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Objective: The purpose of this study is to identify and organize factors that can be
influential in the performance of team decision making (TDM) through analyzing
previous accidents in complex systems.

Background: In the operation of complex socio-technical systems, it is increasingly
important to enhance the performance of teamwork, particularly TDM. For this it
is necessary to identify a set of factors influencing TDM. However, there is still a lack
of studies that investigate TDM impact factors and propose a way of organizing
them meaningfully.

Method: We examined 989 accidents in the three work domains (nuclear power
plants, railway systems, and aviation industry). Of those, 258 accidents were considered
as cases in which human errors were involved. Again, a more detailed analysis of
them revealed 35 accidents to which TDM performance was critical. Based on the
analysis of those 35 accidents, we identified 88 TDM impact factors and classified
them into 13 groups.

Results: Seventy-two factors influencing TDM were identified and categorized into
13 groups that are meaningful to more comprehensive study of TDM process.

Conclusion: We derived 88 factors that could influence the performance of TDM
through accident analysis in the three work domains and classified them into 13
groups as well.

Application: The identified TDM impact factors can be a useful input data for assessing
team reliability in complex systems and offer a theoretical basis for understanding
TDM more comprehensively.

Keywords: Team decision making, Team performance, Teamwork, Performance shaping
factors, Accident analysis
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1. Introduction
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2. Research Background
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Table 1. Summary of previous studies on team decision making and its related areas

Literature Topic Factors

Core processes and emergent states (Cooperation, conflict,
Salas et al,, 2015 coordination, communication, leadership/coaching, cognition)
Influencing conditions (Composition, context, culture)

Teamwork Quality of collaboration
Shared mental model
Manser, 2009 Coordination
Communication
Leadership

Team knowledge (of the task and of the team)
Cooke, 2015 Team process (Coordination, communication, team situation
assessment, expert judgement of process)

Team cognition
Individual team member level (Knowledge, constructs, shared mental
Cooke et al,, 2004 models, team situation awareness)

Team level (Communication, team cognition)

Operational context factors (Shifting or ill-defined goals, time
constraints, uncertain dynamic environments)

Human factors (Workloads, team communication, skills, training level,

Keus, 2002 Team decision making internal knowledge, cognitive ability, adaptive capabilities, etc.)

Organizational factors (Team structure, authorization constrains,
required procedures, organizational hierarchy, etc.)

Information factors

http://jesk.or.kr
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Table 1. Summary of previous studies on team decision making and its related areas (Continued)

Literature Topic Factors

Information processing skills (Encoding, storage, retrieval)
Situation awareness (Cue recognition, template recognition)
Problem solving skills (Domain specific skills)

Monitoring (Detecting faults, metacognition)

Oser et al., 1999 Team decision making

Information exchange
Communication

Team initiative/leadership
Support behavior

Rothrock et al., 2009

Team performance
Effective teamwork
Well-coordinated team efforts
Clear/efficient communication
Workload

Andersson et al, 2017

Training and experience

Availability and quality of procedures
Simultaneous goals/tasks

Task type/attributes

Availability and quality of information
Kim et al, 2003 Emergency situation Status and trend of critical parameters
Status of safety system/component
Time pressure

Working environmental feature

Team coordination and communication
Plant policy and safety culture

Cooperation (Team-building and maintaining, considering others,
support others, conflict solving)

Leadership and managerial skills (Use of authority and assertiveness,
providing and maintaining standards, planning and coordination,
workload management)

Situation awareness (Awareness of aircraft systems, awareness of
external environment, awareness time)

Decision making (Problem definition and diagnosis, option
generation, risk assessment and option selection, outcome review)

CRM (Crew Resource

Flin et al, 2003 Management)

Team climate (Communication environment, leadership, overall team
performance)

TEM (Threat and Error Planning (Briefing, plans stated, contingency management)

Management) Execution (Monitor/cross-check, workload management, automation
management, flight strip management)

Review/modify (Evaluation of plans, inquiry)

ICAG, 2005
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Table 2. Summary of factors influencing team decision making

Category Factors Example

Organizational factor Culture Culture, safety culture

Team cognition, shifting defined goals, shared mental model,

Cognition simultaneous goals/tasks

Communication, team communication, clear communication, efficient

Communication L
communication

Team members, team structure, authorization constraints, organizational

Composition hierarchy
Conflict Conflict
Cooperation Cooperation, quality of collaboration
Team factor — — — -
Coordination Coordination, team coordination, workload, well-coordinated team efforts

Information exchange, collection, availability and quality of information,

Information factors . .
encoding, storage, retrieval

Leadership, expert judgment, initiative leadership, problem definition and
Leadership diagnosis, option generation, risk assessment and option selection,
outcome review, management

Procedure Required procedures, availability and quality of procedures

Support behavior Support behavior, support others

Adaptability Adaptive capabilities, domain specific skills

o Knowledge Team knowledge, task knowledge, task type/attributes, internal knowledge

Individual factor — - —— -

Monitoring Detecting faults, metacognition, situation awareness, monitor/cross-check

Training Training level, experience, skill

Context Uncertain dynamic environment, working environment feature, critical
External factors parameters, policy

Time constraints Time constraints, time pressure
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3. Method and Results
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3.1 Collection and analysis of accident reports
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Table 3. Gathering and analyzing accident reports

Number of
accidents associated
with TDM

17
10

Number of
accidents related to
human factors

135

37
86

Number of
accidents

696

726

87
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3.2 Identification and organization of TDM impact factors
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Table 4. Identified 88 TDM impactor factors and 13 factor groups
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Table 4. Identified 88 TDM impactor factors and 13 factor groups (Continued)

Identification of Team Decision Making Performance Factors 393

Group Factors Frequency Work domain
Inflexible decision making 1 Aviation
Inflexible work order 1 Aviation
Not anticipating situations 1 Aviation
Leadership Unskillful judgment 1 Aviation
Judgment error 1 Aviation
Incorrect situation assessment 1 Railway
(Leader's) Mistake 1 Nuclear
Ignorance of checking 5 Aviation, Railway
Failure to do a continuous check 1 Aviation
Insufficient supervision 2 Aviation, Railway
Not recognizing situation 1 Aviation
Being impossible to check state 1 Railway
Monitoring Inappropriate state identification 1 Nuclear
Not checking state 1 Nuclear
Failure to discriminate something 1 Aviation
Erroneous recognition 1 Railway
Poor recognition 1 Railway
Incorrect recognition 1 Nuclear
Not checking information 1 Aviation
Inattentive examination of (risk) factors 1 Aviation
Non-delivery of information 2 Aviation
Not sharing plans 1 Aviation
Information factors Not offering information 4 Aviation, Railway
Not exchanging information 1 Railway
Insufficient sharing of information 1 Railway
Incorrect information 1 Railway
Poor exchange of information 1 Nuclear
Culture Safety culture 1 Nuclear
Inappropriate manipulation time 1 Aviation
Time constraints Not conducting an order at the right time 1 Railway
Delayed action 1 Nuclear
Not briefing 1 Aviation
Communication Poor communication 2 Aviation, Nuclear

Use of inappropriate words

Aviation

http://jesk.or.kr
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Table 4. Identified 88 TDM impactor factors and 13 factor groups (Continued)

Group Factors Frequency Work domain

Not notifying 7 Railway
Poor responding 1 Railway
Insufficient communication 1 Railway
Not communicating 1 Railway
Confused communication 1 Railway
Not issuing an order 1 Railway
Not delivering an order 1 Railway

Communication Not delivering instruction 1 Railway
Noisy communication 1 Railway
Not reporting 2 Railway, Nuclear
Unclear communication 1 Railway
One-sided communication 1 Railway
Inappropriate communication 2 Nuclear
Problematic communication 1 Nuclear
Problematic communication system 1 Nuclear
Inappropriate manipulation 1 Aviation
Not following rules 3 Aviation, Railway
Not manipulating something 1 Aviation
Arbitrary judgment 3 Railway, Nuclear
Not acting something 2 Railway
Arbitrary change 2 Railway
Arbitrary manipulation 1 Railway
Neglecting a duty 1 Railway

Procedures Not following an order 1 Railway
Insufficient procedures 2 Nuclear
Inappropriate procedures 1 Nuclear
Being unable to choose manipulation method 1 Aviation
Insufficient coping with situation 1 Railway
Insufficient follow-up measures 1 Railway
Inappropriate coping with situation 1 Railway
Erroneous manipulation 1 Nuclear
Incomplete coping with situation 1 Railway
Insufficient allocation of roles 1 Aviation

Coordination
Dualistic role allocation 1 Railway
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Table 4. Identified 88 TDM impactor factors and 13 factor groups (Continued)

Group Factors Frequency Work domain
o Confused workflows 1 Railway
Coordination
Overlapped works 1 Nuclear
Insufficient attentional resources 3 Aviation, Nuclear
Carelessness 2 Aviation, Railway
Attention Forgetting to check states 1 Railway
Mistake 3 Aviation, Railway
Lapse 2 Railway
Insufficient understanding of rules 1 Railway
Knowledge Erroneous understanding of structure 1 Nuclear
Poor understanding 2 Nuclear, Railway
) Insufficient guidance 2 Aviation
Support behavior — - -
Leading incorrect judgment 1 Railway
' Lack of cooperation 2 Railway, Nuclear
Cooperation - -
Problematic cooperation system 1 Nuclear
Insufficient training 2 Railway, Nuclear
Training Low experience 2 Nuclear
Unfamiliarity with works 1 Railway, Nuclear
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Factors identified only in
literature review

Cogpnition
Composition
Conflict
Context
Adaptability

x| 7}

E|l O
[=

FCHSalas et al, 2015).

Common factors
Information factors

Leadership

Procedure
Time constraints

Support behavior
Knowledge
Monitoring

Communication
Training

Culture
Cooperation
Coordination

Table 5. Comparison of TDM impact factors
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