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Abstract: Various kinds of inquiry, scenario, and project based teaching and learning have been promoted by
educational thinkers over the last 100 years, but they are by no means typical in mainstream classrooms: “[…]
projects offer many attractive promises, but they are often difficult to implement” (Barron et al., 1998, p. 306;
cf. Bundsgaard, 2005, p. 315ff.).

At least five challenges can be identified (Barron et al., 1998; Bundsgaard, 2009, 2010; Gregersen & Mikkelsen,
2007;  Krajcik  et  al.,  1998):  Organizing  collaboration,  structuring  workflows,  integrating  academic  content,
sharing products, and differentiating teaching.

Technology can help respond to these challenges (Brush & Saye, 2008; Bundsgaard, 2009, 2010; Ge, Planas, &
Er, 2010; Helic, Krottmaier, Maurer, & Scerbakov, 2005; Daniel Schneider & Synteta, 2005; D. Schneider, Synteta,
& Frété, 2002), but platforms are very expensive to build from the ground up. If these platforms are to find
their way into everyday teaching and learning, they have to be easy and cheap to develop. Thus there is a need
for easy to use application programming platforms.

This  paper  argues  that  a  visual  modeling  programming  language  would  be  an  important  part  of  such  a
platform. The Collaborative Learning Modeling Language (ColeML) makes  it  possible  to articulate  complex
designs for learning visually and to activate these design models as interactive learning materials.

ColeML is based on research in workflow and business process modeling. The traditional approach in this area,
represented  by,  for  example,  the  Workflow  Management  Coalition  (Hollingsworth,  1995)  and  the  very
widespread standard  Business Process Modeling and Notation (BPMN),  has been criticized on the basis  of
research in  knowledge work processes. Inspiration for ColeML is found in this research area, which calls for
interactive process modeling:

“An interactive process system should / - Enable modelling by end users,/ - Integrate support for ad-hoc and
routine work, / - Dynamically customise functionality and interfaces, and / - Integrate learning and knowledge
management in everyday work” (Jørgensen, 2004, p. iii)

It should not only be expert process modelers who are able to model processes; knowledge workers should
also be able to do so themselves while the model is in use.

ColeML is developed according to Jørgensen's (2004) design principles: 1) The modeling language should be
simple with a few basic concepts, 2) the language should make possible a visual graphic representation of the
model, 3) elements of the model should be able to change status during the articulation, 4) the system should
accept unfinished models, 5) models should be able to be built by integrating other models, and 6) it should be
possible to build a systematically  designed and searchable repository of models and templates (Jørgensen,
2004,  pp.  27f.,  32,  36).  In  addition  to  these  design  demands  it  should  be possible  to  integrate  software
components  that  solve  sub-tasks  in  the process,  for  example,  interactive  assistants  (cf.  Bundsgaard,  2005,
2009).

In this paper the basics of ColeML are presented together with the logical architecture of a system based on
ColeML.
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1. Introduction

We are witnessing an explosion of  digital  learning material.  Most  of  it  is  in  the form of  simple repetitive
learning tools (learning games, training apps, etc.) that support a traditional practice of instruction focusing on
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communicating well-defined knowledge and procedures to students, often without the intermediation of a
teacher. But newer learning theory (Sawyer, 2006), large international projects (Griffin, McGaw, & Care, 2012),
and even international governmental organizations like the OECD (Dumont, Istance, & Benavides, 2010) are
promoting a different kind of teaching and learning: Students should work collaboratively, actively, and in an
engaged way to seek solutions to real world problems, and in the process develop entrepreneurial, critical, and
social competences. This movement is not new, as various kinds of theories and practices of inquiry, scenario,
and project based teaching and learning have been developed by educational thinkers over the last 100 years.

But there seems to be gap between the theories of what should be happening, which we could call innovative
teaching  (Shear,  Gallagher,  &  Patel,  2011),  and  what  is  actually  happening  in  schools.  Teaching  is  still
characterized  for  the  most  part  by  teacher  led  discussions  and  individual  work  with  the  content  and
assignments (Bietenbeck, 2014). There can be many explanations for this situation. One of them is that “[…]
projects offer many attractive promises, but they are often difficult to implement” (Barron et al., 1998, p. 306;
cf. Bundsgaard, 2005, p. 315ff.).

In order to facilitate more innovative teaching we have to understand what the difficulties are for teachers and
students. And we have to find ways to support teachers and students in overcoming the challenges. 

At least five challenges of innovative teaching and learning can be identified (Barron et al., 1998; Bundsgaard,
2009, 2010; Gregersen & Mikkelsen, 2007; Krajcik et al., 1998):

1. Organization: Students and teachers must collaborate, but how is this collaboration organized?

2. Structure: How do students get to know the phases, steps, and procedures of the project they
are working on?

3. Learning academic content: How do students learn the methods, procedures, and knowledge of
the disciplines while working on their project?

4. Student work: How do students and teachers share documents, data, and work in progress, and
how is communication (guiding, response etc.) about this work organized?

5. Differentiation: How are students given assignments that fit their competences, and how are
they taught academic content on their level?

There is some evidence that technology can help respond to these challenges, and a number of digital learning
materials and platforms have shown how this can be done (Brush & Saye, 2008; Bundsgaard, 2009, 2010; Ge et
al.,  2010;  Helic  et  al.,  2005;  Schneider  & Synteta,  2005;  Schneider  et  al.,  2002).  But  the problem is  that
developing  platforms  that  help  organize,  structure,  integrate  academic  content,  share  products,  and
differentiate teaching are very expensive to build from the ground up. If these platforms are to find their way
into everyday teaching and learning, they have to be easy and cheap to develop.

This paper proposes a way to facilitate the design and development of digital learning material that supports
innovative teaching. This paper presents an outline of a visual modeling language, ColeML, which can be used
in  authoring  tools  to  design,  describe,  and support  the  execution  of  the phases,  steps,  and processes  of
innovative courses.

2. Foundations and design principles of ColeML

The goal of ColeML is to enable learning designers, including spearhead teachers, editors, and content and
professional  experts,  to  interactively  model  complex  learning  designs.  The  second  goal  is  to  make  these
learning designs active, that is, readily usable in actual teaching and learning to organize collaboration between
students and teachers, support communication on student work, and keep track of progress.

The development of ColeML has been inspired by the work in the area of workflow and business process
modeling.  The  traditional  approach  in  this  area  was  introduced  by  the  Workflow  Management  Coalition
(WfMC) and reached a landmark with the release of the first Workflow Reference Model (Hollingsworth, 1995).
It has been gaining worldwide acceptance in the standard for Business Process Modeling and Notation (BPMN)
(Object Management Group, 2011). In recent years these approaches have been challenged by research done
in relation to knowledge work processes. Jørgensen phrases the critique this way: 



Contemporary business process systems are built to automate routine procedures. Automation demands well-
understood  domains,  repetitive  processes,  clear  organisational  roles,  an  established  terminology,  and
predefined plans. Knowledge work is not like that. Plans for knowledge intensive processes are elaborated and
reinterpreted  as  the  work  progresses.  Interactive process  models  are  created and updated  by  the  project
participants to reflect evolving plans. The execution of such models is controlled by users and only partially
automated. An interactive process system should / - Enable modelling by end users,/ - Integrate support for ad-
hoc and routine work, / - Dynamically customise functionality and interfaces, and / - Integrate learning and
knowledge management in everyday work (Jørgensen, 2004, p. iii).

Teaching  and  learning  is  knowledge  work  by  definition.  Although  Jørgensen  is  referring  to  a  completely
different area, he presents a very accurate description of innovative teaching. In the area of interactive process
modeling a central  point  is  not  only that  modeling experts model  processes,  but  that  knowledge workers
themselves  also  need  to  have  access  to  model  and  re-model  the  processes  before  and  in  use.  This  is  a
fundamental break with the hierarchic structure that is incorporated in the WfMC model. Interactive process
modeling comprises three functions (Jørgensen, 2004; Krogstie,  2007):  1)  Articulation,  a description of the
domain in model terms, where the articulation should be interactive in the sense that users should be able to
clarify and elaborate on a general model, 2) activation, the use of the model in relation to the domain either
automatically,  where the computer controls the process,  manually, where users use the visual model as a
management tool,  or  interactively, where the computer controls  the process automatically,  but where the
computer leaves some decisions in the process up to the users’ manual decisions. The third function is 3) re-
use of models from one domain in another domain, or re-use of sub-models inside the same process model.
Setting up these kinds of demands for the modeling systems makes interactive process models an example of
the movement away from a Turing Machine paradigm towards an interactive paradigm (Jørgensen, 2004, p. 15;
Wegner, 1997).

These three functions are obviously relevant in a school context, considering the five challenges of innovative
teaching  mentioned  above.  Often  designs  for  learning  involve,  for  example,  student  work  with  teacher
response, and the modeling of such a practice would be re-usable across many learning designs. Such sub-
models are called templates. In a school context each class is different, in terms of both the number of students
and the differences in age, competences, and social relations. Therefore interactive activation is a key function,
enabling the teacher to organize how students collaborate to a greater or lesser extent or to concentrate on
extending  certain  parts  of  the  structure  of  the pre-designed  model  (e.g.  by  making  students  work  more
intensely on giving responses, preparing an interview, or designing a research question). In continuation of this,
interactive articulation is of vital importance because the computer can support student collaboration, keep
track of where students are in the process, and provide access to previously produced work when it is needed.
This also facilitates differentiated teaching because computers can articulate different levels of support for
collaboration and for structuring the work process, making it possible, for example, to let some students have a
very detailed set of steps to perform, and others to have a more broadly described process.

A distinctive characteristic of processes in schools, where the goal is not only the product 1 but also the learning
that takes place through and on the basis of the production of the product, is that there will often be several
simultaneous and to a certain extent parallel processes working at the same time. These processes have the
same structure, and might just go on in parallel and lead to a number of products that are unique, but of the
same kind. But the process might also let the students merge into new groups and spread again – for example,
students might work as engineers, investigating a phenomenon from different expert viewpoints in groups,
then meet other experts in cross-groups to discuss which solutions to work toward, and later return to their
“expert”  group to  carry  out  the decisions.  In  order  to  activate  that  kind of  model,  the teacher  needs to
elaborate on the general model by relating it to the actual class size, the specific students, and the optimal
number of groups for this class and these students to indicate the number and position of lessons assigned for
the  course  programme  and  to  adjust  the  model  for  particular  students  with  special  needs  or  special
competences and so forth. There is thus clearly a need for an easily accessible possibility for the teacher to re-
model the processes on the basis of a learning design model template.

1 In fact, the product (e.g. a beautiful drawing, a newspaper with a professional appearance, a suggestion for
the renovation of the schoolyard) could very well be considered the goal by the students, and even by the
teachers. But seen from an institutional perspective the product, and especially the production process,
can only be a means to the end of the students' learning.



Therefore, the goal is to develop a modeling language for collaborative teaching and learning and to lay the
foundation for an activation machine (Collaborative Learning Modeling System, ColeMS) that makes possible
articulation, activation, re-use, and end-user modeling of parallel processes.

Given  these  basic  principles,  it  is  clear  that  the  design  principles  have  to  promote  a  simple,  easily
understandable, and accessible modeling practice. Jørgensen (2004) has framed a few core design principles:

1) The modeling language should be simple with a few basic concepts,

2) the language should make possible a visual graphic representation of the model, 

3) elements of the model should be able to change status during the articulation, 

4) the system should accept unfinished models, 

5) it should be possible to build models by integrating other models, and 

6) it  should  be possible to build a  systematically  designed and searchable  repository of  models  and
templates (cf. Jørgensen, 2004, pp. 27f., 32, 36). 

In addition to these design principles the central focus in a school context on learning content while working on
a project gives way to an extra principle:

7) it should be possible to integrate software components that handle sub-tasks in the process.

These  software  components  could  be  learning  apps,  simulation  tools,  academic  content,  and  all  kinds  of
interactive teaching material, for example, interactive assistants (cf. Bundsgaard, 2005, 2009).

3. The ColeML language

In his thesis, Jørgensen presents a modeling language for emergent workflow modeling that complies with the
principles he presents. He calls the language and the system he has built to activate the models WorkWare (a
contraction  of  Workflow  and  Groupware).  The  WorkWare  language  builds  on  the  Action  Port  Modeling
Language (APM) (Carlsen, 1998) but simplifies the language and integrates interactive activation. ColeML builds
on Jørgensen's WorkWare.

The basic constructs in ColeML are listed in figure 1. 

Figure 1. Basic constructs in ColeML.

The core construct in ColeML is an activity (corresponds to a workitem in WorkWare, and an action in APM). In
other modeling languages there would typically be a number of classifications of activities (into processes,
tasks, actions etc.), but Jørgensen's point is that this only adds complexity, making it more difficult to learn and
necessitating thorough training. Activities are connected by flows,  which are lines. In WorkWare and most
other modeling languages, flows have arrows to show the direction of the flow. But this is not necessary in
ColeML as all flows go in on the left of the activity and out on the right. Flows go into decision connectors,
which can either just lead the flow into a new activity or call for a decision. Decisions can be either And (all flow
lines  are  followed),  Or (one or  more flow lines  are  followed),  or  Xor  (exclusive  or)  (only  one flow line  is
followed). Decisions are taken by the primary actor of the surrounding activity.

An activity can have input, output, actors, and resources, which are inserted into the four boxes in the lower
half of the activity construct. Output is typically used as input in later activities; an output can be given a form
of identification (id), for example, a number or a letter, to point out where it is used as input.



Resources are all kinds of objects, tools, and instructional material (called books, which could also be websites,
movies, music, etc.). In principle, one single construct could constitute all kinds of objects, but ColeML has four
different types (book,  object,  tool,  and software  tool)  to make visible which kind of  object  is  to be used.
Resources are inserted in the lower right corner of the activity. An activity has actors performing their part of
the activity: a single student, a group of students, a class of students and/or a teacher. Actors are inserted into
the lower left corner of an activity.

Activities can be simple and performed in a short span of time (reading a text, preparing for a presentation), or
they can comprise a complex of sub-activities (preparing and performing an interview, exploring the state of
the local lake, etc.). A complex of activities can be described as a model template, which can be dragged into a
model from a repository of templates.

A distinctive phenomenon in teaching and learning is that students or groups of students often perform the
same kind of activity in parallel, and therefore ColeML has a construct for parallel activity. All input, output,
actors, and resources are multiplied accordingly. Output from parallel activities can go into the next activity and
be treated as one single output, or it can be split into the different activities.

Besides these core constructs, ColeML includes, among other features, a clock for specifying the start and,
optionally, end time (typically specified by the teacher, when preparing for the lessons), timers for specifying
the typical maximum and minimum time use, and automated decision connectors (testing output for certain
characteristics).

Figure 2 is an example of a model designed using ColeML illustrating most of the core constructs and concepts
of modeling with ColeML.

Figure 2. Example model: Plan a Building Project

A model is always an activity itself, which could be used as a template in other models. Plan a Building Project
has no input, but yields document 8 as output. Document 8 is also the output from the last activity, titled
Presentation, in the model. There are a number of actors in the model as a whole: the teacher, the class, and
different constellations of groups. An actor can be identified by a number or otherwise,  and a superscript
number or interval tells the user (typically the teacher) how many students should be put into each type of
group.

Plan a Building Project begins with an introduction where the teacher and the students watch a movie (the
book resource) and the teacher introduces the plan for the activities the class is going to carry out. The next
activity  is  a parallel  activity where groups with id 1,  consisting of  four to five students,  envision how the
building could look. This activity uses a model template for teacher response, see figure 3 and the explanation
of the template below. The students use specific software (in this case, drawing and text editing software) to
solve the task. The output from each of the parallel activities is a document (id 1). These documents are used
as input for a class decision, and the output of this  activity is  a new document (id  2).  The next  group of
activities is performed by all of the students (see the And decision), and the primary actor (the teacher) decides



who goes where. The next three activities are performed at the same time, each with their own specific task.
These three activities are parallel activities, which makes the model adaptable to different class sizes. Each of
the groups 2, 3, and 4 should comprise three to four students. Each of the activities has document 2 as an
input, but they have different documents (ids 3, 4, and 5) as their output. In the next  activity the groups
present their work to the class and the class decides which of the groups' suggestions to choose. The software
resources in this activity are idea selection software, e.g. Padlet, and decision software like clickers. In the next
activity  each group works  on a  part  of  the building,  calculating statics,  electricity  etc.  using software  and
instructional material.

Figure 3. Model template: Teacher gives response on student product

In the template  Teacher gives response on student product, see figure 3, a group of one or more students
produces a product (document, id 1), and this document is an input to the next activity, where the teacher
gives response and outputs it as a document, id 2. If the teacher does not think it needs more work, she can
finish the activity. Otherwise, students get the response together with their own product as input and work on
it again. When they are done, the teacher decides (in the  Xor decision) whether the document needs more
response or the work is done. Output from the template is the revised version of the student product.

3.1 Interactive Modeling

A  core  principle  in  the  WorkWare  conceptual  framework,  and  also  in  ColeML,  is  the  acceptance  of
incompleteness. Models do not need to be complete, and they do not need to be completely automated.
Models are most  often preliminary or temporary,  built  to support the practice of actors.  This is a suitable
principle in educational practice, where teachers and students need to adapt in accordance with  factors such
as participants, time, resources, and space. Thus an activity or other constructs can be added to a model by
actors (students and teachers) planning their  own activities or the activities of others,  it  can be modified
during activation of  the model,  that  is,  re-planned, replaced by other activities or complexes of activities,
removed, or reported as performed, ignoring the advisory decomposition (cf. Jørgensen, 2004, p. 86).

3.2 Activating models

Activation can be automated, manual, or interactive (Krogstie, 2007, p. 306). In business and production, the
goal of models could be to completely automate processes that have previously involved humans. But in school
the goal is not to get rid of human interaction; on the contrary, the goal is to get students to work with the
activities they learn the most from. Of course, highly automated models could make teachers dispensable, but
modern learning theory does not support the notion of well-defined, uniform learning trajectories (Sawyer,
2006, p. 28ff.). Participants in learning practices must act intelligently and wisely in order for the students to
engage in practices of which they learn the most important things in the best way and develop as human
beings.  This means that  both teachers  and students need to be sensitive to  their  co-participants  and the
processes  they  are  participating  in.  Therefore,  even  though  models  in  ColeML  to  a  great  extent  can  be
automated by letting students work on a computer, carrying through the processes the computer prescribes,
models typically will be incomplete and even re-built while activated. This calls for interactive activation, which
means that some parts are taken care of by the computer, while other parts are taken care of by teachers and
students. 



4. Logical architecture of a Collaborative Learning Modeling System

ColeML can function as a simple analog description of designs for learning, helping participants to keep track of
what to do, how, and with what resources, input, and output. But the real potential of designing models is of
course automation of some parts of the process. Jørgensen presents a WorkWare Modelling System (WMS),
which the Collaborative Learning Modeling System (ColeMS) presented in figure 4 builds on.

User Interface

Modeling Interactive activation

Model Interactors
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Interactive
Activation
Machine

Model Driven
Notification

Machine
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Access Control

Model Driven
Collaboration

Support
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Figure 4: Logical architecture of a Collaborative Learning Modeling System (ColeMS) (cf. Jørgensen 2004, p. 92).

The Model Repository is the basis of the system where models are stored and where model designers fetch
templates when articulating new models. The Model Repository is a very important part of ColeMS, as teaching
and learning consists of a number of often repeated activities, like teacher response, students' study activities,
and as more explicitly developed cooperative learning structures or similar approaches.

The User Interface has two main views, one where the modeling (articulation) takes place and one where the
model is interactively activated. When the model is revised on the fly, both views are used by the participants.
The user interface can be adapted in order to hide the model behind a more customized interface. This is
typically the case when publishers and other professional learning designers build their products in ColeMS.

Model Interactors are software functions that work with models to solve particular tasks. An example of an
interactor is the document management, which takes care of the uploading and presentation of resources and
documents produced during the model activation. The set is extensible and research should be done to identify
what interactors are useful to include in the system (cf. Jørgensen, 2004, p. 92).

5. The way ahead

This paper presents the core concepts of ColeML, a visual modeling language intended for use in educational
settings. ColeML makes it possible for learning designers to design models that support students and teachers
working on complex projects, helping them to structure the processes and organize collaboration, keep track of
their work, and customize the process to meet the needs of different students and groups of students. These
design features make ColeML suitable for complex teaching methods like project based learning, storyline,
inquiry based education, and so on.

As has been stated several times, ColeML is heavily inspired by the work done by Jørgensen with WorkWare,
and by him and his colleagues at the Norwegian University of Science and Technology (NTNU) with the Action
Port Model (APM). EEML (Extended Enterprise Modelling Language) (Krogstie, 2008) is an extension of APM
focusing on three other modeling domains that could also be modeled in an educational context, namely,
Resource  modeling  (facilities,  instruments,  sub-products,  participants'  competences,  etc.),  Goal  modeling
(product goals and learning goals), and Data modeling. 

In order for ColeML to gain ground, a number of prerequisites must be met:

 A prototype of ColeMS, including core Model Interactors, must be built.

 A standardized XML-based model description format for exchanges between different ColeMS'es must
be designed.

 A model repository of typical activities must be produced.



 Models should be built by learning designers to test the limitations of the modeling language so that
more constructs can be added.

 A variety of models should be interactively activated in real life settings.
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