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1 Introduction
The tool use cluster addresses the use of tools in defined research studies, which investigate different aspects of knowledge creation practices in higher education. The KP-Lab consortium is developing tools that are envisioned to help with knowledge creation. A focus of research in KP-Lab is to develop tools with affordances informed by our theoretical framework on trialogical learning, which is evaluated in the investigated knowledge practices. The research reported in this cluster regards the pilots with the Knowledge Practices Environment (KPE), Virtual Model Editor (VME), and Map-It as well as more stable use with CASS-Query tool carried out till M36 (January 2009).  
Tool affordances

The importance of evaluating learning technologies in context, or in our case taking the pedagogical context into account, is often emphasized in HCI, CSCW, and CSCL research (Squires & Preece, 1999; Crosier et al., 2002). However, in previous research, pedagogical solutions and practices in real educational contexts are seldom examined, partly because the complexities of authentic, complex settings make it difficult to draw straightforward conclusions about the effects of an intervention or the impact of a specific educational technology or functionality. The concept of ‘affordance’ refers to the properties of things that suggest or instigate certain kinds of activities and uses. It was first proposed by Gibson (1979) and later adopted by Norman (1988) for human computer interfaces. The affordances of tools are actualized only through use of the tools, and users need to make use of their skills, practices, and background knowledge to take advantage of them (Ilomäki, Paavola, & Lakkala, 2006). To support the use we draw on pedagogical design of the courses, instructions about tool use and the context of use. All of these influence crucially how the tools’ affordances are realised. As we investigate knowledge practices in authentic settings, the concern thus lies in coping with the complexities of real educational settings when investigating and evaluating how the tool affordances are actualized in the research cases. 

Technology as such is no guarantee of trialogicality but it can provide affordances for fluent and organized joint working with knowledge artefacts and practices. The expected benefits of the KP-lab tools have been explained in: Deliverable 2.4, Deliverable 5.6, Driving Objectives (DOs), and Higher-Level Requirements (HLRs). Furthermore, a general overview on the expected benefits of all the KP-Lab tools has been reproduced in Deliverable 3.3. In this section we attempt to explain these affordances more specifically and examine the first findings from piloting the tools in higher education courses. 

Tool mediation 

The multifaceted role of technology in enhancing trialogical knowledge-creation practices can theoretically be modelled by different types of mediation (see Rabardel and Bourmaud, 2003; Hakkarainen, 2008; Lakkala et al., in press). Mediation explicates the intermediary role of tools in a community’s knowledge creation activities. This is appropriate when there is a change from individualistically oriented knowledge practices toward collaborative interaction (sharing, participating and joint meaning making), and long-term work with participants jointly creating shared objects. The types of mediation identified as central in knowledge creation were presented in Deliverable 3.3. and Deliverable 2.4. They are:

· Epistemic mediation, i.e., creating, transforming, organizing and linking knowledge artefacts. The aim is to give support for actors to create, transform and organize shared knowledge artefacts, to support negotiation and commenting on shared artefacts (“object-bound” commenting and chat), and flexible ways of collaboratively developing and modifying shared artefacts (drafting and versioning), as well as subsequent, longer-term use of knowledge artefacts and conceptualizations. 
· Pragmatic mediation, i.e., planning, organizing and coordinating tasks and work processes. The aim is to provide flexible possibilities and support for planning work processes and tasks together (supporting individual and collective agency), means for updating and revising the plans as well as coordinating them with other activities specified with the other types of mediation. 

· Social mediation, i.e., managing social relations around shared objects and connecting people. The aim is to support social networking, community building and interaction around shared processes and artefacts as well as cross-fertilization across different groups and communities. 

· Reflective mediation, i.e., making visible and reflecting on the work processes. The aim is to enable participants to reflect on their ways of working and performing tasks, and to take their own knowledge practices and processes as shared objects to be analyzed and developed collaboratively. 

· Multimediation, i.e., providing a basis for integrating all types of mediation as presented above. The aim is to provide flexible means for integrating various types of mediation support, such as planning epistemic processes, organizing work on shared objects across communities, and reflecting on processes of planning. It means linking and combining processes, actors, artefacts, and resources to support knowledge creation activities.

2. The shortcomings of existing tools in providing support for knowledge practices

Before exploring the KP-Lab tools, as piloted so far, it is worthwhile to summarize how the existing tools were perceived as inadequate for providing support for knowledge creation (experienced breakdowns). 

Information and communication technology (ICT) has (as the term implies) emphasized either information genre or communication genre dialogues (Enyedy & Hoadley, 2006). In other words focused either on monologues or dialogs, but not the more challenging collaborative development of knowledge artefacts. The latter can be seen as both an extension as well as an integration of the other two. Thus the main applications have been to provide materials for learning or opening up networking and communication possibilities for social interaction, but not much for enhancing collaborative or distributed creativity in a trialogical sense. Further, many theories on knowledge creation have not paid any special attention to the role of ICT technology (see Engeström, 1987; Nonaka & Takeuchi, 1995). 

For ICT tools to support knowledge creation practices in general, several shortcoming have been identified in the existing technology, when examined from the various viewpoints of multimediation: 

· Standard tools (such as e-mail or file sharing systems) or virtual learning environments (such as BSCW, Moodle or Blackboard) provide limited support for collaborative knowledge creation practices because they typically provide support mainly for information sharing and social interaction (Deliverable 3.3; Lakkala et al., in press).
· The existing applications do not enable to fully integrate people, contents, and processes in a flexible and transparent way. There are some knowledge management tools that support the connection of people of various expertise (knowledge mapping tools; see Ackermann, Wulf & Pipek, 2002). There are also specific tools that include functionalities for planning and coordinating processes, like project management tools. However, all these functionalities are not integrated in the same systems, affording multimediation.
· Epistemic objects produced in existing virtual learning environments often remain isolated in the system with inadequate support for constructing relationships, rearranging, or building on them, i.e., re-using them in longer-term efforts and in different contexts. 

· Some existing educational applications are based on a model of knowledge creation, such as FLE3 for progressive inquiry (Muukkonen, Hakkarainen & Lakkala, 1999) or Knowledge Forum for knowledge building (Scardamalia & Bereiter, 2003). However, both systems emphasize issues within epistemic mediation: supporting threaded inquiry discourse and document sharing and versioning in FLE3 or knowledge-building in terms of developing knowledge artefacts (notes) in Knowledge Forum.
While many outstanding emerging tools based on Web 2.0 and semantic web technologies tools are already available, they are not easily usable in an integrated manner by learners and educators who do not have enough resources or competencies to learn or appropriate the possibilities of those tools for their needs. And they are not based on sound pedagogical model taking trialogical learning into account.
There are also lack of ICT tools providing adequate possibilities for the investigation and reflection on knowledge creation practices and various processes related to them: 
· There is a need for new type of technologies for investigating participants’ knowledge creation practices in real situations and various contexts, in order to better understand their nature and challenges, and provide participants possibilities to reflect on their practices, affording reflective mediation. For the purpose of finding methods to investigate practices by event sampling, existing methods (e.g. PDAs, survey applications for mobile phones) have limited storage space and networking capacity, they require advanced coding skills, or require intensive efforts for customizing them. 
· The analytic tools built-in the conventional collaboration environment usually provide only simple statistical summaries of the log-file and database content (e.g. number of artefacts, number of participants’ actions etc.) but not more sophisticated services for analysing knowledge evolution or complex participation and activity structures. For instance, Knowledge Forum has an Analytic Tool Kit but it is highly integrated with that specific system and its purpose; therefore, it is difficult to be exploited elsewhere. 
3. KP-Lab tools 

KP-Lab tools are designed to provide specific affordances for mediating joint development of concrete, epistemic objects as well as for planning, organizing and reflecting on related tasks and user networks (see Markkanen et al., 2008). According to Deliverable 6.6, the KP-Lab system includes the following elements from the users’ perspective (see also Figure X):

· Knowledge Practices Environment (KP-Environment, KPE) consists of shared space views, support tools, and optional tools (loosely integrated applications that can be selected by the user and be available in a shared space such as Visual Model Editor). 

· Stand-alone applications that are used separately from the KPE due to their implementation as desktop (Map-It) or a mobile application due to the focus on supporting specific pedagogical research methodology (CASS-Query). An ubiquitous interface to the KPE will be provided with the CASS-Memo application;
· KP-Lab Platform provides common services to all KP-Lab tools, such as data persistence and authorization. 
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Figure X. End-user tools and views in the KP-Lab system.
Presently, it can be identified that the efforts required for specifying the High-Level Requirements for tool design have been partially based on examining and contrasting the affordances provided by existing tools and the KP-Lab Design Principles (see Deliverable 3.1) and partially by drawing upon the various expertise present in the Working Knots. As we consider it, the trialogical approach requires that theoretical ideas, novel pedagogical or professional practices, and technology are interdependent and thus developed in orchestration.

In this document, we will focus on the affordances or expected benefits of the KP-Lab tools that have been used in the research cases: KPE, VME, Map-It, and CASS-Query. Other KP-Lab tools, CASS-Memo, ASDT, and SMAT, were not yet available for piloting in research cases and we will therefore only explicate their expected benefits. 

The Knowledge Practices Environment, KPE

KPE is designed to support multimediation by providing a shared knowledge space with versatile tools for managing knowledge artefacts, processes and people. It includes alternative views (process, content, and community views) that operationalize multimediaton. Their functionalities are envisioned to support collaboration, toggling between perspectives and representations of knowledge as well as reflection on practices. End-users can select from the variety of integrated tools and functionalities and tools among those that support their tasks and activities at hand.
One of the main and most distinctive features of the KP-Environment is the support for visualising and flexibly restructuring processes, relations, content, and tasks in the shared views. This feature is supposed to afford gaining an overview of all knowledge objects and tasks in a shared space and see how they are linked to each other. 

KPE can be adapted to various practices, and is suitable and useful in various domains of knowledge; thus enabling end-user appropriation. 

Semantic features aim at supporting knowledge creation processes by providing integrated use of semantic functionalities (like tagging, filtering, grouping, searching) and advanced notification and recommendation services. Users have the opportunity to flexibly create their own conceptual models and conceptualizations.

Visual Model Editor, VME

Visual Model Editor enables the collaborative creation of visual models and conceptual maps. VME is an integrated application which is used on top of the Content view in KPE. It enables creating, modifying, and commenting the nodes and relations within a conceptual map. Different visual modelling languages provide the user with task-specific sets of predefined types of nodes and relationships. VME allows users to work collaboratively on visual models with explicitly defined semantics. The semantics are accessible by means of the respective visual modelling languages, which provide the concepts and properties of a corresponding domain-ontology in a visual format to the user. Making the semantics of visual models and conceptual maps transparent to the user provides basic means for scaffolding collaborative modelling activities and allows for systematic comparison of both models as well as the language used. The Visual Modelling Language Editor, which is currently under development, will also allow the users to create their own visual modelling languages, hence to create their own ontologies while working on a particular modelling task.

Map-It and M2T
Map-it provides support for collaborative creation of knowledge in real time discussions. It enables users to engage in a spoken conversation and at the same time to construct a shared visual representation of their conversation. The visual representation is a map representing the contributions made by the participants and the relations among them. Knowledge creation is facilitated by the following functions: 1) In advance made preparation of drafts and related materials to facilitate the oral and written conversation with more data; 2) a visual map constructed collaboratively by all participants serving as a boundary object for reference and reflection; 3) meeting minutes of the oral and written conversation produced automatically, enabling reflection of past activity toward the preparation of future activities. The knowledge management process can be carried out through the M2T component developed especially for Map-It for managing the artefacts in the KPE enviromnment. Map-It is currently developing a component of voice recording. When this will be functional, every contribution to the map will have an attached voice segment of the correspondent oral contribution. This function will produce a rich resource which participants could reflect on and analyze during and after the meeting, as a shared knowledge created in the conversation.

CASS-Query

The CASS-Query tool and event sampling methodology is expected to support the investigation and reflection of knowledge practices. The 3G mobile phone technology provides novel possibilities in terms of transferring data and creating interactive queries and sampling strategies. The CASS-Query tool enables users to design their data-collection, including different types of questions and responses (open text, Likert-scale, audio- or video recording, picture), and allow personalization and customization to different uses and user groups. Further, researchers are able to choose the sampling strategy to fit each research case and to transfer the data to a spreadsheet program (Excel) or to a program for statistical analysis (SPSS). This tool and the related methods are intended primarily to support researchers in collecting data, but also the participants can receive feedback in the form of a timeline graph presenting their emotions and self-reported activities during the follow-up period, which supports reflection on practices.

CASS-Memo

CASS-Memo is a piece of software that is meant to be used in mobile phones for capturing critical moments, activities and events related to the observed and explored phenomena by means of note-taking and multi-media recordings. The central objective of the CASS-Memo design is that students and professionals will be able to use it anywhere, and transmit the data to the KP-Environment any time they are able to link to the Internet. CASS-Memo is supposed to be used in an interoperable fashion with the other KP-Lab tools. CASS-Memo should enable recording of audio, video, picture or textual material as well as saving the files and their metadata. CASS-Memo is ready to be launched when the user wants to take some recording of the situation, e.g., a video recording of group work or interview, or a picture of a design or a prototype.  The users will be able transmit the files wirelessly to the KPE server and select where each file is to be saved. Once a file is saved, it becomes a content item in shared space. 

Activity System Design Tool, ASDT
The Activity System Design Tools (ASDT) is targeted for developmental work research. Current variations of developmental work research, a well established work development practice, involve video-tapings, and textual and other material for analysing the work. ASDT is envisioned to ease the managing the large amount of material produced before and during the process as well as the distribution, search and re use of the documents. ASDT is a plug-in to KPE, utilizing also its views and functionalities (see Figure X). In addition, ASDT has a specific view, Virtual whiteboard, that is designed based on the key elements of a developmental work research process and its conceptual tools. It supports the organization of the process and produced documents as well as facilitates the construction of new models and solutions. In order to help the long-term development of ideas, activity in ASDT is organized around shared objects of reflection, analysis, and discussions. The inclusion of analytical tools and ontologies created in KP-Lab, will enable new dynamic ways of representing and reproducing the material. In addition, the use of ASDT can be supported by SMAT for analyzing video, audio, graphical and textual data.
Semantic Multimedia Annotation, SMAT

The main idea of the SMAT annotation tool is to enable annotation activities of video data. A typical intended use is to support users in analysis activities which can be a crucial element of knowledge creation activities. A goal of this tool is that it has an especially low threshold for getting started and using the basic functionalities without the need for any training. One of the features of the tool is that it visualizes annotations graphically in real time on a time line, providing users with an immediate overview of the annotations made. The same timeline provides a simple way of comparing annotations: One central idea is that annotations of several individuals can be visually gathered together and displayed to compare and highlight possible differences and gaps in separate users’ observations. These annotation activities can be designed to be parts of knowledge-creation processes and collaborative reflection on practices. Moreover, the tool can be used to make ‘tacit knowledge’ explicit in the annotating activities as well as the annotated activity itself.
4. Study designs and methodological considerations

The study designs presented in this section have been based on iterative investigation of knowledge practices and the co-design of tools. The investigation of knowledge practices is being carried out in three stages. First, the studies have addressed baseline practices with existing 3rd party tools, to provide understanding of the current status of practices, shortcomings of existing tools, and the users’ requirements for new functionalities. These findings have been taken up in the Working Knots and translated to High-Level Requirements (HLRs). Second, the first pilots with the KP-Lab tools are carried out to examine the use of the tools in real educational settings. This is the stage where the project has been in the reported period M25-36. The current research cannot provide comprehensive findings based on sustained use of the KP-lab tools, because the piloted tools have been unstable and incomplete, which has required many changes to the original research plans. However, the findings will provide indications of their affordances and will be taken up in the Working Knots to examine and re-evaluate the design of corresponding functionalities in the tools. Third, in the upcoming iteration, the more stable and complete tools will allow us to carry out research on more comprehensive support that the tool affordances are envisioned to provide for knowledge creation practices, compared to the baseline settings.    

The issue that we want to investigate knowledge creation processes and practices in real educational settings (e.g. courses and seminars and activities running at least some weeks) has implications for research methodology. Two central methodological approaches are the following:

1. Design-based research (Brown, 1992; Edelson, 2002) is based on a presumption that we will have at least two iterative cycles in the studies where we can compare practices before (with 3rd party tools) and after (KP-Lab tools). This is required for investigating to what extent affordances of the tools can help to transform knowledge creation practices towards more trialogical. However, this is not a simple comparison to make, as the efforts to develop pedagogical models will also change the course designs and activities during courses, so it is not only a question of how the tools contribute to practice change. Rather, the investigation will address the interplay between pedagogical models, tool affordances, and the observed practices.  
2. Explorative case studies, e.g. interventions without a baseline study (Yin, 2003). This approach is suitable when we want more explorative investigations on how users appropriate the tools in their own knowledge practices. Such research is relevant when we are investigating new types of practices and phenomena that cannot fully be predicted beforehand on the basis of expectations. 

Many of the cases reported in the present section have combined the two approaches. For example a recurrent research theme in the studies with KP-Lab tools has been how users appropriate tools in ways not foreseen by the researchers and developers. In addition to the design-based research studies and explorative case studies, the following types of studies have been conducted in the KP-Lab project relating to the tools development, but they are not the focus of the present report:
3. Usability studies or short term trials conducted in more arbitrary or controlled (laboratory) settings, which are central to provide input into the co-design process as part of the Working Knot work. This work is reported in Deliverable D2.5, Report on usability studies (M36). 

4. Extended pilots have a different function than our research studies; they we will not be investigated in detail. Some, mainly questionnaire-based data is collected from the extended pilots to get an overview of experiences from the pilot use of KP-Lab tools by several user groups in various settings.

Table X presents the research studies addressed in this report. It specifies the knowledge practices under examination, the iterations of research, which tools and functionalities have been used, and the technical limitations due to immaturity of the tools in the pilots. The original study reports are available in Plone (http://www.kp-lab.org/intranet/work-packages/pedagogical-work-packages/deliverable-8.4/tool-use-cluster/). 
Table X. Research studies form M25-36 period contributing to this Tools use cluster report.

	Short name of the study
	Description and research iterations
	KP-Lab tools used
	Duration
	Tool use and limitations 

	8.4 eModeration (FH-OÖ)
	A bachelor level course “eModeration” about solving complex design problems. A baseline study with 3rd party tools and iteration with KP-Lab tools.
	KPE and VME M32 release
	M34- (ongoing)
	Visual Model Editor (on top of KPE) using a pre-defined modelling language.

Course is still ongoing.

	8.9 Collaborative design courses in Metropolia (UH/Metropolia)
	A baseline study of “Media project” course and two iterations of “Multimedia product” course in successive years with KP-Lab tools.


	KPE M12 release;

KPE M24 release
	M12-M16

M24-M28
	KPE content view, commenting, linking, wiki; process view with GANTT chart;

KPE M12 release mainly for usability testing. M24 available only from the middle of the course, thus full design projects not possible to study.

	8.10 Qualitative methods seminar (UH)
	Authentic inquiry about qualitative methods: conceptualizing and presenting methods, conducting research. A baseline study with 3rd party tools and an iteration with KP-Lab tools.
	KPE and VME M32 release
	M33-M35
	KPE content view and VME.

Various technical bugs and problems, thus the practices through technology were not as collaborative as the teachers had designed. 

	8.8 Clinical training ward (KI)
	CASS Query was used by researchers for investigating students’

experiences of interprofessional teamwork across time.


	CASS-Query M24 release
	M27-M28
	CASS-Query tool and 3G mobile devices were used to collect data five times a day during the two weeks that the students work at the clinic.

No limitations.

	8.12 Longitudinal investigation of study practices (UH)
	CASS Query tool was used for a longitudinal investigation of higher education students’ knowledge practices as part of their everyday activities.
	CASS-Query M12 and M24 releases
	M12-M27
	CASS-Query data-collection during two weeks’ period in two successive years with the same students.

No limitations.

	Course on collaborative learning (HUJI)
	A course about collaborative learning to teacher students; Map-It used to facilitate a task to jointly design a collaborative learning activity for school students.
	Map-It
	M36-M37
	Map-It used for constructing the representation of the oral conversation and to share information among participants. Since Map-It lacks a voice component, Skype was used for that.


Data collection and analysis
The data collection procedure in the research cases is similar to all cases and can be described in the following way: 
· Observed and videotaped f2f seminar meetings with the teacher

· Collected the contents of the database in KPE system, including the successive versions of students’ concept maps or models made with VLE

· Questionnaires administered at the end of the course (in some cases also in the beginning, middle of course) or students’ written self-reflections after the course 

· Conducted interviews with the teacher and/or students.
The unit of analysis has typically been the overarching process as determined by the course or the investigated activity. However, in some studies a group of students was taken up as an entity whose activity is taken as the focus of examination and unit of analysis. 
There were various tool and context specific data collection practices applied in separate studies: 
· Map-It online sessions were followed using screen capturing: For each group, there was one computer on which the whole session was recorded using a screen capturing software (CamStudio).

· Experiences from the use of the KPE alone or with VLE (in studies 8.9 and 8.10) and related practices were traced by combining ‘stimulated recall’ and interview sessions with some students. During interviews, a design team’s content and process views from the KPE and in another study two concept maps from VME were used as a ‘mirror’ stimulus for the session. A student was asked to elaborate on the actual experiences of using the tools in their team work with these stimuli. These interviews were video recorded.

· With the CASS-Query tool (studies 8.8. and 8.12), data collection by event sampling took place in 2-weeks follow-ups. In study 8.8, the data-collection took place at the clinical training ward during the two weeks that the students worked there. In study 8.12, the data collection took place across the contexts and activities that the participants were engaged in. The latter was accompanied with the participants’ individual interviews concerning their personal projects and interests. In both studies, participants answered five times a day to queries, which included questions about motivation, affects, challenge, competence, and what they were working on, where, and with whom. In the CASS studies the unit of analysis depended on the research questions: In some it was the individuals’ two-week process and in some analysis it was a specific sub-group, e.g., students from a certain degree program or profession. 
5. Summary of research results concerning tool use 

Reports regarding the four tools (KPE, VME, Map-It and CASS Query) have been summarized in this section. The implications for tool design are presented following each tool, while the methodological, pedagogical, and theoretical implications are addressed comprehensively in the general conclusions section.

Knowledge Practices Environment (KPE)

The basic views and functionalities of KPE (M24 release and M32 release) has been used in two studies, one representing the education of collaborative design practices in engineering education (Study 8.9) and the other being a seminar educating scientific research practices and qualitative methods for behavioural science students in university (Study 8.10).

Shortcomings in existing tools

According to the baseline studies, the following major shortcomings of existing tools or M12 release of KPE for the investigated knowledge practices can be summed up from the reports of the researchers: 

· Inflexible and complicated technical systems and practices in the institutions to provide users with access to intranet services made it difficult to save and share materials virtually, both for the participating students themselves (in Study 8.10) and especially with external actors like the representatives from customer organizations (in Study 8.9). These shortcomings relate both to social mediation and epistemic mediation.

· Using separate pieces of software for different type of activities (document sharing, conceptual mapping, asynchronous conferencing, synchronous chatting) disturbs users because of the impossibility to link and integrate separate process elements and outcomes. For instance, in Study 8.9 students suggested that chatting tool should be integrated in the same work space as the design documents under construction are located. In Study 8.10 it was not possible to link the elements of conceptual maps to other shared knowledge resources in a way that would support their integrative use in creating and revising the concept maps. This shortcoming relates especially to the requirements for multimediation.

· Representation of knowledge and actions in the shared file repository does not sufficiently support the management of a knowledge creation process and collaboration between participants. The existing tools did not include proper functionalities for awareness of the process or for searching of the content materials (M12 release of KPE in Study 8.9), or clear enough structuring of the shared virtual areas (FLE3 in Study 8.10). These issues mainly relate to pragmatic mediation.
Expected benefits of KPE

Expected benefits defined for KPE in the investigated practices related to overcoming the above mentioned shortcomings. Detailed hopes reported by the researches were the following (also a reference to related High-Level Requirement is added when applicable):

· Enable sharing of all knowledge objects, background materials as well as documents created by the students between all course members (HLR1.1); this provides epistemic mediation by having all materials available in one environment (with different views), supports revising and shared editing of the artefacts, and shows commenting and chatting related to objects and not as distinct activities. This is expected to foster more integrative and flexible use of artefacts representing various forms of knowledge (multimediation).

· Visual overview of the knowledge objects and task as well as their relationships to each other (linking; HLR1.2); this supports getting an overview and reflecting on the knowledge objects and working practices of the design team (pragmatic and reflective mediation).
· Supporting explicit organization of the group’s work and tasks in time (process view; HLR8.1, HLR8.2); This is expected to support coordination and organization of collaborative work through commenting and joint elaboration around knowledge objects (pragmatic mediation and epistemic mediation).

· Providing external customers an easy possibility to virtually follow and contribute to the design teams’ work (access rights; HLR10.3) (social mediation).
· All in all, promoting the transformation of students’ practices towards more collaborative and “trialogical” ones, so that the students can create, comment on and elaborate on the shared artefacts together and also virtually; not just alone or by dividing responsibilities.
Results of piloting KPE in the investigated practices

Many functionalities of the tools were still in their piloting phase during the investigations; therefore not all the benefits were not possible to be achieved.

Based on the reported experiences of using M24 or M32 release of KPE in studies 8.9 and 8.10, the following benefits were witnessed or reported by the students in the tool use: 

· KPE provided an environment where all documents could be saved and shared (HLR 1.1). It eliminated extra work because there was no need to transfer files between different applications (HLR 2.5) (epistemic and pragmatic mediation);

· Content view helped having an easy visual overview of the files and tasks and their relationships to each other (HLR1.1.; HLR1.2) (epistemic mediation);

· KPE facilitated version control because the last version was available for all team members through the shared space: it ensured that changes were made to the last version of the document (HLR 1.1) (pragmatic);

· Comments were possible be attached to the items in content view (files, links etc.) (HLR2.4) (multimediation);

· In general, the present version of the GANTT chart is usable for general planning of the design project, at least in a level that is required in the investigated educational setting (HLR8.1, HLR8.2) (pragmatic).

Problems that were reported by the students using KPE mainly related to the management and coordination of the shared knowledge repository, such as the messiness of the content view if there are lots of items. In addition, the easily accessible and openly modifiable shared knowledge repository was reported to challenge the mutual ways of managing and structuring the repository between the group participants. Primarily it is the matter of communication and agreements between the participants, but it might be that also the functionalities of the tools could better support this systematic coordination of shared knowledge repository. Some students also invented their own ways of overcoming the shortcomings with the tool functionalities, e.g. one team invented their own recycle bin by creating a task in the content view by that name and linking to be deleted items to that item.  

The following concrete suggestions for improving the functionalities of KPE (especially from study 8.9) are as follows:

· A possibility to lock positions or automatically arrange the content items in the content view.

· GANTT chart in KPE process view needs the features that are central in process planning (e.g. possibility to define and see exact dates and other details more accurately; more informative timeline).

· In content view, the automatic scaling of the view should better correspond to the frame of a standard screen with the existing objects, and not minimize the items and tasks so excessively. 

· A more intuitive procedure for where new content items appear in the view once they are create (e.g., more central position and not peripheral). 
Many expected benefits of KPE, reported by the researchers of the studies, related to hopes for more collaborative co-construction and commenting practices between the participants (students, teachers, customers, or other external experts). The reports suggested that the collaborative work through KPE was not realised partly because of conventional practices that the students adopted here as well. In study 8.9, usually only one or two group members used KPE; groups divided the labour so that only some persons were responsible for managing KPE and project documentation, and others did not much contribute to their work. The commenting functionality was mostly used by the teacher, and the customers did not use KPE at all. In study 8.10, because of technical reasons, the participants faced difficulties in uploading files in content view; therefore it was mostly done by the assisting researcher. 

Implications for tool design

The feedback from students concerning the management and coordination of the shared knowledge repository in content view resulted in adding a new High-Level Requirement 1.7 under the Driving Objective 1: “Users can coordinate and organize the shared use of artefacts (e.g. by using the re-cycle bin metaphor which enables restoring “to-be-deleted” objects, by locking items and their places, or by automatic ordering of items)”. In addition, also the needs for making the process view functionalities more sophisticated has been taken into account in the respective Working Knot.

The studies generated tentative ideas for new use of advanced semantic services to support exploration and visualisation of database activities and for developing analytic tools. An interesting possibility would be to be able to make an a posterior overview or process description of how the artefacts have evolved (e.g., versions of them), how they were individually or collaboratively edited (how many authors, when they contributed), and whether an artefacts have been reused (e.g., a definition of a concept was used or elaborated in another artefact). This kind of understanding of the knowledge objects, actors, and activities related to an entity (work processes mediated by KPE and other KP-Lab tools) would support reflection of practices both by researchers and participants.  

Suggestions for further studies
Related to study 8.9, the next iteration of the Multimedia product course is presently going on during January-May in the spring 2009. The pedagogical design of the course has been developed further to promote more “trialogical” knowledge practices (e.g., explicit milestones and sub-tasks for students about commenting on and contributing to each other’s document production within a team). In the future iteration of the course in the spring 2010 it would be possible to implement more integrated tool use (KPE with SMAT and CASS-Memo) in the course depending on the teams’ design assignments.

Concerning to the tool use for specific collaboration needs in teams, the following questions will be examined:

· In the design teams, there might arise a need for negotiating on common ways/practices of linking, arranging and moving items in a content view. One research question might be how (and where: in real life or in KPE) students do these negotiations.

· KPE allows commenting and discussing on specific items in a shared space (files, wikis, notes, links, sketches etc) but it does not have a forum for general discussions about how to go about the work and how to resolve conflicts etc. Is a specific tool for that purpose needed to do this? What do students do to resolve problems like this? How do the students appropriate the existing functionalities for that purpose? Might be relatively easy in a small group of max 4 people, what about bigger groups?

· Getting an overview of knowledge artefacts might not be so easy when there are lots of them, e.g. links accumulating in a content view. In the forthcoming iterations, it is important to be able to investigate a course where KPE has been in use through the full duration of students collaborative design process with large amount of produced artefacts.

Virtual Model Editor (VME)

The first (M32) release of Visual Model Editor was used in two studies in autumn 2009, one representing the design practices in engineering education (Study 8.4) and the other being a seminar educating scientific research practices and qualitative methods for behavioural science students in university (Study 8.10). VME is integrated to KPE so that it is opened through the Content view of KPE but, especially in Study 8.4, only the functionalities of VME were used by the students. In both investigated studies, the creation of conceptual models was not a target in itself but related to some overarching activity, such as the solving of complex design problems or the informed choice of empirical methods to be applied within a research context. 

Shortcomings in existing tools

The researchers reported the following major general shortcomings in the existing tools meant for collaborative modelling. All issues relate to epistemic mediation, because of the nature of modelling activity focusing on modelling the concepts in a specific domain.
· Conceptual models are often seen as means to describe and communicate ideas while their utilization as an ‘investigative instrument’ for exploration and knowledge creation is hardly understood and not well supported by existing tools.

· Existing tools for collaborative modelling are either restricted to a predefined and often tacit modelling language (for end users) or they are overly difficult to use for novices.

· Most modelling tools do not allow for more integrated workflows with other tools, obstructing continuous modelling activities. For instance, in the baseline setting of Study 8.10, a separate piece of software, CMap-Tools, was used for students’ conceptual mapping activity. The majority of students found CMap-Tools to be relatively easy and flexible to use. However, due to the separateness of the mapping tool and the Web-based environment (FLE3) used for other virtual activities, it was not possible to link the content of the conceptual maps to resources like research papers or the participants’ own presentations in a way that would have supported their integrative use in creating and revising the concept maps.
Expected benefits of VME

Expected benefits, related mainly to epistemic mediation, defined by the researchers for VME in the investigated practices were the following: 
· For solving the design problems in Study 8.4, it was expected that the introduction of explicitly defined concepts (HLR4.2) for the modelling of the design space in concert with the overall assignment would a) foster an in-depth analysis of the design problem; and b) support better articulation of the rationale for the envisioned design solution in the student teams. 

· In both studies, the online accessibility of the conceptual models for all participants or team members (HLR4.4) was expected to support the use of the models as dynamically evolving, jointly and iteratively co-constructed artefacts. 

· In Study 8.10, the integration of VME to KPE was expected to promote linking and combining of the elements of concept maps to the resources uploaded in the content view (HLR4.2), and hence supplement conceptual maps with new information. 
Results of piloting VME in the investigated practices

The first release of the tool (M32 release of VME) was finished just before the investigated courses; there were still many planned functionalities missing, which affected the practices that were able to actualize in the courses. Further, the following reported results of using M32 release of VME in the investigated studies are only preliminary; one of the courses is still ongoing at the time of reporting. 
· The participants in both courses used the current functionalities of the VME to create and modify nodes, using the existing set of categories (modelling language) in defining relations between the nodes (HLR4.2). 

· The participants also revised their concept maps iteratively in successive phases of the process (HLR3.1). 

· In Study 8.10, the plan was that students would construct the concept maps in pairs but because of technical problems, the teacher recommended each participant to create the concept maps individually. One participant expressed a desire to use the KPE and VME also after the course as a knowledge environment to support her to deepen her understanding of the qualitative methods and their implementation in her own studies. 

· In Study 8.4, students used the conceptual models not only as an epistemic artefact, depicting their teams’ abstract design space, but also as a means to organize their collaborative work. For example some models included open questions to be answered later on but also kind of to-do-lists. Whether the models were indeed used for epistemic as well as pragmatic purposes and hence constitute an example of multimediation will require further investigation.
In Study 8.4, separate design teams responded quite differently to the modelling assignment, which was also reflected in their use of VME. Those groups who started to work on their models right from the beginning, hardly made any use of the specific concepts provided to depict their design space. This behaviour only changed later on after the instructor provided additional suggestions on how the different concepts could be used efficiently. Those two teams that started to work on their models relatively late, made more sophisticated use of the different concepts available right from the beginning. This finding is partly in conflict with the expectation that explicitly defined concepts would scaffold students’ elaboration of the design space. It might be that in the early phases of the design process, the effort to explicitly classify ideas according to a predefined scheme does not outweigh the expected benefits or even hinders a brainstorming like collection of ideas. This assessment might change later on when the scope of the project becomes clearer and there is more need to structure and integrate the existing ideas. This interpretation is at least partly supported by the fact that several teams created multiple models, each focussed on a particular aspect of the design space while only later models became more integrative.

The results of the two studies, based on researchers’ observations and students’ opinions, revealed some shortcomings but also potential routes for further development of VME (as well as the integration with KPE): 

· A limitation of the M32 release of VME is that it is not possible to change the type of a node or link in a model once it has been created. The need for such functionality is quite clear for the efficient (re-)structuring of existing models (cp. HLR4.2). 

· The predefined modelling languages available so far were complained to be too restrictive and students had difficulties to map their ideas to the concepts provided. There apparently is a need for a possibility not only to edit the models but also the underlying modelling languages (HLR6.1 & HLR 6.2).

· There could be an opportunity to use colours, various shapes and sizing in marking various meanings in the conceptual maps (HLR4.2, HLR6.1).

· In M32 release of VME it was not yet possible to link elements of the visual models to related resources in KPE’s content view; such integrative functionality was missed by some participants (HLR2.5).

· The use of visual hierarchies in organizing the elements of conceptual maps was mentioned as an important activity. The opportunity to move entire sub-hierarchies of maps as ”objects” that save their visual configurations was raised as a desired functionality (HLR4.1).

· The design teams in Study 8.4 often created and worked on models face-to-face and in front of the same screen. Even though this kind of direct collaboration appears to be quite intense it is not sufficiently supported by the existing tool as the interface and input mechanisms are optimized for users at separate workplaces.
Implications for tool design

It appears that the adoption and utilization of semantically rich conceptual models to a large extent depends on the direct added value for the user. The assessment of required efforts and expected benefits might change depending on the stage of the knowledge creation process as well as the actual task at hand. Consequently, tools to support collaborative modelling have to be quite flexible in order to accommodate for the changing requirements that arise during the life-cycle of a process. For instance, it requires that users can easily restructure the models as well as change the type of the nodes and links or even introduce new types at runtime, which could extend as far as modifying the modelling languages itself. Results also provide insight into how the various visual elements in conceptual modelling could be harnessed to serve knowledge processing; for instance, the suggestions about the use of colour and hierarchies provided by the tools appear to be worth consideration. Furthermore, tools for collaborative modelling have to be quite intuitive and easy to use in order to reduce perceived efforts and foster adoption. 

Suggestions for further studies 

Concerning the design practices investigated in Study 8.4, the question whether the collaborative modelling activity has the expected effect on the design outcomes will be subject of future analysis once all materials will be available. Future studies are needed to better understand the conditions and prerequisites under which conceptual models actually become an analytical tool for the group of participants. A specific question for the next iteration of the study will be whether the Visual Modelling Language Editor provides appropriate affordances to allow students to create or modify modelling languages and hence devise their own conceptual tools. 
In the next iteration of Study 8.10, where visual modelling served to conceptualize the domain of research methods, especially the collaborative aspects of the modelling activity will be explicitly designed and promoted. Use of new functionalities in KPE and VME are expected to provide better support for the collaborative creation and modification of the concept maps as well as linking all artefacts and elements together, hence building up an iteratively developing shared conceptual and information space about qualitative research methods.

Map-It

The investigation about Map-It was conducted in a university course on collaborative learning for teacher-training students. One of the course assignments was to design collaboratively (three to four students) a collaborative activity for school students. This activity was chosen to be facilitated by the use of Map-It. Since the current version of Map-It did not have a voice component, Skype was used for providing this essential capability. The study was part of research activities of WP9.
Shortcomings in existing tools

Work meetings as well as learning-based meetings that are conducted virtually are common frameworks for collaborative work, in which knowledge is constructed and emerged through the shared activity of the participants. Map-it is designed to support such collaborative creation of knowledge, in real time through the construction of a shared representation of the spoken conversation. Shortcomings in existing tools for supporting such practices are:

· Existing tools enable only a subset of the following functionalities: a voice-based conversation (i.e. Skype, video conferencing tools), chat function, and visual representation of a conversation (i.e., Digalo). There is no existing tool that integrates all three functionalities to generate a shared representation of the knowledge created in the conversation on which actors can reflect and progress. The visual representation of the conversation is unique to Map-It and it has the potential to transform participatory knowledge creation practices. 

· Existing tools do not include a functionality that enables actors to prepare the meeting in advance, and thus increase the potential of shared knowledge creation.  

· In an online conversation the visual channel is usually free. Rather than being engaged visually in the knowledge created by the shared activity, participants may be distracted by various other objects. Video conferencing tools enable actors to see each other on the screen, but this may not be the necessary information they need for collaboratively engage in knowledge creation. 

· The function of producing effective meeting minutes is missing from other existing tools.

Expected benefits of Map-It

Map-It was expected to have the following benefits for the investigation of knowledge creation processes and practices:

· Meeting preparation: Preparing a meeting in advance by all participants can enhance both the quality of preparation and the quality of the discussion itself. The preparation enables an actor to focus on specific items on which he or she would like to make a contribution, elaborate and refine them, and prepare their presentation to the group. In addition to the benefit of the quality of preparation, the prepared draft can also be posted to the visual map during the conversation and be reviewed by the others as it is presented.  This contributes to an effective time management during the conversation. 

· Mediation of the visual map: The presence of the visual map in front of all actors may provide anchors for the conversation. All actors can read and reread the same information, agree or disagree and relate to items on the map. Negotiation and discussion on a specific issue or item is enabled by this shared artefact, and by that it enables both epistemic and pragmatic mediation. For example, while talking about a specific item, actors review the written text and some attached documents as they discuss them verbally. Or, an actor can go back to talk about a previously discussed issue, while pointing to this item on the map and asking all the others to go back to this issue (unlike the common practice: “remember when we talked about x?”, relying on the unreliable shared memory).

· Shared knowledge creation by the visual map: The map supports knowledge creation in that it brings together contributions of different actors and the outcomes their negotiations in a way that the knowledge that is represented in the map does not belong anymore to any one actor, but is truly shared by the group.
· Engaging the visual channel: In an online conversation the visual channel is usually free. Map-it engages the visual channel of the participants in a meaningful way, through the visual map, which again can cause transformations in the participatory modes in an online discussion. 

· Meeting minutes: The meeting minutes and the visual map serve as reflective mediators to learn about the dynamic of the conversation, and more pragmatically, to review relevant items of the conversation to build on for the next meeting.

Results of using Map-It

The following results were reported of using of Map-It (version 2.2.) in a university course (the report focuses on students’ initial practices): 

· Most people prepared their drafts in advance, either at home or at class before joining a discussion. Participants reported that it is convenient to prepare the drafts, it is natural, effective, and it helps with brainstorming. (HLR11.4).

· There were questions about how one should prepare a draft so that it is useful and contribute to a good discussion. This issue relates to the openness of the tool (HLR2.2) that allows multiple ways of creating drafts. 

· Dealing with the question what should be contributed in text, and not only verbally, requires focus and prioritizing, and requires some understanding of how the visual map can be used to facilitate the collaborative work. This evolves through practice and experience.

· Students reported that the visual map helps understanding the interaction in the conversation and enables reflective thought because the picture is seen clearly, and ideas remain visible for further examination. 
The following shortcomings and problems of using Map-It were reported:

· Most students agreed that coordinating writing and talking simultaneously is difficult. Students used different kinds of strategies to cope with this difficulty: 1) Talking through Skype, and hardly using writing in Map-it; 2) working with only one channel (either oral or textual) at a time; 3) a mixture of the two channels: it was hard to know when to talk and when to write; 4) in one group there was a pattern of talking and discussing orally, and using the textual option of Map-It for cases where they need to share information such as a web-site, a description of a long idea taken from a document etc. (HLR1.1); the decision making, planning and discussions on how to proceed were done orally.

· The examination of the maps produced from the meetings revealed that there was a lot done, but mainly in the spirit of brainstorming: one idea was tossed to the air, and the other say that it is interesting, or a web-site is presented and the rest look at it and react briefly. There was still no clues of moving forward towards the goal, even thought it was expressed verbally with no textual trace.
Implications for tool design

Adding a voice component and recording feature will address the problem of coordination between writing and talking (HLR11.5). A better design of the visual map could facilitate and support the collaborative work – having more flexibility in moving contributions around and using various shapes and colours to represent various functions of contributions. Users emphasized the simplicity of use as much as the easy and fast mastering of the technology. 

Suggestions for further studies 

Studying practices of expert users of Map-It may help us understand good practices of using Map-It, and outline paths of learning practices for beginner users. Conducting more long-term experiments with groups that do collaborative work with Map-It, after the technology has been already mastered, would be an important next step in research.

CASS-Query 

The Contextual Activity Sampling System (CASS) research methodology and the CASS-Query tool are developed for contextual tracking of people’s self-reported activities with a mobile phone. Within the KP-Lab project, the CASS-Query tool has been used in two studies. Study 8.12, the piloting study for developing the entire methodology and tool, is a longitudinal investigation of higher education students’ knowledge practices as part of their everyday activities. It will include follow-ups with the same students over a period of 3-4-years (so far 2007 and 2008). The students are asked yearly to take part in a two-week intensive data collection, questions prompted by mobile phone five times a day. In Study 8.8., the aim was to pilot the CASS method and tools for collecting process and context sensitive data in two-weeks interprofessional training ward at a hospital, by carrying out investigations of student experiences of interprofessional teamwork across time. The pilot study was carried out in the fall of 2008.

Shortcomings in existing tools

Longitudinal investigation of students’ study experiences and practices (e.g., development of epistemological beliefs, professional identity, or academic literacy) has previously been carried out in multiple ways. Each line of investigation and its preferred methods has its strengths but also its limitations in terms of explaining development of practices:

· Questionnaires in traditional survey methods are individually oriented and focus on the participants’ beliefs drawn from one point in time. The central weakness is that participants are asked to provide retrospective global assessments of their beliefs and conceptions of learning rather than sampling learning activities as they unfold in real time. 

· Through ethnographic methods, a researcher very closely follows the practices of a certain individual, group or community, sampling their practices multiple times as they occur, but is limited in collecting data from a large number of participants to show variation or change across samples.

· In event sampling, participants’ practices are sampled multiple times a day based on different sampling strategies (e.g., event or time-interval). Existing methods for event sampling have used paper and pencil, or have been running in PDA devices. PDAs have offered 1) limited storage space (e.g., running out of battery power would lead to losing data); and 2) limited networking capacity, which have not supported transfer of data. Many commercial survey applications for mobiles phones have emerged in the last two years, but for research purposes these 3) cannot be taken directly off the shelf; intensive efforts to tailor, customize, and extend these are needed. With commercial applications 4) costs are high, and 5) data security and user authentication are not specified. Further, prior studies using event sampling show a wide variety of uses but 6) free design of data-collection, personalization, and customization to different uses and user groups have not been possible. One concurrent research application (and one concurrent research application (MyExperience, http://myexperience.sourceforge.net) appear to provide similar functionalities, but the user needs advanced coding skills to be able to create queries. 
The baseline study (first research cycle in Study 8.12) with CASS methodology and CASS-Query tool was carried out in the spring 2007. Students considered the M12 release of CASS-Query application easy to use. The interactivity of the queries also enabled their construction so that answering a certain question with a ‘yes’ or ‘no’ removed or added other questions depending on the response, which worked well. However, a knowledge creation type of activity was rarely reported connected to studying. The few cases of such type of activity were connected to engagement in leisure, e.g., recording a demo CD. A problem regarding the methodology was apparent: How should the queries be refined in order to follow “trialogical” processes? After the baseline study, this problem was addressed by developing a so called scale for trialogical practices. It posed questions addressing various dimension of trialogical knowledge practices like ‘I am developing an idea or product’, ‘Results of this work can be utilized later’, and ‘I can contribute to others in this matter’ on a 1-7 scale.

Expected benefits of CASS-Query tool

The CASS-Query tool is expected to have the  following benefits for studying and supporting knowledge creation processes and practices, particularly for studying and promoting  
participants’ reflections  on target objects, activities as well as experienced,  affective and  motivational states related to these processes (reflective mediation):

· An essential aspect of CASS is to provide a large number of measures (50-60 per participant) regarding learning activities across situations and contexts. Data-collection occurs in the context of respondents’ everyday activities, which enhances ecological validity. Memory biases are decreased, as participants are instructed to describe only the activities and affects from the last five minutes. (HLR13.3)

· Users are able to answer queries with the mobile phone without being constrained to certain locations, times or other equipment (e.g., computer, paper, audio recorder) (HLR13.3). 

· It enables an easy construction of queries and defining questions and types of responses (open text, Likert-scale, audio or video recording, picture) (HLR13.1)

· It enables downloading queries from a server as well as returning the responses to the server through the internet, which provides new data-collection opportunities.

· A researcher is able to choose the sampling strategy to fit each case (HLR13.1) and to transfer the data to Excel or to statistics software SPSS (HLR 13.4), for further analysis. 

· Generalizations can be made by aggregating observations or modelling changes across time by relying on time-series analysis or linear growth models. This data-collection method allows users to investigate within-person changes over time as well as between person differences. The intended benefits include that the captured practices may be reflected on, modelled, and used to evaluate and revise learning and working activities.
· Participants can receive feedback in the form of a timeline graph presenting their emotions and self-reported doings during the follow-up period (HLR 13.5), which supports reflection on practices (HLR 13.6, modified).
Results of using CASS-Query for investigating students’ practices

Based on the reported experiences of using the M24 release of CASS-Query in Studies 8.8. and 8.12, the following benefits were reported by the researchers: 

· The level of student participation and acceptance in the studies was high; beforehand researchers were concerned that the frequent querying would be considered time-consuming and disturbing. Subjects did not feel that they were watched or that the very intense data collection infringed on their integrity.

· A fixed-interval sampling strategy was employed, which worked well. The administrator of the research was able to follow the data-collection online and contact the participants to provide support if needed. (HLR13.2)

· The research method enabled seeing how different activities were associated with reporting of feelings of stress, interest, challenge, competence, and experienced level of importance of the activity that they were engaged in. Observations about such associations between students' experiences and activities can be useful in the design of study activities. (may relate to HLR13.6)

· The analysis provided evidence that the sampling was able to show both within-person and between-person variation in the addressed affect and motivation questions.

· CASS methodology was able to reveal some problems and challenges occurring during study activities that were not brought up by the respondents in retrospective questionnaires in the evenings or in post-course interviews.

· A feedback practice was used in Study 8.12 which was intended to support students’ own reflection on practices: During the post follow-up interviews the participating students got a timeline graph presenting their personal emotions and self-reported doings during the follow-up period, which facilitated students’ self-reflection. (may relate to HLR13.6) 
The following shortcomings and suggestions for improvements for the CASS methodology and CASS-Query tool were reported by the researchers:

· Administering the data-collection processes was quite laborious and needed some skills for coding to construct queries by defining questions and types of responses as well as to add participants. Further, improvements were addressed in usability and research practices issues, e.g., interface design for answering Likert-scale questions (HLR13.3) and the tailoring of different sampling procedures (HLR13.1).

· Once the data was collected, it was transferred to Excel and/or to the SPSS statistics software for analysis, but technical experts were needed to carry this out, which was problematic. In some cases the participants had answered two queries in a row, but because of the timestamp in the database connected to each response, such instances were possible to identify and remove before data analysis.

· In Study 8.8, CASS-Query was used for investigating collaboration in interprofessional teamwork. Researchers hoped that students would use the possibility in each query to write free text comments when problems occurred but this possibility was not used. It appears that the CASS respondents do not spontaneously elaborate on their queries to any greater degree. The reason for this may be related to this kind of methodology: engaging in the intense query responding may limit the number of spontaneous comments from the participants. 
Implications for tool design

The following implications for tool design were reported: 

· As the CASS-Query tool is intended for a wide variety of uses, it appears important that users can customise the way they want to retrieve the data for analysis. The CASS-Admin end of the tool therefore needs to provide transparent protocol for any authorised user to carry out data retrieval. (HLR13.5)

· Because the administration of data collection was considered laborious by the researchers, the difficulties were translated to new requirements. Starting from M37, the data-collection is administered with the web-based CASS-Admin, which is a wizard-like user-interface for setting-up research and creating queries.
· To ensure wide dissemination possibilities, the CASS-Query tool should be tested for use with several 3G mobile phone models, and provide a list for tested and functioning models. 

· A future direction could be to develop more context-sensitive or hybrid combinations of sampling strategies or integrate wearable and environmental sensors, which can automatically generate some information on location or activities.

· For using CASS-Query tool also for students’ own self-reflection on their practices, participants should be able to have feedback (in a form of a timeline graph) presenting their emotions and self-reported doings during the follow-up period (a modification of HLR 13.6).
Suggestions for further studies 

Concerning Study 8.12, the CASS data-collection needs to coincide with educational practices, where a challenging knowledge creating inquiry is targeted. Following the curriculum design, “trialogical” practices are more emphasized in the last-two years of investigated studies, for instance during the courses which involve working with external client organizations and authentic tasks. This enables us to investigate the same participants study practices in more overarching way by combining three types of data collection (as was planned from the beginning): 1) Analyzing students’ writing processes while they are working on their candidate theses using KPE as a collaboration tool; 2) observing students face-to-face meetings focusing on the development of those shared objects and epistemic actions; and 3) simultaneously tracking the participants’ self-reflections during the same period by means of CASS-data. The purpose is to have access to the same collaborative knowledge-creation activities from three perspectives. Other investigated student groups will also be more involved with external customers; these interactions could be followed with CASS-Query and compare results to the baseline.
In Study 8.8, more focus will be given to activating respondents to reflect on the activities that they are reporting with CASS-Query. In addition, during the post-course interviews it is planned to use graphs representing the participants’ responses over time. Thereby it is possible to get the respondents’ opinions of their earlier reactions many of which actually were more critical than post-course reflections and which thereby could inform course development further.
6. General conclusion - zoom out

Methodological implications

In authentic course settings it is not possible to follow all phases of the teams’ knowledge creation process by videotaping or observations because they take place in various geographical and virtual locations partly inaccessible for researchers. In Study 8.9, stimulated recall method (using the visual representations of shared space views as stimulus) was chosen as a method that enables participants’ retrospective reflection or re-construction of the tool-mediated team process at least in more detail than mere interview. The method should be developed further in the upcoming studies:
· Develop further the semi-structured interview questions used in the stimulated recall session; possibly use the same interview questions with others studies using KPE;

· Use the actual on-line shared space and data export outcomes as stimulus in addition to visual views; in that way the reflections can be based on more detailed data of the process and activities;

· Conduct a stimulated recall session with the followed teams both in the middle and in the end of the project; in that way it is possible to get a richer view of the process.
So far the Data export tool in KPE captures only the activities conducted in the basic views of KPE; therefore it is not possible to save the process of constructing concept maps in VLE in any other way than manually saving screen shots of the views regularly. Especially for analysing collaborative actions conducted in the conceptual mapping activities it would be crucial to have all actions and versions of the models automatically saved to be used in later analysis.

Based on present understanding, a specific added value of the CASS methods appears to be that with the mobile application one is able to collect contextualized data on emotions, motivation, and chosen aspects of activities (e.g., what is currently working on, who is working with). However, to understand how episodes or events in knowledge creation follow one another, other types of data-collection need to be included (e.g., how objects are negotiated or written together for instance in the KPE). It is also necessary to be able to distinguish insignificant from significant events. The latter are the interesting ones as it contributes to knowledge creation (e.g. rationale for choices made), the former ones should probably be filtered out. 
CASS is a promising methodology but it has an inbuilt challenge since data collection in context is not unproblematic; especially in a context like the clinical training ward there is always a risk of disturbing or distracting. As a consequence, using CASS requires being even more careful than usual when formulating and choosing which questions to ask. In addition, in the design of data collection the value of a high frequency of sampling should be carefully weighted against the possible drop-out of participants in repeated designs. 

Pedagogical implications

An important implication regarding all of the piloted KP-lab tools is the need for process sensitive scaffolding which explicitly takes into account the different stages of the process as well as the particular needs of the participants. Systematically organized training in the use of available functionalities of the tool should constitute an integrative part of the pedagogical setting of the course. Further, the studies suggested that the activity of using a new piece of technology involves a series of transformations in users’ practices and that this development of practices stretches over multiple sessions. The training and scaffolding should, first, provide participants with an opportunity to rehearse the use of the key functionalities of the tools, and, second, model and guide effective and appropriate use of the tool functionalities in a way that is beneficial for the specific knowledge creation practice. 

Pedagogical practices should strive to promote trialogical practices among students; for instance students may be explicitly required to comment on the documentation produced by other members and teams. Explicit milestones could be defined in the process for reviewing and contributing to shared documents, or providing conceptual templates in the shared working space that guide the team members to more systematically describe the problems to each other and construct potential solutions together. One challenge for the pedagogical design is the explicit support for cross-fertilization practices in settings where students should collaborate with external experts or clients, outside their own institution. These aspects relate to what are the central knowledge practices in knowledge creating inquiry and how they should be modelled in the pedagogical models. It is possible that some aspects of training and scaffolding could be supported by technology and integrated into the tools? This possibility should not be overlooked in developing the tools, e.g. semantic services.
With CASS, rather than just responding to queries, the participants could be encouraged to continuously analyze the quality of the activities that they are involved in. In addition, participants can afterwards be provided with graphs representing their responses over time using the collected context-sensitive data as an input, to enhance their self-reflection of experiences and activities. Such activities can be viewed as a form of (trialogical) knowledge-creation and practice transformation; CASS methodology could be used not only as data-collection tool but also as a tool supporting learners in their knowledge-creation activities.

In study 8.12, comparison data has been obtained on five degree programs. Results have shown some weaknesses in them in terms of the ‘ideal’ of trialogical knowledge practices. The result can provide perspectives for the use of curriculum developers, policy makers, teacher and students. For instance, one suggestion is to find ways for students to integrate, from the onset of studies, their long-term interest into the course activities (establish relevance), which could foster and support agency and motivation. Another suggestion is to give students more opportunities for collaborative tasks and give students more responsibility of designing their collaborative activities and shared objects.   
Theoretical implications

The results of the investigated studies on the use of KPE may be said to somewhat strengthen the theoretical claims that it is not enough to provide users with tools that afford certain kind of collaborative knowledge creation; also the social practices should be explicitly designed and directed towards desirable, more collaborative ways of working. If the students are not required to co-edit their documents iteratively or comment on each other’s contributions, they do not necessarily volunteer to do so, even if the tools easily enable that. In order to transform the conventional knowledge practices, the scaffolding provided by pedagogical models to highlighting essential elements in the practices is a central addition to the human tutoring and tool mediation of the process. The issue then emerges how to integrate the pedagogical models with the tool so that this becomes possible as a new form of teaching.
Besides the separate shared knowledge objects/artefacts created during the trialogical activities, also the entire collaboratively created knowledge space, consisting of multiple visually arranged artefacts and their relations (that builds up in the views of KPE and visual models in VME), appears to have an important function in a group’s trialogical practices and in their reflection. Such set-ups can also serve forthcoming pedagogical purposes if they are stored as good examples that can be reused or instantiated in new contexts. It could be discussed how to address this multimediation aspect in theory.

Investigation of study practices provided empirical evidence that students perceive relevance and experience higher motivation in those aspects of studies where they themselves can take part in defining the shared objects (e.g., defining a collaborative project) or that it carries a personal value for them (long-term interest). It appears important that flow is reported most often with moderately high ratings of trialogical practices.
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