
The design of MOO agents:

Implications from an empirical CSCW study.
P. Dillenbourg1, P. Jermann1, D. Schneider1, D. Traum2, C. Buiu3

1TECFA, School of Education and Psychology, University of Geneva, Route de Drize 9, 1227 Carouge, Switzerland. {Pierre.Dillenbourg, Patrick.Jermann,Daniel.Schneider}@tecfa.unige.ch

 2UMIACS, A. V. Williams Building, University of Maryland, USA, traum@cs.umd.edu

 3Department of Computer Science and Control, University of Bucharest,  Romania, cata@lnx.cib.pub.ro

Abstract. We report the results of an empirical study on computer-supported collaborative problem solving. Twenty pairs each participated in a mystery solving game in a text-based virtual environment, enriched with a whiteboard. We analyzed how subjects use different communication tools to build common ground. We present seven observations which inform the design of artificial MOO agents. We propose a new type of artificial agent, observers, which compute statistics regarding interactions and display them to human or artificial tutors or to the collaborators themselves.

1. Introduction


Collaborative learning is not always effective. The design of CSCL environments aims to set up conditions for effectiveness, namely to promote productive interactions. The environment may scaffold the pair interactions with the task and/or the interactions between learners [1]. In both cases, the scaffolding is either achieved through purposely designed interfaces  [1, 2, 3] or through the action of human or artificial agent(s). The topic of artificial agents is a large and disparate one, however, we see three main categories of agents:

· Sub-agents are autonomous software entities which carry out tasks for the user. In current research, a user generally interacts with a single agent performing a variety of information finding tasks [4, 5] on the Internet. Other examples of tasks accomplished by sub-agents include e-mail filtering [6], room reservation, calendar managing [7] and finding people sharing interests [8].

· Co-agents can perform the same actions as the human user they interact with. For instance, the idea of a co-learner was used within various learning paradigms: collaborative learning [9, 10], competition, reciprocal tutoring [11] or learning by teaching [12]. 

· Super-agents provide solutions and monitor the actions of users.  Typical examples are tutors in ILEs or critic systems [13]. In CSCL, super-agents monitor the interactions among users. For instance, in Belvedere [14] an advisor may point to specific parts of the learner's argument and proposes ways of extending or revising it. Some argument structures are expected to be more effective in stimulating critical discussions. In COSOFT [15], a super-agent compares its model of on-line students and invites students with specific lacks to collaborate with students who possess the missing skills.

Our work on co-agents revealed that straightforward application of current AI techniques are not appropriate to build collaborative agents [16]. We have hence conducted an empirical study to inform the design of such agents.

2. Empirical study: collaboration in a multi-modal virtual environment.

This study addressed two issues: (1) how two subjects elaborate a shared solution of a problem, (2) how does a whiteboard help to achieve mutual understanding. In the experiments, the two subjects play detectives: they have to find who committed a murder. They have to find the single suspect who has a motive to kill, had access to the murder weapon and had the opportunity to kill the victim when she was alone. They walk in a text-based virtual environment (a MOO) where they meet suspects, ask questions about relations with the victim, regarding what they have done the night of the murder, and so forth. Suspects are MOO robots, programmed to answer relevant questions. When exploring rooms, subjects find various objects which may have a role in the story.


The subjects are located in different physical places, connected by a computer network and using two pieces of software: a shared whiteboard and a standard MOO (tecfamoo.unige.ch - port 7777). The subjects talk to each other on the MOO via two commands: “say...” to communicate with anybody in the same room and “page John...” to communicate with John where ever he is. They each carry a notebook which automatically records the answer to all the questions they ask. The subjects use a MOO client called TKMOOlight which runs Sun, Macintosh, or Windows computers. It includes an elementary whiteboard: multiple users can draw on a shared page, can see and edit the objects drawn by their partner, but they do not see each other's cursor. All actions and interactions in the MOO and in the whiteboard are recorded. We ran the experiments with 20 pairs, the average time to completion was two hours. We present here only some of the main results relevant to the design of agents. 


In the following, we refer to four levels of mutuality of knowledge [17]: (1) A knows that B can access knowledge X; (2) A knows that B has perceived X; (3) A knows that B understood X more or less as A understood it, and (4) A knows that B agrees on X. These four levels cover both the grounding process (achieving mutual understanding) and the negotiation process (reaching agreement).

3. Observations & implications

3.1 Matching knowledge and media persistence

Observations. In our analysis of MOO dialogues or whiteboard drawings, we discriminate four categories of content: Task (subdivided into facts and inferences), management (who does what, who goes where, etc.), technical problems and meta-communication (turn taking rules, graphical codes, etc.). The distribution of these content categories differs between MOO dialogues and whiteboard notes, as illustrated by figure 1. This difference can be explained by the persistence of information: utterances regarding task management and meta-comunication, have a short term validity, while task level information (facts and inferences) is more persistent, especially facts (if it is true at time t that Helmut is a colonel, this information will still be true at time t+1). Non-persistent categories represent 45% of MOO dialogues versus only 10% of whiteboard items. Conversely, persistent information represents 90% of whiteboard items versus 55% of dialogue utterances. Our interpretation is that subjects match the content and the medium of communication by comparing the persistence of information (how long a piece of information remains true) and persistence of medium (how long it can be viewed on a particular medium). Non-persistent items (management, communication) are preferably discussed on a non-persistent medium (the MOO scrolls up every time a new command is performed), while persistent knowledge (facts & inferences) is displayed on a persistent medium (whiteboard items remain displayed until explicitly erased). The sensitivity to medium persistence is confirmed by another observation: the average delay of acknowledgment is shorter in MOO dialogues (48 seconds) than on the whiteboard (70 seconds). There is no urgency to acknowledge information which will (probably) remain a long time on the whiteboard.









Figure 1: 
Categories of content in MOO (left) and whiteboard (right) interactions

Implications. An intelligent agent should select a medium of communication whose persistence is adequate to the persistence of knowledge being discussed. Negotiating non-persistent information through a persistent medium leads to display invalid information when its validity has expired. Vice-versa, negotiating persistent information through a non-persistent medium increases the memory load, since the medium does not play its role of group memory. How could an agent match the medium persistence with knowledge persistence? Medium persistence can de determined once and for all. The difficulty consists in reasoning on the knowledge persistence. This issue is not the same as in a truth maintenance system: it requires not only to detect when information is not relevant anymore, but also to anticipate how long it might remain valid. A simple solution would be to associate levels of persistence to knowledge categories: facts and inferences are more persistence than strategies, plans, and MOO positions.

3.2 Reasoning on sharedness.

Observations. We computed the percentage of utterances produced by agent-A which are acknowledged by Agent-B. This rate of acknowledgment for facts is 26% while it is 46% for inferences and 43% for task management utterances. The difference of rate between facts and inferences or management reflects the probability of disagreement or misunderstanding. In this task, there is little to disagree about or to misunderstand regarding facts ("A gun in room 5"), while one can of course disagree about inferences ("Heidi has a motive") or strategies. Moreover there is a significant interaction effect on the acknowledgment rate between the knowledge category and the medium (F(1,18)=6.09; p=.001): Facts are rarely acknowledged on the whiteboard (Fig.2). Our interpretation is the following. Since there is a low probability of misunderstanding or disagreeing about facts, their acknowledgment in MOO conversation (37%) basically means "I read your message". Acknowledgment simply aims to inform one's partner about shared perception (level 2). Conversely, on the whiteboard, mutual visibility is the default assumption, which makes level-2-acknowledgment unnecessary.


Implications. One difficulty we encountered in previous systems was that the artificial agents were behaving too rigidly, e.g. checking agreement at every step of the solution. There are 'social' reasons for not systematically checking agreement, such as demonstrating leadership, and avoiding harassment. These results indicate another reason: the medium may guarantee a level of grounding sufficient for the knowledge / task at hand. Reasoning about mutual visibility is easy to implement for an artificial agent: concerning the whiteboard, it may compare windows; concerning the MOO, simple rules can determine whether two agents see the same thing, given their respective positions and the command being performed. The most difficult aspect is reasoning on the probability that an item of knowledge can be misunderstood or disagreed with.




Figure 2: 
Effect of medium and content of interaction on acknowledgment rate.
3.3 Reasoning on mutual position

Observations. This is a particular case of the previous point. Subjects rarely ask their partners where they are located in the virtual space. They also rarely use the "who" command to check position. Actually, the MOO automatically provides some information about agents' positions. When A pages to B, B receives a notice such as "You sense that A is looking for you in room X". Every time A arrives in or leaves a room where B is located, B is informed of A's arrival/departure. We also showed that when the MOO provides less spatial information, the subjects interact more about space [18]. This means that they do not ignore mutual positions, but the medium provides roughly enough information. We also observed that when subjects are in different rooms, they acknowledge 34% of utterances, versus 50% when they are in the same room. Actually, subjects often go to the same room when they have long discussions. In other words, the MOO spatial metaphor seems to affect the behavior of subjects. Experienced MOO users are more sensitive to space than novices: the average space sensitivity
 is 75% for novices versus 87% for experienced users (F(1,9)=4.39; p=.05).


Implications. Since the spatial metaphor appears to be salient even when it is not functionally important, agents should be able to reason about spatial positions. This reasoning is also useful regarding the previous point: they need to reason about which information can be seen by the partner, and visibility in the MOO is itself bound spatially. Through this spatial metaphor, MOOs provide formal rules to reason about sharedness.
3.4 Negotiation by action

Observations. The subjects not only acknowledge MOO utterances using other MOO utterances but also with other MOO actions. The first condition for this type of acknowledgment is visibility: Hercule's utterance can be acknowledged by Sherlock's Action-X and only if Hercule sees that Action-X has been performed. In table 1, Sherlock can see that Hercule asks the question (9.6) as Sherlock previously invited him, since they are in the same room. The second condition of acknowledgment by action is that the MOO commands enable the speaker to express dialogue moves that (s)he wants to make. In this experiment, only three dialogue moves could be expressed through MOO actions: simple acknowledgment, straight agreement (one agent suggests an action, the other does it) and disagreement. Therefore, the type of information being acknowledged through action is generally decision about actions, namely spatial moves, asking questions and exchanging objects. Subjects could not use MOO actions for negotiating suspicion, because our experimental environment did not include commands conveying this type of information. We could add verbs (e.g., arresting a suspect) or objects (e.g., handcuffs) to indicate degree of suspicion. In other words, the semantics of 'talking by action' are bound by the semantics of the MOO commands created by the designer. 


Implications. Negotiation structures should be represented in terms of dialogue moves [20], which could be turned into interactions either as dialogue utterances or as MOO actions. Interpreting an action is no less complex than interpreting natural language, it relies heavily on the context. However, MOO actions may be simpler to interpret because the designer can define commands with clearly different pragmatic values.

9
Bar
S
' ask him what he was doing las night. i am talking to mr saleve

9.4
Bar
S
ask js about last night

9.6
Bar
H
ask giuz about last night

Table 1: 
Example of talk/action acknowledgment (Column 1: Time, column 2: MOO location , column 3: subject, column 4: actions)
3.5 Dynamically allocate functions to tools

Observations. Different pairs allocate communicative or problem solving functions (store facts, exchange inferences, coordinate action,...) to different tools or even re-allocate a function to another tool on the fly. For instance, the subjects carried a MOO notebook recording the answer to all questions asked to suspects. They could exchange their notebooks or merge the content. Some pairs intensively used these notebooks for sharing facts, while other systematically reported facts on the whiteboard. The former pairs hence had the whiteboard available for sharing inferences, while the latter filled their whiteboard and had hence to discuss inferences through MOO dialogues. The actual [function X tool] matrix varies across pairs. It may also vary within a pair as the collaboration progresses, one function being for instance progressively abandoned because the detectives become familiar with another one. 

Implications. From the previous sections, one might infer that the whiteboard and MOO communicative functions could be pre-coded in an agent's design. However, the plasticity we observed, i.e. the ability of the pair to self-organize along different configurations, leads us to think that  functions should be dynamically allocated to a medium during interaction.

3.6 Deliberately maintaining the task context

Observations. Our initial hypothesis was that the whiteboard would help to disambiguate MOO dialogues, by supporting deictic gestures or explanatory graphics. We observed almost no deictic gestures because the partner's cursor was not visible on the whiteboard. We observed few explanatory graphics because the experimental task did not require such graphics. The whiteboard was not the place to disambiguate MOO dialogues, but rather appears as the central space of interaction. Information was sometimes negotiated before being put on the whiteboard, as if grounding was a pre-condition to display information in a public space. Conversely, dialogues often aim to ground the whiteboard information items (e.g. "why did you put a cross on...?"). These observations must be explained with respect to the task requirements. The main difficulty of the task was to manage a large amount of collected information. Most whiteboards contain a collection of short text notes which basically support individual and group memory. Whiteboards thereby also play a regulation role: (1) during the data collection stage, each subject can see on the whiteboard what her partner has done so far; (2) during the data synthesis stage, most pairs use a graphical code for marking discarded suspects, thereby indicating advances towards the solution. The whiteboard reifies the problem state. It is the central space of coordination, probably because it retains the context [19]. This context is established at the task level: the whiteboard increases mutual knowledge with respect to what has been done and how to do the rest. The whiteboard does not fix the context at the conversational level: the mutual understanding of MOO utterances does not seem to rely on whiteboard information. We even observed cases in which two different contexts are established, i.e. that the subjects participate in parallel into two conversations, one on the whiteboard and the other in MOO dialogues.


Implications. The simplicity of observed graphics is good news for designers (otherwise we should design agents with an ability to interpret complex graphics). However, this observation is bound to the selected task: more complex representations would certainly have been drawn for a problem in physics or in geometry. What can nevertheless be generalized is the role of the whiteboard as a tool for maintaining a shared context. This role is due to knowledge persistence on the whiteboard. Artificial agents should both be able to build and use this shared context.

3.7 Maintaining multiple conversational contexts

Observations. The mechanisms of turn taking in the MOO are very different than in voice conversation. There is no constraint to wait for one's partner's answer before saying more. Moreover, one can more easily refer to utterances earlier than the last one, since they are still visible on the screen. Hence a MOO conversation between two people is not a simple alternation of turns. We computed an index of complexity of turn taking:  its value is 0 if, knowing the speaker at turn n we have a probability of 1 for predicting who will speak at n+1. Its value is 1 if knowing the speaker at turn n does not give us any information regarding who will speak at n+1. The average index of complexity on 'say' and 'page' commands is 0.9 (SD = .06), which indicates an almost complete non-systematicity of turn taking! Interestingly, the average index of complexity is the same if we consider pairs with a high acknowledgment rate versus the pairs with a low acknowledgment rate (both 0.9). This indicates that the irregularity of turn taking does not really affect acknowledgment. Moreover, we observed interwoven turns (table 2), simultaneous turns (table 3), and parallel conversations. This phenomena is more important when more than two subjects interact on the MOO.

88.5
r1
H
page sherlock but what about the gun?

88.8
Priv
S
'Hercule which motive jealousy? He would have killed hans no?

89.3
Priv
S
'Hercule he stole it when the colonel was in the bar

90.3
r1
H
page sherlock Giuzeppe wanted to avoid that one discovers that the painting was fake.

Table 2: 
 Example of XYXY turns (translated)


Implications. To participate in parallel conversations, artificial MOO agents need to maintain distinctively different contexts of interactions. If the context was unique, the interwoven turns reported above would lead to complete misunderstanding, which was not the case, or to spend a lot of energy in disambiguating references. Let us note that the multiplicity of contexts raise questions situated cognition theories in which context is often perceived as a whole.

87.1
r3
S
She couldn't have stolen the gun, could she?

87.4
r3
S
read giuzeppe from dn1

87.5
r3
H
I'm just checking something.

87.7
r3
H
read Giuzeppe from dn2

88.2
r3
S
No - Mona was in the restaurant till 9.

88.2
r3
H
No, she left around 9:00. She couldn't have stolen the gun.

88.7
r3
S
So Lisa, Rolf, Claire, Giuzeppe and Jacques are still open.

88.9
r3
S
and Oscar

88.9
r3
H
And Oscar...

Table 3:
 Simultaneous talk at 88.2 and 88.9 (from Pair 18)
4. Conclusions


Table 4 summarizes the suggestions with respect to the design of MOO agents. Some of them are technically easy to implement (e.g. 3) while others require further research. This list of skills extends the agent reasoning: an agent does not only reason on the task, it also reasons on the optimal interactions to achieve sharedness. The boundary between reasoning on the task and reasoning on interaction is shallow: for instance, reasoning on the probability of disagreement concerns both the solution and the interaction. In the slogan "shared solution", there is the word "shared" and the word "solution" and the key is to understand the interplay between these two aspects. We observed that different problem solving strategies lead to different profiles of interaction: for instance, forward chainers often fill the whiteboard with facts during the first hour, the MOO being used during the first hour only for management, while backward chainers very early discuss inferences in the MOO and write them on the whiteboard. However, the relationship we observed between interactions and problem solving is very complex. 

1. 
Match knowledge persistence with medium persistence;

2. 
Determine to what degree a piece of knowledge is shared before performing any grounding act;

3. 
Determine what the partner can see according to his position; 

4. 
Translate dialogue moves in terms of MOO actions;

5. 
Dynamically allocate functions to communicative tools (media);

6. 
Maintain and use the whiteboard as the shared context;

7. 
Maintain multiple conversational contexts;

Table 4: Implications: skills required for MOO agents

This experience reveals the importance of fine studies of interactions and leads us to suggest a new type of support for collaborative learning. We mentioned in the introduction that interactions may be either scaffolded by the interface or influenced by an agent. An intermediate approach is to implement observers. i.e. agents who collect information regarding users interactions, aggregate observations into high level indicators and display these indicators to the users themselves. We intend to study if pairs could use these indicators to regulate their interactions. Such indicators would also support monitoring by human coaches.
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20T2

85.0

18.0

0.8837209302325582

0.4444444444444444

9.0

15.0

46.0

29.0

0.3333333333333333

0.6666666666666666

0.8260869565217391

0.17391304347826086

-0.49275362318840576

1.0

1.0

21T2

66.0

22.0

0.7619047619047619

0.4090909090909091

2.0

23.0

41.0

32.0

0.43478260869565216

0.5652173913043478

0.7804878048780488

0.21951219512195122

-0.3457051961823966

1.0

2.0

1.0

22T2

158.0

32.0

0.8111111111111111

0.625

18.0

29.0

93.0

49.0

0.5862068965517241

0.41379310344827586

0.7849462365591398

0.21505376344086022

-0.19873934000741564

22.0

1.0

1.0

M

Sum

TALK

WB

1.0

0.7681159420289855

1.0

0.8297872340425532

0.7256637168141593

0.7964601769911505

0.5952380952380952

0.4935064935064935

0.9024390243902439

0.59375

0.9032258064516129

0.8313253012048193

0.9393939393939394

0.8942307692307693

0.8055555555555556

0.8260869565217391

0.7804878048780488

0.7849462365591398

1.0

0.6818181818181818

0.8461538461538461

0.4375

0.3225806451612903

1.0

0.2

0.8235294117647058

0.35135135135135137

0.5185185185185185

0.5555555555555556

0.6395348837209303

0.43478260869565216

0.9047619047619048

0.5757575757575758

0.3333333333333333

0.43478260869565216

0.5862068965517241

0.0

0.3181818181818182

0.15384615384615385

0.5625

0.6774193548387096

0.0

0.8

0.17647058823529413

0.6486486486486487

0.48148148148148145

0.4444444444444444

0.36046511627906974

0.5652173913043478

0.09523809523809523

0.42424242424242425

0.6666666666666666

0.5652173913043478

0.41379310344827586

0.0

0.2318840579710145

0.0

0.1702127659574468

0.2743362831858407

0.20353982300884957

0.40476190476190477

0.5064935064935064

0.0975609756097561

0.40625

0.0967741935483871

0.1686746987951807

0.06060606060606061

0.10576923076923077

0.19444444444444445

0.17391304347826086

0.21951219512195122

0.21505376344086022

PAIR

F(T)

I(T)

F(W)

I(W)

3T2

4T2

-0.16751918158567775

Inferences

Facts

6T2

-0.7544757033248082

Whiteboard

7T2

-0.5903010033444817

Talk

10T2

0.4070796460176991

12T2

0.5818181818181818

14T2

-0.12820512820512825

18T2

0.04681933842239189

22T2

-0.37222222222222223

19.0

63.25

9.0

21.75

5T2

-1.1538461538461537

Inferences

Facts

13T2

-1.1942857142857144

Whiteboard

7.111111111111111

17.11111111111111

21T2

-0.7056277056277056

Talk

35.44444444444444

17.77777777777778

20T2

-0.8785529715762275

19T2

-0.5416666666666666

17T2

-1.072829131652661

16T2

-0.4906810035842294

15T2

-0.9282296650717703

11T2

-0.7836349331235248

17.77777777777778

35.44444444444444

17.11111111111111

7.111111111111111

Inferences

Inferences

Facts

Facts

21.75

63.25

9.0

19.0

Inferences

Inferences

Facts

Facts

7.111111111111111

35.44444444444444

17.11111111111111

17.77777777777778

PAIR

F(T)

I(T)

F(W)

I(W)

SUM

F(T)%

I(T)%

F(W)%

I(W)%

4T2

91.0

0.16483516483516483

0.5824175824175825

0.07692307692307693

0.17582417582417584

6T2

63.0

0.1111111111111111

0.6190476190476191

0.14285714285714285

0.12698412698412698

7T2

144.0

0.06944444444444445

0.5694444444444444

0.14583333333333334

0.2152777777777778

10T2

136.0

0.16911764705882354

0.6617647058823529

0.0

0.16911764705882354

12T2

111.0

0.25225225225225223

0.34234234234234234

0.05405405405405406

0.35135135135135137

14T2

91.0

0.15384615384615385

0.4175824175824176

0.14285714285714285

0.2857142857142857

18T2

146.0

0.2602739726027397

0.636986301369863

0.0273972602739726

0.07534246575342465

0.16502812605572145

0.5534932586030409

0.08603533325455345

0.19544328208668424

22T2

122.0

0.13934426229508196

0.5983606557377049

0.09836065573770492

0.16393442622950818

0.2154585168233124

0.4747393128253808

0.21758037469379576

0.09222179565751103

19.0

63.25

9.0

21.75

113.0

0.16502812605572145

0.5534932586030409

0.08603533325455345

0.19544328208668424

5T2

56.0

0.39285714285714285

0.5357142857142857

0.07142857142857142

0.0

13T2

78.0

0.16666666666666666

0.47435897435897434

0.3076923076923077

0.05128205128205128

21T2

64.0

0.15625

0.5

0.203125

0.140625

20T2

61.0

0.08196721311475409

0.6229508196721312

0.16393442622950818

0.13114754098360656

19T2

69.0

0.2753623188405797

0.42028985507246375

0.2028985507246377

0.10144927536231885

17T2

79.0

0.25316455696202533

0.3924050632911392

0.3291139240506329

0.02531645569620253

16T2

169.0

0.3254437869822485

0.40828402366863903

0.1834319526627219

0.08284023668639054

15T2

49.0

0.20408163265306123

0.5714285714285714

0.16326530612244897

0.061224489795918366

11T2

72.0

0.08333333333333333

0.3472222222222222

0.3333333333333333

0.2361111111111111

17.77777777777778

35.44444444444444

17.11111111111111

7.111111111111111

77.44444444444444

0.2154585168233124

0.4747393128253808

0.21758037469379576

0.09222179565751103

3T2

PAIR

C(T)

F(T)

I(T)

P(T)

S(T) 

U(T)

C(W)

F(W)

I(W)

sp(W)

*(T)

*(W)

C(T)%

F(T)%

I(T)%

ps(T)%

U(T)%

C(W)

F(W)

I(W)

sp(W)

3T2

209.0

0.0

0.11004784688995216

0.07177033492822966

0.2727272727272727

0.49282296650717705

0.05263157894736842

4T2

?

?

148.0

23.0

0.19594594594594594

0.10135135135135136

0.3581081081081081

0.33783783783783783

0.006756756756756757

0.30434782608695654

0.6956521739130435

5T2

97.0

4.0

0.061855670103092786

0.2268041237113402

0.30927835051546393

0.38144329896907214

0.020618556701030927

0.0

1.0

0.0

0.0

6T2

62.0

17.0

0.0

0.11290322580645161

0.6290322580645161

0.25806451612903225

0.0

0.0

0.5294117647058824

0.47058823529411764

0.0

7T2

139.0

52.0

0.14388489208633093

0.07194244604316546

0.5899280575539568

0.19424460431654678

0.0

0.0

0.40384615384615385

0.5961538461538461

0.0

10T2

173.0

23.0

0.023121387283236993

0.1329479768786127

0.5202312138728323

0.3236994219653179

0.0

0.0

0.0

1.0

0.0

11T2

61.0

41.0

0.0

0.09836065573770492

0.4098360655737705

0.47540983606557374

0.01639344262295082

0.0

0.5853658536585366

0.4146341463414634

0.0

12T2

105.0

47.0

0.02857142857142857

0.26666666666666666

0.3619047619047619

0.26666666666666666

0.0761904761904762

0.0425531914893617

0.1276595744680851

0.8297872340425532

0.0

13T2

130.0

28.0

0.12307692307692308

0.1

0.2846153846153846

0.34615384615384615

0.14615384615384616

0.0

0.8571428571428571

0.14285714285714285

0.0

14T2

120.0

39.0

0.06666666666666667

0.11666666666666667

0.31666666666666665

0.4

0.1

0.0

0.3333333333333333

0.6666666666666666

0.0

15T2

66.0

12.0

0.15151515151515152

0.15151515151515152

0.42424242424242425

0.22727272727272727

0.045454545454545456

0.08333333333333333

0.6666666666666666

0.25

0.0

16T2

231.0

45.0

0.047619047619047616

0.23809523809523808

0.2987012987012987

0.38961038961038963

0.025974025974025976

0.0

0.6888888888888889

0.3111111111111111

0.0

17T2

91.0

32.0

0.15384615384615385

0.21978021978021978

0.34065934065934067

0.2857142857142857

0.0

0.125

0.8125

0.0625

0.0

18T2

178.0

15.0

0.0449438202247191

0.21348314606741572

0.5224719101123596

0.21910112359550563

0.0

0.0

0.26666666666666666

0.7333333333333333

0.0

19T2

106.0

21.0

0.09433962264150944

0.1792452830188679

0.27358490566037735

0.3018867924528302

0.1509433962264151

0.0

0.6666666666666666

0.3333333333333333

1.0

20T2

85.0

18.0

0.10588235294117647

0.058823529411764705

0.4470588235294118

0.32941176470588235

0.058823529411764705

0.0

0.5555555555555556

0.4444444444444444

0.05555555555555555

21T2

66.0

22.0

0.030303030303030304

0.15151515151515152

0.48484848484848486

0.30303030303030304

0.030303030303030304

0.0

0.5909090909090909

0.4090909090909091

0.5454545454545454

22T2

158.0

32.0

0.11392405063291139

0.10759493670886076

0.4620253164556962

0.310126582278481

0.006329113924050633

0.0

0.375

0.625

0.0

M

10.61111111111111

18.166666666666668

49.0

3.6666666666666665

37.333333333333336

4.833333333333333

0.4117647058823529

12.555555555555555

13.222222222222221

2.0

123.61111111111111

26.166666666666668

0.08308577724151538

0.14552589466126994

0.40588448021178486

0.33168539325842694

0.04092068325923675

0.01568040780141844

0.528725817031774

0.45559377516680755

0.10006313131313131

Sum

do not count 3 & 4

Communication

Facts

Inferences

Management

Technical

0.08308577724151538

0.14552589466126994

0.40588448021178486

0.33168539325842694

0.04092068325923675

TALK

Communication

Facts

Inferences

Management

0.01568040780141844

0.528725817031774

0.45559377516680755

0.10006313131313131

WB

PAIR

Facts

Inferences

PAIR

Facts

Inferences

4T2

5T2

5T2

17T2

6T2

15T2

7T2

13T2

10T2

19T2

11T2

6T2

12T2

20T2

13T2

21T2

14T2

18T2

15T2

16T2

16T2

4T2

17T2

11T2

18T2

22T2

19T2

10T2

20T2

14T2

21T2

7T2

22T2

12T2

M

Sum

PAIR

C(TT)

F(TT)

I(TT)

P(TT)

S(TT)

U(TT)

C(TW)

F(TW)

I(TW)

S(TW)

C(WT)

F(WT)

I(WT)

F(WW)

I(WW)

S(WW)

S(A*)

U(A*)

3T2

1.0

4T2

5.0

5T2

6T2

8.0

7T2

1.0

5.0

10T2

4.0

11T2

10.0

1.0

12T2

1.0

13T2

9.0

14T2

1.0

3.0

1.0

15T2

16T2

4.0

1.0

17T2

11.0

18T2

19T2

20T2

1.0

1.0

21T2

1.0

2.0

1.0

22T2

22.0

1.0

1.0

PAIR

C(TT)

C(TW)

C(WT)

C(*)

AckRate for C

F(TW)

F(TT)

F(WT)

F(WW)

F(*)

ACk Rate for F

I(WW)

I(TT)

I(TW)

I(WT)

I(*)

ACk RAte for I

P(TT)

S(TT)

S(WW)

S(TW)

S(A*)

SP(*)

Ack Rate SP

U(TT)

U(*)

3T2

0.2608695652173913

0.26666666666666666

0.3157894736842105

0.4368932038834951

0.0

4T2

18.0

?

?

?

no data

0.2727272727272727

0.463768115942029

none

0.0

5T2

0.3333333333333333

0.34615384615384615

0.6333333333333333

0.3783783783783784

0.5

6T2

none

0.1875

0.3829787234042553

0.5

7T2

0.75

0.12903225806451613

0.3185840707964602

0.4444444444444444

10T2

0.25

0.6521739130434783

0.36283185840707965

0.30357142857142855

11T2

none

0.2

0.2857142857142857

0.3448275862068966

0.0

12T2

0.2

0.3235294117647059

0.2987012987012987

0.5

0.25

13T2

0.6875

0.16216216216216217

0.7560975609756098

0.5111111111111111

14T2

0.75

0.25925925925925924

0.34375

0.5833333333333334

15T2

0.36363636363636365

0.16666666666666666

0.45161290322580644

0.4666666666666667

1.0

16T2

0.5454545454545454

0.29069767441860467

0.46987951807228917

0.4444444444444444

0.16666666666666666

17T2

0.5

0.41304347826086957

0.696969696969697

0.4230769230769231

18T2

0.375

0.2619047619047619

0.3942307692307692

0.38461538461538464

19T2

0.8

0.21212121212121213

0.3888888888888889

0.2830188679245283

0.5625

20T2

0.3333333333333333

0.13333333333333333

0.5652173913043478

0.5172413793103449

0.6

21T2

0.5

0.17391304347826086

0.5121951219512195

0.375

0.0

22T2

0.5

0.1724137931034483

0.41935483870967744

0.4489795918367347

0.0

0.5499328569980744

0.2568499307293925

0.4477721027395143

0.43209427904730086

0.27992424242424246

PAIR

F(T)

I(T)

F(W)

I(W)

F(TT)

I(TT)

F(TW)

I(TW)

F(WT)

I(WT)

F(WW)

I(WW)

ACK RATE F(TT)

ACK RATE I(TT)

ACK RATE F(W)

ACK RATE I(W)

3T2

0.26666666666666666

0.3157894736842105

Facts

Inferences

4T2

none

none

none

none

none

none

0.4

0.6037735849056604

Talk

0.37020463470860565

0.49875378674389165

5T2

0.4090909090909091

0.6333333333333333

0.0

Whiteboard

0.05559986608373705

0.38369572155852166

6T2

0.42857142857142855

0.46153846153846156

0.0

0.0

7T2

0.3

0.35365853658536583

0.047619047619047616

0.22580645161290322

Analyse de variance: deux facteurs sans répétition d'expérience

10T2

0.5652173913043478

0.43333333333333335

0.08695652173913043

11T2

0.16666666666666666

0.32

0.20833333333333334

0.23529411764705882

RAPPORT DETAILLE

Nombre d'échantillons

Somme

Moyenne

Variance

12T2

0.39285714285714285

0.5789473684210527

0.0

0.02564102564102564

Ligne 1

18.0

6.663683424754902

0.37020463470860565

0.011368693113061682

13T2

0.3076923076923077

0.5405405405405406

0.08333333333333333

2.75

Ligne 2

18.0

8.97756816139005

0.49875378674389165

0.01242618479024817

14T2

0.5

0.4473684210526316

0.0

0.19230769230769232

Ligne 3

15.0

0.8339979912560558

0.05559986608373705

0.008143303106467173

15T2

0.3

0.5

0.0

0.0

Ligne 4

15.0

5.755435823377825

0.38369572155852166

0.4867854899270565

16T2

0.43636363636363634

0.5072463768115942

0.03225806451612903

0.2857142857142857

17T2

0.55

0.6774193548387096

0.3076923076923077

1.0

Colonne 1

2.0

0.5824561403508772

0.2912280701754386

0.0012065250846414188

18T2

0.2894736842105263

0.3978494623655914

0.0

0.36363636363636365

Colonne 2

2.0

1.0037735849056604

0.5018867924528302

0.020761836952652102

19T2

0.3157894736842105

0.4482758620689655

0.07142857142857142

0.14285714285714285

Colonne 3

3.0

1.0424242424242425

0.3474747474747475

0.1031251913070095

20T2

0.4

0.6578947368421053

0.0

0.125

Colonne 4

4.0

0.8901098901098901

0.22252747252747251

0.0662057722497283

21T2

0.4

0.59375

0.0

0.2222222222222222

Colonne 5

4.0

0.9270840358173167

0.23177100895432917

0.01781976180634239

22T2

0.23529411764705882

0.5068493150684932

0.08333333333333333

0.1

Colonne 6

3.0

1.0855072463768116

0.36183574879227054

0.06101729328572428

M

0.37020463470860565

0.49875378674389165

0.05559986608373705

0.38369572155852166

Colonne 7

4.0

0.9302941176470589

0.23257352941176473

0.004194030340894522

Sum

Colonne 8

4.0

0.9974455369192211

0.24936138422980528

0.08048328417048167

Colonne 9

4.0

3.6815661815661818

0.9203915453915454

1.522606896437458

Colonne 10

4.0

1.139676113360324

0.284919028340081

0.054135113944937106

Colonne 11

Colonne 12

4.0

1.2615823634056453

0.31539559085141133

0.04416261026749783

0.26666666666666666

0.4

0.4090909090909091

0.42857142857142855

0.3

0.5652173913043478

0.16666666666666666

0.39285714285714285

0.3076923076923077

0.43636363636363634

0.55

0.2894736842105263

0.3157894736842105

0.23529411764705882

Colonne 13

4.0

2.5351116625310173

0.6337779156327543

0.08312458438263892

0.3157894736842105

0.6037735849056604

0.6333333333333333

0.46153846153846156

0.35365853658536583

0.43333333333333335

0.32

0.5789473684210527

0.5405405405405406

0.4473684210526316

0.5

0.5072463768115942

0.6774193548387096

0.3978494623655914

0.4482758620689655

0.6578947368421053

0.59375

0.5068493150684932

Colonne 14

4.0

1.0509595102124814

0.26273987755312034

0.032727213495722884

0.047619047619047616

0.20833333333333334

0.0

0.08333333333333333

0.03225806451612903

0.3076923076923077

0.0

0.07142857142857142

0.08333333333333333

Colonne 15

4.0

0.9783510500388903

0.24458776250972258

0.028963916669002592

0.0

0.22580645161290322

0.08695652173913043

0.23529411764705882

0.02564102564102564

2.75

0.19230769230769232

0.0

0.2857142857142857

1.0

0.36363636363636365

0.14285714285714285

0.125

0.2222222222222222

0.1

Colonne 16

4.0

1.1828947368421052

0.2957236842105263

0.08621349838411825

Colonne 17

4.0

1.2159722222222222

0.30399305555555556

0.0640915557484568

Colonne 18

4.0

0.9254767660488854

0.23136919151222135

0.038359061101692404

ANALYSE DE VARIANCE

Source des variations

Somme des carrés

Degré de liberté

Moyenne des carrés
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Probabilité
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0.14552589466126994

0.40588448021178486

0.33168539325842694

0.04092068325923675

0.01568040780141844

0.528725817031774

0.45559377516680755

0.10006313131313131

Sum

do not count 3 & 4

Communication

Facts

Inferences

Management

Technical

0.08308577724151538

0.14552589466126994

0.40588448021178486

0.33168539325842694

0.04092068325923675

TALK

Communication

Facts

Inferences

Management

0.01568040780141844

0.528725817031774

0.45559377516680755

0.10006313131313131

WB

PAIR

Facts

Inferences

Management

PAIR

Facts

Inferences

Management

PAIR

Facts

Inferences

sum

4.0

11.0

15.0

17.0

18.0

21.0

22.0

23.0

23.0

28.0

28.0

32.0

39.0

41.0

45.0

45.0

52.0

M

Sum

PAIR

C(TT)

C(TW)

C(WT)

C(*)

AckRate for C

Freq

F(TW)

F(TT)

F(WT)

F(WW)

F(*)

ACk Rate for F

I(WW)

I(TT)

I(TW)

I(WT)

I(*)

ACk RAte for I

Task Ack Rate

P(TT)

S(TT)

S(WW)

S(TW)

S(A*)

SP(*)

Ack Rate SP

U(TT)

U(*)

3T2

0.2608695652173913

150.0

6.521739130434782

no

4.0

no

no

15.0

no

no

18.0

no

no

57.0

0.4368932038834951

0.0

4T2

18.0

?

?

?

no data

140.0

no

6.0

no

no

22.0

no

no

32.0

no

no

69.0

0.0

5T2

0.3333333333333333

113.0

18.833333333333332

0.34615384615384615

0.6333333333333333

0.5

0.3783783783783784

0.5

6T2

none

102.0

0.1875

0.3829787234042553

0.3333333333333333

0.5

7T2

0.75

144.0

7.2

0.12903225806451613

0.3185840707964602

0.2777777777777778

0.4444444444444444

10T2

0.25

145.0

36.25

0.6521739130434783

0.36283185840707965

0.4117647058823529

0.30357142857142855

11T2

none

113.0

0.2

0.2857142857142857

0.25

0.3448275862068966

0.0

12T2

0.2

93.0

18.6

0.3235294117647059

0.2987012987012987

0.3063063063063063

0.5

0.25

13T2

0.6875

82.0

5.125

0.16216216216216217

0.7560975609756098

0.47435897435897434

0.5111111111111111

14T2

0.75

102.0

12.75

0.25925925925925924

0.34375

0.31868131868131866

0.5833333333333334

15T2

0.36363636363636365

112.0

10.181818181818182

0.16666666666666666

0.45161290322580644

0.3469387755102041

0.4666666666666667

1.0

16T2

0.5454545454545454

165.0

15.0

0.29069767441860467

0.46987951807228917

0.378698224852071

0.4444444444444444

0.16666666666666666

17T2

0.5

84.0

4.666666666666667

0.41304347826086957

0.696969696969697

0.5316455696202531

0.4230769230769231

18T2

0.375

104.0

13.0

0.2619047619047619

0.3942307692307692

0.3561643835616438

0.38461538461538464

19T2

0.8

135.0

13.5

0.21212121212121213

0.3888888888888889

0.30434782608695654

0.2830188679245283

0.5625

20T2

0.3333333333333333

161.0

17.88888888888889

0.13333333333333333

0.5652173913043478

0.45901639344262296

0.5172413793103449

0.6

21T2

0.5

84.0

42.0

0.17391304347826086

0.5121951219512195

0.390625

0.375

0.0

22T2

0.5

185.0

10.277777777777779

0.1724137931034483

0.41935483870967744

0.36065573770491804

0.4489795918367347

0.0

10.5625

0.5499328569980744

123.0

17.83040184453228

0.25524405085844526

0.45502126623031364

0.3750196454449208

0.43209427904730086

87.0

0.27992424242424246

PAIR

F(T)

I(T)

F(W)

I(W)

F(TT)

I(TT)

F(TW)

I(TW)

F(WT)

I(WT)

F(WW)

I(WW)

ACK RATE F(TT)

ACK RATE I(TT)

ACK RATE F(W)

ACK RATE I(W)

3T2

0.26666666666666666

0.3157894736842105

Facts

Inferences

4T2

none

none

none

none

none

none

0.4

0.6037735849056604

Talk

0.37020463470860565

0.49875378674389165

5T2

0.4090909090909091

0.6333333333333333

0.0

Whiteboard

0.05559986608373705

0.38369572155852166

6T2

0.42857142857142855

0.46153846153846156

0.0

0.0

7T2

0.3

0.35365853658536583

0.047619047619047616

0.22580645161290322

Analyse de variance: deux facteurs sans répétition d'expérience

10T2

0.5652173913043478

0.43333333333333335

0.08695652173913043

11T2

0.16666666666666666

0.32

0.20833333333333334

0.23529411764705882

RAPPORT DETAILLE

Nombre d'échantillons

Somme

Moyenne

Variance

12T2

0.39285714285714285

0.5789473684210527

0.0

0.02564102564102564

Ligne 1

18.0

6.663683424754902

0.37020463470860565

0.011368693113061682

13T2

0.3076923076923077

0.5405405405405406

0.08333333333333333

2.75

Ligne 2

18.0

8.97756816139005

0.49875378674389165

0.01242618479024817

14T2

0.5

0.4473684210526316

0.0

0.19230769230769232

Ligne 3

15.0

0.8339979912560558

0.05559986608373705

0.008143303106467173

15T2

0.3

0.5

0.0

0.0

Ligne 4

15.0

5.755435823377825

0.38369572155852166

0.4867854899270565

16T2

0.43636363636363634

0.5072463768115942

0.03225806451612903

0.2857142857142857

17T2

0.55

0.6774193548387096

0.3076923076923077

1.0

Colonne 1

2.0

0.5824561403508772

0.2912280701754386

0.0012065250846414188

18T2

0.2894736842105263

0.3978494623655914

0.0

0.36363636363636365

Colonne 2

2.0

1.0037735849056604

0.5018867924528302

0.020761836952652102

19T2

0.3157894736842105

0.4482758620689655

0.07142857142857142

0.14285714285714285

Colonne 3

3.0

1.0424242424242425

0.3474747474747475

0.1031251913070095

20T2

0.4

0.6578947368421053

0.0

0.125

Colonne 4

4.0

0.8901098901098901

0.22252747252747251

0.0662057722497283

21T2

0.4

0.59375

0.0

0.2222222222222222

Colonne 5

4.0

0.9270840358173167

0.23177100895432917

0.01781976180634239

22T2

0.23529411764705882

0.5068493150684932

0.08333333333333333

0.1

Colonne 6

3.0

1.0855072463768116

0.36183574879227054

0.06101729328572428

M

0.37020463470860565

0.49875378674389165

0.05559986608373705

0.38369572155852166

Colonne 7

4.0

0.9302941176470589

0.23257352941176473

0.004194030340894522

Sum

Colonne 8

4.0

0.9974455369192211

0.24936138422980528

0.08048328417048167

Colonne 9

4.0

3.6815661815661818

0.9203915453915454

1.522606896437458

Colonne 10

4.0

1.139676113360324

0.284919028340081

0.054135113944937106

Colonne 11

Colonne 12

4.0

1.2615823634056453

0.31539559085141133

0.04416261026749783

0.26666666666666666

0.4

0.4090909090909091

0.42857142857142855

0.3

0.5652173913043478

0.16666666666666666

0.39285714285714285

0.3076923076923077

0.43636363636363634

0.55

0.2894736842105263

0.3157894736842105

0.23529411764705882

Colonne 13

4.0

2.5351116625310173

0.6337779156327543

0.08312458438263892

0.3157894736842105

0.6037735849056604

0.6333333333333333

0.46153846153846156

0.35365853658536583

0.43333333333333335

0.32

0.5789473684210527

0.5405405405405406

0.4473684210526316

0.5

0.5072463768115942

0.6774193548387096

0.3978494623655914

0.4482758620689655

0.6578947368421053

0.59375

0.5068493150684932

Colonne 14

4.0

1.0509595102124814

0.26273987755312034

0.032727213495722884

0.047619047619047616

0.20833333333333334

0.0

0.08333333333333333

0.03225806451612903

0.3076923076923077

0.0

0.07142857142857142

0.08333333333333333

Colonne 15

4.0

0.9783510500388903

0.24458776250972258

0.028963916669002592

0.0

0.22580645161290322

0.08695652173913043

0.23529411764705882

0.02564102564102564

2.75

0.19230769230769232

0.0

0.2857142857142857

1.0

0.36363636363636365

0.14285714285714285

0.125

0.2222222222222222

0.1

Colonne 16

4.0

1.1828947368421052

0.2957236842105263

0.08621349838411825

Colonne 17

4.0

1.2159722222222222

0.30399305555555556

0.0640915557484568

Colonne 18

4.0

0.9254767660488854

0.23136919151222135

0.038359061101692404

ANALYSE DE VARIANCE

Source des variations

Somme des carrés

Degré de liberté

Moyenne des carrés

F

Probabilité

Valeur critique pour F

Lignes

1.959508760949844

3.0

0.6531695869832813

6.094941375267792

0.0012613270730211397

2.786229913454008

Colonnes

2.243841940958652

17.0

0.13199070240933247

1.23164888460413

0.2753151041609877

1.8271464341523824

Erreur

5.4654584654940574

51.0

0.10716585226458936

Total

9.668809167402554

71.0

PAIR

ACk RAte F

ACk RAte for I

Ack Rate SP

Self-

Self+

Cross-

Cross+

Self

Cross

All

5T2

0.34615384615384615

0.6333333333333333

0.3783783783783784

6T2

0.1875

0.3829787234042553

7T2

0.12903225806451613

0.3185840707964602

0.4444444444444444

10T2

0.6521739130434783

0.36283185840707965

0.30357142857142855

11T2

0.2

0.2857142857142857

0.3448275862068966

12T2

0.3235294117647059

0.2987012987012987

13T2

0.16216216216216217

0.7560975609756098

0.5111111111111111

14T2

0.25925925925925924

0.34375

0.5833333333333334

15T2

0.16666666666666666

0.45161290322580644

0.4666666666666667

16T2

0.29069767441860467

0.46987951807228917

0.4444444444444444

17T2

0.41304347826086957

0.696969696969697

0.4230769230769231

18T2

0.2619047619047619

0.3942307692307692

0.38461538461538464

19T2

0.21212121212121213

0.3888888888888889

0.2830188679245283

20T2

0.13333333333333333

0.5652173913043478

0.5172413793103449

21T2

0.17391304347826086

0.5121951219512195

22T2

0.1724137931034483

0.41935483870967744

0.4489795918367347

M

Sum

PAIR

ACk RAte F

ACk RAte for I

Ack Rate SP

Self-

Self+

Cross-

Cross+

Self

Cross

All

low

high

Analyse de variance pour un facteur

19T2

0.21212121212121213

0.3888888888888889

0.2830188679245283

All

10T2

0.6521739130434783

0.36283185840707965

0.30357142857142855

RAPPORT DETAILLE

11T2

0.2

0.2857142857142857

0.3448275862068966

Groupes

Nombre d'échantillons

Somme

Moyenne

Variance

21T2

0.17391304347826086

0.5121951219512195

Colonne 1

5T2

0.34615384615384615

0.6333333333333333

0.3783783783783784

Colonne 2

0.31687240295935953

0.43659269765896147

0.33695925221624634

1.8

1.6

1.2

11.4

3.4

12.6

16.0

18T2

0.2619047619047619

0.3942307692307692

0.38461538461538464

17T2

0.41304347826086957

0.696969696969697

0.4230769230769231

ANALYSE DE VARIANCE

7T2

0.12903225806451613

0.3185840707964602

0.4444444444444444

Source des variations

Somme des carrés

Degré de liberté

Moyenne des carrés

F

Probabilité

Valeur critique pour F

16T2

0.29069767441860467

0.46987951807228917

0.4444444444444444

Entre Groupes

3.404255319148936

0.10224836564703281

5.317644991009729

22T2

0.1724137931034483

0.41935483870967744

0.4489795918367347

A l'intérieur des groupes

15T2

0.16666666666666666

0.45161290322580644

0.4666666666666667

Total

6T2

0.1875

0.3829787234042553

12T2

0.3235294117647059

0.2987012987012987

Analyse de variance pour un facteur

13T2

0.16216216216216217

0.7560975609756098

0.5111111111111111

Cross

20T2

0.13333333333333333

0.5652173913043478

0.5172413793103449

RAPPORT DETAILLE

14T2

0.25925925925925924

0.34375

0.5833333333333334

Groupes

Nombre d'échantillons

Somme

Moyenne

Variance

0.2131568333038921

0.4693489948771023

0.5223371647509578

0.6

2.6

1.4

3.4

3.2

4.8

8.0

Colonne 1

0.16262280594824663

0.38143358781490594

4.1006283189560574E-5

0.13329099243694648

0.26363631196420456

0.4143955337588735

0.008753813208860794

0.4593307570344909

0.02137312414122667

0.0528891142253311

Colonne 2

ANALYSE DE VARIANCE

Source des variations

Somme des carrés

Degré de liberté

Moyenne des carrés

F

Probabilité

Valeur critique pour F

Entre Groupes

5.794285714285715

0.042698843324897234

5.317644991009729

Self

Cross (< 5 min.)

Cross (> 5 min.)

A l'intérieur des groupes

Low Rate

High Rate 

Total

6.0

1.0

10.0

10.0

16.0

19.0

11.0

3.0

0.0

3.0

7.0

4.0

0.0

0.0

7.0

1.0

10.0

14.0

PAIR

ACk RAte F

Self-

Self+

Cross-

Cross+

Self

Cross

All

7T2

0.12903225806451613

20T2

0.13333333333333333

13T2

0.16216216216216217

15T2

0.16666666666666666

22T2

0.1724137931034483

21T2

0.17391304347826086

6T2

11T2

0.1656276571010484

1.0

4.25

1.375

7.125

5.25

10.0

15.25

19T2

0.21212121212121213

14T2

0.25925925925925924

18T2

0.2619047619047619

16T2

0.29069767441860467

12T2

0.3235294117647059

5T2

0.34615384615384615

17T2

0.41304347826086957

10T2

0.6521739130434783

M

0.3448604446158422

0.75

1.5

1.0

5.125

2.25

6.75

9.0

Sum

0.35829475501990393

0.08736658939617248

0.2875662482798069

0.2690275645729535

0.06562236613226093

0.17777545061122207

0.10299004957095048
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PAIR

C(T)

F(T)

I(T)

P(T)

S(T) 

U(T)

C(W)

F(W)

I(W)

sp(W)

S(A)

*(T)

*(W)

T Ratio I/F+I

W Ratio I/F+I

C(*)

F(*)

I(*)

SP(*)

F Ratio T/W+T

F Ratio W/W+T

I Ratio T/W+T

I Ratio W/W+T

≠ I- F in W/T+W ratio

C(TT)

F(TT)

I(TT)

P(TT)

S(TT)

U(TT)

C(TW)

F(TW)

I(TW)

S(TW)

C(WT)

F(WT)

I(WT)

F(WW)

I(WW)

S(WW)

F(A*)

I(A*)

S(A*)

P(A*)

C(A*)

U(A*)

3T2

209.0

0.0

0.7916666666666666

-

23.0

15.0

57.0

103.0

1.0

0.0

1.0

0.0

0.0

1.0

4T2

?

?

1.0

148.0

23.0

0.7794117647058824

0.6956521739130435

22.0

69.0

0.6818181818181818

0.3181818181818182

0.7681159420289855

0.2318840579710145

-0.08629776021080368

5.0

5T2

97.0

4.0

0.5769230769230769

0.0

6.0

26.0

30.0

37.0

0.8461538461538461

0.15384615384615385

1.0

0.0

-0.15384615384615385

3.0

1.0

6T2

62.0

17.0

0.8478260869565217

0.47058823529411764

0.0

16.0

47.0

16.0

0.4375

0.5625

0.8297872340425532

0.1702127659574468

-0.39228723404255317

8.0

7T2

139.0

52.0

0.8913043478260869

0.5961538461538461

20.0

31.0

113.0

27.0

0.3225806451612903

0.6774193548387096

0.7256637168141593

0.2743362831858407

-0.40308307165286894

1.0

5.0

10T2

173.0

23.0

0.7964601769911505

1.0

4.0

23.0

113.0

56.0

1.0

0.0

0.7964601769911505

0.20353982300884957

0.20353982300884957

4.0

11T2

61.0

41.0

0.8064516129032258

0.4146341463414634

0.0

30.0

42.0

29.0

0.2

0.8

0.5952380952380952

0.40476190476190477

-0.3952380952380953

10.0

1.0

12T2

105.0

47.0

0.5757575757575758

0.8666666666666667

5.0

34.0

77.0

28.0

0.8235294117647058

0.17647058823529413

0.4935064935064935

0.5064935064935064

0.3300229182582123

1.0

13T2

130.0

28.0

0.74

0.14285714285714285

16.0

37.0

41.0

45.0

0.35135135135135137

0.6486486486486487

0.9024390243902439

0.0975609756097561

-0.5510876730388926

9.0

14T2

120.0

39.0

0.7307692307692307

0.6666666666666666

8.0

27.0

64.0

48.0

0.5185185185185185

0.48148148148148145

0.59375

0.40625

-0.07523148148148145

1.0

3.0

1.0

15T2

66.0

12.0

0.7368421052631579

0.2727272727272727

11.0

18.0

31.0

15.0

0.5555555555555556

0.4444444444444444

0.9032258064516129

0.0967741935483871

-0.3476702508960573

16T2

231.0

45.0

0.5564516129032258

0.3111111111111111

11.0

86.0

83.0

90.0

0.6395348837209303

0.36046511627906974

0.8313253012048193

0.1686746987951807

-0.19179041748388903

4.0

1.0

17T2

91.0

32.0

0.6078431372549019

0.07142857142857142

18.0

46.0

33.0

26.0

0.43478260869565216

0.5652173913043478

0.9393939393939394

0.06060606060606061

-0.5046113306982871

11.0

18T2

178.0

15.0

0.7099236641221374

0.7333333333333333

8.0

42.0

104.0

39.0

0.9047619047619048

0.09523809523809523

0.8942307692307693

0.10576923076923077

0.010531135531135535

19T2

106.0

21.0

0.6041666666666666

0.3333333333333333

10.0

33.0

36.0

53.0

0.5757575757575758

0.42424242424242425

0.8055555555555556

0.19444444444444445

-0.2297979797979798

20T2

85.0

18.0

0.8837209302325582

0.4444444444444444

9.0

15.0

46.0

29.0

0.3333333333333333

0.6666666666666666

0.8260869565217391

0.17391304347826086

-0.49275362318840576

1.0

1.0

21T2

66.0

22.0

0.7619047619047619

0.4090909090909091

2.0

23.0

41.0

32.0

0.43478260869565216

0.5652173913043478

0.7804878048780488

0.21951219512195122

-0.3457051961823966

1.0

2.0

1.0

22T2

158.0

32.0

0.8111111111111111

0.625

18.0

29.0

93.0

49.0

0.5862068965517241

0.41379310344827586

0.7849462365591398

0.21505376344086022

-0.19873934000741564

22.0

1.0

1.0

M

Sum

TALK

WB

1.0

0.7681159420289855

1.0

0.8297872340425532

0.7256637168141593

0.7964601769911505

0.5952380952380952

0.4935064935064935

0.9024390243902439

0.59375

0.9032258064516129

0.8313253012048193

0.9393939393939394

0.8942307692307693

0.8055555555555556

0.8260869565217391

0.7804878048780488

0.7849462365591398

1.0

0.6818181818181818

0.8461538461538461

0.4375

0.3225806451612903

1.0

0.2

0.8235294117647058

0.35135135135135137

0.5185185185185185

0.5555555555555556

0.6395348837209303

0.43478260869565216

0.9047619047619048

0.5757575757575758

0.3333333333333333

0.43478260869565216

0.5862068965517241

0.0

0.3181818181818182

0.15384615384615385

0.5625

0.6774193548387096

0.0

0.8

0.17647058823529413

0.6486486486486487

0.48148148148148145

0.4444444444444444

0.36046511627906974

0.5652173913043478

0.09523809523809523

0.42424242424242425

0.6666666666666666

0.5652173913043478

0.41379310344827586

0.0

0.2318840579710145

0.0

0.1702127659574468

0.2743362831858407

0.20353982300884957

0.40476190476190477

0.5064935064935064

0.0975609756097561

0.40625

0.0967741935483871

0.1686746987951807

0.06060606060606061

0.10576923076923077

0.19444444444444445

0.17391304347826086

0.21951219512195122

0.21505376344086022

PAIR

F(T)

I(T)

F(W)

I(W)

3T2

4T2

-0.16751918158567775

Inferences

Facts

6T2

-0.7544757033248082

Whiteboard

7T2

-0.5903010033444817

Talk

10T2

0.4070796460176991

12T2

0.5818181818181818

14T2

-0.12820512820512825

18T2

0.04681933842239189

22T2

-0.37222222222222223

19.0

63.25

9.0

21.75

5T2

-1.1538461538461537

Inferences

Facts

13T2

-1.1942857142857144

Whiteboard

7.111111111111111

17.11111111111111

21T2

-0.7056277056277056

Talk

35.44444444444444

17.77777777777778

20T2

-0.8785529715762275

19T2

-0.5416666666666666

17T2

-1.072829131652661

16T2

-0.4906810035842294

15T2

-0.9282296650717703

11T2

-0.7836349331235248

17.77777777777778

35.44444444444444

17.11111111111111

7.111111111111111

Inferences

Inferences

Facts

Facts

21.75

63.25

9.0

19.0

Inferences

Inferences

Facts

Facts

7.111111111111111

35.44444444444444

17.11111111111111

17.77777777777778

PAIR

F(T)

I(T)

F(W)

I(W)

SUM

F(T)%

I(T)%

F(W)%

I(W)%

4T2

91.0

0.16483516483516483

0.5824175824175825

0.07692307692307693

0.17582417582417584

6T2

63.0

0.1111111111111111

0.6190476190476191

0.14285714285714285

0.12698412698412698

7T2

144.0

0.06944444444444445

0.5694444444444444

0.14583333333333334

0.2152777777777778

10T2

136.0

0.16911764705882354

0.6617647058823529

0.0

0.16911764705882354

12T2

111.0

0.25225225225225223

0.34234234234234234

0.05405405405405406

0.35135135135135137

14T2

91.0

0.15384615384615385

0.4175824175824176

0.14285714285714285

0.2857142857142857

18T2

146.0

0.2602739726027397

0.636986301369863

0.0273972602739726

0.07534246575342465

0.16502812605572145

0.5534932586030409

0.08603533325455345

0.19544328208668424

22T2

122.0

0.13934426229508196

0.5983606557377049

0.09836065573770492

0.16393442622950818

0.2154585168233124

0.4747393128253808

0.21758037469379576

0.09222179565751103

19.0

63.25

9.0

21.75

113.0

0.16502812605572145

0.5534932586030409

0.08603533325455345

0.19544328208668424

5T2

56.0

0.39285714285714285

0.5357142857142857

0.07142857142857142

0.0

13T2

78.0

0.16666666666666666

0.47435897435897434

0.3076923076923077

0.05128205128205128

21T2

64.0

0.15625

0.5

0.203125

0.140625

20T2

61.0

0.08196721311475409

0.6229508196721312

0.16393442622950818

0.13114754098360656

19T2

69.0

0.2753623188405797

0.42028985507246375

0.2028985507246377

0.10144927536231885

17T2

79.0

0.25316455696202533

0.3924050632911392

0.3291139240506329

0.02531645569620253

16T2

169.0

0.3254437869822485

0.40828402366863903

0.1834319526627219

0.08284023668639054

15T2

49.0

0.20408163265306123

0.5714285714285714

0.16326530612244897

0.061224489795918366

11T2

72.0

0.08333333333333333

0.3472222222222222

0.3333333333333333

0.2361111111111111

17.77777777777778

35.44444444444444

17.11111111111111

7.111111111111111

77.44444444444444

0.2154585168233124

0.4747393128253808

0.21758037469379576

0.09222179565751103

3T2

PAIR

C(T)

F(T)

I(T)

P(T)

S(T) 

U(T)

C(W)

F(W)

I(W)

sp(W)

*(T)

*(W)

C(T)%

F(T)%

I(T)%

ps(T)%

U(T)%

C(W)

F(W)

I(W)

sp(W)

3T2

209.0

0.0

0.11004784688995216

0.07177033492822966

0.2727272727272727

0.49282296650717705

0.05263157894736842

4T2

?

?

148.0

23.0

0.19594594594594594

0.10135135135135136

0.3581081081081081

0.33783783783783783

0.006756756756756757

0.30434782608695654

0.6956521739130435

5T2

97.0

4.0

0.061855670103092786

0.2268041237113402

0.30927835051546393

0.38144329896907214

0.020618556701030927

0.0

1.0

0.0

0.0

6T2

62.0

17.0

0.0

0.11290322580645161

0.6290322580645161

0.25806451612903225

0.0

0.0

0.5294117647058824

0.47058823529411764

0.0

7T2

139.0

52.0

0.14388489208633093

0.07194244604316546

0.5899280575539568

0.19424460431654678

0.0

0.0

0.40384615384615385

0.5961538461538461

0.0

10T2

173.0

23.0

0.023121387283236993

0.1329479768786127

0.5202312138728323

0.3236994219653179

0.0

0.0

0.0

1.0

0.0

11T2

61.0

41.0

0.0

0.09836065573770492

0.4098360655737705

0.47540983606557374

0.01639344262295082

0.0

0.5853658536585366

0.4146341463414634

0.0

12T2

105.0

47.0

0.02857142857142857

0.26666666666666666

0.3619047619047619

0.26666666666666666

0.0761904761904762

0.0425531914893617

0.1276595744680851

0.8297872340425532

0.0

13T2

130.0

28.0

0.12307692307692308

0.1

0.2846153846153846

0.34615384615384615

0.14615384615384616

0.0

0.8571428571428571

0.14285714285714285

0.0

14T2

120.0

39.0

0.06666666666666667

0.11666666666666667

0.31666666666666665

0.4

0.1

0.0

0.3333333333333333

0.6666666666666666

0.0

15T2

66.0

12.0

0.15151515151515152

0.15151515151515152

0.42424242424242425

0.22727272727272727

0.045454545454545456

0.08333333333333333

0.6666666666666666

0.25

0.0

16T2

231.0

45.0

0.047619047619047616

0.23809523809523808

0.2987012987012987

0.38961038961038963

0.025974025974025976

0.0

0.6888888888888889

0.3111111111111111

0.0

17T2

91.0

32.0

0.15384615384615385

0.21978021978021978

0.34065934065934067

0.2857142857142857

0.0

0.125

0.8125

0.0625

0.0

18T2

178.0

15.0

0.0449438202247191

0.21348314606741572

0.5224719101123596

0.21910112359550563

0.0

0.0

0.26666666666666666

0.7333333333333333

0.0

19T2

106.0

21.0

0.09433962264150944

0.1792452830188679

0.27358490566037735

0.3018867924528302

0.1509433962264151

0.0

0.6666666666666666

0.3333333333333333

1.0

20T2

85.0

18.0

0.10588235294117647

0.058823529411764705

0.4470588235294118

0.32941176470588235

0.058823529411764705

0.0

0.5555555555555556

0.4444444444444444

0.05555555555555555

21T2

66.0

22.0

0.030303030303030304

0.15151515151515152

0.48484848484848486

0.30303030303030304

0.030303030303030304

0.0

0.5909090909090909

0.4090909090909091

0.5454545454545454

22T2

158.0

32.0

0.11392405063291139

0.10759493670886076

0.4620253164556962

0.310126582278481

0.006329113924050633

0.0

0.375

0.625

0.0

M

10.61111111111111

18.166666666666668

49.0

3.6666666666666665

37.333333333333336

4.833333333333333

0.4117647058823529

12.555555555555555

13.222222222222221

2.0

123.61111111111111

26.166666666666668

0.08308577724151538

0.14552589466126994

0.40588448021178486

0.33168539325842694

0.04092068325923675

0.01568040780141844

0.528725817031774

0.45559377516680755

0.10006313131313131

Sum

do not count 3 & 4

Communication

Facts

Inferences

Management

Technical

0.08308577724151538

0.14552589466126994

0.40588448021178486

0.33168539325842694

0.04092068325923675

TALK

Communication

Facts

Inferences

Management

0.01568040780141844

0.528725817031774

0.45559377516680755

0.10006313131313131

WB

PAIR

Facts

Inferences

PAIR

Facts

Inferences

4T2

5T2

5T2

17T2

6T2

15T2

7T2

13T2

10T2

19T2

11T2

6T2

12T2

20T2

13T2

21T2

14T2

18T2

15T2

16T2

16T2

4T2

17T2

11T2

18T2

22T2

19T2

10T2

20T2

14T2

21T2

7T2

22T2

12T2

M

Sum

PAIR

C(TT)

F(TT)

I(TT)

P(TT)

S(TT)

U(TT)

C(TW)

F(TW)

I(TW)

S(TW)

C(WT)

F(WT)

I(WT)

F(WW)

I(WW)

S(WW)

S(A*)

U(A*)

3T2

1.0

4T2

5.0

5T2

6T2

8.0

7T2

1.0

5.0

10T2

4.0

11T2

10.0

1.0

12T2

1.0

13T2

9.0

14T2

1.0

3.0

1.0

15T2

16T2

4.0

1.0

17T2

11.0

18T2

19T2

20T2

1.0

1.0

21T2

1.0

2.0

1.0

22T2

22.0

1.0

1.0

PAIR

C(TT)

C(TW)

C(WT)

C(*)

AckRate for C

F(TW)

F(TT)

F(WT)

F(WW)

F(*)

ACk Rate for F

I(WW)

I(TT)

I(TW)

I(WT)

I(*)

ACk RAte for I

P(TT)

S(TT)

S(WW)

S(TW)

S(A*)

SP(*)

Ack Rate SP

U(TT)

U(*)

3T2

0.2608695652173913

0.26666666666666666

0.3157894736842105

0.4368932038834951

0.0

4T2

18.0

?

?

?

no data

0.2727272727272727

0.463768115942029

none

0.0

5T2

0.3333333333333333

0.34615384615384615

0.6333333333333333

0.3783783783783784

0.5

6T2

none

0.1875

0.3829787234042553

0.5

7T2

0.75

0.12903225806451613

0.3185840707964602

0.4444444444444444

10T2

0.25

0.6521739130434783

0.36283185840707965

0.30357142857142855

11T2

none

0.2

0.2857142857142857

0.3448275862068966

0.0

12T2

0.2

0.3235294117647059

0.2987012987012987

0.5

0.25

13T2

0.6875

0.16216216216216217

0.7560975609756098

0.5111111111111111

14T2

0.75

0.25925925925925924

0.34375

0.5833333333333334

15T2

0.36363636363636365

0.16666666666666666

0.45161290322580644

0.4666666666666667

1.0

16T2

0.5454545454545454

0.29069767441860467

0.46987951807228917

0.4444444444444444

0.16666666666666666

17T2

0.5

0.41304347826086957

0.696969696969697

0.4230769230769231

18T2

0.375

0.2619047619047619

0.3942307692307692

0.38461538461538464

19T2

0.8

0.21212121212121213

0.3888888888888889

0.2830188679245283

0.5625

20T2

0.3333333333333333

0.13333333333333333

0.5652173913043478

0.5172413793103449

0.6

21T2

0.5

0.17391304347826086

0.5121951219512195

0.375

0.0

22T2

0.5

0.1724137931034483

0.41935483870967744

0.4489795918367347

0.0

0.5499328569980744

0.2568499307293925

0.4477721027395143

0.43209427904730086

0.27992424242424246

PAIR

F(T)

I(T)

F(W)

I(W)

F(TT)

I(TT)

F(TW)

I(TW)

F(WT)

I(WT)

F(WW)

I(WW)

ACK RATE F(TT)

ACK RATE I(TT)

ACK RATE F(W)

ACK RATE I(W)

3T2

0.26666666666666666

0.3157894736842105

Facts

Inferences

4T2

none

none

none

none

none

none

0.4

0.6037735849056604

Talk

0.37020463470860565

0.49875378674389165

5T2

0.4090909090909091

0.6333333333333333

0.0

Whiteboard

0.05559986608373705

0.38369572155852166

6T2

0.42857142857142855

0.46153846153846156

0.0

0.0

7T2

0.3

0.35365853658536583

0.047619047619047616

0.22580645161290322

Analyse de variance: deux facteurs sans répétition d'expérience

10T2

0.5652173913043478

0.43333333333333335

0.08695652173913043

11T2

0.16666666666666666

0.32

0.20833333333333334

0.23529411764705882

RAPPORT DETAILLE

Nombre d'échantillons

Somme

Moyenne

Variance

12T2

0.39285714285714285

0.5789473684210527

0.0

0.02564102564102564

Ligne 1

18.0

6.663683424754902

0.37020463470860565

0.011368693113061682

13T2

0.3076923076923077

0.5405405405405406

0.08333333333333333

2.75

Ligne 2

18.0

8.97756816139005

0.49875378674389165

0.01242618479024817

14T2

0.5

0.4473684210526316

0.0

0.19230769230769232

Ligne 3

15.0

0.8339979912560558

0.05559986608373705

0.008143303106467173

15T2

0.3

0.5

0.0

0.0

Ligne 4

15.0

5.755435823377825

0.38369572155852166

0.4867854899270565

16T2

0.43636363636363634

0.5072463768115942

0.03225806451612903

0.2857142857142857

17T2

0.55

0.6774193548387096

0.3076923076923077

1.0

Colonne 1

2.0

0.5824561403508772

0.2912280701754386

0.0012065250846414188

18T2

0.2894736842105263

0.3978494623655914

0.0

0.36363636363636365

Colonne 2

2.0

1.0037735849056604

0.5018867924528302

0.020761836952652102

19T2

0.3157894736842105

0.4482758620689655

0.07142857142857142

0.14285714285714285

Colonne 3

3.0

1.0424242424242425

0.3474747474747475

0.1031251913070095

20T2

0.4

0.6578947368421053

0.0

0.125

Colonne 4

4.0

0.8901098901098901

0.22252747252747251

0.0662057722497283

21T2

0.4

0.59375

0.0

0.2222222222222222

Colonne 5

4.0

0.9270840358173167

0.23177100895432917

0.01781976180634239

22T2

0.23529411764705882

0.5068493150684932

0.08333333333333333

0.1

Colonne 6

3.0

1.0855072463768116

0.36183574879227054

0.06101729328572428

M

0.37020463470860565

0.49875378674389165

0.05559986608373705

0.38369572155852166

Colonne 7

4.0

0.9302941176470589

0.23257352941176473

0.004194030340894522

Sum

Colonne 8

4.0

0.9974455369192211

0.24936138422980528

0.08048328417048167

Colonne 9

4.0

3.6815661815661818

0.9203915453915454

1.522606896437458

Colonne 10

4.0

1.139676113360324

0.284919028340081

0.054135113944937106

Colonne 11

Colonne 12

4.0

1.2615823634056453

0.31539559085141133

0.04416261026749783

0.26666666666666666

0.4

0.4090909090909091

0.42857142857142855

0.3

0.5652173913043478

0.16666666666666666

0.39285714285714285

0.3076923076923077

0.43636363636363634

0.55

0.2894736842105263

0.3157894736842105

0.23529411764705882

Colonne 13

4.0

2.5351116625310173

0.6337779156327543

0.08312458438263892

0.3157894736842105

0.6037735849056604

0.6333333333333333

0.46153846153846156

0.35365853658536583

0.43333333333333335

0.32

0.5789473684210527

0.5405405405405406

0.4473684210526316

0.5

0.5072463768115942

0.6774193548387096

0.3978494623655914

0.4482758620689655

0.6578947368421053

0.59375

0.5068493150684932

Colonne 14

4.0

1.0509595102124814

0.26273987755312034

0.032727213495722884

0.047619047619047616

0.20833333333333334

0.0

0.08333333333333333

0.03225806451612903

0.3076923076923077

0.0

0.07142857142857142

0.08333333333333333

Colonne 15

4.0

0.9783510500388903

0.24458776250972258

0.028963916669002592

0.0

0.22580645161290322

0.08695652173913043

0.23529411764705882

0.02564102564102564

2.75

0.19230769230769232

0.0

0.2857142857142857

1.0

0.36363636363636365

0.14285714285714285

0.125

0.2222222222222222

0.1

Colonne 16

4.0

1.1828947368421052

0.2957236842105263

0.08621349838411825

Colonne 17

4.0

1.2159722222222222

0.30399305555555556

0.0640915557484568

Colonne 18

4.0

0.9254767660488854

0.23136919151222135

0.038359061101692404

ANALYSE DE VARIANCE

Source des variations

Somme des carrés

Degré de liberté

Moyenne des carrés

F

Probabilité

Valeur critique pour F

Lignes

1.959508760949844

3.0

0.6531695869832813

6.094941375267792

0.0012613270730211397

2.786229913454008

Colonnes

2.243841940958652

17.0

0.13199070240933247

1.23164888460413

0.2753151041609877

1.8271464341523824

Erreur

5.4654584654940574

51.0

0.10716585226458936

Total

9.668809167402554

71.0


