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Abstract. There are many contexts where it would be helpful to model the collaboration of a group. In learning settings, this is important for classroom teachers and for students learning collaboration skills. Our approach exploits the digital and audio footprints of the users' actions at collocated settings to automatically build a model of symmetry of activity. This paper describes our theoretical model of collaborative learning and how we implemented it. We use the Gini coefficient as a statistical indicator of symmetry of activity, which is itself an important indicator of collaboration. We built this model from a smallscale qualitative study based on concept mapping at an interactive tabletop. We then evaluated the model using a larger scale study based on a corpus of coded data from a multi-display groupware collocated setting. Our key contributions are the model of symmetry of activity as a foundation for modelling collaboration within groups that should have egalitarian participation, the operationalisation of the model and validation of the approach on both a smallscale qualitative study and a larger scale quantitative corpus of data. Keywords: tabletop, group modelling, groupware, collaborative learning, collocated collaboration, clustering



1 Introduction There are important reasons for building effective models of the collaborative process of small teams of people who are using electronic tools as part of collocated activities. This is particularly important in those educational contexts where the goal of the learning activity is to develop learners' collaboration skills. If we can build accurate models which reflect the levels of key aspects of collaboration, this can be valuable for teachers, learners or learning management systems to improve the learning process. There are many situations where people need to work collaboratively in small groups, both at the workplace and informal settings. In many cases, all members of the group should be active in the collaboration: for example, to draw upon the different expertise and background of each member or to find solutions to problems by negotiation and discussion of competing possibilities.



This makes it important to be able to build models that indicate whether a group is collaborating effectively. Emerging technologies that can support small groups have the potential to provide the data that could be used to create such group models of collaboration. Previous work in user modelling research has articulated the importance of capturing a user model according to the users’ interactions around the tabletop in order to adapt and improve the support to the group activities [1]. Drawing on the considerable work on collaborative learning theories [2] and collaborative learning supported by desktop computers [3], an objective and useful indicator of collaboration is the notion of symmetry. We build upon that work, and constructivist theories of group cognition [4] to create a theoretical model of symmetry of activity of the group in small collocated settings, such as at interactive tabletops. We argue that the measure of the symmetry of participation of collocated group members can provide insights into the extent of collaboration of the group, and that this measure can be extracted automatically from log and audio traces. This paper describes our exploration of ways to create helpful models of collaboration based upon indicators of symmetry. We begin by describing some theoretical foundations and outlining important elements of the collaboration model. We then describe our model in terms of our exploratory study based on concept mapping at the tabletop and show how we have implemented it by defining measures of symmetry of activity. We then evaluate the model using a larger scale trial drawing on a corpus of coded data from a multidisplay groupware collocated setting based on a problem-solving activity. The remainder of the paper is organised as follows. The next section presents a short overview of related work. Next, we describe our exploratory study in terms of the collaborative learning theory Afterwards, the extraction of the model is presented, with Section 4 describing the creation of our model of symmetry, and Section 5 presenting the clustering work to validate such a model. Then, we discuss the results of the analysis with reflections on how the indicators of symmetry ought to be included in the learner model of the group to improve teaching and learning. Finally, we conclude with the discussion and future work.



2 Related work There has been relatively limited research exploring how to make use of the digital footprints of the learners' activity to infer indicators that could help build models of collocated collaboration; these could be used in many ways to help groups to learn work more collaboratively and effectively. Previous work in this area has focused mostly on supporting group collaborative tasks within e-learning systems. The Narcissus system [5] gives support to groups working collaboratively through the Trac1 web-based collaborative system. It allows teams to interact with their group model of activity, helping learners and their tutors gain insights on how the group has operated. Anaya and Boticario [6] described a domain-independent collaborative learning modelling method based on statistical quantitative data. This was evaluated 1
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using two data mining techniques, clustering and decision trees. This approach aims to classify and group individuals according to their collaboration level. Perera et.al. [7] also modelled key aspects of teamwork and collaboration, using machine learning techniques but focusing on clustering groups according to various indicators of collaboration and exploring the sequential patterns of interaction. Soller and Lesgold [8] modelled the process of collaborative learning supported by an online shared workspace. They presented a modelling approach based on Hidden Markov Models to recognise the communication networks within groups classifying the sequences of interaction that distinguish the effective sharing knowledge episodes. Casillas and Daradomius [9] described another approach for extracting and modelling behavioural patterns in collaborative settings building on Social Network Analysis.



3 Theoretical foundations: group cognition and symmetry of action Group cognition theory builds upon many other theories based on the concept of constructing meaning through language and social interactions [10]. According to these theories, a group of people working collaboratively externalise and negotiate their different viewpoints. Sometimes the flux of interactions results in the creation of external artefacts such as texts, conceptual maps, diagrams, sculptures and other objects. These social artefacts embody the group’s understanding. Figure 1 depicts the elements in the process of group cognition starting with the personal understanding cycle (1), which occurs inside individuals’ minds, and the social knowledge building cycle (2), which includes all the sub-processes that may be present when building shared understanding. In face to face interactions, these sub-processes can generate a huge quantity of cognitive artefacts in short periods of time. Group members have to articulate their thoughts to convince others or to explain their point of view. They negotiate, share, revise and externalise their standpoints to other participants, leaving more digital evidence of the collaboration process than in individual learning settings. These are the digital tracks of the process of the interaction that we aim to exploit.



Fig. 1. Simplified model of collaborative knowledge building adapted from [10]. Dillenbourg [2] points to the importance of high levels symmetry of action, knowledge and status for successful collaboration in learning contexts.. Symmetry of action is the degree to which users perform the same level of activity; we can capture this aspect from actions at a tabletop or at a multi-display setting. Symmetry of



knowledge refers to the extent to which users have the same level of skills and knowledge. In Figure 1 we depict these two dimensions of symmetry as related directly to the collaborative process. Finally, the symmetry of status is associated with the relative position that each user has in their community. We investigate whether assessing key aspects of the symmetry of action in group’s logs and audio traces can determine important aspects of collaboration in the group. Key features of this symmetry can easily be captured, whereas the symmetry of knowledge is highly domain dependent and therefore difficult to assess in a generic way. Similarly, the symmetry of status is a complex social phenomenon that cannot be entirely tackled from a quantitative perspective. We collected data from two sources: the logs of interactions (touches on the tabletop or clicks in a multi-display setting), obtained directly from the application, and the audio traces, obtained using microphones [11]. From these two sources of data, we identified four measures of action that we aim to use to model the degree of symmetry of action: the number and total duration of verbal interventions, and the number and total duration of physical interaction with the system. In addition to these measures, we used the Gini Coefficient [12], a measurement of statistical dispersion which has been successfully used to estimate equity of participation of students in learning environments [13] and also for measuring levels of participation at multi-touch devices [14]. The Gini Coefficient (G) is an indicator of dispersion that ranges between 0 and 1. A coefficient value of 1 indicates total asymmetry or dispersion and 0 indicates total symmetry or perfect equality. This indicator can be defined as the mean of the difference between every pair of participants (n= 3 or 4 in this study), divided by the mean size µ (1). In essence, our approach requires a way to translate the logs of interactions into Gini coefficients for representing symmetry of activity. (1)



Our methodology consists of, first, conducting a qualitative and statistical exploration in a small study to refine a model of group collaboration based on these measures (in the form of rules), and then, evaluating this model through a large-scale study.



4 Model of symmetry 4.1 Context of the study We designed a case study on a multi-touch tabletop interface. Multi-touch tabletops offer the promise of supporting rich face to face collaboration. Importantly, they can capture digital footprints of the users' activity. Groups were recruited for the first part of the analysis to build an artefact collaboratively at the tabletop using Cmate, as shown in Figure 2. Cmate is a tabletop application designed for collaborative concept mapping [15]. One of the advantages of the concept maps is that through these tools learners can construct understanding in



their own terms, discuss relationships between concepts and reflect on alternative perspectives. The implementation of the Cmate interface is described in detail in [16]. Task. In the first part of the experiment, participants were asked to create an individual concept map, capturing their own understanding of a topic using their own concept set. After studying the same text titled: Recycling, cost-benefit analysis, participants were requested to draw maps answering the focus question: does recycling help the environment? These initial individual artefacts were built on desktop computers, using CmapTools 2, and preloaded into the tabletop. In the second (and collaborative) part of the experiment, each group was asked to build a common group concept map at the tabletop. After the group had discussed their individual maps, participants could use Cmate to perform basic actions such as adding concepts, creating directed links between two concepts, moving and deleting concepts/links, and editing node words by double tapping a node and modifying the word using a virtual keyboard, all these with the purpose of creating a combined group map.



Fig. 2. Our tabletop application being used to build group concept maps. Population and data collection. Every touch on the tabletop was logged, along with the user who made it, and all sessions were video recorded. Sound was recorded with individual microphones worn by each participant. The study involved five groups, each of 3 or 4 participants, for a total of 18 participants. They were students predominantly enrolled in engineering courses and were aged between 20 and 27. Group members were familiar with one another. Each group had thirty minutes to build the concept map and five additional minutes to discuss the ideas and formalise which propositions should remain in the final map. Groups performed between 1450 and 2360 actions per session, for 8500 recorded touches. We also obtained a total of 6296 seconds of active verbal participation. In Table 1 we present two example excerpts from group session logs. The fragment at the left corresponds to a collaborative group. In this case students combined talking with actions at the tabletop, dedicating some time to discussion before making changes. A different group, non collaborative this time, is shown in the excerpt at the right; this group dedicated most of the time to perform physical actions rather than discussing their ideas. Both fragments where extracted from the starting part of their respective sessions to illustrate the nature of the available data. 2



Institute for Humans and Machine Cognition. CmapTools: http://cmap.ihmc.us/



Table 1. Simplified fragments of the combined log (application log + audio log). Left: collaborative group. Right: Non-collaborative group. Author Time 2 1 4 1 3 4 1 3 4 3 4 3



5:59:13 5:59:15 5:59:16 5:59:18 5:59:18 5:59:19 5:59:20 5:59:24 5:59:29 5:59:31 5:59:35 5:59:36



Collaborative group Log audio participation 4 sec audio participation 4 sec audio participation 1 sec app "scroll menu" m9 app "move menu" m10 app "add link " 1 "waste" app "scroll menu" m10 app "scroll menu" m11 audio participation 2 sec app "move menu" m11 audio participation 2 sec app "add concept gesture" m12



Author 4 4 2 3 3 4 3 2 2 3 4 3



Non-collaborative group Time Log 2:49:06 2:49:07 2:49:06 2:49:10 2:49:15 2:49:16 2:49:16 2:49:17 2:49:18 2:49:20 2:49:21 2:49:26



app “add concept” 32 "production" app “move concept” 32 " production " app “scroll menu m44 app “move concept” 32 "production" app “add concept” 33 "consumption" app “delete concept” 32 "production " app “move concept”33 "consumption " app “scroll menu m44 app “add link" 35 "is" audio participation 1 sec audio participation 2 sec app “edit concept” 33 "consumption "



4.2 Model of symmetry as an indicator of collaboration In this section, we describe the statistical and qualitative approach to obtain the measurements of symmetry. Before any quantitative technique was performed, the data and video recordings were examined to see whether any simple statistics could discriminate symmetric groups in terms of their collaborative behaviour. We could observe that a couple of groups were highly collaborative. They were distinguished from others in terms of their consistent verbal communication and awareness of others’ physical actions, discussing most of the actions each group member intended to perform. The other three groups displayed behaviour that ranged from moments of collaboration to periods of partial or non-existent communication. Most of the time, these participants worked individually, either not communicating with others or involving just a couple of participants in the discussion, leaving others working independently with the tabletop interface in a small region. During the non-collaborative moments, participants split the work and worked in their personal space without awareness of others actions. These moments were characterised by high amounts of physical activity with each participant performing similar amount of actions, but low levels of verbal communication in very irregular amounts. This means that we expect the Gini coefficient in the physical dimension to be quite low (reflecting symmetry) whereas in the audio dimension it should be high (reflecting asymmetry). By contrast, the collaborative periods, especially for the groups that were generally collaborative, were characterised by high levels of verbal communication with a somewhat egalitarian distribution of participation in this dimension (hence a low Gini coefficient). However, as they were focused on the discussion and observing others’ actions, the level of physical actions was lower compared with the non-collaborative groups. We could additionally observe that in some groups participants were keen to partially collaborate, leaving one or two members as spectators, or, at the extreme, one participant tended to do all the work by himself (hence a high Gini coefficient).
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Fig. 3. Radars of activity for three different episodes, for both a collaborative and a non very collaborative group. They illustrate the symmetry and amount of audio (radars at the top of the figure) and touch participation (radars at the bottom).



Another way to explore the symmetry of activity was to examine the radars of activity [17], giving a more summarised view of the activity. We generated a pair of radars, one for the physical events on the tabletop, measured in terms of the quantity of touches; and time of verbal participation, measured in seconds. For this study the time window for each visualisation was 90 seconds. Figure 3 shows three pairs of radars of a collaborative group (left) and a non collaborative group (right). Each coloured circular marker corresponds to one learner at their circular personal space: orange, yellow, green and purple for participants 1, 2, 3 and 4 respectively. The position of these markers indicates the level of participation: the closer the marker is to the centre, the less active they were in that period of time. The shape of the radars gives an indication of the symmetry of activity. Through these visual aids, we confirmed what we had observed from the videos. The collaborative group had more verbal participation but a low level of physical actions at the tabletop (see pairs of radars 1, 2 and 3 at the left of the figure). By contrast, the members of the non collaborative group performed high amounts of physical actions without externalizing their thoughts too much. These visualisations helped to assess whether groups were collaborating or not relying not just on the symmetry of groups but also in the extent of their participation (verbal and physical). In fact, our approach aims to quantify this information so that it can be incorporated and exploited in a group model. The quantitative information needed to draw these radars corresponds to the metrics we are evaluating as indicators of symmetry. Table 2 shows these measures for the episodes shown in Figure 3. They are: talking time, Gini coefficient of verbal participation, number of touches and the Gini coefficient of the quantity of touches.



Table 2. Tabletop data log grouped in pieces of 90 seconds. These values correspond to the visualisations showed in Figure 2. Attribute Radar # Ptalk (seconds)



Gtalk (Gini coeff.) Pphysical (touches)



Gphysical (Gini coeff.)



Collaborative group



Non-collaborative group



1



2



3



4



5



6



53



51



56



21



23



28



0.131



.132



0.315



0.400



0.129



0.347



17



24



25



72



69



47



0.488



0.678



0.587



0.214



0.357



0.242



Our initial analysis indicated that our metrics of symmetry can model facets of group collaboration. Based on the observations offered by this dataset, we hypothesise a set of rules, in terms of numeric metrics, as follows:



where Ptalk corresponds to verbal participation, Pphysical to physical participation (touches, clicks), Gtalk to the Gini coefficient as indicator of symmetry of talk and Gphysical as an indicator of symmetry of physical actions. Indeed, after inspecting the correlation between these metrics of symmetry we found interesting relationships. There was a negative correlation between physical and verbal participation – corr. -0.441, (see chart at the left of Figure 4) and a stronger negative correlation between physical participation and the Gini coefficient of physical action - corr, -0.611 (Figure 4, right). In other words, when groups talk they do not perform many actions and, additionally, when they perform many actions, this physical activity is more egalitarian. However, in order to confirm that these observations are valid across collocated domains, and that the metrics are correlated with the extent of collaboration of the group, we used a second large-scale dataset based on a corpus of coded data.



talking time



G touches



Fig. 4. Left: Scatter plot of physical and verbal participation. Right: Scatter plot of number and the Gini coefficient of physical participation.



5 Evaluation 5.1 Experiment and data collection We evaluated the rules described in the subsection 4.2 using a dataset from groups performing a Job Shop Scheduling (JSS) task, an optimisation problem previously used for evaluating group interactions [18]. In this case, participants have to optimise the scheduling of six jobs, each one composed of six operations. These operations require the use of six resources that cannot be used by two or more operations at the same time. Participants modify the schedule by arranging the position of the resource pieces with the purpose of setting up the completion of all six jobs in the minimum time. A detailed description of the implementation of the interface can be found in [19]. The physical setting for these trials included a large shared display projected on a nearby wall and personal laptops with external mice for each participant, through which they could perform individual actions. Data from 19 trials were considered. The participants were students aged between 18 and 27 years. Groups of three were formed for each trial. Each group performed between 100 and 600 actions per solution, for a total of 9800 recorded interactions with the JSS software. The actions corresponded mostly to dragging resource pieces into position. In addition to the application data, we also transcribed verbal communication for each trial from video recordings. These transcripts included a total of 4836 utterances. The video recordings of each trial were observed and coded manually. A coding label was assigned to each 90 seconds block of activity for each group. These time frame size was chosen based on the observations of the videos of the sessions in a parallel study [20]. Each block of activity was coded as corresponding to one of three possible values, according to the following guidelines. A block was labelled collaborative (C) if all participants participated to some extent and were aware of their peers’ actions during that period of time. Medium collaboration (M) was used if one or two members of the group were unaware of their peer’s actions and the group communication was partial. Finally, a block was labelled non-collaborative (NC) if the group split the task, working separately without awareness of each other. Three raters, including a domain expert, coded the blocks according to the descriptions detailed above. Inter reliability was tested on 15% of the sample (Cohen's, k = 0.69). This dataset is very similar, in terms of definition of data, to our tabletop dataset (see Table 2). Therefore, we grouped the log lines and calculated the same attributes we used for the first dataset. In this case, the difference is that we have an additional label for each 90 seconds of activity block. This additional information and the larger size of the dataset served to apply our unsupervised machine learning techniques and supervise the results to validate the hypotheses posed in the previous section. 5.2 Clustering group interactions according to their collaboration and symmetry We used a clustering machine learning technique to reveal the relationship between the rules of our model described in the previous section and the extent of



collaboration of the groups. The features used were verbal participation ( Ptalk ), physical participation ( Pphysical , number of clicks) and Gini coefficients as indicators of symmetry of talk (Gtalk ) and symmetry of physical actions ( Gphysical ). Clustering has been used in a collaborative learning setting such as in [21], where authors aimed at grouping students according to their individual collaboration within their groups. In contrast, we use clustering to assess whether our rules can be applied to other domains with the aim of obtaining meaningful information about the symmetry and collaboration of collocated groups. It is important to highlight that in our approach we cluster segments of activity rather than the entire groups. We used the clustering algorithm k-means with Euclidean distance measure. This algorithm is simple and effective if the number of clusters is previously known. However, k-means is sensitive to the initial seed. To mitigate this limitation we ran kmeans 10 times using the 4 attributes specified in the rules of our model. Additionally, we also ran a secondary algorithm, the Expectation Maximisation (EM), using the same settings (k=3 clusters), obtaining similar results as with k-means (see Table 3). After the clusters from both algorithms were obtained, we compared the presence of collaborative, non- collaborative or moderately collaborative blocks in each cluster. The results of this comparison defined cluster 0 as the group with more collaborative blocks, cluster 1 as medium collaboration blocks and cluster 2 with the non collaborative blocks. The percentage of correct grouping was around 60% for both algorithms. This indicates that our clusters are not excellent classifiers but classification is not the purpose of our approach this time. Table 3. Clustering results. Cluster-0 (C), Cluster-1 (M), Cluster-2 (NC), Attribute Ptalk Gtalk Pphysical Gphysical



Clusters running 10 times k means



Clusters running EM



Full data



Cluster-0



Cluster-1



Cluster-2



Full data



Cluster-0



Cluster-1



Cluster-2



28.668



32.524 (h)



34.999 (h)



17.231 (l)



28.668



29.719 (h)



37.099 (h)



11.233 (l)



0.5304



0.359 (l)



0.610 (h)



0.694 (h)



0.5304



0.444 (l)



0.592 (m)



0.753 (h)



36.714 0.3502



33.787(l) 0.305(m)



30.680 (l) 0.528 (h)



46.25 (h) 0.246 (l)



36.714 0.3502



37.691 (1) 0.267 (l)



27.741 (l) 0.586 (h)



47.463 (h) 0.284 (l)



6 Discussion The comparison of Table 3 with the rules posed in section 4 revealed that every cluster formed by the second dataset followed similar numerical behaviour than the tabletop dataset. The rules (2), (3) and (4) presented in the previous section are defined in non numerical terms (high, low, medium levels of participation and Gini coefficients). For the Gini coefficient attributes (Gtalk and Gphysical ) the quantitative equivalent to low and high can be translated into the quantitative equivalences below 0.5 (more symmetric) and above 0.5 (less symmetric). But for the numerical attributes (Ptalk and Pphysical ) the parameter to define the terms low and high are the correspondent average of the attributes across the complete dataset (Ptalk =28.668, and Pphysical = 36.714, see columns Full data in Table 3). We found that all parts of the rule are confirmed by the clustering information obtained from the two algorithms (see columns Cluster-2, Table 3). The non



collaborative situations are characterised by low level of talk, asymmetry in the conversation and high levels of physical action compared with the average across groups. Therefore, we can accept the rule hypothesised in (2). . In educational terms is not easy to define when a group is collaborating, even if experts observe directly the activity of groups. Even though, we observed that when a partial collaboration within the group exists it is because one or two members “leaded” the activity in both physical and verbal participation. However, even when the clustering results for partial collaboration (see columns Cluster-1, Table 3) shows high levels of asymmetric verbal participation, it is hard to define what happened with the physical dimension, obtaining low level of physical actions and undefined symmetry (Gphysical around exactly 0.5). Therefore, we cannot accept the rule hypothesised in (3) as is. In this case the major part of the rule is confirmed by the clustering information obtained from the two algorithms (see columns Cluster-0, Table 3). Collaborative situations are characterised by high levels of symmetric conversation and less physical actions compared with the average across groups. We were expecting more asymmetry in the physical actions caused by the variable flux of the conversation. We learnt from this rule that collaborative moments tend to be symmetrical in both the physical and verbal layers. Thus, even when the hypothesised rule was not perfectly matched, most of its factors were present. Then, we can accept the rule hypothesised in (4).



7 Conclusions and future work We have presented our research to validate the significance of the notion of symmetry of activity for modelling the presence of collaboration within small groups of people. We illustrated how the theoretical model we built upon and our methodological basis can give insight on the groups’ collaborative process, first, with a small-scale qualitative study at the tabletop, and then, evaluating in a larger dataset of collocated interactions. Our approach applies qualitative assessment, statistical analysis for the formulation of the model and machine learning techniques for the evaluation. Our evaluation demonstrates that both amount and symmetry of verbal and physical participation are good indicators of collaborative and non-collaborative moments. The symmetry of participation is just one dimension of the complex collaborative process; however, it provides useful information that would be an essential part of the group model. In order to asses collaboration in a more effective way, the future research agenda of this project includes evaluating the indicators of symmetry of knowledge and enriching the group model by including the different facets of the collaborative process besides the levels of interactions.



References 1. Martín, E. and P.A. Haya.: Towards Adapting Group Activities in Multitouch Tabletops, in adj. Proc. UMAP 2010: Hawaii, USA. pp. 28--30 (2010) 2. Dillenbourg, P.: What do you mean by 'collaborative learning'?, in Collaborative Learning: Cognitive and Computational Approaches. Elsevier Science. pp. 1--19. (1998) 3. Jeong, H. and C.E. Hmelo-Silver.: An Overview of CSCL Methodologies, in Proc. ICLS 2010: Chicago, USA. pp. 920--921 (2010) 4. Stahl, G.: Collaborative learning through practices of group cognition, in Proc. CSCL 2009, pp. 33--42 (2009) 5. Upton, K. and J. Kay.: Narcissus: Group and Individual Models to Support Small Group Work. Proc. UMAP 2009, pp. 54--65. (2009) 6. Anaya, A. and J. Boticario.: Content-free collaborative learning modeling using data mining. User Modeling and User-Adapted Interaction, 1(20): pp. 1--36 (2010) 7. Perera, D., Kay, J., Koprinsca I., Yacef K. and Zaiane O.: Clustering and Sequential Pattern Mining of Online Collaborative Learning Data. IEEE TKDE 2009. 21: pp. 759--772 (2009) 8. Soller, A. and A. Lesgold.: Modeling the process of collaborative learning. The Role of Technology in Proc. CSCL, 2007: pp. 63--86 (2007) 9. Casillas, L. and T. Daradoumis, Knowledge extraction and representation of collaborative activity through ontology based and Social Network Analysis technologies. J. Business Intelligence and Data Minining, 4(2): pp. 141--158 (2009) 10.Stahl, G., Group Cognition: Computer Support for Building Collaborative Knowledge, ed. MIT: MIT Press (2006) 11.Bachour, K., F. Kaplan, and P. Dillenbourg.: An Interactive Table for Supporting Participation Balance in Face-to-Face Collaborative Learning. IEEE Transactions on Learning Technologies, 3(3): pp. 203--213 (2010) 12.Thomas, V., Y. Wang, and X. Fan.: Measuring Education Inequality: Gini Coefficients of Education. (2000) 13.Belgiorno, F., Ilaria. M., Giuseppina, P. and Vittorio, S.: Free-Riding in Collaborative Diagrams Drawing, in Sustaining TEL: From Innovation to Learning and Practice. pp. 457-463 (2010) 14.Harris, A., Rick J., Bonnett V., Yuill N.: Fleck R., Marshall P. and Rogers Y.: Around the table: are multiple-touch surfaces better than single-touch for children's collaborative interactions? in Proc. CSCL. 2009, pp. 335--344. (2009) 15.Novak, J.: Concept maps and Vee diagrams: two metacognitive tools to facilitate meaningful learning. Instructional Science, 19(1): pp. 29--52 (1990) 16.Martinez, R., J. Kay, and K. Yacef.: Collaborative concept mapping at the tabletop, in Proc. ACM ITS pp. 207--2010 (2010) 17.Martinez, R., J. Kay, and K. Yacef, Visualisations for longitudinal participation, contribution and progress of a collaborative task at the tabletop. 2011. p. 2-11. 18.Tan, D., et al., Using job-shop scheduling tasks for evaluating collocated collaboration. Personal and Ubiquitous Computing, 12(3): pp. 255--267 (2008) 19.Wallace, J., Scott, S., Stutz, T., Enns, T. and Inkpen, K.: Investigating teamwork and taskwork in single-and multi-display groupware systems. Personal and Ubiquitous Computing 13(8), pp. 569--581 (2009) 20.Martinez, R., Wallace, J., Kay, J., and Yacef, K.: Modelling and identifying collaborative situations in a collocated multi-display groupware setting. In Proc AIED 2011. 21.Anaya, A. and J. Boticario. Clustering learners according to their collaboration. In Proc CSCWD 2009, pp. 540--545 (2009)



























[image: Modelling symmetry of activity as an indicator of ...]
Modelling symmetry of activity as an indicator of ...












[image: evaluation of escherichia coli as an indicator of ...]
evaluation of escherichia coli as an indicator of ...












[image: Hematoxylin Root Stain as an Indicator for Al Toxicity Tolerance.pdf ...]
Hematoxylin Root Stain as an Indicator for Al Toxicity Tolerance.pdf ...












[image: Chapter 5 Health as an Indicator of Well-Being in ...]
Chapter 5 Health as an Indicator of Well-Being in ...












[image: 1 The Debt Payment to Income Ratio as an Indicator of ...]
1 The Debt Payment to Income Ratio as an Indicator of ...












[image: agent-based financial modelling as an alternative to ... - Lietuvos bankas]
agent-based financial modelling as an alternative to ... - Lietuvos bankas












[image: agent-based financial modelling as an alternative to ... - Lietuvos bankas]
agent-based financial modelling as an alternative to ... - Lietuvos bankas












[image: agent-based financial modelling as an alternative to ... - Lietuvos bankas]
agent-based financial modelling as an alternative to ... - Lietuvos bankas












[image: A Spark Of Activity: Exploring Informative Art As ... - Chloe Fan]
A Spark Of Activity: Exploring Informative Art As ... - Chloe Fan












[image: Contrasting styles of volcanic activity as observed by ...]
Contrasting styles of volcanic activity as observed by ...












[image: A Spark Of Activity: Exploring Informative Art As ... - Chloe Fan]
A Spark Of Activity: Exploring Informative Art As ... - Chloe Fan












[image: Fluvial deposits as an archive of early human activity]
Fluvial deposits as an archive of early human activity












[image: Is the Mussel Test a good Indicator of Antifouling Activity?]
Is the Mussel Test a good Indicator of Antifouling Activity?












[image: The symmetry of the primes]
The symmetry of the primes












[image: Economic modelling of Oak forests, an important factor ...]
Economic modelling of Oak forests, an important factor ...












[image: Population balance modelling of droplets in an ...]
Population balance modelling of droplets in an ...












[image: Hearing Aid Provider - Verification of Completion of Training as an ...]
Hearing Aid Provider - Verification of Completion of Training as an ...












[image: Characterization of activity oscillations in an excitable ...]
Characterization of activity oscillations in an excitable ...












[image: Role of G12 and G13 as Novel Switches for the Activity of ... - GitHub]
Role of G12 and G13 as Novel Switches for the Activity of ... - GitHub












[image: Electrodermal Schizophrenia Activity as a ... - Semantic Scholar]
Electrodermal Schizophrenia Activity as a ... - Semantic Scholar















Modelling symmetry of activity as an indicator of ...






data from a multi-display groupware collocated setting. Our key .... patterns in collaborative settings building on Social Network Analysis. 3 Theoretical ... 






 Download PDF 



















 889KB Sizes
 6 Downloads
 257 Views








 Report























Recommend Documents







[image: alt]





Modelling symmetry of activity as an indicator of ... 

The Narcissus system [5] gives support to groups working collaboratively through ... patterns in collaborative settings building on Social Network Analysis.














[image: alt]





evaluation of escherichia coli as an indicator of ... 

Oct 31, 2012 - The aim of this study was to assess the contamination with Escherichia coli and detection of .... Technical Committee ISO/TC 34: ISO 16649-3.














[image: alt]





Hematoxylin Root Stain as an Indicator for Al Toxicity Tolerance.pdf ... 

There was a problem previewing this document. Retrying... Download. Connect more apps... Try one of the apps below to open or edit this item. Hematoxylin ...














[image: alt]





Chapter 5 Health as an Indicator of Well-Being in ... 

Elephants are wild animals. They have evolved over millennia to survive in the savannas and forests of Africa and Asia. They have developed physiological systems designed to meet conditions defined by these environments. Their evolution has resulted 














[image: alt]





1 The Debt Payment to Income Ratio as an Indicator of ... 

We argue that at least two attributes of a household's financial condition may indicate what .... The coefficient Î³ reflects the degree to which consumption growth is .... apparel, health care products, reading materials, educational expenses, and .














[image: alt]





agent-based financial modelling as an alternative to ... - Lietuvos bankas 

Keywords: agent-based financial modelling; artificial stock market; complex dynamical system; market efficiency; agent ..... in real stock markets. Agents in these models usually follow simple, â€œhard-wiredâ€� investment rules. In order to generate 














[image: alt]





agent-based financial modelling as an alternative to ... - Lietuvos bankas 

Now one can observe the gradual paradigm shift in the financial literature, as financial ... Engineering, Faculty of Business Management. ... all have potentially different valuations of expected fundamental payoffs (e.g. an expected .... Should arti














[image: alt]





agent-based financial modelling as an alternative to ... - Lietuvos bankas 

More generally, these computer models give ... some systemic adaptation but not necessarily high market-level efficiency. .... the computer science. Here, an ...














[image: alt]





A Spark Of Activity: Exploring Informative Art As ... - Chloe Fan 

Detailed field notes were taken of the audio recordings and coded and analyzed for .... my data, myself: supporting self-reflection with ubicomp technologies.














[image: alt]





Contrasting styles of volcanic activity as observed by ... 

eruptive column that extended up to 20 km and pyroclastic flows that extended up to 7.5 km of the summit. (Gardeweg & Medina, 1994). The more active volcanoes in Southern Volcanic Zone (SVZ) are Villarrica and Llaima volcanoes (Moreno &. Fuentealba, 














[image: alt]





A Spark Of Activity: Exploring Informative Art As ... - Chloe Fan 

Sep 5, 2012 - internet tablet running Firefox on Android 2.2.1 for our study due to its low cost, .... wanting the display to be available as her Android phone's live wallpaper. .... (2010). Ambient influence: can twinkly lights lure and abstract.














[image: alt]





Fluvial deposits as an archive of early human activity 

Key themes for discussion are the evidence for diachronous .... Looking at this amazing contrast in tool assemblages on a global scale, the possibility of an initial ...














[image: alt]





Is the Mussel Test a good Indicator of Antifouling Activity? 

1H-NMR data (Wessels et al., 1999). This compound represented 1.65% of the DW of S. zonale. In order to detect the presence of metabolites at the surface of ...














[image: alt]





The symmetry of the primes 

Why an Unsolved Problem in Mathematics. Matters, London: Harper Perennial, 2004. [40] R. Bousso, The Cosmological Constant Problem, Dark Energy and the Landscape of String. Theory, arXiv: 1203.0307v2 [astro-ph.CO]. [41] R. Bousso, Precision Cosmology














[image: alt]





Economic modelling of Oak forests, an important factor ... 

Aug 23, 2013 - sustainable forest management of communal forests in terms of objectives identification and implementation of the best treditional using practices. .... forest stends are classified on a hierarchical system of forest types, defined by 














[image: alt]





Population balance modelling of droplets in an ... 

windows along the flow path, as shown in Fig 1, using ... The images captured on PC were analysed using. Droplet Detector v3 Image Analysis Software. For .... The results presented at the conference and reported in this paper were preliminary. The an














[image: alt]





Hearing Aid Provider - Verification of Completion of Training as an ... 

HEARING AID PROVIDER ... Name of Supervisor: Telephone Number: ( ) ... business days if the apprentice leaves my supervision other than through obtaining full ... Hearing Aid Provider - Verification of Completion of Training as an.pdf.














[image: alt]





Characterization of activity oscillations in an excitable ... 

Continuous externally applied activity gives rise to activity oscillations. In the excitable membrane model described here, an activity applied externally to a single unit or an extended area leads to an expanding annular activity wave. If this exter














[image: alt]





Role of G12 and G13 as Novel Switches for the Activity of ... - GitHub 

accumulation of Nrf2, but knockdown of G13 failed to do so. Except for specific knockouts, the expression levels of Nrf2 in ..... incubated overnight with Ni2 affinity beads. After being washed with lysis buffer, the beads were boiled in the sample b














[image: alt]





Electrodermal Schizophrenia Activity as a ... - Semantic Scholar 

From the University of Southern California (HH, MED), Occidental College. (AMS), and ... or less on all BPRS scales for at least two consecutive biweekly.


























×
Report Modelling symmetry of activity as an indicator of ...





Your name




Email




Reason
-Select Reason-
Pornographic
Defamatory
Illegal/Unlawful
Spam
Other Terms Of Service Violation
File a copyright complaint





Description















Close
Save changes















×
Sign In






Email




Password







 Remember Password 
Forgot Password?




Sign In



















Information

	About Us
	Privacy Policy
	Terms and Service
	Copyright
	Contact Us





Follow us

	

 Facebook


	

 Twitter


	

 Google Plus







Newsletter























Copyright © 2024 P.PDFKUL.COM. All rights reserved.
















