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55 CROSS TRAINING, COMMUNICATION, AND PERFORMANCE 

Inn this chapter, we describe two experiments that we performed to investigate the effect of cross training on 
communicationn and team performance. In both experiments, we compared teams that received a cross training with 
teamss that received no cross training. The hypothesis that cross training has a positive effect on communication and 
performancee is not supported by the results. We explain these results in terms of several shortcomings of the 
experimentall  task employed. In addition, we discuss the results in the light of recent cross training experiments 
performedd by other researchers. 

5.11 Introductio n 

Thiss chapter addresses the first question of this thesis: how can communication and performance be 
improvedd by fostering the knowledge team members have in their mental models? The first method we 
employy to foster the knowledge of team members is cross training. Cross training is defined as a 
strategyy "in which each team member is trained on the tasks, duties and responsibilities of his or her 
felloww team members" (Volpe et al., 1995, p. 87). The purpose of cross training is to develop team 
knowledge.. Cross training must provide team members with an understanding of how the team 
functionss and how team member's tasks and responsibilities relate to those of the teammates. It is 
expectedd that cross training fosters the knowledge that team members hold in a mental model of the 
tasks,, roles, and responsibilities of the teammates. This gives team members an understanding of each 
other'ss informational needs that enable them to anticipate on each other and provide information 
withoutt explicit requests (Cannon-Bowers et al., 1998). Based on their team knowledge, team members 
cann coordinate implicitly with a minimal communication requirement (Kleinman & Serfaty, 1989; 
Volpee et al., 1995). Especially in teams that must exchange large amounts of information under high 
timee pressure, this is expected to be effective. 

Crosss training can be divided into three types based on the depth of information provided. The 
assumptionn that underlies this typology is that the extent of interdependency between team members 
determiness the type of cross training needed (Blickensderfer et al., 1998b; Cannon-Bowers et al., 1998). 
Thee three cross training methods described by Blickensderfer et al. (1998b, p. 305) are: 

1.. Positional clarification. The goal of positional clarification is to provide team members with 
generall  knowledge of the team structure and each member's general position and associated 
responsibilities.. Positional clarification is an appropriate cross training for low-interdependence 
teamss in which information exchange and coordinated interaction is required occasionally. 
Trainingg methods include discussion, instruction, and demonstration. 

2.2. Positional modeling. The goal of positional modeling is to provide team members with 
knowledgee about team members' duties and an understanding of how these duties are related to, 
andd influence those of the other team members. With respect to positional clarification, the 
knowledgee concerning team member's roles and responsibilities is more detailed. Medium 
interdependentt teams in which team members have moderately distinct functions and where 
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regularlyy information exchange and coordination is needed, benefit from positional modeling. 
Positionall  modeling involves a cross training in which the duties of team members are 
discussed,, modeled, and observed. 

3.. Positional rotation. The goal of positional rotation is to provide team members with knowledge 
concerningg the tasks of teammates. Team members must gain also an understanding of the 
interactionn between team members and develop different perspectives of the task. Positional 
rotationn is especially suitable for high-interdependent teams that consist of team members with 
uniquee functions and in which there is a critical need for information exchange and coordination. 
Memberss in such teams require extensive knowledge of the roles and tasks of their teammates so 
thatt they can anticipate on each other's informational needs and provide information in advance 
off  requests. Positional rotation involves active participation in each other's tasks allowing team 
memberss to obtain "hands-on" experience. 

Becausee of the high interdependency between members in a team, we believe that the most appropriate 
crosss training strategy to be applied is positional rotation. 

5.1.11 Experiment 1 and 2 

Experimentt I and 2 addresses the question whether cross training improves implicit coordination and 
teamm performance. A comparison is made between teams that receive training on their own tasks only 
andd teams that receive a cross training (i.e.. positional rotation). Figure 5.1 represents the dimensions 
(denotedd by the gray boxes) and the relationships (denoted by the uninterrupted lines) that are under 
investigationn in Experiment 1 and 2. 

Crosss Training 
1 1 

2 2 

Models s 

A' ' 
t t 

Communication n 
3 3 

\ \ 1 1 

Performance e 

i i 1 1 

Figuree 5.1: Hypothesized relationships under investigation in Experiment 1 and 2 between cross 
training,, implicit coordination, and performance 

5.22 Experimen t 1 

5.2.11 Hypotheses 

Givenn the expected value of cross training on the development of shared mental models containing 
knowledgee of team members' tasks, roles and responsibilities and, in turn, using effective 
communicationn and coordination strategies during high workload situations, the following hypotheses 
aree put forward: 
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1.. We expect that the teams that receive a cross training coordinate more implicitly and therefore 
communicatee more efficiently and effectively (i.e., less communication, more necessary 
information,, more necessary information in advance of requests, less requests, answering more 
requests,, more necessary information in time, and answering more requests in a shorter time 
notice)) than the teams that receive no cross training; this communication improvement will be 
mostt pronounced in high workload situations 

2.. We expect that the teams that receive a cross training perform better than the teams that receive 
noo cross training; this performance improvement wil l be most pronounced in high workload 
situations s 

3.. We expect that communication is positively correlated with performance 

5.2.22 Method 

Participants Participants 

Thee data for Experiment 1 were obtained from 44 students of Utrecht University in 22 teams of two 
participants.. The distribution of participants over the two conditions with regard to sex was as follows: 
twoo female, two male, and seven mixed teams in the no cross training condition and two female, five 
male,, and four mixed teams in the cross training condition. It was attempted to assign participants that 
weree not acquainted to each other in one team (this failed with one team). The participants were paid 
Dfl .. 60, = for their contribution. 

Design Design 

Betweenn teams. In order to test the hypotheses, two experimental conditions were designed. In the no 
crosss training condition, team members did not receive training in the teammate's task, whereas in the 
crosss training condition team members did receive such a training. 

Withi nn teams. The presence of high workload scenarios was a within team manipulation. High and low 
workloadd scenarios were equally present (four high and four low workload scenarios) and randomly 
distributedd over the eight experimental scenarios. 

Task Task 

Inn Experiment 1, Version 1 of the fire-fighting task as described in section 3.2.1 was used. 

Manipulation Manipulation 

Inn addition to the three scenarios in which team members were trained in their own task, the cross-
trainedd teams received a training of the teammate's task, which existed of three scenarios. Team 
memberss that received no cross training did not receive such a training. 

Workloadd was manipulated by the number and type of fires that were present in a scenario. In the high 
workloadd scenarios, more large buildings were set on fire than in the low workload scenarios. Moreover, 
thesee fires followed each other more rapidly. 

Measures Measures 

Communication.. Team members could only communicate by using the standardized electronic 
messages.. The messages were time-stamped and saved in a computer log file for analysis. In order to 
determinee whether teams coordinated implicitly and therefore communicated efficiently and effectively, 
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ninee communication measures were developed. The measures are based on the communication features 
off  implicit coordination in the fire-fighting task that were established with the help of the cognitive team 
taskk analysis of chapter 4 (see section 4.2.2, Table 4.7). Table 5.1 gives an overview of the 
communicationn features when team members coordinate implicitly and the way these are measured in 
thee fire-fighting task. 

Tablee 5.1: Overview of the communication features when team members coordinate implicitly and the 
wayy these are measured in the fire-fighting task 

Generall  communication features 
Lesss communicaiion 
Thee exchange of relevant information only 

Thee exchange of information in advance of requests 
Lesss requests 
Inn case of requests, answers will be given 
Thee exchange of relevant information in time 

Inn case of requests, answers wil l be given as soon as 
possible e 

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

thatt was sent (necessary messages for the observer were messages 
aboutt new fires and changes in the units needed, necessary messages 
forr the dispatcher were messages about the number of units allocated) 

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

4.. Number of necessary messages provided without requests 
5.. Number of questions asked 
6.. Percentage questions answered 
7.. Percentage necessary messages sent in one period of the total number 

off  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 

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. The instruction first 
explainedd the fire-fighting task in general, followed by specific instructions for each role. Participants 
weree allowed to ask questions at any point during reading. 

Afterr reading the instruction, there was a training session of three scenarios that consisted of 10 periods 
off  45 seconds each. During the training, the two members of the team played the same scenarios at the 
samee time. The dispatcher played with a computer program that simulated observer behavior (e.g.. 
sendingg messages and so forth) and the observer played with a computer program that simulated 
dispatcherr behavior. The programs, or "agents" as they were called, displayed ideal observer and 
dispatcherr behavior. That is, the agents were always in time with the right information. The participants 
weree informed of this. Participants were also informed that in the experimental session they would play 
withh their actual teammate. The choice for this technique was made, to ensure an equal level of expertise 
att the end of the training by controlling the teammate's behavior. 

Afterr the training, the experimental session started. Participants were presented with eight scenarios that 
consistedd of 20 periods of 30 seconds each. Compared with the training scenarios, the experimental 
scenarioss were more difficult because there were more fires and there was less time to perform the 
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activitiess (30 instead of 45 seconds for each period). In total, an experimental session lasted about four 
hours. . 

5.2.33 Results 

Communication Communication 

Inn order to test Hypothesis 1, an analysis of variance using repeated measures for each scenario was 
performed.. The repeated measures design consisted of eight scenarios. For low and high workload 
scenarios,, a separate analysis was performed also using repeated measures for each scenario. Exceptions 
weree Measure 6 (percentage of questions answered) and 9 (time between request and answer) for which 
wee performed 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 5.2 to 5.4 in which the means for each scenario for the low workload, 
highh workload, as well as the total number of scenarios can be found. 

Ass can be seen in Table 5.2 to 5.4, the hypothesis that team members would coordinate more explicitly 
and,, therefore, would communicate more efficiently and effectively as a result of cross training did not 
receivee support. For the total number of scenarios, as well for the low and high workload scenarios there 
aree no differences between the conditions on the number, percentages, and timing of messages sent. An 
exceptionn is the total number of messages in low workload scenarios. Cross-trained teams sent fewer 
messagess than noncross-trained teams. Contrary to our expectations, this was not more pronounced 
duringg the high workload scenarios. Another exception is that, especially during high workload 
scenarios,, the cross-trained teams provided more answers than the noncross-trained teams. Nevertheless, 
thee significance levels are low, and given the number of tests and, therefore, the capitalization on 
chance,, these results should be interpreted with great caution. 
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Tablee 5.2: Communication results for the total number of scenarios 

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 that 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) 

Noo cross training 
58 8 
47 7 

63 3 

23 3 
12 2 
65 5 
53 3 

61 1 

22 2 

Crosss training 
46 6 
51 1 

60 0 

21 1 
9 9 
82 2 
51 1 

57 7 

17 7 

F-value e 

F(( 1,20) = 2.50 
F(( 1,20) < 1 

F(( 1,20) < 1 

F(( 1,20) = 2.41 
F(l,20)<< 1 
F(l,20)) = 3.53* 
F(l,20)<< 1 

F(l,20)<< 1 

F(l,19)== 1.24 
Note.Note. *p< .10 

Tablee 5.3: Communication results for the low workload scenarios 

Communicationn measure: Noo cross training Cross training F-value 
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 that 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) 

55 5 
46 6 

64 4 

20 0 
11 1 
70 0 
54 4 

61 1 

19 9 

42 2 
50 0 

62 2 

18 8 
9 9 
84 4 
53 3 

59 9 

19 9 

F(1,20)) = 3.I8 
F(l,20)== 1.19 

F(l,20)<< 1 

F(l,20)== J.52 
F(l,20)<< 1 
F(l,20)) = 2.11 
F(l,20)<< 1 

F(1.20)<< 1 

F(l,19)<< 1 

Note.Note. *p< .10 

Tablee 5.4: Communication results for the high workload scenarios 

Communicationn measure: Noo cross training Cross training F-value 
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 that 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) 

61 1 
49 9 

62 2 

26 6 
12 2 
61 1 
52 2 

60 0 

25 5 

51 1 
51 1 

58 8 

23 3 
10 0 
81 1 
49 9 

56 6 

14 4 

F(l,20)== 1.84 
F(l,20)<< 1 

F(( 1,20) = 1.24 

F(l,20)) = 2.75 
F(l,20)<< 1 
F(( 1,20) = 4.41* 
F(( 1,20)<1 

F(l,20)== 1.16 

F(l,19)) = 3.31* 
Note.Note. * p < 1 0, **/»<0 5 
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Performance Performance 

Inn order to test Hypothesis 2, which states that cross-trained teams perform better than noncross-trained 
teams,, we performed an analysis of variance using repeated measures for each scenario. The repeated 
measuress design consisted of eight scenarios. For low and high workload scenarios, a separate analysis 
waswas performed also using repeated measures for each scenario. The results are shown in Figure 5.2. 

Hypothesiss 2 was not supported. There were no significant differences between the conditions on the 
totall  number of scenarios, F(l,20) < 1, on the low workload scenarios, F(l,20) < 1, or on the high 
workloadd scenarios, F(l,20) < 1. 

100 0 
II  TotaJ  Low workload  High workload 

855 86 

59 9 
62 2 

Noo cross training Crosss t raining g 

Figuree 5.2: Mean percentage of potential casualties saved in the cross-trained and the noncross-trained 
conditionn for the total number of scenarios, and the low and high workload scenarios 

CommunicationCommunication and performance 

Tablee 5.5 shows the correlations among the communication measures and performance. These 
correlationss indicate littl e support for Hypothesis 3. With respect to performance, there are only positive 
correlationss with the percentage questions answered, r = .37, p < .10, and the percentage of necessary 
messagess sent in one period of the total number of necessary messages that could be sent, r = .38, p < 
.10.. Nevertheless, both significance levels are low. Hence, there is only a small indication that better 
communicationn improves performance in teams. 
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5.2.44 Discussion of Experiment 1 

Crosss training was not an effective training method to improve implicit coordination and performance 
forr the teams in Experiment 1. In contrast to our hypothesis, team members did not communicate more 
efficientlyy and effectively as a result of cross training. In addition, no performance improvements were 
obtained.. Finally, the relationships between communication and performance were lacking or weak. In 
thee following paragraphs, we provide three explanations for the absence of the expected effects. 

Thee first explanation is that the cross training method used was not effective to develop sufficient 
knowledge.. The purpose of positional rotation, as explained in the introduction of this chapter, is to 
providee team members with team knowledge. Team members must develop a thorough understanding of 
thee tasks, roles, and responsibilities of teammates such that team members know what information must 
bee exchanged when. It is possible that simply giving team members the opportunity to practice in each 
other'ss task is insufficient to achieve this goal. Although it is asserted that positional rotation is the best 
methodd for high-interdependent teams, Experiment 1 does not confirm this assumption. 

Thee second explanation is concerned with the task. The fire-fighting task has substantial difficult 
interfaces,, which may have limited the impact of cross training. It is possible that team members could 
havee been busier with learning how to interact with the system of their teammate than with developing 
higherr order team knowledge about the interdependency of the tasks and each other's informational 
needs.. According to Cannon-Bowers et al. (1998), cross training influences performance only to the 
extentt that the skills or knowledge it addresses are important for performance. Learning how to use the 
teammate'ss interface is not important for teamwork. Learning what information must be exchanged and 
onn what moments, however, is expected to be highly important. 

Thee third explanation is that in the present task (i.e., Version 1 of the fire-fighting task), implicit 
coordinationn was not effective. Implicit coordination is expected to be effective when the conditions are 
suchh that effective and efficient communication is needed. Several researchers assert that implicit 
coordinationn is especially beneficial in high workload situations (Cannon-Bowers et al., 1998; Kleinman 
&&  Serfaty, 1989; Volpe et al., 1995). It is possible that the task we used in this experiment did not 
providee a level of workload high enough (even during the so-called high workload scenarios) that 
implicitt coordination was needed to perform successfully. 

5.33 Experimen t 2 

Wee performed a second study to test whether cross training improves the performance of the team 
memberss through implicit coordination. Compared to Experiment 1, two changes are made in 
Experimentt 2. First, cross training is elaborated with the opportunity for team members to communicate 
unrestrictedlyy during the training. The rationale behind this is that team members that have the 
opportunityy to make plans and determine strategies together, develop a better understanding of each 
other'ss tasks and informational needs (Orasanu, 1990, 1993; Stout et al., 1996; Stout et al., 1999). 
Second,, with respect to the task, we attempted to adjust the scenarios in such a way that the team 
memberss would experience a higher level of workload. 

5.3.11 Hypotheses 

Forr Experiment 2, we formulated the same hypotheses as in Experiment 1. 
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5.3.22 Method 

Forr Experiment 2, we used the same methodology as Experiment 1. Therefore, this section only 
describess the differences with Experiment 1. 

Participants Participants 

Thee data for Experiment 2 were obtained from 32 students of Utrecht University in 16 teams of two 
participants.. The distribution of participants over the two conditions with regard to sex was as follows: 
twoo female, two male, and four mixed teams in the no cross training condition and two female, three 
male,, and three mixed teams in the cross training condition. It was attempted to assign participants that 
weree not acquainted to each other in one team (this failed with one team). The participants were paid 
Dfl .. 60, = for their contribution. 

Design Design 

Inn Experiment 2 the within teams design was different than in Experiment 1. Again, the presence of 
highh workload scenarios was a within team manipulation and high and low workload scenarios were 
equallyy present (four high and four low workload scenarios). This time, instead of distributing the 
scenarioss randomly over the eight experimental scenarios, we balanced the scenarios following a Latin 
squaree design. The result was that teams had to perform at most two high workload scenarios in a row. 
Thee sequence in which the scenarios were presented was such that there were no scenarios that were 
precededd or followed by similar scenarios. In addition, each scenario had a unique place in the sequence 
off  scenarios. This way, eight unique sequences were formed for all eight teams in each condition. The 
cross-trainedd and the noncross-trained teams both received the identical eight sequences of eight 
scenarios. . 

Manipulation Manipulation 

Teamss in the no cross training condition were trained during four scenarios in their own task only, 
whereass teams in the cross training condition were trained for two scenarios in their own task and for 
twoo scenarios in the teammate's task. In addition, the team members in the cross training condition 
couldd also communicate unrestrictedly with each other during the training. 

Inn order to increase the level of workload compared to Experiment 1, the time between the periods in 
whichh the fires started was shortened. This way, each fire was rapidly followed by a new fire. To be able 
too extinguish as many fires as possible, units had to be withdrawn as soon as they were not needed any 
moree and then reallocated. Therefore, the observer had to watch all fires closely and provide the 
dispatcherr immediately with the information about the changes in the number of units needed. Because 
theree were more fires than that could be saved due to the limited number of units, the dispatcher had to 
providee the observer with information about the allocation of units. With the help of this information, 
thee observer could limit his or her search and watch only those fires where units were present. 
Altogether,, we expected that this put such an amount of workload on the team, that implicit 
coordinationn would be beneficial. 

Procedure Procedure 

Thee procedure of Experiment 1 differed from Experiment 2 with respect to the training that was 
provided.. First, in both conditions, participants were presented with four scenarios (instead of three 
scenarioss in the no cross training condition and six scenarios in the cross training condition during the 
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firstfirst experiment). Because teams were trained in an equal number of scenarios in both conditions, a 
possiblee performance improvement of the cross-trained teams could not be ascribed to the fact that they 
receivedd training in more scenarios. Second, the periods of the training scenarios was shortened from 45 
too 30 seconds and the four training scenarios consisted of two scenarios with a low and two with a high 
levell  of workload. This made the training scenarios more similar to the experimental scenarios. During 
thee experimental scenarios, communication was only possible by sending and receiving the standardized 
electronicc messages. 

5.3.33 Results 

Communication Communication 

Inn order to test Hypothesis 1, an analysis of variance using repeated measures for each scenario was 
performed.. The repeated measures design consisted of eight scenarios. For low and high workload 
scenarios,, a separate analysis was performed also using repeated measures for each scenario. The results 
off  the analysis are shown in Table 5.6 to 5.8, in which the means for each scenario for the low 
workload,, high workload, as well as the total number of scenarios can be found. 

Hypothesiss 1 is not supported by the results. As can be seen in Table 5.6 to 5.8, there are no differences 
inn the communication between teams that were cross trained and teams that were not cross trained. 
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Tablee 5.6: Communication results for the total number of scenarios 

Communicationn measure: Noo cross training Cross training F(l,\4) 
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) 

53 3 
47 7 

73 3 

66 6 

44 4 
58 8 

69 9 

63 3 

20 0 

== 1.23 
== 2.99 

<< 1 

20 0 
10 0 
81 1 
51 1 

20 0 
10 0 
78 8 
51 1 

<< 1 
<< 1 
<< 1 
<< 1 

== 1.17 

Tablee 5.7: Communication results for the low workload scenarios 

Communicationn measure Noo cross training Cross training F{ 1,14) 
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 that 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) 

52 2 
44 4 

74 4 

44 4 
54 4 

70 0 

== 1.32 
== 2.51 

<< 1 

19 9 
10 0 
83 3 
51 1 

66 6 

14 4 

17 7 
9 9 
79 9 
51 1 

63 3 

25 5 

<< 1 
<< 1 
<< 1 
<< 1 

<< 1 

== 1.3 

Tablee 5.8: Communication results for the high workload scenarios 

Communicationn measure Noo cross training Cross training F( 1,14) 

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 that 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) 

54 4 
49 9 

72 2 

45 5 
62 2 

69 9 

== 1.11 
== 3.34* 

22 2 
11 1 
80 0 
51 1 

65 5 

13 3 

22 2 
10 0 
76 6 
50 0 

62 2 

16 6 

<< 1 
<< 1 
<< 1 
<< 1 

<< 1 

<< 1 
Note.Note. *p < , 10 
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Performance Performance 

Inn order to test Hypothesis 2, we performed an analysis of variance using repeated measures for each 
scenario.. The repeated measures design consisted of eight scenarios. For low and high workload 
scenarios,, a separate analysis was performed also using repeated measures for each scenario. The results 
aree shown in Figure 5.3. 

Noo cross training Crosss training 

Figuree 5.3: Mean percentage of potential casualties saved in the cross-trained and the noncross-trained 
conditionn for the total number of scenarios, and the low and high workload scenarios 

Hypothesiss 2 predicted that cross-trained teams would perform better than noncross-trained teams. This 
hypothesiss is not supported by the results. There were no significant differences between the conditions 
onn the total number of scenarios, F(l,14) < 1, on the low workload scenarios, F(l,14) < 1, or on the high 
workloadd scenarios, F(l,14) < 1. 

CommunicationCommunication and performance 

Tablee 5.9 shows the correlations among the communication measures and performance. These 
correlationss indicate littl e support for Hypothesis 3. There is only one positive correlation between the 
percentagee questions answered and performance, r = .59, p < .05. This indicates that the more requests 
forr information are answered, the better the performance. 
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5.3.44 Discussion of Experiment 2 

Despitee the changes we made with respect to the cross training strategy (i.e., the opportunity to 
communicatee unrestrictedly during the training) and the task (i.e., higher workload), the hypothesis that 
crosss training improves communication and performance was not supported by the results of 
Experimentt 2. In the discussion of Experiment 1, we explained the absence of the expected performance 
improvementss in three ways. First, the applied cross training strategy could have been ineffective to 
providee team members with sufficient team knowledge. Second, although cross training acquainted 
teamm members with each other's system, team knowledge may not have been developed. Third, the 
workloadd in the task was too low for implicit coordination to be effective. It is possible that these also 
explainn the lack of effects in Experiment 2. In the general discussion of this chapter, we wil l explain the 
resultss of Experiment 1 and 2 in the light of the cross training research that is recently performed. Here, 
wee describe how the use of dynamically evolving scenarios in an experimental team task may explain 
thee absence of the effect of cross training on performance. 

Thee use of dynamically evolving scenarios enables us to create a situation where team members have to 
reactt upon and teamwork is required. This allows us to investigate theoretically important factors such 
ass implicit coordination. Scenarios develop autonomously (buildings are set on fire at predefined 
periods)) and because of the activities of the team (allocated units extinguish fires). A problem associated 
withh dynamically evolving scenarios is that team members are disproportionately penalized when they 
makee a mistake at the beginning of a scenario. When team members are, for example, one period too 
latee with the withdrawal of units, then it is difficult to catch up in the remainder of the scenario. 
Althoughh team members have performed well during the remainder of the scenario, because of their 
mistakee at the beginning of the scenario this is not expressed in the overall performance. It is possible 
thatt minor unsystematic mistakes at the beginning of a scenario could have had such a great impact on 
performance,, that possible differences in team members' performance resulting from cross training were 
difficul tt to obtain. In the adjusted versions of the fire-fighting task (Version 2 and 3), scenarios are 
designedd such that minor mistakes ate the beginning of a scenario do not outweigh the results of 
effectivee performance in the remainder of the scenario. 

5.44 Discussio n 

Thee purpose of Experiment 1 and 2 was to test empirically whether cross training improves team 
performance.. We hypothesized that cross training would foster team knowledge that team members hold 
inn a mental model. Based on this knowledge, team members are able to anticipate on each other's 
informationall  needs and exchange the necessary information in a coordinated and timely manner. It is 
expectedd that this so-called implicit coordination is especially effective in high workload situations 
(Kleinmann & Serfaty, 1989). The hypothesis that cross-trained teams would coordinate more implicitly 
and,, therefore, would communicate more efficiently and effectively and perform better than noncross-
trainedd teams is not supported by the results of Experiment 1 and 2. 

Recentt studies have shed new light on cross training methods that might give an answer to the question 
whyy cross training was unsuccessful in Experiment 1 and 2. The first study to be addressed is performed 
byy Schaafstal and Bots (1997). In an experiment, 24 three-person teams had to perform the TANDEM 
taskk (for a brief description of TANDEM, see section 3.1.2). Three different cross training methods 
weree developed to investigate their effect on team performance. The first method was the read only 
methodd that consisted of a brief written instruction about the teammate's tasks. The second method, 
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whichh was called the read and practice method, consisted of actual hands-on experience in the 
teammate'ss task and was provided in addition to the written instruction. In the third method, team 
memberss were provided with a written instruction that consisted of explicit information about the 
overlapp and interdependency about each other's tasks. This was called the explicit instruction method. It 
wass expected that the teams that received the read and practice method would perform better than the 
teamss that received the read only method, and that the teams that received the explicit instruction 
methodd would outperform the teams that received the read only as well as the read and practice method. 
Thee expected performance improvements were all ascribed to the expected improvements of the 
communicationn and coordination strategies of the team members. 

Inn contrast to their hypothesis, the results of the Schaafstal and Bots (1997) study show no performance 
improvementt for the teams that received the read and practice method compared to the teams that 
receivedd the read only method. When teams received the explicit instruction method, however, the 
resultss show that teams performed better. Team members of these teams communicated also more 
efficientlyy by providing each other more often the necessary information in advance of requests. 
Moreover,, for these teams, a positive relationship was established between the provision of information 
inn advance of requests and performance. When comparing these results to the results of Experiment 1 
andd 2, several parallels can be found. The manipulation of the read and practice method of the 
Schaafstall  and Bots study is similar to the cross training method we used in Experiment 1 and 2. In both 
studies,, cross training took place by positional rotation in which team members performed each other's 
task.. Moreover, in both studies this manipulation did not result in more efficient and effective 
communicationn strategies or an improved performance. 

Anotherr study that investigated cross training was recently published by McCann et al. (2000). These 
researcherss also used the TANDEM task in which 30 three-person teams participated. Teams in the 
crosss training condition were trained in each of the three team positions, whereas the teams in the 
noncross-trainedd condition were trained in their own task only. The results show that during training the 
performancee of the cross-trained teams increased less than the noncross-trained teams. During the 
experimentall  session, the performance of the cross-trained teams was unexpectedly worse than the 
noncross-trainedd teams. These teams also failed to perform better on any of the process measures 
includingg the amount of communication. In other words, the experiments of Schaafstal and Bots (1997) 
andd McCann et al. and the ones in the present chapter show that training in each other's tasks does not 
leadd to better team processes and an improved performance. 

Howw can it be explained that training in each other's task does not result in better team processes and an 
improvedd performance? The first explanation is provided by McCann et al. (2000) and states that 
trainingg in each other's task does result in better team knowledge, however, that this is at the expense of 
teamm members' task knowledge. Thus, although cross-trained teams may improve their teamwork, the 
overalll  performance decreases because team members perform worse on their taskwork. Nevertheless, 
McCannn et al. cannot confirm this explanation given the fact that they did not find any improvements on 
thee efficiency of communication, which was their teamwork measure. We think that another explanation 
iss also possible. Team members may have improved their knowledge of the teammate's task. However, 
becausee the teammate's task has a different interface and requires different skills, it might have been 
thatt team members developed low level knowledge of the teammate's task. Team members might have 
beenn practiced in using the buttons and windows for proceeding the teammate's task. However, higher 
orderr knowledge of how this is related to the own task in terms of information dependency and when 
andd what information must be exchanged is not developed. We believe that it is this type of team 
knowledgee that is important for better teamwork and improves performance. 
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Thatt team interaction knowledge is important for team processes and performance is supported by the 
resultss of the Schaafstal and Bots (1997) study. As described previously, teams performed better when 
teamm members are explicitly instructed on the interdependencies in the team, including information that 
explicitlyy tells what information must be provided when. This way, team members are trained to 
developp procedural team knowledge. This result gives a clue to the lack of performance improvement 
whenn team members are trained in each other's task. Training in each other's task may provide team 
memberss with knowledge of each other's tasks, roles, and responsibilities. However, specific procedural 
knowledgee of what information must be exchanged on what moments may not be developed. With 
respectt to the cross training typology we described in the introduction of this chapter, this means that 
positionall  rotation does not provide the necessary knowledge needed to perform effectively in high-
interdependentt teams. Unfortunately, Schaafstal and Bots had no measures of team members' 
knowledge,, so it must be assumed that team members that received the explicit instruction developed 
betterr team interaction knowledge than teams that are trained in each other's task. More work is needed 
too investigate this assumption. 

Thee study of Schaafstal and Bots (1997) suggests that it is better to provide team members with 
informationn that explicitly describes each other's tasks and informational needs, instead of training in 
eachh other's task. In one study a comparison was made between such training methods: so-called 
conceptualconceptual cross training versus full cross training (Cooke, Cannon-Bowers, Kiekel, Rivera, Stout, & 
Salas,, 2000a). In the conceptual cross training condition, team members were provided with information 
off  teammates' positions and informational needs, whereas in the full cross training condition, teams had 
too perform the teammates' tasks in each position. The results show no performance differences between 
thesee conditions. Nevertheless, teams in the full cross training condition had better IPK (i.e., 
interpositionall  knowledge that includes knowledge of each other's task, roles, responsibilities, and 
informationall  needs) than teams in the conceptual cross training condition. In contrast to the Schaafstal 
andd Bots (1997) study, this result suggests that training in each other's tasks is a better method to obtain 
teamm knowledge than the provision of team information. However, no measures of team processes were 
includedd in this study, and the relationships between IPK and the performance outcome were weak. 
Therefore,, it is not clear how performance and communication is improved by fostering team 
knowledgee through training in each other's tasks. 

Thee previously described experiments and our own experiments show that merely training in each 
other'ss task (i.e., positional rotation) does not result in the expected improvements in team member's 
communication,, coordination, and performance. Nevertheless, to complicate things, there is one study 
wheree training in each other's task was effective. This study was performed by Cannon-Bowers et al. 
(1998)) also using the TANDEM task in which 40 three-person teams participated. Cross training was 
manipulatedd between teams by training team members in each other's tasks. It was expected that teams 
thatt received a cross training would perform better, provide more information in advance of requests, 
andd improve the overall quality of teamwork processes (measured by a teamwork rating scale). 
Furthermore,, it was expected that teams would report higher levels of subjective IPK (i.e., the 
judgementt of the team members about their interpositional knowledge). It was further expected that the 
effectss would be most pronounced during high-workload situations, which was manipulated within 
teams. . 

Thee results of the Cannon-Bowers et al. (1998) study supported all hypotheses that were formulated by 
thee authors. Cross training not only resulted in better performance, but also in higher levels of subjective 
IPK,, a higher frequency in the provision of information in advance of requests, and better teamwork. A 
manipulationn check showed that cross-trained team members had higher levels of objective IPK. With 
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respectt to the previously described experiments and Experiment 1 and 2 of the present chapter, the 
questionn may be raised why positional rotation in one study resulted in better teamwork and 
performance,, whereas in other studies this was not found. One explanation is that the teams of the 
Cannon-Bowerss et al. study were better trained because they were trained in each other's tasks to a 
certainn level of proficiency. It is possible that this provided team members with the knowledge needed 
too anticipate on team member's informational needs and coordinate implicitly. Because this was not 
appliedd in the previously described experiments, merely training in each other's tasks could have been 
insufficientt to achieve that knowledge. One problem with this explanation is that Cannon-Bowers et al. 
didd not find a significant correlation between IPK  and all other measures. Only the objective IPK score 
explainedd 10% and 16% of the variance in team performance and team process scores respectively. 
However,, objective IPK was not correlated with the provision of information in advance of requests. 
Thus,, although team members had better knowledge of each other's tasks, roles, responsibilities, and 
informationall  needs, this did not account for the performance improvement. 

Inn conclusion, Experiment 1 and 2 and the experiments of other researchers show a rather confusing 
picturee with respect to the various cross training methods and their influences on communication and 
performancee in teams. With respect to the cross training typology we described in the introduction of 
thiss chapter, the results do not confirm the assumption that positional rotation is needed to train 
memberss of high-interdependent teams. Explicit instruction (i.e., positional clarification) that was 
gearedd to develop team interaction knowledge also improved communications and performance in teams 
(Schaafstall  & Bots, 1997). 

Inn the next chapter, we continue to investigate the question of how communication and performance can 
bee improved by fostering the knowledge team members have in their mental models. Team members 
wil ll  be presented with team information that consists of an explicit instruction about each other's tasks 
andd informational needs. We also investigate the relationships between team information, team 
knowledge,, communication, and performance. 


