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A B S T R A C T

Inaccurate, incomplete and late information limits the capability and efficiency of production systems. In
this paper, a structured approach is proposed for analysing and improving information streams to
mitigate this problem. The improvement of information streams is especially demanding as production
environments increase in complexity, for example due to higher product variety, more complex products,
and accordingly, more sophisticated manufacturing processes. A novel method is introduced that enables
an analysis similar to value stream mapping, but particularly for information streams in a production
environment. The proposed approach improves information streams by mapping and analysing the
characteristics of them. Therefore, five performance indicators are developed to comparably assess the
current state of information streams. The approach was tested and validated on a shop floor of a producer
of sanitary products. The validation shows that the proposed information stream mapping method could
efficiently highlight improvement potentials of information streams on the shop floor and thus the ability
of the method to improve the overall productivity. In a first application it is shown that the taken
measures are expected to reduce the lead time from five days to four hours. In a second application, the
personal cost of a tool exchange is reduced by 8%.
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Introduction

Manufacturing shows an increasing trend towards technical
and operational process complexity [1]. The operational complex-
ity is characterised by a high number of product variants, more
sophisticated production processes, and volatile customer
demands in combination with short lead times and the need for
a high utilisation of production resources (i.e. cost-efficient
production). This complexity of high-volume, multi-variant
production lines and more complex work tasks requires to process
and access relevant information at the shop floor efficiently, i.e. at
the right time and at the right place. As shown by Ref. [2], not only
machines, but also missing information can cause bottlenecks on
the shop floor and thus lead to an increase in lead time [3].
Accordingly, the efficiency of information streams directly
influences the productivity at the shop floor. However, the
information is frequently stored in various IT-systems or only in
a paper based format, as stated by Ref. [4]. Using the relevant
information from different sources leads to further inefficiencies
and incompatibilities in the information stream.
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Most of the literature defines information as the interpretation
of data in a given context or rather the contextualisation of data in a
given structure, which gives the basis for knowledge and thereby
lays the foundation for decisions [5,6]. Based on the context in
which the information is used, it is possible to evaluate
information within the ‘information space’ regarding the dimen-
sions “relevance”, “quality”, and “availability”, as shown by Ref. [6].
Accordingly, an information stream is the flow of contextualized
data to enable fact-based decisions. Hence, more efficient
information streams lay the basis for better decisions. Since the
improvement of information streams supports the core activities
of an organisation and preserves its competitive advantage over a
long time [7], manufacturing companies need to comprehensively
analyse and improve the management of information within their
value streams to stay competitive.

For manufacturing companies, the use of lean production
systems is the main tool to stay competitive and efficient within
their shop floor processes. Recently, companies increasingly design
their own lean production system according to their needs, as
highlighted by Ref. [8]. For the design of those lean production
systems, a continuous improvement process and the avoidance of
waste are among the main design principles [9]. Considering the
importance of efficient information streams for a long term
competitive advantage, as declared by Ref. [7], company
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production systems need to contain tools to analyse and improve
information streams.

Facing the increased need of information to efficiently manage
complex production systems. this paper proposes a novel and
generic method to analyse, assess and improve information
streams on the shop floor. Consequently, the presented approach
targets yet untouched potentials of productivity improvement at
the shop floor. Currently, no method exists for analysing
information streams on the shop floor. Hence, the proposed paper
addresses the existing research gap (a structured approach to
analyse and evaluate information streams at the shop floor) named
by Hartmann et al. [10] and presents an applicable, step-by-step
method that focusses on the evaluation of information streams at
the shop floor. This will then supplement existing classical tools
like value stream mapping. Furthermore, the method will be
verified in an industrial application, since the success of the
method strongly correlates with its industrial applicability on the
shop floor. Accordingly, the underlying idea of the presented
approach is based on a well-known pen-and-paper technique of
value stream mapping, which can easily by applied on the shop
floor.

The paper is structured as follows: In Section “Related work”,
the current literature is reviewed, and the problem is defined in
more detail. In Section “Research approach”, the research approach
is described. In Section “A proposed method to map information
streams”, the solution is developed, and the application of the
proposed method is explained in detail. In Section “Validation at
the factory site of an industrial partner”, the new method is
validated in an industrial use case. Section “Managerial implica-
tions” highlights managerial implications based on the application
of the new method. Section “Limitations” states limitations and
finally Section “Conclusion and future research” concludes and
gives an outlook on future research.

Related work

Waste within (business) information streams is a widely
discussed topic within literature. Seven kinds of waste are defined
as well as ways to reduce or avoid them. Similarly, the topic of
efficient information streams is extensively analysed, but mainly in
the context of supply chain management. Madenas et al. [11]
selected and analysed 132 journal articles. Based on their analysis,
they concluded that in a manufacturing context most publications
concentrate on modelling and simulation of information streams
to assess the achievable advantages. There also exist several
methods to evaluate information streams within administrative
processes. However, only very few methods consider the analysis
of information streams at the shop floor, such as value stream
mapping 4.0 [4] (see Chapter 2.3.2).
Table 1
Definitions of waste for production processes adopted to information stream, based on

Waste based on the definition of
Ref. [12]

Interpretation in the context of information stream

Overproduction Overproduction is the generation and the provision 

(Unnecessary) Motion Unnecessary motion is the procedure of employees 

them from different systems/sources.
Transporting Transporting is the transmission process of informa

transferred on a direct path.
Waiting Waiting is the time wasted to receive relevant infor
Extra Processing Extra processing is the needless (manual) editing of
(Unnecessary) Inventory Unnecessary inventory is the saving of non-used and

such as paper and on a server, for example for was
Defects Defects in the context of information streams can b

information transmissions.
Seven kinds of waste

Besides highlighting the importance of information streams for
the overall success of a company, Hicks [7] also describes waste in
the context of information management as a basis for evaluation:
“Waste within the context of information management can be
considered to include the additional actions and any inactivity that
arise as a consequence of not providing the information consumer
immediate access to an adequate amount of appropriate, accurate
and up-to-date information”. This notion is similar to the
fundamentals of lean thinking, but for a manufacturing environ-
ment: Every action or activity in manufacturing that is not
demanded by the costumer, is waste, i.e. non-value adding. Ohno
details the classical lean understanding of waste for a shop floor
context into seven sub-categories [12]. His definitions are adopted
by Refs. [7,13] to information management, see Table 1.

Meudt et al. [14] reviewed the literature about the adaption of
waste in the context of “information-logistics waste” (information
management at the shop floor). Thereby, they analysed eleven
literature sources for definitions of waste: About half of the
publications directly use the original definitions of Ref. [12]. The
other half considers the characteristics of information being an
intangible product and adopt the original definitions of waste of
Ref. [12]. For this paper, the adopted ones are adopted as shown in
Table 1.

In general, the definitions of waste give the analytic basis for all
the methods being reviewed in this paper. Accordingly, this paper
suggests using these adopted definitions of waste, which take the
characteristics of information into account as a basis to assess
information streams at the shop floor. Moreover, the definitions are
used to define five performance indicators to comparably assess
the current state of an information stream. By doing so, the
description by Ref. [7] for waste in information management is
employed for shop floor applications.

Method to detect waste in information streams in administrative
processes

The avoidance of waste in the context of information
management is not only important for manufacturing companies,
but generally for every company [7], especially for their business
processes [20]. The herein proposed method adopts and advances
several aspects of the different methods to analyse business
processes and merges them to create a new methodology to be
applied to information streams at the shop floor.

Within business processes, information flows from one
participant to the next one in order to complete a whole process.
Research in this field suggests different methods to analyse and
improve the efficiency of administrative processes. The proposed
 the literature reviews by Meudt et al. [14].

s adopted from Refs. [7,13] Literature
sources

of too many and hence irrelevant information and data. [10,14,15]
or IT-systems to search for information and the need to combine [16–18]

tion between different media, which can be wasteful, if not [10,14,15]

mation, e.g. download-time from a server. [10,14,15,19]
 information. [17–19]

 hence unrequired data and the saving in different forms/media,
teful redundancy (double saving).

[10,14,15]

e interpreted as incorrect, incomprehensible or incomplete [10,14,15]
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methods adopt the classical and detailed seven definitions of waste
to information management [14] and use them as a basic
evaluation criteria, in line with [7]. Noteworthy, most of the
proposed approaches follow and extend known mechanisms of
methods such as value stream mapping to analyse and improve the
efficiency of administrative processes [20]. Accordingly, the
existing literature has a lean-background, uses a pen-an-paper-
like approaches, leads to a flowchart like map, and is simple to
conduct.

The next section analyses the four predominant methods,
which focus on the avoidance of waste in administrative processes:
(i) lean administration, (ii) value stream design for administrative
processes, (iii) Makigami method, and (iv) waste walk. Those
methods propose tools to analyse and improve information
streams for administrative processes, where the products are
information.

(i) Lean administration gives a holistic concept to increase
efficiency in administrative processes. A three-level approach
is proposed: (i) improvement of self-organisation, (ii)
improvement of collaboration, and (iii) process optimisation.
In the context of this paper, the second and the third level are
of importance. The improvement of collaboration targets the
reduction of search times by means of standardisation. The
process optimisation starts with an analysis of the current
state, similar to a value stream map, as exemplarily illustrated
by Ref. [20]. They structure their map according to the
different participants within the administrative process, such
as “order management, concierge, service employee” (in the
context of a cleaning service company). Based on the current
state map, a future state map is developed following the
principle that services are only provided, if demanded by the
customer. Three parameters are used to evaluate the
development: (i) lead time, (ii) query quota, and (iii) rework
time.

(ii) Value stream design for administrative processes: the main
difference between the classical value stream design for
production processes and the value stream design for
administrative processes is that information is the intangible
product of administrative processes [21]. Accordingly,
researchers try to adopt the value stream mapping approach
from the shop floor to analyse and improve administrative
process [20]. Consequently, the method has similar working
mechanisms to value stream design, which is exemplarily
presented by Ref. [22].

(iii) The Makigami (from the Japanese paper roll) identifies the
potential improvements considering resources, interfaces and
IT-processes, while focussing on the added value of an
administrative process [23]. The method enables a process
mapping and its optimisation. The main goals of the Makigami
method are [24]:
� To increase the process understanding of the information
flow.

� To clarify the underlying basic processes, which are needed
for the overall process.

� To highlight optimisation potentials of the underlying
processes.

� To create transparency to eliminate waste, for example in
historically grown processes

(iv) The waste-walk and its accompanying waste-walk diagram is a
procedure that follows the Japanese “gemba” — in situ-logic,
similar to the bottleneck walk proposed by Ref. [2]. The
responsible person walks through an administrative process
and asks questions to identify waste directly on site. During
the walk, a document is created, either a waste-walk map
displaying the different processes, or a simple waste-walk
table listing the different sub-processes to be correlated to the
seven kinds of waste [23].

The ability of value stream mapping to analyse information streams at
the shop floor

This paragraph shows whether the well-established method of
value stream mapping can already be used for a profound analysis
of information stream at the shop floor. Additionally, two recently
developed extensions of value stream mapping are discussed, that
highlight the rising interest in a new method that focusses on the
analysis and improvement of information streams on the shop
floor. Further, it is shown that these two extensions do not fulfil the
expressed needs at the shop floor and therefore lead to the need of
the newly developed method to evaluate information streams.

Value stream mapping
Value streams at the shop floor consist of material and

information streams as presented by Refs. [3,22]. Value stream
mapping (VSM) is a highly accepted method [25] for improving [26]
production processes. It describes the current production con-
ditions in an understandable manner. Starting from a manually
recorded current state map, an ideal state map is proposed [22,25].
VSM is often described as a classical pen-and-paper method [27],
which maps the “value-adding, non-value-adding, and value
preserving activities that are required to create a product” [25].
The VSM method currently faces a “diminishing gradient” of
effectiveness [25]: The identification and elimination of waste and
inefficiencies has become more complex, because the “low
hanging fruits” have already been picked in many factories [28].

In their literature review of VSM, Dal Forno et al. [26] included
57 publications from 1999 to 2013. The papers were classified into
11 problem categories describing the limits of VSM. The authors
argue that four of these problem categories are because of the low
integration/collaboration between different participants. This is
similar to the notion to improve the efficiency of information
transfers and hence to improve the efficiency of the different
participants of the information stream. For example, the problem
category of “low/no [informational] integration between process-
es” occurs in 22 of 57 analysed literature contributions. Accord-
ingly, the analysis of information streams is a well-known problem
in VSM literature, which the method seems not to be able to cope
with.

Value streams at the shop floor always consist of material and
information streams, and both need to be optimised to enhance the
overall value stream efficiency [22]. Rother and Schook [22]
evaluate information streams as important as material streams
and present a tool to map them within their VSM approach. The
authors recommend drawing straight and lightning-shaped
arrows from a superordinate system (production planning and
control) to the shop floor processes. These two types of arrows
display manual information streams and electronic information
streams, respectively. They can be seen exemplarily in the value
stream map shown in Fig. 1, pointing from the box of “PPC”
(Production Planning & Control) to the box of “Supplier”, detailed
by the description of ‘request/weekly forecast’, and another one
pointing from “MRP – weekly schedule” (Material Resource
Planning) to “Process 100. This approach is not only presented by
Ref. [22], but is generally used to display information streams in
the context of VSM, see for example Ref. [3].

Concluding, the well-known VSM is designed to analyse value
streams at the shop floor and hence to analyse the combination of
material streams and information streams. Nevertheless, for the
mentioned importance of information streams, the discussed
arrows in Fig. 1 are not a sufficient basis to analyse complex



Fig. 1. Example of a classical value stream map based on Ref. [22]: the boxes visualize the value streams along different processes; the arrows the transmission of delivered
information for production planning and control.
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information streams at the shop floor. Hence, information streams
are rarely analysed and even less optimised by the value stream
map. Consequently, the VSM gives only insufficient tools to map
information streams. Further, it does neither provide tools to
satisfactorily analyse information streams, nor does it appropri-
ately target the improvement of information streams at the shop
floor [29]. Henceforth, the requirements of present shop floor
processes are not met by the current state of the VSM. Within this
method, information streams are not mapped detailed enough,
which prevents a profound analysis and hereon based improve-
ments [30]. Even though the problem is known, only one method is
found in literature (value stream mapping 4.0 [4]), which tries to
solve this problem.

Value stream mapping 4.0
Meudt et al. [4] present “in the era of Industrie 4.0” a new

method called value stream mapping 4.0, which is based on the
classical VSM approach. The logic and the visual appearance are
comparable to the method presented by Ref. [20], targeting the
analysis of information logistics at the shop floor. The authors
describe information logistic as the “planning, management,
realisation and control of the totality of information streams as
well as the storage and the processing of this information”. Facing
the context of Industrie 4.0, the method is designed to extend VSM
by capturing information-logistic waste in terms of “data selection,
data quality, data collection, data transfer, inventory and wait,
transfer, movement and search, data analysis and decision making”
and by highlighting digital improvement potentials. Value stream
mapping 4.0 can be separated into six subsequent steps: First, a
classical VSM is performed. Secondly, the storage media, like paper,
employees, enterprise resource planning systems, etc. are listed.
Thirdly, the usage of the needed information is listed like in the
lean administration approach. Afterwards, the direction of
information streams is marked by connecting lines. Then, the
information-logistic waste is recorded. Finally, the mapped
potentials are compared by means of a benefit-cost analysis to
derive an action plan to optimise production processes.

The method presented by Meudt et al. [4] tries to close the
shortcomings of the classical VSM by incorporating information
streams in the analysis of shop floor processes. However, no
specific approach on how to acquire the information streams is
given. Additionally, the mapping of information streams by simply
connecting the resources by lines does not give the basis to
distinguish individual information or the reason of their transmis-
sion. Hence, the analysis of information streams cannot be based
on the mapping presented by Ref. [4], but must be elaborated more
in detail. Finally, the presented method mentions information
logistic waste as criterion to evaluate information streams.
However, this is neither detailed any further nor given in the
form of a measurable indicator. In conclusion, the method by
Meudt et al. [4] gives a first advance of the classical VSM approach
and thus a basis to analyse information streams. However, no map
for a detailed analysis, as suggested by the Makigami method, is
presented. Accordingly, the improvement of information streams
at the shop floor can hardly be performed. Thus, Hartmann et al.
[10] explicitly mention the need to detail their own, currently
existing method of value stream mapping 4.0 to analyse information
streams as a future field of research.

Value stream design 4.0
As a logical consequence of their method of value stream

mapping 4.0, Hartmann et al. [10] present value stream design 4.0.
Here, they present eight design guidelines on how to design
information streams within value streams. The first three focus on
the improvement of the product flow by digital process improve-
ments: first, they investigate causes, which hinder the flow of
products to be improved by means of digital measures, based on
Ref. [31]. Secondly, they also investigate production processes, and
thirdly, they recommend a pull-system as a last point of
improvement. Based hereon, they recommend integrating all
information streams to achieve lean, horizontal streams. The
authors detail the integration of all information streams into five
design guidelines (in addition to the three already mentioned):
first, the needed information per process should be defined;
second, the needed information per sub-process (maintenance,
logistics, . . . ) should be defined; third, the information to be
delivered per process should be defined; fourth, a future storage
medium should be defined; and fifth, all (new) information
streams are related to the (old) value stream map by drawing
vertical lines. Additionally, they briefly explain an industrial use
case and highlight the potentials of their method by an achieved
lead-time reduction from 6.5 h to 15 min, as well as a reduction of
the number of used storage media from twelve to seven. Examples
of storage media, in the context of their method are “employee”,
“telephone”, “ERP-system”, “numerical machine control”, etc.

The method presented by Ref. [10] tries to solve the problem of
value stream design for information streams in the era of Industrie
4.0. However, they only present an approach for design, but neither
for assessment, i.e. mapping, nor for the analysis of existing
information streams.

Research gap

The subsisting methods to analyse and improve existing
information streams can be divided in two different areas of
application: the larger amount of proposed methods focusses on
administrative processes and reflects a known trend, that applies
“lean manufacturing” approaches to service operations [15].
Besides VSM, which does not have sufficient tools to assess and
improve information streams at the shop floor, only one method
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was found – value stream mapping 4.0 [4] – which specifically
focuses on the analysis of “information logistic waste” at the shop
floor. The same authors recently updated the presented method in
Hartmann et al. [10] by adding a design approach — value stream
design 4.0. Both publications, value stream mapping 4.0 and design
4.0, underline two important aspects: First, the currently existing
method of VSM does no longer fulfil the needs of today’s
production processes; second, there is a need for a new method
based on a pen-and-paper approach, which focusses on the
analysis and the improvement of information streams at the shop
floor.

Hitherto, Netland investigates and compares company-specific
production systems of 30 different manufacturing companies [8],
which are comparable to the successful model of Toyota. These
production systems can be interpreted as tool boxes to improve the
efficiency of the shop floor processes. His investigation of 30
company production systems gives raise to the fact, that no
appropriate tools exist for analysing information streams at the
shop floor: none of the production systems contain a dedicated
method to analyse information streams at the shop floor.

Accordingly, this paper addresses the mentioned shortcomings
of currently existing methods to profoundly analyse information
streams at the shop floor. The proposed method is a pen-and-paper
based approach, which can be easily applied in industry. By this,
facts and circumstances should be captured in a simplified way to
ease the understanding. The proposed method should also allow to
directly derive measures from the information stream map and
thus to immediately reveal improvement potentials. As the topic of
information stream analysis and optimisation is widely discussed
as administrative processes, the presented approach builds upon
known methods for administrative processes. Since the method is
designed for shop floor applications, it also relies on the well-
accepted mechanisms of VSM. Accordingly, the method aims to
achieve a common ground for discussion and transparency by
giving a map of the current state of information streams, thus it is
called information stream mapping.

Research approach

The starting point of this research is the need of the industrial
partner to increase the efficiency of information streams in a
manufacturing environment. This environment is characterised by
a high number of product variants and volatile customer demands
in combination with short lead times, and the need for a high
utilization of production resources (i.e. cost-efficient production).
A new methodology is developed, which specifically focusses on
the mapping, the analysis and the improvement of information
streams on the shop floor in the same manner as VSM, but without
the mentioned shortcomings.

The design proposition of the generalized concept can be stated
as follows: to reach for efficient information streams in
manufacturing value streams at a shop floor, a structured, non-
heuristic approach is needed, which incorporates the mapping and
analysis of the current state of information streams and derives
specific improvement potentials thereof. The proposed method
captures, illustrates and comparably assesses the information
streams of a production system in a VSM-like approach with the
help of five developed performance indicators. Accordingly, the
Fig. 2. Process map of the value stream with the suppo
presented method gives the basis to improve current information
streams in order to achieve a higher level of efficiency at the shop
floor and thus to assure the long-term competitiveness of
manufacturing companies.

A proposed method to map information streams

The proposed method builds on different aspects of existing
methods and adopts them for the shop floor environment. The
main goals of the presented method of information stream
mapping are exactly the same as for the Makigami method:
comprehension, clarification, optimisation, and transparency of
information streams, but adopted for the shop floor. In a classical
pen-and-paper technique, like the VSM and the waste walk
approach, an information stream map is derived, mainly by
interviewing the employees and drawing the information stream
map simultaneously. The participants of the information stream
structure this map, comparable to the lean administration and the
Makigami method. Based on the analogy of information as
intangible products, and the defined categories of waste in
information streams (see Table 1), five performance indicators
are developed. The goal of these performance indicators is to
comparably assess and categorize the current state or information
streams. At the same time, the value of the performance indicator
in combination with the mapped information stream give the basis
for deriving improvement actions and thus, a future state map.

Making the map

Mapping the basic process
Based on a value stream map, the different processes from the

customer through the factory to the supplier are mapped in
opposite direction to the material stream, as proposed by Ref. [15].
No data needs to be collected, but only the different processes need
to be drawn. The result is a process map with consecutive boxes
linked by arrows (indicating the material flow of the main
processes), see Fig. 2. It is important to not only focus on the
process itself, but also on supportive processes: those supportive
processes are of high importance as they should efficiently provide
the relevant information to manufacture a product. Those
supportive process can be interpreted similar to value preserving
activities [22], that are required to create a product in a value
stream. To ease understanding, Hartmann et al. [10] name several
examples of such supportive processes, such as the coordination of
tool exchange, maintenance, logistics, etc. Accordingly, the
corresponding information-based supportive processes are added
on the map, see Fig. 2.

Recording the information stream
Based on the aforementioned process map (Fig. 2), interviews

are conducted with the responsible employees. The questions in
Table 2, which are adopted from the Makigami method [23], give
the guidelines for the individual interviews in the six dimensions
of information content, origin and destination of information,
medium of information, status of query, status of real-time
transmission of data, and level of automation. Additionally, the
direction of capturing the information streams and thus the order
of the interviews needs to be in the direction of the material
rtive processes providing the relevant information.



Table 2
Guidelines to interview the participants of the information stream, based on the Makigami method [23].

Topic/content Guiding question

Informational content What is the content of the received, processed, transferred and created information?
(Input, process, output)

Origin/destination of information What is the origin and the destination of the received or processed information?
Which medium is used to transfer the information?

Informational medium Which medium contains the information for processing and transport?
Three groups need to be distinguished digital, paper-based and oral information media.

Status of query Do any check-backs for the transferred information exist?
Status of real-time transmission of
data

Is it possible to use the information immediately at its destination or is there a delay? And if so, how long is the delay for updates?

Level of automation What is the level of automation to transfer information? Two states are distinguished: manual and automatized transmissions.

Fig. 3. Layout of an information stream map, consisting of the participants, the
processes, and the information transfer.
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stream, as several information might build upon each other.
Through the interviews with those responsible of processes and
supportive processes, the needed information for drawing the map
is captured.

Mapping the information stream
Within the classical VSM, as well as for the value stream

mapping 4.0, the visual mapping of the value stream intends to
increase comprehensiveness of the production streams at the shop
floor, which in turn should lead to a common ground for
discussions on improvement. In the same way, a mapping of
information streams is developed to reach the four mentioned
goals of the Makigami method. Accordingly, the results of the
interviews, which are based on Table 2, are expressed in a
simplified way to ease understanding. Moreover, it is possible to
derive actions of improvement from the information stream map
and thus to immediately reveal improvement potentials. Hence,
the following guidelines for mapping the information streams
need to be considered:

� Like for the Makigami method and value stream mapping 4.0 as
well as for design 4.0, the information stream should be mapped
relative to the process map to visualize the chronology within
the production process. Hence, the map shown in Fig. 2 is not
only the basis for the interview phase, but also for the
information stream map.

� Participants of the communication processes and thus of the
information stream should be easy to differentiate. Typical
examples of these participants are employees, groups of
employees, and software programs.

� The content of the information should be directly written in the
map to increase comprehensiveness.

Building upon those guidelines, the new method uses the logic
of sequence diagrams to map the individual transfer of information
between different participants of the information stream. The use
of sequence diagrams is reasonable as most of the information
streams have a sequential characteristic. Accordingly, Fig. 3 gives
the layout to map the captured information streams:

1 All the participants of the information stream are displayed at
the top of the diagram (ERP, MES, . . . ), following the idea of the
Lean-administration and Makigami method. The participants are
the different interviewees to be considered. In case the
participant is a software solution that automatically processes
information, the person in charge is interviewed. Accordingly,
the map is vertically segmented.

2 To display the relation to the underlying value stream, the
different processes and its supportive processes are displayed on
the right as a logical sequence (see Fig. 2). Based hereon, the
whole the information stream is also horizontally segmented.
3 Information transfers between individual participants are
displayed by horizontal arrows. It is important to use arrows
and not only lines to connect the different participants, to
indicate the direction and thus the destination of the informa-
tion. Moreover, for each arrow the content is added to enable a
detailed analysis, as suggested by the Makigami method.

4 To increase the awareness of the dependency of information and
value streams, the start of an information stream and the start of
every subsequent process are depicted by a milestone, which
correlates with the displayed processes (see Fig. 3). Hereby,
different sections are defined, which facilitates the analysis of
the whole map.

5 The processing of information by a participant is displayed by a
vertical line. Every processing step starts with the end of an
arrow, i.e. the information input, and ends with an arrow, i.e.
outbound information.

Based on those simple rules and on the conducted interviews,
the basic information stream map can be elaborated (see Fig. 3).
This map gives the basis for further analysis of the displayed
information stream.

Theoretical basis to evaluate information stream maps: from
informational waste to performance indicator

In order to evaluate an information stream map, five perfor-
mance indicators are developed. In line with [7], the definitions of
waste from Table 1 give the basis to evaluate information streams.
Hence, the proposed performance indicators are derived from
those definitions. The performance indicators are based on the
different manners of the individual information transfers between
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different participants, for example manual versus automatized
transfer.

Overproduction
Within the presented method, this kind of waste is not

detected: any produced information that is not forwarded to
another process implicated by an arrow, is not demanded and thus
waste. The accumulation of unneeded information at the shop
floor is barely realized, until the moment, the hard drive does no
longer has any capacity left. Accordingly, this kind of waste is hard
to detect and thus barely possible to evaluate in form of a
performance indicator.

Unnecessary motion
The new method suggests evaluating this kind of waste by two

different indicators:
Based on [4,32], the level of automation is defined as the ratio of

the number of fully automated information transfers to the total
number of information transfers.

la ¼
P

iaP
ia þ

P
ina

¼
P

ia
i

ð1Þ

where
la equals the level of automation,
ia, an automatized information transfers
ina, a non-automatized information transfer.
Note, that the sum of ia and ina is the total number of

information transfers i
The ratio reaches from zero (no automation) to one (fully

automated) and reveals information about the degree of automa-
tion and thus the needed interaction (motion) of subsequent
systems and employees to receive the relevant information.

2 Centrality index the new method defines a centrality index as
the quotient of the information transfers to a central IT-system
and the total number of information transfers.

ci ¼
P

ic
i

ð2Þ

where
ci equals the centrality index,
ic, information transfers pointing to a central IT-system
i, the total number of information transfers
Standards [32] as well as for example Hartmann et al. [10]

recommend to choose the MES level as central entity of the
relevant information at the shop floor. Accordingly, the centrality
index reaches from zero to one. The quotient indicates whether the
information is centrally available or not. Hence, it reveals whether
information needs to be searched for (motion) or if it is simply
available on a central system. If the quotient equals one, employees
do not need to search or combine information from different
systems, as all the information is centrally available, i.e. in just one
system.

Transport
The new method suggests evaluating this kind of waste by four

different measures:

1. Real-time capability index: the real-time capability index is
defined as the quotient of the number of information transfers
in real-time divided by the total number of information
transfers.

rtci ¼ 1 �
P

inr
i

ð3Þ
where
rtci equals real-time capability index,
inr , non-real-time capable information transfers
i, the total number of information transfers
The proposed performance indicator reaches from zero to one. If
the value is one, all the information transfers are real-time
capable. It is important to note that information transfers can be
automatized, while the real-time capability depends on many
other factors. Considering for example an automatized produc-
tion schedule which is updated and executed only every 15 min
while the information is needed every millisecond, the process
is not real-time. If an information transfer is real-time, then the
transport is in real-time.

2. Level of automation, defined as above. If the quotient equals one,
the information transmission is fully automatized and so is the
transport.

3. Centrality index, defined as above. If the quotient equals one,
information is not transferred through different participants,
but only on the direct path to one central entity, for example an
MES, thereof information is not transported on too long paths.

4. Media disruption index is defined, based on Ref. [23], as the sum
of information transfers with a transition from a digital medium
to a paper-based and from oral to a paper-based medium,
divided by the total number of information transfers.

mdi ¼
P

id!p þ
P

io!p

i
ð4Þ

where
mdi equals the media disruption index,
id!p, information transfers from digital to paper based
io!p, information transfers from oral to paper based
i, the total number of information transfers
The indicator reaches from zero to one. The performance

indicator indicates a consistency of an information transfer
process. If the process is disrupted frequently, the transfer of
information is hindered and not at its highest level of efficiency,
corresponding to an index value of one. If the process is disrupted
frequently, so is the transport.

For the sake of completeness, the transitions of digital to oral
and oral to digital can be added to the numerator of Eq. (4).
However, this kind of information transition was not yet detected
at the shop floor.

Waiting
The new method suggests the evaluation by two measures:

1 Real-time capability index, as defined above. If the information
is transferred in real-time, the indicator equals one and no
waiting time occurs. This normally requires a high degree of
automation.

2 The media disruption index, as defined above. If the quotient is
zero, no media disruption exists and hence no additional waiting
time for transformation occurs.

Extra processing
Extra processing in the context of information streams can be

interpreted as the needless (manual) editing of information or
rather the transfer among different forms of media. The new
method suggests the evaluation by two measures:

1 Centrality index, as defined above. If the quotient equals one,
information is appropriately transferred, but only on the direct
path to the one, central participant. Consequently, no additional
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manual editing (extra processing) such as print – edit – scan –

upload is needed.
2 Media disruption index as defined above. If the quotient equals
zero, no media disruption occurs and hence no information is
inappropriately (extra) processed, i.e. changed to a different
medium.

Unnecessary inventory
Unnecessary inventory in the context of information streams

can be interpreted as the avoidance of non-used data and as the
saving of the same information on different forms of media such as
paper or a server, i.e. redundancy. The new method suggests the
evaluation by one measure:

1 Centrality index, as defined above. If the quotient equals one,
information is appropriately transferred to the central partici-
pant, where it is stored. Consequently, no additional storing
(unnecessary inventory) is needed. The interpretation of the
centrality index in the context of unnecessary inventory is based
on a similar idea as the design guideline definition of the future
storage medium, presented by Hartmann et al. [10], which aims
at the overall reduction of the number of storage media.

Defects
Defects in the context of information streams can be

interpreted as incorrect, incomprehensible or incomplete infor-
mation transfers as described in Refs. [6,7]. The new method
adopts the query quota, following the definition by Ref. [21] and
also by Refs. [20,30]. Within this method, it is called first pass yield
of information. The new method suggests the evaluation by one
measure:

The first pass yield of information, i.e. the query quota, is defined
as one minus the quotient of the amount of information transfers
for which a query is needed, and the total amount of information
transfers.

f pyi ¼ 1 �
P

iq
i

ð5Þ
Table 3
Symbols to define the performance indicators based on the information stream map.

Performance indicator Wasteful information transfe

la ¼
P

iaP
iaþ

P
ina

¼
P

ia
i

ia
ina

ci ¼
P

ic
i

ic

rtci ¼ 1 �
P

inr
i

inr

mdi ¼
P

id!pþ
P

io!p

i
id!p; io!p

f pyi ¼ 1 �
P

iq
i

iq

Improvement potentials Kaizen burst
where
f pyi equals the first pass yield for information,
iq, information transfers where query is needed
i, the total number of information transfers
The indicator reaches from zero to one. If the quotient equals

one, it shows that for none of the information transfers a query is
needed and that all the information is correctly transferred the first
time regarding the three dimensions of an information space
(relevance, quality and availability) and thus is not defect.

The given equations highlight the theoretical background of the
evaluation of an information stream map. However, as the focus of
this research is on industrial applicability, those equations lack the
ability to be directly used at the shop floor. Thus, to enable the use
of the proposed method, a specific symbol in the information
stream map is assigned to every wasteful information transfer
(Table 3):

� The kind of information transfer is depicted by the type of arrow:
a solid line for manual information transfer, and a dashed line for
an automatized one.

� For each media disruption, an M is drawn into the map next to
the corresponding information transfer.

� For each real-time disruption, an E is drawn into the map next to
the corresponding information transfer.

� For each query needed to proceed with the process, an R is drawn
into the map next to the corresponding information transfer.

� In order to evaluate the centrality index, a Z is drawn at the
(planned) central connecting entity, i.e. the central participant.

� To generally mark undescribed improvement potentials, the
method uses the classical VSM symbol of Kaizen bursts [33],
depicted by a star or a flash.

� To comprehensively measure the efficiency improvement, the
new method suggests measuring the lead time from milestone to
milestone, i.e. the time it takes to perform a single process from
an informational point of view.

Finally, the performance indicator can be derived by counting
the corresponding signs on the information stream map, as each
sign belongs to one information transfer.
r Sign to be used in the information stream map
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Evaluating the information stream map: indicating the evaluation in
the map and calculating the performance indicators

In the last step, the information stream map is evaluated. An
indicator-based evaluation is proposed and added into the map.
Hereto, the different symbols from Table 3 will be used.
Accordingly, Fig. 4 shows the symbols to derive the performance
indicators. By simply counting the number of solid-line arrows and
dividing it by the total number of arrows, the degree of automation
can be derived. Additionally, by counting the different marks of M,
E and R, the corresponding indicators can be calculated as defined
above. Finally, by counting the arrows pointing at the central entity
(marked by a Z) and dividing it by the total amount of arrows, the
centrality index can be calculated. For the corresponding values of
the given example in Fig. 4, the corresponding results are listed in
Table 4.

Thus, the mapped information stream map gives a holistic basis
to effectively evaluate the current state of efficiency of an
information stream at the shop floor. Finally, the information lead
lime, i.e. the time it takes to stream all relevant information, from
milestone to milestone, should be noted on the map.
Fig. 4. Evaluated information stream map, based on Fig. 3.

Table 4
Evaluation of the performance indicators based on the exemplary map of Fig. 4.

Performance indicator Sign in the informa

la ¼
P

iaP
iaþ

P
ina

¼
P

ia
i

ci ¼
P

ic
i

rtci ¼ 1 �
P

inr
i

mdi ¼
P

id!pþ
P

io!p

i

f pyi ¼ 1 �
P

iq
i

Validation at the factory site of an industrial partner

“A ‘current-state map’ and the effort required to create it are
pure ‘muda’ (waste) unless one uses this map to quickly create and
implement a ‘future state map’ that eliminates sources of waste
and increases value for the customer” [22]. The same applies for
the method of information stream mapping presented here: the
current state map is the basis to achieve higher information stream
efficiency by reducing waste and thereby cost.

Mapping the current state

To validate the presented method, it is applied at the site of the
industrial partner. The industrial partner is headquartered in
Europe and has more than 30 production sites worldwide. The
company develops, produces, and sells sanitary products. The
factory site at which the method was applied uses more than 70
injection moulding machines and several assembly lines. The
result of this application to a specific area, is shown in Fig. 5(a). The
current state map is based on a process map for the production of a
specific product. Based on the questions in Table 2, interviews with
all the participants of the information stream have been conducted
to build the map. The displayed information stream reflects the
first supportive process “production order prioritisation” of an
injection moulding process. Accordingly, the presented informa-
tion stream map displays the information transfers at the shop
floor that are needed to release a production order: first, the basic
production plan is automatically generated extracted from the GRP,
the MES of the industrial partner. It contains information of the
waiting list of production orders. This information is automatically
displayed to the production employee. Even though the employee
should immediately start producing the product, a visual control of
the inline buffer level is performed. This is needed, because further
products only can be manufactured if the general level of inline
inventory is low enough. The employee orally feeds the informa-
tion back to his shift supervisor. The shift supervisor completes a
new priority list. The new priority list is then forwarded to the
production order planning department via phone, as they are
responsible to satisfy the needs of the customer. All those oral
information transfers are prone to information loss and thus
potentially include the need for query. Based on the oral feedback
of the planning department, the shift supervisor changes manually
tion stream map Values based on Fig. 4

la ¼ 2
4 ¼ 50%

ci ¼ 1
4 ¼ 25%

rtci ¼ 1 � 2
4 ¼ 50%

mdi ¼ 2
4 ¼ 50%

f pyi ¼ 1 � 1
4 ¼ 25%



Fig. 5. (a) Information stream map: current state. (b) Information stream map:
future state.

Table 5
Industrial application: values of the proposed performance indicators.

Performance indicator Values based on Fig. 5(a) Values based on Fig. 5(b)

la ¼
P

iaP
iaþ

P
ina

¼
P

ia
i

la ¼ 2
8 ¼ 25% la ¼ 4

4 ¼ 100%

ci ¼
P

ic
i

ci ¼ 1
8 ¼ 12:5% ci ¼ 4

4 ¼ 100%

rtci ¼ 1 �
P

inr
i

rtci ¼ 1 � 5
8 ¼ 37:5% rtci ¼ 1 � 0

4 ¼ 100%

mdi ¼
P

id!pþ
P

io!p

i
mdi ¼ 2

8 ¼ 25% mdi ¼ 0
3 ¼ 0%

f pyi ¼ 1 �
P

iq
i

f pyi ¼ 1 � 2
8 ¼ 75% f pyi ¼ 1 � 0

3 ¼ 100%
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the production order in the MES and the production process can
start.

Based on the proposed evaluation measures, the different
information transfers are integrated in the map. Based on this, the
performance indicators can be calculated (see Table 5).

Future state map

To derive the future-state map, the different marked inefficien-
cies of the current state map need to be considered individually.
The Kaizen symbols (red stars) indicate improvement potentials,
which are considered as relevant during the mapping process at
the shop floor (see Fig. 5(a)). Moreover, the basic idea for the future
state map is derived from the calculated performance indicators:
As reflected in Table 5, all of the performance indicators are rather
low, with exception of the first pass yield of information. The
reason for this is that the information about the level of inline
storage is not automatically available in the central system and
thus the decision process to prioritise production orders employs
several participants. Accordingly, the future state map (see
Fig. 5(b)) proposes as one possible solution an information stream,
in which all the relevant information is centrally available, and
which transfers the responsibility to take the decision of the
production order prioritisation to the production employee.

The advantages of the future state map compared to the current
one can immediately be seen from the visual impression of a new
map, compare Fig. 5(a) and (b). The amount of individual
information transfers going back and forth between different
participants is reduced. Moreover, the number of participants is
reduced from five to two. Additionally, the real-time ability and the
level of automation is increased, whereas the number of query and
media disruption is decreased, strongly simplifying the process.
The changes become also visible within Table 5, which displays the
newly calculated performance indicators.

Finally, the efficiency of the implemented improvements can be
measured by a reduced lead time of information streams from one
milestone (marked by the start box) to the next milestone, in this
example from five days to roughly three hours (marked atop of the
milestone). The strong reduction is due to a levering mechanism of
needed information. Currently, the relevant information is not
available, leading to fact that the pre-product is stored for about
five days. In case of the improved information streams, the pre-
product would not be stored anymore but immediately assembled,
reducing the time needed for the material and information to flow
through the production to three hours (97% reduction). Addition-
ally, the parameter is proposed to be used as a well-accepted
benchmark compare to Hartmann et al. [10], that enables an
evaluation of the information stream map’s effectiveness com-
pared to other tools, such as VSM.

Those reductions are roughly in the range of the results from the
study presented by Hartmann et al. [10]. The authors briefly
explain that the potentials of their method are an achieved lead-
time reduction from 6.5 h to 15 min (96% reduction) and the
reduced number of storage media from twelve to seven.

Besides the advantage of a lead time reduction, it was, however,
impossible to evaluate the financial benefits for example in form of
a net present value of the improvements, as it is hard to define the
added value for transparency of information as well as of an
increased efficiency of information streams. Still, all persons of the
industrial company agreed on the fact that the implementation
will for sure increase the efficiency at the shop floor by more than
the costs required to implement the method. Thus, it was verified
that the new method allows detecting waste. Based on the results
of this method of information stream mapping, valuable improve-
ment potentials are suggested. The found measures derived from
the future state map (Fig. 5(b)) are currently implemented.

Based on the future state map and the difference to the current
state, individual targeted improvement measures are developed,
for example in cooperation with the shop floor employees, to
achieve the future state step-by-step.

Managerial implications

The presented results offer implications for factory managers,
which strive to improve the productivity of their shop floor
processes, based on the knowledge of inefficient information
streams. Henceforth, the method gives the possibility to exploit yet
totally untouched improvement potentials. The method is
designed for every day shop floor processes, where information
stream from and to employees. The knowledge of detailed
information streams is especially valuable for processes, where
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a lot of information from diverse sources are needed. Moreover, the
tool helps detecting unconsidered, but needed information and
highlights improvement potentials for processes. Thereby, it takes
into account that most of the relevant information exists at the
shop floor but is not completely available to the employee.
Typically, the improvement measures derived from the informa-
tion stream map are easy to implement, since the information
exists and only needs to be interconnected. The method proposes
five performance indicators to evaluate the current state at the
shop floor. Consequently, improvement potentials are classified
into five categories:

1 Automation of information transfer
2 Centrality of information
3 Real-time capability of information transfer
4 Media disruption of information transfers
5 Query for information (first pass yield of information)

Automation

Automatized information flows enhance the quality of the
information transfer, as this allows less space for human
transmission mistakes. Moreover, the transfer speed is increased.
The automation of information streams is a nowadays easy to
implement, because most of the information is already digitally
available. The proposed performance indicator level of automation
gives the possibility to assess information transfers and thus
indicates the readiness for the fourth industrial revolution.

Centrality

Within a shop floor environment, several storage media exist:
ERP and MES systems, Excel spreadsheets, handwritten sheets, etc.
Consequently, information needs to be retrieved from different
information sources, which takes time for the employee. The
proposed performance indicator centrality index assesses whether
information is centrally stored and available, and thus indicates the
level of daily search efforts at the shop floor. The search efforts for
information are comparable to the search efforts for tools in
workshops. Manufacturing companies commonly try to reduce
these efforts by so-called 5S-measures; the same is needed for
information, and the centrality index indicates where improve-
ments are needed.

Real-time capability

To enable shop floor employees to promptly react to problems
on the shop floor, the information must be available in real-time.
Partly, problem solving at the shop floor is a process, which is not
performed, when the problem occurs, but when the relevant
information is available: for example, if the morning shift lacks
productivity, the information about output and quality of the
products might only be available to the next shift. That means that
counteractions are taken the earliest in the next shift, and hence
one additional shift with low efficiency and quality occurs.
Accordingly, the performance indicator real-time capability index
shows the level of reactiveness of a current shop floor environ-
ment. If the information is available in real-time, the employees
can react accordingly, not wasting any time and thus financial
resources.

Media disruption

The transmission of information via different media is
inefficient. However, shop floor processes exist where a document
is printed, manually edited, scanned, printed again, and finally the
changes are digitized again in the source file. To assess the
frequency of these media changes, the performance indicator
media disruption index is proposed. The performance indicator
evaluates the number of those media disruption and thus the
efficiency of information streams at the shop floor.

Query

Content is the main motivation for information transmission.
Consequently, if the information is incorrect, incomplete, or
ambiguous, employees check back, and thus queries occur. The
proposed performance indicator of first pass yield for information
evaluates the quality of information streams by incorporating the
amount of check-backs.

Further applications

Based on the promising results of the information stream
mapping approach in a first application, it was applied again in a
second case to a tool exchange of an injection moulding machine.
The exchange process is done on a regular basis at the company and
is considered to be important and complex, as it involves many (up
to eleven) participants, and a high number (17) of individual
process steps. Based on the performed information stream map, it
became obvious, that the main problem of the tool exchange
process was that the tool was not ready in time and in the right
condition when it was needed. The information stream map
revealed a lack of real-time capability (E) of the system, which led
to delayed information and thus to information queries (R); and
media disruptions (M) in combination with a low level of centrality
(Z), which again results in wrongly or undelivered information. The
nature of the corresponding improvement measures lies in a clear
definition of the responsibilities of all involved parties and clearly
defined communication structures with real-time capabilities via a
centralized system. To evaluate the possible improvements, the
current time efforts of the employees for wasteful information
acquisition was recorded during the map generation process. The
tool exchange process keeps two persons busy for roughly 2.5 h.
Based on the recorded lead time, it was possible to estimate the
time, if the above-mentioned inefficiencies would not have been
present. Accordingly, based on these rough measures, the
information lead time could be reduced by 12–15 min per person.
Hence, the proposed measures are expected to reduce the overall
personal costs of the tool exchange process by about 8%.

Limitations

The presented method has some limitations. First, the method
was only applied in one company, and thus in a similar
environment. However, it is reasonable to assume that the
promising results are in principle transferable to other shop floors.
Nevertheless, to claim its general application, it needs further
testing. A second critique is that the collected data for building the
information stream map is only a snap shot of the current state.
Nonetheless, the same applies for value stream mapping, and other
methods. Third, the depicted savings are only estimations, and as
the proposed actions are not implemented yet.

Conclusion and future research

This paper contributes to the literature of value stream mapping,
informationlogistics in manufacturing,andlean administration, as it
combines a well-known approach for the analysis of shop floor
processes – value stream mapping – and adopts knowledge from an
office environment – lean administration and Makigami.
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Accordingly, a novel method is proposed that enables an analysis
similar to VSM, but specifically designed for information streams in a
production environment: by doing so, the method overcomes the
known problems of VSM regarding information streams. Based on
the seven kinds of waste, known from a lean context, five
performance indicators are developed to comparably asses the
efficiency of information streams at the shop floor: the level of
automation, the media disruption index, the real-time capability
index, the centrality index, and the first-pass-yield of information.
Based on a manually drawn information stream map, these five
performance indicators hint towards improvement potentials.Based
on these highlighted potentials of the current information stream, a
future state map can be derived. This future state map is the basis to
plan specific and targeted improvement actions. The proposed
holistic approach was validated at the shop floor of the industrial
partner and shows promising results. The application revealed, a
measurabledecreaseof the leadtimeby roughly fourdays,compared
to the current status.

To conclude, this paper presents the first method that enables a
sufficiently detailed analysis, evaluation and improvement of
information streams at the shop floor. The classical approach of
lean thinking was followed, and the well-known method of VSM
was used to build upon. The proposed approach is a classical pen-
and-paper technique that can easily be applied at the shop floor. By
doing so, the method can be integrated in any company-specific
production system. This closes an open gap by adding a method for
the analysis of information streams at the shop floor. The proposed
method enables manufacturing companies to exploit yet undis-
covered potentials of daily shop floor processes. These unconsid-
ered potentials reside today in complex information streams. The
result of the applications at the industrial partner are promising.

Future research should focus on the following three aspects: first
and most important, the evaluation of monetary benefits of
transparent and efficient information streams need to be researched
more in detail. There is a need to argue for investments, i.e. how can
the value of efficient and transparent information streams be
assessed? Even though the five proposed performance indicators
give a first hint in that direction, the financial benefits cannot yet be
derived thereof. Second, the method needs more validation: the
method is currently only validated with the production site of one
single industrial partner. The method will need to show its
applicability in further cases. Thirdly, there is a need to increase
the awareness to consciously design not only material- but also
information streams, as shown by Ref. [3]. Accordingly, basic design
guidelines need to be developed more in detail to improve
information streams, as presented by Hartmann et al. [10]. With
these new methods or guidelines, the improvementwould be guided
by information stream design, the same way as value stream design
guides through the process of value stream improvement. This will
finally lead to a conscious design of information streams.
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