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a b s t r a c t

Context: Value stream mapping (VSM) as a tool for lean development has led to significant improvements

in different industries. In a few studies, it has been successfully applied in a software engineering context.

However, some shortcomings have been observed in particular failing to capture the dynamic nature of the

software process to evaluate improvements i.e. such improvements and target values are based on idealistic

situations.

Objective: To overcome the shortcomings of VSM by combining it with software process simulation modeling,

and to provide reflections on the process of conducting VSM with simulation.

Method: Using case study research, VSM was used for two products at Ericsson AB, Sweden. Ten workshops

were conducted in this regard. Simulation in this study was used as a tool to support discussions instead of

as a prediction tool. The results have been evaluated from the perspective of the participating practitioners,

an external observer, and reflections of the researchers conducting the simulation that was elicited by the

external observer.

Results: Significant constraints hindering the product development from reaching the stated improvement

goals for shorter lead time were identified. The use of simulation was particularly helpful in having more

insightful discussions and to challenge assumptions about the likely impact of improvements. However, sim-

ulation results alone were found insufficient to emphasize the importance of reducing waiting times and

variations in the process.

Conclusion: The framework to assist VSM with simulation presented in this study was successfully applied

in two cases. The involvement of various stakeholders, consensus building steps, emphasis on flow (through

waiting time and variance analysis) and the use of simulation proposed in the framework led to realistic

improvements with a high likelihood of implementation.

© 2015 Elsevier B.V. All rights reserved.

1. Introduction

Enthralled by the success of lean development in manufacturing

and product development [1] and the service industry [2], lean con-

cepts have been adapted to the area of software development [3]. One

of the practices in lean software development is value stream map-

ping (VSM) [3]. VSM is the practice of creating a value stream map

that identifies the value added by each step in the software develop-

ment process [4].
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Starting with the current state map (CSM), this practice identifies

value-adding, required non-value adding, and non-value adding activ-

ities in the current process. Making this distinction enables the im-

provement in the current process by the elimination of non-value

adding activities [4] and creates a desired future state map (FSM) and

an action plan for improvements.

VSM is a practice that “straddles the gray area between” concrete

practices and analytical principles of Lean [5]. It implements sev-

eral of Lean principles directly (like “optimize the whole”, “eliminate

waste”) and contributes to fulfilling many others (like “continuous

improvement”, “flow” and “pull-based” development) [6,7]. For ex-

ample, VSM puts to use the principle “optimize the whole” by tak-

ing several measures to take a system-wide perspective. It does so

by considering the end-to-end process and involving multiple stake-

holders responsible for various activities in the process [8], both in
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Fig. 1. Overview of the VSM steps and their role in the operationalization of Lean principles.

identification of waste and improvements. This ensures that the fo-

cus is on the most significant impediments hindering the organiza-

tion from delivering value to the customer.

Moreover, as our understanding of customer value improves we

can perform VSM to realign the development process to continue

to deliver value efficiently to the customer. This provides the means

necessary for “continuous improvement”. VSM helps to identify waste

by visualizing and analyzing the current value stream. This helps to

operationalize another principle of Lean that is to “eliminate waste”.

The types of waste (e.g. partially done work, unnecessary features)

listed by Poppendieck and Poppendieck [6] should only be con-

sidered as a guideline however, it is the VSM activity that will

help to see where these manifest in the concrete case of a com-

pany’s process and which types of waste should be handled with

priority.

Fig. 1 depicts how VSM can systematically operationalize the Lean

principles by using them first to guide the analysis of the current

value stream, then in identification of waste and lastly in identifying

which improvements to implement.

The use of VSM has led to several tangible benefits e.g.

McManus [9] reports studies where organizations significantly re-

duced the standard deviation of the cycle times, the rework required

to fix defects and the cycle time by 75%. It is also reported that typi-

cally up to 25% savings in engineering efforts are achieved with VSM

based improvements [9].

Similar to manufacturing processes, in the development pro-

cess for aerospace, information inventories had “engineering work-

packages” inactive for up to 77% of the time [9]. The success of VSM

outside manufacturing and production and in the design and devel-

opment process of engineering makes it interesting to explore if it

can be leveraged in software development.

Khurum et al. [8] adapted and applied VSM in the context of large-

scale software intensive product development. They found the fol-

lowing two shortcomings based on practitioners feedback [8]. First,

the notation used only provides a snapshot of the system and fails to

capture the dynamic aspects of the underlying processes. This leads

to a simplistic analysis to identify bottlenecks. Second, the improve-

ment actions and the target value maps are based on idealistic situ-

ations. This also reduces the realism in the target value stream map

(as it is based on ideal conditions that the identified problems are

completely resolved).

These limitations reduce the confidence in the improvement ac-

tions identified in VSM, making it less likely that such improve-

ment actions will be implemented. Given these limitations [8],

and the potential benefits of software process simulation modeling

(SPSM) [10], we argue that SPSM can be used to overcome these

shortcomings. Other disciplines where VSM has been used have

also seen a utility in combining VSM with simulation (cf. [11–16]).

Some reasons for such combination in these disciplines are listed

below:

• Simulation helps to reason about changing the process, and sup-

ports consensus building by visualizing dynamic views of the pro-

cess [11,12,17–25].

• VSM alone is time consuming and simulation can assist to speed-

up the analysis of the CSM, and the derivation and verification of a

FSM [25–28]. Simulation helps to verify the impact of changes and

answering questions that cannot be answered by VSM [13,28–30].

• VSM provides a snapshot, it is unable to detail dynamic behavior.

Simulation can help predict the flow and levels and provide more

accurate quantitative measures given its ability to handle both de-

terministic and stochastic inputs [16,17,26,31].

• VSM alone cannot capture the complexity in terms of the itera-

tions, overlaps, feedback, rework, uncertainty and stochasticity of

the process [14,26,32–35].

The contributions of this study can be briefly summarized as fol-

lows:

Contribution 1: Based on literature, this study proposes a frame-

work to perform simulation-assisted VSM.

Contribution 2: Evaluation of the use of VSM and the simulation

support in industry.

To achieve the evaluation contribution, we conducted the study

at a development site of Ericsson AB, Sweden. This entailed 10 (3 h

long) workshops for two products with five to six relevant practition-

ers in each workshop, and extensive quantitative and qualitative data

gathering and analysis.

The evaluation of simulation-assisted VSM was done from three

different perspectives, namely: (a) the practitioners participating in

the activity, who are to benefit from and utilize the approach (b) the

facilitators (first and the second author of the article) who conducted

the simulation-assisted VSM (c) an external observer (third author

of the paper) who is a simulation expert being present during the

workshops. The external observer assesses the process from an aca-

demic point of view. His expertise (having defined guidelines for sim-

ulation and prior hands-on simulation experience) allowed a critical

observation of our use of simulation in a practical situation. He had

a guideline focus compared to the practitioners, facilitators and our

view as researchers doing applied research using simulation in the

context of VSM.

Furthermore, we provide a detailed account of the findings to il-

lustrate which wastes and improvements could be identified through

this approach.

The remainder of the paper is structured as follows. Section 2

presents related work. Section 3 maps the strategies for combin-

ing simulation with VSM and details the process for perform-

ing it (Contribution 1). Section 4 describes the research method.
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