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Abstract. The purpose of this manuscript is to propose a framework for imple-
menting 5S+S in engineering-to-order (ETO) projects with a focus on knowledge
work. The application of this framework helps to improve overall performance
in companies providing knowledge work. The methodology allows transparency
and control over projects in day-to-day management, through the implementation
of digital tools such as visual management, 5S+S online audits, key performance
indicators (KPI), dashboards, etc. This paper presents the implementation of lean
management concepts in customer-specific tailor-made engineering projects,
which has not been sufficiently addressed in the existing literature. The method-
ology used in this paper is based on the application by researchers of lean con-
cepts in a combination of three different disciplines, namely, lean project plan-
ning and control (LPPC), lean quality management system (LQMS) and Lean
Design. First, attempts at knowledge work improvement through lean are pre-
sented, based on the existing literature. Second, all three approaches: LPPC
LQMS and Lean Design are explained. Third, the possibility of combining all
three concepts into one framework is discussed. The use of 5S+S in knowledge
work is demonstrated, and a framework is developed, based on a DMAIC (De-
fine, Measure, Analyze, Improve, and Control) approach. The use of the frame-
work is presented by means of an illustrative case in a small and medium size
enterprise (SME) providing engineering services. The suggested methodology is
applicable for engineering services-providing companies seeking overall project
performance improvement. The findings are useful for project managers and en-
gineering discipline leaders who aim to implement lean thinking in engineering
projects.

Keywords: Lean, 5S+S, Knowledge Work.

1 Introduction

To compete with international corporations, it is important for small and medium-sized
enterprises (SMEs) delivering engineering solutions to focus on improving efficiency
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[1]. In times of highly competitive markets, it is critical that SMEs deliver high-value
products at the lowest possible operating cost. This is specifically relevant for project-
based organizations delivering highly customized engineering-to-order (ETO) projects
[2], often experiencing project delays, budget overruns and quality defects [2].
Knowledge workers play an important role in engineering companies, as their specific
skills, knowledge and creativity are the source of innovation in the workplace [3, 4].
The importance of improving knowledge work productivity has been discussed by
many authors [3, 4, 5]. Lean tools and methods are a potential approach to improve the
challenge of the low productivity of knowledge workers [6]. In order to support SMEs
providing ETO projects, lean philosophy offers a 5S+S concept (sort, set in order, shine,
safety, standardize, sustain). 5S+S principles aim to reduce inefficiencies in businesses,
by identifying irregularities, eliminating performance waste, and introducing continu-
ous standardization [7].

The number of studies related to implementing the lean concept in knowledge work
has increased in recent years [8, 9]. However, there is a gap in the literature regarding
detailed and consistent implementation of 5S+S in relation to knowledge work compa-
nies. Some of the lean tools are applied only in single case studies; thus, their relevancy
is arguable, and more evidence is needed to prove their applicability in knowledge work
[10]. The lack of clear standards and uniformity in lean methodologies’ application to
the knowledge-based workforce is acknowledged [10, 11]. It is from this perspective
that the 5S+S framework and guidance for knowledge-providing organizations was de-
veloped and is presented in this paper. The framework, with a base concept built on
5S+8, was developed through a combination of three disciplines: lean project planning
and control (LPPC), lean quality management system (LQMS) and Lean Design. The
possibility of combining all three concepts into one framework offers the opportunity
to develop a complete lean solution with the potential to improve overall performance
in custom-specific engineering projects.

This paper is organized as follows. Section 2 introduces the literature review related
to the application of lean in knowledge work, with a focus on 5S+S. Section 3 provides
an overview of the methodology for developing this paper. Then, Section 4 provides a
description of three concepts, which are included in the final framework: LPPC, LQMS
and Lean Design. Section 5 describes the results of the case study carried out in Blueday
Technology AS (BDT), where the main challenge is to improve the performance of
engineering projects suffering from low project margins and exceeded engineering
hours. In Section 6 the 5S+S framework is presented. Finally, Section 7 offers a discus-
sion and conclusions, as well as introducing future research areas.

2 Background

2.1 Lean in knowledge work

Lean approach in knowledge industries. In recent years, the productivity improve-
ment of knowledge workers has been a major challenge discussed by authors in [8 9,
12]. Understanding the mechanism that affects the productivity of white-collar workers
is highly important, as it can contribute to the entire organization. A variety of



industries, in which knowledge workers play a vital role, have successfully imple-
mented tools and methodologies with a foundation in lean philosophy, e.g., software
engineering [13, 14, 15], healthcare [7], acrospace and defense [16], and construction
[17, 18, 19]. In software engineering and healthcare, lean has been applied through the
reduction of waste and waiting time [13, 15], contributing to improved flow and better
process efficiency [7]. The reduction in waste was also a major part of changes in the
construction sector, where complexity and uncertainty were minimized, while incon-
sistency in documentation was reduced [19]. An emphasis on transparency [16], cus-
tomer requirements [19], collective commitment and a common knowledge base [16]
are indicated in the literature as examples of key factors impacting value in case study
organizations. However, adaptation to lean thinking and understanding the concept of
waste itself seem to be the most challenging tasks during transformation into lean [7,
16]. Studies indicate that two thirds of lean implementation programs in North America
fail, due to the inability of companies to achieve cultural change such as encouraging
workers to adopt new behaviors or the continuous improvement of daily practices [20].

5S+S in knowledge work. The purpose of the 5S+S tool is to implement within the
organization all aspects of the 5S traditional lean concept (sort, set in order, shine,
standardize, sustain), with an additional focus on safety in the working area [21]. The
studied cases have revealed that poorly implemented 5S undermines the safety factor
[22]; therefore, an additional principle has been integrated into the 5S+S concept. So
far, 5S+S has only been identified by authors as a successful lean application in manu-
facturing companies [23, 24]. There is an unexplored area of 5S+S in knowledge work
organizations which should be investigated.

The literature has indicated a variety of approaches when it comes to lean philoso-
phy in knowledge work [7, 13, 14, 15, 16, 17, 18, 19]. It can be observed that organi-
zations focus on specific lean tools [13, 15, 16] and achieve effects in particular func-
tional areas [7, 19] such as administration, manufacturing, purchase. The main chal-
lenge in studies seeking ways to improve knowledge work performance is the difficulty
in defining the structure of knowledge work [12, 10], as knowledge workers are in-
volved in many and various activities. Authors also state that, in order for the
knowledge providing organization to succeed, knowledge workers must work together
in collaborative ways [5, 10]. Therefore, this paper proposes a complex knowledge
work and 5S+S oriented framework, which could guide several functioning areas of the
organization to improve project performance.

3 Methodology

The research methodology presented in Figure 1 is a combination of action research
and case study-based research. The case study research was conducted based on the
collection of information from a company’s internal systems, in order to verify what
could possibly impact project performance. The information retrieved was related to
project finances, engineering hours, reported project non-conformances, project docu-
mentation, etc. The data has been analyzed and the results presented. Simultaneously,



the literature overview was conducted, focusing on existing lean tools such as 5S+S
and methodologies contributing to the improvement of engineering design routines,
project execution and quality management systems. The relevant literature was studied
to formulate a new approach to be carried out in a case study. DMAIC (Define, Meas-
ure, Analyze, Improve, and Control) methodology was used to develop a framework to
be implemented in the organization.

Data collection. Company’s internal systems such as: document Data analysis,

t system, HSE (Health, Safety and Envi H  —» Its Framework
Identification m:ﬁ:;ne:lesty zyes?:m accou:ing’ syastztrzll a;rojelé‘tnri:c]’)r:)r:t? corrlifll:sic:ns. development
of goal and § > for a case
research Literature overview. Verification of existing tools and methodologies Evaluation of study
questions. focused on: 5S+8, lean quality management, lean engineering design, —»  best suited company.
lean project execution. methodologies.

Fig. 1. Research methodology.

4 Literature overview

4.1 Lean Project Planning and Control (LPPC)

LPPC is a response to poorly planned and controlled ETO projects, caused by lack of
routines, few staff members included in planning, poor monitoring, or no response to
delays [2]. The model (Figure 2) was tested by several ETO manufacturing companies
delivering advanced equipment to the oil and gas industry.

‘ Flexibility Updates as often as required — all levels of activities.
‘ Integrity One integrated plan for all project disciplines.
Plannin
& ‘ Commitment All project disciplines commit to one common project plan.
‘ Participation Regular planning meetings with formal agenda, formal reporting.

Physical progress reported by all disciplines on a standardized form (percent plan
complete).
Delayed activities are replanned (root cause analysis, discussion with the project team)

Planning dedication

Replanning

Impact awareness Decisions taken by considering the optimization of the project processes.

Learning ability

| |
| |
| |
| |
Project dedication ‘ ‘ All project disciplines report in a standardized report. ‘
| y
| |
‘ ‘ Between all the employees and the external project partners. ‘

Fig. 2. Lean Project Planning and Control adapted from [2].

4.2  Lean Quality Management System (LQMS)

Lean Quality Management System (LQMS) is a comprehensive approach, combining
ISO (International Organization for Standardization) standards (Quality Management
System) and key concepts of lean management [25]. ISO standards and lean are in-
tended to improve organizations’ production processes, but when those two concepts
are not aligned, it can lead to a waste of resources [26]. The proposed framework (Fig-
ure 3) enables organizations to both develop the minimum amount of documentation
required to demonstrate an effective QMS and help to organize and control internal
processes.



« « | Documentation: 1 quality manual, 6 procedures: Data Quality Manual, QMS steering .
2= 4 Lo . 5 QMS steering
& 2 | documentary management, audit management, organizational chart, job committee of the committee of
2 E corrective, preventive actions, non-conformities, descriptions, process management the Process
~ customer satisfaction; 19 records. mapping (SIPOC), KPIL. review. p .
Step 1: Elimination of Step 2: Right Documents. Step 3: Design of Continuous
‘Waste. Identification of Establishment of organized records Improvement Process. Improve the whole
2 minimum requirement management standards developed process-based organization by applying the
»n 2 documentation. jointly with the management. Hoshin and Kaizen methods.
Z A
Qe v
<
= | Step 4: Due Quality. Satisfaction of the Step 5: Visual _ Step 6: People Management. A
artners (users, employees, customers, Communication. single internal human resource is able
P . ’ ’ >~ All human resources in —9 to manage the LQMS. The
suppliers, shareholders and so on)
resardine the quality level of the firm. the company understand collaborators understand and hold the
garding the quality : the QMS. LQMS.
g%
§ é“ Internal audit (5S audif) Managemenl Scorecard, steer_ing indicators (visual Audits, tr.aining,
A~ e review. reporting system). coaching.

Fig. 3. Lean Quality Management System (LQMS), six-step implementation model adapted from
[25].

The methodology includes several QMS templates, e.g., the lean SIPOC card (ac-
ronym of Supplier, Inputs, Processes, Outputs, Customer), which improves process
mapping by adding system measures and process targets, as presented in Table 1 [25].

Table 1. SIPOC card example, Lean Quality Management System (LQMS) adapted from [25].

SIPOC
Owner Processes Target
Project manager Design of assembly drawings Drawings according to company’s
Input Output standard template
Mechanical engineer Design completed Focus on customer’s expectation
Supplier System Measures Customer
Engineering Time, quality Warehouse

4.3  Lean Design

Lean Design is a concept developed to support engineering design through the use of
tools such as pull scheduling, design structure matrix or shared geometry, in order to
improve information flow, reduce negative iterations and involve all team members in
all decision-making processes in the design phase [17]. The basic concept of Lean De-
sign is illustrated in Table 2.

Table 2. Lean Design Model adapted from [17].

Lean Design

Cross-functional teams Involve downstream players in upstream decisions.
Create and exploit opportunities to increase value in every project phase. Select from
Set-based strategy alternatives at the last responsible moment. Share incomplete information. Share ranges

of acceptable solutions.

Design of product and process. Include operations, maintenance, commissioning, assem-
bly, fabrication, purchasing, logistics, detailed engineering and design. Move detailed
design to fabricators. Reduce design package sizes.

Pull scheduling. Design Structure Matrix (DSM). Strategies for managing irreducible

Structure design work to ap-
proach the lean ideal

Minimize negative iteration

loops.
Last Planner System in pro- Try to make only quality assignments. Make work ready within a lookahead period.
duction control Measure PPC (Percent Planned Complete). Identify and act on reasons for plan failure.

Technologies Shared geometry: single model. Web-based interface.




5 Case study company

A case study was carried out in Blueday Technology AS (BDT). The company is a
project-based organization handling ETO projects. BDT is a medium-sized enterprise,
executing electrical engineering projects such as hybridization of ships or shore power
installations. BDT provides knowledge work, service, and manufacturing. The case
study scope aims to identify the reasons behind low project margins. Based on obser-
vation and collected information, it can be stated that employees are well educated,
experienced, intelligent, highly motivated, and capable people. The company has ap-
proximately 35 employees, with the yearly employee turnover rate varying between
3.3% and 8.3%, at an average of 3.9%. Nineteen projects executed between February
2017 and September 2020 were included in the project portfolio investigation (exclud-
ing feed studies). It has been concluded that the company is providing services to five
industry sectors: shore power, defense, marine, offshore, and aquaculture. The analyzed
information revealed that planned spending for the majority of projects was signifi-
cantly higher than the originally estimated budget. Of 19 analyzed projects, 13 ex-
ceeded the planned budget (Figure 4 a, b) and 14 exceeded the planned engineering
hours (Figure 4 b, d). Comparisons in Figure 4 refer to marine and shore power groups,
as the majority of projects executed in the company in the investigated time period
belonged to the marine and shore power sectors. There is a visible pattern, suggesting
that exceeded engineering hours drastically affect the project budget.

Project cost. Project group: shore Project cost. Project group: marine.
power. —+— Estimated project cost
—<+— Estimated project cost stumated project cos

. \ '/\u\./._ — 7 ‘_’/E

Be 8~ oo o B2 Bz TN G« . . . .
A% s A% 5 4% s % s ~% ~% «% -% ) Project No. Project No. Project No. Project No.
£z £z 27z 27 29 22 22 2°2
~ ~ ~ ~ aAZ AZ AZ aZ 14 15 16 17
@) (b)
Engineering hours. Project group: shore Engineering hours. Project group:
. power. ) ~ marine.
—— Estimated engineering hours —— Estimated engineering hours
=— Final engineering hours #— Final engineering hours
[
— —— g - —— — - ] =
ge B~ 3= 3o 32 5T 30 3° T N
S 92 9L L 25 T8 ©o o Project No. Project No. Project No. Project No.
£7 &7 £7 £7 £2 £2 &2 &2 ! o ! !
14 15 16 17
(© (@)

Fig. 4. Estimated project cost vs. final project cost for projects in (a) shore power group, (b)
marine group. Estimated engineering hours vs. final engineering hours for projects in (¢) shore
power group, (d) marine group.

Analysis of several project plans indicated poor planning of engineering and pre-
engineering phases, reflected in missing phase details, such as design steps, process



sequences, design milestones, master design documents, etc. Moreover, some projects’
plans did not include the engineering phase at all. Additional information retrieved from
the company’s internal systems showed issues related to the quality of several products
and low customer satisfaction related to delivery time. The discovered data was con-
firmed by a value stream mapping (VSM) performed as part of the case study. Future
improvement actions in the company shall be focused on the following areas: engi-
neering design, project planning, and product quality control.

6 Framework presentation

The main goal is to improve overall performance in the organization, through the im-
plementation of all the elements of the framework, with a focus on the popularization
of lean routines in the office space, waste reduction in daily practices in projects, and
continuous improvement. The implementation of the framework will be introduced to
the case study company in the spring of 2021. The case study is estimated to continue
until spring 2023. The framework will be implemented in the case study company by
the following five phases of DMAIC methodology: Define, Measure, Analyze, Improve
and Control (Figure 5).

1. Define
Problem statement:
Low project margins.

} ‘ 2. Measure |
I

I

} Goal statement:

I

I

I

I

I
I
}Obtaining KPI for the projects} }
I
i

I
} 3. Analyze
I
I ineeri I
| and engineering department
I
I
I
I
I

Performing VSM
for projects.
Elimination of

e.g. tasks allocation per i
I
I wastes.
I

|
} engineer, customer
| satisfaction.

Overall productivity improvement,
improved project margins,

dcdicedenpineerma o ) I )
T T T T T T T T T T L — [
I 4. Improve } } ‘
I

I (. !
} 4.1. Introduction to 42 4.3. Monthly } I 5. Control }
| |5S+S in organization. Lyl 1m lem.el.l cation || performance status | —> Performance }
} Training conducted by pof 55+S of improvement } | monitoring. |
I'| indicated personnel. . activities. ; ;
! I
I ! |

Fig. 5. Methodology and guideline for implementing 5S+S in the case study company.

Figure 6 presents the framework and guidelines for implementing 5S+S in the case
study company. The framework is divided into five main sections representing areas
for future improvement: physical office work, digital office, lean project planning and
control, lean quality management, and lean design. Planned improvements are se-
quenced into six steps according to 5S+S methodology: 1. Sort (cleaning, elimination
of wastes), 2. Set in order (structuring and standardizing), 3. Shine (maintaining estab-
lished routines), 4. Safety (ensuring safety in the work environment), 5. Standardize
(standardization and monitoring of key performance indicators (KPIs)), 6. Sustain (con-
tinuous improvement and learning). The implementation of 5S+S shall be performed
simultaneously for all five improvement areas, with an introduction to 5S+S being pre-
sented to the knowledge workers before the framework is implemented, as the



implementation of lean should focus on the philosophical level before any tools and
methods are applied [10].

5S+S
Physical Office Digital Office Lean Project Lean Quality Lean
Work Planning & Control Management Design
Clean office space. .
L. Eliminate not needed . L.
Eliminate not files. folders. Sort Reduce project Reduce existing R_educ_e
needed items, eme;ils q les.in o management QMS denglneel:ntg
documents by thematic’ rouns. Sort documentation.  documentation ocuments to
1. Sort tagging wastes and PC co%npalr)l A’s Eliminate to minimum rgimmurtn
verifying with serv,er docuni/ent wastes from all specified in ISO 1:1111}: ©
office users what is ’ t syst project phases.  9001: see Fig. 2. wastes from
it ieealeal management system. design phases.
+ ¥ 3 - =
¥ ¥ v v v
Standardize T Implement
Create standard of processes, ue " QMS steering Define new
what should be procedures. Keep mar:]rao-]:r(;enl committee, design process
2. Setin available in each files in dedicated wErk detailed plan for ~ without non-
.order office, meeting place (company’s Map all - o Hoshin and value-adding
room, printer room, server, document al;oiefsr:: e Kaizen, activities.
etc. Tag location of  management system). I[J)se SIPO C scorecard, Implement
equipment, tools. Use digital Kanban from Table 1 steering Table 2.
boards for work tasks. O™ 120 L indicators.
2 ¥ 2 2 v 2
Keep workspace Maintain work Maintain good Maintain 200d Keep desien
3. Shine clean and well routines, once a week project WOl’kil’lg’ worr’k weﬁ
' organized. Tag area spend time on planning and routinesE oreanized
for waste storage. organizing files. control. : & :
: 2 ;2 2 7 2
Protect files from Compliance
Keep workspace loss. Save documents ~ Compliance Compliance vfith
4. Safet safe. Report non- on dedicated servers. with with reaulations
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>
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5. established Monitoring of KPI KPL digital dashboards, KPI. digital
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coaching.
\ ; , -
Full participation in 5S+S, 5S+S is a habit continually applied. Organization continuing to
6. A continuous learning learn about 5S+S, employees help to educate each other about
Sustain improvement. 5S+S. All staff are participating in 5S+S implementation efforts.

Fig. 6. Methodology and guidelines for implementing 5S+S — case study company.

7 Conclusions

This paper proposes a framework and guidance to improve overall performance in en-
gineering-to-order (ETO) projects, with a focus on knowledge work and the 5S+S con-
cept. In order to develop a 5S+S framework, lean approaches to knowledge work were
studied. The literature refers to several attempts to implement the lean philosophy in
different knowledge work related industries, such as software, healthcare, acrospace



and defense, and construction. Several authors observed that the application of the lean
concept to knowledge work is challenging for various reasons, e.g., difficulties in
achieving cultural change and in encouraging workers to adopt new behaviors or to
establish and maintain daily practices. Attempts to implement lean described in the lit-
erature are characterized by a lack of clear standards in applying lean principles and
tools to the knowledge work. Moreover, the approach of 5S+S has not been sufficiently
covered within the context of knowledge work projects.

Next, the results from the case study carried out in Blueday Technology were pre-
sented. The company has struggled with exceeded engineering hours and low project
margins. After analysis of the VSM and company internal systems, it was concluded
that there is a clear need for overall performance improvement in the projects, specifi-
cally when it comes to engineering design, project control and monitoring, and product
quality.

From this perspective, the 5S+S framework and guidance for knowledge-providing
organizations was developed. The framework aims to support the organization in a cul-
tural transformation to become lean. The 5S+S concept helps to reduce the waste and
standardize the work environment, maintain the established routines, and increase the
productivity of white-collar workers. The framework paid special attention to the sep-
aration between physical office work and digital office work, in order to provide sepa-
rate guidance for treating digital office work waste (chats, emails, inefficient methods
of storing files) and physical office work waste (unneeded physical items, e.g., binders,
paper copies). The framework has the potential to provide useful methods to improve
knowledge work efficiency, especially when it comes to work routines and practices.
The suggested methodology is applicable for knowledge-providing companies, project
managers, and team leaders who aim to improve the productivity of their project teams.

Future research shall focus more on detailed case studies where the presented 5S+S
framework could be used; detailed procedures and practices enabling the identification
of waste in the knowledge work environment; lean tools and methods that could support
the presented 5S+S framework; and the development of tailored KPIs to monitor the
transition of the company into a lean organization. Additional focus shall be directed to
the applicability of lean methods to the knowledge work in order to improve customer
value.
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