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Introduction

The physical and digital properties of our environment shape the organization and interaction in collaboration [START_REF] Marshall | Using F-formations to analyse spatial patterns of interaction in physical environments[END_REF]. In this article, we are especially interested in understanding the relationship between mobility and coordination mechanisms in mobile and collaborative outdoor activities.

To study how device use and spatial arrangements shape coordination in real conditions, we designed and deployed an orienteering learning game with the collaboration of high school teachers. We conducted an experiment with four groups of three students, aged from 16 to 17. During the experiment, one teacher and one person from our research team followed each group supervise and film the group activity. For the video analysis, our observations focused on four elements: awareness, regulation, information sharing and discussions among group members. We use Kendon's F-formations [START_REF] Kendon | Conducting interaction[END_REF] to analyze people's spatial-orientational arrangements in joint activities, with a focus on how F-formations are created during the collaboration and what are the social interactions happening in these arrangements.

Our study offers insights on how students use tablets to collaborate in an outdoor activity, the Fformations associated to specific coordination phases, and the importance of transitions. We derive implications for design, in respect to complex information sharing and control in proxemics interaction in mobile conditions.

Observed F-formations

Kendon [START_REF] Kendon | Conducting interaction[END_REF] described three types of F-formation for groups of two persons: L-shaped, face-to-face and side-by-side (see Figure 1, top), and he added a circular F-formation arrangement for groups of more than two persons. Marshall et al. [START_REF] Marshall | Using F-formations to analyse spatial patterns of interaction in physical environments[END_REF] added two more arrangements for groups of four persons: semi-circular and rectangle. In our study, the groups are composed of three students, we noticed three main types of Fformations arrangements: semi-circular, circular and triangular (see Figure 1, bottom). These arrangements can be influenced by the on-going task, and also by environmental features. Given the mobile nature of the activity, compared to the F-formations described in the HCI literature, the F-formations we observed were highly dynamic. Both within the formation, for example students would keep their formation but move in the same direction, or all rotate at once; and also moving quickly from one formation to another. A transition from one formation to another often indicated a change of the focus in the on-going task.

The triangular arrangement happened when two students were standing close to each other on one side with a third student staying on the opposite side at some distance from the others.

We consider coordination as "the act of managing interdependencies between activities performed to achieve a goal" [START_REF] Malone | What is coordination theory and how can it help design cooperative work systems[END_REF]. In coordinated work, participants act towards a shared goal dealing with time and organizational constraints. For our study purpose, we selected four mechanisms used in the process of coordination: awareness, regulation, information sharing and discussion. This arrangement is often caused by an unequal distribution of action. The triangular arrangement was rarely maintained for a long time. In the circular arrangement, students are at a similar distance from each other, it appeared to be the most comfortable position to have a group talk. The circular arrangement was the most stable formation we observed, and also the most frequent one (especially for discussion). Finally, in the semi-circular arrangement, three students stay corner-to-corner, which let them easily share objects, such as a tablet or an instrument.

Given the highly mobile nature of the activity, the structure of the formations changed rapidly. These dynamic transitions are particularly important in group work [START_REF] Marshall | Using F-formations to analyse spatial patterns of interaction in physical environments[END_REF].

We analyzed in detail one sequence involving all the coordination mechanisms identified and the transition from one to the next. Figure 2 shows the most representative formations. 

Implication for interaction design for mobile collocation

Better support for complex information sharing Sharing complex information was challenging and frequently led to new group arrangements to cope with the lack of shared ground. In such situations three people focusing on a single tablet is burdensome and impedes collaboration. There is a need for tools enabling collaborative interaction with complex information in mobile conditions. For instance, in semicircular formations, we could use proximity to enable information transfers between tablets, as proposed by Marquadt [START_REF] Marquardt | Cross-device interaction via micro-mobility and f-formations[END_REF]. We could also enable the duplication of screens for a moment, or enable a focused/zoomed-in mode so that information is more readily visible to people in a circle.

Focusing on transitions between F-formations

Most of the arrangements we observed were only stable for short amounts of time. When designing tools to better support collaboration, rather than capturing given F-formations, emphasis should be given to changes between arrangements. For instance, the transition from one formation to another could be proactively managed on the devices by suggesting which device configuration would be most useful. Another possibility would be to let users to maintain the state of a previous configuration even though the arrangement has changed.

Subtlety and control in proxemic interaction

Leveraging proxemics to support users' interactions in context aware systems is promising, but should be treated with care in mobile conditions. Especially in outdoor conditions, the cost of implicit adaptations might not be worth the benefits. We observed many situations in which the arrangements of the participants were similar but the high level activity required different information and devices configurations.

Figure 2 :

 2 Figure 2: A sequence of collaborative behaviors and their corresponding F-formations. A: Sophie is scanning a QR code, David and Anna are watching (awareness); B: Sophie reads out code to others (verbal information sharing); C: David and Sophie move towards Anna to see her tablet (awareness & regulation); D: Sophie takes Anna's tablet (on-device information sharing); E: Sophie holds up her tablet showing it to the others (on-device information sharing); F: They are discussing (discussion); G: David double checks the tablet (on-device information sharing); H: During the discussion, Anna suggests to move forward (discussion & regulation); I: Sophie asks David where to go next (regulation & on-device information sharing)
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