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1. Need for teaching Accounting for Lean
The principles and methods of Lean Production are accepted worldwide as the benchmark
for a highly efficient and competitive production [1] [2] [3]. Nevertheless, most companies still
do not realize the full potential of Lean. The results of a Lean transformation often lag behind
the management’s expectations [2]. For sustainable bottom line effects, experts suggest that
Lean initiatives need to enlarge their limited focus from production and logistics to
implementing an integrated comprehensible Lean Management System [1] [4]. Traditional
standard absorption costing, as an essential part of management systems, is recognized as
a barrier to a sustainable Lean transformation [5]. The developing field of Accounting for
Lean (AfL) evolved to overcome these obstacles and to provide information, which is
congruent with Lean Thinking and actively supporting the Lean journey. Managers and
controllers need to be aware of the problems of traditional accounting in Lean environments
as well as accounting alternatives to support Lean.
A great challenge in implementing an AfL system is “the lack of education and understanding
of what is an appropriate methodology to account for Lean“ [6]. Traditional accounting
education is focused on external financial accounting and does not expose students to Lean
Management. The barriers to AfL in academia seem bigger than the barriers in companies
[7].
Adequate programs for educating AfL have to be developed to close this gap and support a
holistic Lean approach. Simulation games in learning factories are an excellent way of
teaching Lean principles as well as methods of AfL [8]. This article describes how an existing
Lean simulation game was extended with an accounting module to show the need for a Lean
conformable accounting system. After a short description of the PULS learning factory
(chapter 2.1) and structure of the simulation game (chapter 2.2 and 2.3), the course of the
game is explained in detail (chapter 2.4).
2. A Lean simulation game in a learning factory
2.1 The Lean learning factory at the Technology Centre Production and Logistics
Systems (PULS)
The PULS Technology Centre for Production and Logistics Systems operates a Lean
learning factory. The highlight is a 900 m² production area with state of the art

infrastructure for manufacturing and assembly according to Lean principles. It is designed to
mainly train the methods as well as the principles of Lean Production and Lean Logistics in a
realistic learning environment to students as well as practitioners from international
companies.
In general, the technology centre as a more realistic simulation game environment gives the
participants a connection point with their own workplace. Therefore, it is easier for them to
transfer the learning content into their own knowledge. Additionally, potential resistance
against the learning content can be countered by the instructor since the teaching happens in
a realistic environment instead of a theoretical class room [8].
Simulation games in learning factories have a high level of relatedness to reality. This
increases e.g. the effort for developing and performing a simulation game. Therefore, it has
to be evaluated if the circumstances of the intended learning scenario support the decision
for a realistic learning environment [9]. In the case of the simulation game for teaching main
principles of AfL, the authors have the opinion that the advantages justify the higher effort.
Besides the general advantages of simulation games in learning factories, the learning
content in this case (see section 2.2) makes the higher effort necessary. There are numerous
successful Lean simulation games taking place in class rooms. Nevertheless, the authors
have the opinion, that a learning factory promises the best learning outcome for teaching
content about production systems in connection with organizational and accounting issues.
2.2 Classification and overview about the Lean simulation game “From Job Shop
Production to One-Piece-Flow”
The main didactic training tool in the Lean learning factory is the simulation game “From Job
Shop Production to One-Piece-Flow” focussing on the transfer of knowledge as well as
professional and methodical expertise. The didactical goal is that the participants can apply
the learning content afterwards in their own work environment. This simulation game is
designed as a closed scenario multistage game and is an integrated part of the master’s
program “Industrial Engineering and Management” as well as several further educational
trainings. Since the target groups for this game are master students and management staff,
the level of complexity and interdisciplinary content is rather high. The game set is the
assembly line of a company producing logistics trolleys (see Figure 1). Eight to twelve
participants assemble as one group real trolleys in two types of production systems. The
participants play different roles they are assigned at the
beginning and keep them until the end of the game.
In the first production run the participants work in a pushFigure 1: Logistics trolley as the product
of the simulation game

oriented mass production system, where the layout of the

learning factory is according to a job shop production. In the second run the layout is
changed to a U-shaped assembly line in a pull-oriented Lean production system. Intensive
debriefing sessions with qualitative and quantitative indicators after each game round play a
major part in the transfer of knowledge and competencies. To integrate AfL into the
simulation game a financial add-on module was developed, which analyses the simulation
game also in monetary values.
The main learning contents of the simulation game are
•

Differences between a mass production system and a lean production system

•

Lean principles in production, logistics and accounting / controlling

•

Difference between traditional accounting and AfL in a Lean environment

•

Necessary unity of production system, organisational structure and accounting
system for successful Lean transformations (figure 2).

Figure 2: Unity of production, organisation and accounting

The whole simulation game takes about four to six hours. The extent of the theory units
depends on the type of course and the previous knowledge of the participants.
With respect to the target groups and the complex and interdisciplinary learning content of
this simulation game, high demands are applied when it comes to the instructor of this game
[10]. The success of a simulation game in general highly depends on the qualities of the
instructor. Especially the AfL learning content is fairly new and is expected to stimulate a
controversial discussion during the debriefing sessions and the theory parts. Therefore, it is
crucial for the success of this simulation game, that the instructor
•

has a profound understanding about the learning content,

•

knows about the potential discussion topics,

•

and makes a professional impression on the participants by having the game under
control at all times.

2.3 General structure of the simulation game
Figure 3 shows the structure of the simulation game. After teaching Lean Management
theory units, the simulation game is performed on the shop floor of the learning factory. The
two mentioned game rounds are each followed by intensive debriefing sessions, analysing
the following topics:
•

the layout and material flow through the production,

•

the organisational structure,

•

the cost centre structure,

•

some production performance indicators and

•

the financial performance by means of product costs and gross profit.

Figure 3: General structure of the simulation game

In the second debriefing session the results of the two production runs are compared.
Participants realize that the enormously improved operational performance in the Lean
system is not reflected in the traditionally calculated financial results. Traditional full
absorption costing was developed to support mass production, which assumptions are in
conflict to the Lean philosophy [6]. The participants recognize the need for an alternative,
Lean supporting accounting method.
The establishment of this understanding creates the bridge to the basic theory of AfL as a
proposal for solution. Main principles and methods of AfL are discussed in the learning
factory and transferred to the simulation game.
2.4 Course of the simulation game
The following chapter describes the course of the simulation in detail. Although the
explanation is cropped to the specific situation in the PULS learning factory, the structure and
basic concept can be transferred to other Lean manufacturing simulations.
2.4.1

First game round: job shop production in a mass production system

The first game round starts in a predefined mass production system. Every participant draws
one of the following game roles:
•

General manager (order management),

•

Assembler (pre- and final assembly),

•

Logistician (material supply of raw material and work in progress parts),

•

Quality Inspector (testing, reworking and labelling),

•

Industrial Engineer (time measurements).

The trolleys are produced in a job shop production with four main steps:
•

Pre-assembly of the steering rolls,

•

Assembly of the whole trolley,

•

Quality inspection and labelling,

•

Packaging.

Each production run takes 12.5 minutes with a goal of ten deliveries to customers. A high
division of labour and different functional departments characterise the assembly process, as
typical of mass production systems. The participants are encouraged to produce as much as
possible because of piece rate wages. A real and a schematic layout of the job shop
production is shown in figure 4.

Figure 4:Real and schematic layout of the first production run

Orders are pushed through the production in a batch size of three pieces. This equates mass
production thinking in economies of scales for optimising the efficiency. The design of the
simulation game leads to an overproduction of trolleys because of an imbalanced production
in a push-style.

2.4.2

Debriefing of the first game round

A debriefing session is performed after the production run at the shopfloor of the learning
factory using manual and electronic multi-media whiteboards.
The first debriefing-topic is the organisational and cost centre structure of the first game
round. An organisational and cost centre chart is drawn on a whiteboard (see figure 5).

Figure 5: Organisational and cost centre structure of the job shop production

Although the game simulates a relatively small production environment, the participants
realize the complexity of the system. With focus on shopfloor personnel the system consists
of five departments and six cost centres. It is discussed that the division of labour and
introduction of functional departments in a mass production system of HENRY FORD and
FREDERICK TAYLOR causes this complexity. Afterwards participants are asked about the
production process. They analyse the system in terms of TAICHI OHNO’S seven types of
waste (transport,
inventory, movement,
waiting, overproduction,
overprocessing and
defects) [11]. Some
qualitative and
quantitative
performance indicators
are documented. For
example, the
overproduction of the
first run causes an
increasing stock level
Figure 6: Documentation of production run results

with about three days of

inventory. The whole production system is controlled by massive stocks and causes high

effort for coordination and production planning. The walking distance and path of the
logistician is tracked by a real time location system (based on an indoor GPS), which
visualises the intransparency, the enormous effort and the low efficiency with many empty
logistics runs. The industrial engineers present the measured throughput times of some
marked trolleys. Long and instable throughput times are the consequence of the mass
production run.
After this general analysis the focus will be changed to the financial numbers. A traditional
full absorption costing system is used to evaluate the financial performance of the first run
with a product cost calculation and an income statement. This is done by using an electronic
whiteboard and a spreadsheet program on the shopfloor. Traditional full absorption costing is
done in three steps [cf. 12]:
1. Cost type accounting: determination of costs incurred and systematic
classification of cost types
2. Cost centre accounting: allocation of costs to cost centres
3. Cost object accounting: calculation of product costs and income statements.
In the first step, the participants discuss some basic cost accounting terms like fixed and
variable costs or direct and overhead costs. Appendix 1 shows the basic cost accounting
data that is used for the calculations in the simulation game.
In the second step - cost centre accounting - a cost distribution sheet is created step by step
(see appendix 2). It becomes obvious how complex and arbitrary the allocation of overhead
costs is done in traditional accounting. The instructor will discuss some drawbacks of full
absorption costing for internal decisions like the allocation of overheads in combination with
raising overhead portions or the variabilisation of fixed costs, which leads to poor decisions.
The result of the cost centre accounting will be overhead rates for primary cost centres.
These are needed for the subsequent product cost calculation.
In the third step the product costs of the trolley are calculated using direct costs and the
calculated overhead rates. The product costs are used in an income statement to determine
the gross profit of the first game period. As seen in table 1 the income statement shows a
gross profit of 164 € and a return on sales of 33 %.

Table 1: Product costing and income statement for the first production run

For simplification reasons the analysis does not differentiate between work in progress
inventory and finished goods.
After the general and financial analysis a short brake follows where the instructor changes
the layout from job shop production to flow production.
2.4.3

Second game round: one-piece-flow in a Lean production system

In the second round the participants run a Lean production system. The changes to the first
run are discussed with the use of the eight systematic first principles of Lean [13]:
•

Tact: the assembly gets linked to the customer through producing according to the
customer tact time of 1.25 min piece (= 12.5 min game time / 10 piece customer
demand).

•

Flow: the job shop production with batches of three pieces is replaced by a U-shaped
assembly cell and a one-piece-flow between the work stations (see figure 8).

Figure 7: Real and schematic layout and flow of the second production run

•

Pull: to avoid overproduction a pull production control system is installed, where the
downstream work station starts to assemble only if the upstream work station “pulled”
material.

•

Integration: the several departments and work stations of the first production run are
now integrated in an assembly cell (value stream).

•

The remaining principles standard, stability, synchronization and perfection are
mentioned and discussed in theory but are not in focus of the simulation game.

The second production run still lasts 12.5 minutes with a production goal of ten trolleys.
2.4.4

Debriefing of the second game round

The debriefing session starts with analysing the new organisational chart (figure 9). Lean
companies implement a value stream organisation, where ideally all
resources are dedicated to value streams. A value stream comprises a
family of products with similar features and characteristics [14]. The
comparison of both organisational charts unveils, that the Lean
principle integration reduces the complexity and is the basis for a
holistic process-oriented organisation. Furthermore, dedicating
Figure 8: Organisational
and cost centre
structure of the Lean
production run

recourses to value streams transfers overhead costs into direct costs
of the value stream. The number of cost centres can be reduced from
six to one due to a less complex organisation.

The Lean system of the second production run is compared to the previous mass production
system using the same

Table 2: Evaluation of performance indicators for both production runs

performance indicators. Table 2
shows the results and is the
starting point of a discussion
about waste in the Lean
production run. Participants
realize that the Lean system
enormously improved the
performance indicators.
The realisation of the pull-principle assures that production and sales volume are the same,
i.e. the overproduction of the first run is avoided. After physically experiencing and discussing
the benefits of the Lean production run, the financial analysis is performed using the
electronic whiteboard and spreadsheet software. Data about inventory and production
volumes are entered. The spreadsheet shows the product costs and the gross profit of the
Lean system (table 3).

Table 3: Product costing and income statement for both production runs

This creates a light-bulb moment for the participants. In spite of improved operational
performance indicators in the Lean production run, the financial results got worse. The
following discussion analyses the causes for this fact. The fixed costs of the game round are
allocated to the overproduced pieces in the first production run, which leads to calculative
lower product costs. Traditional absorption costing defers a portion of the periods fixed costs
to the inventory. The income statement does not recognize the overproduction, because the
excess production volume is treated as an asset in the inventory line of the balance sheet.
The underlying assumption (from mass production times) is that the capitalized inventory will
be sold in the future with same profits. This assumption is not solid in a modern production
reality. In consequence, the worst type of waste according to OHNO, overproduction, is
honoured by higher profits in traditional accounting. Cost of inventory or opportunity costs of
capital are not considered in traditional accounting, but their real existence is discussed with
the participants.
The instructor explains briefly the history of traditional accounting, which was invented in
times of FORD and TAYLOR to support their mass production philosophy. The participants
realise the need for an accounting system that fits to the Lean production system and the
value stream organisation (refer to figure 2). This is the initial point for introducing basics of
Accounting for Lean as a solution.
2.4.5

Integration of Accounting for Lean as an alternative to traditional accounting

Accounting for Lean is defined as an “accounting process that provides accurate, timely, and
understandable information to motivate the Lean transformation throughout the organization
and improve decision-making, which leads to increased customer value, growth, profitability,
and cash flow.” [14]
Accounting for Lean utilises value stream costing for cost and profitability reporting. Key
characteristics of value stream costing are discussed with the participants [cf. 15]:

•

Focus on global value stream performance rather than profitability of single
operations and products

•

Sales and costs are recognized when incurred (turns away from accrual basis of
accounting to a cash basis)

•

Most non-material costs are treated as fixed costs

•

Simple summary direct costing of the value stream on an actual cost basis

•

Cost object and profit centre is the value stream with clearly dedicated resources

•

Only few or ideally no allocation of overhead costs

•

Supporting of waste elimination efforts and understandable cost information for
decision-making.

Due to the value stream organisation that was implemented in the second production run, it
became possible to introduce value stream costing in the simulation game.
In the third debriefing session a value stream income statement, which uses value stream
costing, will be implemented. It is discussed as an alternative income statement, with a Lean
conformable costing approach. As to be

Table 4: Value stream income statement

round 1
sales
500,00 €
material costs
450,00 €
wages & salary
36,00 €
machine costs
9,00 €
auxiliary material
1,00 €
rent
4,00 €
additional costs
1,00 €
total value stream costs
501,00 €
- 1,00 €
value stream profit
return on sales (ROS)
-0,2%
adjustment to external financial rules
corporate overhead
3,00 €
inventory change
168,00 €
gross profit
164,00 €

round 2
500,00 €
300,00 €
36,00 €
9,00 €
1,00 €
4,00 €
1,00 €
351,00 €
149,00 €
29,8%

seen in table 4, the Lean production run
creates a higher total profit and return on
sales than the mass production run. No
fixed costs are deferred to inventory. In
this view inventory is seen as waste and
not as an asset. Profits are generated by
selling products with less total resource
input and not by overproduction. In value
stream costing the overproduction of the

3,00 €
- €
146,00 €

first production run creates higher
material costs. All other costs are treated
as fixed costs of the game period, which

is more consistent with their “true nature” of cost behaviour [cf. 15]. Thus there is no
difference in both production runs. This view of costs motivates behaviourthat is congruent
with Lean thinking.
The instructor shows, that this internal accounting system can be adjusted for external
reporting rules according to German HGB or US-GAAP. Accounting for Lean uses an internal
accounting system to support the Lean strategy. The value stream statements can be used
for external reporting after a few adjustments. Traditional accounting works the opposite way,
because it is focused on external reporting needs and in almost all companies used for
internal decision making. This paradigm shift is made clear to the participants.

After this first intensive Accounting for Lean discussion, the value stream statement for the
second production run will be detailed. The participants are reminded that Lean classifies
work in three categories, that are
•

value added

•

non-value added but necessary

•

non-value added and unnecessary.

This classification is used for the introduction of new Lean-oriented cost types. The existing
value stream statement will be detailed with the following cost types:
•

Cost of added value

•

Cost of current needed waste and

•

Cost of waste.

Table 5: Detailed value stream statement with
added Lean-oriented cost types

Table 5 shows the extended value stream statement.
The information for categorizing the periods costs

VALUE STREAM DIRECT COSTING
sales
cost of added value
material costs
wages & salary
depreciation
auxiliary material
rent
additional costs
contribution margin I
cost of current needed waste
transport - logistics
waiting - wages
unnecessary movements - wages
non value adding work - salary
contribution margin II
cost of waste
defects (rework) - salary
value stream profit

500,00 €
336,39 €
300,00 €
21,39 €
9,00 €
1,00 €
4,00 €
1,00 €
163,61 €
14,19 €
4,00 €
2,94 €
4,17 €
3,08 €
149,42 €
0,42 €
0,42 €
149,00 €

into the three Lean cost types is gathered out of
available data in the learning factory. On an installed
shop floor board information for monetarising waste
in the value stream can be found. For example, the
portion of waiting times (2.94 €) can be determined
by an operator balance sheet, which shows average
waiting times on the work stations caused by a not
perfectly balanced assembly line. Also shop floor
management data about capacity demand for rework
is used to calculate the cost of waste. Applications for
the use of this information like prioritizing

improvement activities or analysing long term trends of waste reduction are discussed with
the participants.
3. Conclusion
A simulation game in a learning factory is used for convincing accountants, controllers and
managers, that traditional accounting concepts can be a barrier for a successful Lean
transformation. In the first step, the participants realize the operational benefits of a Lean
production system over a mass production system. In addition to the operational analysis,
the financial performance of the mass production and the Lean production run is compared.
Using traditional full absorption costing the Lean production run seems less profitable. With
the introduction of value stream costing and Lean-oriented cost types a new value stream
statement is developed, that shows the participants an alternative Accounting for Lean

concept. The participants get aware of the fact, that successful Lean transformations need a
holistic Lean management system.
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Appendix 1: Basic cost accounting data for the simulation game

FINANCE
selling price
selling price
variable costs for one trolley
frame
set of wheels
packaging material
fixed costs for one game round
wages & salary
depreciation
rent
corporate overhead
auxiliary material
additional costs
TOTAL
thereof direct costs
thereof overhead costs

50,00 € €/piece
20,00 € €/piece
8,00 € €/piece
2,00 € €/piece
36,00 €
9,00 €
4,00 €
3,00 €
1,00 €
1,00 €
54,00 €
25,00 €
29,00 €

€/round
€/round
€/round
€/round
€/round
€/round
€/round
€/round
€/round

Inventory of trolleys
round 1
15
10
20
15

starting inventory
sales volume
ending inventory
production volume

round 2
6
10
6
10

Appendix 2: Cost distribution sheet
Cost Distribution Sheet

auxiliary material
rent
additional costs
depreciation
wages
salary
corporate overhead
primary cost centre overhead
allocation cost centre 0
allocation cost centre 5
primary & secondary costs
direct costs of the cost centre
overhead rate

- €
0,67 €
0,17 €
- €
- €
7,00 €
0,50 €
8,33 €
- €
- €
- €
-

- €
0,67 €
0,17 €
- €
4,00 €
- €
0,50 €
5,33 €
- €
- €
- €
-

0,33 €
0,67 €
0,17 €
3,00 €
8,00 €
- €
0,50 €
4,67 €
2,54 €
1,62 €
8,83 €
8,00 €
110%

0,33 €
0,67 €
0,17 €
3,00 €
8,00 €
- €
0,50 €
4,67 €
2,54 €
1,62 €
8,83 €
8,00 €
110%

0,17 €
0,67 €
0,17 €
1,50 €
5,00 €
- €
0,50 €
3,00 €
1,63 €
1,04 €
5,67 €
5,00 €
113%

Cost Centre 4
Packaging

Cost Centre 3
Quality
Assurance

Cost Centre 2
Assembly

primary cost centres

Cost Centre 1
Pre-Assembly

Cost Centre 5
Warehouse

total
1,00 €
4,00 €
1,00 €
9,00 €
29,00 €
7,00 €
3,00 €
29,00 €
8,33 €
5,33 €
29,00 €

Cost Centre 0
Master / Total
Area

secondary cost centres

0,17 €
0,67 €
0,17 €
1,50 €
4,00 €
- €
0,50 €
3,00 €
1,63 €
1,04 €
5,67 €
4,00 €
142%

