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88 UNRESTRICTED COMMUNICATION, TEAM AND SITUATION 
KNOWLEDGE,, AND PERFORMANCE 

Inn this chapter, we describe an experiment in which the effect of unrestricted communication was investigated in two 
experimentall  sessions. This was done to test whether unrestricted communication is still beneficial after time. The need 
forr unrestricted communication may decline after time because knowledge important for shared mental models is 
transferredd among team members. However, unrestricted communication may remain necessary to preserve up-to-date 
knowledgee of the changes in the team and the situation. The results show that in the first session, unrestricted 
communicationn improved performance. In a second session, however, unrestricted communication led to worse 
performance.. An explanation for this unexpected result is that too much communication during high workload periods 
mayy have distracted team members to perform their individual taskwork accurately. 

8.11 Introduction 

Inn this chapter, we focus on the question whether unrestricted communication is still beneficial after 
time.. This question is partially motivated by the results of Experiment 4 and 5. Although it was clear 
thatt in these experiments, teams benefited from communicating unrestrictedly, performance was 
relativelyy low and could be improved largely (i.e., even the teams in the two best performing conditions 
hadd allocated sufficient units in only one third of the scenarios). It can be argued that the effect of 
unrestrictedd communication is less strong when team members are better trained. Better-trained teams 
makee fewer errors, which makes the effect of monitoring each other's performance and preventing each 
otherr committing errors less strong. Moreover, better-trained teams have better strategies that make it 
unnecessaryy to adjust or determine new strategies. For those reasons, it can be argued that unrestricted 
communicationn is less necessary when teams work together for a longer period and have had more 
practice. . 

Thee question is also motivated by the idea that the effect of unrestricted communication declines 
becausee team members have, after time, transferred all the knowledge important for shared mental 
models.. In other words, unrestricted communication is not needed any more to foster team and situation 
knowledgee in shared mental models. The verbal protocol analyses described in chapter 4 (see section 
4.3.2)) showed that there were differences in the communication between Scenario 1 and 8. In Scenario 
8,, the analyzed team transferred less team knowledge than in Scenario 1. For example, team members 
communicatedd less about their informational needs. This suggests that unrestricted communication 
loosess its strength after time. It is possible that team members can draw on their previously developed 
knowledge,, which makes it unnecessary to communicate unrestrictedly. 

Althoughh unrestricted communication may be less beneficial because of the reasons mentioned, it may 
bee still beneficial to transfer knowledge of the current activities and the ongoing situation. Especially in 
thee rapidly changing environments in which teams perform, this may be of great importance. In that 
case,, unrestricted communication is important to preserve up-to-date shared knowledge of the changes 
inn the team and the situation. In novel situations, unrestricted communication may also be important. A 
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novell  situation agrees with a routine situation in the sense that it maintains the primary task objectives, 
butt differs in its physical familiarity, specific performance requirements, and strategic approach (Marks, 
1999).. Performance in novel situations is more challenging because there is no obvious strategy to 
handlee the situation. In order to keep up the performance, team members must communicate to respond 
too environmental cues, explain each other why previous strategies do not work in the novel situation, 
jointlyy determine new strategies, and predict future states (Orasanu, 1990, 1993). This argues for 
unrestrictedd communication, even when teams already have developed team and situation knowledge. 

Thee topic of maintaining up-to-date knowledge "on the fly" is especially interesting because it addresses 
strategicc and situational knowledge in shared mental models. Although several researchers assert that 
thiss type of knowledge is important for shared mental models, it has never been investigated 
empirically.. Stout et al. (1996) emphasized this importance and hypothesized that communication is 
neededd to keep up-to-date knowledge of the changes in the team task demands. This so-called 
strategizingstrategizing consists of communication about the ongoing developments in the team and the situation 
suchh as priorities, plans, and strategies. In an observational study, this type of communication 
differentiatedd good from poor performing teams (Orasanu, 1990, 1993). The authors reasoned that this 
typee of communication helped the teams to develop a so-called shared problem model, which enabled 
memberss to give advice, generate alternative solutions, and determine strategies for the same problem. 

8.22 Experiment 6 

Inn Experiment 6, we investigate teams in two subsequent experimental sessions and vary systematically 
thee opportunity to communicate unrestrictedly. We have three conditions: unrestricted communication 
inn 1) none of the sessions, 2) Session 1 only, and 3) both sessions (see Table 8.1). This way we attempt 
too investigate the effect of unrestricted communication on performance over time. With respect to our 
secondd research question, this gives us a better picture of the way communication improves performance 
byy fostering the knowledge team members have in their mental models. 

Tablee 8.1: Schematic representation of the conditions 

Condition n 

1.. Restricted condition 

2.. Partial restricted condition 

3.. Unrestricted condition 

Sessionn 1 

-- ' 1 'k i lÈs :virlft r

Ëf-iïï ;."' .:.:ÉÉi§!N!;- îiïï î|r "'/"'''-'pM 

Sessionn 2 

itt«SlllH^)iH||*BIII;^ :: . 

== unrestricted communication 

Byy allowing team members to communicate unrestrictedly or restrictedly in Session 1 of the 
experiment,, we expect that they either can or cannot develop adequate team and situation knowledge. In 
turn,, the presence of this knowledge wil l have a direct impact on their task performance. In Session 2, 
wee again manipulate their possibility for communicating. Teams must communicate restrictedly and, 
therefore,, have to depend on their knowledge developed during Session 1. We expect that the teams that 
cann rely on their knowledge developed in Session 1 wil l perform better than the teams that cannot rely 
onn their knowledge. In the third condition, teams can continue to communicate unrestrictedly during 
Sessionn 2. Although we expect that they developed team and situation knowledge in Session 1, 
unrestrictedd communication in Session 2 wil l be still beneficial to maintain up-to-date knowledge of the 
situation. . 
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Withh respect to Experiment 4 and 5, we made several changes in Experiment 6. First, we developed a 
brieff  questionnaire to investigate the team and situation knowledge of the team members. With the help 
off  this questionnaire, we attempted to investigate to what extent team members' knowledge is fostered 
ass a result of unrestricted communication. Second, the training is changed such that team members 
receivedd practice in their tasks for a longer period. We also employed an improved version of the 
experimentall  task, which had a fortunate side effect for training. Because performance was measured 
moree precisely in this version, team members received better feedback about their performance. We 
believee that both changes contribute to better-trained team members. This is important for the 
generalisabilityy of the results found in Experiment 4 and 5, because the effect of unrestricted 
communicationn may be less when team members are better trained. In general, Experiment 6 is 
performedd to test empirically whether unrestricted communication improves team performance under 
differentt conditions, which gives us more insight in the generalisability of the previously obtained 
results. . 

8.2.11 Hypotheses 

Experimentt 6 addresses the question whether unrestricted communication improves performance by 
fosteringg team and situation knowledge in team members' mental models. A comparison is made 
betweenn teams that can communicate unrestrictedly and teams that cannot. Figure 8.1 represents the 
dimensionss (denoted by the gray boxes) and their relationships (denoted by the uninterrupted lines) 
underr investigation in Experiment 6. 

Teamm & Situation 
Knowledge e 

I I I I 

Unrestricted d 

Commu u nication n 

] ] f f 

I I 

Figuree 8.1: Hypothesized relationships between unrestricted communication, team and situation 
knowledge,, and performance under investigation in Experiment 6 

Givenn the expected value of unrestricted communication on the development of team and situation 
knowledgee in the mental models of the team members, the following hypothesis is put forward: 

1.. We expect that the teams that can communicate unrestrictedly develop better team and situation 
knowledgee than the teams that cannot communicate unrestrictedly 

Too investigate whether the communication changes after time, we formulated a hypothesis about it. We 
classifiedd the verbal communication into the same categories as in Experiment 4 and 5. The categories 
andd their definitions can be found in chapter 4 (see section 4.3.1, Table 4.10). We do not expect changes 
inn the communication in the categories: information exchange, performance monitoring, evaluation, 
determiningg strategies, and situation knowledge. This communication is concerned with the ongoing 
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taskk performance and the situation. In the experimental task used for Experiment 6, this is always 
subjectt to change. For that reason, team members wil l communicate in these categories in order to keep 
thingss going. However, team knowledge, which can be developed in Session 1, does not change and 
remainss applicable in Session 2 (regardless of the changes in the situation). Therefore, the following 
hypothesiss is put forward: 

2.. We expect that the teams that can communicate unrestrictedly in Session 1 and 2, communicate 
lesss concerning team knowledge in Session 2 than in Session 1 

Wee expect that the performance improvement is a result of unrestricted communication that fosters 
members'' team knowledge. In turn, this supports team members in predicting each other's informational 
needss and coordinate implicitly . Because the teams in the restricted and the partial restricted condition 
communicatee restrictedly in Session 2, we can compare the differences in the way team members 
communicatee with the standardized electronic messages in Session 2. This way, we are able to 
investigatee whether teams that can communicate unrestrictedly in Session 1, coordinate more implicitly 
inn Session 2, than teams that cannot communicate unrestrictedly in Session 1. Therefore, the following 
hypothesiss is put forward: 

3.. We expect that in Session 2 the teams that can communicate unrestrictedly in Session 1 
coordinatee more implicitly and therefore communicate more efficiently and effectively (i.e., less 
messages,, more necessary messages, more necessary messages in advance of requests, less 
requests,, answering more requests, more necessary messages in time, and answering more 
requestss in a shorter time notice) than the teams that cannot communicate unrestrictedly in 
Sessionn 1 

Onee piece of necessary information must always be exchanged by the standardized electronic messages 
(regardlesss of the opportunity to communicate unrestrictedly). By measuring the number and timing of 
thiss message, we could determine the team's ability to exchange the necessary information within the 
teammate'ss task sequence when it is most needed. To test whether the teams that can communicate 
unrestrictedlyy are better in the timely exchange of necessary information than the teams that cannot 
communicatee unrestrictedly, the following hypotheses are put forward: 

4.. We expect that the teams that can communicate unrestrictedly in Session 1 exchange more often 
thee necessary information in time than the teams that cannot communicate unrestrictedly in 
sessionn 1; this communication improvement wil l be more pronounced in Session 2 

5.. We expect that the teams that can continue to communicate unrestrictedly in Session 2 exchange 
moree often the necessary information in time than the teams that can communicate unrestrictedly 
inn Session 1 only; this communication improvement wil l be more pronounced in Session 2 

Becausee we expect that performance improves because of unrestricted communication, the following 
hypothesess are put forward: 

6.. We expect that the teams that communicate unrestrictedly in Session 1 perform better than the 
teamss that cannot communicate unrestrictedly in Session 1; this performance improvement wil l 
bee most pronounced in Session 2 

7.. We expect that the teams that can continue to communicate unrestrictedly during Session 2 
performm better than the teams that communicate unrestrictedly during Session 1 only; this 
performancee improvement wil l be most pronounced in Session 2 
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8.2.22 Method 

Participants Participants 

Thee data for Experiment 6 were obtained from 72 students of Utrecht University in 36 teams of two 
participants.. Men and women were equally represented (36 male and 36 female). Each team consisted of 
twoo male or two female participants. In each of the three conditions, the task was performed by 12 
teams:: six male and six female teams. Participants that formed the team were not acquainted to each 
other.. The participants were paid Dfl. 60, = for their contribution. 

Design Design 

Inn order to test the hypotheses, three experimental conditions were designed: the restricted, partial 
restricted,restricted, and the unrestricted condition. 

Task Task 

Inn Experiment 6, Version 3 of the fire-fighting task as described in section 3.3.2 was used. 

Manipulation Manipulation 

Inn the restricted condition, teams could exchange the necessary information by sending and receiving 
thee standardized electronic messages. Team members were placed in separate soundproof rooms and 
verball  communication was not possible at all. In the partial restricted condition, team members could 
communicatee unrestrictedly in addition to sending and receiving the standardized electronic messages in 
Sessionn 1. In the unrestricted condition, team members could communicate unrestrictedly in addition to 
sendingg and receiving the standardized electronic messages in Session 1 and 2. Unrestricted 
communicationn was made possible by giving team members the opportunity to communicate verbally 
bothh during and between scenarios. Team members were placed in separate soundproof rooms and 
verball  communication was made possible via headsets. 

Too avoid ceiling effects, scenarios were developed with patterns in a series of fires that changed 
regularlyy and differed from the patterns team members learned during the training. There were two 
experimentall  sessions of 16 scenarios each. In Session 1, in 11 scenarios the fire was set in the expected 
sectionn but in an unexpected building, and in five scenarios, the expected building was set on fire, but in 
ann unexpected section. In Session 2, in 11 scenarios the fire was set in an unexpected section as well as 
ann unexpected building, and in five scenarios, the expected building was set on fire, but in an 
unexpectedd section. In both sessions, the scenarios were presented in a fixed order and the five scenarios 
weree interchanged with the series of 11 scenarios in the following order: 1, 4, 7, 10, and 13. 

Measures Measures 

Knowledge.. To assess members' team knowledge, a 6-item questionnaire was developed. The questions 
aree listed in Table 8.2 (translated from Dutch). 
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Tablee 8.2: Knowledge measurement; overview of the questions 

Question n 
1.. What information was the most important to 

providee your teammate with? 
2,, When had this information to be provided? 
3.. When was the information of the pattern for your 

teammatee available 
4.. Was it beneficial to save the small buildings at the 

beginningg of a scenario too? 

5.. Was there always a pattern present? 
6.. When had the units to be withdrawn in order to be 

onn time for the large fire? 

Answerr observer 
Largee building in danger 

Periodd 8 
Periodd 6 

Yes s 

No o 
Periodd 7 

Answerr dispatcher 
Changess in the allocation of 
units s 
Withinn one period 
Periodd 6 

Yes s 

No o 
Periodd 7 

Questionn 1 to 3 were developed to tap members' team knowledge about each other's tasks, roles, 
responsibilities,, and informational needs. Question 4 to 6 were developed to tap team members' 
situationn knowledge. Each question that was accurately answered was scored with one point. In total, 
eachh team member could earn six points. 

Severall  scores were calculated. The team score was the average score of both team members of all 
accuratee answers. The team knowledge score was the score on all accurate answers of both team 
memberss on the team knowledge questions (all accurate answers on Question 1 to 3). The situation 
knowledgeknowledge score was the score on all accurate answers of both team members on the situation 
knowledgee questions (all accurate answers on Question 4 to 6). The heterogeneous score was the score 
off  all accurate answers of both team members that are unique for each team member's role (all accurate 
answerss on Question 1 and 2). The similarity score was the score of all answers that both team members 
couldd have and had similar (all answers on Question 3 to 6 that were similar). The similarity and 
accuracyaccuracy score was the score of all answers that both team members could have and had similar, and 
weree accurate (all answers on Question 3 to 6 that were similar and accurate). 

Communication.. The verbal communication was recorded on tape. Two coders analyzed the 
communicationn from tape by classifying each statement of the team members into categories. The 
categoriess were derived from the model we developed based on the cognitive team task analysis of 
chapterr 4 (see section 4.3.1, Table 4.10). We added one category in which the coders rated the 
remainingg statements that could not be classified because they were not task related or unclear. For each 
team,, each scenario, and the time between the scenarios the communication was rated. Independently 
fromm the first coder, the second coder rated the tapes in the same way. For each session, the second 
coderr rated the communication of two randomly chosen scenarios for each team (in total 72 scenarios 
withh a total duration of approximately 216 minutes). For these scenarios, an agreement level of the two 
coderss was determined by the percentage of statements that the coders rated in the same category. With 
respectt to the scenarios that both coders rated, the agreement level was 87%. This was considered 
sufficientlyy high such that the data obtained from the first coder (the one that scored all scenarios for all 
teams)) were used for further analysis. 

Thee standardized electronic messages were time-stamped and saved in a computer log file for analyses. 
Thee same communication measures of Experiment 1 to 3 (see section 5.2.2, Table 5.1) were used to 
determinee whether the teams in the partial restricted condition coordinated more implicitly and therefore 
communicatedd more efficiently and effectively than the teams in the restricted condition in Session 2. 
Thesee measures were based on the communication features of implicit coordination in the fire-fighting 
taskk that we established with the help of the cognitive team task analysis of chapter 4 (see section 4.2.2, 
Tablee 4.7). 
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Wee also measured the percentage of scenarios in which the message of the large building in danger was 
sentt and read in time. Regardless of the opportunity to communicate unrestrictedly, team members had 
too send this message electronically to accomplish the tasks. Therefore, we could use this measure to 
determinee whether there are differences between the conditions with respect to the provision of 
necessaryy information on the time in the teammate's task sequence that this information is needed. We 
believee that this is an important measure of implicit coordination, which indicates whether team 
memberss have team knowledge. 

Performance.. Performance was measured by the percentage of casualties saved out of the total number 
off  potential casualties that could be saved in a scenario. 

Procedure Procedure 

Ann experimenter assigned the participants randomly to the role of dispatcher and observer and told them 
too read the instruction. Participants were placed in separate soundproof rooms and communication 
betweenn the participants was made possible by sending and receiving the standardized electronic 
messages.. They were told not to speak to each other about the experiment and the experimenter was 
alwayss present in situations where participants were together in the same space. Participants were 
allowedd to ask questions at any point during reading. 

Thee instruction first explained the fire-fighting task in general, followed by instructions specific for each 
role.. This included a systematic instruction on how to manipulate the interface, accompanied by small 
taskss that had to be carried out by the participants. Subsequently, there was a training session of five 
scenarios.. After this first training session, participants were asked to continue to read the instruction. In 
thiss instruction, it was explained how participants could predict, based on a pattern in a series of small 
fires,fires, the location, type, and time of a large fire later in the scenario. These instructions were followed 
byy another training session of 25 scenarios that contained such a pattern in a series of fires. With respect 
too Experiment 4 and 5 of chapter 7, the training was changed such that participants were less trained in 
thee relatively easy procedural scenarios (e.g., the first five scenarios of the training) and more trained in 
thee more difficult scenarios containing a pattern. At the end of the break after the last training session, 
thee participants were instructed on the experimental condition they were assigned to. 

Afterr the training, two experimental sessions of 16 scenarios each started. In each session, participants 
weree presented with 16 scenarios that existed of 11 periods of 15 seconds each. After the two 
experimentall  sessions, participants answered the questionnaire. In total, an experimental session lasted 
aboutt four hours. 

8.2.33 Results 

Knowledge Knowledge 

Inn order to test Hypothesis 1, a Mann-Whitney tZ-test was performed to test whether there are 
differencess in the scores on the knowledge questionnaire. The results of the test are shown in Table 8.3. 

Hypothesiss 1 predicted that the teams that can communicate unrestrictedly have better team and 
situationn knowledge than the teams that cannot communicate unrestrictedly. As can be seen in Table 
8.3,, this hypothesis is supported by the results. Teams that communicated unrestrictedly gave more 
accuratee answers on all questions of the knowledge questionnaire than teams that communicated 
restrictedly.. The teams that communicated unrestrictedly in Session 1 and 2 gave more accurate answers 
onn the team and situation knowledge questions than the teams than communicated restrictedly. For the 
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teamss that communicated unrestrictedly in Session 1 only, there is a tendency that they gave more 
accuratee answers on the team and situation knowledge questions than the teams than communicated 
restrictedly.. In both unrestricted communication conditions, the amount of accurate answers was also 
higherr on the questions that were specific for each team member's role (i.e. heterogeneous score). 
Finally,, the teams that communicated unrestrictedly had more similar answers and more answers that 
weree similar and accurate than the teams that communicated restrictedly. Taken together, the results on 
thee knowledge questionnaire indicate that team members in the unrestricted condition not only had 
betterr team and situation knowledge, but also had more overlap in this knowledge. Post-hoc we tested 
whetherr there were differences between the partial restricted and the unrestricted condition to verify 
whetherr possible performance differences can be ascribed to differences in the knowledge. As can be 
seenn in Table 8.3, there are no differences between these conditions. 

Tablee 8.3: Mean score for each condition on the team and situation knowledge questionnaire 

Knowledgee score 
1.. Team score 

(maximumm 6) 
2.. Team knowledge score 

{maximumm 6) 
3.. Situation knowledge score 

(maximumm 6) 
4.. Heterogeneous score 

(maximumm 4) 
5,, Similarity score 

(maximumm 8) 
6.. Similarity and accuracy score 

(maximumm 8) 

Restricted d 

3.3 3 

3.4 4 

3.3 3 

2.3 3 

2.0 0 

1.2 2 

Partial l 
restricted d 

4.4 4 

4.5 5 

4.3 3 

3.3 3 

2.9 9 

2.3 3 

Unrestricted d 

4.6 6 

4.8 8 

4.3 3 

3.4 4 

2.8 8 

2.3 3 

Restrictedd vs. 
partiall  restricted 

t// = 34** 

(77 = 41* 

(7=40* * 

(7=34** * 

(77 = 36** 

(77 = 32** 

Restrictedd vs. 
unrestricted d 
(7=26*** * 

(7=30** * 

(77 = 34** 

(77 = 28** 

(77 = 41* 

(7=30** * 

Partiall  restricted 
vs.. unrestricted 

(7=66 6 

(7=66 6 

(7=71 1 

(77 = 64 

(7=72 2 

(77 = 64 

Note.Note. *p < .10, **p  < .05. ***/ ? < .01 

Communication Communication 

Thee verbal communication that took place in the unrestricted condition was classified into the categories 
ass described in section 4.3.1 (see Table 4.10). The scores can be found in Table 8.4. With respect to the 
amountt of communication in each category, an analysis of variance was performed to test the 
differencess between Session 1 and 2 of the unrestricted condition, and the partial and the unrestricted 
conditionn in Session 1. 

Tablee 8.4: Verbal communication; mean number of statements for each team for Session 1 in the partial 
restrictedd and the unrestricted condition as well as for Session 2 in the unrestricted condition 

Condition n 

Communication n 

Informationn Exchange 
Performancee monitoring 
Evaluation n 
Determiningg strategies 
Teamm Knowledge 
Situationn knowledge 
Remaining g 

Total l 

Partial l 
restricted d 
Sessionn 1 

250 0 
90 0 
90 0 
19 9 
69 9 
44 4 
40 0 

602 2 

Unrestricted d 

Sessionn 1 
278 8 
112 2 
119 9 
19 9 
83 3 
48 8 
55 5 

715 5 

Sessionn 2 
282 2 
109 9 
129 9 
14 4 
36 6 
25 5 
72 2 

665 5 

Partiall  restricted 
vs s unrestricted d 

F(l,22) ) 
<< 1 
== 1.03 
== 2.33 
<< 1 
<< 1 
<< 1 
== 1.02 
== 1.64 

Unrestricted d 
Sessionn 1 vs. 2 

F(l,22) ) 
<<  1 
<< 1 
<< 1 
<< 1 
== 6.81** 
== 5.49** 
<< 1 
<< 1 

Note.Note. **p  < .05 
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Ass can be seen in Table 8.4, Hypothesis 2 is supported. Teams in the unrestricted condition 
communicatedd less concerning team knowledge in Session 2 than in Session 1. In contrast to our 
expectations,, teams in the unrestricted condition communicated also less in Session 2 concerning 
situationn knowledge than in Session 1. We tested post-hoc the differences between the partial restricted 
andd the unrestricted condition in Session 1, to verify whether possible performance differences can be 
ascribedd to differences in the communication during that session. As can be seen in Table 8.4, there are 
noo differences between these conditions with respect to the communication. 

Thee performance results were not in accordance with Hypothesis 7. One possible post-hoc explanation 
iss that unrestricted communication may have distracted team members in performing their individual 
activitiess during high workload periods. Especially during high workload periods, implicit coordination 
iss the mechanism to rely upon. Based on the task analysis of the fire-fighting task (see section 3.3) we 
determinedd that in Period 6 to 8, team members had to perform their activities under the highest time 
pressuree when compared to the other periods. Therefore, we expect that the total amount of 
communicationn would decrease during these periods. For the teams in the unrestricted communication 
condition,, we tested whether there were differences in the mean number of statements in low versus 
highh workload periods in Session 2. The analysis of variance show that were no differences. Teams 
communicatedd as much in low (48 statements) as in high (60 statements) workload periods, F(l,22) = 
1.75. . 

Withh respect to the standardized electronic messages, Hypothesis 3 predicted that in Session 2 teams in 
thee partial condition coordinate more implicitly and therefore communicate more effectively and 
efficientlyy than teams in the restricted condition. An analysis of variance using repeated measures for 
eachh scenario was performed to test the differences between the conditions in the exchange of the 
messagess in Session 2. The repeated measures design consisted of 16 scenarios. Exceptions were 
Measuree 6 (percentage of questions answered) and 9 (time between request and answer) for which we 
performedd an analysis of variance without repeated measures. This was done because in several 
scenarioss team members did not provide answers, which resulted in several missing values. The results 
off  the analysis are shown in Table 8.5 in which the means for each scenario can be found. 

Tablee 8.5: Standardized electronic messages; communication results for the restricted and the partial 
restrictedd condition in Session 2 

Communicationn measure: 

1.. Number of messages 
2.. Percentage necessary messages sent of the total number of 

messagess that was sent 
3.. Percentage necessary messages sent of the total number of 

necessaryy messages thai could be sent 
4,, Number of necessary messages provided in advance of requests 
5.. Number of questions asked 
6.. Percentage questions answered 
7.. Percentage necessary messages sent in one period of the total 

numberr of necessary messages that could be sent 
8.. Percentage necessary messages sent in two periods of the total 

numberr of necessary messages that could be sent 
9.. Time between request and answer (seconds) 

Note.Note. */7<.10, **/3<05 

Restricted d 

26 6 
60 0 

56 6 

14 4 
3 3 

82 2 
48 8 

49 9 

15 5 

Partiall  restricted 
21 1 
75 5 

55 5 

15 5 
1 1 

69 9 
45 5 

47 7 

14 4 

F-value e 
F<< 1,22) = 2.90* 
F<1,22)) = 5.69** 

F(( 1,22)< 1 

F(l,22)<< 1 
F(l,22)) = 3.48* 
F(l,17)) = 1.69 
F(l,22)<< 1 

F(l,22)<< 1 

F(l ,17)<< 1 

Hypothesiss 3 is partially supported by the results. As can be seen in Table 8.5, there is a tendency for 
teamss in the partial restricted condition to send fewer messages than the teams in the restricted 
condition.. The percentage of necessary messages was higher in the partial restricted condition. Finally, 
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theree is a tendency for teams in the partial restricted condition to ask fewer questions than the teams in 
thee restricted condition. Taken together, the results show that in Session 2, the teams in the partial 
restrictedd condition exchanged their messages slightly more effective and efficient than the teams in the 
restrictedd condition. 

Hypothesiss 4 predicted that the teams in the partial restricted condition exchange more often the 
necessaryy information in time than the teams in the restricted condition. In each scenario, teams could 
bee either in time or too late with sending and receiving the message about the large building in danger 
(i.e.,, when the message was not sent at all, this was considered as too late). The scores can be found in 
Tablee 8.6. 

Tablee 8.6: Standardized electronic messages; communication result of the total number of scenarios in 
whichh team members were in time with sending and reading the message about the large building in 
dangerr for each condition and scenario type (JV = 768) 

Condition n 

Restricted d 

Partiall  restricted 

Session n 

1 1 
2 2 

1 1 
2 2 

Message e 
inn time Too late 

90 0 
72 2 

96 6 
104 4 

102 2 
120 0 

96 6 
88 8 

Wee fitted three log-linear models to the data. The first model included the general mean and the design 
(i.e.,, timeliness, condition * scenario type). The second model included the general mean and the design 
andd the main effect of condition (i.e., timeliness, condition * scenario type, condition * timeliness). For 
bothh models, Pearson's Chi2 was calculated. To test the main effect of condition, the Chi2 of the first 
modell  minus the Chi2 of the second model was tested. The degrees of freedom for this test were the 
oness of the first model minus the ones of the second model. The third model included the general mean 
andd the design and the main effects of condition as well as scenario type (i.e., timeliness, 
conditionn * scenario type, condition * timeliness, scenariotype * timeliness). To test the interaction 
effectt of condition and scenario type, the Chi2 and the degrees of freedom of this model were tested. To 
testt the differences between conditions on either Session 1 or 2, a Chi2 for each separate two-way table 
wass calculated and tested. 

Thee results show that teams that communicated unrestrictedly in Session 1, were more often in time 
withh sending and reading the message about the large building in danger (52%) than teams that 
communicatedd restrictedly (42%), x2U, N = 768) = 7.44, p < .01. There was a tendency for an 
interactionn between condition and session, %2(\, N = 768) = 3.58 p < .10. The interaction was as 
expected.. The teams of the partial restricted condition were more often in time in Session 2 (54%) than 
teamss in the restricted condition (38%), %2(1, N = 384) = 10.47, p < .01, whereas in Session 1 there were 
noo differences between the teams in the partial condition (50%) and the restricted condition (47%), j f ( f 
JV== 384) < 1. Taken together, the results support Hypothesis 4. 

Hypothesiss 5 predicted that teams in the unrestricted condition exchange more often the necessary 
informationn in time than teams in the partial restricted condition. In each scenario, teams could be either 
inn time or too late (i.e., when the message was not sent at all, this was considered as too late). The scores 
cann be found in Table 8.7. We fitted the same log-linear models on the data and followed the same 
proceduree as with Hypothesis 4 to test Hypothesis 5. 
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Tablee 8.7: Standardized electronic messages; communication result of the total number of scenarios in 
whichh team members were in time with sending and reading the message about the large building in 
dangerr for each condition and scenario type (N - 768) 

Condition n 

Partiall  restricted 

Unrestricted d 

Session n 

1 1 
2 2 
1 1 
2 2 

Message e 
Inn time Too late 

96 6 
104 4 
80 0 
78 8 

96 6 
88 8 
112 2 
114 4 

Inn contrast to our expectations, the results show that the teams that communicated unrestrictedly in 
Sessionn 1, were more often in time with sending and reading the message about the large building in 
dangerr (52%) than the teams that communicated unrestrictedly in Session 1 and 2 (41%), %2(1, N - 768) 
== 9.18, p < .01. This difference became apparent in Session 2. In Session 1, there was no difference 
betweenn the teams in the partial restricted condition (50%) and the unrestricted condition (42%), x2(l , N 
== 384) = 2.69, whereas in Session 2, the teams in the partial restricted condition were more often in time 
(54%)) than the teams in the unrestricted condition (41%), %2(1, N = 384) = 7.06, p < .01. There was no 
interactionn between condition and session, %2(\, N = 768) < 1. Taken together, Hypothesis 5 is not 
supported. . 

Performance Performance 

Inn order to test Hypothesis 6 and 7, an analysis of variance using repeated measures for each scenario 
wass performed. The repeated measure design consisted of two sessions with 16 scenarios each. For 
Sessionn 1 and 2, a separate analysis was performed using repeated measures for each scenario. Because 
theree were differences in the performance of teams on the training scenarios (the training was identical 
forr all teams), the mean of the performance during the training (the 25 scenarios containing a pattern) 
wass taken into account as covariate. The results are shown in Figure 8.2. 

Hypothesiss 6 predicted that the teams in the partial condition perform better than the teams in the 
restrictedd condition. The results support this hypothesis, F(l,21) = 4.75, p < .05. When both sessions arc 
takenn into account, teams in the partial restricted condition performed better (65%) than the teams in the 
restrictedd condition (60%). As expected, the performance improvement was most pronounced in Session 
2.. There was no difference between the conditions in Session 1, F( 1,21) = 1.85, whereas in Session 2 
theree was a tendency for the teams in the partial restricted condition to perform better (69%) than the 
teamss in the restricted condition (61%), F(l,21) = 3.50, p < .10. There was no significant interaction 
betweenn condition and session, F (1,21) < 1. 

Hypothesiss 7 predicted that the teams in the unrestricted condition perform better than the teams in the 
partiall  restricted condition. The results show that this hypothesis received no support. When both 
sessionss are taken into account, the teams in the unrestricted condition performed unexpectedly worse 
(55%)) than teams in the partial restricted condition (65%), F(l,21) = 5.09, p < .05. There was no 
differencee between the conditions in Session 1, F(l,21) = 2.22. There was, however, a significant 
differencee between the conditions in Session 2, F(l,21) = 6.34, p < .05. As can be seen in Figure 8.2. 
teamss in the unrestricted condition performed worse (57%) than teams in the partial restricted condition 
(69%).. There was no significant interaction between condition and session, F(l,21) < 1. 
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Figuree 8.2: Mean percentage of potential casualties saved in the restricted, partial restricted, and the 
unrestrictedd condition for both sessions and the first and the second session separately 

8.33 Discussion 

Thee purpose of Experiment 6 was to determine whether unrestricted communication in teams is 
beneficiall after a certain amount of time. Toward that end, we investigated teams in two successive 
sessions.. Three conditions were developed in which teams could communicate unrestrictedly in none of 
thee sessions, in Session 1 only, and in Session 1 and 2. The results confirm our hypothesis that teams 
thatt can communicate unrestrictedly in Session 1 perform better than teams that cannot communicate 
unrestrictedlyy at all. As expected, the difference between the conditions became apparent mainly during 
Sessionn 2, although the teams in both conditions performed their tasks under identical conditions during 
thatt session. 

Wee explain this result by team members using the communication in Session 1 to develop team and 
situationn knowledge, which improves performance in Session 2. The communication scores show that 
teamss indeed used their opportunity to communicate unrestrictedly to perform teamwork and transfer 
knowledge.. Because team members could not communicate unrestrictedly in Session 2, team members 
hadd to coordinate implicitly to maintain their performance, indicating that they relied on their 
knowledgee developed in Session 1. The analysis of the standardized messages that had to be exchanged 
electronicallyy in Session 2, provides additional support for this explanation. Teams that communicated 
unrestrictedlyy in Session 1 were able to exchange the necessary information with fewer messages than 
thee teams that communicated restrictedly. Moreover, these teams were more often in time with the 
provisionn of a crucial message needed to obtain a high performance. These are typical communication 
featuress of teams that coordinate implicitly. The explanation is also supported by the results of the 
knowledgee questionnaire. Teams that communicated unrestrictedly in Session 1 had higher scores on the 
questionnaire,, which indicate that they developed better team and situation knowledge. 
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Wee hypothesized further that unrestricted communication would be beneficial to preserve up-to-date 
knowledgee of the changes that occur during task execution, and to perform teamwork that consists of 
performancee monitoring, evaluation, and determining strategies. Therefore, we expected that teams that 
continuee to communicate unrestrictedly in Session 2 would perform better than teams that cannot 
communicatee unrestrictedly in Session 2. Surprisingly, this hypothesis is not supported. Teams that 
communicatedd unrestrictedly in Session 1 and 2 performed even worse than teams that communicated in 
Sessionn 1 only. The results show further that the performance decrease became apparent in Session 2 
andd that teams were more often too late with the exchange of the crucial message in Session 2. In 
Sessionn 1, there were no differences between the conditions. Performance and the scores of the 
unrestrictedd communication categories were similar and teams were equally in time with the exchange 
off necessary messages in Session 1. Based on this result it can be concluded that the benefit of 
communicatingg unrestrictedly is limited. Unrestricted communication does not seem to affect 
performancee after time. 

Onee explanation for this result is that communication does not have benefit once team and situation 
knowledgee is developed. It is possible that the knowledge important for team functioning is already 
transferredd in Session 1, so that unrestricted communication is no longer needed in Session 2. The 
communicationn scores show that in Session 1, teams communicated in the same manner. In both 
conditions,, teams communicated in equal amounts in each category and transferred team and situation 
knowledge.. Furthermore, the knowledge questionnaire indicates that in both conditions, team and 
situationn knowledge is developed similarly. The communication scores additionally show that the teams 
thatt communicated unrestrictedly in both sessions, devoted less communication to the transfer of team 
andd situation knowledge in Session 2 than in Session 1. Taken together, this indicates that the teams that 
communicatedd unrestrictedly in both sessions developed team and situation knowledge in Session 1 
suchh that communication in Session 2 was not needed. However, given that in Session 2 the situation 
changedd constantly and team members needed to inform each other of these changes, it is unlikely that 
situationn knowledge is fully developed. Moreover, even when unrestricted communication was not 
neededd to preserve up-to-date situation knowledge, this does not explain why performance decreased. 

Anotherr explanation is that unrestricted communication was not necessary to perform additional 
teamworkk in Session 2. An important difference between the present experiment and Experiment 4 and 
55 is that team members were better trained and worked together for a longer period. This may have 
causedd that team members committed fewer errors and had better strategies. It is possible that the effect 
off unrestricted communication diminished in Session 2 because performance monitoring, evaluation, 
andd determining strategies was not needed. However, because the situation changed constantly in 
Sessionn 2, team members had to adjust their strategies to keep up their performance. The performance 
decreasee of the teams that communicated unrestrictedly in Session 2 indicates that they were not able to 
adjustt their strategies properly. In other words, whereas the need for unrestricted communication seems 
too be imperative, it did not help team members to improve their performance. A problem with this 
explanationn is that it also does not explain why unrestricted communication even led to worse 
performancee in Session 2. 

Ann alternative explanation is that too much communication in periods with high workload distracted 
teamm members from executing their activities. Given that there are no differences between the 
conditionss in Session 1 in the communication and performance, and that in both conditions knowledge 
waswas developed similarly, unrestricted communication is the only factor that influenced performance. 
Thee possibility that communication can be inefficient and disrupt the workflow during high workload 
periodss or after critical, rare events, was also acknowledged by Johnston and Briggs (1968), Hutchins 
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(1992),, and Hollenbeck et al. (1995). Partial support for this explanation was obtained in a post-hoc 
analysiss of the communication data. This analysis showed that team members did not decrease their 
communicationn during the high workload periods in Session 2. Hence, team members did not adapt to 
thee high workload periods and continued to communicate as if it were low workload periods. Whether 
thee amount of communication was actually too high such that it distracted team members from their 
workk in high workload periods, could not be determined based on the data of Experiment 6. 

AA problem with the interpretation of the results is the way the scenarios were presented during the 
experimentall sessions. We presented teams with scenarios for which members needed different 
strategiess than the ones learned during the training. Within each session, the scenarios were mixed such 
thatt team members received 11 scenarios of one type and five of another type. This way, team members 
weree confronted with situations that were not strictly routine or novel. Moreover, because the scenarios 
changedd constantly, it was difficult to determine the commonalties among the scenarios of one type and 
determinee the best strategy for that type of scenarios. This situational uncertainty may have caused 
teamss to engage in constant overt deliberation, which may actually have degraded performance during 
highh workload periods. 

Experimentt 6 pointed to the potential costs of unrestricted communication. However, the lack of effect 
off unrestricted communication on performance in Session 2, should not overshadow the effect that did 
appear.. Unrestricted communication fostered the development of members' team and situational 
knowledge,, and performance improved for the teams that were forced to communicate unrestrictedly in 
Sessionn 2. Based on the results of Experiment 6, we conclude that unrestricted communication is 
beneficiall for the development of team and situation knowledge. Once this knowledge is developed, no 
additionall effect of unrestricted communication could be obtained. This leads us to conclude that 
unrestrictedd communication is especially important at the beginning of a team's lifetime. After time, 
whenn team members are attuned to each other, unrestricted communication may not be needed. Instead, 
teamm members should minimize their communication and coordinate implicitly. 

Onee exception may be if teams are confronted with novel situations. In that case, unrestricted 
communicationn is needed to preserve up-to-date knowledge of the changes in the situation. 
Unfortunately,, due to the mixture of scenarios that were not strictly novel or routine, we were not able 
too investigate this in Experiment 6. Therefore, we performed a final experiment in which we separated 
thee routine from the novel scenarios more clearly. In addition, we equipped team members with a team 
knowledgee schema that describe each other's tasks and informational needs. Hence, we expected that 
teamm knowledge does not have to be developed and unrestricted communication would be especially, if 
notnot only, beneficial in novel situations. This way we attempted to investigate more decisively the effect 
off unrestricted communication on performance in novel situations. This experiment is described in the 
nextt chapter. 


