      – → =: : { , , ,
, , , , , 3 , } indicates the 

CT C ContentTypes Document Element ElementComposition
ElementSubset Text Graphic Audio Video D GenericFormat

  

content type for each content    c C∈    transfered in    p   .    

  Definition 2.  A work item is defined by a tuple    ( )= , , ,w pw ww i i d S    where:

       – wi    is the unique identifier of    w  .  
      – pwi    is the unique identifier of the parent work item of    w    (optional).  
      – d    is the deadline of    w    (optional).  
      – ⊆ = …1 2{ , , , }w w w wnS S s s s    is a finite set of one or more services which are 
offered to perform    w   .    

  Definition 3.  A transition is defined by a tuple    ( , , , , )t o d o it i i i C C=    where:

       – ti    is the unique identifier of    t   .  
      – oi    is the unique identifier of the origin work item, from which the transition    t   is 
launched.  
      – di    is the unique identifier of the destination work item, at which the transition 
   t    targets.  
      – oC C⊆    is a finite set of contents that are output data of the origin work item.  
      – iC C⊆    is a finite set of contents that are input data for the destination work 
item.    

  Definition 4.  A service is defined by a tuple    = ( , )s ss i l    where:

       – si    is the unique identifier of    s  .  
      – sl    indicates the location of    s  .    

  Definition 5.  A user group is defined by a tuple    = ( , , )g g gg i U W    where:

       – gi    is the unique identifier of    g  .  
      – gU    is a finite set of users belonging to    g  .  
      – gW W⊆    is a finite set of work items which are to be accomplished by the group 
   g    (optional).    

  Definition 6.  A user is defined by a tuple    = ( , , , )u uu i g W R    where:

       – ui    is the unique identifier of    u   .  
      – g G∈    is the group that the user belongs to.  
      – uW W⊆    is a finite set of work items which are to be accomplished by the user 
   u    (optional).  
      – 1 2{ , , , }nR r r r= …    is a finite set of roles that are assigned to    u   . Role assignment 
also implicates several access rights respecting the content(s) that are to be 
handled.    

  Definition 7.  A content is defined by a tuple    ( , , )c pc cc i i l=    where:

       – ci    is the unique identifier of    c  .  
      – pci    is the unique identifier of the parent content of    c   (optional).  
      – sl    indicates the location of    c  .     
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  Process Management II – Workflow Visualization 
and Process-Driven Assistance 

 The specification of concrete workflows is fundament for workflow execution. 
Within the presented concept, workflow management particularly focuses on 
workflow visualization and process-driven assistance. The general objectives of 
these aspects are to provide users information about what are the current state and 
task(s), which contents are involved, and which services can be selected in order 
to accomplish a respective tasks. In that context, a visual-interactive concept for 
 Workflow Visualization  and  Process-driven User Assistance  is illustrated. 
Especially in the scope of collaborative annotation scenarios, the processes may 
be long-running, include a large number of activities, and involves several user 
groups and roles  [  7  ] . In that case, users have different tasks and knowledge about 
the process. Thus, a uniform workflow visualization for all participants can not 
cover all expectations and individual requirements  [  8  ] . The process must be pre-
sented in various ways, including a personalized visualization with an appropriate 
level of granularity [6–8]. In doing so, the specific needs of different user groups 
can be fulfilled. For that purpose (a) the process visualization must be able to be 
reduced by hiding not-relevant information, (b) the representation of process ele-
ments such as activities or data must be customizable  [  6,   7  ] . In particular, we 
refer to two dimensions of personalization: control and data flow. Control flow 
includes a personalized process visualization referring to the activities or tasks 
that a certain user has to perform. For example, a user with an administrator role 
may be allowed to conduct any tasks, especially system configuration. Whereas, 
a “normal annotator” will have only authorization for selecting and adding addi-
tional information. From a data flow perspective, personalized process represen-
tation only shows the contents that are assigned to the current user and/or his 
assigned group. Assuming that two groups have created video segments with 
respect to different topical categories. In the next step, addition of textual contri-
butions, the process representation only highlights the video segments that were 
created by the group of the current user. Process-driven assistance is a part of the 
presented workflow visualization concept. First, it includes guidance of users 
when they specify the necessary parameters before effectively performing a task. 
Furthermore, assistance is given by indicating the available services that are to be 
used in the scope of the current state of process depending on the predefined 
process-related parameters on the one hand, and on the other hand further attri-
butes that are gathered from a process-specification. Such as for process visual-
ization, also user assistance has to consider different types of users, since the 
expertise of a single user referring to the operation of the application determines 
the level of assistance that is required. In the following, the concepts of workflow 
visualization and process-driven user assistance are illustrated. For that purpose, 
we refer to the prototype application  SemaWeb  that allows semantic annotation of 
web contents. Here, the multimedia annotation framework and a workflow visu-
alization component are integrated. 
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 As shown in Fig.  3  (1), predefined processes are presented by means of a tree 
visualization. On the first level, the general superior tasks of the project are listed. 
Child nodes of all tiers map the next category within a thread of decisions that have 
to be made by the user in order to initiate the required task. That is, various proper-
ties are requested by the system that determine the parameters of task execution. 
The general idea of the tree view concept is that users are enabled to select a path 
of the tree structure which guides them through the several options, feeding the 
system with required information at the same time. Thus, the leafs of the tree are 
always available services that match to the activated path options. The items dis-
played by that component are personalized: only the relevant data is shown based 
on task distribution defined in the loaded process specification and the user man-
agement data. The simple example in Fig.  3  shows that a user wants to select a 
whole video on a website in order to annotate some descriptive metadata. For that 
purpose, the user clicked the options  select ,  single element ,  whole element  (and not 
a segment), and  video media . The available videos are shown in the tree, and after 
selection of the video two existing video selection tools are faded in. That way of 
interaction supports users in small steps, and we suggest that especially users with 
less experience concerning the usage of annotation systems will benefit. Still, other 
types of more experienced users may not accept that kind of step-by-step guidance. 
Consequently, we distinguish between the three user types novices, advanced, and 
expert. According to that, as shown in Fig.  3  (2), advanced or expert users are also 
able to select the desired contents by means of mouse actions upon the website. 

  Fig. 3    Workflow visualization and process-driven assistance in  SemaWeb        
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In that case, the tree view responds to that activities and adopts the representation, 
so that advanced users are still able to localize applicable services by means of the 
process visualization. Thus, they are allowed to overleap single steps within the tree 
path. At an expert level, users are also able to select the right tools directly without 
using the tree view component (see Fig.  3  (3)). To sum up, the process visualization 
and assistance concept covers multiple forms of habit, knowledge, experience, and 
specific tasks of the different users and user groups.    

  Conclusion and Future Work 

 We illustrated that even though research in the area of digital annotation has long 
tradition and includes an amount of respective projects the practices and workflows 
of annotation has not been sufficiently considered to date. Particularly, that applies 
to collaborative practices which gain more and more in importance. Due to the wide 
range with respect to types, usages, application areas, and users we emphasized the 
large number of different workflows of (collaborative) annotation. Accordingly, the 
main contribution of this paper is the illustration of a concept for a integrable 
framework that supports multiple collaborative workflows of digital multimedia 
annotation. Based on a model that describes the annotation process in an abstract 
way, we introduced a respective architecture model. The significant aspects of the 
architecture are the separation of the basic elements included, so that the framework 
can be integrated as a subsystem into existing environments. By means of a service-
oriented infrastructure, different components that serve as specific annotation ser-
vices can be integrated and coordinated. In addition, we presented a formalized 
specification of the collaborative annotation process including its essential aspects 
and elements. Based on that formalization, concrete workflow specifications can be 
generated in order to realize workflow management. In the scope of workflow 
management, a visual-interactive approach for user-centered support by means of 
workflow visualization and process-driven assistance was introduced. Basically, 
that approach deals with providing users with information about the workflow tasks 
and the services or user interface elements that are to be used with the respect to 
the current state within the annotation process. There, personalization of the view 
and the interactive access on the workflows are means of supporting collaboration. 
In doing so, various levels of knowledge and expertise, as well as use styles and 
preferences are considered. In summary, the presented concept aims at improving 
the use of annotation systems, especially in the scope of collaborative scenarios. 
Up next, the concepts included in the presented framework are going to be evaluated 
with the aid of usability tests and case studies. 

 Due to the wide range and complexity of the annotation field, several points 
of contact for future research work can be identified. Especially in the scope of 
our research work, two topics are of special interest concerning annotation 
workflow visualization and assistance through service providing. The first ques-
tion refers to how process representation and recommending of services can be 
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improved by machine-learning approaches, e.g., by realizing adaption based on 
automatic interaction analysis. Second, service providing and retrieval can be 
evolved by advanced approaches from the semantics field, such as research on 
specific service ontologies.      
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