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Abstract 
Many organizations frequently establish information system development (ISD) project teams in 
order to solve specific problems. Knowledge tends to be stored within individuals who are often 
dispersed over time. However, knowledge integration is required to solve new types of problems. 
The transactive memory system (TMS) has been suggested as a critical mechanism for facilitating 
knowledge integration as part of the team’s processes. TMS can help the knowledge team to rec-
ognize the presence of individuals with diverse knowledge and optimize their value. In this paper, 
we use TMS and the concept of “collective mind” to explain how the team members’ heedful inter-
relations and mindful comprehension function within the social system. We also discuss in detail 
how antecedent factors affect TMS. Drawing on data from a study of 339 part-time MBA students 
who were members of knowledge teams, the findings of this research showed that all our hypo-
theses were statically significant. Discussions and implications for academics and practitioners 
are provided. 
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1. Introduction 
Modern organizations are faced with challenges from the external environment in these tough economic times. 
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The ability to innovate is essential if a modern organization is to be competitive, because it allows for the suc-
cessful implementation of creative ideas which bring new products, processes or services [1] [2]. Innovation 
depends upon knowledge management as its foundation. Many organizations frequently establish information 
system development (ISD) project teams to solve specific problems. The ISD project team conducts a know-
ledge-intensive process that includes several knowledge-related activities. Most knowledge sources are individ-
uals who may disperse over time. The team depends on knowledge integration to solve new types of problems. 
Many studies point out that knowledge integration can enhance a company’s capabilities, providing a competi-
tive advantage [3]. This is why knowledge integration is such an important step in knowledge management. 

The transactive memory system (TMS) has been suggested as a critical mechanism for facilitating knowledge 
integration as part of the team’s processes [4]. TMS can help a knowledge team recognize the presence of indi-
viduals with diverse knowledge and optimize their value [5]. The organization’s learning can optimize the value 
of the process. Organization learning differs from individual learning in that it must consider the influence of the 
social system. The concept of the “collective mind” has been developed to explain heedful interrelations and 
mindful comprehension among team members [6]. 

Successful teamwork relies on the extent to which members can integrate their knowledge and expertise [7] 
[8], and coordinate and synthesize their actions [9] [10]. Training together, task interdependence, shared expe-
riences, common language and joint decision making facilitate the development of transactive memory among 
team members [11]-[14]. 

In this paper, the purpose of our study was to study team knowledge integration processes. To do so, we use 
TMS and collective mind to explain how the team members’ heedful interrelations and mindful comprehension 
function within the social system. In addition, we explored the mediating role of collective mind between TMS 
and knowledge integration. 

2. Literature Review and Hypotheses 
2.1. Knowledge Integration 
If our ability to gain, store and process knowledge is limited, every kind of expert will be required to help us ef-
fectively acquire new knowledge [15]. We divide knowledge integration literature into two classifications. The 
first classification is the definition of knowledge integration. Various authors made suitable explanations re-
garding knowledge integration between 1992 and 2005. Grant’s definition from 1996 is considered the main-
stream. Knowledge integration can be defined as the synthesis of existing knowledge and acquired knowledge 
[16]. In his definition of knowledge integration, Grant [17] noted that, from an organizational performance 
standpoint, the ability to integrate each kind of specialized knowledge is an organization’s competitive advan-
tage. Knowledge integration is an activity that strengthens the enterprise’s internal culture and promotes work-
ing efficiency [18]. 

Knowledge integration is a link between individuals and the organization [19]. Knowledge reorganization, 
sharing and proliferation promotes such linking [20] [21]. An ongoing process of collecting specialized know-
ledge and expertise can create organizational value and increase the effectiveness of knowledge application [7] 
[18] [22]-[26]. As far as content is concerned, the major challenge is to integrate internal knowledge and acquire 
outside knowledge [27]. 

The second classification of knowledge integration literature regards the content. This literature discusses 
knowledge integration methods and mechanisms. Some literature discusses the methods of knowledge integra-
tion in detail. Grant [17] identified three characteristics of knowledge integration: 1) The efficiency of integra-
tion: the degree of ability to access and utilize specialized knowledge held by the organization’s individual 
members. Integration efficiency is determined by the degree of coordination and the existence of an organiza-
tional structure which can facilitate the sharing of common knowledge existence among the participants; 2) The 
scope of integration: the breadth of specialized knowledge available to increase the organization’s capabilities. 
The greater the scope of integration, the higher the level of capability; 3) The flexibility of integration: the extent 
to which the organization is capable of connecting additional knowledge and reconfiguring existing knowledge. 

Practically speaking, an organization can generally integrate knowledge on two levels. One level is for the 
employees to integrate each others’ individual knowledge, based on their own knowledge. The second level is to 
integrate organizational knowledge across departments. Grant [17] also identified four mechanisms for know-
ledge integration: 1) Rules and directives which are one kind of coordinated action that can help to convert tacit 



T.-C. Lin et al. 
 

 
362 

knowledge into explicit; 2) Sequencing, in which knowledge integration joins the time factor, allowing specia-
lized knowledge to be used independently; 3) Routines, via which complex interactions within groups and or-
ganizations can be sustained without rules; and 4) Group problem-solving and decision-making, since the crea-
tion of new designs for solving novel and complex problems relies on interactions. 

2.2. Transactive Memory System 
A team’s knowledge integration will provide a competitive advantage for the organization. A team is a group of 
two or more individuals who must interact cooperatively and adaptively to work on shared objectives [28]. An 
individual team member’s knowledge is limited, and the team cannot depend entirely on some individual expert 
who stores specific knowledge needed by all teams. Therefore when one individual can’t solve the problem us-
ing his own knowledge, he must retrieve the required knowledge from other individuals. The term “transactive 
memory” has its origins in the concept of external storage acting as an extension of individual memory. 

Transactive memory develops when individuals use the memories of other individuals as external storage [29]. 
Wegner pointed that transactive memory is a shared system for encoding, storing, and retrieving knowledge. 
There are three components of transactive memory: 1) Directory creation—the process whereby members of the 
group come to learn where knowledge is likely to be stored amongst group members (the easy definition is “who 
knows what”); 2) Information allocation—the process of distributing knowledge to the members whose exper-
tise is best suited for its storage; and 3) Knowledge retrieval—the effective disbursal of expertise within the 
group [29].  

We divide the transactive memory theory literature into three classifications. The first is the study of the con-
tent of TMS. TMS is intended to expand the theory of transactive memory to the group level. Lewis [5] de-
scribed the three components of TMS as: 1) Specialization—the knowledge structure which may be differen-
tiated between various members; 2) Credibility—the degree of accuracy and reliability of other members’ 
knowledge; and 3) Coordination—the process of knowledge transmission [30]. Hollingshead [31] proposed a 
different view, suggesting that the two components of TMS are task experience and member. Kanawattanachai 
and Yoo [32] used three components to develop a TMS survey questionnaire: expertise location, cognition- 
based trust and task-knowledge coordination. 

The second classification of TMS literature concerns independent variables. A lot of literature can be found 
regarding the impact factors of TMS. The impact factors may be divided into four kinds. The first factor of the 
independent variables is the relationships between team members. This includes common experience and social 
capital as proposed by Wegner [33] and Hollingshead [31]. Hollingshead [11] also thought that shared expe-
riences, common language, and joint decision making can develop the transactive memory. This portion of the 
literature also considers the concepts of stability, interpersonal trust, team member proximity, team member fa-
miliarity proposed by Akgün [34]. The second factor of the independent variables is training which is mentioned 
by many researchers. The third factor of the independent variables is communication. According to the literature, 
the method and frequency of communication can affect TMS. The fourth factor of the independent variables is 
the characteristics of the team. This includes the number of team members, the stress level, time constraints and 
the characteristics of individual team members. Taking into account all the impact factors considered by the li-
terature, we believed that training, interdependence, shared experiences, common language, joint decision mak-
ing and communication were the most important. 

The third classification of TMS literature concerns dependent variables which are divided into three kinds 
when viewed in detail. The first factor of the dependent variables is the performance and stability of the team. 
Prior studies have consistently suggested that TMS can affect team project outcomes [34]-[37]. Prior studies 
have also suggested consistently that TMS can enhance team performance [32] [38]-[40]. The second factor of 
the dependent variables is knowledge management as proposed by Hollingshead [31], Alavi and Tiwana [22] 
and Griffith, Sawyer [12]. Prior studies have consistently suggested that TMS can help a group to develop 
knowledge management [12] [22] [31]. The third factor of the dependent variables is organization memory. The 
literature states that TMS can help organizations to develop the memory of the organization. TMS can also faci-
litate information searches within a social network [41]. The above TMS literature suggests that TMS theory is 
still in the early stages of development. Some authors use TMS to study team performance, but there are few 
studies regarding the use of it in knowledge management. We thought TMS could explain a team’s knowledge 
integration. 
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Knowledge integration can be defined as the synthesis of existing knowledge and acquired knowledge [16]. 
Grant [17] noted that the integration of specialized knowledge is an organization’s competitive advantage. TMS 
has been suggested as a critical mechanism for facilitating knowledge integration within the team’s processes. 
TMS can help a knowledge team recognize the presence of individuals with diverse knowledge and optimize 
their value [5]. As per the above literature discussion, TMS can help a team find its knowledge. A solid TMS 
can ensure knowledge integration will be well developed. Therefore, we hypothesise that: 

Hypothesis 1: The TMS will be positively related to the development of knowledge integration. 

2.3. Collective Mind 
An individual placed in a new environment undergoes a transformational process of social integration, creating 
new behaviors. These behaviors will then produce a new environmental structure and a new social culture which 
form a collective atmosphere. This is the collective mind concept proposed by Weick and Roberts [6]. Collective 
mind is defined as a process which contains a pattern of heedful interrelations of actions within a social system 
[6]. This process is usually found in the heedful interrelation of members of a team. Collective mind is made up 
of three components: contribution, representation and subordination. Contribution refers to actions that are con-
structed and taken by actors within the system. Representation indicates the actors’ understanding that the sys-
tem is composed of connected actions taken by themselves and others. Subordination reflects the interrelation of 
actions taken by the actors within the system. Collective mind explains the functions of these interrelationships 
within the social system, in depth. Therefore, collective mind can help members understand the knowledge of 
other members. A team can increase its performance by facilitating the collective mind. 

Collective mind is defined as the way in which individuals heedfully interrelate their actions [6]. Individuals 
construct their actions while envisaging a social system of joint actions, and they interrelate that constructed ac-
tion with the system that is envisaged [40]. Such patterns of interrelating knowledge are socially embedded and 
emerge over time through repeated interactions and communications among individuals [42] [43]. These 
emerging patterns in socially shared distributed cognitive systems are influenced by the initial condition of the 
system and the manner in which individual members interact with each other [44]. The collective mind 
represents a more advanced form of socio-cognitive systems [40]. Akgün, Byrne [36] used TMS and collective 
mind to study new development teams. Their research result found that collective mind has a mediating role 
between TMS and performance. Therefore, we hypothesise that: 

Hypothesis 2: The collective mind mediates the relationship between the TMS and knowledge integration. 
Training is defined as experts explaining the application to novice users in classroom settings, demonstrating 

how to use its technical features, observing the learners practicing, and providing feedback [45]. Training pro-
vides an important source of knowledge for novices, and is an important organizational intervention contributing 
to implementation success [46]. Training is an important enabler in the development of TMS [47]. Training faci-
litates communication and improves the accuracy and effectiveness of TMS [48]. Consistent with these 
processes, groups that train together are found to outperform groups whose members are trained separately [47]. 
The effect of training on TMS has typically been demonstrated among coworkers and workgroups in laboratory 
settings [48]-[50]. Argote [51] indicates that training is a modifier of TMS. Wegner [29] and Brandon and 
Hollingshead [48] agreed that the combination of team members’ training time and training method, indeed, will 
influence the team’s TMS: when team members all participate in the training, the team’s transactive memory is 
improved. As per the above literature discussion, training has a strong effect on TMS. When the team members 
train together, the team’s TMS will be good. Therefore, we hypothesise that: 

Hypothesis 3: Training will be positively related to the TMS. 
Task interdependence is defined as the degree to which the work between team members is interdependent. 

Task interdependence is an important prerequisite for stimulating the development of TMS [48] [49]. Task in-
terdependence supports the development of TMS and shared mental models, even in the absence of rich interac-
tion and explicit coordination [52]. Brandon and Hollingshead [48] indicated that the degree of task interdepen-
dence among team members is one of the elements that influence transactive memory transfer. As per the above 
literature discussion, task interdependence is considered essential for the development of TMS. When the team 
members’ tasks are interdependent, the team’s TMS will be good. Therefore, we hypothesise that: 

Hypothesis 4: Task interdependence will be positively related to the TMS. 
Group members rely on each other to take responsibility for storing information, stimulating the development 

of TMS. These conditions enable rich interaction and information sharing, both of which are considered impor-
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tant for the development of TMS [48]. Brandon and Hollingshead [48] showed that team interdependence is 
another element that influences transactive memory. Team interdependence can be further divided into common 
language, shared experience and joint decision making. Common language allows individuals to share and inte-
grate their diverse knowledge. The more established the common language, the more effectively the knowledge 
will be integrated. When the members are unfamiliar with each others’ knowledge, they must use various com-
munication methods to integrate that knowledge. Those methods could include language (and other forms of 
symbolic communication systems), commonality of professional knowledge, shared meaning and the acknowl-
edgement of personal expertise. Shared experience means that team members communicate with each other to 
share their personal experience and knowledge. Joint decision making means that when facing a task, the team 
decides by consensus rather than having a single individual make the final decision. As per the above literature 
discussion, shared experience, common language, and joint decision making are considered essential for the de-
velopment of TMS. When the team members have shared experience, common language, and joint decision 
making, the team’s TMS will be good. Therefore, we hypothesise that: 

Hypothesis 5: Shared experience will be positively related to the TMS. 
Hypothesis 6: Common language will be positively related to the TMS. 
Hypothesis 7: Joint decision making will be positively related to the TMS. 
Considering the findings in the literature review, this paper therefore proposes the research model shown in 

Figure 1. As shown in the model, this study attempts to contribute to the TMS research stream by applying 
TMS to the area of knowledge management.  

3. Research Methodology 
3.1. Subjects 
Respondents were primarily team members who had been on a team for at least six months. We used snowbal-
ling of the sampling to find the appropriate respondents. First, we selected students from a university located in 
southern Taiwan who were enrolled in the part-time MBA program (concentrating on Management Information 
Systems) and who were also members of a team. Second, we asked these MBA students to recommend col-
leagues who also were team members. Finally, a total of 342 respondents participated in the study. The exclu- 
sion of incomplete questionnaires resulted in a total of 339 usable responses. Gender distribution was as follows: 
62.5 percent (n = 212) were male and 37.5 percent (n = 127) were female. Education levels were as follows: 8.3 
percent (n = 28) were high school graduates, 69.3 percent (n = 235) were university graduates and 22.4 percent 
(n = 76) held graduate school degrees. 

 

 
Figure 1. Research model.                                                       
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3.2. Measurement Development 
Constructs were measured using a multiple-item scale drawn from pre-validated studies and reworded to relate 
specifically to team use. The applicability of the modified items was enhanced by literature reviews, using three 
MIS professors as expert judges, and pretested using five MBA students working in the industry. During this 
process, scale items were trimmed and refined, and dimensions were modified to maintain the content validity as 
our understanding of the constructs improved. All items used five-point Likert scales anchored from “strongly 
disagree (=1)” to “strongly agree (=5)”. Table 1 shows the operational definitions and sources of measurement 
of variables. 

3.3. Reliability and Validity 
Table 2 demonstrates that almost all the Cronbach’s α values fall between 0.793 - 0.950, which is in line with 
the threshold (α should be ≥ 0.7) proposed by Nunnally [58]. Based on the reliability analysis result, we can 
sensibly judge our questionnaire set as having an acceptable level of reliability. Discriminant validity is shown 
by the PLS indicators when the square root of each factor’s average variance extracted (AVE) is larger than its 
correlations with other factors. AVE value will reflect the variance captured by the indicators [59]. In Table 2, 
seven of our research construct’s AVE values were above 0.5 that the square root of each construct’s AVE is 
larger than its correlations with other factors.  

Three criteria are used to test convergent validity: loading must above 0.5, composite reliability (CR) scores 
must above 0.7, and AVE must above 0.5 [59]. Table 2 demonstrates that all constructs’ composite reliability 
scores are larger than 0.8, and AVE values are greater than 0.5. Based on the convergent validity result, we can 
sensibly judge our research construct set as having an acceptable level of convergent validity. 

3.4. Second-Order of TMS 
We modeled TMS as a second-order construct. Our conceptualization of TMS follows Lewis [5] so it includes 
three sub-dimensions: specialization, credibility and coordination. Following the guidelines provided by Jarvis 
[60], we modeled TMS as a second-order formative construct. In measurement model analysis, Smart PLS can 
produce weight and loadings simultaneously. In general, weight can explain formative indicators [61]. Table 3 
reports the formative indicator results. “t value” can test the convenience of the indicator. The results show that 
specialization, credibility and coordination can strongly explain TMS.  

 
Table 1. Operationalization of constructs.                                                                    

Construct Operational definition # of items References 

Training The degree to which members of the team trained together. 4 Argote [51] 

Task interdependence The degree to which team members’ tasks were interdependent. 4 Jarvenpaa and Staples [53] 

Shared experience The degree of shared experience between the team members. 5 Brandon and Hollingshead [48] 

Common language The degree of common language between the team members. 3 Brandon and Hollingshead [48], 
Chiu [54] 

Joint decision making The degree of joint decision making amongst the team members. 5 Subramani and Venkatraman [55]; 
Zaheer and Venkatraman [56] 

Transactive  
memory system 

Specialization is defined as the member’s knowledge  
which is distinctly different from other members. 
Credibility is defined as the member’s knowledge  

which is correct and may be trusted by another person. 
Coordination is defined as members having a  

good understanding of who has what knowledge  
and how that knowledge fits together. 

15 Lewis [5] 

Collective mind Individuals heedfully interrelate their actions. 4 Weick and Roberts [6] 

Knowledge 
integration The synthesis of existing knowledge and acquired knowledge. 4 Kogut and Zander [16],  

Tiwana and McLean [57] 
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Table 2. Construct correlations and reliability estimates.                                                         

Variables CM CL JDM KI SE TI TR 

Common language (CL) 0.360       

Joint decision making (JDM) 0.392 0.586      

Knowledge integration (KI) 0.414 0.479 0.453     

Shared experience (SE) 0.488 0.414 0.382 0.322    

Task interdependence (TI) 0.442 0.517 0.377 0.500 0.408   

Training (TR) 0.224 0.372 0.339 0.380 0.095 0.269  

Cronbach’s α 0.835 0.853 0.868 0.860 0.904 0.873 0.950 

AVE 0.669 0.772 0.650 0.703 0.724 0.724 0.871 

CR 0.890 0.910 0.902 0.904 0.929 0.913 0.964 

Note: CM: Collective mind. 
 

Table 3. The weight and t-value of formative indicators.                                                        

Latent variable Indicators Weight t-value 

TMS 

Specialization 0.564 16.375*** 

Credibility 0.709 21.925*** 

Coordination 0.549 15.248*** 

Note: ***p < 0.001. 

4. Results 
In this paper, we assessed the hypotheses by using structural equation modeling because of its ability to validate 
multiple causal relationships simultaneously. Smart PLS 2.0 M3 with bootstrapping as a resampling technique 
(500 random samples) was used to estimate the structural model and the significance of the paths (Chin, 1998). 
Figure 2 shows the structural model. The research findings show that all the hypotheses were statically signifi-
cant. 

H4, hypothesizing that task interdependence positively relates to the TMS, is strongly supported (β = 0.236). 
H5, hypothesizing that shared experience positively relates to the TMS, is well supported (β = 0.170). H6, hy-
pothesizing that common language positively relates to the TMS, is strongly supported (β = 0.225). H7, hypo-
thesizing that joint decision making positively relates to the TMS, is well supported (β = 0.150). The R2 of TMS 
for the main effect model was R2 = 0.394. H1, hypothesizing that TMS positively relates to knowledge integra-
tion, is strongly supported (β = 0.517). The R2 of knowledge integration for the main effect model was R2 = 
0.267. The explanatory power is considerably greater than the recommended level of 10% [62] [63].  

To test the mediating role of collective mind, we added the construct of collective mind to the research model, 
see Figure 3. The results indicated that collective mind is a mediating variable between TMS and knowledge 
integration. Thus, H2 is supported. To add the mediating role of collective mind, the value of the effect of TMS 
on knowledge integration is reduced to (β = 0.217) from (β = 0.517). This shows a partial mediating effect [64]. 

5. Discussion and Conclusions 
In total, the study tested 7 hypotheses, all of which were supported by the data. Testing implications and tempo-
rary explanations for unsupported results are explored in this section. In Table 4, the result indicated that train-
ing was a significant predictor of the specialization and coordination of TMS, but not a significant predictor of 
the credibility of TMS. The possible explanation is that training can help team members promote specialized ab-
ilities, but can’t help members believe in the knowledge supplied by other team members. Each person’s indi-
vidual mind causes him or her to believe other people’s knowledge. Training cannot be depended upon to 
change each person’s individual mind. 
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Figure 2. Results of PLS analysis. Notes: The significance of the path estimates was calculated using a bootstrap 
technique with 500 resamples. †p < 0.1, *p < 0.05, **p < 0.01, ***p < 0.001 (two-tailed).                             

 

 
Figure 3. Results of the mediated model. Notes: The significance of the path estimates was 
calculated using a bootstrap technique with 500 resamples. *p < 0.05, **p < 0.01, ***p < 0.001 
(two-tailed).                                                                    

 
Table 4. The results of the TMS analysis.                                                                    

Independent variables TMS—specialization TMS—credibility TMS—coordination 

Training −0.108* 0.043 0.249*** 

Task interdependence 0.220*** 0.256*** 0.059 

Shared experience 0.072† 0.175** 0.142* 

Common language 0.203*** 0.201*** 0.128* 

Joint decision making 0.218*** 0.037 0.132* 

R2 0.273 0.286 0.259 

Note: †p < 0.1, *p < 0.05, **p < 0.01, ***p < 0.001. 
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The result indicated that task interdependence was a significant predictor of the specialization and credibility 
of TMS, but not a significant predictor of the coordination of TMS. The possible explanation is that task inter-
dependence is the degree of interdependence between the tasks, which is different from team interdependence. 
Task interdependence cannot help to promote coordination between team members. 

The result indicated that joint decision making was a significant predictor of the specialization and coordina-
tion of TMS, but not a significant predictor of the credibility of TMS. The possible explanation is that joint de-
cision making can help team members promote specialized abilities, but it cannot help them to believe in the 
knowledge supplied by other team members. Each person’s individual mind causes him or her to believe other 
people’s knowledge. Joint decision making cannot be depended upon to change each person’s individual mind. 
In our study, we found that common language and shared experience were significant predictors of the speciali-
zation, credibility and coordination of TMS. This finding tells us that common language and shared experience 
are the important factors affecting TMS. The possible explanation is that common language can help team 
members smoothly obtain the knowledge they want. Shared experience can help team members to understand 
the knowledge. 

However, our study also found the important mediator between the process of TMS and knowledge integra-
tion. Knowledge integration must be accomplished through the team’s TMS and requires nearly continuous op-
erational reliability. These heedful interrelations of actions in a social system were the collective mind. The re-
sult indicated that collective mind was a mediator which contributes part of the mediating effect. 

This study has the following academic implications. First, we used TMS to build a knowledge integration 
model, and other researchers can follow this model to do related research. Second, we found some factors af-
fecting TMS. This finding can enrich TMS domain research. Finally, we confirmed the importance of TMS to a 
team’s knowledge integration. For practitioners, this research results in an empirical work that can help man-
agement level staff better understand the process of knowledge integration. A Knowledge Management System 
(KMS) also provides a function which allows members to share experiences, but it must also ensure that the 
knowledge is available in a common language. Management can request that members use KMS for joint deci-
sion making. Knowledge integration depends on IT, but it also can be achieved by training together. Team 
members can understand each other better when the team trains together. 
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