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Abstract: The methods of Takt Planning and Control are applied in many
companies. When conducting trainings with employees, subcontractors and clients
the topic of Lean Construction is often imparted. The difficulty often lies in
teaching abstract concepts to participants in a way that is clear and that reflects
reality. A simulation game supports teaching, by its simplified description of real
processes and helps transfer the method into practice. A good example is the
Villego™ simulation game for the use of the Last Planner System. At Karlsruhe
Institute of Technology (KIT) a learning simulation game comprising three rounds
was developed. Presenting Takt Planning and Control in a production facility, it
includes a scale model of a real project. In addition to tasks for the construction
manager and various trades, roles for the client, health and safety manager and
quality manager were integrated. This article describes the development, the game
instructions and the empirical evaluation of the benefits in using Lean in the
simulation game. It has been successfully tested multiple times and implemented for
training by a number of companies. It offers the potential to make the method of
Takt Planning and Takt Control more accessible and easier to understand.
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1 INTRODUCTION

Trainings based on pure theory assume the approach that "knowledge is a result of
learning facts and routines" (Mandl et al. 2015, p.65). Modern approaches toward
learning focus on reflective skills and needs-based learning through a combination of
theory and practice (Pellicer and Ponz-Tienda, 2014). The knowledge learned in
simulation games can be used to actively test the theory in a simplified form. Examples
of well-known simulation games for the construction industry include the Villego™
simulation game developed for the Last-Planner System (Villego). Other examples
include the game Parade of Trades (Tommelein et al. 1998), which shows variance
between parameters together with system effectiveness and the game for Location-Based
Management System from Seppénen (2012). These games have been documented and
analysed in academia.

Some games and trainings in the field of Takt Planning and Takt Control have been
developed by consultancies or by companies internally. According to the research of the
authors there has been little scholarly documentation or analysis of trainings of this

Research Fellow, Karlsruher Institute of Technology, Germany, marco.binninger@kit.edu
Research Fellow, Karlsruher Institute of Technology, Germany, janosch.dlouhy@kit.edu
Team Lean Construction, BMW AG, Germany, svenja.oprach@bmw.de

Professor, Karlsruher Institute of Technology, Germany, shervin.haghsheno@kit.edu

N N

227 | Proceedings IGLC | July 2017 | Heraklion, Greece



Learning Simulation Game for Takt Planning and Takt Control

nature. Also according to Hirota and Formoso (1998) it is not trivial to incorporate Lean
Construction principles and approaches in trainings in an understanding way and so that
old thinking patterns, even of professionals, can be abandoned.

Within the framework of research at the Karlsruhe Institute for Technology (KIT) a
training concept for the topic area of Takt Planning and Takt Control was developed. A
simulation game based on a real project in the industrial sector supports the development
of learning content.

2 GOAL OF THE TRAINING

In the modern (working) world, it is generally no longer sufficient to rely upon a single
set of knowledge and skills learnt in the past (Kriz 2006). There is a demand for the
ability to self-organise and make decisions to solve open problems (Erpenbeck und
Rosenstiel 2003). For this reason, there is a need to develop understanding and a basis for
being able to respond according to any given situation at a later date.

The primary goals of the training are providing a foundation in the methods of Takt
Planning and Takt Control and an application based on the “Three Level Model” (Dlouhy
et al. 2016). The secondary goal is to develop an understanding of Lean principles. The
Lean values should be known and participants should have a basic feeling for value
creation and waste. A simulation game plays a important role and can be beneficial to
implementing these Lean principles (Heyl 2015, Choomlucksana 2013). Soft factors such
as team building, commitment, value to the client, communication and collaboration are
also taught.

The implementation of the simulation game helps to reduce skepticism regarding
transferability of Lean principles to construction projects. If a participant does not begin
with this openness, the effectiveness of learning and absorption of knowledge remain
low.

3 DEVELOPMENT OF THE SIMULATION GAME

The development of the simulation game was oriented toward the five levels of reality
according to Kriz (2003). Based on the real world, these are applicable from the design of
the simulation game to its execution, debriefing, meta-debriefing and evaluation.

e Real World: The first level of reality reflects the real world, a relevant piece of
which has been selected for the simulation game.

e Design phase: During the design phase this real world is transferred to a model.
Here through conscious or subconscious reduction of complexity, reality may be
distorted. This results in a second level of reality. The design phase ends with a
construction of a prototype, which should be tested to be reviewed and modified.

e Execution of the simulation game results in a simulated reality - the third level of
reality. The participants operate within the second level of reality provided by the
simulation model, but are influenced by their knowledge and experience from the
real world - the first level of reality - which they recognise during the simulation
game.

e The debriefing allows for the transfer of the resultant simulation game reality
back to the real world. The fourth level of reality is derived by comparing the
first and third level of reality.
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e Meta-debriefing and evaluation together form the fifth level of reality in which
all levels of reality are compared with one another. It is checked whether the
results of the debriefing match the set learning goals.

The basis for the real world was an industrial project executed using Lean Construction
principles. The project is described in a paper by Dlouhy et al. (2016), but will not be
discussed further in this contribution. From the entire project a simplified subpart was
selected for development of the simulation game. Through the input of reliable real
values, the learning game gains increased credibility and acceptance from participants.

To make carrying over of the effects of the simulation game easier, the system
elements were adapted to a wooden element model with as much detail as possible.
Beginning with foundation piles, over the various loadbearing systems up to the ceiling
coverings, drainage and building envelope, the building was reconstructed to a
manageable scale. Figure 1 shows a comparison of the actual drainage piping to its
adaptation in the model.

Reality: Drainage/Pipeline Model: Drinking Straw

Figure 1: Comparison of reality and model

To support the carrying out of the simulation game an instructional presentation,
guidelines for all participants and an Excel workbook were developed.

Individual processes as well as the entire simulation game were tested and compared
on multiple occasions within the Lean research team at the Karlsruhe Institute for
Technology. Figure 2 shows a trial round during the development phase. At the end of
the design phase, a wooden prototype was converted into a 3D printed model, and a best
practice procedure was determined.

Figure 2: Test round during development using the prototype

During the debriefing after each game round the following questions were placed in
accordance with Kriz et al. (2002).
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e How did you feel?

e  What happened?

e What did you learn?

e What do the game and reality have in common?
e What would have happened if...?

e How will it continue?

After the conception of a design step and the test rounds in teams, a meta-debriefing was
carried out with the participants. For this a special questionnaire was developed. The
results of these are evaluated in chapter 5.

4 CARRYING OUT OF THE SIMULATION GAME

The training concept is designed as a day seminar for a group of 12-20 participants.
Figure 3 shows on the left side the composition of the roles and the problems applicable
for each is described.
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Figure 3: Roles, Structure and effects of the training

The training provides a core simulation game, which has the flexibility to be expanded
upon in different ways. This means that the group is not separated into smaller sub-
groups, but rather the entire training day is focused on one simulation game. The
training includes three game rounds. Lean principles are taught through two theoretical,
and three simulation game lessons. Every game round has a duration of 15 minutes. The
execution of the simulation game and the development of the roles of the participants
are described below. The structure of the training is shown in figure 3 on the right side.
After the welcoming, introduction, asking of goals and expectations as well as a short
briefing the first round begins. The roles (10 trades, construction manager, client and
health and safety manager) are allocated. The trades have 10 minutes to plan the work,
familiarise themselves with the drawings and become familiar with the building material.
The construction manager uses this time to prepare a project schedule. After this time
the simulation game begins. The construction manager organises the trades according to
his or her timeline and attempts to manage the construction site. After only a few
minutes the construction manager loses control, and the characteristic chaos of the
‘classic’ construction approach becomes apparent. If the execution process is disrupted,
the trades are allowed to issue a notice of delay. After 15 minutes the clock is stopped,
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and the status of completion is recorded. Only isolated parts of the building are finished.
Additionally, the participants are asked for their impressions and knowledge gained.

In connection to round 1 of the game a lesson is given on the content of Lean
Construction. It is attempted to incorporate the Lean principles of flow and pull by
determining the sequence of works (process analysis). In addition, a Takt time is
estimated, and an attempt is made to introduce the zero defects principle in the form of
short-cycled inspections.

Building on the theory, the information learned in the first part are integrated within
the second round. The construction manager again has some minutes to develop a
construction strategy. The build-up and execution of the simulation game is the same,
but the trades move through the building systematically according to the execution plan
developed, and attempt to keep to the predetermined Takt. However, after some minutes
the contractors no longer keep to the Takt, and from the perspective of the construction
manager the level of control is as chaotic as in the first round. There is no time for short-
cycled inspections as the construction manager is occupied with solving problems. In this
round, large parts of the building are completed, which still often do not fulfil the
prioritisation of the client.

In the second theory session, which follows, the topic of improved control is explored
in greater detail and instruments such as a Takt Control board or a Takted production
plan are introduced. The duration of individual trades is analysed and the level of effort
determined. With the help of these tools the works are Takted (Haghsheno et al., 2016).
The bottlenecks in production are eliminated to allow for an optimised flow.

Round 3 is carried out in the same way, but the site is managed with the help of a
regular, short-cycle Takt Control board. After some minutes the focus of the
construction manager shifts from reactive coordination to a proactive and anticipative
approach. This also allows space to develop improvements in quality. In this round the
building is usually fully completed ahead of schedule.

5 EMPIRICAL AND QUALITATIVE ASSESSMENT

More than 100 participants over 15 trainings were surveyed for feedback. The
participants included both German and foreign project managers, architects, general
contractors, subcontractors, technical specialists, designers and project controllers. The
questionnaire was divided into two parts with 15-20 closed questions in each. The first
and second parts of the questionnaire were filled out at the start and beginning of the
training respectively.

The majority of the participants in the simulation game had long-term experience in
the construction industry (56% with more than 10 years, 26% with 5-10 years and 18%
with less than five years). Furthermore 77% had not yet gained any experience with Lean
projects. Before completing the training only half (54%) were convinced of the need to
implement Lean Construction in their projects. 100% found physical simulation game
helpful for delivering learning content.

The first part of the questionnaire asked participants for compare the importance of
time, cost and quality. 80% believed that time had the highest priority in industrial
projects. Cost was named as the next most significant factor, and quality the least
important.

However, participants only gave a low to medium rating to their own knowledge of
Takt Planning. Many were also often dissatisfied with the results of time planning, but
were aware that their influence on time planning is significant.
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The relevance of keeping to a schedule shows that the focus of the game should be
time planning. In particular, the evaluation of soft factors supports the use of Takt
Planning and Takt Control in the simulation game: Area prioritisation, transparency,
trust and process flexibility were rated as very important in comparison to product
flexibility. Takt Planning and Takt Control support prioritisation of areas through
defining Takt areas according to the client's priorities. Takt Planning enables a high level
of transparency for all project stakeholders. The visualisation of the Takt Plan allows
possible alternative processes to be quickly visible, which allow Takt Control a high
degree of process flexibility. The trust of all project stakeholders is strengthened by the
means of representation, collaboration and transparency.

In the second part of the questionnaire achieved learning outcomes were surveyed. The
complexity of the simulation game was rated as appropriate by 67% of the participants
surveyed. The 15-minute duration of the rounds was considered appropriate by 83%. The
balance between theory and practice was rated appropriate by 100%. All participants also
agreed the simulation game clearly or to some extent provide a real building project in
simplified form. Surveying of client priorities was rated as clearly apparent by 83%. On
average there is a clear improvement in time planning between the three rounds. A
comparison of rounds 1 and 2 show that in round 1 only 4-20% of simulations were fully
completed, whereas in round 2 the percentage was 80-100%. Further on from round 2 to
round 3 the time of completion improve from about 15:00 to 12:00 minutes. Through an
analytic and mathematical approach of the third round, the size of Takt areas and Takt
time were reduced by two thirds. Through implementation of Takt Control the areas
could reach close to 100% of the calculated potential. In every round completed there
was a clearly measurable trend toward a reduction in time. In the debriefings after each
round, soft Lean factors such as trust, stability, transparency and collaboration were
recognised.
Table 1 shows the improvements by the pre-defined KPIs from round to round.

Table 1: Average key performance indicators (KPI) during the three simulation
game rounds

KPI 1% round 2™ round 3™ yound
Deviation notices 30 10 0
Accidents 4 1 0
Level of completion 4-20% 80-100% 100%
Completion time >15 min. 15 min. 12:00 min
Fulfilment of the 0% 50% 100%

clients value

6 CONCLUSION AND OUTLOOK

The training and simulation game are a fixed part of a large property development
organisation, which has implemented this system. This system has also been
implemented as part of teaching at the Karlsruhe Institute of Technology. Preliminary
enquiries have been made by further interested companies. Presently the training is
focused on a small sub-process - construction of the shell for a production facility.
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Broadening of the simulation game to preceding process steps such as design, approvals
or logistics as well as succeeding process steps such as fit-out is possible. Of the
participants surveyed, 67% agree for the need to broaden the simulation game for fit-out
and installation works. Additionally, 22% would like to see incorporation of the
equipment installation process in production facilities, and 11% would also like to
incorporate the deconstruction processes.

At present a continuation of the simulation game to include fit-out and installation
works is being developed.
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