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Abstract
Planning is an inherent part of any production process. Successful planning outcomes rely on alignment among participants on the tasks required to achieve the expected planning outcomes and the project's overall goals. A shared mental model is necessary to achieve this alignment. However, the development of shared mental models in construction planning teams remains poorly structured and contextualized. This study outlines the principal aspects of a shared mental model that can be applied to assess its development in construction schedule planning teams. Further, the study uses data collected from construction projects implementing the Last Planner System®(LPS) to contextualize the development of shared mental models in construction. The results demonstrate that technical planning for constraint identification, planned percent complete, and coordinated forecasting and negotiation of tasks align with more complete shared mental models. These processes align with indicators of SMMs from literature that include task coordination, clear information exchange strategies, identification and removal of constraints, and continuous progress monitoring and feedback. The project with more indicators through use of a structured process demonstrated more reliable planning, more positive interactions and equity of trade participation, as well as better project schedule outcomes.    
Introduction
An increase in project size, scope, cost, and other construction parameters has been associated with greater project complexity(Luo et al., 2017). Large-scale construction projects tend to be complex from technical, organizational, and social perspectives (Lafhaj et al., 2024). Planning is a critical component in such complex projects. Successful project management relies on well-structured planning processes that go beyond traditional project management. Thus, traditional project planning methods and processes that emphasize documentation and contractual outcomes have been deemed insufficient in modern project implementation (Bascoul et al., 2018). Continued use of the traditional methods and processes currently exposes these complex projects to cost overruns, delays, and a lack of customer satisfaction (Luo et al., 2017).  To achieve streamlined and effective project planning, a shift toward a collaborative approach is necessary. The required collaboration during the planning process can be achieved only when the team develops a shared understanding of project goals and the complexities that can impact project outcomes (Bascoul et al., 2018). However, clarity on how methods implemented to support the planning process influence the development of an aligned interpretation of shared goals and results is lacking. There is limited literature demonstrating how technical processes in non-traditional collaborative planning interact with the development of collaborative behavior among project team members (Lafhaj et al., 2024). 
Background
The highly specialized nature of construction projects and procurement methods makes it challenging for participants to align with the shared goals. This shared understanding of goals and expected outcomes, defined as a shared mental model, is fundamental to the planning process and the coordination of plans (Siebelink et al., 2025). Planning produces a detailed outline of how the project will be executed at different, but interconnected, levels. Therefore, the project team needs to lay out a comprehensive approach to achieve goals and deliver results (Baldwin & Bordoli, 2014). Some outcomes of the planning exercises include detailed schedules, safety protocols, budget, and coordinated information to be used in the production process during the construction stage of the project.  
In construction, planning occurs at different levels, from management to the production crews responsible for putting the work in place. These plans cannot function in isolation, as each level of the plan is fed by a higher-level planning outcome, and its success depends on the successful definition of lower-tier plans. For teams to achieve a shared mental model, various factors, such as training and support (Siebelink et al., 2025), and clarity in communicating these plans and resolving emerging conflicts related to the pursuit of planned outcomes are required (Edgecomb et al., 2025). Planning, therefore, requires a collective agreement on the rational approach to undertaking the project. These commonly include work breakdown, means and methods of production, procurement and subcontracting, stakeholder engagement, logistics and sequencing of production tasks, risk and opportunity management, and optimization of process efficiencies in line with project goals. 
Project planning, however, is increasingly challenged by the growing complexity of large construction projects. The complexities stem from organizational structures within the project, technology, work processes, and uncertain conditions. Planning under such complexities creates uncertainty, leading to possible errors in the execution phase of construction (Lafhaj et al., 2024). Planning efforts, therefore, require methods that address these uncertainties and streamline expectations and goals throughout implementation. Better planning outcomes can be achieved in complex projects when there is a clear understanding of the project goals and a collaborative environment created through shared knowledge, communication, and coordination within the team (Lafhaj et al., 2024).
However, current planning efforts in the construction industry place less emphasis on factors within the planning process that could cultivate a shared understanding to drive collaboration toward established outcomes (Edgecomb et al., 2025). There is limited empirical evidence on how technical planning methods interact with team behaviors to align during the different stages of planning, thereby generating more comprehensive and coordinated planning outcomes. 
This study posits that technical lean methods, notably the interactive process used when implementing the Last Planner System in schedule planning, support the development of shared understanding within a team and result in better performing collaborative planning outcomes. This shared knowledge is demonstrated through behavior, indicating the presence of shared mental models within the team throughout the process. 
Literature Review
Operational definition of shared mental models
In construction teams, shared mental models are characterized by an aligned understanding of the factors driving project results (Casakin & Badke-Schaub, 2017). Effective project performance depends on participants' ability to establish alignment among team members early. The alignment demonstrates a shared understanding of the project goals, the tasks being performed, progress toward those goals, and the constraints on goal realization. In this alignment, an indication of shared knowledge is provided, a phenomenon described as shared mental models(DeChurch & Mesmer-Magnus, 2010). The shared knowledge enabled by the existence of a shared mental model within the team allows team participants to synchronize their actions (Holtrop et al., 2021), resulting in better performance outcomes.   
Shared knowledge within team contexts can be explained through an in-depth examination from three lenses. The three aspects focus on collective understanding of team goals, situational factors, and variations in knowledge and skills. 
Team mental models analyze the commonality of knowledge about tasks and goals among participants, specifically the alignment of task-related knowledge and its distribution across the team. The mental models are measured through direct and indirect tests, such as observing participant interactions during project design, construction planning, and implementation (Casakin & Badke-Schaub, 2017). Establishing this shared knowledge has been associated with better team outcomes, including problem-solving, ideation, and higher-quality product output (DeChurch et al., 2024).
Situation model focuses on the team’s knowledge of changes in the environment by measuring individual participants’ perception of the changes, their degree of comprehension of the changes, and the ability to use the knowledge to predict a future state as defined in the plans generated by the team (Weller et al., 2024). 
The Transactive Memory System model focuses on the use of distributed knowledge and expertise within the team to perform tasks and achieve team goals despite variations in areas of specialization. The transactive memory system model, therefore, focuses on sharing specialized knowledge within the team and on mechanisms for converging distributed knowledge and expertise to align the actions and behaviors of team participants (Hu et al., 2024). Teams with more interdependent goals and tasks are likely to achieve higher transactive memory, thereby improving performance (Zhang et al., 2007).  
Shared mental models across the three lenses, therefore, help to improve team outcomes by driving effective communication and coordination of an approach to decision analysis when pursuing a commonly defined goal (Van Eijndhoven et al., 2023). It forms the bedrock of collaboration across multidisciplinary teams by supporting the development of a common understanding of objectives to be pursued within the team environment (Van Den Bossche et al., 2010). 
Indicators of shared mental models in multidisciplinary teams
A shared mental model can guide multidisciplinary teams toward greater collaboration. It offers a structured, collective understanding of the project and team plan that is being pursued (Casakin & Badke-Schaub, 2017). A shared mental model also eases the understanding and definition of goals and responsibilities (Siebelink et al., 2025). Coordination in performing responsibilities becomes aligned as the team works together toward the defined plans for achieving the goals. The team actions, therefore, become predictable, increasing awareness of the current state and potential future changes in team processes (Faizan Shafique & Sinem Mollaoglu-Scott, 2024). The benefits of establishing a shared mental model extend beyond the technical team processes. It supports positive team behaviors such as respect, trust, and transparency (Edgecomb et al., 2025). 
In the construction industry, shared mental models have been suggested as a big influencer of collaborative behavior and, therefore, better team performance. Edgecomb (Edgecomb et al., 2025) proposed a model that links shared mental model development during the design process with positive design outcomes. The behaviors that supported this development extended beyond technical design team processes, requiring experience, familiarity with tasks, and motivation. In this case, the shared mental model relies on these technical process capabilities and behavioral aspects. The behavior revolves around team communication, conflict, dynamics, interaction and participation, trust, knowledge, and skills sharing. These lead to a common understanding of the task environment, targets, and desired outcomes. The interaction of technical and behavioral factors driving the development of shared mental models is illustrated in Figure 1.
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Fig 1: Factors and outcomes in development of shared mental models (Edgecomb et al., 2025)
Shared mental models within a team can be demonstrated by specific behaviors when executing technical design or production processes. These behaviors revolve around tasks, resources, team interactions, timelines, and priorities. Various researchers have defined specific behavioral indicators that signify a shared mental model within a team, as outlined in Table 1.
Table 1: Indicators of development of a shared mental model among team participants
	






Shared Mental Model Indicators
	Rensburg et al., 2022
	Edgecomb et al., 2025
	Schelble et al., 2022
	Johnson et al., 2007; 2008
	Sinval et al. 2020
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Coordinated communication - Teams that explicitly state what is required to meet goal-related tasks, rather than vague statements, are more likely to develop a shared mental model. Coordinated communication can also be observed through minimal unnecessary interruptions and alignment on meeting cadence, and consistent participation in team planning activities. Activities that facilitate repeated interactions among team members support the exchange of knowledge and the development of a shared understanding of a common concept. Exchanging robust information that impacts project outcomes within the team is a significant contributor to the development of shared mental models. An established team communication plan can help support this improved team understanding.
Hand-offs consistency - Teams with a clear understanding of what is required of each participant are likely to demonstrate a higher level of development in their shared mental model. This can be observed through the existence of less rework in the project and fewer meetings characterized by clarity in who has ownership of each scope. Given the multidisciplinary and interdependent nature of production in construction projects, handoffs between contractors or stakeholders need to be uniformly understood by the exchanging parties. This consistency in understanding of expected hand-offs eliminates interruptions in production and poor-quality outputs. 
Coordinated negotiations on participants' actions - A shared understanding of team processes enables participants to align on what each is working on and predict their next actions. This makes decision-making easier and allows for faster issue resolution. In meetings, this behavior is evident in minimal waiting for decisions, minimal negotiation over tasks, and quicker decision-making.
Coordination of resources - Minimal interruptions from misalignment in shared resources and tools provide a visual indicator of a lack of shared understanding of task requirements within the team. Aligned coordination of resources, on the other hand, is likely to demonstrate effective team coordination and therefore the presence of a shared mental model. This behavior is demonstrated through shared tracking of actions and time spent performing the tasks, and the deployment of personnel to complete the actions. At the end of the planning session, the team is aligned on which subtasks are being performed, when, and where.
Clear team roles and responsibilities- Clarity in responsibility increases team productivity and prevents potential redundancies in task performance. A shared understanding of responsibilities is evident in team members' alignment on who is responsible for what scope at any given time. This provides an indicator of a shared mental model. 
Awareness of timelines - Aligned teams possess a common understanding of task timelines. This alignment is built through discussion on timing, timely completion of promised hand-offs, and limited conflicts on delivery timelines. 
Recognition of participants' knowledge and skills - Teams that explicitly recognize participants' capabilities indicate shared understanding. By highlighting tasks best aligned with specific members and allowing those with the needed skills to contribute to their performance, team members can optimize outcomes and achieve a common goal.  
Alignment on constraints - A shared mental model is evident when the team calls out potential constraints or bottlenecks and agrees on the best approaches to resolve them.  
Strategic resolution of conflict - Highly coordinated teams highlight potential conflicts and discuss strategies to resolve them, preventing them from impacting task performance and goal realization.
Task prioritization - A constant reference to key factors that drive goal realization within the team indicates and emphasizes a shared understanding of team priorities.
Although shared mental models have been explored across various fields, research on their development and manifestation in the construction domain remains limited. Some researchers have explored shared mental models in design and engineering contexts in the construction field (Casakin & Badke-Schaub, 2017; Edgecomb et al., 2025; Siebelink et al., 2025). However, studies focusing on shared mental models that cultivate collaboration during production planning in construction projects remain scarce. Parameters contributing to the development of the shared mental model and their influence on planning outcomes are not clearly defined (Faizan Shafique & Sinem Mollaoglu-Scott, 2024).
Shared mental models gap in construction planning processes
While the literature establishes the importance of Shared Mental Models (SMMs) for coordination and performance, their application in construction planning requires further contextualization. Schedule planning in construction is inherently dynamic, requiring teams to continuously align on task sequences, resource availability, constraints, and evolving site conditions. Unlike more static team environments, construction planning demands frequent updates, real-time decision-making, and coordination across multiple trades and crews with interdependent scopes of work. In this context, shared mental models are not only reflected in general team alignment but are operationalized through planning activities such as defining task handoffs, identifying and removing constraints, committing to short-term work plans, and tracking progress against those commitments (Asadian & Leicht, 2021). Effective planning systems must therefore do more than produce schedules; they must create structured opportunities for teams to communicate, negotiate, and update their understanding of project conditions. Collaborative planning approaches, particularly the Last Planner System (LPS), are designed to address these needs by integrating technical planning functions with social processes that promote transparency, accountability, and continuous learning (Asadian & Leicht, 2022). Through mechanisms such as lookahead planning, constraint management, and weekly work planning, LPS provides a framework for actively developing and maintaining shared mental models, ultimately improving both coordination and the reliability of project execution.
Shared mental model research framework
This study draws from existing literature from various fields to explore how mental models are developed in construction teams during the production planning process using LPS. The framework outlined below guided the analysis of data collected from case study projects implementing LPS to determine the shared mental model indicators exhibited by these planning teams. The study highlights the outcomes of having a shared understanding of project goals during the planning process. 
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Figure 2: Research framework adopted in evaluating shared mental models in LPS teams
Research Process
The research followed a comparative case study model. Using longitudinal observation, coupled with the capture of project data and documents, along with participant questionnaires, provides rich data to support a grounded approach to understanding the differences that developed across the parallel project processes and methods, and the potential influence on the development of team-shared mental models.
Case Studies: Selection Criteria
(Yin, 2003/2009) describes a case study as an investigation of one or a few cases in their actual setting, without interference, utilizing both qualitative and quantitative data analysis. This method allows researchers to gain a thorough understanding of the subject being studied. For this research, a practice-focused case study was chosen to explore how construction teams implement the LPS, considering technical details and its role in fostering shared awareness of project status and planning. 
To address these objectives, two case studies were conducted, examining the development of SMMs during their weekly schedule planning, in concert with the project teams’ use of the Last Planner System (LPS) adoption on different projects. This approach, often referred to as collective or comparative case studies, involves gathering and analyzing data from multiple examples to develop a comprehensive perspective on the phenomenon. The cases selected for the study met the following criteria:
•	A construction team using LPS as a consistent method for schedule planning and coordination.
•	The project was in the construction phase.
•	LPS implementation involved multiple (more than three) contractors.
Data Collection
After selecting the case studies, the research process employed participatory observation to capture the implementation of the Last Planner System (LPS) and document team interactions. This method was appropriate because it allows researchers to engage in organizational events while collecting empirical data in a natural setting (Jones & Leavy, 2014).
A longitudinal observational approach was used to study Weekly Work Planning (WWP) and Lookahead planning meetings over several months. The research team attended multiple meetings for each case study, with an observation period of at least three months to gain a comprehensive understanding of the implementation process.
Initially, researchers participated as observers. After becoming familiar with the project context and confirming its suitability for the study, the research team requested permission to record meetings for further analysis. To ensure transparency and confidentiality, a sample data sheet was provided to demonstrate how the data would be anonymized. As participants were already familiar with the researchers and the study, no objections were raised, and recordings began after obtaining consent from all participants.
For this study, three consecutive meetings from each case study were selected for recording and more detailed analysis, providing a robust dataset for in-depth examination.
In addition to the recorded meetings, this study used a questionnaire to collect team members’ feedback after the final recorded planning meeting for each project. The survey was distributed at the end of the last observation and asked participants to evaluate aspects of team dynamics, including collaboration, communication, and trust. Table 1 summarizes meeting attendance for each project and the number of surveys collected. Of the 36 participants across the two case studies, 32 completed the survey, yielding a 89% response rate.
Table 1- Summary of Questionnaire Survey Responses by Case Studies
	Case Study
	Total Participants
	Collected Survey
	Response Rate

	Project A
	18
	16
	89%

	Project B
	18
	16
	89%

	Total
	36
	32
	89%



Additionally, to assess the teams’ planning outcomes, the study used the Percent Plan Completion (PPC) metric to evaluate task completion over seven consecutive weeks. PPC is measured as the percentage of tasks completed compared to those that were planned to be completed (Ballard, 2000). Data from scheduling and planning documents, recorded meetings, and weekly progress reports were used to perform PPC analysis independent of either team’s PPC use and to ensure consistent data analysis and reporting. 
Overview of Case Study Projects
Project A: The first case study project is an educational building with teaching and research facilities located in the Mid-Atlantic region of the United States. The five-story building spans approximately 300,000 square feet and has a construction budget of $167 million. Construction began in Spring 2021 and was scheduled for completion in Spring 2023. The longitudinal observation of Weekly Work Planning (WWP) meetings for this project was conducted between January and May 2022. 
Project B: The second case study project is a commercial and educational building with teaching and research facilities located in the Mid-Atlantic region of the United States. The building spans approximately 150,000 square feet and has a construction budget of about $130 million. Construction began in the summer of 2022 with scheduled completion in the fall of 2024. The observation phase for this project took place between February and April 2023.
Result & Discussion: Linking Last Planner System Practices to Shared Mental Model Development
To examine how the Last Planner System (LPS) supports the development of Shared Mental Models (SMM), the results are organized around core LPS planning elements and their corresponding team cognition outcomes. Drawing on prior literature, we group observed team behaviors and project practices into four interrelated domains: constraint identification, collaboration, engagement, and progress tracking, which collectively influence project outcomes. These domains map onto key LPS processes: make-ready planning, pull planning, weekly work planning, and learning loops, and represent mechanisms through which shared understanding emerges and stabilizes within teams during production schedule planning.
Constraint Identification and Make-Ready Planning:
Constraint identification aligns directly with make-ready planning, where teams proactively identify and remove barriers to task execution. Effective constraint management enhances workflow reliability by ensuring prerequisite conditions are met before work begins.
Project B demonstrated a highly structured and proactive approach to constraint identification and management. The project team placed significant emphasis on identifying resources, dependencies, and external factors that could influence task completion. Team members actively investigated instances where planned work failed, conducted root-cause analyses, and implemented corrective strategies to minimize recurring issues. Constraint-related decisions were supported through data-driven processes, with analytics used to evaluate the effectiveness of constraint removal efforts and monitor workflow performance.
During planning meetings, the team used several lean management techniques, including the parking lot, constraints log, and variance analysis, to identify, openly track, and resolve issues in a timely manner. Each identified constraint was assigned to a specific individual responsible for resolution, with clear expectations regarding deadlines and follow-up actions. This process strengthened the team’s understanding of roles and responsibilities and improved awareness of project timelines and task readiness. Furthermore, discussions surrounding constraints encouraged negotiation and coordination among project participants regarding required actions, sequencing, and resource allocation. As a result, the team developed stronger alignment on priority tasks, resource needs, and resolution strategies.
These practices supported the development of anticipatory coordination, which represents a core dimension of Shared Mental Models. By explicitly identifying task dependencies, prerequisites, and potential workflow interruptions, Project B reduced execution uncertainty and improved coordination of field activities among team members. The systematic management of constraints fostered a collective understanding of how individual tasks could potentially influence downstream activities, enabling participants to anticipate project needs and coordinate actions more effectively. Metrics used to evaluate this relationship included the number and type of constraints identified during lookahead planning, the rate of constraint removal, and the duration between constraint identification and resolution.
In contrast, Project A exhibited a less formalized and less consistent approach to constraint identification and management. Although anticipated constraints were occasionally discussed during planning meetings, no standardized process for documenting, tracking, or resolving constraints was observed. Planning constraints were mentioned informally, but formal logs, structured follow-up procedures, and systematic assignment of responsibility were largely absent. Consequently, accountability for resolving constraints was often unclear, and there was limited assurance that issues would be addressed within an appropriate timeframe. The lack of a structured constraint management process in Project A weakened several indicators associated with Shared Mental Models. Team members demonstrated less alignment regarding task priorities, responsibilities, and resolution strategies, while awareness of project timelines and prerequisite conditions was less explicit. In addition, the absence of clearly assigned ownership and coordinated follow-up limited opportunities for collaborative negotiation and anticipatory coordination among participants. Compared to Project B, this resulted in greater uncertainty regarding task readiness and reduced consistency in workflow planning and execution.
Collaboration and Pull Planning:
Collaboration reflects the extent to which team members jointly develop, negotiate, and coordinate work plans, corresponding to pull planning practices in the LPS. Through collaborative sequencing and coordination of interdependent tasks, teams externalize assumptions, share perspectives, and align their understanding of workflows, constraints, responsibilities, and project priorities. In this study, collaboration is examined as a key mechanism supporting the development of SMMs, particularly through clarity in communication, recognition of team knowledge and expertise, negotiation of participant actions, understanding of roles and responsibilities, alignment on constraints and resolution strategies, alignment on conflict resolution approaches, and alignment on task priorities and resource allocation. Indicators of collaboration include the frequency and quality of cross-trade coordination, the number of identified versus unanticipated handoffs, instances of rework attributable to coordination breakdowns, and evidence of convergence in team members’ understanding of project goals, sequencing logic, and operational constraints. Qualitative observations further highlight how collaborative planning conversations contribute to the formation of shared interpretations and collective problem-solving behaviors among project participants.
In Project A, the LPS implementation demonstrated inconsistent engagement by trade contractors, limiting the development of shared understanding across the team. Although the facilitator solicited input, discussions rarely addressed resource or capacity constraints in detail, reducing opportunities for alignment on constraints and resolution strategies. Plans reflected only minimal consideration of trade preferences, and while trades were asked to commit to tasks, there was no formal mechanism used to track constraints, assign responsibilities, or establish accountability deadlines. Communication lacked balanced participation and clarity, with most interactions (76%) occurring directly between the GC superintendent and trades foremen, while little direct communication occurred among trade partners themselves. As a result, opportunities for recognition of team expertise, collaborative negotiation of work sequences, and alignment on task priorities were limited. Observations also indicated ambiguity regarding roles and decision-making responsibilities, contributing to coordination gaps and occasional rework caused by unanticipated workflow conflicts. Overall, the collaboration patterns observed in Project A reflected fragmented communication structures and a weaker development of SMMs among project participants.
By contrast, Project B exhibited strong, balanced collaboration that actively supported the development of Shared Mental Models. Video recordings showed that trade contractors and GC personnel each spoke for approximately 50% of the meeting time, reflecting balanced participation and open communication. During six-week lookahead planning sessions, much of the discussion occurred directly between trades as they coordinated activities to satisfy interdependent operational requirements. For example, the site, mechanical, electrical, and plumbing (MEP) contractors collaboratively adjusted trench backfilling activities to allow MEP work to proceed sooner than originally planned, saving time for multiple trades without compromising quality or the overall schedule. Such interactions demonstrated recognition of team expertise, collaborative negotiation of participant actions, and alignment on shared project priorities and constraints.
A notable feature of Project B’s LPS implementation was the willingness of trade foremen to challenge unrealistic requests and propose feasible alternatives. When the GC superintendent requested accelerated task completion, trade partners openly communicated operational limitations, clarified resource constraints, and collaboratively explored feasible solutions, sometimes seeking additional guidance from the GC. These conversations demonstrated both clarity in communication and alignment on conflict resolution approaches, as disagreements were addressed constructively rather than avoided. The team environment also fostered psychological safety, encouraging trade partners to voice concerns or decline requests while jointly identifying workable alternatives. Data analysis showed that all observed refusals were followed by collaborative problem-solving discussions, resulting in a 100% rate of mutually agreeable solutions. This consistent pattern of open negotiation, role clarity, coordinated decision-making, and shared understanding reflected a high level of collaboration and a mature development of Shared Mental Models within Project B.
Engagement and Planning Participation:
Engagement reflects the degree of participation and involvement of project participants in planning activities, including daily huddles, lookahead planning, and weekly work planning meetings. Within the LPS, high levels of engagement support the continuous development and reinforcement of SMMs by ensuring that project participants actively contribute to, interpret, and internalize project plans and decisions. Engagement facilitates collaboration by promoting communication, collective problem-solving, and alignment among team members regarding project goals, responsibilities, and workflow priorities. This dimension can be evaluated through participation rates across project roles, meeting frequency and consistency, observed interaction patterns, and qualitative evidence of active involvement in planning and decision-making processes.
Observations from Project A indicated relatively passive participation from trade contractors during planning meetings. Discussions were primarily led by general contractor (GC) personnel, who directed conversations by asking questions and requesting updates from trade representatives, typically foremen. Responses from trade partners were generally brief and reactive, with limited evidence of participants contributing additional insights, initiating discussions, or collaboratively shaping planning decisions. As a result, communication patterns were largely one-directional, reducing opportunities for collaborative dialogue and limiting clarity in communication among project participants.
The limited engagement observed in Project A also weakened several indicators associated with Shared Mental Models. Team interactions provided fewer opportunities to establish a collective understanding of roles and responsibilities, as discussions focused primarily on status reporting rather than collaborative coordination. In addition, the passive nature of participation limited recognition and utilization of team knowledge and skills, as trade partners were not consistently encouraged to share expertise, identify risks, or contribute solutions to project challenges. Negotiations regarding participant actions, sequencing, and coordination were also minimal, resulting in less collaborative decision-making and weaker alignment on priority tasks and resource allocation. Consequently, planning meetings functioned more as reporting sessions than collaborative planning forums, reducing opportunities for participants to develop shared understanding and coordinated action.
In contrast, Project B demonstrated a high level of active participation and collaborative engagement among all project participants. Trade partners (Last Planners) consistently contributed to discussions, responded thoughtfully to questions, and proactively shared observations, concerns, and recommendations. Discussions were not dominated by a single individual or group; rather, communication was distributed more evenly across team members, with participants both initiating and responding to discussion topics. This balanced participation fostered an inclusive and collaborative planning environment in which all team members contributed to shaping project plans and addressing emerging issues.
The engagement practices observed in Project B strengthened multiple dimensions of Shared Mental Models. Active participation improved clarity in communication by creating an environment where information was openly exchanged, clarified, and collectively interpreted. Collaborative discussions also enhanced understanding of roles and responsibilities, as participants developed greater awareness of how individual commitments and trade activities influenced overall project performance. Furthermore, the planning process encouraged recognition of team knowledge and skills by providing opportunities for trade partners to contribute expertise, identify constraints, and recommend solutions based on field experience.
Project B also demonstrated stronger collaborative negotiation regarding participant actions, sequencing decisions, and coordination strategies. Through open dialogue and shared problem-solving, team members aligned more effectively on priority tasks, workflow sequencing, and resource needs. These interactions contributed to a stronger collective understanding of project goals and execution strategies, reinforcing anticipatory coordination, and improving overall workflow reliability. Compared to Project A, the more inclusive and participatory planning environment observed in Project B supported greater alignment among project participants and strengthened the development of SMMs throughout the planning process.
Progress Tracking and Learning Loops:
Progress tracking corresponds to weekly work planning and learning mechanisms, particularly through Percent Plan Complete (PPC) and variance analysis. These practices enable teams to monitor performance, identify deviations, and adapt to future plans accordingly. These practices enable project teams to monitor workflow reliability, identify deviations from planned work, and adapt to forecasted plans and tasks with confidence. From an SMM perspective, progress tracking supports the continuous calibration of shared expectations by improving team awareness of current performance, task status, resource needs, and workflow dependencies. Key metrics associated with this relationship include PPC trends over time, categorization of reasons for plan failure, recurrence of unresolved issues, and evidence of learning reflected in improved planning reliability and reduced workflow disruptions. 
In Project A, weekly meetings lacked a structured process for reviewing task completion and evaluating plan reliability. The team did not consistently assess whether planned assignments were completed, nor did they systematically investigate the reasons behind incomplete tasks. As a result, there was a limited opportunity to identify workflow disruptions, understand obstacles, or implement corrective actions. The lack of formal progress tracking led to misalignment among participants on project priorities, timelines, and required follow-up actions. Incomplete assignments were not consistently documented or reassigned, weakening accountability and reducing consistency in handoffs between trades and project participants. Furthermore, because performance gaps were not openly analyzed, opportunities for collaborative negotiation regarding participant actions, resource allocation, and recovery strategies were limited. This lack of structured feedback inhibited collective learning and reduced the team’s ability to develop a shared understanding of project status and future work readiness.
Project B, in contrast, implemented a highly structured and systematic approach to progress tracking and performance evaluation. The team consistently reviewed complete and incomplete assignments during weekly meetings, identified workflow disruptions, and examined the root causes of non-completion. Both Percent Plan Complete (PPC) and variance analysis were regularly used to monitor deviations from the planned work and to evaluate schedule reliability. By continuously comparing commitments to actual performance, the team identified recurring issues, implemented corrective measures, and maintained strong planning reliability over time.
These practices strengthened multiple dimensions of Shared Mental Models within the project team. Regular progress reviews improved awareness of project timelines and task readiness by ensuring that all participants maintained a common understanding of current project status and upcoming work. Discussions regarding incomplete tasks and recovery actions facilitated negotiation among participants concerning responsibilities, sequencing, and required corrective measures. The systematic review of workflow disruptions also supported alignment on priority tasks and resource allocation, enabling the team to respond collectively to emerging project needs. In addition, the continuous evaluation of completed assignments improved consistency in handoffs between trades, as downstream teams gained greater confidence in the reliability and readiness of prerequisite work.
Moreover, Project B’s structured feedback loops enhanced alignment on constraints and resolution strategies by ensuring that recurring issues were identified, analyzed, and addressed collaboratively. Through the consistent use of PPC and variance analysis, team members developed a shared interpretation of performance data and a collective understanding of how workflow disruptions influenced project outcomes. This continuous learning process reinforced anticipatory coordination and strengthened the team’s ability to proactively adapt plans, resulting in greater schedule reliability and more effective coordination compared to the less disciplined approach observed in Project A.
Planning Outcomes: Calculating the Percent Plan Completion (PPC)
The Percentage of Plan Complete (PPC) is a core metric in the Last Planner System that manages workflow uncertainty by comparing the number of completed activities to those planned on a weekly basis. While PPC is traditionally viewed as a performance indicator, recent research highlights its broader social function, particularly in shaping team dynamics and learning. For example, Pavez & González, (2012)  suggest that developing weekly work plans and systematically reviewing PPC can strengthen team commitment, support reflective learning, and encourage the selection of more realistic yet challenging goals through the evaluation of past performance, including reasons for non-completion (RNC).
From a team cognition perspective, PPC and its associated review processes play a critical role in the development of Shared Mental Models (SMM). Regular evaluation of completed versus planned work provides structured opportunities for teams to align on task status, constraints, and interdependencies. Discussions around RNC enable teams to collectively interpret disruptions, recalibrate expectations, and refine future plans, thereby reinforcing a shared understanding of both workflow and project conditions.
In this study, PPC was analyzed as both a performance and cognitive indicator to examine planning outcomes across two LPS implementations. PPC values were calculated through a comprehensive review of project scheduling data, progress reports, planning board snapshots, and video recordings of planning meetings. Although Project A did not formally calculate or discuss PPC in meetings, Project B consistently reviewed PPC as part of its weekly planning. To ensure comparability, PPC values for both projects were independently calculated by the research team over a seven-week period, including the recorded meetings and the following weeks, to capture the results of the observed planning (Figure 2).

The results indicate clear differences between the two teams. Project B demonstrated consistently higher PPC values, ranging from 78% to 100%, with an average of approximately 90%. In contrast, Project A’s PPC ranged from 47% to 64%, with an average of 55%, indicating that the team completed only slightly more than half of the activities they committed to each week. Beyond performance differences, the two projects also diverged significantly in how PPC was used as a learning mechanism.
Project A did not engage in systematic discussions of reasons for non-completion, limiting opportunities for shared reflection and adjustment. In contrast, Project B consistently analyzed RNC during each meeting, enabling the team to identify patterns, anticipate recurring issues, and adapt plans accordingly. For instance, during weeks 6 and 7, a decline in PPC in Project B was attributed to weather-related disruptions, with five activities delayed due to snowfall that affected waterproofing and site work. While these external factors were not fully anticipated, the team demonstrated the ability to distinguish between controllable and uncontrollable constraints and maintained a high completion rate for activities unaffected by weather.
These findings suggest that the value of PPC extends beyond measuring plan reliability. When actively used as part of a feedback and learning process, PPC contributes to the development of shared mental models by facilitating collective sensemaking, improving transparency of constraints, and aligning team expectations. Conversely, the absence of PPC discussions, as observed in Project A, limits teams' opportunities to develop and maintain a shared understanding of the workflow, ultimately affecting coordination and performance.
This study shows how the combined effect of LPS practices is reflected in both operational and cognitive outcomes. Operationally, improvements are observed in schedule reliability, reduced workflow disruptions, and lower rework rates. Cognitively, teams exhibit stronger shared mental models, evidenced by consistent task prioritization, fewer coordination conflicts, and alignment in team members’ descriptions of project goals and processes. Cross-case comparison further reveals that projects with more mature LPS implementation show greater stability in planning metrics and clearer indicators of shared understanding.
The success is further highlighted by the overall schedule outcomes: Project A ultimately opened approximately six months later than originally planned, while Project B opened on the original completion date. By structuring interactions around planning, commitment, and learning, LPS enabled opportunities for teams to align their understanding, anticipate constraints, and coordinate effectively. The resulting shared mental models of the plan and task needs supported the teams to share additional information and work collaboratively to successfully achieve project schedule goals. Overall, the findings suggest that developing a shared mental model using structured processes and methods, such as LPS, serves not only to achieve production goals but also to enable more collaborative and enjoyable interactions among project team members. 
Shared mental model development during construction team planning
As in projects A and B, when project teams converge to define anticipated outcomes for upcoming milestones and tasks, the planning methods implemented strongly influence those outcomes. Methods such as LPS, among others, provide the team with an avenue to cultivate a shared understanding of the planning goals, anticipate tasks, and manage known or unforeseen constraints. Structured planning methods provide teams with an opportunity to identify goals and tasks together, creating a shared understanding of goals and clarity in communication. Further, teams implementing the planning methods with higher intensity and intentionality, like project B, can achieve better alignment on project priorities and handoffs, anticipating them from the rest of the team. Consistent reflection on upcoming milestones that require the team's attention during the planning process raises awareness of what needs to be completed before upcoming planning sessions. The team therefore shares a common understanding of project timelines and works toward fulfilling their commitments to prevent disruptions that would delay the realization of the milestones. 
As the team works together during the planning process, communicating handoffs and commitments tied to the project goals helps create an understanding of each participant's responsibilities and roles. Consequently, the team can predict whether constraints on planning outcomes originate within or outside the team, fueling discussions on how to leverage team capabilities to resolve issues encountered during the planning process. A shared understanding of constraints and their sources strengthens the team’s ability to identify solutions to eliminate them. Therefore, it is evident that implementing structured and coordinated planning methods, such as LPS, within construction teams supports the development of a shared understanding of goals, constraints, roles and responsibilities, skills, and project timelines, among other indicators. This shared understanding, which demonstrates a shared mental model within the team, results in an action-behavior-results loop that leads to better planning, project, and team outcomes. Figure 3 illustrates an initial conceptual understanding of how this interdependence of technical process, SMM indicators, and planning outcomes was represented in construction planning teams implementing LPS, leading to desirable project and team results. 
[image: ] Figure 3: Operationalization of the research framework in LPS teams
Conclusion
As highlighted in the literature review, a shared understanding of team processes allows participants to align their tasks, anticipate one another’s actions, and make decisions more efficiently, leading to faster issue resolution. The differences in participation observed between Projects A and B illustrate this principle in practice. In Project B, the active, balanced engagement of all team members, in which participants not only responded but also initiated discussions, reflects a high level of shared understanding created through the implemented system. This enabled the team to make decisions with minimal delay, coordinate tasks effectively, and resolve issues collaboratively. Conversely, Project A’s limited participation, with GC personnel driving discussions and trade partners providing only minimal responses, indicates a weaker shared understanding of the project status and the forecasted plan. The lack of active engagement likely contributed to slower decision-making, more reactive task coordination, and delays in resolving issues during planning meetings. 
A shared mental model is also evident when team members recognize potential constraints or bottlenecks and collectively agree on the best approaches to address them. This concept is clearly reflected in Project B's practices, where the team proactively identified constraints, assigned ownership, and collaboratively developed solutions to ensure smooth task execution. The use of tools such as the constraints log, parking lot, and variance analysis further reinforced a common understanding of project priorities and resource limitations. In contrast, Project A demonstrated a weaker shared mental model, as constraints were rarely documented, ownership was unclear, and resolution strategies were not systematically discussed. The absence of these practices limited alignment among team members and reduced their ability to collectively manage bottlenecks, illustrating the importance of a shared mental model for effective constraint management and collaborative decision-making.
These differences are further reinforced with planning and learning mechanisms within the Last Planner System. In Project B, the consistent use of Percent Plan Complete (PPC) and discussion of reasons for non-completion created regular feedback loops that supported collective reflection and continuous adjustment. These practices enabled the team to align their expectations, interpret disruptions consistently, and refine future commitment key indicators of a well-developed shared mental model. In contrast, Project A’s limited use of PPC and lack of structured reflection reduced opportunities for collective learning, contributing to fragmented understanding and less reliable planning outcomes.
Overall, the findings suggest that the effectiveness of LPS extends beyond improving workflow reliability; it also functions as a socio-cognitive system that facilitates the development and maintenance of shared mental models. Practices such as collaborative planning, proactive constraint management, and systematic performance review create repeated opportunities for teams to align their understanding of tasks, dependencies, and goals. Projects that more fully implement these practices demonstrate not only improved performance outcomes but also stronger team cognition, evidenced by higher engagement, clearer communication, and more coordinated action.
In this sense, successful LPS implementation can be understood as both a technical and social process—one that structures work while simultaneously shaping how teams think, interact, and make decisions. Strengthening this dual function offers a pathway for improving not only project performance but also the quality of team collaboration in construction environments.
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