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ABSTRACT 

This research paper presents a model for construction that can bridge the gap between the 

schedules (takt planning or location-based management) and the on-site operations using 

visual management (VM). The model was developed using design science. It was shaped 

in a modular construction environment and evaluated theoretically. The knowledge base 

consists of; takt planning, location-based scheduling (LBS), plan-do-check-act, and visual 

management. The evaluation of the model revealed that a generic model could 

accommodate both schedule methods and incorporate continuous learning. The 

discussion provided knowledge about the industrial implication and how managers could 

apply this in Takt or LBS planned and controlled projects. This research further 

contributes to the literature by extending the existing knowledge of scheduling and visual 

management. 
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INTRODUCTION 

Visual Management (VM) in construction has taken different forms through the years 

(Tezel et al. 2016), Leth et al. (2019) revealed how it is applicable on a strategic level 

when implementing “hoshin kanri” in mega projects. Different models of VM have been 

investigated in various case studies, revealing the industry implications and numerous 

visual expressions (Valente et al. 2016). Valente et al. (2017) found that VM systems tend 

to be static, lack process transparency, and fail to involve the workers performing the 

tasks. Finding less than 5% had created a link between the planning function and the 

visual expression. Reinbold et al. (2020) support this and expand how it affects decision-

making among managers and workers—revealing a gap in understanding how to include 

VM with a planning function that engages and encourages learning among the actors. 

This research was further motivated by the stagnation of labor productivity within 

construction (Neve et al. 2020) and that Lerche et al. (2020) showed how VM led to 

increases in productivity. 
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The literature review made it evident that multiple case studies present 

implementation of VM in numerous expressions and also in relation to different planning 

methods such as Takt at operators level in modular construction (Lerche et al. 2019; 

Lerche et al. 2020), Mariz et al. (2019) used VM to visualize Kanban for planning the 

construction of a dam. (Brandalise et al. 2018) used VM for Kanban combined with a 

performance board, where Farzad and Cameron (2019) used it for deliverable matrixes. 

Wesz et al. (2018) presented a complete project VM adaption of Last Planner System 

(LPS) (Ballard 2000), and Mota et al. (2019) instead defined the VM as part of the 

collaborative planning alone. Jabbari et al. (2020); Singh et al. (2020), on the other hand, 

presented digital solutions for organizing Takt zones according to work density without 

practical application. Despite Takt and Kanban being seen as part of VM models, limited 

knowledge exists of these combined as part of a VM model on project levels. These 

findings reveal a gap in the body of knowledge, where a model accommodating practical 

applications for takt planning or LBS at the project level could contribute. 

The objectives of this research are to provide a production model which 

accommodates the following: 

• facilitates interaction between managers and workers, 

• practical application of takt planning or LBS at the project level, 

• provides a clear overview of activities and labor resources. 

As this research project is within the design science domain, the paper has the following 

structure to meet the objectives. First, the introduction frames the problem, the 

background the presents the literature review, and the method that describes the research 

framework. The results then present the model and its theoretical adoption, leading to the 

evaluation and discussion of its relevance to the literature, and finally, the conclusion 

reveals the potential implications. 

BACKGROUND 

The artifact is composed of the knowledge base, and it is meant to improve the application 

of Takt and LBS in a construction environment. Hence, the background displays Takt and 

LBS's topics as the planning methods, second the visual management, and third the 

learning culture. Together these topics form the knowledge base. 

TAKT PLANNING AND LOCATION-BASED SCHEDULING 

When graphically presented, Takt planning and location-based scheduling (LBS) both 

rely on tasks moving through locations or designated space (production areas), generating 

a continuous visual flow, strengthening the focus on the flow of operations and processes. 

Within each project, the location structures can be determined according to workload, 

which applies to both LBS (Lerche et al. 2019; Lerche et al. 2019) and Takt (Jabbari et 

al. 2020; Lehtovaara et al. 2019; Singh et al. 2020), in particular, the Takt time as 

described by Frandson and Tommelein (2016). 

When Frandson et al. (2015) compared Takt and LBS, they found them to have similar 

capabilities; 

• continuous flow production areas 

• ability to trade scope 

The two methods differentiate when it comes to buffering and controlling; first, we 

address the four buffer types listed here; 1. Time, 2. Capacity, 3. Space, and 4. plan buffers. 
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For buffering, LBS utilizes 1,3, and 4, whereas Takt utilizes 2,3, and 4. Takt further 

underload the activities, creating a capacity buffer. For controlling the takt and LBS, 

Frandson et al. (2015) argue LBS to have a more engineered approach and decentralized 

approach, where Takt relies on verifying the actual area completion. 

VISUAL MANAGEMENT 

Visual management on a construction site is not limited to visual boards, it also 

encompasses visual aids in the environment (Brady et al. 2012; Brandalise et al. 2018; 

Farzad and Cameron 2019; Reinbold et al. 2020; Tezel et al. 2016; Tezel et al. 2011; 

Valente et al. 2016; Wesz et al. 2018), our focus here is on VM production boards or 

models. According to Tezel et al. (2016), VM has nine functions in total, mentioned here 

below; 

• “Discipline,” 

• “On-the-job training (OJT),” 

• “Job facilitation,” 

• “Process transparency,” 

• “Continuous improvement,” 

• “Management-by-facts,” 

• “Simplification,” 

• “Creating a shared ownership and the desired image,” and 

• “Unification and creating a boundaryless organization.” 

1,2 and 3 are related to the behavior of the managers and workers, 4,5,6 and 7 are 

associated with the structure of the processes and plan, 8 and 9 are related to the 

organizational values. Fiallo C and Howell (2012) focused on 4, 6, and 7 when they 

presented project drawings as part of the Takt plan to better overview workers. Tezel et 

al. (2010) supports this and stretch the importance of making VM accessible in the 

proximity of the area needed, which further supports Tezel et al. (2013) finding that VM 

could increase project safety by tracking workers who are working in or around hazardous 

environments. 

CONTINUOUS LEARNING AND IMPROVEMENT 

Whether seen in production or construction, the Deming cycle of Plan-Do-Check-Act 

(PDCA) is a method to ensure management of quality through continuous improvements 

(Deming 2000; Koskela et al. 2019). The direct link to the plan is part of the iterative 

process, which keeps repeating while striving towards perfection. The PDCA model 

function in a corporation with a production planning or control method was seen with 

LPS (Ballard and Tommelein 2016), utilized to prevent deviations from occurring. Lerche 

et al. (2019) showed similar approach incorporation with Takt planning. Although the 

PDCA method has been available for almost a century, there is to our understanding still 

limited knowledge of how to combine it in a practical application with LBS. 

METHOD 

This research project follows the design science framework from Hevner et al. (2004), 

similar to what was utilized in Lerche et al. (2020). Both Baskerville (2008) and van Aken 

et al. (2016) approve this approach in an operations management setting. Figure 1 shows 
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the framework used to develop the model. Based on the knowledge base on the left side, 

the model becomes an artifact (Simon 1996). For finalization and implementation, 

industry experts from a given project are to further shape is based on the right side of 

Figure 1 knowledge of the environment. 

 
Figure 1. Framework for model development. 

The research project had the following sequence, similar to what Rocha et al. (2012) 

presented; 

1. frame the problem from the industry and literature, 

2. the knowledge base was developed through a literature review, searching visual 

management, Takt, LBS, learning culture, 

3. the model was developed based on the knowledge base and past planning 

applications 

4. the model was adjusted and evaluated through three workshops held with part of a 

project team (a site manager, a supervisor, two foremen, and two technicians) from a 

modular construction site in the United Kingdom, 

5. the model was theoretically evaluated based on its functions (Tezel et al. 2016) and 

ability to: 

a) facilitate learning and engagement of both managers and operators 

b) accommodate both LBS and Takt planning 

c) visualize the plan (processes) and labor resources effectively 

d) operate through a given set of rules 

By following this approach, we differentiate from action research, as also argued by 

Järvinen (2007). We do not seek to develop or find a model which only applies in one 

given context but conceptualize it for a broader application purpose. 

ARTEFACT FOR VISUAL TAKT AND LBS MODEL 

INNER ENVIRONMENT 

The key elements of the inner environment consist of the tasks, resources, an area for 

listing deviations and actions, and an area for the key safety and quality issues. The tasks 

are organized according to the Takt or LBS schedule. This also applies to the resources, 

for the resources picture cards or name signs are intended. When tasks and resources are 

organized, the operational rules are as follows. The resource marking under each task 

illustrates the required number of operators by a change in colors, white being the 

minimum, a grey color illustrating the potential for ramp-up, black representing the upper 

limit for resources. 
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The artifact works with a magnet representing the location or module is being moved 

across the board from left to right, starting by positioning a magnet with a location tag 

attached in a). When operations are started, the magnet is moved into b) while the work 

ongoing or determined Work in Progress (WIP). When the Takt or process has been 

completed, the location magnet is placed in c), when the succeeding task is ready for the 

location magnet, it is pulled into b) task 2 and so forth. Meaning that the location moves 

a) to task 1 b), when finished, it moves task 1 c). When task 2 is ready, it moves to task 2 

b), when finished, it moves to c). These steps continue until the location magnet reaches 

d), which is an overview drawing of the final location as seen in, e.g.  (Jabbari et al. 2020; 

Singh et al. 2020) or (Frandson and Tommelein 2016). This overview drawing should be 

detailed enough for workers to identify the zones. The magnet functions as a production 

card from Kanban (Hopp and Spearman 2004), representing the operation from 

Lehtovaara et al. (2020) moving through process steps. The magnet is not to be moved 

randomly but must follow the organized Takt as in a Kanban system. 

 
Figure 2: Key elements for artifact 

Plan, Check, Act is another layer of key elements in this artifact. The list of deviations 

(check) shows the current daily issues, and the action list (act) reveals how workers and 

managers will solve these issues. Ballard and Tommelein (2016) described 5 Why’s 

should be used to make use of the deviations and prevent reoccurrence of issues. 

Reoccurring issues are intended to be uplifted to either the top 3 safety or quality issues. 

This could be expanded with graphs showing preconditions that are not met (Lindhard 

and Wandahl 2012; Lindhard and Wandahl 2014). 

INTERFACE TOWARDS THE OUTER ENVIRONMENT 

The visual impression is interfacing towards the outer environment. It requires an 

understanding of organizing the tasks, the labor resources in accordance with the 

sequence from the designed plan. Figure 2 can be visualized as a whiteboard design. The 

additional board configurations for this application could have a lower quadrant prepared 
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for off-shift workers and management picture cards. These picture cards of workers would 

further be used to show who is working and where. Between the area b) and the task could 

be where a time measure is placed for each task completion. If the process requires it, a 

buffer between tasks/ process steps could protect the flow. For modular wind construction, 

this was used to protect the crane activities to keep a continuous flow. As seen in Lerche 

et al. (2020), an implementation and communication plan would be required to enable the 

connection between the artifact and the outer environment. Tezel et al. (2016) support 

this, arguing that it is necessary to create organizational connections to the VM aid. 

EVALUATION 

Table 1 shows the evaluation of the model by using the functions from Tezel et al. (2016). 

It was not considered relevant to evaluate 8) and 9) as these were related to the 

organization and thereby the outer environment implementation. 

Table 1: Evaluation of the model’s visual management functions. 

Functions Evaluation 

1. Discipline The magnet route encourages discipline among managers and workers, 
as it will be visual to all if the sequence is neglected or ignored.  

2. On-the-job 
training  

This has not been evaluated, but the simplicity and overview could be 
considered enabling factors. The resource cards allow individuals to be 

easily identified in case help etc., is needed. 

3. Job facilitation The artifact allows through its usage of magnets to display where teams 
are located, not only for managers or other workers but also for visitors 

with limited knowledge of the progress. 

4. Process 
transparency 

Tasks and locations are visible to all actors involved, bottlenecks and 
queuing  

5. Continuous 
improvement 

The PDCA continuously allows managers and workers to engage in 
knowledge sharing, assess deviations and actions directly related to the 

production. Enabling this. 

6. Management-
by-facts 

Both 5 and 7 contribute to this function, as everything is available for the 
decision-makers, top 3 functions further support this. 

7. Simplification The direct link between the plan, process, resources, and location  

DISCUSSION 

The artifact was developed in a modular construction environment accommodating both 

takt and LBM scheduling, created as a visual expression of the who, what, when, and 

where. Providing managers and workers with a visual overview of the plan (processes), 

resources, its deviations, and outstanding actions, Lerche et al. (2019); Lerche et al. (2020) 

showed how this approach allowed productivity improvements up to 50% on operators 

level, as the inputs remained consistent, but the throughput time was reduced. Lerche et 

al. (2019); Lerche et al. (2020) also revealed the combination of takt and PDCA at the 

operator level. Our findings here expand on this and extend the body of knowledge by 

creating a model for practical application of LBS and takt at the project level. Furthermore, 

this also reveals the model’s potential usefulness. 
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TAKT AND LBS PRODUCTION IMPLICATIONS 

Frandson et al. (2015) argued that, for controlling Takt and LPS to be different, the artifact 

presents a unified method for controlling tasks and resources independent of the planning 

method. The magnet rules and movement further provide the involved parties and external 

parties with a clear overview of process status and visualizes potential bottlenecks if such 

should occur. Frandson and Tommelein (2016) presented a field production board, which 

at first glance does not provide such a visual overview of the status or potential 

bottlenecks in the production. 

VISUAL MANAGEMENT IMPLICATIONS 

In terms of usefulness and relevance, this model and potential VM solution provide both 

managers and workers with a visual link between the plan, location, and resources. This 

is relevant for practical implementation and decision-making. But it also contributes to 

the discussion Koskela et al. (2018) started of why VM. Our artifact is grounded in the 

planning and control of the processes. The PDCA then continuously allows managers and 

workers to engage in knowledge sharing, assess deviations and actions directly related to 

the production. These insights can then be reused to nurture skill development (Yap et al. 

2020), improve productivity (Neve et al. 2020) as waste and non-value-adding activities 

surface and become identifiable. From an operational safety perspective, Tezel et al. 

(2013) argued that VM increased safety among actors as; when, where, and who becomes 

visual for everyone. The Takt and LBS both present task collisions or limited time buffers, 

which visually allow the first assessment of variability, risks, and hazards. Future research 

would be required to verify this and the actual effect on safety measures. 

CONCLUSION 

The objectives of this research were met, as the artifact engages with both managers and 

workers through visual expression. Illustrating the Takt or LBM schedules in a simple 

overview of all tasks and resources required, with identifiable pictures. The adaptation of 

the artifact requires an understanding of the outer environment, requiring that planners, 

managers, and workers collaborate on organizing the locations, task sequence, and 

resources. A limitation to this research was the lack of practical implementation, which 

allows future research to continue with the model in either modular or regular 

construction context where Takt or LBS is applied. Further research would be required to 

understand the application of the model in other project types, e.g., high-rise buildings. 

Or if the model could be incorporated with, e.g., “hoshin kanri” or other managerial VM 

solutions. 
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