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Supplementary Table 1. Team cognition shaping factors based on meta-synthesis analysis
	New TCSFs
	Symbol
	Extracted original sub-factors (first-level codes)

	Team maturity (The team members harmonization)
	X1
	Divergent priorities at the scene interoperability risks (1). team can fail if interactions are lacking or ineffective coordination occurs (2). team cognition aligning with joint action of team members (2). Effective emergency cooperation requires better interaction processes. (3). Team task confidence positively impacts team performance, (4). The cognitive process needs to be shared for a common understanding of the ongoing situation (5). The scenario distinctly deviated from everyday situations (6). Pre-establishing core team members in an Incident Management Team (IMT) enhances initial trust (7). The data suggests an inverse correlation between team interaction levels and team performance scores (8). team processes might mediate the relationship between taskwork and teamwork similarity and team performance (9). Cognition in crisis management teams requires analyzing interactions among teams. (10). To measure team cognition, the focus is on defining interactions both within and across the cognitive systems (11). Better team performance links to member familiarity; time crucial for meta-knowledge retrieval (12). shared beliefs among team members enhance adaptability to the environment (13). Similarity index measures alignment of beliefs; excessive confidence and fixation hinder team understanding (14). Team members benefit from shared understanding of tasks, roles, and expertise (15). High interaction and trust lead to sharing specialist knowledge (16). Teams develop shared goals, norms, and align individual roles with objectives. (17). Evaluating team effectiveness involves assessing shared knowledge and understanding. (18). Shared familiarity with roles and responsibilities promotes team understanding (19). A well-designed heterogeneous team enhances team performance (20). Inter-cluster interactions facilitate quick consensus attainment among large groups (21). Bureau-political interactions often facilitate rapid, fragmented crisis responses (22). Trust and effective communication depend on understanding past relationships (23). Personnel in multi-agency operations interpreted incidents differently (24). Ensuring a shared understanding of the situation, priorities, and actions is crucial (25). Comprehend the interface between teams in a multi-organizational context (26). Team members are striving towards a shared goal (27). Team members intentionally consider their actions' impact on teammates (28). Crisis teams excel when members prioritize teamwork and common goals (29). Common Operating Picture (COP) serves as the foundation for decision-making in IMTs. (30). Resilience is a crucial characteristic of a Joint Cognitive System (JCS) (31). Cross-level interactions are vital for the inter-agency information sharing system to function (32). Teams improve incrementally with more autonomous agents (33). Team members should memorize the responsibilities of each assistance unit (34). COP relies on mutual trust among agencies (35). Liaison officers, may have established trust, enabling effective dialogical communication (36). Group coordination evolves as roles adapt to conflicts (37). Identifying system trust components guides search and rescue (SAR) organizations in development (38). High SA requires role understanding and organizational awareness during disasters (39). Heedful interrelating and sense-making are crucial in disaster decision-making (40). Human-centered technology design prioritizes team interaction (41). Information relevance depends on understanding different roles (42). Team performance relies on diverse expertise, clear roles, and efficient tasks (43). Team effectiveness linked to abandoning entrenched interaction pattern (44). Team interaction complexity influences task complexity (45). Visualizing interaction networks among emergency teams (46). Enhance interaction between executive and first responder teams (47). Individual and team involvement within the network improved (48). Enhance crisis management team interactions (49). Team cognition encompasses intertwined individual and team-level processes (50).

	Inefficient 4Cs (communication, coordination, cooperation and collaboration)
	X2
	Implementation of strategic goals enhances communication among agencies (51). Verbal communication crucial for assessing sensemaking in macro-cognition (52). Emergent MTS structures disrupt coordination (53). Weak user cooperation hampers disaster management (54). Verbal communication greatly impacts team SA (55). Command struggles to communicate with field teams for updates (56). Trust issues hinder communication and collaboration (5). Actors focused on communicating decision-relevant information (6). Time pressure boosts dyadic communication (57). Communication skills enable members in improvisation (58). Accurate mental representations enhance team coordination (13). face-to-face communication (59). Sender's communication affects recipient's attention to information (60). Multiteam communication processes reveal more uncertainty affecting SA (19). Enhanced information sharing observed when emergency responders collaborate (61). Reminder of designated roles and responsibilities in collaborative activities (62). Team communication styles influence diagnosis performance (63). Coordinator-facilitated information sharing enhances SA (64). Short-term coordination faces on-site communication challenges (65). Shared Mental Models (SMM) are affected by communication modes (23). Implicit coordination better than verbal communication for teamwork (66). Verbal updates had the potential to be highly beneficial (25). through communication, team forms a shared team world information (27). Implicit coordination prevailed in communication during the SAR flight (28). Coordination challenges linked to weak shared mental models. (67). Assertive yet cooperative approach best for crisis decision-making (29). Coordinating decision-making within an IMT (30). Improving decision-making through precise, timely communication (68). Team cognition is accelerated by communication (33). Agent connections depict the flow of information within the system (35). Collaborating with emergency center crucial for addressing uncertainties (36). communication, coordination, and control are interdependent processes (69). Developing communication processes can be based on critical information (38). (53) Team SA in disasters relies on effective communications. (39). To get crucial info from teammates, choose the right way to communicate (41). Make information actionable for users in emergency response (ER) coordination (42). coordination focuses on organizing and distributing tasks among team members (70). Coordination among organizations is vital for crisis and emergency management (47). Network connectedness assesses emergency coordination potential (48). Team cooperation crucial for effective crisis management. (49). Teams showed notable communication restructuring (50).

	Using technology and tools
	X3
	Communication technology improve ER and its simulation (71). using the spreadsheet artifact has enhanced decision-making effectiveness (54). To promote a shared mental model in remote communication, utilize both offline and online technologies (56). Maps were employed to enhance SA, communication, and decision-making (6). Effective decision supports for IMTs aid in representing and managing pertinent information (7). Improved displays that spatially engage teams, can enhance team performance (8). CMT members interact dynamically, using tech tools as needed (11). Automating critical coordination communication with meta-knowledge via software agent (12). Technology could also contribute to enhancing resilience (58). Leveraging technology can enhance information-sharing processes (60). Handheld radios facilitate communication across dispersed sites (19). Technology enhances information sharing by virtually co-locating emergency responders (61). The multiple-view, role-based design aids teams in managing their information (62). Deep learning and defined rewards can enhance shared beliefs (20). Mutual awareness tool in interfaces enhances team members' information access (63). Ensure voice communication infrastructure allows easy access to various channels like radio, mobile, and landline (72). Users connect socially around the uTable using verbal and facial expressions (66). Shared displays and information logs can help with information sharing (25). Crisis decision tools aid in information sharing, knowledge retrieval, and negotiation (29). IMTs integrate inputs into the COP using diverse platforms (30). An information management solution, aids in locating and sharing information (73). Information Technology plays a crucial role in building SA (39). Human-centered Technology design (41). Text-based tech vital in emergencies (70). Current collaborative platforms lack support for advanced activity awareness (43).

	Failure in decision-making
	X4
	Barriers hinder decision-making in multiteam systems (51). Disorderly decisions on Multiteam System formation impacted subsequent processes (53). Teams with adequate intellectual resources may compensate for fatigue in performance (74). Operational decisions rely on SA created by response agents (5). ER scenarios have limited time for decision-making (6). Firefighting and incident command are stressful, affecting individual performance (7). Timeliness is crucial for effectiveness in modern organizations (9). Teams with meta-knowledge enhance members' cognitive capacity for tasks (12). In high-stress conditions, participants felt overwhelmed by workload (57). Task complexity influenced shared beliefs in certain teams (13). Teams handle uncertainty and anxiety from nonroutine events (15). Spatial information played a crucial role during critical decision points (75). Network teams excel in making correct decisions in complex environments (16). Shifting focus to interpretation of information can overcome stagnation in decision-making (76). High-performing teams share structured information for faster decisions (77). Dynamic teams handle time pressure, complexity, and task risks (18). Time pressure in extreme environments requires careful decision management (60). Fire and ambulance teams faced time pressure to assist train casualties (19). Team risk tolerance boosts success in uncertain environments (20). More widely accepted decision agents hinder preference convergence (21). On-site coordinators made crucial decisions with limited communication and information (65). The complexity itself poses a potential challenge to SMM (23). SAR operations allocated limited resources dynamically for critical cases (30). Decision-making evolved in meetings, reflecting major incident stages (78). Actor's skill in addressing dynamic threats is crucial in disaster response (40). Well-informed decisions prevent later problems and save time in response operations (42). Decision-making wheel model from team cognitive work analysis (45). Increased transitions may indicate critical decision points (79). stress and fatigue effects on decision-making in abnormal situations (80). The team faced challenges in deciding on the right course of action (50).

	Improper team training programs
	X5
	Clear goals in ER stress the need for thorough training (51). Goal-oriented training enhances explicit planning, SA, and decision-making (81). Navigating challenges involves organizing drills effectively (71). Exercise scenarios prioritize assessing data acquisition fluency (5). Training can expedite skill acquisition through experience (7). IMT training should integrate self-organizing interaction patterns and adaptive roles (10). Teams acquiring meta-knowledge develop an effective schema (12). Bystanders without emergency room training hindered operations at the crash site (82). Training enables a crucial distinction in same-role improvisation (58). Training helps team members mitigate information complexity effects (13). Similarity index differences inform training and structural changes in teams (14). Interventions might focus on overlearning specific routines for effective adaptation (15). Training team members on responsibilities fosters shared situational understanding (18). Implementing communication-focused training programs is beneficial (60). Emergency responders, trained in managing smaller-scale incidents (19). SMM should be applied throughout training and exercises (23). Operational limitations are linked to the practical challenges of cross-training (28). Regular training enhances team decision-making during crises (29). Role-switching in exercises gives team members diverse experience (34). training should focus on swiftly identifying volunteers' willingness, tasks, and needed support in emergent groups (37). Improved sense-making training enables a more open decision-making process (40). Cross-training prepares players for diverse roles and builds SMMs (41). Reflexive training requires rethinking operational education (42). SMM researchers analyzed and criticized training protocols (43). Findings have big implications for crisis training (44). Simulation informs training for pressured decision-making groups (79). Emergency training exercises help participants focus on various concerns (49). Develop tailored training programs for teams (80). Team members underwent simulation training to identify reorganization mechanisms (50).

	The quality of information and information sharing process
	X6
	In unclear, non-urgent decisions, inter-agency communication decreased, focusing on intra-agency information sharing (51). Close connection of information processing with Leader airtime management in the team (55). Field teams should avoid irrelevant information to prevent distraction or mental overload (56). Information systems generate COP, offering real-time or spatio-temporal information (5). Actors need to grasp relevant information and its relation to goals (6). key IMT members must acquire, represent, and distribute information effectively (7). Diagnosing in crisis management involves assessing vulnerability with incoming information (11). The quality of information is vital for supporting SA (82). The more information requests, the lower the task score (57). More shared information means better SMM and SA (14). Concept mapping for teams to share and integrate vital information (15). Spatial information's impact on team cognition varies with team composition (75). Lack of a common ICT infrastructure and physical proximity hindered information sharing (83). Network structures enable rapid information exchange within teams (16). The information-sharing infrastructure is sufficient for sharing factual information (76). Teams consistently share information about each member's planned actions (18). Both sender and recipient can adopt behaviors to improve access to relevant information (60). Standard data frameworks show when decentralized structures improve information sharing (19). Experts stressed physical co-location as crucial for improving information exchange (61). Timely access to relevant information is vital for understanding dynamic situations (84). Enriched information provision is a way to enhance situation awareness (64). Extreme operating conditions result in information limitations (65). Sensemaking theory examined the impact of unclear early information on actions and understanding (72). A large-scale display offers increased information (66). The information flow's capacity and speed are improved (66). Overloaded telephone lines hindered information confirmation (25). Information is spread among team members (27). Messages relayed through extensive disaster management networks (67). Information sharing processes need better mechanisms to avoid filtering out relevant information (32). Decision makers share SA, creating a final Shared SA for all (85). Team members must recognize all available relevant information (34). Increasing need to gather information about immediate consequences (78). COPs concept provides agents with necessary information, avoiding overload (35). The critical information needs can identify the information requirements (38). Information quality aspects ought to be designed to support a variety of information (73). Key decisions in the game involve choosing and sharing information (41). Interpretation of information is crucial for coordination (42). The information provided encompasses situational details, procedures, and feedback (70). Inconsistent information between control center and failure district stations (45). Repeated requests for information could be viewed as decision inertia or exploration (79). ER agencies need this information for critical response tasks (49).

	Team members incorrect sensemaking of the crisis
	X7
	Sensemaking involves grasping crises, their consequences, and required actions (52). Disaster sensemaking is Interpreting information for understanding. (5). Diverse perspectives crucial for collective sensemaking (11). Dyad demonstrated improved sense-making, implying difficulty in handling multiple events (57). High-performing teams actively participated in extensive collective sensemaking (77). Teams may face challenges due to inadequate sensemaking (86). Sense-making involves making assumptions and attributing significance (32). Neglecting shared sensemaking leads to issues later in the response operation (42). Sensemaking and sensegiving heightened with increased ambiguity (87).

	Lack of procedures or incomplete procedures of teamwork
	X8
	Lack of clear information led teams to rely on outdated routines or improvise (53). Teams should incorporate a brief "how are we doing as a team?" assessment into IMT briefings. (7). CMTs are expected to fulfill their roles outlined in guidelines (10). Untrained bystanders at the crash site lacked knowledge of standard procedures (82). Limited planning for emergency procedures (84). Providing individual and team maps to aid information sharing (62). Rules and procedures serve as vital information for a shared understanding (28). IMTs innovate when plans fail under overwhelming demands (30). A checklist aids in sharing task division knowledge among team members (34). Standard procedures focus information for specialized response teams (35). Overemphasizing standardized procedures can hinder less effective crews (44). Simulation findings guide future policies for pressured decision-making teams (79). Precise rules and regulations are crucial for enhancing performance (47). Clear plans and instructions are vital for ER coordination. (48). Clear rules minimize stress and fatigue (80).

	Team cultural, contextual, organizational and social conditions
	X9
	Variability in team cognitive activity cannot be separated from its context (2). Organizational culture differences impact the sense-making process (3). Cultural factors influencing people's adherence to rules and instructions (71). User context awareness crucial for effective disaster management (54).  Field teams need adaptable information systems for context-based data adjustments (56). Socio-cultural factors influence ERT performance (5). Social contexts influenced participants' roles and interactions in the SAR exercise (6). Highly skilled IMT members are crucial for effective operations (7). Diverse CMTs leverage varied backgrounds for comprehensive perspectives (11). Context shapes Situational Awareness. (82). Positive team mood boosts anticipation and awareness (57). Network teams respond faster than hierarchical teams (16). Assessing behaviors in extreme contexts (19). Decision-making groups in dynamic environments must recognize high-risk factors (21). The experimenter noted communication style differences among teams (63). Organizational interests align in collaborative decision-making (22). Effect of operational context on managerial performance (65). Responding organizations had different priorities and decision cues (24). Frameworks analyze system impacts on teamwork in specific contexts (26). Crisis decision-making is akin to bureaucratic negotiation context (29). Sensemaking revolves around contextual rationality (86). Groups showed consistent distribution but significant activity transition differences (78). Studying communication types and social contexts proved useful (38). Social capital relates to the collective impact of member actions (43). Composition of multi-agency groups responding to major incidents in the UK may vary (79). Emergency Operations Center discussions involve sharing team members' perspectives and concerns (49). Experienced teams executed timely and effective reorganizations (50).

	Actual situation knowledge (or awareness) and perceived situation knowledge (or awareness)
	X10
	Positive effect of Knowledge and situation awareness on performance (4). Awareness of data and its sources affects fluency and challenges (5). Team knowledge and interaction negatively influenced team situational awareness (8). Diagnosing involves collaboratively characterizing perceived knowledge (11). Teams with meta-knowledge outperform those without it (12). Local knowledge of team members could aid in locating the crash site (82). Domain knowledge is effective in team members' improvisation (58). Interventions focus on quick and practical knowledge and skills without elaborate details (15). Spatial awareness boosts human-agent team cognition in human-agent teams (75). In network conditions, specialists transferred more Al Qaeda knowledge to non-specialists (16). Early team transitions promote knowledge sharing and improve task execution (17). Multidisciplinary teams improve by working together to build knowledge (18). Role knowledge crucial for deciding what to share (61). Mutual awareness enhances team diagnosis (63). Rescue operation faced coordination challenges due to limited situational awareness (65). Improve sensemaking by addressing "knowing where" and "knowing what" concerns (72). Past experiences shape present actions (27). Not everyone needs to know everything in diverse teams. (28). Prioritize similar situation models early in cooperation (34). Cooperation roles awareness boosts communication (38). Local experts should leverage their shared environmental knowledge (40). Situation awareness supports effective crisis response teams (41). Officers acknowledge each other's expertise and roles differently. (42). Examination of potential activity awareness issues and proposed solutions (43).

	Leadership behavior and performance
	X11
	Less effective team leaders used more opening statements during initial decision-making (55). Leaders using Recognition-Primed Decision (RPD) rely on experience for decision-making (5). Leadership impacts team members' mental models (13). Over time, team members' beliefs converge with the chief of staff's beliefs (14). Hierarchical teams spend more time due to the leader's decision-making process (16). Initial info-sharing issues across command levels impacted Tactical, delaying vital info identification (60). The fire tactical commander developed a plan for evacuating casualties (19). Strong leadership is vital for agenda focus (84). balancing competing values by operational leaders (22). Managerial roles may need restructuring to maintain coordination (65). The final characteristic is shared leadership, exemplified in the SAR team (28). A team leader can assist team members (34). Leader's ability to provide clear direction and lead the team (70). Crisis management leadership with multiple lead organizations faces significant challenges (47). Crew leaders frequently guided sensemaking and sense giving efforts (87).

	prior knowledge, mental models and transactive memory system
	X12
	ER is marked by ambiguity due to lack of prior knowledge and mental models (5). Temporal Team Mental Models were assessed using two distinct methods, capturing shared knowledge over time (9). Findings have implications for improving team memory and knowledge accuracy (12). Team membership is a predictor of more accurate mental representations (13). Team members learn together, improving shared task understanding and transactive memory system (15). Spatial information increased mental model similarity in teams (75). Teams with similar mental models develop clearer action patterns over time. (17). Face-to-face interactions and learning in diverse teams build shared understanding and expertise exchange (59). Shared mental models are crucial components of emergency management (23). Emergency responders need clear, shared mental models for effective emergency management (26). Team decision-making in crises benefits from an integrative mental model (29). Team members exhibited shared mental models by grasping each other's perspectives. (41). In transactive memory, shared mental models are crucial for comprehensive understanding (43).

	Monitoring the performance of the emergency response team
	X13
	The monitoring protocol helps improve disaster responders' performance. (5). Monitoring IMT processes crucial for identifying and fixing issues (7). Real-time monitoring triggers help for distressed team members (57). Network structures aid teams in monitoring each other's performance (16). Monitoring team member communications and explicitly providing crucial information(84). Monitoring decision-making speed versus careful consideration is useful. (22). Teams monitoring complex systems mainly perform routine tasks (44). Continuous monitoring reduces stress and fatigue (80).
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