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An Implementation Model for Lean
and Green

Sophie M.C. David and Pauline Found

Abstract Most published articles on the adoption of Lean and Green (L&G)
concepts in industry only address specific aspects, rather a holistic approach.
Several levels of L&G internalisation are identified. Starting at the highest level,
with the conceptual acceptance of L&G; although Green concerns are recognised
as important, they are still perceived as costly and unrelated to Lean in the major-
ity of companies. The key drivers of L&G implementations are contingent to the
industry sector, geographies and the host organisation, regulations and a number
of external influencers also affect growing pressure for Green improvement. It is
only when L&G is reflected at strategic and decision-making level that it can be
said to be internalised. Therefore this research, including literature review, inter-
views and survey, discusses how L&G can be internalised and adopted as a new
strategic business model with a company and, in addition, the paper sets out to
describe a method for a L&G operational implementation rollout.

Keywords Lean and Green * Lean + Green + Environmental sustainability -
Business model

1 Introduction

Lean is a business management practice aiming to deliver greater value for cus-
tomers with fewer resources. Lean, in the context of this article, refers to a
wide range of lean activities, including operational, logistical and maintenance
improvements, applied both locally, and throughout the value chain. Green and
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greening, refer to the reduction of environmental impact, and associated improve-
ments. Environmental pressures and regulations, add to international, competitive
threats and specific company challenges, competing for an organisation’s limited
resources. Finding synergies between the varied demands can help reduce this
burden; whilst Lean addresses competitiveness, Lean and Green (L&G) combines
Lean’s operational improvement, with environmental benefits. Three conceptual
debates, emerging from the literature, are key to framing the topic of lean and
environmental sustainability (green).

Firstly, there is still a debate over the planet’s ability to support existing and future
levels of human activity, and absorb the consequences in terms of waste and resource
depletion. The views vary from Gaian nonchalance (Lovelock 2002), and Solow and
Romer’s optimistic reliance on human ingenuity to solve environmental issues (Martin
and Kemper 2012), to Malthusian catastrophic prediction (Martin and Kemper 2012).
From these dissonant views, there is an increasing mandate to protect the environ-
ment, from Lovins (2011), Desrocher (2001), Florida (1996) and Hall (2009).

The second major debate concerns the justification of environmental benefits.
Environmentalism had been widely considered as detrimental to business perfor-
mance until Porter proclaimed the beneficial, operational and financial, impact of
environmental improvements (Florida 1996). In the case study presented by Gordon
(2001) and AME (2007), environmental initiatives are yielding significant improve-
ments, and financial motivation is a clearly stated driver of such improvements.

The third debate concerns the consequence of Lean on environmental perfor-
mance. Bicheno and Holweg (2009), Gordon (2001), EPA (2011) and AME (2007)
clearly link the use of lean techniques with environmental benefits, even though
they admit that these benefits may be unintended. It is logical that activities such
as improving quality and first-pass yield, effective organisation of tasks, right-
sizing and optimisation of machine performance in Total Quality Management
(TQM), reduction of motion-associated waste, and indeed all other forms of waste,
limiting stocks and producing what the customer desires, all lead to improved
environmental outcomes, by reducing material and resource usage. But detractors
claim that, in certain circumstances, lean can increase the need for travel when
one-piece flow is introduced, since reducing batches involves more journeys, and
hence a potential increase in transportation waste (Venkat and Wakeland 2006;
Zokaei 2010), which would have a detrimental environmental impact.

This paper sets out to examine the concept of lean and green (L&G) to develop
a framework model and a process for implementing a lean and green business
model in an organisation.

2 Review of the Literature

The analysis of the literature identifies key topics, creating a hierarchy of themes,
and summarising the content for each group, highlighting unexpected content and
gaps. The grouping of emerging topics is key, to focus the analysis on a smaller
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O L&G conceptual level ) Barriers and causes of failure
- O Decision making / Financial
) ) © Lean and Green
Contingencies O Contingencies
External Influences © Policy
© Customers

0 strategic © Innovation
L& E— O © Marketing
Internalisation () Strategy and approach

© Drivers for Green
© Performance
© Supply chain
O Decision making © Product Development/ Design
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Fig.1 Theme analysis

number of items that are as mutually exclusive and collectively exhaustive (Minto
2002) as possible, for future analysis. Figure 1 illustrates the complexity of creat-
ing such a hierarchy.

From the analysis two distinct grouping can be observed. Firstly, those topics
related to the strategic level of implementing a lean and green decision support
business model, termed “internalisation” for the purposes of the model, and sec-
ondly, those that relate to more operational elements that contribute developing an
effective implementation framework.

Internalisation is defined as the adoption journey of new strategic concept from
externally influenced to fully embed in an organisation’s behaviour.

2.1 Internalisation

External policy and regulation, key influencers of Green commitment, are often
created by local regulatory framework (Boira 2011; Florida 1996; Brown 2012;
Simpson and Power 2005; Deif 2011; Hatcher et al. 2011). Europe is particularly
proactive in driving environmental regulations (Gordon 2001; Gopalakrishnan
et al. 2012; Ki-Hoon 2012).
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Hopwood et al. (2005) recognise that whilst government intervention is not uni-
versally welcomed, there is a minimum need for supporting standard definitions
for environmental behaviours and environmental measures; for example to balance
the people, planet, and profit elements of the Triple Bottom Line (TBL) (Christofi
et al. 2012). Hall and Lovins (2011), cited by Desrochers (2001), propose a deep
structural intervention, challenging the fundamental notion of ownership as being
unsustainable, whilst Hall (2009) proposes a revolutionary constitutional shift
to reflect each individual’s responsibility at a global level, and process valuation
methods, which remain conceptual. Boira (2011) advocates a constant govern-
mental influence, although less interventionist, to guide consumption behaviours
by analysis of consumption patterns, and to influence the economy through “gov-
ernment procurement, subsidy reform, eco-taxes/shifting investment guidelines,
socially responsible investment and financial institutions”.

Even where governmental intervention is widely supported, Arana-Landin and
Heras-Saizarbitoria (2011) warn about the timing of such interventions, citing the
example of the current Spanish crisis as a poor economic environment for busi-
nesses to shoulder the burden of increased direct and indirect costs to implement
environmental regulation. The type of encouragement is also key: if perceived as
dictatorial, it may lead to minimal compliance, whereas benefit-driven encourage-
ment tends to lead to deeper company commitment and long lasting improvements
(Florida et al. 2001; Yap 2005). Hopwood (2009, p. 435) also cautions that the
impact of lobbying can sometimes lead to situations where “nationalistic econom-
ics were given priority over environmental considerations, despite the underlying
rationale for the scheme.”

Although less common, self-directed environmental policy can also occur,
when an organisation sees its vision as an extension of its environment, has fully
internalised the need for change, or has understood the benefits of L&G initiatives
(Klimley 2005). Whilst it is clear that regulations have a role to play, other influ-
ences over environmental policy and company behaviour need to be considered,
including: customers, shareholders, corporate influence, employees, community,
competitors, and the media (Ageron et al. 2012; Simpson et al. 2007; Hall 2011;
Reichert et al. 2000). According to Christofi et al. (2012), ownership has a limited
influence on the way legislation is deployed in the organisation, either as a short
term, “tick-box” compliance exercise, or as long-term, sustainability standards to
be exceeded.

There was no mention of the importance of industry associations in the litera-
ture review; an opportunity to be explored in the research project.

Contingency theory, initiated by Joan Woodward in 1958, states that there is
no single, optimum way to structure organisations and their working, but different
practices will best suit different organisations, and tailoring these practices is key
to implementation success. Schoenherr (2012) and Law and Gunasekaran (2012),
observe that local, industrial and specific, company, situational contingencies have
a great impact on sustainability strategies.
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Beyond the geographic applicability of regulatory framework, local differences
exist between countries and continents, in attitudes towards Lean or Green initia-
tives, for example:

e Yap (2005) observes that China promotes a “conserver culture”.
e Schoenherr (2012) argues that the greatest benefits of environmental initiatives
are possible in emerging economies.

Furthermore, financial viability of recycling, compared to landfill rates, is driven
by the existence of a recycled product-market, waste recycling facilities, and their
proximity to the plant considering recycling. These markets become increasingly
important as raw materials become out of reach (Hall 2009).

Comoglio and Botta (2012), Wiengarten et al. (2012) and Marimon et al.
(2011) highlight the dominance of sector-specific influences on the adoption of
ISO standards, and recommend comparisons within a specific sector. Marimon
et al. (2011) presents data that shows that aerospace is lagging ISO 14000 adop-
tion, with decreasing numbers of certification since the peak in 2000. They also
promote the comparison of practices in companies with an established ISO accred-
itation, rather than newly certified organisations, to ensure that compared practices
are sustained ones rather than temporary certification fixes.

Reichert et al. (2000), Lozano (2012), Thourmy and Vachon (2012) and Florida
(1996) observe that larger companies are more motivated to engage in Green pro-
grammes, since they are in the public eye. Furthermore, they tend to have the
product replacement frequency to test Greener products, have significant research
and development (R&D) budget, and advanced manufacturing techniques, which
all support Green initiatives. Gunasekaran and Spalanzani (2012) also argue that a
company strategy that is oriented towards shareholder value, tends to support envi-
ronmental projects.

Whilst the literature describes generic geographical, industry and company
level contingencies, the above findings do not represent an exhaustive list.

Once influences have raised the need for environmental improvement, it should
then become part of a company’s strategy. There is abundant argument that suc-
cessful environmental efforts are more successful if they are fully integrated into
the strategy, not just as a line item, but interdependent with other goals (Balzarova
et al. 2006; Boira 2011; Calia et al. 2009; Golicic et al. 2010; Nawrocka and
Parker 2008; Sarkis and Sroufe 2004). Furthermore, environmental goals should
be challenging (Klimley 2005), and need to recognise the prerequisites for success:

e Prior establishment of the root causes of environmental and sustainability con-
cerns, in order to select the appropriate strategy (Gunasekaran and Spalanzani
2012).

e Adoption of an environmental standard to support analysis and on-going moni-
toring (Marimon et al. 2011).

e Pampanelli 2013 argues that Lean is a prerequisite for a Lean and Green
Business Model (L&GBM) as the environmental intervention is using the same
principles as Lean thinking, with a focus on flow performance (mass and energy
flow) rather than product flow.
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e Supplier strategic impact is so key that their involvement is recognised as mutu-
ally reinforcing by Soylu and Dumville (2011) and Ageron et al. (2012) argue
that environmental concerns should be included in strategic partnering deci-
sions. Benefits are superior when engagement of the end-to-end SC is secured
(Rose-Anderssen et al. 2009; Varga et al. 2009; Gopalakrishnan et al. 2012), a
practice already in place in the automotive industry (Ki-Hoon and In-Mo 2011).

e All value chain elements, enabling the change, need to be aligned, and the ini-
tiative is best rolled out as a bundle, covering: sustainable manufacturing and
services, product/process design, sustainability in the SC, in production, in
distribution, and in end-of-life and reverse logistics (King and Lenox 2001;
Gunasekaran and Spalanzani 2012; Yang et al. 2012).

Some causes for environmental strategy failures are discussed, and should be
considered:

e Focusing solely on environment aspects or ignoring operational improvements
(Baas 2007).

e Existing success creates a myopia that prevents a company from recognising the
strategic potential of environmental improvements (Gharajefaghic 1999, cited in
Dervitsiotis 2004).

e “Standardization and enforcement of corporate socio-environmental disclo-
sures” is lacking (Christofi et al. 2012).

e Hall (2009) cautions about the perverse effects of Intellectual Property (IP)
protection strategies, leading to “dysfunctional tribalism” which prevents the
required level of SC cooperation to co-innovate and ensure products comple-
ment each other.

Although the considerations for the inclusion of L&G in the strategic agenda are
discussed above, the published literature makes little mention of methodologies
used to create a compelling vision and strategy, based on competitive advantage.

Once environmental concerns are recognised at a strategic level, they need to
be supported by the decision-making process, and satisfy financial requirements.
Although, Hall (2009) recommends distancing the financial dimension from envi-
ronmental considerations, since many of them are not financially quantifiable, the
majority of companies have to demonstrate that they are wisely investing their
owners’ capital, some level of financial governance is necessary.

Current financial practices are not well adapted, in particular, cost account-
ing and the assumptions used in decision making are not appropriate (Hopwood
2009; Gunasekaran and Spalanzani 2012). Financial justification is particularly
difficult in environmental SC improvements, where apportioning cost and benefits
is extremely difficult. This represents a major barrier to such initiatives (Simpson
et al. 2007; Varga et al. 2009; Hopwood 2009; Ageron et al. 2012). The time
frame of investment and returns is also crucial, as most organisations are driven
by short term expectations, whilst environmental improvements tend to yield long
term results, and often require significant capital investment (Florida 1996; Brown
2012; Law and Gunasekaran 2012). Company size, resources, and environmental
capability will also affect investment decisions (Marimon et al. 2011).
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If the Triple Bottom Line (TBL) is used to assist stakeholders’ sustainability
decision making, as part of the Global Reporting initiative (GRI) (Ki-Hoon 2012),
Van Hoek and Johnson (2010) argue that financial impact remains the most impor-
tant part of decision-making, and even companies having adopted TBL show a
bias towards financial considerations. Moreover, Christofi et al. (2012) argue that
“that investors have neither rewarded nor penalized firms for adhering to or violat-
ing sustainability matters in their corporate decisions.”

Too often still, environmental improvements are considered as risk mitigation,
and their true value is not recognised (Ki-Hoon and In-Mo 2011). Hall (2011)
and Ageron et al. (2012) recommend a change of value system to recognise
the true importance of environmental matters, although this, too, is a tall order.
Consequently, environmental change agents need to satisfy the criteria of business’
decision making; to that effect, Gordon (2001, pp. 17-24) recommends a number
of key considerations to communicate:

“Tie improvement ideas to financial benefits”,
“Make a business case”,

“Transform emotion into business language”,
“Focus on biggest bank for buck”,
“Emphasise reduced risk”.

To ground the Green decision-making process as a fact-based activity, Ki-Hoon
(2012) promotes Carbon Footprint (CF) as a useful way to translate environmen-
tal improvements into financial savings. Despeisse et al. (2012) and Pampanelli
(2013b) also promote an analysis of the flow of resources and energy, to identify
losses. Liu and Muller (2012) recommend intense communication between pol-
icy making and analysts as part of the decision-making process. Other elements
to consider are to review options at a system level, and choose the smallest bun-
dle of supportive activities to deliver system-wide improvements (Lozano 2012).
The system dimension is indeed crucial, to maximise overall savings instead of
optimising each part, and to establish realistic saving estimates in a complex sys-
tem, as “the maximum efficiency is influenced through a variety of sub-processes,
which limit the economical implementation potential as a whole” (Enderle et al.
2012, p. 152).

Such recommendations assume that a structured decision-making process
already exists, if this is not the case, this practice would have to be deployed first.
Whilst improving decision-making concerning Green issues may be required,
it can limit the scope of improvement to the environmental team’s activities, and
miss the opportunity for Greening all decisions, and engendering wider involve-
ment. Instead, L&G considerations should be integrated in the normal decision-
making process, leveraging the most appropriate Green decision-making advice
from above, according to circumstances. There is limited practical advice in the
literature on the creation of business cases to support Lean, Green or L&G ini-
tiatives. Another issue resides in the alignment and prioritisation of self-directed,
L&G improvements, on the ground, with planned improvement portfolios that
span the entire organisation.
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2.2 Operationalization of L&G Rollout

In order to realise environmental improvements, the rollout of related initiatives
requires careful design. As Hopwood (2009, p. 439) points out, organisations need
to look “beyond abstract schemes for change and improvement to explore the actu-
ality of their functioning and operations, and to use this knowledge for the more
realistic design of approaches to changing both the significance which environ-
mental and sustainability considerations play in the corporate sphere.” Chriarini
(2014) studied the applicability of specific Lean tools to reduce environmental
impact in Italian motorcycle component manufacturers and quantified the results,
proving the positive influence of Value Stream Mapping to identify environmental
waste. Brown et al. (2014) and Diaz-Elsayed et al. (2013) confirmed these findings
in multiple case studies from a range of industries.

As illustrated in Fig. 2, a five-stage rollout template emerges. The comparison
of existing templates shows that authors do not explore the same number of stages,
and disagree somewhat on the nature of these stages:

(Gordon 2001)

Meet L&G goals Measure progress,
through and continually
collaboration improve

Question wasteful
practices

(Deif 2011)

Gain endorsement

Green
Performance | : Monitoring and
manufacturing S
sustainability

implementation

(Ki-Hoon 2012, pp.86-89)
|  Environmental | Steering/control

£ L | Management |
olicy formulation | Information I decision support and |
P ‘ management ‘l - ‘ implementation

Communication {intern:al and external) | | |

(Gunasekaran and Spalanzani 2012, p. 43)

Full understanding Define a Implementation
of challenge programme of (either gradual or |
|actions rapid)

Goal setting and

Set goals & define
strategies

Review advances in sustainable manufacturing pnd services, best practice and benchmark.

The six phases of BS 8555 implementation (IEMA)
Identifying and

Commitment and ensuring Developing

establishing the compliance with objectives, targets

baseline legal and other and programmes
requirements

Emerging roll out framework (gaining 1SO 14001
and/or EMAS)

Checking, audit and
review

EMS
acknowledgement

Aware f = Create L&G action ;
N eness.0 Environmental - 100 Establish on-going

wasteful practices programme i
performance monitoring , and
‘ Implement atinia
Include L&G in 3 H

Feey | Lo _ improve
Gain will to addre: decision making P!

Review advances in sustainable manufacturing and services, best practice and benchmark.

Fig. 2 Comparison of environmental roll-out templates
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e Deif (2011) ignores initial awareness and challenge,

e Gordon (2001) and Gunasekaran and Spalanzani (2012) do not include the envi-
ronmental management system,

e Ki-Hoon (2012) and Gunasekaran and Spalanzani (2012) do not explicitly
include on-going monitoring which affects sustainability,

e The BS 8555 roll-out template assumes implementation activities, but it is not
explicit, and is the only template specifically referring to compliance (IENA),

e Gunasekaran and Spalanzani (2012) also include knowledge management, sup-
porting accelerated learning in a relatively new field for most staff involved.

The rollout templates available in the literature are linear models that don’t
embody the iterative nature of continuous improvement activities; this seems to be
a significant gap for the research to develop.

The bundling of initiatives is highly recommended as these interact with one
another (Florida 1996; Enderle et al. 2012), and Lozano (2012) even recom-
mends specific sets of complementary initiatives. If a multi-discipline approach is
essential (Enderle et al. 2012; Despeisse et al. 2012), these initiatives need to be
coordinated in order to maximise synergies. Coordination mechanisms and gov-
ernance are less clear; whilst Gordon (2001) promotes decentralisation, it is diffi-
cult to see how it would deliver the coordinated, system-wide changes required by
Florida (1996) and Enderle et al. (2012). If system-wide improvements are ben-
eficial, the inherent difficulty of managing large projects’ complexity and scope
(Thourmy and Vachon 2012), as well as a lack of resources and facilities, may
drive towards a decentralised model. The advantages and concerns of each model
will need to be understood to choose the most appropriate model, or a combina-
tion of several.

For an organisation embarking on an environmental improvement journey, an
EMS is the first step (Arana-Landin and Heras-Saizarbitoria 2011; Florida et al.
2001; Galeazzo et al. (2014); Marimon et al. 2011; Sarkis and Sroufe 2004;
Verrier et al. 2014). The key benefits supporting prioritisation of an EMS are:

e Encoded practices that support companies at the beginning of their journey
(Baas 2007),

e Visibility is increasingly demanded by customers (Ki-Hoon and In-Mo 2011),

e The generation of internal improvement goals, as opposed to external stimuli,
yields better commitment (Comoglio and Botta 2012), and

e Projects focussing on management systems rather than technology, tend to yield
better results (Thourmy and Vachon 2012).

Having a Quality Management System (QMS) is a precursor to implementing an
EMS; Balzarova et al. (2006) recommend that it is based on the ISO system, and,
according to Laframboise and Reyes (2005), it is even beneficial to integrate them.
As EMS implementation is key to its impact, QMS adoption lessons can generate
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key insight to ensure EMS success. Gordon (2001, pp. 78-80) recommends the
following to ensure it is deployed effectively:

1. “First consider the areas of largest environmental impact,
2. Let employees know that the system was created because the organisation
cares about the environment,
Embed EMS’s requirements into existing systems,
Identify locally the gaps between goals and the current state,
Use simple language,
Support usage of the EMS,
Match training style to company culture,
Get outside help to create the system,
9. Roll-out the system in phases,
10. Overestimate the time it takes”.

Despeisse et al. (2012) and Enderle et al. (2012) recommend that the EMS delivers
an integrated view of material, energy, and waste, although Boira (2011) cautions
against EMS over-complication. Balzarova et al. (2006) also list insufficient audit
or lack of integration, as causes for EMS failure. There is indeed a real danger
when an implementation is motivated by the desire for certification and compli-
ance, rather than the pursuit of genuine improvement, that once the system is in
place, sufficient monitoring and improvement efforts are not sustained.

There is substantial literature on the use of EMS, but only one article dis-
cusses their integration with other management systems. This requires further
investigation.

Standardisation plays a key role in supporting the adoption of environmental
practices. Performance measurement and expected benchmarks are lacking in ISO
14001 (Comoglio and Botta 2012), which poses an issue, although other standards
are available, such as UNE 150301, which could be adopted (Arana-Landin and
Heras-Saizarbitoria 2011). Standards are particularly important to ensure consist-
ency when supporting SC environmental initiatives (Gopalakrishnan et al. 2012).
Boys et al. (2004) cited by Balzarova et al. (2006) discuss the limitations of stand-
ardisation, and recommend sector-specific considerations, to leverage a standard
and achieve excellence.

There is a debate in the literature over the measurement of Green improvements,
and over the need for financial consideration. Measurement standardisation is
required (Simpson and Power 2005; Comoglio and Botta 2012) to facilitate appro-
priate decision making, and since financials are key drivers, and despite Hall’s
(2009) opinion, the standard measures need to easily translate into financials.

Lean is considered by Gordon (2001) and Pampanelli (2013) as having a posi-
tive environmental impact, since reducing inventory has an impact on reducing
the volume of materials in the logistical pipeline. According to Azzone and Noci
(1998), Golicic et al. (2010), Gunasekaran and Spalanzani (2012) and Sarkis et al.
(2011), green logistical initiatives include:

NN

e Review transportation network structure (reduce distances),
e Switch transport modes to more fuel efficient and greener ones,
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e Use alternative fuels,

e Alter the fleet to reduce vehicle size and integrate less polluting vehicles where
appropriate,

e Partner with lower-impact, transport firms,

e Improve tracking and information sharing for improved coordination of trans-
port systems with transport needs,

e Recycle packaging.

Beyond these initiatives, circular systems or reverse logistics, which ensure the re-
use of production waste and unwanted used goods, are also employed by the most
proactive organisations (Azzone and Noci 1998; AME 2007), although coordina-
tion of such practices can suffer from a lack of integration and information.

Some logistical improvements, such as reduction of business travel using video
conferencing, and reducing employee commutes, impact employees directly
(Golicic et al. 2010; Gopalakrishnan et al. 2012) and the way they interact with
their employers.

The operational aspects of environmental improvement come under the ban-
ners of Lean, Pollution Prevention, Re-use and Re-cycle, and Enterprise Resource
Planning (ERP) implementation. When looking at the practices described under
each heading, there is significant overlap between categories, even when the
activities have a different name, as illustrated in Fig. 3. This not only reflects the

+ TQM (TEQM)

* Justin Tine (JIT)

*  Materials right-sizing A
* Reduce stock waste

* Reduce in-process travel

+ Start-up procedures,

Pollution Prevention (P2)

Eliminate unnecessary elements
Stop or stand-by process when
not in use

* Good housekeeping practice

* Repair and maintain equipment

Fig. 3

* Quality measures

* Improve overall efficiency of the

* Integration with legacy quality x // system,
processes f_&/ / Replace technology and
+ Optimise productionschedule | |/ / resource
* Match demand and supply J f;' Waste output conversion into
* Environmental reporting / resource input (synergy)
/5 Replace input or technology
,."f / components (substitution):
I;"// renewable and non-toxic
/ = Circular systems
* Green transportation [/ = Enablement of remanufacturing
* Rightsizeinfrastructure & — and recycling.

* Reverse logistics

Practices listed by method
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synergies between multiple endeavours, to improve performance, but also implies
that coordination is necessary to avoid wasting resources on repeating a given
activity.

Ki-Hoon and In-Mo (2011) and Calia et al. (2009) identify some limitations to
the dissemination of environmentally friendly operational practices:

e End-of-pipe solutions are mainstream whilst pollution prevention (P2) ones
aren’t,

e Companies encounter difficulty implementing new technology,

e Market access to cleaner technology is limited.

These challenges are partly due to a lack of knowledge with which to inform the
decision-making process, which reinforces the need for a knowledge management
activity during the rollout.

If existing facilities constrain lean, environmental, and logistical improvements
opportunities, due to lack of flexibility; new facilities may offer significant benefits
(Laframboise and Reyes 2005), such as:

e Environmental climate management and air systems best practice,

e Water usage management at system-wide level, and

e Reducing need for harmful chemicals, such as pesticides and some cleaning
products, thanks to design features.

Another aspect of infrastructure planning concerns IT, particularly for highly
outsourced operations; sustainability relies increasingly on information systems
integration (Ageron et al. 2012). According to Laframboise and Reyes (2005),
system-wide improvement initiatives, such as Lean and quality suffer from being
implemented without a holistic approach, or adequate integration with other busi-
ness imperatives, like IT upgrades.

The impact of infrastructure, beyond building constraints, affects success
when an improvement relies on timely communications of performance, cor-
rective actions and good practices, as this underpins organisational learning.
Communications become increasingly critical when the end-to-end value chain
involves remote locations and other organisations. Therefore, whilst infrastructure
can significantly impact the results of organisational change, it is not systemati-
cally mentioned in the published literature discussing Lean and Green implemen-
tations, presenting a noticeable omission to be addressed.

A product’s environmental impact covers its whole life cycle, although most
current initiatives apply to manufacturing, the later stages are now becoming
increasingly important (Boira 2011; Gunasekaran and Spalanzani 2012; Hatcher
et al. 2011; Herva et al. 2011; Presley et al. 2007). The Extended Producer
Responsibility, embedded in increasingly stringent regulations, began in the
European Union and is now being adopted more widely. Although the end-of-life
regulation affects mostly, to date, automotive (since 2003) and electronics (since
2006) in Europe, the environmental benefits can be realised in other industries.

One aspect of end-of-life consideration is re-manufacturing, which involves
re-using part of, or the entire, product, to produce a new one against an agreed
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quality standard. Remanufacturing relies on effective reverse logistics, the devel-
opment of a secondary market, and improved information sharing (Soylu and
Dumville 2011; Hatcher et al. 2011; Gunasekaran and Spalanzani 2012).

If environmental improvements are mostly envisaged at operational level, they
also require support function involvement: sales and marketing, design, and, as
they all influence the value chain. To be successful, visibility is key throughout the
value chain, from customer to suppliers (Florida 1996). Three main non-functional
groups were mentioned in the literature; the potential for additional groups, such
as HR, and even all employees, to be involved is not covered. Wider involvement,
when considered for a specific function only, misses the strategic nature of system-
wide involvement, and the benefit of cross-functional working. This issue merits
further investigation.

2.3 Change Management

According to Lozano (2012), the least addressed element is the organisational
system, which is crucial to ensuring sustainability beyond initial compliance.
According to the authors’ experience, the people change approach should address
leadership, engagement, culture, training, communications, knowledge and sup-
port, in a coordinated and mutually reinforcing manner.

Lack of sustained management support over time and employee engagement,
are key reasons for failure of an environmental initiative (Florida 1996; Balzarova
et al. 2006; Baas 2007; Boira 2011). Engagement can be difficult to start, and Baas
(2007) cautions the reader against assuming that “ethical and economic benefits
are motivators for changing routines”. To address the former, Baas (2007) and
AME (2007) recommend including environmental awareness as part of leader-
ship development. Furthermore, as per lean leadership, environmental leader-
ship should be encouraged at all levels in the organisation, and the foci of leaders
should include: vision, communications, accountability, succession planning, and
establishing a dialogue with employees (Gordon 2001). Without engagement, an
environmental initiative is not sustainable and employees’ knowledge is not lever-
aged (Florida 1996; Boira 2011; Thourmy and Vachon 2012).

Although authors agreed on the importance of leadership contribution, only
Hall (2009) develops further the leadership traits that are expected to maintain
the vigorous learning discipline, even though it is unclear how the ownership is
ensured.

Hall (2009, p. 205) cautions about the self-reinforcing nature of cultures, there-
fore moving away from the omnipresent “monetary incentives and financial logic”
requires intensive efforts which represents a huge shift in mind-set. The influence
of culture, on the change, needs to be considered. Balzarova et al. (2006) recom-
mend changing the culture to fit the change culture, as a one-step approach, which
is not realistic in the author’s experience. In contrast, Gordon (2001) recommends
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changing the initiative to leverage the culture, which may ignore the need for
change. Azzone and Noci (1998), Gordon (2001), Rose-Anderssen et al. (2009),
Hall (2009), Martin and Kempe (2012) and Pampanelli (2013) recommend some
initiatives for increased cultural alignment:

e Participation in supplier collaboration,

e Peer pressure,

e Build on an existing quality culture to establish a L&G culture,
e Recruit people who appreciate environmental implications,

e Daily reinforcement.

Further to leadership education programmes, training should also be offered to the
rest of the organisation, in order to establish awareness (Golicic et al. 2010) and
build internal expertise (AME 2007; Baas 2007). In particular, Pampanelli (2013)
and Baas (2007) recommend learning by doing, instead of classroom training, to
support behaviour change and a continuous improvement culture.

Communication has a key role to play in engaging employees; it should be reg-
ular, use varied media, include dialogue, and address both the need for change,
and progress realised (Balzarova et al. 2006 and Boira 2011). Communication lan-
guage should keep a business-like style, and translate environmental benefits in
financial terms (Gordon 2001).

Lack of knowledge can be a major barrier to internalisation of an initiative,
engender mistakes, and drive inaction (Baas 2007; Ki-Hoon and In-Mo 2011). It
should, therefore, be proactively shared (AME 2007; Baas 2007). The importance
of support for adopting the change is only recognised by Balzarova et al. (2006),
this represents a significant gap in the published literature.

A two-part L&G adoption model, further defined in this section, emerges from
the literature review, represented by the systematic framework illustrated in Fig. 4.
This model informs the structure of the analysis.

2.4 Conceptual Lean and Lean Business Model Derived
Jrom the Literature

A L&G model, composed of two elements, emerges from the literature: the inter-
nalisation level and the operational rollout framework. The levels of internalisa-
tion reached by an organisation helps to assess the level of commitment and
sustainability of an organisation’s L&G intentions, beyond marketing claims.
The extent of the rollout framework refers to the breadth of adopted practices,
and their coordination into integrated bundle, to create a self-supportive rollout
framework.
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L&G Internalisation L&G roll-out framework

Lean and

Decision making ,\—-—-"/\.

Change Management

novemen _ \aGpraciices

-

L&G adoption model

Conceptual level

External influences

Strategic thinking

Decision making

Fig. 4 L&G systematic adoption framework

3 Model Validation

3.1 Research Questions

The research questions are constructed to validate the model illustrated in Fig. 4
and address some of the gaps and contradictions from the literature as illustrated
in Fig. 5.

Five levels reflect the different stages of L&G internalisation; the first three
are not controlled by the organisation, whereas the last two are internal:

1. Conceptual level—the acceptance of environmental concerns, environmental
improvement financial viability, and the synergies between Lean and Green as
valid conceptual considerations,
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Conceptual level:
* Are environmental concerns justified?
+ Are environmental initiatives financially viable?

How can L&G be * Does Lean impact environmental performance?

internalised?

Contingencies level:

+ Are there contingency dimensions to be
L&G systematic considered?
adoption *  What are the aerospace contingencies?
framework valid
and demonstrated
in industry?

External environmental influences:
+  Are environmental factors present in policy /

regulation?
. +  What are the key environmental influences
\ y Strategic level:
- * How are environmental factors translated into
What does a strategic intent and cascaded?
L&G roll out . i
look like? Decision making level:

* How are environmental factors embedded in the
decision making process?
Holistic implementation
* |s there a Lean and Green roll-out template?
*  What management frameworks are needed?
* What are the environmental management
practices used in operations?
*  What is the system wide involvement required?
+ How to drive change?

Fig. 5 Research framework

2. External influences—the influences encouraging Lean and Green adoption,
including policies and regulations, and also key stakeholders,

3. Contingencies—specific considerations follow next, in view of geographical,
sector and company contingencies,

4. Strategic thinking—the first level to reflect that L&G is internalised is the
strategic one, L&G objectives are set, cascaded, managed and monitored
through the organisation’s strategic processes,

5. Decision-making—integration of L&G as part the decision-making process
and the on-going improvement programmes.

The second part of the L&G adoption model describes an L&G rollout framework,
comprised of five distinct activities,

An L&G operational template is used to identify the most appropriate L&G
activities, and ensure synergies,

1. Management frameworks need to reflect the Green agenda, and leverage
integration with Lean improvements, and with other systems, throughout the
value chain,

2. Specific L&G practices are recognised as a benchmark, they need to be
included and integrated in the programme, to maximise system-wide benefits,
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3. Depending on the programme reach, system-wide involvement beyond oper-
ational teams, needs to be carefully thought through, engaged and aligned to
support such activities,

4. Change management maximises programme success, and ensures improve-
ments are sustained beyond the project phase; often under-estimated, it rep-
resents a key investment in leadership, communication, training, knowledge
management and support.

3.2 Research Methods

To avoid the pitfalls of undertaking a long-term project (Kearns and Gardiner
2011); a structured plan was developed at the outset of this study, as summarised
in Fig. 6. The first iteration of the literature review supports subject discovery, fol-
lowed by topic refinement, and research questions. The analysis of the literature
first identified key emerging topics (Fig. 1), creating a hierarchy of themes, and
summarising the content for each group, highlighting unexpected content and
gaps (divergent process). This was followed by grouping of emerging topics to
develop a number of emerging themes, to focus the analysis on a smaller number
of research areas that are as mutually exclusive and collectively exhaustive (Minto
2002) as possible, for future analysis (convergent process).

e The following iterations support further knowledge acquisition, and consti-
tute the basis for the literature review, the L&G framework, and the research
questionnaire.

e The semi-structured interviews validate the model.

e A survey also validates parts of the model.

e Finally, analysis generates conclusions from the findings.

Knowledge creation process for each project phase:

‘ Model development > ‘ Model testing >

Firs review - On-going Interviews »

80+ references reviews \

No data
or knowledge \

9 . Literature review ~—_\
+  Refined topic p
* Research questio L&G Framework *  Questionnaires analysis
el Questionnaire +  Interviews analysis

Fig. 6 Summary of research method and knowledge creation process
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The research consisted of a series of 11 in-depth interviews. Two distinct groups
of practitioners were interviewed: practitioners of Lean, and of L&G, with direct
responsibility and involvement in continuous improvement. This group offers an
internal and practical view of Lean and L&G implementation in an organisation,
and represented different levels in the organisation. The observers have less direct
involvement in specific implementations, but have witnessed several Lean or L&G
implementations and can therefore offer more objective perspective and reflection,
linked to their roles in the academic and consulting worlds, compared to practi-
tioners who are embedded in a specific organisation. Five practitioners and six
observers were interviewed. Practitioners’ locations are exclusively European, split
between the UK and France, whereas observers were based in the UK, USA, and
South America, reflecting a more international view of L&G implementation.

A survey was conducted where survey respondents were purposively selected
from a database of Lean and Transport Systems Technology alumni, where they
were known to have specific knowledge of Lean and of manufacturing operations
management. The respondents were individually invited by e-mail, and sent a
common link to ensure anonymity. Over 180 people were invited to take part in
the survey, 85 opened the survey, and 57 completed it. In total, 28 aerospace, six
automotive and 23 respondents from other industries took part. Due to the small
sample size, the automotive industry responses were amalgamated in the other
industry category. Most of the participants are based in the UK or France, apart
from one individual, based in China. Company head office locations, where a large
part of the strategic decision making takes place, were shared between Europe
(80 %) and North America (20 %), no companies head-quartered in Asia or other
regions took part in the survey.

4 Findings

4.1 Internationalisation

Observers supported the increased prevalence of environmental concerns, world-
wide and across industries, and that the voice of protractors is mostly limited to
political agendas.

The level of motivation of companies to address such issues does not match
the level of awareness, this results in part from the wide spread belief that Green,
as was previously the case for quality, costs more. This view can be explained by
lack of integration with other improvements, counterproductive financial practices,
and the difficulty of assessing environmental savings. Although, most managers
tend to balance their perception of short-term costs and benefits for each activ-
ity, a higher financial pressure is emerging at institutional investor level to drive
a longer-term investment view. Increasing numbers of investors are demand-
ing organisations to adopt sustainability measures to improve long-term finan-
cial outcomes. Therefore, financial justification of Green investments requires a
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longer-term view and a new approach, this is what the observers, who hold aca-
demic and consultancy positions, have developed to help companies overcome
these problems.

Although all interviewed practitioners accept the synergy between Lean and
Green benefits, most had not previously thought about it. Observers have pointed
out that in some cases, a Lean improvement may be environmentally detrimental,
therefore the lack of awareness, and potential isolated experience of such detri-
mental impacts, may explain why Lean and Green synergies are not universally
recognised. As Lean has been a mainstream business activity for 20 years, whilst
Green is still developing as a business standard, most survey answers sequenced
Lean before Green (Fig. 7). Although the literature highlights that Lean builds a
supportive engagement and systemic platform to facilitate environmental activities,
the author, supported by survey results, believes that it isn’t a pre-requisite. Green
can also lead to Lean by using the EPA (2011) L&G toolkit, providing an opportu-
nity to implement a selection of Lean techniques for environmental purpose.

The research supports the findings of Pampanelli et al. (2013a, b) and confirms
that, although a Green regulatory framework sets the context, it is only when the
need for Green is recognised and demanded by large organisations, controlling
extensive value chains, that the Green agenda can be systematically adopted. In
addition, regulation rollout needs be associated with financial consequences, to
leverage the dominant financial driver, including incentives (Florida et al. 2001;
Yap 2005) as well as punishments Boira (2011).

Although regulations drive environmental performance compliance, a number
of external influences also have an impact. Survey and interviews confirmed the
influence of end-customers, industry associations, media and to a lesser extent,
suppliers. The role of investors, disputed in the literature, is becoming increasingly
influential, as recent events, particularly in the banking sector, are strengthening
the need for sustainability in the way organisations are lead. Additional influ-
encing forces were uncovered by the research: competition, recruitment, and the
political arena.

Answer Bar Responses %

Lean firstthen green - 24.00 58.54%

Lean and green 13.00 31.71%
simultaneously

Green first, calling 4.00 9.76%
upon lean techniques

Total 41.00 100.00%

Fig. 7 Sequence of Lean and Green initiatives
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As previously discussed, the Green regulatory framework is not homogenous,
world-wide; as the value streams of aerospace organisations tend to be interna-
tional, different parts of the value stream will be impacted by different regional
requirements. The treatment of value chains spanning regulatory frameworks is
notably absent from the reviewed literature.

The research confirms that industry contingencies need to be taken into consid-
eration, to maximise benefits and reduce risks.

The company size dimension, mentioned in the literature, was not explored in
the research since all respondents work for large companies that can support the
R&D effort required for L&G adoption. Had the survey included smaller compa-
nies, R&D might have been a concern.

Observers confirm the strategic dimension of L&G, and the need for rec-
ognition at that level, due to: end-to-end value chain implications, information
requirements for decision making, and the level of integration required with other
systems. They also echo the strong warning concerning setting environmental tar-
gets independently of other sustainability measures, in particular, financial objec-
tives. The gap identified in the literature review concerning the provision of tools
to create a compelling vision and economic assessment is addressed by observers,
who also work as consultants, using a maturity matrix to reflect current position,
and a comprehensive list of options for future and associated expected benefits.

The inclusion of Green considerations in the decision-making process is con-
firmed as essential by observers. They point out that, even when the decision-
making process involves TBL considerations, it remains dominated by financial
considerations or risk mitigation, rather than an environmental improvement
philosophy. From a practical stand point, the authors recommend adopting the
organisation’s existing standards, presenting Green decisions in a formal man-
ner, to build initial management buy-in, and that improvement proposals need to
be accompanied by financial impacts. They also confirm the need to challenge
the assumption made by literature, concerning the suitability of the existing deci-
sion-making processes, as they often treat non-core issues, such as Green con-
siderations, as ‘tick-box’. They also point to the poor fit with common financial
practices; this last point is particularly important in aerospace companies, since
the benefits of L&G improvements are frequently not recognised appropriately.
An additional insight from observers’ interviews concerns the inclusion of envi-
ronmental considerations in the day-to-day informal decision making, through
role and responsibility, and the individual, performance-management process.
This incentives model is debatable, in the view of intrinsic motivation theory
(Pink 2011), and may be more appropriate to certain cultures, such as in North
America, where the observers who put this idea forward are based.

There is a gap in the literature review, which is not addressed in this research,
concerning the reconciliation and alignment of formal decision making with incre-
mental, self-directed improvements. From a technical perspective, end-to-end
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solutions yield most benefits, and as per Lean, Green initiatives are subject to sub-
optimisation risks when locally initiated; to mitigate this risk, L&G requires a level
of top-down guidance. The engagement of staff requires giving them greater free-
dom over the choice of improvements to be carried out locally, as they are best
placed to identify them. The top-down approach and the bottom-up one are exclu-
sive, and affect the decision-making model, which in turn drives the rollout frame-
work. In the author’s experience, both approaches need to cohabitate, and alignment
starts with a clear vision, embedded through the strategic process (Table 1).

Table 1 Conceptual level findings

Conceptual level

Findings

Green concerns

¢ All interviewees confirmed that Green concerns are
increasingly important to all sectors of industry

* Green concerns are key to transport companies, and
reducing the environmental impact is mostly embedded
in product development rather than in manufacturing

* An observer pointed out that, looking at the life-cycle
environmental impact of transport products, emissions
during product life cycle are mostly linked to product
operations through fuel consumption rather than during
the manufacturing phases

Financial viability of Green
initiatives

Observers dominate the reflection on this topic:

* They concur on the financial viability of Green
improvements

» They also recognize that there is still a myth that Green,
like quality, costs more due to the short-term financial
practices, a view that is confirmed by practitioners

* They point out that sustainability is becoming
increasingly important to investors, particularly
institutional investors

Synergy between Lean and Green

* Although observers state a high level of synergy between
Lean and Green for a majority of lean improvements,
they recognize that some Lean activities can be
detrimental to Green

 Observers also recognize that the synergy is not widely
appreciated by either, Lean or Green practitioners
in industry, only one of the interviewed aerospace
companies has established a link between Lean and
Green improvements

* Practitioners recognized some shared benefits between
Lean and Green, mostly linked to waste removal and
quality improvements, although Green improvements
generated by Lean initiatives are not planned or
purposefully measured
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4.2 Implementation Model

Whilst the content of the L&G rollout template is fundamentally valid, the model
requires redesign to accommodate both the coordination effort required for EMS
implementation, and system-wide, environmental changes, whilst encouraging
local engagement. It also needs to consider on the current state, envisaged future
state, and fit the activities required to close the gap. On reflection, the rollout tem-
plate emerging from the literature is mostly derived from EMS implementations,
and assumes that the organisation is right at the very beginning of their journey.
Proposed changes to the L&G rollout template are sketched, at high level, in
Fig. 8.

The bundling of activities, which reinforces the systemic dimension of L&G
rollout, and the need for a system-wide decision-making and deployment mecha-
nism, identified in the literature, is not validated by the research, as it would have
required very detailed focus on this section. Hence, there is potential for further
research in this area.

Observers confirm the importance of supporting L&G with an EMS, and also
validate the risk and cost of solely focusing on implementation or certification.
Although the efficiency of integrating management systems is identified in the
literature, and by observers, they miss the more important, effectiveness benefit
mentioned by one practitioner. His organisation has integrated QMS and EMS,
due to noticing that quality and green issues could be different symptoms of the
same root cause; the effectiveness benefit, of resolving issues common to EMS
and QMS in a single intervention, far outweigh the efficiency benefit, of having a
single audit visit or a shared software solution for several management systems.

The adoption of ISO 9001 and ISO 14001 quality and environmental management
systems is tested for the following: ISO 14001, a generic environmental management

Deliver investment portfolio

Create L&G
investment

Current and portfolio Management systems
strategic target alignment and integration
levels established

in sustainability :
maturity matrix, ‘ascade strategy
down to individual

On-going monitoring and effort alignment

Organisational learning (good practices, optimised bundles, bets practice, sector benchmark)

Fig. 8 Proposed new L&G rollout template
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Fig. 9 Adoption of 100% ENo myes
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system and ISO 9001, a generic quality management system. The results are shown
in Fig. 9. Overall, circa 92 % of respondent’s companies are ISO 9001 certified, 88 %
have an environmental management system and 82 % are ISO 14001 certified. 82 %
of respondents working for companies with ISO 14001 certification represent a very
high percentage, since in 2010; fewer than 1600 companies were certified across
France and the UK (Marimon et al. 2011).

The aerospace industry, due to high regulatory demands, has the highest rate of
standard adoption.

Observers echoed the literature recommendations concerning the need for per-
formance management systems alignment, and for standardisation. Therefore, data
used for benchmarking in the current climate may not be adequate.

The improvement methods presented under the Logistics, Lean and Green ban-
ners were all validated as relevant by interviewees. All interviewees confirm the
synergy between the Green, logistics and Lean tools, although several practition-
ers recognise that they had not made the connection prior to the interview, which
could explain why some survey respondents didn’t think that there is much syn-
ergy between Lean and Green. All observers confirm this lack of awareness in the
continuous improvement (CI) and environmental communities, beyond the minor-
ity of companies who have implemented L&G. Outside of system-wide activities,
the additional dimension of product life cycle needs to be added.

Observers validate the recommendation for end-to-end value chain involvement
beyond traditional organisational boundaries in L&G, as well as the need to estab-
lish clear ownership of initiatives to ensure success.

Practitioners and observers validate the importance of, and highlight the cur-
rent lack of change support for technical subjects, such as Lean, Green and L&G.
They also confirm the detail of the proposed change management interventions.
Although the research focuses on the Lean and Green components of sustainabil-
ity, the importance of people factors to implementation success reinforces the need
to address the three dimensions together.
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5 Conclusions

Although there are a significant amount of published articles on specific aspects of
Lean and Green, there is a lack of a L&G systematic adoption framework, with the
majority of written work in the form of books. These gaps in the published litera-
ture can be explored by the following research questions:

1. How might L&G be internalised (adopted as a new strategic business model)
within a company?
2. What does a L&G implementation rollout look like?

5.1 How Might L&G Be Internalised in a Company?

Taking a systemic view, several layers of L&G internalisation were identified dur-
ing the literature review, three are external, and exert influence on the organisa-
tion, whilst two are internal, and reflect how the organisation responds to external
influences.

At the highest level, three relevant conceptual topics emerged during the lit-
erature review: the acceptance of green concerns, the financial viability of envi-
ronmental improvements, and the synergy between Lean and Green. As confirmed
during the research, Green concerns are increasingly recognised in industry. The
interviews further pointed out that although some companies are realising exten-
sive savings through reducing environmental waste, Green initiatives are still
perceived as costly by a large number of organisations, due to narrow investment
assessment practices, whilst Green practices benefit from longer-term investment
and a broader consideration of benefits, which consultants have begun to explore.
The last point reflects the observers’ experience that there is a lack of awareness of
the synergy between Lean and Green; many lean initiatives improve environmen-
tal performance, but a lack of focus, and inadequate metrics fail to demonstrate
the cross-benefits. The interviews also confirm that some industries prioritise prod-
uct pollution over operational impacts due to life-cycle considerations, and the
direct link to customers’ operating costs (Teehan and Tucker 2014). Environmental
improvements are frequently regarded as costly, and with varied levels of Lean
maturity, most companies don’t recognise the synergies between Lean and Green.

The next level of L&G internalisation focuses on external influences that sup-
port Green improvements. A key Green driver is the development of the regulatory
framework, which is becoming increasingly stringent in order to protect the envi-
ronment. But the literature identifies that current legislation compliance alone has
limited improvement potential; both the survey, and interviews, identify that other
influences also play a key role in encouraging the shift of Green considerations
onto the strategic agenda, such as customers, competitors, suppliers, industry asso-
ciations, and even talent recruitment pressures.
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The impact of contingencies of geographic and sector natures on L&G internal-
isation is also explored. Financial management, task prioritisation, leadership, cul-
ture and knowledge are key constraints validated in the survey. Market readiness
and a lack of appropriate performance management, are cross-sector contingen-
cies, also raised during interviews. Although some contingencies are supportive,
most industries have contingencies that slow down L&G adoption, these need to
be considered during the L&G implementation.

The first aspect of L&G internalisation inside a company, and a good basis
for assessing the deployment of L&G, is the strategic level. To implement L&G,
the strategic process needs to include operational improvement targets and Green
objectives, as well as cascade them through the organisation. For this to happen,
the financial assessment framework needs to accommodate the integration of L&G
targets with strategic financial objectives. The strategic process needs to be cog-
nisant that the bulk of the environmental impact may be realised in the SC, and
that a certification objective alone tends to yield limited improvements. Lean and
Green are rarely represented at strategic level in organisations; of all the organi-
sations polled only one company demonstrates such strategic objectives, fully
cascaded across its operations, although Lean and Green were not explicitly inte-
grated. When considering decision making, the survey respondents identified a
number of decisions involving Green issues, but the interviews pointed out that the
nature of these are generally linked to compliance rather than motivated by envi-
ronmental improvement.

5.2 What Does a L&G Operational Rollout Look like?

Also applying a systemic view to the creation of the L&G roll-out framework,
five key topics require consideration: the L&G roll-out template, the management
systems, the selection of L&G practices, the level of system-wide involvement,
and change management support. The proposed L&G rollout template, is based
on a formal decision making process, and is project based. It requires significant
rework to reflect the iterative nature of L&G: self-directed, decision-making and
implementations, through cycles of experimentation. Whilst engagement is impor-
tant, the interviews show that changes of processes in regulated industries require
specific controls due to certification, and the literature highlights that a project-
based approach is also necessary to retain, to ensure end-to-end optimisation.
Therefore, the rollout needs to accommodate self-directed improvements and for-
mal project control. This research does not detail how this should be implemented.

The literature highlighted that management systems also play a key part in the
roll-out, as they provide the information framework to support L&G improvement
and decision making; unfortunately they are all too often used merely as compli-
ance tools. The interviews show that, amongst the surveyed organisations, even if
organisations are certified against environmental and quality standards, these sys-
tems are only exceptionally exploited as a basis for improvement.
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A high proportion of the literature focused on Green and L&G tools that are
often used at an operational level; the plethora of tools can be overwhelming for
organisations, and a number of tools are very similar, even though they relate to
different functions. This overlap, and the integration of such tools by observers,
confirms the high synergistic potential between Lean and Green, once awareness
of L&G has been established. The interviews also identify that several industries
tend to display a low Lean maturity level and have seldom implemented L&G.

The next part of the L&G rollout framework is the level of system-wide
involvement required to support L&G. The contributions of all functions in L&G,
and the danger of isolation of such an initiative, are highlighted by observers. The
survey highlighted that Lean initiatives tend to generate wider non-operational
involvement than Green ones, so the integration of Lean and Green should sup-
port wider engagement in Green improvements. Observers all stated that ulti-
mately, L&G needs to be owned by all employees and be part of their role and
responsibility.

Change management represents the last part of the L&G rollout framework.
The research confirms that it is often poorly delivered in many organisations. The
change management approach requires the alignment of leadership vision and
behaviours, training, communication and knowledge, culture, and finally, support
structures. The importance of people involvement and management, through the
L&G adoption process, supports the adoption of L&G as part of a balanced sus-
tainability implementation.

This paper makes several contributions to the Lean and Green community.
In terms of knowledge, research on a L&G systematic adoption framework, and
the level of adoption of L&G in the manufacturing sector, represent topics which
were not found in published literature. Although, there is abundant literature on
specific aspects of L&G, the creation of an integrated and systematic model is
particularly beneficial to understanding the breadth of activities, and the coordi-
nation effort, required. The model can also contribute to practice as it is generic
enough to be used by companies in many sectors, when starting on a L&G jour-
ney. Organizations, which have to obey stringent regulatory frameworks can par-
ticularly benefit, whilst other companies need to review the contingencies for
application in their industry. Finally, the model also contributes to L&G policy,
in maintaining a system view throughout its development, implementation and
impact monitoring.
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into the relationship between Lean Thinking and the use of business applications
in contemporary organisations. Although both are arguably critical to business
success today, traditionally the two fields have often been thought to be in con-
flict. A review of the available literature identified a number of potential Lean-IT
conflicts, and a survey was used to validate if those conflicts exist in organisations
today, if they have an impact on successful lean transformation, and whether or
not the relationship is changing. The research findings indicate several potential
relevant conflicts between Lean and IT. Those conflicts having the most impact
on lean transformation all relate to business process management, and include:
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not make sense, and the automation of poor processes. Conflicts where improve-
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were again the need to avoid complexity, the need to ensure that automation does
not inhibit learning, and the importance of adopting an incremental rather than a
‘major event’ change culture. The objective of understanding whether the situation
is improving or otherwise generated only limited findings.

Keywords Information technology - Business applications « Lean IT - Lean
thinking

K. Maguire (<))
Oxford Brookes University, Oxford OX3 OBP, UK
e-mail: kmaguire5558 @gmail.com

© Springer International Publishing Switzerland 2016 31
A. Chiarini et al. (eds.), Understanding the Lean Enterprise,
Measuring Operations Performance, DOI 10.1007/978-3-319-19995-5_2



32 K. Maguire

1 Introduction

The many benefits of electronic information systems are often offset by the waste they
generate (Bell and Orzen 2011, p. 53).

It is an inescapable fact that Information Technology (IT) is critical to most if
not all businesses today. Over the decades since computers were introduced into
the workplace, their role has evolved from merely automation of transaction pro-
cessing to much more that of strategic enabler. Bell (2013, p. 18) advises that ‘we
live in an age where skilful application of IT is an essential component of the
value proposition for every enterprise’. He provides three reasons: IT capabilities
are integrated in virtually every product and service delivered to our customers, IT
competency allows us to serve our customers better, and IT knowhow enables us
to better understand the voice and behaviour of our customers. The role of IT is
arguably even more important in the service sector, where information does not
just support the product, it is the product. ‘In the knowledge worker space, infor-
mation isn’t metadata such as project status or scheduling—it is the process—and
IT needs to be a critical part of it’ (Gonzales-Rivas and Larsson 2011, p. 117).

Lean Thinking is a well-established business system relating to flow, value, and
waste. Its value has been demonstrated, initially in many manufacturing organisa-
tions, and subsequently also in the service environment (Bicheno 2012). In recent
years the term ‘Lean IT” has become more widespread in the business world (e.g.:
Bell 2006; Bell and Orzen 2011; Cunningham and Jones 2007; Schrader and
Murphy 2012). McKinsey and Company state that ‘IT is the next frontier for the
application of Lean in business’ (www.mckinsey.com), and an annual European
Lean IT Summit, introduced in 2011, is now well established. However, the term is
yet to be formally recognised within the academic community. Further, it is inter-
esting to consider if it encompasses a broader scope than just a Lean IT Function.
The discussion on ‘What is Lean IT?” will be revisited at the end of this paper.

Traditionally Lean and IT have been in conflict (e.g.: Piszczalski 2000; Bell
2006; Crabtree and Astall 2006). A number of the reasons for this are due to fun-
damental differences. For example, lean thinking advocates simplicity, but the use
of computer systems introduces great opportunity for complexity. Other conflicts,
such as the opposing views of ‘push’ and ‘pull’, are due to how the disciplines
have evolved. Historically, many IT systems based on MRP logic have worked
on the philosophy of ‘pushing’ product through the manufacturing process. This
is not aligned with the fourth of Womack and Jones’ original five lean principles,
namely ‘let the customer pull value from the producer’ (Womack and Jones 2003,
p. 10). These and other conflicts raise the question: does the use of IT in an organi-
sation support a lean transformation, or are the two objectives more often pulling
in different directions? The aim of this research is to begin to address this ques-
tion, and several potential Lean-IT conflicts are explored in more detail through-
out this paper. Such an understanding is important as, since both Lean and IT are
arguably critical to the success of businesses today, an organisation needs to be
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able to embrace both Lean Thinking and the use of IT and enable them to comple-
ment rather than work against each other. Further, it is important to recognise that
the two fields of Lean and IT are both changing very rapidly. The pace of change
of technology has exceeded all predictions, whilst Lean, as a relatively new field,
continues to evolve. A current state study of Lean-IT interaction, which is simply
a snapshot in time, is therefore missing a key element. In recognition of this, an
objective of understanding if the relationship between Lean and IT is changing has
been included in this study.

The research undertaken involved two phases. The literature review not only
provided an understanding of what has already been written in this area, but also
uncovered a number of potential Lean-IT conflicts. The second step was to sur-
vey the Lean Practitioner community to enhance understanding of the potential
conflicts identified. The objectives of the survey were to validate if the identified
conflicts exist in organisations today, if they present a barrier to successful lean
transformation, and also to understand if the situation is improving or otherwise.
This third objective was approached by asking respondents to consider whether
or not the current state has changed over the last two years. Despite some limita-
tions, a survey approach was considered appropriate for this research as the objec-
tive was to understand the current state across a broad range of organisations, so
a resource-intensive qualitative approach was impractical. Since the survey data
is based on respondents’ opinions, analysis has avoided complex statistical tech-
niques and is restricted to descriptive statistics only.

It is important to clarify the scope of both Lean and IT for the purpose of this
research. Although the origins of Lean Thinking were in the manufacturing envi-
ronment (Womack et al. 1990), its application has since expanded into service and
administration (e.g.: Swank 2003; Bicheno 2012; Sudrez-Barraza et al. 2012) and
evolved to consider an enterprise-wide approach (Womack and Jones 1994). This
study is not restricted to manufacturing organisations, it recognises the broader
applicability of Lean Thinking and its relevance in all businesses today. From
an IT perspective, the scope has been restricted to business applications only,
defined as ‘any application that is important to running your business’ (Microsoft
Technet). The IT Function is relevant to this work, but this study encompasses a
broader scope than just consideration of the IT Function. Where mentioned, the
term IT refers to the technology rather than the function within an organisation.
Figure 1 provides a visual illustration of a broader view of IT, and clarifies the
scope for this study.

The next section reviews the literature available on Lean-IT interaction and also
highlights the Lean-IT conflicts identified during the literature review. Section 3
provides more detail on the research methodology, and the survey results are pre-
sented and discussed in Sect. 4. Conclusions are provided in Sect. 5, and Sect. 6
provides a discussion on the limitations of this study and opportunities for further
research.
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Fig. 1 Scope of IT for this research. Source Author

2 Literature Review

Two related areas of Lean-IT interaction that have been well researched and
published are those of Lean and Enterprise Resource Planning (ERP), and Lean
Software Development. A brief summary of literature in these areas has been pro-
vided, however this study then considers Lean and IT in a broader context.

A major element of IT in the current business environment is ERP, a term
now used to represent enterprise-wide systems. MRP and MRP II (Materials
Requirements Planning and Manufacturing Resource Planning respectively), the pre-
cursors of ERP, were based on a ‘push’ philosophy, developing a production schedule
based on forecast demand, and ‘pushing’ product to the line to support that schedule.
This is in contrast to the lean ‘pull” approach, one of Womack and Jones’ original five
lean principles (Womack and Jones 1996). The early view that Lean Manufacturing
and IT were in competition was driven largely by this push-pull disconnect. Several
authors have commented on this relationship (e.g.: Carroll 2007; Deis 2006; Crabtree
and Astall 2006). However more recent thinking has evolved to suggest that Lean and
ERP can be implemented concurrently, that ERP implementation can ‘behave as a
catalyst for lean implementation’” (Powell et al. 2013, p. 324), and together they can
be an enabler for competitive advantage (Powell 2013). Powell et al. (2013) point out
the value of a combined approach due to reduced time and resource requirements.
They propose an approach for an ERP-based lean implementation.
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The concept of agile software development was first introduced in 2001 with
the development of four values and the 12-point Agile Manifesto (www.agilemanif
esto.org). It was introduced to address the challenges of ‘rapid changes in compet-
itor threats, stakeholder preferences, software technology and time-to-market pres-
sures’ (Ramesh et al. 2010, p. 449), and its use has ‘grown dramatically in recent
years’ (Wang et al. 2012, p. 435). The key objective is the ‘ability to efficiently
and effectively respond to user requirement changes’ (Lee and Xia 2010, p. 88).
Several of the Agile Manifesto principles are closely aligned to Lean Thinking,
for example the need for simplicity, and learning through experimentation. At a
similar time, Poppendieck (2001), introduced the concept of Lean Programming,
stating that methodologies such as agile were in effect applying lean principles
to software development. Further, she aligned ten Lean Manufacturing rules with
software development practices as shown in Table 1. These principles reinforce the
need for iterative development (a Plan-Do-Check-Act approach) and the ability to
accommodate uncertainty and changing requirements. These concepts were sub-
sequently discussed at length in the Lean Startup (Ries 2011). Ries introduces the
concept of the Minimum Viable Product (MVP), and discusses the many advan-
tages of launching an MVP into the market as quickly as possible and then refin-
ing it. The iterative approach reflects the spiral model of software development
first outlined by Boehm (1986).

At a broader scope of IT than that of ERP and software development, a review of
the available literature identifies three sources of Lean IT thinking. Figure 2 illustrates
the three sources with associated key themes, showing similarities and differences.

As can be seen from Fig. 2, some themes are common to all three sources. These
are: the challenge of recognising Information Waste due to its intangible nature,
the need to accommodate changing customer requirements, and the importance of
avoiding complexity. It is also of note that the annual European Lean IT Summit,
introduced in 2011 and attended by many current Lean IT Thinkers (Bell, Orzen,

Table 1 Lean manufacturing rules applied to software development

Lean manufacturing rule

Applied to software development

¢ Eliminate waste

¢ Eliminate waste

* Minimize inventory

¢ Eliminate intermediate artifacts

e Maximise flow

* Drive down development time

e Pull from demand

* Decide as late as possible

* Empower workers

* Decide as low as possible

* Meet customer requirements

e Now and in the future

* Do it right the first time

* Incorporate feedback

* Abolish local optimisation

* Sub-optimised measurements are the
enemy

* Partner with suppliers

* Use evolutionary procurement

* Create a culture of continuous improvement

¢ Create a culture of continuous
improvement

Source Adapted from Poppendieck (2001)
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Fig. 2 Lean IT thinking—from three sources. Source Author, using: Bell (2006), Bell and Orzen
(2011), Bell (2013), Gonzales-Rivas and Larsson (2011), Poppendieck and Poppendieck (2014)

Jones, Cunningham, Poppendieck), illustrates that two of the three sources are com-
ing together. Further, the Lean-Agile discussion session that took place at the 2013
summit highlights that the relationship between these two areas is of interest.

Bell (2006) was the first to publish on Lean IT as a broader subject than just
ERP or software development. His earlier work (2006) focused primarily on sup-
porting lean manufacturing through IT, but his recent book (2013) takes a broader
view, discussing innovation in detail and highlighting the need to balance manag-
ing current IT operations with funding innovation. He also states that aiming to
align IT and ‘the business’ should no longer be required, as they should be as one.
“There is no “IT value” separate from business value. And in this new and often
disruptive information age, there is increasingly limited business value separate
from IT” (Bell 2013, p. xxxi). There is a strong focus on understanding and man-
aging the value stream throughout Bell’s work. Powell’s work, on the relationship
between lean manufacturing and ERP, also fits into this category (Powell 2013;
Powell and Strandhagen 2011; Powell et al. 2013).

Poppendieck and Poppendieck have written extensively on the subject of lean
software development, although their latest book, The Lean Mindset (2014), covers
a wider scope. Two key themes from this book relating to software development
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Table 2 Information management journals reviewed

Journal title ISSN
number

Communications of the ACM 0001-0782
IEEE Transactions on Software Engineering 0098-5589
Decision Support Systems 0167-9236
Journal of Information Technology 0268-3962
MIS Quarterly 0276-7783
Information Processing and Management 0306-4573
Information and Management 0378-7206
Journal of Management Information Systems 0742-1222
Expert Systems with Applications 0957-4174
European Journal of Information Systems 0960-085X
Journal of Strategic Information Systems 0963-8687
Information Systems Research 1047-7047
International Journal of Human-Computer Studies 1071-5819
ACM Transactions on Computer-Human Interaction 1073-0516
International Journal of Electronic Commerce 1086-4415
INFORMS Journal on Computing 1091-9856
Information Systems Journal 1350-1917
Information and Organisation 1471-7727
Journal of the American Society for Information Science and Technology 1532-2882
Journal of the Association of Information Systems 1536-9323
R and D Management 0033-6807
Technovation 0166-4972
Journal of Product Innovation Management 1540-5885

Source Author

are the importance of iteration to solve complex problems, and the value of innova-
tion, including the need to understand and deliver what will really add value for
customers. They discuss the potential of isolating innovation effort, particularly in
larger companies that may be risk-averse. The themes of iteration and understand-
ing customer requirements relate to two of the Lean-IT conflicts identified.
Gonzales-Rivas and Larsson’s book, Far From the Factory (2011), approaches
Lean IT from a different perspective. The focus is on Lean for the Knowledge
Worker, beginning with a discussion on information, which leads naturally into con-
sideration of the technology that supports it. The authors caution against taking the
factory lean analogy too literally in an information environment, and use the exam-
ple of 5S—*a tidy workflow strikes us as more relevant than a tidy storage room’
(2011, p. 4). They propose that the challenge in the information world is to fully
understand constantly evolving information flows, by making the ‘invisible visible’.
The literature review included a review of the major Information Management
journals, in order to understand topical subjects in the IT community. Details of
the journals reviewed are shown in Table 2. All articles published between January
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2010 and September 2014 were included in the review. It is notable that, of all the
journals reviewed, there were only three articles found where Lean was included
in the subject term, in each case as part of the phrase Lean Manufacturing. This
suggests that, although Lean IT is a fast-moving emerging field in the business
environment, it is not being widely discussed or acknowledged within the aca-
demic community and there is as yet no Lean IT body of knowledge. Twenty-one
articles were found with Agile Software Development as a subject term, suggest-
ing a higher level of recognition in this area. As agile can be considered to be the
application of lean practices to software development (Poppendieck 2001) this
means that arguably lean practices are being discussed in the IT community, but
under a different name.

2.1 Potential Conflicts Between Lean and IT

Several authors have commented on the uneasy relationship between IT and Lean.
For example, Piszcsalski (2000, p. 26) refers to ‘two opposing camps’ and sug-
gests that the lean movement has been ‘almost anti information systems in its
stance’. Bell (2006, p. 11) refers to a ‘curious tug of war’, and the ‘natural state of
conflict between the paradigms of IT and Lean practitioners’. The literature review
has identified a number of possible conflicts between IT and Lean Thinking.
These conflicts divide into three different categories as listed in Table 3, and are
discussed further below. Validating if these conflicts are real and impacting lean
transformation in businesses today is the objective of this research.

Firstly, the use of IT introduces a number of risks to a lean approach. Lean
advocates simplicity, whilst IT solutions provide opportunity to introduce complex-
ity (Piszcsalski 2000; Bell 2006; Bell and Orzen 2011; Jones 2012; Plenert 2012).
Two examples of such complexity are excess process automation (Cunningham
and Jones 2007; Plenert 2012; Bell 2014) and unnecessary software functional-
ity (Bell and Orzen 2011; Poppendieck and Poppendieck 2014; Seddon 2005;
Gonzales-Rivas and Larsson 2011). Secondly, IT solutions present a risk of val-
uable data being hidden, in contrast to the lean approach of keeping status fully
visible (Gonzales-Rivas and Larsson 2011; Mann 2010). Further, several authors
comment on the need to avoid the automation of poor processes, which, once auto-
mated, become much more challenging to change and therefore improve (Hammer
1990; Bell 2006; Bicheno and Holweg 2009; Seddon 2005; Bell and Orzen 2011).
Also the lean philosophy of respect for people is challenged by both the risk of
technology, such as excessive email usage, weakening relationships (Schonberger
2007; Gonzales-Rivas and Larsson 2011), and the risk of process automation stop-
ping ‘learning by doing’ and thereby inhibiting operators from truly understanding
how processes work (Crabtree and Astall 2000).

The second category relates to conflicts between Lean Thinking and tradi-
tional IT thinking. Lean advocates the use of cross-functional teams, whilst IT
has traditionally adopted a ‘silo’ approach to working, not only between IT and
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Table 3 Lean-IT conflicts identified from literature review

39

Category Lean IT
Risks introduced by the use 1 | Simplicity Complexity
of IT * Over-automation of process
 Unnecessary software
functionality
Keeping status visible Automation hiding visibility
Ongoing process Automation of poor process
improvement
4 | Respect for people  Technology weakens
relationships
* Automation inhibits
learning
Conflicts between lean 5 | Cross functional teams Working in silos
thinking and traditional IT * Between IT and ‘the
thinking business’
* Within IT
6 |Pull Push
7 | Culture of experimentation | IT control and compliance
* Overly restrictive IT
security
* Over-standardisation
8 | Incremental approach to ‘Major-event’ approach to
change change
9 | Everyone involved Only experts can make
changes
Conflicts between lean 10 | Focus on the voice of the Insufficient understanding of
thinking and IT current customer (VOC) the VOC
practice 11 | Understand demand to Poor demand management
drive flow
12 | Measure the things that Inappropriate IT metrics
matter

Source Author

the rest of the organisation (Bell and Orzen 2011; Seddon 2005; Markus and
Keil 1994; Poppendieck and Poppendieck 2014), but also within the IT Group
between different IT functions (Orzen 2011). Secondly, a fundamental concept
of a lean approach is ‘pulling’ demand through the system. The advent of IT sys-
tems supporting pull production (Powell et al. 2013) means the original Lean/IT
conflict may be less of a concern. However the pull-push conflict is potentially
still valid as IT solutions have traditionally been ‘pushed’ out to users (Seddon
2005; Plenert 2012). Also, a lean culture is one of experimentation and learning,
whilst traditional IT thinking adopts a control and compliance approach. Two
such examples are overly restrictive IT security (Gonzales-Rivas and Larsson
2011; Cunningham 2012; Bell and Orzen 2011), and over-standardisation of pro-
cess (Gonzales-Rivas and Larsson 2011; Hopp and Spearman 2008; Jones 2012),
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both of which are in conflict with an experimentation approach. A third conflict
in this category is that between the lean approach of incremental change, and the
traditional IT philosophy of ‘major-event’ change (Poppendieck and Poppendieck
2014; Ries 2011; Gonzales-Rivas and Larsson 2011; Orzen 2011; Bell 2006;
Cunningham and Jones 2007). Finally, Jones (2012) highlights the ‘everyone
versus experts’ conflict—lean aims to involve everyone in creating value and
improving their work, whereas in the traditional IT world, often only ‘experts’
can design and implement changes.

The third and final category of conflicts considers differences between Lean
Thinking and current IT practice. A key Lean concept involves understand-
ing the voice of the customer (VOC), whilst in many cases the IT Group does
not sufficiently understand either their internal or external customers (Jones
2012; Bell and Orzen 2011; Seddon 2005; Markus and Keil 1994). Also, a lean
approach involves understanding demand, as well as supply, in order to enable
flow, but poor IT demand management is often a problem (Gentle 2007; Bell
and Orzen 2011; Poppendieck and Poppendieck 2014). Finally, the right met-
rics are key to an effective lean approach, but inappropriate metrics are often
used in an IT environment (Markus and Keil 1994; Spitzer 2007; Jarrett 2012;
Bell 2013).

3 Methodology

The author has adopted a pragmatist philosophy, which avoids the need to take one
of the opposing positions of positivism or interpretivism. As Saunders et al. (2012,
p- 130) state, pragmatists recognise that there are many ways of interpreting the
world, and they will use whichever method or methods that will ‘enable credible,
well-founded, reliable and relevant data to be collected that advance the research’
(quoting Kelemen and Rumens 2008). The aim of the research was to develop a
theory of possible conflicts based on the available literature, and then test it by
asking Lean Practitioners for their opinions on related questions. Whilst this is a
deductive approach usually associated with a positivist philosophy, the data gath-
ered in this case is opinions rather than facts, fitting better with the interpretivist
end of the continuum.

The process used to gather the opinions of Lean Practitioners was through an
online survey. Although a qualitative approach may initially be considered more
appropriate for opinion data, in this case a survey was used. This is because of
the need to gather a sufficient volume of responses, as one aim of the research is
to understand the current state in a broad cross-section of organisations. Use of a
resource-intensive qualitative interview technique would not have accommodated
the collection of a sufficient volume of data within a reasonable timescale.

Aside from some initial demographic and concluding open text questions, the
survey asked for respondents’ opinions on the potential Lean-IT conflicts iden-
tified in Table 3. In order to design a survey to achieve the research objectives,



Lean and IT—Working Together? An Exploratory Study ... 41

one or two related statements and objectives were developed for each identified
conflict. For clarification, the label conflict is used for the initial potential incom-
patibilities between Lean and IT, as identified in the Literature Review. Asking
respondents how strongly they agreed or disagreed with each statement, using a
Likert scale, provided information on the current state of each conflict. The aim of
asking respondents how much impact they thought achievement of each objective
would have on lean transformation was to gather data on the impact of resolving
each conflict. An example is illustrated in Fig. 3.

The research constitutes a cross-sectional study, as the objective was to under-
stand the current state at one point in time regarding Lean-IT conflicts. As both
fields are moving rapidly, it is recognised that this analysis may quickly become
obsolete. Each survey question was therefore followed with a subsequent question
which aimed to capture respondents’ views on whether the situation is improving
or otherwise. This was to address the research objective which sought to under-
stand how the relationship between Lean and IT is changing, in recognition of the
fast-changing landscape. A time period of two years was selected as appropriate
for this objective, so respondents were asked to identify if the situation was bet-
ter, worse, or unchanged since June 2012. Three questions for each conflict were
therefore included, with the objectives of understanding: whether or not the con-
flict exists in the respondents’ organisations, if the situation has changed over the
last two years, and if that conflict has an impact on lean transformation. The sur-
vey questions took one of three forms in line with these objectives, as illustrated in
the example in Fig. 4. Careful consideration was given to the design of the state-
ments and objectives relating to the conflicts, since opinion questions ‘are harder

Confilict
Developed from Literature Review

Simplicity vs complexity

Statement(s)
Our computer systems are

over-complex and do not To allow survey respondents to
reflect the processes comment on current state
beneath them

Objective ; To allow survey respondents ta
Keeping processes simple comment on impact on lean
and avoiding unnecessary transformation
complexity

Fig. 3 Relationship between conflicts, statements and objectives. Source Author
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15. Risks introduced by the use of Information Technology
Please choose the answer that states how much you agree with each statement, when considering the current
situation in your organisation

strongly disagree disagree neither agree agree Strongly agree
nor disagree

.

Our computer systems are

over-complex and do not O O O O O

reflect the processes beneath

them
16. Risks introduced by the use of Information Technology
Please choose the answer that specifies whether or not you think the situation in your organisation has changed
from where it was two years ago (June 2012)

Better No Change Worse Don’tknow
« Our computer systems are
over-complex and do not O O O O
reflect the processes beneath
them

21. Please choose the appropriate answer that specifies how much impact you think the objective stated will have
on successful lean transformation for an organisation
4 - high impact (if we get this right it will really help the lean journey)
1-no impact (it doesn’t matter whether or not this changes)

1—noimpact 2—minimal 3—some impact  4—high impact Don’t know
impact
Keeping processes simple and O O O O O

avoiding unnecessary complexity

Fig. 4 Examples of survey questions. Source Author

to construct as they are much more sensitive to small changes in question word-
ing’ (Chatfield 1988, p. 212). Also, both positive and negative statements were
included to ensure the respondent had to consider their response rather than just
selecting the same answer for every question.

The finalised online survey, distributed in June 2014, was circulated in two dif-
ferent ways. An email invitation to complete the survey was sent to: University
of Cardiff M.Sc., in Lean Operations Alumni, University of Buckingham M.Sc.,
in Lean Enterprise current students, and Lean Practitioner contacts known to the
researcher. In addition a discussion requesting people complete the survey was
posted on several LinkedIn groups: Systems Thinking and Lean, Lean Thinking,
Lean Debate, Lean Enterprise Academy, Lean Offices. This is a convenience
sampling approach. Clearly this may generate some concern as the sample was
not random, which raises the question of how much it can reasonably be used to
generalise findings across a population. However there are justifications for such
an approach in this case. Firstly, identifying, accessing, and soliciting responses
from a truly random sample would be extremely challenging. Also, this is an ini-
tial exploratory study only, and, as such, is seeking to provide general rather than
detailed findings. A more rigorous sampling approach could be considered for sub-
sequent more detailed research if appropriate.
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4 Discussion

It is not possible to determine a survey response rate, as the use of LinkedIn
Groups meant that the survey was available to an unknown number of peo-
ple. However a total of 82 people viewed the survey, with 66 completing it. This
response total should generate valid conclusions as it is more than the small sam-
ple definition of 30 responses (Bock and Sergeant 2002). Further, 87 % of the
respondents stated that they either had, or were working towards, a qualification in
Lean. It is therefore reasonable to assume that the majority of responses are based
on a comprehensive understanding of lean principles and practices. Figures 5 and
6 provide further demographic data about the respondents. These figures highlight
that this analysis will represent a European perspective as the majority of respond-
ents (close to 80 %) are based in Europe, and also that more than 50 % of respond-
ents are based in very large organisations.

The survey data analysis has been kept very simple, and not ventured into com-
plex statistical analysis due to the nature of the raw data and the recognition that
it is based on opinion only. Two simple measures were used to assist in drawing
some conclusions. Firstly, for the questions asking for respondents’ views on the
impact of each objective, an Impact Index was calculated. This is a weighted aver-
age, calculated as shown in Step 1 in Fig. 7. Two differing weighting approaches
were explored but the difference in results was minimal. The objective of calculat-
ing a number is for comparison purposes only rather than because of any signifi-
cance of the number itself.

A second measure was developed with the aim of addressing the further
objective of understanding on which of the conflicts identified should improve-
ment effort be focused. This requires identifying which conflicts are both in a

Small (up to 50

Size of My Organisation lvae]

Medium (50 to |
250 employees) |
17% ]

Very large Large (more
[more than than 250
1000 employees)
Ny employees) 17%
i s1% s

Fig. 5 Size of respondents’ organisation. Source Survey data
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North Where | am located
America e

Other: 2 Africa, 2
Australia, 2 South
America, 1 Middle East

Fig. 6 Location of respondents. Source Survey data

K. Maguire

Step 1 — Calculation of Impact Index

2 -
3= R

Answer Options minimal | SO SEOI

2 impact e Count

impact
Weighting 0 4 1 10 - -
Keeping processes simple
and avoiding unnecessary 0 0 6 60 0 66
complexity

Impact Index = ((0*0) + (0*4) + (6*7) + (60*10))/66 = 9.73 ]

Step 2 — Calculation of Impact — Current State Index

Neither
strongly disagree okl agree strongly % ‘good” % ‘bad”

Percentages 3
disagree nor agree

disagree

QOur computer systems

O T e % 0% 13%  47%  16%  24%,  63%
not reflect the processes

beneath them

obtain ‘bad’ current state measure.  Current state % ‘bad’ = 47% + 16% = 63%

Impact — Current State Index = 9.73 * 0.63 = 6.11

This is a negative statement, so need to identify the people who agree with the statement, to

Fig. 7 Example calculation of impact/current state index. Source Author
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‘poor’ current state position and have the most impact on lean transformation. An
Impact-Current State Index (ICSI) was calculated which combines a current state
measure with the Impact Index discussed above. Again, the objective is to obtain
numbers for comparison rather than for an absolute value. The current state score
was obtained by reviewing the percentage of responses indicating a ‘bad’ current
state. This was determined by looking at the proportion of respondents who either
agreed or strongly agreed with a negative statement, or disagreed or strongly disa-
greed with a positive statement. So, a higher number means a worse current state.
Where there were two survey questions supporting the objective, the average ‘bad’
proportion of the two numbers was taken.

Figure 7 provides an example ICSI calculation. The higher the number, the
more opportunity for improvement, as these represent objectives where the current
situation is poor and there is a high impact on successful lean transformation if the
issue is resolved.

4.1 Observations—Current Situation

Figures 8, 9, 10 illustrate the proportion of respondents in each Likert category
for the current state statements, and brief discussions on the results follow.

ot o it i e o i B
O et e to ame coorsion 1IN\
R oo\
y— NN
e ensc etore v o swomated o I\
et e compatersvtems e HENNNNNN\
e e o f et e i e
b st ot sttty it v et oSS
et cnarte migebe e IR\

» Dur systems are plex and do not reflect the processes
beneath them m\

% 0% 4% 0% 0% 100%
Percentage of respondents

®strongly disagree S disagree neither agree nor disagree agree M strongly agree

Fig. 8 Current state data: risks introduced by the use of IT. Source Survey data
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* When | have a systems problem, IT support will educate me on how to fix
it myself when they can

* We have small local systems solutions in place as well as an enterprise-
wide solution

* System changes are usually bundled into major releases

* Our computer systems drive too much process standardisation, which &&
prevents peaple from doing the best job they could :

* | am frustrated b:n:\:::::‘h:;::e:‘s:‘:‘: Ib::::.fmt current software &\ \\

® There is a process in place to ensure we are not able to access R
unapproved software N

* 1 am confident the IT solutions we put in place are chosen because they
are the right thing for the business and not because they are ‘the latest
thing

* In our IT changes are triggered by the Users
_ *0ur rrb:t‘:‘::::hh hl:mnl n.noemlde‘rs lo‘u.l:lefmnd - &\\ N
O cttemmscteing peocesn, snd s ot orciereamcision . NN

o 0% 4% 0% 0% 100%
Percentage of respondents

B strongly disagree 3 disagree neither agree nor disagree  “ agree M strongly agree

Fig. 9 Current state data: conflicts between lean thinking and traditional IT thinking. Source
Survey data

Observations are made by summing the agree/strongly agree or disagree/strongly
disagree percentages.

The most significant concerning conclusion from Fig. 8 is that more than 60 %
of respondents raise a concern about the over-complexity of technology, believ-
ing that ‘our computer systems are over-complex and do not reflect the processes
beneath them’. Also, just over 55 % believe that automation inhibits learning, and
nearly 65 % think that email is used inappropriately and at the expense of rela-
tionships. However there are some positive themes emerging, most notably around
visual management. More than 80 % of respondents state they have examples of
effective visual management that do not use technology. This is the most conclu-
sive response in the entire survey, although that is possibly due to the question
being less opinion-based than others.

The most conclusive response illustrated in Fig. 9 relates to unapproved soft-
ware, where more than 80 % of respondents agree or strongly agree that there
is a process in place to prevent them from accessing it. This suggests that many
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Percentage of respondents
- gly disag + disag neither agree nor disagree  “agree  ® strongly agree

Fig. 10 Current state data: conflicts between lean thinking and IT ways of working. Source Sur-
vey data

users are not able to experiment with new software and technologies. However
this is a complex area worthy of further discussion, as there are many good
arguments for organisations restricting access to unapproved software. Nearly
70 % of respondents agree that systems changes are bundled into major releases,
and more than 50 % state that they do not have opportunities to make improve-
ment recommendations once a system has been implemented. This suggests
that an incremental approach to system development is not yet widespread.
Interestingly, a relatively high proportion of respondents (45 %) have no opinion
on whether or not systems changes are triggered by users in their organisation.
This indicates a concerning lack of user understanding as to how their system
change process works.

Figure 10 illustrates that less than 20 % of respondents believe their organisa-
tion has metrics around how information is used, and only 20 % think user accept-
ance of systems is measured. Also, more than 50 % believe they have to wait too
long for a response from IT after raising a request, indicating a demand manage-
ment issue. However, on a more positive note, more than 50 % of respondents
believe their IT Group interacts with external customers and seeks feedback from
internal customers.
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Table 4 Statements with the highest proportion of ‘worse’ responses

Statement Proportion of worse’ responses (%)
Our computer systems are over-complex and donot |23

reflect the processes beneath them

I often have to wait too long for a response when I 22

raise an IT request

I am frustrated by the fact I have access to better/more | 18

current software and devices at home than I do at work

After a new system has been introduced, we do 17

not have opportunities to make improvement

recommendations

When I have a systems problem, IT support will edu- | 17
cate me on how to fix it myself when they can

Source Survey data
4.2 Observations—Is the Situation Changing?

The attempt to capture survey feedback on whether or not the situation is chang-
ing, as illustrated in Fig. 4 Question 16, was relatively crude. This is recognised as
a limitation of the research. However, due to the rapidly changing environments of
both Lean and IT, this subject was felt too important to exclude. Table 5 illustrates
the proportion of responses in each of the three categories. The clearest observa-
tion arising from the data is that, with one exception, the majority think the situ-
ation is unchanged from two years ago. This is a concern when considering that
this is a field that is believed to be rapidly evolving. The exception is a statement
around visual management. The majority (more than 50 %) believe that the situa-
tion regarding use of visual management without technology is improving, which
is a positive move away from automation where it is not required. It is also inter-
esting to note that a number of respondents believe the situation is getting worse in
each case. Table 4 shows the five statements with the highest proportion of ‘worse’
responses. The most concerning observation is the number of respondents who
believe that the over-complexity of computer systems is getting worse rather than
better. Respondents who selected the ‘Don’t Know’ category in the Better-Worse
questions were excluded from the analysis. Whilst this was a low percentage in the
majority of cases, it is interesting to note that a higher proportion of respondents
did not know whether the metrics situation was improving.

4.3 Which Conflicts Have the Greatest Impact
on Lean Transformation?

Figure 11 illustrates the survey data showing respondents’ views on how much
impact the differing objectives have on successful lean transformation. An ini-
tial review of this chart confirms that all objectives identified have an impact, as
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Table S Proportions of better/unchanged/worse responses

49

Better No change Worse
(%) (%) (%)
System changes are usually bundled into major 8 81 11
releases
I am frustrated by the fact I have access to better/ 8 74 18
more current software and devices at home than I do
at work
Our computer systems drive too much process 10 74 16
standardisation, which prevents people from doing the
best job they could
I have access to a lot of software functionality that 10 75 15
I have no need of and do not use
Our organisation has metrics around how well 14 75 11
information is used
Automation in our organisation inhibits people from 14 73 13
fully understanding how processes work
When I have a systems problem, IT support will 16 67 17
educate me on how to fix it myself when they can
Our IT Group measures user acceptance of systems as | 16 75 9
well as more traditional performance metrics
Email/technology is used inappropriately and at the 18 71 11
expense of good relationships
Automated poor processes are common in our 18 72 9
organisation
In our organisation, IT changes are triggered by the 19 67 14
users
We have a number of computer systems in place 20 67 14
where in fact a manual alternative might be better
There is a process in place to ensure we are not able to | 21 67 13
access unapproved software
We have small local systems solutions in place as well |21 65 15
as an enterprise-wide solution
I often have to wait too long for a response when 22 57 22
I raise an IT request
After a new system has been introduced, we do 22 60 17
not have opportunities to make improvement
recommendations
Our IT Group has a good process in place to manage 24 60 16
demand
I am confident the IT solutions we put in place 24 63 13
are chosen because they are the right thing for the
business and not because they are ‘the latest thing’
Our computer systems are over-complex and do not 24 53 23
reflect the processes beneath them
Our IT Group work with internal stakeholders to 25 65 10
understand requirements before any systems changes
are developed and implemented

(continued)
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Table 5 (continued)

Our IT Group interacts with external as well as

internal customers

Systems changes are seen as one possible solution
arising from a problem-solving process, and are not

considered in isolation

There is an approach in place to ensure processes are
improved as far as possible before they are automated

Our IT Group has a process in place to obtain
internal customer feedback (for example—customer

satisfaction survey)

We don’t know how well we are doing because all of

the data is hidden in our computer systems

Communication technology (email, videoconferenc-
ing, instant messaging etc.) is effectively used to drive

collaboration

We have examples of effective visual management

which do not use technology

Source Survey data

Ensuring the IT Group has appropriate metrics t itor the
things that really matter
Ensuring the IT Group has an effective process in place to manage
demand

The IT Group understanding the perspective of the end customer

The IT Group understanding their Internal customers’ perspective

Encouraging everyone to understand the information Technology
in the business rather than just a select few
Adopting an incremental change culture rather than major changes
only
Ensuring that automated processes are not too rigid and allow
sufficient flexibility
Allowing users to i with new technologies and software

Technical solutions being ‘pulled” by users and not ‘pushed’ out by
the IT Group

Avoiding silos within the IT Group

Avoiding silos between the IT Group and the "Business’

Ensuring that process sutomation does not prevent workers from
understanding how processes work
Ensuring that communication technology supports rather than
hinders relationships

Avoiding the automation of poor processes

Ensuring that technology and automation does not hide status
visibility
Ensuring that all software adds value

Ensuring that are Iy where it makes sense

Keeping simple and avoiding ¥ i

K. Maguire

Better No change Worse
(%) (%) (%)
25 69 5

27 65 8

29 58 14

29 58 14

38 52 11

42 50 8

55 41 5

W4 - high impact
|3 - some impact
2 - minimal impact
1 - no impact

-
=

20 30 40 50 60
Number of respondents

Fig. 11 Impact of conflicts identified. Source Survey data
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Fig. 12 Impact index of conflicts identified. Source Survey data

it shows a high proportion of ‘high’ and ‘some’ impact bars, with the size of the
‘minimal impact’ and ‘no impact’ bars being small in comparison. This is confir-
mation that the conflicts identified at the start of this study are valid.

As the responses are similar for each objective, further analysis was carried
out with the aim of drawing out the differences. An Impact Index, as explained in
Fig. 7, was calculated for each of the objectives and these are shown in Fig. 12.
This illustrates that the objectives considered to have the most impact on lean
transformation all relate to process design and automation. It reinforces the need
to keep processes simple, to ensure processes are optimised first, and to automate
only where it makes sense.

4.4 Where Should Improvement Effort Be Focused?

The Impact-Current State Index (ICSI) was developed to identify where to focus
effort around IT to make a difference to lean transformation, by understanding
which conflicts have the most impact and the worst current state. The measure
was calculated using the Impact Index combined with a measure of ‘bad’ cur-
rent state, as illustrated in Fig. 7. The ICSIs for each conflict are shown in Table 6
with the Top 3 highlighted. This identifies that the first area of focus for improve-
ment should be aiming to keep processes simple and without undue complexity.
It is unclear from Table 5 if the situation is improving or deteriorating. Whilst
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the survey data highlighted this area as receiving the highest number of ‘worse’
responses (23 %), a similar proportion believe that the situation is improving. The
second area of focus is the need to ensure that automation does not inhibit pro-
cess understanding, whilst the third area reflects the importance of accommodating
incremental changes. This is another instance where a slightly higher proportion of
respondents believe the situation is getting worse and not better (Table 5).

4.5 Comparison of Data Subsets

Due to the demographic data collected at the start of the survey, it was possible
to carry out some limited analysis comparing responses from differing groups of
respondents. In particular a review was undertaken of data from respondents who
stated their organisation was at a mature stage of lean transformation. Further, the
responses from individuals who worked in the IT function were also reviewed.
It should be noted that both of these groups are much smaller sample sizes (14
respondents at mature stage of lean transformation, and 7 respondents who work
within the IT function). These small samples will have an impact on the validity
of any findings and therefore conclusions should be considered provisional only.
In addition only limited analysis has been completed and there is much scope for
further work.

Figure 13 identifies the breakdown of respondents by stage of their organisa-
tion’s lean transformation. This section focuses on comparing the 14 responses
who stated their organisation was at a mature stage of their lean journey, ‘the
mature group’, with the full sample. The comparison provided several interest-
ing observations. Perhaps unsurprisingly, with regard to whether or not the situa-
tion was improving, the proportion of ‘better’ responses was higher for the mature
group in all but three instances. The average proportion of ‘better’ responses was
34 9% for the mature group in comparison to 22 % for the full sample. This sug-
gests that the situation is improving more for those organisations at a mature stage
of lean transformation. Also, it is notable that 64 % of mature group respondents
either agree or strongly agree with the statement ‘our computer systems are over-
complex and do not reflect the processes beneath them’. This is very similar to the
result for the full group (63 %), which calls into question whether this problem is
reduced as an organisation matures through a lean transformation.

In reviewing responses from IT Practitioners, it was found that seven respond-
ents stated they worked within the IT function of their organisation. Six of the
seven stated that they either have or are working towards a certification in Lean, so
it is assumed that they have a good understanding of lean principles. However only
five IT respondents completed all the questions, making the sample size very low,
and therefore drawing any conclusions is risky. Further investigation into this area
would be a great subject for future research. Bock and Sergeant (2002) state that
one possible conclusion that can be drawn from a small sample is the ‘all or none’
conclusion, where every participant gives the same response to a question. In this
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Table 6 Ranked impact-current state index
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Fig. 13 Stage of lean transformation of respondents’ organisations. Source Survey data

case, for most questions the responses were spread across all possible answers,
making any conclusions challenging. The exceptions to this allow a small number
of observations. Four out of five respondents agree that they have access to unnec-
essary software (the fifth has no opinion). All five respondents are agreed that over
the last two years there has been no change to the major release approach to sys-
tem change. Further, all respondents recognise either ‘some’ or ‘high’ impact, of:
keeping processes simple, avoiding the automation of poor processes, and ensur-
ing processes are sufficiently flexible. Finally, metrics is one area where the small
group of IT respondents is in full agreement. They all agree that their organisa-
tions do not have metrics around how information is used.

5 Conclusions

The aim of this research was to carry out an initial exploration of the relation-
ship between Lean and IT in businesses today, specifically to understand the sit-
uation regarding the conflicts discussed in the available literature. The literature
review identified a number of potential conflicts between Lean and IT, which fall
into three different categories. Some conflicts are due to risks that naturally arise
when using IT in organisations, others have evolved due to differences between
lean thinking and traditional IT thinking, and there are also conflicts between lean
thinking and current IT practice.
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Having identified a number of potential Lean-IT conflicts, the first objective
of this research was to investigate whether the conflicts exist in organisations
today. Data from the survey carried out validate the existence of all the conflicts.
The results indicate that respondents recognised all conflicts identified, and their
potential to impact lean transformation, although to varying degrees. Based on the
survey results, there is abundant opportunity in organisations today to improve
the situation with regard to these conflicts, thereby enhancing the Lean-IT rela-
tionship. If not recognised and addressed, the potential conflicts present risks to
achieving successful lean transformation. The survey results indicate that the con-
flicts which have highest impact on lean transformation all relate to process design
and automation. Ensuring that processes are not over-complex, that they are auto-
mated only where it makes sense, and that they are optimised prior to automa-
tion are the key objectives that will be most effective in supporting successful lean
transformation. The survey analysis also identified those conflicts with a combi-
nation of both ‘poor’ current state and high impact on successful lean transfor-
mation. This was with the aim of understanding those areas that require the most
improvement focus in order for Lean and IT to become more aligned. The top
three objectives from this analysis were: keeping processes simple and avoiding
unnecessary complexity, ensuring that process automation does not prevent work-
ers from understanding how processes work, and adopting an incremental change
culture rather than major changes only.

The challenge that requires the most fundamental change to the way organi-
sations work is the move to an incremental change culture rather than ‘bundling’
changes. Since the majority of organisations treat IT as a cost centre and need to
charge resource costs accordingly, they require a project approval process to be
followed to secure IT resources to work on system improvements. This drives
the requirement to bundle changes, which is fundamentally different from a lean
approach as it hinders the implementation of an incremental change culture for
IT solutions. Also, it is possible that the requirement to bundle changes increases
solution complexity, as users may aim for perfection at the start due to lack of con-
fidence they will ever see any improvement after the initial implementation.

A second objective of the research was to explore whether the relationship
between Lean and IT is changing, a pertinent question due to the fast-moving
nature of both fields. It is challenging to answer this question conclusively based
on the survey results. Whilst some respondents believe the situation is getting
better, others think the opposite, and a clear majority think the situation has not
changed over the last two years. The one exception to this was the question on the
use of manual visual management. This was the only instance where there was
a higher number of ‘better’ than ‘no change’ responses, suggesting that organisa-
tions are now more likely to resist the temptation to automate visual management
where it is unnecessary.

A logical next step for this research is to understand to what extent the identi-
fied conflicts can be overcome. Although not covered in detail as part of this paper,
some initial work to explore this was undertaken, using a case study of an exam-
ple that demonstrated alignment between lean thinking and the use of IT in the
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workplace. The example in question was a recently implemented automated touch-
screen visual management board, which effectively used lean visual management
principles but was also a good technological solution. It was recognised within the
organisation as a success, and additional implementations had followed the orig-
inal pilot. This case study, although only one example, is a valid illustration of
Lean and IT being aligned within an organisation, demonstrating that it is possible
for some of the conflicts identified to be overcome.

Studying the case study in depth identified the relevance of a number of the
conflicts identified earlier in this paper. The project was an interesting balance
between pull and push, as the IT Group’s desire to showcase innovation was
achieved whilst at the same time meeting several genuine business requirements.
In addition, the team working on the project had made a conscious effort to keep
the solution simple, despite some challenges in doing so. Further, the solution
designed allowed users to make incremental improvements, avoiding the need to
refer everything to IT which necessitates ‘bundling’ of changes. Although the pro-
ject team had not consciously been recognising and addressing Lean-IT conflicts,
the adherence to the principles of simplicity and accommodating incremental
change had clearly been key success drivers, which was validated by interviews
with selected key project stakeholders.

A further success driver of the project, identified through the stakeholder
interviews, was the fact that it was the ‘right time’ to implement such a solution.
Reasons cited for this included employee acceptance of touch-screen technology,
decreasing cost of technology, and general organisational maturity in use and under-
standing of data. This highlights the significance of the rapid evolution of the fields
of Lean and IT, and reinforces that this study represents a snapshot in time only.

Table 7 Guidelines to drive Lean-IT alignment

Number | Guideline

1 Keep processes simple and avoid unnecessary complexity

2 Ensure that processes are automated only where it makes sense

3 Avoid the automation of poor processes

4 Ensure the IT Group understands the perspective of their customers—both the end
customer and internal customers

5 Ensure that process automation does not prevent workers from understanding how
processes work

6 Avoid silos between the IT Group and the rest of the organisation

7 Ensure that communication technology enhances rather than restricts relationship
building

8 Ensure that the IT Group has the right metrics to monitor the things that really
matter

9 Ensure that technology and automation does not hide status visibility

10 Ensure that the IT Group has an effective process in place to manage demand

Source Author
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Earlier in this paper, the author raised a question over the meaning of Lean IT,
a term which has become increasingly used in the business environment in recent
years. Having completed this research and started to understand the many chal-
lenges to Lean and IT working effectively together, the author proposes guidelines
to drive alignment between the two fields rather than suggesting a definition of
Lean IT. Ten guidelines are provided as illustrated in Table 7. They are ranked in
order of importance, and are based on the ten objectives, derived from the Lean-IT
conflicts, that the survey results have identified as having the highest impact on
lean transformation.

The top three of the guidelines proposed identify that software development is
the area requiring the most focus to ensure IT alignment with lean principles. They
all relate to the relationship between business process management and software
development. The need for shared ownership between the business and technical
experts, regardless of organisation structure, is key to adhering to these principles.

6 Limitations and Future Research Opportunities

Although this research has produced some interesting findings, it is not without
limitations, and these should be recognised. The implications of using conveni-
ence sampling have already been mentioned. In particular, the survey was circu-
lated to Lean Practitioners only. This approach was chosen to ensure respondents
could provide informed views on the impact of the conflicts on lean transforma-
tion, however it will definitely influence the current state data. Secondly, sample
size is a consideration. Although 66 respondents is a reasonable number, clearly
a greater number would provide more reliable results. Finally, the ‘better/worse’
analysis was somewhat crude and provided only limited conclusions.

Further, there are a number of limitations to any survey approach, which are
also relevant in this case. It is possible that people who take the time to respond to
the survey will only be those who have an interest or strong opinion, thus biasing
the data. Also, as the survey was relatively lengthy, the risk of respondent fatigue
is introduced—°‘a well-documented phenomenon that occurs when survey par-
ticipants become tired of the survey task and the quality of the data they provide
begins to deteriorate’ (Lavrakas 2008). Finally, we should not forget the volume
of surveys to which we are all exposed in today’s world, and the impact this may
have on respondents being focused on accurate completion.

With regard to further research opportunities, as this is an initial exploratory
investigation only, there is abundant potential. Firstly, there is opportunity to
address two of the limitations identified. The first possibility is to carry out the
same current state survey with an IT Practitioner community, and understand the
different perspectives between practitioners of IT and Lean. This would address
the concern that the current results are biased towards a Lean Practitioner view.
The second possibility, with the aim of building on the limited ‘better/worse’ anal-
ysis, is to repeat the same survey on a regular basis and compare with previous
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results to provide greater understanding of if and how the situation is changing.
Also, it would be valuable to carry out more case study work, by identifying fur-
ther examples where lean and IT are successfully aligned, to understand what
learnings can be identified.

Aside from additional research with the broader scope, it would also be val-
uable to drill into one or more of the conflicts in detail to understand why they
exist and how they can be overcome. Whilst it is a good first step for organisations
to be able to recognise Lean-IT conflicts, guidance and suggestions on how to
address them would be a logical and highly valuable follow-up. One possibility is
deeper research into process complexity, including understanding the motivations
within organisations to introduce complexity, and considering how to differenti-
ate between necessary and unnecessary complexity, and therefore avoid the latter.
Similarly, a second option is to seek to understand the difference between neces-
sary and unnecessary process automation in organisations today. As this research
provides an initial indication that the situation regarding use of visual management
without technology is improving, a further research option would be to validate
this more thoroughly, understand how it came about, and consider if there are
learnings that can be used to avoid unnecessary automation in other areas.

As a final point, this research has raised many interesting questions about the
role of the IT Group in lean transformation. Understanding more about the role
the IT Group plays today, what the ideal role should be for an IT Practitioner or
Leader in an organisation undergoing lean transformation, and identifying actions
to close the gap, would be a fascinating future research subject.
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Lean Thinking and Organisational
Learning: How Can They Facilitate
Each Other?
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Abstract Academic study of both lean thinking and organisational learning has
evolved and is now mature enough to warrant an in-depth review of the practices
and issues of each approach. This study explores how lean thinking and organi-
sational learning can facilitate each other’s implementation and provides a con-
ceptual model for future research and practice. The model shows the connections
between organisational learning and lean thinking which is based on three propo-
sitions: (1) single-loop learning which focuses on error detection and correction
in the current management system is closer to the tool-based lean approach while
double-loop learning which emphasises changing the underlying governing val-
ues in the current system is closer to the sustainability-based lean approach; (2)
both single-loop and double-loop learning can be operationalised and facilitated
through employing a lean culture and a range of lean tools and (3) building organi-
sational memory and institutionalising learning are the two solutions to enhance
the sustainability of lean thinking.
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1 Introduction

As organisations increasingly have to compete against global competitors,
researchers and practitioners have developed a number of management concepts
and techniques. Amongst the most popular is the concept of lean production, or
lean thinking (LT), based on the Toyota Production System (TPS) and popular-
ised by the book entitled “The machine that changed the world” (Womack et al.
1990). Since the term “lean” entered the business management lexicon (Krafcik
1988) many organisations have applied, or attempted to apply, the principles of
LT. Academic study of lean organisations, and research into lean, is now mature
enough for reflection on this significant business improvement methodology.

Lean researchers (e.g. Bicheno and Holweg 2009; Hines et al. 2011) propose
that developing the knowledge of workers by continual learning contributes to the
fifth principle of lean, that of continuous improvement; this is confirmed by Wong
et al. (2009) in the context of superior performance in project management and
by Barton and Delbridge (2001) in a discussion on contemporary manufacturing
in the context of a “learning factory”. Although the importance of organisational
learning (OL) has been widely discussed, West and Burnes (2000) point out that,
given the complexity of business management, employing one management con-
cept or method, such as OL, is insufficient for organisations to achieve success.
It is argued that researchers and practitioners still tend to consider OL and lean as
two distinct concepts due to the unclear understanding of the connection between
these two concepts (Flinchbaugh 2008). Based on a synthesis of the literature this
study provides a conceptual model to illustrate this connection. The overall aim
of this study is to illustrate the ways these two concepts can facilitate each other’s
implementation.

The remainder of this chapter is organised as follows: first, the research method
adopted in this study is presented. The literature related to LT, including the evolu-
tion of the definitions of lean and approaches to becoming lean is then examined.
Third, the definitions, typologies and levels of OL is also reviewed. Fourth, the
ways to operationalise OL through lean and to enhance continuous improvement
through OL are then analysed. A conceptual model is proposed to explain the the-
oretical linkages between these two concepts. Finally, the implications of the study
and the areas of further research are identified.

2 Research Method

A conventional and narrative literature review is conducted in this study.
Compared to the systematic literature review which follows a step-by-step guide-
line (e.g. Tranfield et al. 2003) and usually generates quantitative results through
meta-analysis and hypothesis-testing (e.g. Glass 1976; Rosenthal 1995), a narra-
tive review enables researchers to link studies with different topics together and
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provokes new thoughts or controversy (Baumeister and Leary 1997). In other
words, the narrative review is considered as a valuable theory-building and
hypothesis-generating technique (Baumeister and Leary 1997). To search and
identify the relevant literature in this narrative review, Bates’ (1989) “berrypick-
ing” techniques are adopted. Bates (1989) argues that the classic information
retrieval model views a literature search as a linear and fixed process. However,
in practice, most information or literature searchers start with a broad topic or one
reference and then move forward to other related materials (Bates 1989). During
the literature search process, the researcher can identify useful information or ref-
erences (Bates 1989). The initial query can be satisfied by a series of selections
of references and bits of information based on the ever-modifying search (Bates
1989). This “a-bit-at-a-time” information retrieval is termed as “berrypicking”
(Bates 1989). Bates (1989, 1990) offers a number of techniques to carry out “ber-
rypicking”. Two of them are commonly used in the social sciences and humanities,
including footnote chasing (i.e. also known as “backward chaining”, it focuses on
following up the references or footnotes of literature that the researcher is inter-
ested in and moving backward to other related literature) and citation searching
(i.e. it starts with a citation and then finds out what other literature has cited it)
(Bates 1990). In this study, the two most frequent cited (i.e. the times cited are
calculated by Web of Science database) papers of lean (i.e. Hines et al. 2004; Shah
and Ward 2003) and OL (i.e. Levitt and March 1988; March 1991) are used as the
starting point of literature search. Footnote chasing and citation searching tech-
niques are employed to identify more related literature. The key articles and books
reviewed in this study can be found in both the review and discussion sections.

As this study aims to explore how LT and OL can facilitate each other’s imple-
mentation, the reviewed LT and OL literature needs to be synthesised. The qualita-
tive meta-synthesis method is used in this study. Unlike the meta-analysis which
attempts to increase the certainty in cause and effect relationships in a specific
area, the qualitative meta-synthesis method is more hermeneutic and it can facili-
tate the researcher to understand and explain findings (particularly qualitative
results) of different literature and develop more formalised knowledge for a cer-
tain discipline (Sandelowski et al. 1997; Walsh and Downe 2005). Zimmer (2006)
agrees that the qualitative meta-synthesis can assist the researcher to develop the
theoretical framework in a specific area. Walsh and Downe (2005) suggest three
common analytic techniques to conduct the qualitative meta-synthesis. The first
is determining how literature is related by a compare and contrast exercise. The
second one is reciprocal translation which means translating one study’s findings
into another by using commonly applicable concepts (Walsh and Downe 2005).
The third technique uses the synthesis of translation to develop more refined con-
cepts and core themes (Walsh and Downe 2005). In this study, the commonalities
and differences across different literature in LT and OL can be found in the review
section and the discussion section shows how the different concepts discussed in
LT and OL literature can be connected. Three propositions are developed in the
discussion as a result of refining the LT and OL literature and a conceptual model
is presented in the conclusion section to visualise these propositions.
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3 Review of LT

3.1 Definitions of Lean

A review of the lean literature shows that, although it has been almost a quarter
of a century since the term “Lean” was coined by Krafcik (1988) to describe the
Japanese automobile production system, there is no standard definition of lean
(Shah and Ward 2007). Some researchers posit a tool-based definition and thus,
lean means the application of various lean tools or techniques including value
stream mapping (VSM), 5S, visual management, for cost reduction (e.g. Achanga
et al. 2006; Faisal et al. 20006).

Womack and Jones’ (1996) established five lean principles, namely: specify-
ing value (i.e. customer value); identifying the value stream, making product flow
smoothly; building a pull system (i.e. information flows from ultimate customer to
raw material providers) and perfection. They argue the key to lean is the change
from a push to forecast, or stock, system towards a pull, or flow, to actual cus-
tomer demand system (Chen et al. 2010). Hence, they propose a system-based def-
inition (also see Cooper 1996; Hopp and Spearman 2004; Shah and Ward 2003),
which implies that lean, is a demand-driven operating system. In addition to the
tool-based, system-based definitions, some researchers demonstrate lean as a man-
agement philosophy, and a set of guiding principles, that leads organisations to
add value (see Womack and Jones 2005) as well as banish waste (see Bicheno and
Holweg 2009; Staats and Upton 2011; Ward 2007) through continuous improve-
ment (e.g. Bhasin and Burcher 2006; Hines et al. 2011; Liker 1996; Shah and
Ward 2007). Researchers including Bhamu and Sangwan (2014), Holweg (2007),
Moyano-Fuentes and Sacristan-Diaz (2012) and Samuel (2012) argue that lean is
polymorphic and evolving, thus forming a precise definition is difficult and would
only be applicable to that moment in time before a new understanding emerged.
Therefore, whilst a universally accepted single definition of lean is elusive, con-
sidering it as a philosophy, or a combination of other meanings, provides more
opportunities for researchers to gain comprehensive understandings of the essence
of lean.

3.2 Approaches to Implementing Lean

A shop floor based view of lean still emerges as a prominent way of implementa-
tion. As argued by Bhamu and Sangwan (2014), Moyano-Fuentes and Sacristan-
Diaz (2012) and Shah and Ward (2003), many lean related studies just focus on
applying a single or some lean practices to the shop floor. The essence of this
shop-floor based view is smoothing and improving operational processes through
the application of lean tools. For example, managers employ a variety of mapping
tools to identify the value-added and non-value added activities of each process.
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From this they can reduce the operating costs by eliminating non-value added
activities and re-organising value-added activities. Examples such as the applica-
tion of 6S, cellular manufacturing and Kanban can be found in the literature (e.g.
Gupta et al. 1999; Kobayashi et al. 2008; Kotani 2007; Marria et al. 2012; Tardif
and Maaseidvaag 2001; Witt 2006). However, many researchers criticise this per-
spective arguing that, although the organisation could benefit in the short-term
from improved efficiencies by the application of lean tools, these will often disap-
pear in the long term (Lucey 2009; Lucey et al. 2005; Jackson et al. 2008; Hines
et al. 2011). Hence, it is usually necessary to consider lean from a holistic systems
perspective and to extend the approach across the entire organisation at both stra-
tegic and operational levels (Bhasin 2012).

Hines et al. (2004) built a framework for lean which revealed that, at a strate-
gic level LT should be guided by the five lean principles whilst at an operational
level, a lean implementation is composed mainly of tool-based activities. This idea
is later supported and developed by Rich et al.’s study (2006) where the founda-
tion of the “house of lean” model consists of deploying easy-to-use lean tools such
as 5S and visual management. To build the house, the walls should cover quality
control, system maintenance and pull systems, which strongly support the organi-
sation’s daily operations. The authors point out that the roof should contain policy
and key performance indicators (KPIs), which should reflect, and be in accordance
with, lean principles (Rich et al. 2006). Although the model extends lean imple-
mentation from the shop-floor level to a strategic level, its focus is on improving
the company’s operations system.

To gain a more strategic and in-depth understanding of lean implementation,
Found et al. (2007) provide a sustainability-based lean approach—*the sustainable
lean iceberg model” (see Fig. 1). They divide the content of lean implementation
into two groups: visible and invisible elements. For the visible elements, it mainly
addresses lean tools, technologies and process improvement activities. Whereas the

Lean Ilceberg Model

Technology, tools and Supply chain
techniques integration
Process
management

ABOVE WATERLINE - VISIBLE ABOVE WATERLINE - VISIBLE

l UNDERVWATER - ENAELING UNDERWATER - ENABLING 1

Strategy and alignment
Leadership

Behaviour and engagement

Fig. 1 The lean Iceberg model. Source Found et al. (2007)
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invisible elements emphasise that lean should be integrated into the organisation’s
strategy, developing leadership capability, employee engagement and behavioural
change (Found et al. 2007; Hines et al. 2011). One of the main contributions made
by “the sustainable lean iceberg model” is that it extends lean implementation from
efficient lean tools application to effective and sustainable lean based improvement.

3.3 Summary-Issues of Previous LT Literature

Various definitions of LT (i.e. tool-based, system-based and philosophy-based
definitions) have been proposed by previous research. While most studies concen-
trate on how to use lean tools and improve operations efficiency on the shop floor,
some researchers argue that lean implementation should be extended to the stra-
tegic level. This argument is later developed by some lean thinkers who point out
that lean should focus on gaining long-term benefits, rather than only short-term
benefits (Bhasin and Burcher 2006; Hines et al. 2011). In addition, lean, and other
management concepts in the field of operations management, are criticised for
lack of theory (Schmenner and Swink 1998). It may be argued that lean principles
fundamentally support lean implementations; however, lean principles are closer
to practical guidelines rather than a theory. To build up the foundation of lean, it is
necessary to integrate lean with other organisation theories.

4 Review of OL
4.1 Definitions of OL

Researchers define OL from different perspectives; with some viewing OL as a tech-
nical process while others prefer to consider it as a social process (Easterby-Smith
and Araujo 1999). Despite a variety of definitions (e.g. Argyris 1977; Fiol and Lyles
1985; Nevis et al. 1995; Klimecki and Lassleben 1998; Sadler-Smith et al. 2001;
Lopez et al. 2005), there appears to be a consensus that OL is a process of devel-
oping knowledge, or insight, by the firm (e.g. Argyris, 1977; Fiol and Lyles 1985;
Levitt and March 1988; Nevis et al. 1995). Kolb (1984) helpfully makes the distinc-
tion between what people learn (know how) and how they understand and apply that
learning (know-why), both relevant to an approach to improvement such as lean.

4.2 Typologies of OL

As there is no standard way to interpret OL, some researchers propose a more
structured way to understand this concept. Fiss (2011) suggests typologies are
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vital to investigate complex relationships and build organisation literature. In the
case of OL, the typologies provide clear categories and dimensions, which ena-
ble researchers and practitioners to gain an in-depth understanding. They can also
be viewed as evaluation dimensions to assess organisation learning maturity (e.g.
McGill and Slocum 1993, knowing, understanding, thinking and learning organi-
sation) and/or status (e.g. Argyris 1976, single- and double-loop learning) which
contribute to the organisation’s further development in terms of identifying the
gaps between its current learning state and expected learning state. Argyris’ sin-
gle-loop and double-loop learning can be considered as the most widely accepted
typology in the field of OL. Single-loop learning mainly concerns the error detec-
tion and correction (Argyris 1977). It aims at identifying and fixing the problems
in the current operating system of the organisation. Double loop learning focuses
on detecting the problems of underlying values and re-setting the routines, rules
and policies in the organisation (Argyris 1977). The most important feature which
differentiates single-loop learning from double-loop learning is the ultimate goal
of learning. For single-loop learning, the ultimate goal is to ensure that the cur-
rent system can be smoothly undertaken (Argyris 1999, 2003). Conversely, for
double-loop learning, it aims to detect the issues to do with the underlying rules
and policies and therefore, the current system can be re-set or at least improved
(Argyris 1999, 2003). The idea of single- and double- loop learning is later devel-
oped by Fiol and Lyles (1985). They propose that single-loop learning is “lower
level learning” which represents adjustments of part of the organization while dou-
ble-loop learning is “higher level learning” which covers changes of rules, policies
norms of the whole organization (Fiol and Lyles 1985). It seems that double-loop
learning is more important than single-loop learning but it is worth noting that
both of these two types are valuable to organisations and in most cases, double-
loop learning is rare (Argyris 1977).

4.3 Levels of OL

OL is an organisational wide process with multiple levels. It is suggested that OL
includes at least three levels, namely, individual level, group level and organisa-
tional level (Cangelosi and Dill 1965; Crossan et al. 1999). It is argued that indi-
vidual learning may be the starting point (Kim 1993), but OL is more than a sum
of individual learning, as this is limited to individual’s preferences, interests and
ability (Crossan et al. 1999; Shrivastava 1983; Wang and Ahmed 2003). Found and
Kearney (2010) posit that investigating any issue from a single perspective is auto-
matically incorrect as it is impossible for the individual to capture all of the com-
plexities of the issue. Group learning, however, is not equal to OL either (one may
argue that an organisation actually could be viewed as a large group). According
to Wilson et al. (2007), group learning mainly focuses on the activities of informa-
tion or knowledge sharing, storage and retrieval. Activities related to institution-
alising (Crossan et al. 1999) and organisational memory building (Akgiin et al.
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2012; Huber 1991; Nevo and Wand 2005) which should occur at the organisational
level including setting up organisational rules, routines and policies are not cov-
ered by group learning. March (1991) points out that members in the organisation
can learn both from each other and from the organisational code.

4.4 Summary-Issues of Previous OL Literature

The review of OL literature shows that OL is not equal to the sum of individual
learning. Learning at an organisational level means the learning results should be
institutionalised and organisational memory should be built. Argyris (1977) sug-
gests two types of OL, including single- and double-loop learning. While single-
loop learning focuses on correcting errors in the organisation’s current operations
system, double-loop learning stresses the importance of changing the values and
rules underpinning the current system. However, it is argued by Argyris (1991)
that despite the success of introducing OL to the market place, many people
including managers and employees do not know how to learn. Argyris’ argument
is later supported by Flinchbaugh (2008), who believes OL creates “thinkers”
rather than “practitioners” as some managers who adhere to OL are more likely
to simply propose new ideas in the name of OL thinkers. The possible result is
that top managers may recognise the importance of enhancing learning, but they
do not have a clear plan in terms of how to embed the idea of learning in their
daily work. As the managers are not able to integrate OL with daily work, it could
be more difficult for employees such as supervisors and operators to accept and
understand the idea of OL. In addition, another issue of OL is how to ensure the
effectiveness of learning. In other words, the issues of how to ensure managers or
employees learn “the right thing”. For an organisation, it may send and receive
plenty of information every day and thereby, it is necessary to develop a guideline
to sort out and filter information. Dodgson (1993) recommends that concentrating
on customer based information may be a reasonable way to achieve effectiveness.

5 Discussion

5.1 Linking Approaches to Implementing LT with Types
of OL

Single-loop learning as discussed previously focuses on error detection and cor-
rection in the current management system. This equates closely to the view of
lean that suggests it stands for a tool-based approach to organisational improve-
ment. This approach possesses several characteristics. First, it emphasises waste
elimination rather than value creation, for example, most literature which addresses
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lean tool application normally summarises its benefits as cost reduction including
inventory reduction, lead time and cycle time reduction (e.g. Tardif and Maaseidvaag
2001; Kotani 2007). It implies that the main purpose of reducing cost through lean
implementation is to ensure the organisation’s current system could be operated
smoothly without any interruption. Second, it frequently occurs at the operational
level rather than the strategic level as most studies which relate to lean tool appli-
cation discuss issues of the organisation’s daily operations management rather than
strategic management, for example, Hines’ et al. (2004) “lean framework™ shows
that most lean tools belong to operational level improvement. Third, it is more likely
to pursue short-term efficiency rather than long-term effectiveness, as the essence of
many lean tools is to “do things right” rather than “do the right thing”.

Double-loop learning, however, considers and evaluates the underlying rules,
routines and policies and thereby, re-set these rules in a more appropriate way.
In the case of lean, this idea refers to the sustainability-based lean approach.
Compared to the tool-based approach, sustainability-based approach pos-
sesses the following characteristics. First, it highlights ‘invisible’ elements such
as strategy, culture and employee engagement. Hines et al. (2011) use the term
“enablers” to illustrate the importance of invisible elements of lean implementa-
tion and conclude these contribute to sustainable lean implementation in the long
term. Lucey (2009), who investigates the relationship between employee engage-
ment and sustainability of lean implementation supports this view and states that a
lean implementation is more likely to be sustained when employee engagement is
high (Lucey 2009). In addition, Bhasin (2012) demonstrates that there is a signifi-
cant correlation between a systematic and controlled strategy and successful lean
implementation. Second, it normally occurs at the strategic level, which implies it
could lead to a strategic change. As a sustainability-based approach is expected to
diffuse the idea of lean across the whole organisation including both strategic and
operational levels, it provides more opportunities for managers to re-think whether
or not the current strategy, policies and rules can satisfy the needs of lean opera-
tions. Third, it pursues long-term effectiveness. Unlike a tool-based approach, the
sustainability-based approach views lean implementation as a never-ending jour-
ney with continuous improvement (Found et al. 2007; Hines et al. 2011).

e Proposition 1: tool-based lean approach is closer to single-loop learning while
sustainability-based lean approach is closer to double-loop learning.

5.2 Operationalising OL Through LT

To facilitate OL an organisation should enable all the employees to gain access
to information efficiently and effectively. In the case of double-loop learning,
employees are encouraged to test out new ideas and the organisation guarantees
to embrace both successful and unsuccessful results. However, it is difficult to
apply these ideas to real practice. For example, as the organisation connects with
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both internal and external resources, it could receive a vast amount of informa-
tion every working day. Hence, to ensure employees obtain the information that
they need can often be problematic. In other words, the organisation itself lacks a
mechanism to sort out and filter information. In response many organisations have
employed various information systems that can at least sort out and categorise
information. It is worth noting that the information system itself will not provide
the required information unless the organisation sets it up. In addition, the ability
to ensure the efficiency and effectiveness of information transformation and com-
munication between managers and employees, employees and customers could be
another issue. From a lean perspective, establishing a lean culture could solve this
practical issue. Although there is no standard definition for lean culture, the fol-
lowing characteristics can be summarised.

First, lean values customers above any other stakeholder. This means infor-
mation related to customers such as customer orders, requirements and feed-
back should be selected as the “must-have” information for all the employees.
Additionally, the organisation should build a team, which directly contacts cus-
tomers and analyses or deciphers customer related information. In this case, it
requires the organisation’s current management system to be re-built or at least
adjusted based on customer requirements (Teehan and Tucker 2014). Womack and
Jones (2005) summarise some common principles from a customer’s perspective:
completely solving problems, solving problems as soon as possible, providing the
right thing at the right time and place, and simplifying decision making processes.
They suggest that every product or service provider should understand these prin-
ciples, which implies that the new management system should also reflect these
principles.

Second, a lean culture views any waste as the enemy and it encourages all
employees to detect waste. To achieve high effectiveness of information transfor-
mation and communication, lean thinkers recommend the organisation to discover
waste in the communication processes and knowledge work. Ward (2007) identifies
three types of knowledge waste and proposes that, to cope with waste, the organ-
isation should encourage employees to discover the root cause of the waste and
learn its whole operational mechanism rather than piecemeal learning. Similarly,
Staats and Upton (2011) demonstrate that the idea of lean is applicable to knowl-
edge work improvement through finding out the root cause of waste. This implies
that their ideas partly reflect Argyris’ idea of double-loop learning as they guide the
organisation to question or re-build the current rules, routines and policies.

The third characteristic of a lean culture is the emphasis on empowerment and
coaching, where Toyota managers act as coaches who enable employees to experi-
ment and learn from their ideas as frequently as possible (Spear 2004). Finally, a
lean culture highlights continuous improvement. It means the organisation should,
through PDCA (plan-do-check-action), be able to continually improve its current
state (Gonzalez-Rivas and Larsson 2011).

In addition to a lean culture, many lean tools could facilitate the application of
OL. Although it is discussed in the previous section that solely applying lean tools
fails to gain long term benefits, it does not mean lean tools are useless. It is proved
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by lean thinkers that lean tools contribute to streamlining and smoothing both phys-
ical and information flows (Bicheno and Holweg 2009). In the case of OL, single-
loop learning follows the logic of detecting and fixing the problems in the current
system whilst double-loop learning involves new ways of doing things. Researchers
from an OL perspective do not provide a practical tool or mechanism to guide man-
agers or employees to visualise or detect these problems. From a lean perspective,
some fundamental lean tools such as visual management and 6S (Bicheno and
Holweg 2009) could facilitate single-loop learning. The main advantage of these
tools is they are easy-to-use and relatively low cost as the application of them does
not necessarily require the organisation to be equipped with advanced machines or
highly skilled employees.

For double-loop learning, the ultimate goal is to question and transform the
underlying rules or policies of the organisation. However, it is commonly argued
that double-loop learning is rarely achieved. From a lean perspective, other lean
tools can be employed to support double-loop learning, for example, using the
problem solving techniques, such as 5 Whys, to determine the root cause of a prob-
lem. VSM can also be considered as a useful enabler for double-loop learning.
VSM enables the organisation to concentrate on the value added processes rather
than waste (Rother and Shook 1999; Womack and Jones 2005). In addition, there
are many higher-order lean tools, such as Quality Function Deployment (QFD),
Design for Manufacture (DfM), concurrent engineering etc. (Hines et al. 2006;
Bicheno and Holweg 2009) from the quality and new product development schools
as well as processes such as Hoshin Kanri (Policy Deployment) and ‘catchball’
(Cowley and Domb 1997) that facilitate double-loop learning.

It is worth noting that many lean tools can be implemented in an integra-
tive way to enhance both single- and double-loop learning. For example, VSM
aligned with 5Whys and visual management. The organisation could identify the
non-value adding activities through VSM of the current state, use problem solv-
ing techniques to detect the root cause of the problems and visual management to
track progress towards the removal of the non-value adding activities and move-
ment towards an improved future state. Furthermore, considering improvement
tools within the context of learning could lead to the redesign of these activities.

e Proposition 2: the ideas of OL can be operationalised and facilitated through
employing a lean culture and a range of lean tools.

5.3 Enhancing Continuous Improvement of Lean
Through OL

Although lean has developed from shop-floor improvement to value system build-
ing, it is difficult for the organisation to achieve continuous improvement. It may
be argued that some lean tools such as Kaizen could enable the organisation to set
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up an efficient mechanism to support continuous improvement. However, Found
and Kearney (2010) demonstrate that the nature of continuous improvement can
be described as a “mess” (Ackoff 1974), which means issues related to continuous
improvement are complicated and interdependent. In this case, it is insufficient to
achieve continuous improvement by focusing on only one or two lean tools.

It is observed that external professionals and consultants assist many lean pro-
grams. The use of these external stakeholders raises an important issue: how can
the organisation ensure that it can sustain the benefits from the program when the
consultants or key members leave? From the OL perspective there are two solu-
tions: organisational memory building and institutionalising.

It is argued that organisations own their memory, which comes from both inter-
nal and external resources (Huber 1991). Akgiin et al. (2012) indicate that the
components of organisational memory include declarative memory (e.g. facts,
events), procedural memory (e.g. procedures, routines) and emotional mem-
ory (e.g. past emotional events). Huber (1991) suggests two computer-based
approaches, an information system for storing “hard” data such as performance
data and financial reports, with an expert system for storing professional skills and
ideas (Huber 1991). Nevo and Wand (2005) confirms that information technology
is central to organisational memory building.

Crossan et al. (1999) propose that institutionalising is also a powerful approach
to retain the learned knowledge, which means the organisation should embed
useful knowledge in its strategy, rules, routines and principles. As a result, even
though consultants and key members leave the organisation, the established strat-
egy and principles could guide its daily operations. For example, Tesco (the UK
based global retailer) which has launched lean/continuous improvement program
for more than 15 years, establishes its underpinning principles as better, simpler
and cheaper and thereby, regardless of the changes within management teams, all
the new ideas and initiatives proposed by managers and employees are assessed
and selected based on these principles (Hu et al. 2012).

e Proposition 3: building organisational memory and institutionalising learning
are the two solutions to enhance continuous improvement.

6 Conclusion

This study provides an in-depth view of the connections between OL and LT
through integrating OL typologies, levels, lean definitions and lean approaches.
It copes with the criticism of OL by using lean culture and lean tools to opera-
tionalise OL. It also copes with the criticism of lean production by employing the
concept of OL to enhance its theoretical foundation. From a synthesis of the OL
and LT literature we have analysed the definitions, typologies and approaches for
both concepts and developed a model, “OL-LT model” which illustrates the con-
nections between them (see Fig. 2).
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Fig. 2 The OL-LT model

There are several academic contributions of the “OL-LT model”. First, it
extends Hines et al.’s (2004, 2011) studies to a broader context through integrat-
ing OL typologies, learning levels, and lean approaches. Second, it contributes to
the literature of these two concepts by clearly showing the theoretical links and
interactions. It also operationalises the concept of OL by exploring the meaning of
OL typologies and processes in the context of lean. Fourth, this study should also
prompt a review of methods employed to assess how organisations learn to be lean
or how lean can enhance learning.

This study has several managerial implications. First, this study proposes
lean culture can have a positive impact on information transferring and filtering
through highlighting customer based information, eliminating knowledge waste,
emphasising empowerment and continuously improving the current status. Hence,
managers who intend to apply both OL and lean production within their organisa-
tions are suggested to re-think and re-organise their current management system
and information system based on the characteristics of lean culture.

Second, this study explores the way single- and double-loop learning can be
achieved by applying lean tools. It indicates that some basic lean tools can facili-
tate single-loop learning whilst some higher-order lean tools can contribute to dou-
ble-loop learning. The development of these two stages of learning is critical to the
spread and sustainability of lean improvements. For managers who accept the ideas
of OL, but do not have a practical plan of applying OL, lean tools can be consid-
ered as a start point and an easy-to-use method to operationalise the idea of OL.
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Third, as lean implementation is often criticised for lack of sustainability, the last
section addresses how the ideas from OL perspective, including building organisa-
tional memory and institutionalising, could enhance continuous improvement in a
lean organisation. Managers are also advised to review and revise the organisational
rules and policies to ensure that these rules and policies reflect the ideas of lean.

Finally, organisations need to ensure learning cycles are complete and if neces-
sary remove any barriers to learning, such as constraints on job roles, ambiguity
around learning, inability to codify learning for future use. In terms of improve-
ment, the use of Plan-Do-Check-Action (PDCA) cycles may enhance the comple-
tion of learning and assist in codifying and embedding learning within the wider
organisational actions or practice.

As a conceptual study, the proposed “OL-LT model” lacks empirical data to
support it. The future research is encouraged to empirically test “the OL-LT
model”. In particular testing of the model across different industries would be
useful. Those, such as the automotive sector, considered more sophisticated with
implementing lean compared with those with less experience might provide some
interesting insights to how learning is achieved. Similarly, geographic location
and size of organisations may also provide some valuable insights into this area
of research. There is also a need to observe how learning is captured, transferred
and disseminated within the context of lean. For example, PDCA cycles may help
to ensure learning cycles are completed and VSM may need to be modified so that
knowledge flows are as prominent as material, information and financial flows.

We propose that building organisational memory and institutionalising the
learning are essential to enhancing continuous improvement. For many organisa-
tions this will require managers to re-think the way they approach improvement
and implement lean. Much more consideration should be given to management
and information systems that can support and encourage learning. How and when
lean tools and techniques are employed needs careful planning in order to foster a
culture of learning and improvement.
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developed over the last 25 years, there is still dissatisfaction amongst academ-
ics and practitioners in developing an alternative approach to address this issue.
This paper presents a framework for such an approach that the authors call Flow
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at several large test sites and is advanced as an improved management account-
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1 Introduction

Financial accounting, in some form, has been around for thousands of years. As
far back as 500 years ago, a Venetian monk, Fra Pacioli, described the basics for
double entry book keeping used today. It was done in order to establish ownership
of ventures. However, Management Accounting is a relatively new phenomenon
and came about and arguably fuelled the development of more complex organisa-
tions. Pre 19th century all exchange transactions were by 3rd parties with 3rd par-
ties. An owner of a factory would:

e Buy raw material from suppliers
e Pay “piece” rates to workers
e Sell to customers

At this time here were few if any layers of management. As organisations became
more complex there was a commitment to capital for economies of scale. Workers
were hired for long term rather than “spot” employment and gains were revealed
for organisations that adopted a hierarchical approach. As the conversion process
lost market traceability a demand developed for measures of efficiency denied
because of internalisation. For example, cost per hour or cost per ton

More complex organisations often began with vertical integration, exploit-
ing scale, whilst improved transportation opened up other markets and distribu-
tion methods. The operating ratio, a measure of the relationship of operating
expenses to sales was applied and assisted in measuring how different segments
of the business contributed to the whole. In each instance quoted in “Relevance
Lost” (Johnson and Kaplan 1987) there was little or no effort made to reconcile
financial accounting, reporting to the outside world, with management account-
ing used internally to assist decision making and motivate managers and supervi-
sors. Scientific management principles advocated by Taylor (1903) amongst others
defined standard parts, methods and times for tasks developed “the one best way”.
This fuelled the idea to develop the view of the one best cost later termed the
standard cost. According to some it was G Charter Harrison who in 1911 designed
and installed the first complete standard costing system known to exist. In 1921
Harrison published the first set of equations for the analysis of variances.

A survey of 300 UK manufacturers in 1993 reported 76 % operated a standard
costing system (Badem et al. 2013). Similarly in the USA Cornick et al. (1985)
reported 86 % of the responding companies were using standard costing systems.
In the late 1950s and through the 1960s a debate developed between two schools
of thought in management accounting; those that supported the view that “Fully
Absorbed Standard Costing” (FASC) was the appropriate methodology for judging
decisions and those that believed that a “Marginal Costing” (MC) approach was
superior.

The debate in 1980s was fundamentally the same, although it could said that
the arguments had become even more polarized to Activity Based Costing (ABC)
and Throughput Accounting (TA). With ABC managers are required to identify the
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major activities that pertain to the manufacture of specific products and allocate
manufacturing overhead costs to activity cost pools (Innes and Mitchell 1991).
Then identify the cost drivers that accurately measure each activity’s contributions
to the finished product and compute the activity-based overhead rate and, finally,
assign manufacturing overhead costs for each activity cost pool to products using
the activity-based overhead rates (cost per driver) ABC is the foundation behind
Lean Accounting (Maskell and Baggaley 2004).

If ABC is seeking a more accurate product cost by a new way of allocating
fixed costs through cost drivers Throughput Accounting (TA), hardly acknowl-
edges product costing at all. In TA (Corbett 1998, 2000), Throughput is defined
as sales less the variable cost of producing one more or one less unit. In many
instances this means only the material cost; although costs such as royalties or
freight costs would also feature depending upon circumstance. All other “operat-
ing expenses” are considered fixed. So in this sense TA is based around a high
level contribution, or super marginal costing approach. It would be fair to say
that TA also relies on a greater understanding of capacity because of its links to
Theory of Constraints. This manifests itself in Throughput per Constraint Minute
to develop a ranking method in the absence of more conventional product costing.

Although TA might be considered “innovative” at least in the sense that it chal-
lenges the premise that cost accounting methods like ABC are necessary for deci-
sion making it is argued by the authors that it is really an extension of the older
debate between fully absorbed and marginal costing in earlier decades. By way of
evidence for this consider the following extract:

A report published in 1961 by The Institute of Cost Accounting and Works
Accountants (Periasamy 2009) stated

22. Marginal Costing The ascertainment, by differentiating between fixed and variable
costs, of marginal cost, and of the effect on profit of changes in volume or type of output

26. Limiting Factor The factors in the activities of an undertaking, which at a particular
point in time or over a period will limit volume of output.

1.1 Historical Context and Assumptions

Conventional management accounting systems comprise an absorption costing
approach that is used to establish the standard cost of an individual product unit.
Variance analysis of the deviation between actual versus forecast (standard) cost
is then used as the basis for performance evaluation and cost control within the
firm. This conventional approach was developed to support management decision
making in the late nineteenth/early twentieth century during the beginning of the
era of mass production (Harrison 1921; Johnson and Kaplan 1987; Johnson 1992;
Cooper 1995). Compared with today, the cost structure of manufacturing opera-
tions in that era were characterised by a relatively high percentage of direct labour
and low indirect costs.
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1.2 How Does Absorption Costing Work?

First the direct costs such as material and labour are attributed to the cost unit (a
product). The direct material cost is established by rolling up the Bill of Material
(BOM) file for each product that is produced, and adding up the previously estab-
lished standard cost for each of its component items in the BOM. Similarly, the
direct labour cost is calculated by multiplying the number of standard hours
recorded for producing that product and multiplying it by the prevailing labour
rate.

Next, the overheads (indirect costs) are allocated to that cost unit in order to
convert the fixed costs into a pseudo variable cost. This is achieved via the follow-
ing method:

1. Estimate the total overheads for the period concerned e.g. £100,000

2. Estimate the total number of cost units (units of production) in the period con-
cerned to be used to recover this overhead e.g. 10,000

3. Select an appropriate basis for allocating the overheads to these cost units e.g.
direct labour hours

4. Establish the relationship between this basis for allocating per cost unit
e.g. There are 3 direct labour hours per unit ... therefore total production =
3 x 10,000 = 30,000 h

5. Calculate the absorption rate (the rate at which overhead will be apportioned
to the cost unit). Absorption rate = £100,000/30,000 h = £3.33 of overhead
will be absorbed by each cost unit per 1 h of direct labour consumed by it.
Therefore expect 3 h x £3.33 = £9.99 per unit

The absorption costing approach therefore forecasts assumes that all costs (direct
and indirect) will be recovered. 1t is for this reason that it is also sometimes known
as the total costing or fully absorbed costing approach. NB: If any of the above
underpinning assumptions are incorrect, there will be an under-recovery or over-
recovery of the overhead.

1.3 Inherent Advantages and Disadvantages

Within management accounting textbooks the inherent advantages and disadvan-
tages claimed for the absorption costing approach are:

1.3.1 Advantages

e [t is formula based and simple to calculate—which many managers find
comforting.

e Provided that overheads are absorbed on a relevant basis, a total unit or product
cost can be established.
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e If the forecast level of production/sales is achieved, all overheads will be
recovered.
e [t is particularly useful for setting the standard cost for control purposes.

1.3.2 Disadvantages

e The need to absorb fixed costs into product costs can lead to dubious or unjusti-
fiable cost apportionment—resulting in meaningless unit cost figures.

e The bases for overhead allocation are subjective and therefore open to different
interpretations. Clearly, the selection of a different basis of allocation will result
in a different product cost.

e Product/unit cost also depends on the level of production selected as the basis
for the estimate.

e Even a small (forecast error in this production level can result in massive cost
implications when magnified over a large number of units.

e Overhead is allocated uniformly to products based upon volume of production.
Products today are rarely uniform.

e Indiscriminate overhead recovery based on single basis of allocation, such as
direct labour hours or machine hours, can result in misleading product cost/
profit performance.

e It is a compartmentalised approach to costing that does not address present (or
past) processes/activities that cross departmental boundaries.

e Because it is a ‘tidy’ approach that leaves no awkward remainders, there is a
tendency for managers to consider it as ‘accurate’ (and comforting).

2 Implications Regarding Lean/Flow

Two categories of criticism of absorption costing have emerged. The first is gen-
eral criticism of its relevance in the contemporary (manufacturing) age. Building
upon this, the second category contains specific criticisms of the ‘fit’ between
the principles and mechanics underlying absorption costing and the Lean/Flow
environment.

2.1 General Criticisms: Relevance to Contemporary
Manufacturing

The two key critics of the relevance of conventional cost accounting systems
are Robert S Kaplan and H. Thomas Johnson. In a series of seminal works (see
Kaplan 1984, 1988; Johnson and Kaplan 1987) they argue that the accounting
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ideas and systems developed at the turn of the last century were appropriate for
the era of mass production. However, they are not conducive to servicing the needs
of contemporary manufacturing operations that are characterised by high variety,
small batch sizes, mass customisation, shorter product lifecycles and selling prices
that are aggressively forced downwards. This is therefore an issue of uncorrected
obsolescence rather than original error (Darlington et al. 2008). Johnson and
Kaplan go as far as suggesting that the conventional costing approach is not only
inadequate for contemporary manufacturing, but actively undermines it.

Kaplan (1988) summarises three different functions of any cost accounting sys-
tem. These are:

o [Inventory valuation for financial and tax statements, allocating periodic produc-
tion costs between goods sold and goods in stock.

e Operational control, providing feedback to managers on the resources con-
sumed (labour, materials, energy, overhead) during an operating period.

o [Individual product cost measurement, establishing the individual product cost
and hence informing the product pricing decision.

Using this as a framework for discussion, Johnson and Kaplan (1987) observe
that absorption costing was designed primarily to reconcile the need for the same
information to be the basis for costing accounting and financial accounting infor-
mation and that the method of inventory valuation, described above, provided the
means for it to be accomplished. They argue that today’s cost accounting informa-
tion is driven by the procedures and cycle of the organisation’s financial reporting
system (often monthly) and is consequently too late, too aggregated and too dis-
torted to be relevant for operational control purposes. The resulting management
accounting reports offer little help to operating managers seeking to reduce costs
and improve productivity—and can actually decrease productivity because they
require such managers to spend time understanding and explaining reported vari-
ances driven by issues over which they personally have little or any control.

These authors also criticise the relevance of absorption costing in provid-
ing an accurate individual product cost measurement. They suggest that under this
approach costs are attributed to products by a simplistic and arbitrary basis of allo-
cation, which is usually direct labour (that is relatively insignificant in today’s pro-
duction environment) and doesn’t represent the demands made by each product on
the firm’s resources. They point out that such simplistic product costing methods are
adequate for financial reporting purposes because they yield values for inventory and
cost of goods sold (COGS) that satisfy external reporting and auditing requirements.
However, systematically bias and distort costs at an individual product (cost unit) level.

2.2 Specific Criticisms: ‘Fit’ with the Lean/Flow Environment

The previous section summarised the operational control deficiencies of the con-
ventional absorption approach when applied to contemporary manufacturing
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generally. However, a number of other authors (amongst others Ansari et al. 1997;
Drury 1999; Johnson 2007; Monden 1989, 1992; Yoshikawa et al. 1993) have
characterised the specific problems that originate from this approach when it is
applied to a Lean/Flow environment.

For example, Johnson (2007, p. 1) criticises conventional accounting systems
for costing, inventory valuation and performance assessment “... (for promoting)
delay and discontinuity in operations, rather than flow and short lead times.” He
also criticises such conventional accounting practice for not disclosing the poten-
tial financial benefits of adopting lean practices (i.e. the opportunity cost) because
it does not show directly the cost savings and financial opportunities that might
arise from disposing of or redeploying resources made redundant by a successful
lean initiative.

Citing Ansari et al. (1997), Bicheno (2000) likewise summarises four key areas
of contention between the conventional accounting approach and Lean/Flow envi-
ronments. It:

1. Assumes that costs vary with inputs such as material or are fixed over a set
period of time, hence encouraging long production runs.

2. Stresses individual and departmental performance measurement and accounta-
bility. By contrast, Lean emphasises team and supply chain based measurement
and rewards.

3. Is very concerned with inventory costing and control. Lean stresses simplicity
and inventory reduction.

4. Emphasises labour and unit-based measures and costs. Lean places a greater
emphasis on (reducing) indirect costs.

Darlington and Moar (1996), Darlington et al. (2008) provide detailed insight into
six specific issues. These illustrate that the conventional costing approach actively
discourages Lean/Flow improvements and misrepresents the results when they are
actually made ‘as a leap of faith’ regardless of this barrier:

2.2.1 Local Optimisation

Absorption costing is premised upon the reductionist principle that the sum of the
local optimums equates to the global optimum (i.e. if we optimise all the parts,
the whole system will be optimised). Absorption costing incentivises managers to
optimise their department or function. Production is consequently run to achieve
the Accounting department’s conception of such local optimisation, which at best
is only a proxy for ‘real’ organisation boundary criteria such as actual customer
demand or the flow of cash in/out of the bank. Given the mechanics of absorption
costing, this translates into incentives to maximise overhead recovery and capacity
utilisation (labour and machinery); which consequently form the two biggest driv-
ers of local performance under such a system.
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2.2.2 Economic Order Quantity and Batch Sizes

The size of the fixed production batch is very much influenced by the Accounting
department and established via the Economic Order Quantity (EOQ) model that
forms part of the conventional costing approach. According to this approach
a number of ancillary costs are incurred when a machine is setup, cleaned or
changed over. These additional costs are to be spread over the number of items in
the resulting batch. Clearly, larger batch sizes result in higher average stock levels
that consume working capital and increase stockholding costs (usually estimated
to be between 25 and 80 % of the value of inventory on an annualised basis). The
EOQ model therefore looks to establish the most economic trade-off between
these factors.

The resultant batch size is not related to real customer demand and is inevitably
larger than necessary. In fact all such unit cost and utilisation based performance
measures that are so integral to the conventional approach have the same affect;
they drive large batch sizes they are ultimately based on the logic that the bigger
the batch size, the lower the unit cost and the better the utilisation figures. The
reward for successful reduction in batch size (for example, as a result of a preci-
sion changeover or Single Minute Exchange of Die (SMED) project) is increased
throughput with simultaneously reduced inventory and operating expense.
This is never taken into account in the EOQ model so favoured by conventional
accountants.

2.2.3 Value Adding Principle

In addition to being premised upon the principle of local optimisation, perhaps
the second most fundamental flaw with absorption costing from the Lean/Flow
perspective is its clumsy interpretation of the value adding principle. In absorp-
tion costing, fixed costs are capitalised in inventory and value is added (and hence
overhead recovered) when we MAKE something, and not when we SELL it. This
creates incentives for the operations manager to build inventories (and to manipu-
late inventory levels to smooth income) regardless of whether that production is
actually needed/demanded by the customer or not. Absorption costing therefore
encourages the making of too much and/or too soon. This is overproduction; the
worst kind of waste in the Lean typology (Womack and Jones 1996).

It is also notable that when in a financial period the final inventories are
exploited for sale and there is no equivalent replacement then the resulting vari-
ances only have one method of escape—through the Profit and Loss (P&L)
account! This means quite literally that a Lean/Flow inventory reduction pro-
gramme that produces a production system that runs off lower WIP and finished
goods will result in improved cash flow, although the P&L account will most
likely show poorer performance if not net loss!
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2.2.4 Cycle Time Instead of Lead Time

The earlier discussion established that there is no reliable method of calculating an
‘accurate’ product/unit cost because of the subjective nature of overhead alloca-
tion. Effective lead time compression is a fundamental goal within the Lean/Flow
paradigm. However, the only aspect of TIME considered within the absorption
approach is cycle time; which is typically used for establishing the basis for allocat-
ing overheads (e.g. the number of standard hours of direct labour or machine cycle
time required per product/cost unit). Such product costing pays no heed to lead
time (the total elapsed time taken for a part/product to flow through that process).

As a consequence, such an approach provides no incentive to reduce lead time,
but instead focuses attention mainly on counterproductive efforts to reduce prod-
uct/unit cost. In fact, in a plant where direct labour is used as the basis for allocat-
ing overhead then the more staff taken off the shop floor as the result of a genuine
Lean/Flow (kaizen) improvement, the higher the overhead burden becomes (per
cost unit) ... hence the higher the product cost appears to be!

2.2.5 Value of Bottleneck Time

A compounding flaw in the absorption approach is the uniformity of value that it
places upon all (cycle) time. For example, if direct labour hours are selected as
the basis for allocation in a plant, the absorption costing approach does not make
any distinction regarding the location (workstation/resource) at which that labour
time was consumed in its calculation of product cost and hence influence on deci-
sion making. However, the Theory of Constraints (Goldratt and Cox 1984) tells
us that a minute (of cycle time) lost at a bottleneck is a minute lost to the system
forever, while a minute saved at a non-bottleneck is a mirage. Clearly, bottleneck
time must therefore be more ‘valuable’ than non-bottleneck time—but this isn’t
recognised in the conventional approach.

2.2.6 Cost Reductions

The last of the issues identified by Darlington is that accountants are often keen
to embrace the waste removal credentials of conventional Lean/Flow initiatives.
However, the total savings claimed are usually a mirage as they are rarely reflected
in the bottom line. For example, Darlington cites his own experience in the mid
1990s where the sum of the claimed savings made from the Lean waste elimina-
tion projects implemented throughout the year were found to exceed the turnover
of the firm! Such a situation leads us to conclude that:

(a) Waste removal is not the same as cost reduction—and/or—
(b) A better approach needs to be found to establish the benefits of genuine Lean/
Flow improvement initiatives.
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3 Research Motivation

The authors were recruited as part of a team looking at the impact of digital manu-
facturing in the aerospace industry with one large aerospace company acting as
host site. The authors were asked to contribute a “lean” perspective to the project.

Initial visits to the site revealed that there were already a number of lean ini-
tiatives being actioned and centring on improvements in final assembly. The host
were working in conjunction with a large consulting company and the basic prem-
ise was that they would create a “model lean assembly line”” which could then be
rolled out to some other 8 assembly lines within the host and elsewhere in the
component and sub assembly areas.

There was a real need to rationalise how the authors could contribute to the
project and what form “lean” might take in areas other than final assembly; this
provided the motivation to use Flow Accounting to scope out the opportunity for
improvement.

4 Research Methodology

In order to satisfy the research motivation for this investigation, a case study
approach was selected as the research strategy (Yin 2003). A case study is an empiri-
cal inquiry that investigates a contemporary phenomenon within its real life context,
especially when the boundaries between phenomenon and context are not clearly
evident (Yin 2003). A case study can provide rich knowledge of a specific context
(Meredith 1998; Sousa and Voss 2008; Yin 2003) and has a heritage within both
Operations Management and Logistics, where it has been employed for research
purposes that include exploration, theory building, theory testing and theory exten-
sion (Eisenhardt 1989; Ellram 1996; Voss et al. 2002). Action research was the
approach taken in this study. Gilmore et al. (1986 p. 161) define action research as:

Action research aims to contribute both to the practical concerns of people in an imme-
diate problematic situation and to further the goals of social science simultaneously.
Thus, there is a dual commitment in action research to study a system and concurrently
to collaborate with members of the system in changing it in what is together regarded
as a desirable direction. Accomplishing this twin goal requires the active collaboration
of researcher and client, and thus it stresses the importance of co-learning as a primary
aspect of the research process.

The case study reported upon in this paper was purposively selected (Silverman
2000) and was a longitudinal study conducted over a two-year period. The firm’s
senior management team championed the project and a project team was formed
with a large room dedicated to them for the duration of the study. The team had,
at its core, six managers drawn from a cross-functional range of the resource and
support areas found within the organization. The research team comprised 3 senior
researchers with professional expertise and significant knowledge of lean operations
management. A simulation-modeling expert was also seconded to the team.
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Under the terms of a confidentiality agreement, a three-year moratorium
on publication has been observed for this study. Other measures have also been
applied within this paper to assure the anonymity of the firm whilst simultaneously
maintaining the integrity of the findings. These measures include the disguise of
all terminology that could be used to identify the company. This includes all spe-
cifics regarding the firm’s product portfolio, the industry sector within which it
operates, its geographic location and all reference to its annual turnover and scale
of employment. Lastly, all financial and operational data has been disguised by
means of a constant modifying factor.

5 Research Findings
5.1 Analysis

Flow Accounting (FA) comprises of a number of elements and is based upon the
premise that the bottom line financial results are a function of how you manage
Demand Capacity and Inventory in manufacturing and the key performance indi-
cators (KPIs) which influence how people manage these subjects and the return on
net operating assets (Fig. 1).

It follows that if you want to generate a different (better) result you have to
change how you manage any one these subjects or combination of them.

FA analyses and studies the current means of managing demand capacity and
inventory to understand the scope for improvement in terms of money, attempt-
ing to try and establish “cause and effect” analysis at a company level. To do
this it looks into both financial and non-financial data and the “structure” of the
manufacturing business in question. This latter element requires an understanding

Demand
Management

Capacity

Management

Fig. 1 Return on net operating assets
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of “VAT Analysis”, a constraint management procedure for understanding the
dominant structural issues of the manufacturing unit. V, A & T analysis (Fig. 2),
so called because these describe the dominant structure of the bill of materials
(BOM) categorizes businesses into 3 types that have their own distinctive prob-
lems and this understanding can be used to avoid the “cul-de-sac” of “one solution
for all” approach. It also contrasts with the current propensity of lean practitioners
who describe themselves as value stream based organisations. Appealing though
this latter description might be for simplicity sake, VAT analysis is sounder as it is
based upon the combination of bill of material and route; i.e. tangible structures.

5.2 Process

FA launches a number of pieces of analysis and study in parallel at the start of an
engagement and the vehicle for pulling the whole thing together is often a Big
Picture Financial Map (BPFM). The authors would claim this is a focussing mech-
anism designed to reduce the risk of “scatter gun” improvement activity targeting
low level “waste removal” to no overall beneficial effect.

The first decision in creating a BPFM is to decide the level of granularity
appropriate to the objects (where the work is done) that are going to be repre-
sented on the map. So to date A BPFM has never got down to each individual
process. In the large aerospace host, the various centres manufacturing criti-
cal components and sub-assemblies, which fed final assembly, became the basic
objects for the map and the main routes that products took are added as well

(Fig. 3).
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Fig. 3 Main routes of product flows

As the name suggests BPFM uses financial data and starts at the company level.
Fortunately Finance departments associated with manufacturing have well estab-
lished methods of reporting and these are drawn upon to perform calculations
which are used to populate the map.

The basic outline is now drawn and the next steps are to populate it with a com-
bination of Money, and KPIs and other insights drawn from the study and for them
to become representative of the current performance of the system.

As product costing is considered to have too many negatives implications,
such as encouraging “overproduction” by the clumsy interpretation of the value
added principle: the formality on the map and other documents is to adopt the
Throughput Accounting terminology:

e Throughput
e Inventory
e Operating Expense

It is also fair to say that the only rationale for “allocation” is to develop a product
cost and, as this is simply a financial accounting requirement for inventory valu-
ation, it is rejected as having no place in modern management accounting tech-
niques. In fact, it is often misleading, as the majority of the operating expense
is quite likely to be away from the shop floor. Figure 4 is the BPFM for this
company.

The BPFM is often supplemented by other charts and observations backed up
by data but this is the summary level BPFM in the aerospace business.
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The Throughput numbers $46674k, $9021k and $11720k represent sales over
the course of a quarter and this timeframe was felt locally to be a better represen-
tation of their mix of sales.

The inventory numbers are shown both as absolute in $k and as relative num-
bers in “days cover”; the relationship of Inventory Value to Cost of Sales.

It should be noted that the OE or Operating Expense does not include any over-
head at all. Overhead would have to be “allocated” and FA policy is not to allocate
as this neither reduces the overhead total expense nor can the production centres
control “the spend”. So the OE represents the real cost of running these centres per
month at the current levels of activity.

The cash implications of this sort of performance are illustrated as follows in
Fig. 5.

Of course the strictly financial accounting view would challenge that each of
these “day calculations” should be based upon different valuation criteria but FA
is content with impact and getting people interested in lead time compression as a
means to greater competitiveness.

FA would argue that although the debtors and creditors can influence the
“Finance Days” that this requires “negotiation” with the outside world in terms of
3rd party organisations whereas the Work in Progress is really completely in the
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Fig. 5 Cash implications of inventory management payment terms

hands of the company itself. A typical challenging question arising from this chart
would be “how big a queue do you need?”.

5.3 Inventory Significance

One of the features of FA in manufacturing is the attention that is paid to Inventory
and particularly to the work in progress and finished goods. Only capacity has can
create work in progress and finished goods and so the level of both is a comment
on how well the company is executing its capacity and how quickly or slowly the
company reacts to changes to demands.

In the example is it clear that it takes approximately 100 days to build an air-
craft body. Some of the production centres are working in parallel so the addition
of each centre will not add to 100 days as a total.

The figure of 100 days is not so surprising in an “A” plant environment; these
are characterised by deep bills of material with many components and sub-assem-
blies finally resulting in unique aero bodies. It can be seen from the supplementary
charts that 100 days is reasonably representative.

Figures 6 and 7 complemented the BPFM and seek to draw attention to root
cause analysis.

It is not unusual with long lead times that there are significant amounts of
Obsolete Stock. If a new component is designed in an “A” plant, the business
must ask itself whether it is going to rush through the engineering change and risk
obsolescence of the materials already in production or wait 100 days for the new
improvement to find its way into the product. This was the case in the aero busi-
ness with a total provision of $12 million and quarterly movements of up to $0.9.



94 J. Darlington et al.
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6 Challenges

No production centre on the BPFM directly produces “Throughput”; they con-
tribute either directly or indirectly to the components and sub-assemblies required
for final assembly, which are the parts of the organisation that sell to the out-
side world. Only at the boundary walls where real money changes hands is
“Throughput” created.

So the question became how do we judge which of these production centres
offers the biggest opportunity?

A ranking system was devised as follows (Fig. 8).

The BPFM featured again for a “sanity check” looking to see whether anything
else could distinguish the prioritisation of working in WC 5 versus WC 2 those
centres that came out at the forefront of the ranking (Fig. 9).
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The fact that WC 2 feeds final assembly areas with significantly higher

“Throughput” than WC 5 begged some further comparisons at a new level of detail.

Looking at the delivery performance of the two production centres to their

respective assembly lines proved revealing and conclusive:
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Production Centre 2 was late delivering much more that Production Centre 5
and in fact the latter was early and getting earlier. One might ask why Centre 5 is
“pulling ahead” so far but the impact on final assembly of Centre 2 delivering late
was judged much more significant. Figures 10 and 11 illustrate the due date per-
formance of these two work centres.

7 Conclusions

Production Work Centre 2 was then studied in depth and eventually became the
subject of a new initiative to introduce “pull” and gain responsiveness to their
internal assembly customers. This initiative was concluded successfully with lead
times halved releasing cash through inventory reduction and reducing the inci-
dence of “shortages” in final assembly which moved from an average of “6 stops
per week” to between “0 and 1 stop per week”.
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We recognise that no manufacturing company is going to take lightly the com-
plete overhaul of its traditional accounting system, not least because it’s part of
the business environment which they can’t change independently considering
the financial accounting legal requirements arising from current product costing
methodologies. However this case provides evidence that by using accounting and
ancillary information at a “global level” and presenting it in a simple and inno-
vative way it is possible to better guide decision makers to points of prioritisa-
tion that do impact the bottom line. Time and money are the two lowest common
denominators in every organisation. In manufacturing companies the “time” ele-
ment requires the organisation to describe its capacity and the “money” element
requires a description of revenue and costs. In this short article the authors ques-
tions how well these important aspects are represented in the 21st Century.

ERP represents the current state of the evolutionary development of comput-
ing power via integrated, shared data systems for organisations. Their growth
and adoption statistics are impressive. Often built on a centralized database and
normally utilizing a common computing platform, ERP systems encompass all
business operations into a uniform and enterprise-wide system environment.
Unfortunately the authors would argue that they have effectively “institutional-
ised” redundancy of thinking at the installation phase by the repetition of a costing
methodology more suited to the early 1900s than the 21st century.

Whilst it is popular today to discuss “culture change”, the initiatives sprung
from such talk are typically aimed at the shop floor and rarely embrace the ques-
tion of the role of the FD. The authors would argue it is high time senior finance
stopped playing the role of “administrator” of the costing module of their ERP
system and reclaim management accounting information for decision making.
ERP systems contain the data to allow decisions to appeal to common sense, be
more logical and allow accessibility amongst many more levels than are inclined
to engage today. The challenge is to get information systems to work like a human
being rather than a dumb computer.

This case revolves effectively around supply chain prioritisation; the next phase
of application of “pull” in the aerospace WC 2 also revealed the need for a differ-
ent approach during the critical “transit period” between current and future states.
This hinges around the need to show progress before the aspirations of the future
state manifest themselves. Flow Accounting is pitched to be an assessment meth-
odology completed periodically and giving a new voice to finance staff as provid-
ers of information which complement CI above and beyond the redundancy of
“cost savings”.

In conclusion, despite the emerging challenges, Flow Accounting and Big
Picture Financial Mapping offer a way to reconcile some of the issues between
Lean and Traditional management accounting. It is not suggested that one can
replace the other at this stage, but Flow Accounting and Big Picture Financial
Mapping offers Lean businesses a methodology to focus the improvements and
to align their Lean implementation with bottom line results to drive the right
behaviours.
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Changing an Organisation’s Culture
with Systems Thinking

A Case Study from the Financial Services Industry

Paul Bettle

Abstract This research has studied three aspects of a multi-method Systems
Thinking intervention in a large Service Organisation. Firstly, an experiment stud-
ied its effectiveness in terms of changing the leaders in the organisation thinking.
The second and third aspects looked at issues relating to success and sustainability
of the programme, specifically, the major system conditions and the level in the
organisation at which there must be an understanding and acceptance of Systems
Thinking. Analysis of the experimental results showed that the intervention had
started to cause a change in thinking, from command and control to systems think-
ing, in the experiment group relative to the control group. However, the change
could not be shown to be statistically different between the beginning and end
of the experiment. Observations made throughout the intervention identified two
major systems conditions threatening the success and sustainability of the pro-
gramme. The first system condition relates to multiple parties competing for the
role of the customer across the organisation, e.g. the service user vs. shareholders,
who are owned by different parts of the organisation. This results in different parts
of the business having different, competing purposes. The second system condi-
tion relates to the link between business and individual measures in the current
world, which are anchoring the organisation in the command and control way of
thinking.
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1 Introduction

Over the past 15 years a large financial services organisation, in common with
many other service based companies, has launched numerous improvement pro-
grammes using approaches such as Six Sigma and Lean through a central in-house
improvement team. The earlier programmes did achieve some initial success, but
did not sustain. Often unravelling as soon as the central team members moved on
to their next assignment.

In the view of the researcher, these programmes fell into the trap of becoming
all about implementing Lean tools, rather than seeing Lean as a Systems approach,
and the delivery of value to the customer through embedding Lean principles and
capability in the operations across the whole end-to-end value stream. As such, the
programmes inevitably focussed on cost saving through driving transactional effi-
ciencies in the customer facing operations.

The organisation has realised that it needs to move away from the tools based
approaches of the past to take a more systemic view of organisational improve-
ment. As such, a new programme was launched in September 2013, with Systems
Thinking principles at its core.

The purpose of this research project is to establish if taking a whole system
approach, rather than tools based, can help the programme to achieve its objec-
tives, and to establish if there are any other factors (system conditions) outside of
the programme design that directly impact its potential success and sustainability.

The programme design has two complimentary elements that combine mul-
tiple systems approaches. This is something of an experiment in itself, as these
two particular practitioner based approaches have not been combined in this way.
However, the researcher believes there is a strong theoretical basis for doing so.
The first element involves the redesign the end-to-end core customer journeys
from the top down. Whilst at the same time, the second element will focus on
changing the thinking of frontline leaders and building the capability of the organ-
isation from the bottom up.

The core systems approach to be used across both elements in the intervention
will be the Vanguard Method. According to Seddon (2005), it is the current think-
ing or logic in an organisation that drives the design of that system. The design
of the system in turn will determine how well that system performs. Therefore,
unless you can change the thinking of those responsible, in order to design a better
system, the performance will not improve (see Fig. 1).

Seddon (2005) calls the current way of thinking in western management
‘Command and Control Thinking’. Command and Control does not mean being
bossy, it means separating decision making from the work (Seddon 2013).
Command and Control Thinking is contrasted with Vanguard’s Systems Thinking
in Fig. 2.

Quite often in a System, certain less powerful groups are often ignored and
do not necessarily have their voices heard. Giving these groups a voice is known
as emancipation. This is one of the objectives of the second element of the
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Fig. 1 Vanguard’s thinking-system-performance framework. Adapted from Seddon (2005)
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Fig. 2 Command and control versus systems thinking. Adapted from Seddon (2005: 11)

programme, as it will give a voice to the frontline leaders in the organisation.
Typically, in the past, their roles and responsibilities, measures and work design
are handed down to them to execute with no input from themselves. During the
second element of the programme, the frontline leaders will study the work in
their areas and reflect on what their roles should be and how they could better
measure the work their teams are doing.
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As they will not get the skills to do this from the Vanguard Method alone,
another complementary Systems Approach, based on action learning, will be run
in parallel which will focus on building the skills, capabilities and knowledge of
these frontline leaders (see Fig. 3).

2 Research Project

A controlled experiment was conducted within the intervention to establish if a
direct link could be made between the intervention and any measurable change in
thinking that may occur during the intervention.

More specifically, this research project set out to answer the following research
questions, described in Sect. 2.1, and to achieve the objectives described in
Sect. 2.2.

2.1 Research Questions

e To what extent will a whole organisation, multi-method approach to the imple-
mentation of a systems thinking intervention, from the top down and the bot-
tom up, change the way managers and frontline leaders think about their
business; specifically in terms of the role of a leader, measures and targets and
capabilities?

e At what level in the organisation must there be an understanding and accept-
ance of the counter-intuitive dimensions of Systems Thinking in order increase
its likelihood of success?

e To what extent do current system conditions and thinking inhibit the successful
deployment of Systems Thinking?
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2.2 Research Objectives

To establish the critical success factors of a Systems Thinking intervention.

To identify opportunities to improve the current methodology for future inter-
ventions across the wider organisation.

To understand the barriers to a successful Systems Thinking implementation.

e To understand how measures can be used to change management thinking.

3 Literature Review

3.1 What Is a System?

According to Deming (1994: p. 50), one of the original Systems Thinkers, a system
is a network of interdependent components that work together to try to accomplish
the aim of the system. Figure 4 shows Deming’s famous diagram of an organisa-
tion represented as a system. The system must have an aim, or a purpose. All the
components of the system will contribute to achieving the purpose of the system,
but none of the parts on their own can achieve that purpose. A popular analogy is
that of a car as a system, whose purpose is to transport people from one location to
another. None of the individual components of the car, such as the engine or chas-
sis, can achieve this purpose on their own; they must work together as a system
to do so (Scholtes 1998). The properties the system exhibits are that of the whole
rather than those of the individual components (Checkland 1981).
Jackson (2003) identifies six different types of system:

Physical

Biological

Designed

Abstract (Checkland 1981 describes this as designed abstract)
Social

Human activity

Sufpl@e:'s ofd Designand |, Consumer
materials an " redesign research
Receipt and
test of Distribution /
materials | Production, assembly, inspection /)!
> = —_

S S
> >
-
Tests of processes, \

machines, methods, costs

Fig. 4 Production viewed as a system. Adapted from Deming (1982: 4)
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3.2 Systems Thinking Approaches

Checkland (1981) describes Systems Thinking not as a discipline in its own right,
but rather a way of thinking about a problem. This way of thinking is centred on
two themes:

e Emergence and Hierarchy—in a system exists organised complexity. A system
contains a hierarchy of complexity, described as levels, the highest level being
the most complex and each level being more complex than the next level down.
Emergence refers to the properties seen at each level in the hierarchy. Properties
emerge at each level that cannot be seen in the level below.

e Communication and Control—a complex hierarchy of levels within an open
system must have a process of communication and control in order to detect and
react to changes in its external in internal environments.

A major split in Systems Thinking approaches started to emerge during the 1970s
to deal with the complexities inherent in organisational systems and the multiple
purposes held by the human social systems that exist within them.

Interestingly, Systems Thinkers seemed to split along the lines of either dealing
with complexity or dealing with multiple purposes, not both, whilst at the same
time academics continued to develop Hard Systems ideas in various Universities
(Jackson 2003). Systems Thinkers also tended to anchor themselves to, and
develop their approach within, a particular sociological paradigm, described in
Fig. 5 (Jackson 2003; Mingers and Broklesby 1997; Checkland 1981).

Jackson also illustrates this split in terms of problem contexts as shown in
Fig. 6. The approaches that emerged during this time tend to fit into one of these
boxes, that is, those developing the approach make an assumption that the box can
describe an organisation.

These approaches have continued to be developed along these lines to present
day. They do not cross over, either vertically or horizontally, into other contexts,
or other paradigms. Indeed, most approaches have their own academic journal
aligned to it. The effect has been to take them further and further apart.

The main approaches developed in the academic world are shown in Fig. 7.

Fig. 5 Sociological 4 } ]
paradigms emel:Ir';ggﬁgﬁgls%C / Int%r_pr?ive//
Y subjective
poswmsth/ a?gjeCtIVISt / constructavist / soft
Sociological
Paradigms
Emancipatory / critical Postmodern

\ J
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Fig. 6 Jackson and Keys grid of problem contexts. Adapted from Jackson (2003: 18, 24)
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Fig. 7 The main systems thinking approaches organised by type. Adapted from Jackson (2003: xxiii)

3.2.1 The Vanguard Method

Deming (1982) believes that it is necessary to study the whole system in order to
be able to make it better for customers, a view strongly shared by Seddon.
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Check
 Understand the
organisation as a
system
Do Plan
«Change the system «ldentify what could be
and measure the changed and design
outcomes an experiment to test
the hypothesis
A S

Fig. 8 The Vanguard approach to service improvement. Adapted from Seddon (2005: 110)

Figure 8 illustrates the Vanguard Consulting approach to service improvement,
developed by Seddon. This review will just focus to the check stage (see Fig. 9)
in more detail, as this is the main area of focus for this research. The ‘check’
approach is summarised in Table 1.

1. What is the purpose from
the customer’s perspective?

|
l
Customer Q;i)

Customer {1
| i i
Customer <£‘I_$ 4. Analyse the flow to
identify waste
Customer I >
3. What is the capability to

| respond to demand?
[

2. What is the type and
frequency of demand?

Fig. 9 The Vanguard ‘check’ method. Adapted from Seddon (2005: 112)
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Table 1 The Vanguard model for check

Step

Overview

Step one—understand
purpose from the cus-
tomer’s perspective

Seddon (2005) argues that you must first understand the customer’s
purpose before you can determine how best to deliver a service to
them. As a consequence of not understanding the purpose organisa-
tions will likely have measures that are aligned to business objectives
and not around delivering customer purpose. The achievement the
measures (targets) becomes the purpose of the organisation (Seddon
2005). Stepping back and looking at purpose helps to keep the view of
the whole system and helps to avoid the sub-optimisation of its parts
(Bicheno 2008)

Step two—understand
the type and frequency
of demand

The customer purpose is used to determine which demands are

value and which are failure. Value demand is demand that meets the
customer’s purpose; it is demand that they want to initiate. Seddon
(2005) defines failure demand as ‘a failure to do something or do
something right for the customer’. The level of failure demand that an
organisation is experiencing is an indication of the amount of unneces-
sary work in the organisation

Step three—understand

Deming (1982) talks at length about management’s failure to

the capability of the understand the variation of the system. To understand if the

organisation organisation can respond to demand in a predictable way, a measure
must be identified that is aligned to the customer’s purpose

Step four— Flow is particularly important to customers in a service. They will

understand the flow

experience any interruption to flow that results in a delay first hand,
giving them a negative perception that is hard to recover from and will
likely result in failure demand

Step five—understand
system conditions

System conditions are the underlying causes of waste. They have a
profound effect on the way an organisation behaves. System conditions
come from an organisations:

* Policies, processes and procedures

* Measures, targets and performance management

* IT systems

¢ Organisational structure

Seddon considers measures the most important system condition.
Spitzer (2007) describes measurement as the lens through which the
performance of the organisation is viewed, thus making it the most
Sfundamental management system upon which other management
systems are based. Therefore if the measurement lens is focussed on
the wrong things, bad decisions will be triggered in all of the other
management systems. But this is not the only issue with measuring the
wrong things; according to Kohn (1993) measures will impact the way
in which people do things. This is because they supersede any other
motivations that a person might have, consequently they change the
attitude a person takes towards the work that they are doing

A reward will often increase the likelihood of us doing something, but
more often than not, it changes the way in which we do it, usually for the
worse, and is only effective in the short term (Kohn 1993). Seddon (2005)
observes that imposed targets will almost certainly result in employees
using their ingenuity to ‘game’ the system in pursuit of achieving the
target. This is something that the researcher has witnessed occurring right
up to the senior levels in the operation during the research. The senior
managers are aware that it is happening, but feel they have little choice
given the pressure they are under to achieve the targets. This starts to
explain why it is given so much attention when an SLA is breeched

(continued)
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Table 1 (continued)
Step Overview

Deming (1982) defined seven deadly diseases that are prevalent in
western organisations. The third deadly disease relates to the evaluation
of performance, merit rating or annual reviews. Any performance
management system that is centred on management by objectives and
numbers will lead to the following issues:

* A focus on short term delivery at the expense of long term planning

* A demotivated workforce

Step six—understand | An organisations culture is a reflection of the beliefs of management
management thinking | (Bicheno 2008). Is the management focus on fulfilling a purpose
relating to the business or is it on meeting the customer purpose?

Jackson (2009) acknowledges that whilst the Vanguard Method has not been
widely reviewed by academics, it is having considerable success in practice, par-
ticularly in the UK Public Sector. Jackson et al. (2008) argues that the Vanguard
Method may encounter problems when trying to define the purpose of the system
when presented with multiple parties, completing for the role of customer. The
Vanguard Method does not take account of these competing world views and vari-
ety of purposes that this may result in. Jackson et al. (2008) further argues that
there is a risk that the Vanguard Method allows the optimisation of a sub-sys-
tem without understanding if this might sub-optimise the wider system. Jackson
et al. (2008) concludes that the Vanguard Method is essentially a hard systems
approach, when assessed on the System of System Methodology framework (see
Fig. 10), but has the ability to deal with complexity and some pluralist concerns,
leading him to suggest that methodology expansion could be a viable alternative to
Multi-methodology.

3.3 Combining Different Systems Approaches,
in Theory and in Practice

3.3.1 Combining Systems Approaches in Theory

This section will review the literature to try and identify if there is a theoretical
basis to support the combining Systems Approaches, and if so, how it should be
undertaken. Mingers and Broklesby (1997: p. 491) describes the possible ways in
which Systems Approaches can be combined (see Table 2).

Systems Approaches developed in the academic world tend to be aligned to a
particular paradigm and the set of assumptions that underpins the thinking within
that paradigm. There has been much debate amongst academics relating to the
constraints of paradigm incommensurability preventing the ability to combine
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Fig. 10 The Vanguard method assessed on the SOSM. Adapted from Jackson et al. (2008: 196)

Systems Approaches (Mingers and Broklesby 1997; Kotiadis and Mingers 2006).
The argument being that the theoretical logic and assumptions inherent within
the paradigm, upon which the different approaches are built, are in incompatible
because of their different world views and cannot be reconciled (Mingers and
Broklesby 1997; Jackson 2003). Shepherd and Challenger (2013) found the use
of paradigms and the concept of paradigm incommensurability to still be wide-
spread in management research.

A second challenge to combining Systems Approaches relates to cultural fea-
sibility. That is the experiences of the practitioner using the approaches and their
assumptions about the world (Mingers and Broklesby 1997; Kotiadis and Mingers
2006). If a practitioner’s experience and training is predominately rooted in a par-
ticular paradigm, they may find it difficult if they have to then operate in another
when using a different approach.

Another challenge is the cognitive feasibility. Practitioners will have different
personality types that will naturally have a preference for a particular approach
and operating within a particular paradigm.
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Table 2 Options for combing systems approaches

Name Description Multiparadigm? Example
Methodological | Using only one Single Soft systems methodology
isolationism methodology from only or operational
only one paradigm research only
Methodology Enhancing a Single Cognitive mapping used in
enhancement methodology with Soft systems methodology
techniques from Multiple Jackson systems
another development used in soft
systems methodology
Methodology Selecting whole Multiple Using a Hard approach
selection methodologies in one situation and Soft
as appropriate to systems methodology in
particular situation another
Methodology Combining whole Multiple Using interactive planning
combination methodologies in an and the viable systems
intervention model
Multi- Partitioning Single Using cognitive mapping,
methodology methodologies and root definitions,
combining parts commitment packages
Multiple Using cognitive mapping
and systems dynamics

Adapted from Mingers and Broklesby (1997: p. 491)

A System of Systems Methodologies

Jackson and Keys (1984) started to explore the idea of combining Systems
Approaches as long ago as early 1980s. They discovered that particular
approaches, rather than competing to be used for general problem solving and try-
ing to claim they can solve any problem, they should limit their use to the context
for which they are best suited. From this analysis, they derived what they term a
System of Systems Methodologies.

Jackson (1990) describes how the System of Systems Methodologies might be
used in the real world to select an appropriate methodology. Jackson recognises
the limitations of this approach in the paper, questioning how many real world
problems will neatly fall into one of the resulting contexts and to what extent coer-
cion will affect the decision made. Jackson argues that the System of Systems
Methodologies can be used to highlight the relative strengths and weakness of the
various Systems Approaches. Jackson argues that this also allows problems to be
considered using different perspectives and as such problem contexts, this would
also mean opening the way for using different Systems Approaches to tackle
the same problem, although he does not go as far as to say approaches could be
combined.
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Jackson’s Critical Systems Thinking (Creative Holism)
and Total System Intervention

Critical Systems Thinking aims to achieve three goals (Beckford 2002):

1. Complementarism—different problems may require different approaches to
solve them. Critical Systems Thinking requires the most appropriate approach
be used to solve a problem, but with the awareness of the theory and assump-
tions associated with that approach.

2. Sociological awareness—recognition that the culture of organisations is dif-
ferent and will change over time. This must be considered when selecting an
appropriate approach for an intervention.

3. Emancipation—supports an inclusive approach and frees people from existing
constraints.

Jackson (2003; p. 283) cites Habermas as arguing that humans have two conditions
underpinning their lives:

1. Work—humans achieve satisfaction through working. They have an inher-
ent ‘technical interest’ in predicting and controlling the systems in which they
operate.

2. Interaction—humans seek to gain the mutual understanding of those operating
in the system, said to be a ‘practical interest’.

Equally important, according to Habermas, is the understanding of the use of
power within a system, which can prevent gaining a proper understand of work
and interaction due to inadequate engagement of those involved. Humans operat-
ing in a system will naturally seek to be engaged and to break out of the con-
straints of power, this is described as having an ‘emancipatory interest’.

This led Flood and Jackson to argue, in their 1991 book (cited in reference list
although not available to these researcher), that the different systems approaches
can in fact be aligned to each of the three human interests identified by Habermas
(see Fig. 11), and that the human interest level sits above that of paradigms thus
overcoming the challenges imposed by paradigm commensurability.

Total Systems Intervention is the meta-methodology by which Critical Systems
Thinking is put into practice. It encourages looking at problems from a number of

Fig. 11 Aligning systems Technical Practical Emancipatory
approaches to Habermas interest interest interest
human interests. Adapted

- Hard - Soft Systems « Critcal System
from Jackson (2003) . Systems Thinki%g Heuristics
Dynamics . Team
- Organisational Syntegrity
Cybernetics
« Complexity

Theory
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* Activity - Develop specific proposals to solve the problems
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Implementation] - address the identified problems and issues

J

Fig. 12 Total system intervention methodology. Adapted from Jackson (2003, 2006)

different perspectives, using metaphors as a guide, in order to aid the selection of
the appropriate Systems Approach or set of Approaches that are most suited to that
particular problem. Total Systems Intervention has three phases called Creativity,
Choice and Implementation. The three phases are outlined in Fig. 12.

Ulrich’s Critical Systems Thinking—Ceritically Systemic Discourse

Ulrich (2003) believes that Jackson’s interpretation of Critical Systems Thinking
and the Total Systems Intervention methodology does not deal adequately enough
with the emancipatory issues. Firstly, the methodology forces a choice as to
whether or not to include an emancipatory approach in the analysis of a prob-
lem. Secondly, the System of Systems Methodology isolates the emancipatory
approaches to purely coercive problem situations. Ulrich argues that most real
world situations will in fact be coercive.

Ulrich prefers not to think of situations in terms of either being coercive or non-
coercive, but rather as a range of discourse situations in which there will be a vary-
ing distortion/asymmetry of power.

Ulrich also believes there is a general misunderstanding relating to Habermas
concept of emancipatory interest. If interpreted from an ideological stance, it
would suggest that the role of a practitioner is to favour, and stand up for, groups
that they determine to be somehow disadvantaged. Ulrich argues that this is not
how Habermas uses the term. He in fact uses the term from a methodological per-
spective in terms of securing a discourse in which the participants involved have
an equal opportunity to be heard.

Ulrich instead suggests that emancipatory interest should be elevated to the
critical level thus making it integral to any intervention.
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Table 3 The five principles Principle Overview
Of. critically systemic Discourse Promotes a discourse-
Discourse

theoretic framework

The role of civil society All participants in a system
are provided with numerous
opportunities to raise
concerns to avoid bias on
choice of methodology

Emancipatory orientation Moves emancipatory

interest from ideology to
methodology and away from
being a choice to being a core
principle

Systemic boundary critique Challenge the validity of
solutions through critical
review of system boundary
judgements

Deep complementarism Emancipatory interest and
system boundary critique
are raised to the critical level
and not subordinated to a
methodological choice

Adapted from Ulrich (2003)

Ulrich proposes that Critical Systems Thinking needs to make the conceptual
step to Critically Systemic Discourse. He sets out five principles of Critically
Systemic Discourse, which are described in Table 3.

Mingers’ Multi-methodology

Mingers and Brocklesby (1997), Mingers (2001) present four arguments as to why
combining different Systems Approaches is not just desirable, but also necessary.
In his first argument, he describes working in only one paradigm as like looking
through a particular instrument, such as telescope or an MRI scanner. Each will
reveal something completely different that the other cannot. Unfortunately, in the
real world it not like this, it is in fact multi-dimensional. When you apply a single
approach from a particular paradigm to a real world problem situation, it would
mean you would only understand the problem from one perspective. Mingers and
Brocklesby (1997) have developed a framework, based on the work of Habermas
and also that of Searle, to show three dimensions that will all exist in a real world
problem; this framework is illustrated in Fig. 13.

The second argument put forward by Mingers and Brocklesby looks at inter-
vention as a process. The basis of this argument is that any intervention will go
through multiple stages (see Fig. 14). Each stage will have different activities as
part of it. Mingers and Brocklesby argue that it is not likely a single approach will
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Fig. 13 Three dimensions of problem situations. Adapted from Mingers and Brocklesby (1997: 493)
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Fig. 14 Stages of an intervention. Adapted from Mingers and Brocklesby (1997)

adequately cover all of these stages and their associated activities, some will be
better at on particular stage and set of activities and vice versa. As such, combin-
ing different approaches would result in a much more complete intervention.

The third argument put forward by Mingers and Brocklesby is that practice is
already well ahead of the theory relating to the combining of Systems Approaches.
There are now numerous examples of a combination of different Systems
Approaches having been successfully applied in solving real world problems.

The final argument Mingers and Brocklesby use in support of combining
Systems Approaches is the relationship to postmodernism, which fundamentally
challenges established ways of thinking. Postmodern thinking would support the
idea that combining approaches should not be constrained by current theoretical
barriers.

Rather than accept paradigm incommensurability as a given Mingers and
Brocklesby cite research that suggests there is no obligation to adhere to it. For
example, the work of Weaver and Gioia (1994), Giddens (1984) questions the
validity of the claims relating to paradigm incommensurability based on the objec-
tive and subjective paradigms being mutually exclusive. Shepherd and Challenger
(2013) have found grounds to reject the concept of paradigm incommensurability
and find strong arguments to support paradigm pluralism.
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Fig. 15 Mingers framework for mapping systems approaches (Mingers and Brocklesby 1997: 501)

Mingers and Brocklesby (1997) have developed a matrix with the three dimen-
sions of problem situations on one axis and the stages of the intervention on the
other (see Fig. 15). In each box on the matrix there are questions relating to that
particular stage and dimension that must be addressed. This matrix can then be
used to assess the relative merits and weaknesses of each Systems Approach in
addressing the various questions posed.

Mingers and Brocklesby state that this should not be a one off exercise, but
should be done in consideration of the problem situation being addressed.

3.3.2 Combining Systems Approaches in Practice

One of the main drivers for the development of the theory to support the combin-
ing of different Systems Approaches was that it was already being done in prac-
tice, leaving the theory behind to some extent (Munro and Mingers 2002).

Munro and Mingers (2002) conducted research to try to establish the extent
to which Systems Approaches are being combined in practice. The authors con-
cluded, from the examples in the research, that combining systems approaches in
practice has been relatively successful. They also found:

e Few examples where Hard and Soft approaches had been brought together.

e Combinations of approaches chosen tended to reflect the background of the
practitioner in terms of experience and education.

e Relatively little data as to why and/or how the various combinations of
approaches were arrived at.

3.3.3 New Thinking

Zhu (2010) believes the link between systems approaches and paradigms is no
longer useful, and may even be holding the field back from making significant
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advances. Zhu cites significant evidence to support this stance. Particularly given
that there are now multiple examples of practitioners ignoring so called paradigm
incommensurability in the real world. Zhu further argues that is now necessary to
move beyond creating multi/meta method frameworks that attempt to solve the
paradigm constraints. Instead, Zhu (2010) suggests a pragmatist approach needs to
be adopted.

4 Methodology

This research project has adopted the pragmatist philosophy. This philosophy
encourages the use of whatever methodological choice best helps to answer the
research questions (Saunders et al. 2012). In the case of this research project, both
quantitative and qualitative research was required in order to answer the research
questions satisfactorily.

The Vanguard Method, one of the systems intervention approaches being used
in this research project, is arguably a form of action research in its own right.
However, because this research project is trying to establish a link between sets
of variables, independent of trying to actually make improvements in the business
(which is the main aim of the intervention) in which the research project is operat-
ing, a classical experiment was run within the intervention.

The experiment (see Fig. 16) included the group involved in the intervention
(the experiment group) and a control group who performed a similar function in
the organisation, but were not involved in the intervention. The experiment group
was further broken down into a core-team who were involved in the check phase
and capability building element of the intervention, and the non-core team who
were just part of the capability building element of the intervention. The experi-
ment collected quantitative data, from both an experiment group and the control
group, in order to attempt to establish the answer to the first research question
and establish if there is a link between the intervention and a change in think-
ing. A questionnaire was designed to investigate opinion variables relating to how
thought about a subject, in this case if the participants thinking was more aligned
to Command and Control or Vanguards Systems Thinking (see Fig. 2).

The experiment also collected qualitative data, through direct observation
and informal interviews in order to answer the remaining questions. Because of

Fig. 16 The experiment
desi Core team
esign -

Experiment {

Experiment group
design

Control Group

Non-core team
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the author’s role of practitioner in the intervention, the author felt it might also
be useful to provide additional context and insight through presenting these in a
Narrative strategy.

5 Analysis and Discussion

5.1 Results

Prior to commencing the intervention, it was important to establish the current
thinking within each of the three groups and to identify if there was any measur-
able difference between them. As such, the members of each group were asked
to complete the experiment questionnaire in the week before the intervention
started. This data, illustrated in Fig. 17, will then form a baseline against which
any changes of thinking can be measured at the end of the ‘check’ phase of the
intervention.

Figure 17 shows that, visually at least, each of the different groups has
answered the questions in much the same way. Three two sample t-tests (see
Fig. 18), assuming equal variances, have been completed for each question, to test
if there is a difference in means between each of the groups. The results for the
t-test show, that for all questions, there is statistically no difference between the
group’s answers.

Although the t-tests demonstrate that there is no statistical difference between
the groups, there are still some interesting observations that can be drawn from the
data. Table 4 shows the mean answer for each of the experiment groups and the
control group.

The results clearly indicate that there is a strong preference towards command
and control thinking across all of the groups. There is a particularly strong prefer-
ence for command and control thinking relating to measures.

5.1.1 End of ‘Check’ Phase (Week 6)—Has the Thinking Changed?

At the end of the ‘check’ phase of the project, which fell at around six weeks from
the start of the intervention, each of the groups was given the same questionnaire
to complete. The overall results are summarised in Fig. 19 and Table 5, which
show the average answer for each question for each of the experiment groups.
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Fig. 17 Diagram showing the average answer for each group and an ideal ‘systems thinking’
response pre-intervention
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Fig. 19 Diagram showing the average answer for each group and an ideal ‘systems thinking’
response at the end of the ‘check’ phase (week 6)

5.2 Summary

This experiment set out to answer the first research question from Sect. 2.1.
The hypothesis being tested was:

e The multi-system approach will cause a measurable change in thinking from
command and control thinking to systems thinking specifically relating to:

— Measures
— The role of a leader, and
— Skills and capability
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*Enjoy the here and now

ACt i V i St *Very open and enthusiastic towards new experiences

*Have a tendancy to become easily bored

s Like to search out new ideas

P rag m at i St «Like to experiment with new ideas in practice to see if they work

*Solving problems comes naturally to them

s Prefer to take a set back and think about experiences from
R .ﬂ t numerous angles before making a decision
e eC O rS *Tend to postpone this for as long as they can

*They will often take a back seat

*Think through problems and experiences in a logical way

T h eo ri StS «Enjoy organising data into a coherent form

*They do not enjoy ambiguity

.

Fig. 20 Honey and Mumford’s learning styles. Adapted from Honey and Mumford (2000)

Despite the core team showing signs of their current thinking changing, or at least
being challenged, this research has found that the hypothesis has not been statisti-
cally proven for any of the aspects above.

A big factor in this is the variation in answers given by the group. This suggests
that the intervention is having a bigger impact on some members of the group
than others in terms of challenging their thinking, and as such their thinking has
changed more quickly.

The fact that the changes in thinking are potentially happening more quickly in
some members of the core team could be a reflection on their individual learning
style. During the intervention, the core team’s learning styles were assessed using
Peter Honey and Alan Mumford’s model. This model identifies four styles, for which
any individual will have a natural preference. The four styles are described in Fig. 20.

The core team is made up predominantly of Activists and Reflectors. Perhaps
unsurprisingly, it is the activists who have made the quickest and also the biggest
shift from command and control thinking to systems thinking. There has been some
movement amongst the reflectors, but nothing like a pronounced as the activists.

This observation would also suggest that, given time, the reflectors do still have
the potential to move their thinking from command and control thinking to sys-
tems thinking. It is likely therefore, that the six weeks over which the experiment
was measured, was not sufficient enough a time for the reflectors in the group to
have made the shift.

This suggests that the changes in thinking happen over a much longer time
period than could have been detected in the short duration of this experiment. This
could be an issue in an organisation that demands immediate results.
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5.3 System Conditions and Levels of Engagement

In retrospect, research question 2 is perhaps the wrong question to ask, as the
answer is not as straightforward as just looking up the hierarchy, although the sen-
ior level engagement and understanding has certainly had a significant bearing
on the intervention in which the researcher has been involved. The answer to this
question must also be understood in the context of the system conditions impact-
ing on the business and programme, which are described in Sect. 5.3.1. As such, it
makes sense to answer question 3 first before attempting to answer question 2.

5.3.1 What Are the Main Current System Conditions
and Thinking Preventing Systems Thinking?

The researcher has identified the first key system condition, that could prevent the
programme being successful, to be:

Key system condition #1: Multiple purposes exist across the organisation,
which are currently conflicting with each other.

In the part of the organisation where this research took place there are different
groups representing different parties competing for the role of the customer. These
are the user of the service and shareholders, who have different purposes.

If these different world-views are not addressed and reconciled, it may well
derail the programme. To date, it has been extremely difficult to even get the right
stakeholders in the room to even begin working through these issues. This is espe-
cially important given that the power over the design and measurement of the
work sits in a separate part of the organisation, with a completely different man-
agement hierarchy, to the operation in which this intervention is taking place, as
was the case in this research.

Conversations with senior operations managers and observations throughout
the intervention, have led the researcher to identify the second key system condi-
tion to be:

Key system condition #2: The current measures and performance management
system are anchoring the organisation in Command and Control thinking.

The measures for the part of the organisation in which the research took place are
defined and monitored by a different part of the business, separate from the opera-
tion. The measures typically take the form of weekly and monthly service level
agreements (SLAs). If the SLAs are breached, an immediate notification is sent
to the top of the hierarchy in Operations. This absorbs a huge amount of time, as
much as a whole week at a time on the intervention has been lost to this type of
activity, and it happens continually.

Critically, performance against the business measures is linked through into
the performance measures in each individual’s balanced scorecard, from the
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director down to the frontline staff. This makes a direct link between achieving
targets relating the performance of the business and remuneration. If an individual
achieves anything lower than a ‘good performer’, they will not be eligible for an
end of year bonus.

5.3.2 At What Level Does Systems Thinking Need to be Understood?

In the part of the business in which this research took place, there has been a
distinct lack of engagement by the Director of the operation in both elements of
the Service Excellence programme. This has caused significant problems for the
intervention, some of which are related to and have exacerbated the issues caused
by the system conditions described in Sect. 5.3.1. It is not exactly clear to the
researcher as to why there has been such a lack of engagement, but the conse-
quences have been quite apparent.

According to the design of the intervention, the Director is supposed to be
heavily involved in the top-down end-to-end redesign. This has not happened,
meaning that the redesign has lost momentum and is now out of sync, with the
bottom up element of the programme.

The lack of engagement cannot be explained by a lack of support in the hierar-
chy above the Director either, as the overall Director of Operations is sponsoring
the programme and is a strong advocate. Having said that, the organisation does
believe they are getting mixed messages from this person, particularly relating to
the existing measures and achieving the current targets. On the one hand they are
told that the existing measures/targets are not fit for purpose, but are still called
into regular crises meetings when they are not achieved, which apparently comes
from the overall Director of Operations.

As discussed in Sect. 5.3.1, relating to the second system condition regard-
ing measures, if the performance against the dashboard is in the senior managers
individual measures, then it stands to reason that it would also be in the Directors
scorecard also, putting them under significant pressure to achieve the targets as
well, especially given that it is linked to monetary reward. This begs the ques-
tion as to whether it is right to expect a strong commitment a programme if it will
potentially impact individuals financially?

Also highlighted in Sect. 5.3.1 is the fact that the operation is not in control
over how they are measured. The measures are set and monitored by a separate
part of the business, out of control even of the overall Director of Operations.
Therefore, regardless of the level at which the support exists within the Operations
hierarchy, support will be needed in this other part of the business, arguably at the
same level as the overall Director of Operations, if the programme is to be suc-
cessful in the operation in which this research took place.
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6 Conclusions

When using a Systems approach, the issue of where the boundary of the system
being studied will need to be established. Inevitably, with an approach that is put-
ting the customer (service user) at its centre, the system boundaries in a large and
complex organisation will cross over existing organisational silos and impact on
the numerous support and control functions. As was found in the area in which
this research took place, it cannot be assumed that each of these silos and support/
control functions has a shared and aligned purpose.

Referring back to Fig. 7 in the literature review, the approach, by combining
the Vanguard Method with the frontline capability development, has arguably
created a combined approach that is both Type A, Improving goal seeking and
viability, and Type C, Ensuring fairness. However, because of the limitations of
the Vanguard Method identified by Jackson et al. (2008), the researcher believes
the approach may have a gap relating to Type B, Exploring purposes, as the
Organisation certainly has multiple parties who are competing for the role of cus-
tomer, for instance the Service User and Shareholders. What is in the interests of
one of these parties may not be in the interests of the other.

An unintended consequence of the programme has been the difficulty presented
to the senior leaders in terms of finding a balance between maintaining the current
levels of service against existing measures, and the time they are able to commit
to the programme. It is the view of the researcher that the current business meas-
ures and performance management framework is anchoring the organisation in the
command and control thinking. Those involved must be ensured that their involve-
ment in the programme will not be detrimental to them in any way, and should be
given the backing and support to challenge the current system, including the way
in which they are currently measured.

An interim solution, for any individuals involved in the programme, would be
to immediately disconnect their individual scorecards from the performance of the
business. However, the researcher believes that longer-term solution is required
relating to how the organisation measures its people will be required, as the cur-
rent performance management framework focussed on the individual, does not
support a Systems Thinking environment.

The researcher also strongly believes that further research is required into the
impact of performance management of individuals in organisations, especially
given that several high profile companies, including Microsoft, have ditched
their performance management frameworks. Of particular interest is building on
the observations in this research around how the wrong measures can anchor an
organisation in its old way of thinking, making it incredibly difficult to make any
changes, let alone make any long term change in the culture. It would be fascinat-
ing to see if culture change happened more quickly if better measures can replace
the old command and control measures at the outset.
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Based on the data collected, the critical success factors relating to a Systems
Thinking intervention can be summarised as follows:

e Ensure the organisation is ready, particularly in terms of senior engagement.
Timing is critical; so do not start if the organisation is not ready.

e Ensure there is an understanding of the organisations work and its structures by
the interventionist prior to starting.

e Allow the design of the programme to remain flexible to be able to adapt to the
situations and contexts encountered in such a complex organisation. This may
mean reconciling multiple purposes.

e Interventionists must be aware of how to adapt the approach, and appreciate that
one size does not fit all.

e Protect those involved in the intervention from any negative consequences and
work with them to free up their time to stay involved.

Given the drag that existing measures place on an organisation, it is likely that a
big change in thinking could be made if the organisation could be freed from their
constraints early in the intervention. To do this would require significant support
from the top, in order to engage and involve the various interested parties, to come
to an agreement prior to the intervention starting.

The researcher further believes that these findings, particularly relating to the
measurement systems would be applicable in most organisations and industries,
but are likely to vary depending on the context in which they have been imple-
mented in that organisation. As such, these systems must be considered and stud-
ied as part of any transformation programme. Not doing so risks the sustainability
of the programme, especially if the measurement systems are not changed to align
with the new ways of work, and more importantly thinking.

Finally, a word about paradigm incommensurability that, according to the lit-
erature, is considered to be the major constraint to combining systems approaches.
Both in terms of the approaches themselves and for the practitioner attempting
to operate in multiple paradigms. In practice, the researcher did not come across
any issues relating to this during this research project, suggesting that perhaps
these concerns are overstated. If anything, having an approach to the intervention
that covered both functionalist and emancipatory concerns greatly enhanced the
intervention.
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Understanding Effective Problem Solving

Pauline Found and Lyndon Hughes

Abstract Over the last 25 years of Lean effective problem solving is seen as the
key to a continuous improvement culture. Yet, what constitutes effective problem
solving and the skills to develop it, is an often taken for granted concept in man-
agement studies. In the authors’ experience, organizations faltering in their lean
transformation often cite a failure to capitalize on the benefits of problem solving
as one of the primary reasons. It is our contention that there are three key ele-
ments to effective problem solving: critical thinking, motivation and knowledge;
this paper reports the findings of an exploratory study that tests this assumption
and focuses on the role of critical thinking in effective problem solving.

Keywords Lean + Problem solving + Motivation * Critical thinking + Knowledge -
Toyota production system

1 Introduction

Ken Kreafle, former head of Toyota North America, defines ‘true lean’ as team-
based systematic problem solving aimed at improving the work they do, to deliver
the company’s targets and goals. Lean is a process-based improvement philoso-
phy popularized by The Machine that Changed the World (Womack et al. 1990)
that is based on a study of the Toyota Production System. According to Womack
and Jones (1996) there are five underpinning principles: understanding value from
the customer’s perspective, defining the value stream, ensuring that the product or
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service flows without interruption, detour or deviation, at the rate of actual cus-
tomer demand (pull) and continually improving the way the organization does
business in the strive for perfection. Organizations following these principles
understand that to achieve perfection they need to have a culture of seeking and
resolving problems actively so they do not re-occur. Toyota Motor Company is
possibly the most well known for applying this philosophy, however in their book,
The Toyota Way Field Book, Liker and Meier (2006) explain that “calling the
process ‘problem solving’ may be a misnomer, since the process goes well beyond
the basics of solving problems”. They explain how the method encompasses criti-
cal and logical thinking processes. Francis (1990) in his publication “Effective
Problem Solving” discusses the traits of an effective problem solver, his book was
published in the decade when critical thinking became a ‘hot’ topic within the edu-
cational system and, as a result, there are similarities of thought throughout his
four distinct areas. The areas are strong motivation, positive disposition, power-
ful self-image and developed skills. He reduces these categories even further to 40
attributes of an effective problem solver, many of which are comparable to those
of a critical thinker. However, the authors of this paper contend that there is more
to effective problem solving than simply the ability to think critically. We argue
that in order to solve problems the individual has firstly to be motivated to solve
the problem and, secondly, they need to have some knowledge of the task to be
improved. Therefore, in addition to examining critical thinking, motivation and the
influence of the job-specific knowledge is explored.

2 Literature and Propositions

2.1 Problem Solving and Critical Thinking

Critical thinking (Table 1) is not a new phenomenon, according to Paul (2009),
Socrates began to develop the principles of critical thinking 2500 years ago when
he established the importance of “seeking evidence, closely examining reasoning
and assumptions, analyzing basic concepts, and tracing out implications not only
of what is said but of what is done as well”. This method of questioning is now
known as ‘Socratic Questioning’ and is the best-known critical thinking strategy.
In this mode of questioning, Socrates highlighted the need for clarity and logi-
cal consistency in thinking. Critical thinking helps foster a healthy democracy; it
is part of what it means to be a developing person and, according to Brookfield
(1987), without it work places would remain organized as they were 20 years
ago. The need to develop critical thinking skills within education has long been
agreed, but it has also long been debated, and consensus has not yet been achieved
on how to define or assess a student’s ability, which in some instances has led to
inaction. This inaction results in the development of students who are ill equipped
for today’s complex, fast paced, information-laden environment. Bailin et al.
(1999) discusses the boundaries of critical thinking and what tasks should be
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Table 1 Definitions of critical thinking
Definition Cited by

Active, persistent, and careful consideration of a belief or supposed | Fisher (2001) but attrib-
form of knowledge in the light of the grounds which support it and | uted to John Dewey, the
the further conclusions to which it tends American Philosopher,
Psychologist and Educator
That mode of thinking—about any subject, content, or problem—in| Scriven and Paul (2008)
which the thinker improves the quality of his or her thinking by
skilfully taking charge of the structures inherent in thinking and
imposing intellectual standards upon them

Reasonably and reflectively deciding what to believe or do Ennis (1993)

The ability to think clearly and rationally, it includes the ability to | Lau (2004)
engage in reflective and independent thinking

Critical thinking is the use of those cognitive skills or strategies Halpern (2003)
that increase the probability of a desirable outcome. It is used to
describe thinking that is purposeful, reasoned, and goal directed—
the kind of thinking involved in solving problems, formulating
inferences, calculating likelihoods, and making decisions when
the thinker is using skills that are thoughtful and effective for the
particular context and type of thinking task

encompassed in its field. They discuss how “critical thinking is sometimes con-
trasted with problem solving, decision making, issue analysis and inquiry”. They
suggest that these tasks are areas where critical thinking should take place and not
as a contrast to the subject. They support this with a suggestion that a person can
solve a problem “in a critical or uncritical manner”. Philley (2005) in his applica-
tions to accident investigation supports this view with his illustration of ‘investiga-
tion data quality spectrum’.

The benefits to industry as a result of critical thinking are evident. However,
despite the fact that the skills and attributes required to become a critical thinking
person are well documented; there is a definite gap in the development of these
skills within industry. In industry’s desire to apply improvement tools and tech-
niques rather than philosophies, it appears that critical thinking has been replaced
by the term “problem solving”. As a result industry teaches ‘toolbox’ skills rather
than nurturing critical thinking by coaching and mentoring. This lack of mentor-
ing has often resulted in organizations applying tools sporadically, which results in
problems being solved in an uncritical manner.

Proposition 1 The ability to solve problems effectively is related to the individu-
al’s capability of high order critical thinking.

2.2 Problem Solving and Motivation

Motivation to solve problems is made up of three components, direction, effort
and persistence (Arnold et al. 1998) and an individual’s theory of action (Argyris
and Schon 1978), which drives the motivation.
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Theories of motivation can be broken down into 3 board categories: Content
theories, process theories and common-sense theories. Content theories, e.g.
Maslow (1948), Herzburg (1987) and McClelland (1978) focus on what moti-
vates human behaviour at work. Process theories, e.g. expectancy based models
such as those presented by Vroom (1982) and Porter and Lawler (1968) as well as
Adams’ Equity Theory (1963) focus on how the content of motivation influences
behaviour. Common sense approaches include extrinsic and extrinsic motiva-
tion (McGregor 1960; Pink 2009) and the influence of social interactions (Schein
1985). Mullins (2005) combines all three of the above common sense approaches
into a threefold theory for modeling people’s needs and expectations. These are:
economic rewards, intrinsic satisfaction and social relationships.

An individual’s theory of action (Argyris and Schon 1978) is based on self-
image, values and beliefs as well as the social system environment that the indi-
vidual is operating in. Nohria et al. (2008) present a more recent theory based on
four levers to create motivation. These levers are the: Reward System, Culture, Job
Design and Performance Management and Resource Allocation processes. By cre-
ating a system, which utilizes all four of these levers, a substantially more moti-
vated workforce will be created than if only one of the levers is used.

Proposition 2 The ability to solve problems effectively is dependent on the indi-
vidual’s motivation to solve the problem.

2.3 Problem Solving and Knowledge

Whilst acknowledging that in some instances effective problem solving may
occur if there is no formal task-specific knowledge. Within a manufacturing envi-
ronment, some level of knowledge is essential in order to apply critical thinking.
Knowledge comprises the cognitive and analytical knowledge, systems and design
knowledge, behavioral knowledge and job-specific knowledge. This group of
knowledge, when placed in a social environment with self-image, value, beliefs
and traits defines an individual’s theory of action.

Proposition 3 The ability to solve problems effectively is dependent on the indi-
vidual’s job-specific knowledge to solve the problem.

Focusing only on job-specific knowledge limits the organization to single-loop
learning (Argyris and Schon 1978). In order to create continuous improvement,
organizational, or double-loop, learning is required where the root cause of the
problem is detected and prevented from reappearing (Argyris and Schon ibid). For
this knowledge to be of benefit, organizations must foster an environment that sup-
ports critical thinking and provides the right motivational drivers for a person to
learn and apply the skills of critical thinking.
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Based on a review of the literature, it can be argued that there are three key ele-
ments to effective problem solving, one of which is critical thinking the other two
are motivation and knowledge. The process of this is controlled by an individual’s
theory of action. Therefore it can be hypothesized that the model, in Fig. 1, can be
used to understand an individual’s ability to effectively problem solve by empiri-
cally testing each of the individual components of the hypothesis within a manu-
facturing environment.

Proposition 4 The ability to solve problems effectively requires that the individual
is capable of high order critical thinking, is motivated to solve problems and has
the knowledge to solve the problem.

3 Methods

The purpose of this exploratory study was to test empirically first line manu-
facturing supervision within a medical device manufacturer based in the United
Kingdom to challenge the propositions that effective problem solving is a combi-
nation of sound critical thinking, knowledge and the presence of positive motiva-
tional traits (Fig. 1). This was tested by measuring the problem solving abilities
and comparing them to the abilities to apply critical thinking and their disposi-
tions towards the appropriate business attitudes along with their motivational driv-
ers and their tacit and explicit subject-specific knowledge. The need to challenge
the multiple facets of the propositions required a mixed methods approach where
qualitative and quantitative data were collated and analysed.

Without critical thinking skills sound
thought cannot be applied to
effectively solve problems.

Critical Thinking

Effective

Problem

Solving
Without knowledge of Knowledge Motivation Unless a person is
the situation or subject it motivated by the
is not possible to process of solving

effectively solve problems they will not

problems. effectively do so.

Fig. 1 Model of effective problem solving
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3.1 Participants

The research study represents an embedded case study, focusing on the abilities of
manufacturing based supervisors within the whole organization and therefore the
sample selection is 100 % of the population of supervisors. There are 12 supervi-
sors, eight of whom are responsible for manufacturing activities and the other four
for engineering. The supervisors work predominantly a 5 day, two-shift working
week rotating between shifts starting at 6am or 2 pm each week, there are two
exceptions, two night shift supervisors, who work a permanent 37 h night shift.
Each shift supervisor is responsible for 21 lines, with 7 senior line leaders respon-
sible for 3 lines each. Depending on the line and product range there will be 2-5
operators per line. Therefore, each shift supervisor has a direct reporting spam of
control of 7 senior line leaders, 21 line leaders and up to 105 operators Table 2.

3.2 Participant Demographics

The research strategy has focused on 12 individuals, all of whom hold a supervi-
sory position within the case study organization. Of the 12 participants the male
to female ratio is 3:1. The participants were aged from 29 to 56, the grouping of
which is shown in Table 2.

The average service for the participants is 12.9 years and the average number of
years in current role is 4.0 years.

3.3 Procedure and Survey Instruments

According to Sampson et al. (2007) individuals cannot be assessed if they do not
understand what they are being assessed in. This argues against a single survey
approach as a means of assessing critical thinking and, as a result, a mixed method

Table 2 Pgrticipant Age range (Years) Combined gender | Male Female
demographics 26-30 1 1
31-35 2 2
36-40 1 1
41-45 3 2 1
46-50 1 1
51-55 3 3
56-60 1 1
Minimum 29 32 29
Mean 43.3 45.8 36
Maximum 56 56 42
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approach was preferred. The twelve respondents took part in a series of 8 surveys
and tests, each conducted over a six-week period and each conducted under identi-
cal conditions.

Initially all twelve supervisors were tested for their problem solving ability. In
two timed trials the supervisors were asked to follow instructions and assemble
two structures that had been designed to test for logical thinking and reasoning
skills. In order to test their problem solving ability against the other variables of
critical thinking, motivation and knowledge, three occupational psychology ques-
tionnaires and tests were selected for the study. Whilst the validity of occupational
questionnaires and tests is questioned recent research has suggested that they are
a valuable means of comparison (Ones and Viswesvaran 1996). To counter these
concerns, recognized institutes with individual statements of validity provided the
questionnaires and tests used. All respondents were purposively selected because
they held a supervisory position in the company. To ensure the study was con-
ducted in an ethical manner, a strict ethics procedure was followed throughout the
research.

Figure 2 illustrates the assessment instruments used to test the hypothesis.

3.3.1 Problem Solving Assessment

The first of the problem solving activities, known as Gridlock, is usually used in a
team context in which the team is observed in their application of thought, knowl-
edge, collaboration and leadership whilst they create the image presented on the

Business Critical Thinking Skills
Test & Business Attitude
Inventory Test

Critical Thinking

Effective
Problem
Solving

Explicit Knowledg

MQ.M5 Assessment
Assessments Q

Bl iL/’ Knowledge Motivation \

Gridlock and Plates
Assessments

Fig. 2 Assessment instruments used to test the hypothesis
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instruction sheet. The activity has been adapted for the purpose of this research in
that it is an individual activity and, through timing and observation, the researcher
can assess how well the individuals apply themselves to the issue. A time limit of
40 min was imposed.

A second exercise, known as the Plates activity, assesses how individuals inter-
pret instruction and conduct themselves to complete a task within a given time-
scale. All twelve participants attempted both assessments.

3.3.2 Critical Thinking Assessment

There are two dimensions of critical thinking, the skill that the individual brings
and the attitude and disposition of the individual towards thinking critically. To
measure these differing forms of within the sample group, two critical thinking
assessments were administered, Business Critical thinking Skills Test (BCTST)
and Business Atitude Inventory (BAI), both developed by Insight Assesment (IA).
IA are part of the California Academic Press group and the test instrument was
borne from the Delphi report, (Facione 1990). The BCTST is a case-based rea-
soning skills assessment tool, which is specifically designed to evaluate the criti-
cal thinking skills of working professionals. The BCTST provides an objective
measure of critical thinking skills applied to business and workplace, professional
and workplace reasoning contexts. It uses mini-cases and vignettes drawn from
common business and workplace contexts. The online timed (50 min) assessment
comprises of 35 multiple choice test items, which range in difficulty and complex-
ity. Questions are presented in business contexts with all specialized information
needed to respond correctly provided within the question.

The results from the test are presented in two ways; there is an overall critical
thinking score, and individual rankings against the critical thinking skills of analy-
sis, evaluation, inference and deductive reasoning (Facione et al. 2008; Facione
2009). All twelve of the research participants completed the assessment.

The Business Attitude Inventory (BAI) focuses on the attitudes and disposi-
tions toward using thinking. This tool focuses on an array of attitudes and values
that influence a person’s capacity to learn and to effectively apply critical thinking
skills. Critical thinking disposition and skills go hand in hand: the “willing and
able” (Facione 2009) of human reasoning. As with the BCTST, BAI is an online
assessment, however the questions are not timed nor are they multiple-choice.
The responses for this assessment are scored against the desired response for the
question posed. The responses are associated to nine individual scale measures;
dependability, desire to work, sociability, commitment, willingness to learn, flex-
ibility, honesty and tolerance. The scale score is from 10 to 40 and is sectioned
into three distinct areas, individuals scoring 30—40 indicate a positive and desir-
able attitude towards that specific characteristic. Individuals scoring between 21
and 29 indicate inconsistency in expression towards the characteristic and those
scoring between 10 and 20 demonstrate a weak or hostile disposition towards the
desired attribute (Facione et al. 2008).
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3.3.3 Motivation Assessment

The Motivation Questionnaire (MQ) used in this study to measure the dimensions
of employee motivation, was created and supplied by the SHL Group. The MQ.
MS5 version of this questionnaire is a normative questionnaire that is designed for
use with managerial, professional, supervisory or similar level individuals. The
questionnaire consists of 144 short, job-related questions in a Likert-scale for-
mat. Raw scores are transformed to Standard Ten (sten) scores using a norm group
from the general British public. The MQ.MS5 questionnaire is broken down into
eighteen individual dimensions each of which is assigned to one of four broad
areas of energy and dynamism, synergy, intrinsic and extrinsic. These dimensions
are based on factor analyses with Cronbach alpha coefficients of between 0.47 and
0.83 (Baron et al. 2002).

The energy and dynamism factor (E1-E7) provide an indication on the main
source of energy and drive for an individual; this includes an indication of the
level of activity under pressure and their need for achievement and power. The
synergy factor (S1-S5) provides an insight into how the individuals react to
working in harmony with their working environment and relates to the extent to
which they are motivated by praise and recognition; whilst extrinsic in nature they
become intrinsic to the organizational culture, such as upholding ethical standards.
The intrinsic factor (I1-13) is a measure of how the features of the job and tasks
may effect an individual’s satisfaction. The final factor, extrinsic (X1-X3), pro-
vides insight into how material benefits divorced from the task itself may impact
on an individual’s motivation; this may come as a reward from demonstrating
good performance.

3.3.4 Knowledge Assessment

There are two forms of knowledge that are focused upon in the field of knowl-
edge management, tacit and explicit (Sanchez 2004). To measure these differing
forms of knowledge within the sample group, two knowledge assessments were
administered.

The Tacit Knowledge for Managers (TKIM) assessment used in this study has
been adapted from the original version created by Sternberg and Wagner at Yale
University (Segalla 2010). The TKIM Project enables participants to be compared
to an expert panel of over 70 European C-level executives selected by Boyden, a
leading executive search consultancy, and over 2000 managers and business stu-
dents from around the world.

According to Hunt (2003), observing knowledge is not possible and there is a
need for a form of test in order to assess a person’s explicit knowledge. As a result,
the sample group was asked to complete a knowledge self-assessment question-
naire. The questionnaire was developed from discussions with the sample groups,
their line leaders as well as department heads. Hunt (2003) also explains that
measurement is difficult as people are often unaware of what they should know
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and, therefore, cannot state their true knowledge. In an attempt to overcome this
bias each participant’s line manager were also asked to complete the questionnaire
to enable a comparison between perceptions of knowledge levels.

4 Results

4.1 Research Results and Analysis of Problem Solving
Activities

All sample members attempted both activities, Gridlock and Plates. Only two
completed the Gridlock activity fully within the time allocation of 40 min. Of
those who completed the activity the average completion time was 19 min. The
performance of each of the individuals is shown in Table 3. The results were
adjusted by adding a bonus to compensate for those who had completed the major-
ity of the task but had only failed at the final step.

Of the 12 participants to attempt the Plates activity three failed to complete it.
Of those who completed the activity the average completion time was 14 min.

To understand the overall ability of the participants to effectively solve prob-
lems the two scores have been combined. Figure 3 below provides a summary of
each participant’s problem solving ability. From this it can be seen that S4, S10
and S7 are the strongest overall participants whilst S2 and S6 performed poorly in
both activities. The overall correlation of performance between the two activities is
0.43 and this is not conclusive that ability in one of the activities guarantees suc-
cess in the other, although it is an indicator of overall problem solving ability.

4.2 Research Results and Analysis of Critical Thinking
4.2.1 Business Thinking Critical Skills Test (BTCST)

These BTCST results are given for each category: inductive reasoning, deductive
reasoning, analysis, inference and evaluation, as well as for total critical thinking
and these are summarized in Fig. 4a—f.

The total score is the best measure of critical thinking skills and is ideal to
compare individuals and identify those that think at a higher level. The summary
in Fig. 4f shows a mean score of 15.17 with minimum and maximum scores of
8 and 23 respectively and a standard deviation of 5.31. Using the national scale
norm as a comparison, the results show that the supervisors fall between the 1st
to the 75th percentile. Table 4 shows the percentage scores for each of the partici-
pants with the overall percentage based on a potential score of 110.

According to Facione et al. (2008), total critical thinking scores can be pre-
dictors of success within the workplace. From this, it can be assumed that in the
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Table 4 Business critical thinking skills test (BCTST) total scores

Participant | Induction | Deduction | Analysis | Inference | Evaluation | Total Rank
no. (%) (%) (%) (%) (%) (%)

S1 60 27 50 33 40 46 6
S2 30 20 40 20 13 26 10
S3 55 47 70 40 33 51 4
S4 60 67 80 50 33 63 2
S5 65 13 50 27 40 43 7
S6 25 33 40 20 20 29 9
S7 30 20 30 33 7 26 10
S8 45 33 50 33 27 40 8
S9 35 7 30 20 13 20 11
S10 65 53 90 47 33 60 3
S11 60 73 90 57 27 66 1
S12 55 40 80 33 27 49 5
Mean 49 36 58 36 26 43

assessment of whether the sample group have the ability to effectively problem
solve, supervisors S11, S4 and S10 should have a distinct advantage over the other
candidates assuming the research hypothesis is valid.

4.2.2 Business Attitude Inventory Assessment (BAI)

The BAI assessment produces a score for an individual’s critical thinking style
plus eight other attributes required for key employees. These additional eight are
dependability, commitment, honesty, desire to work, willingness to learn, flexibil-
ity, sociability and tolerance. According to Facione et al. (2008) there are three
types of trait for each of the BAI attitudes. Positive traits demonstrate that indi-
viduals have a desirable tendency towards the particular attitude. Negative traits
mean hostility is shown towards the attitude and ambivalence suggests an incon-
sistency in their expression towards the attitude. Table 5 shows the scores for each
participant against the individual attributes and also the average of the total scores.
Scores between 30 and 40 are deemed as positive, between 21 and 29 are ambiva-
lent and between 10 and 20 are hostile towards the attribute.

Of the 12 participants, none exhibited negativity towards any of the business
attitudes or the critical thinking style however ambivalence was the overriding
trait with only the ‘willingness to learn’ category demonstrating a strong positive
attitude from the group, scoring 92 %. Whilst this data is of concern there is an
opportunity that must be capitalised upon, as they are all open to learning.
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4.3 Research Results and Analysis for Motivation
Assessment (MQ.MS5)

MQ.MS5 measures motivation against four groupings, these are; energy and dyna-
mism, synergy, intrinsic and extrinsic. Table 6 provides summaries of the Standard
Ten (Sten) scores for each of these groups and their respective sub categories by
participant.

To understand the motivational drivers of the sample group as a whole the aver-
age Sten scores were compared to that of the norm group (Table 7).

It was deemed appropriate by the authors that, for each of the Sten scores, a
score as high as possible would be suitable when identifying an effective problem
solver.

4.4 Research Results and Analysis
Jfor Knowledge Assessment

4.4.1 Tacit Knowledge Assessment Results

The TKIM Project enables respondents to be compared to an expert panel of over
70 European C-level executives selected by Boyden, a leading executive search
consultancy, and over 2000 managers and business students from around the
world. The results from the TKIM assessment are shown in Table 8.

For this particular measure the total TKIM score is the indicator of a person’s
tacit knowledge.

The results for the TKIM assessment show a wide-ranging level of tacit knowl-
edge; this has resulted in a standard deviation (SD) for the total score of 36.1.
Participants S3, S5 and S1 show the strongest performance whilst candidates S7
and S11 showed very little tacit knowledge ability.

4.4.2 Explicit Knowledge Assessment Results

Table 9 summarises the overall individual and line manager’s responses for each
category. In every instance the individual’s perceived personal knowledge was
greater than their line manager’s perception of that person’s knowledge.

Despite the difference in scores there is a high level of correlation (0.7)
between those of the individual and those of the line manager. Therefore, for the
purpose of this research and to compare explicit job-specific knowledge levels of
each individual, it can be assumed that the mean of the two scores can be used as
the explicit knowledge value. Table 12 presents these scores for each participant.
It is important to note that participant S3 is relatively new to the role and therefore
perceived knowledge and the knowledge score given by the line manager is maybe
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Table 7 Motivation scores compared to standard ten (Sten) scores
Motivation sub category | Mean of Mean of norm Difference | SD
sample group
Energy and | El level of activity 6.6 6.0 0.6 1.98
dynamism | E2 achievement 6.3 5.0 13 1.83
E3 competition 6.8 6.0 0.8 1.54
E4 fear of failure 6.7 6.0 0.7 2.27
ES5 power 6.4 6.0 0.4 1.98
E6 immersion 6.6 5.0 1.6 2.61
E7 commercial outlook | 6.3 6.0 0.3 1.50
Synergy S1 affiliation 59 6.0 —0.1 1.38
S2 recognition 6.3 5.0 1.3 2.46
S3 personal principles 5.1 6.0 -0.9 1.73
S4 ease and security 4.9 5.0 —0.1 2.27
S5 personal growth 6.8 6.0 0.8 1.7
Intrinsic I1 interest 5.7 5.0 0.7 1.97
12 flexibility 45 6.0 —1.5 2.20
I3 autonomy 53 5.0 0.3 245
Extrinsic X1 material reward 5.1 5.0 0.1 2.11
X2 progression 5.5 5.0 0.5 2.81
X3 status 54 6.0 —0.6 1.98
Table 8 Summary of TKIM scores
Participant no. | Managing Managing others | Managing Total TKIM Rank
yoursef tasks
S1 27 40 31 98 10
S2 45 52 60 157 4
S3 28 35 26 89 11
S4 33 52 29 114 9
S5 34 31 29 84 12
S6 46 47 48 141 5
S7 55 57 72 184 2
S8 39 66 67 172 3
S9 48 51 40 139 6
S10 39 39 47 125 8
S11 62 68 71 201 1
S12 50 41 38 129 7
Minimum 27.00 31.00 26.00 89.00
Mean 42.2 48.3 46.5 136.9
Median 42.0 49.0 435 134.0
Maximum 62.00 58.00 72.00 201.00
SD 10.8 11.7 17.2 36.1
n 12.0 12.0 12.0 12.0
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Table 9 Summary of explicit (job-specific) knowledge scores

P. Found and L. Hughes

Categories Individual scores Line managers scores
Min Average Max Min Average | Max
Role specific knowledge 6.2 8.3 10.0 5.0 6.6 9.0
Site EHS 7.3 8.9 10.0 4.8 7.4 10.0
Product knowledge 6.0 8.0 9.3 43 6.8 9.0
Quality/Regulatory 6.9 8.2 10.0 4.5 6.1 7.1
Finance 1.0 43 9.0 1.0 4.3 7.0
Project management 6.3 7.9 10.0 3.7 6.7 10.0
Use of date 4.3 7.6 10.0 33 6.6 10.0
Information technology 4.0 8.1 10.0 3.7 6.6 8.3
Customer service 6.7 8.3 10.0 55 6.4 7.7
Leadership and management 7.6 8.5 10.0 4.1 59 7.0
Overall score 1.0 7.8 10.0 1.0 6.4 10.0
Table 10 Final adjusted explicit knowledge scores
Participant No. Individual score Line managers score Final adjusted score | Rank
S1 88.2 72.3 80.3 2
S2 67.6 56.6 62.1 11
S3 66.3 51.3 58.8 12
S4 72.9 71.0 72.0 6
S5 74.3 58.8 66.6 8
S6 74.5 66.1 69.8 7
S7 80.9 70.6 75.8 4
S8 90.9 74.6 82.8 1
S9 719 70.6 74.3 5
S10 88.8 65.5 77.2 3
S11 75.9 57.0 66.5 9
S12 76.9 50.2 63.6 10

lower than expected due to the position on the learning curve of S3. The mean
explicit knowledge score is 70.78 and the standard deviation of the sample group
is 7.5. To establish the overall knowledge ranking of each participant the two
scores were combined and shown in Table 10 with the results from the other tests.

5 Discussion

The results from the problem solving assessment exercises are compared with the
motivational assessment, knowledge assessment and critical thinking assessment
to establish a correlation. To enable the comparison, the participant’s scores for
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Table 11 Rankings for each assessment compared with problem solving

Participant | Problem | Critical Business | Motivation | Implicit Explicit Overall

solving | thinking | attitude knowledge | knowledge | score®

S4 1 2 9 3 9 6 3

S10 2 3 3 [§ 8 3 4

S7 3 10 2 9 2 4 8

S8 4 8 1 1 3 1 2

S1 5 6 4 7 10 2 5

S3 5 4 5 5 11 12 7

S12 6 5 8 4 7 10 6

S9 7 11 10 8 6 5 9

S11 7 1 3 2 9 1

S5 8 7 11 11 12 8 12

S6 9 9 6 10 5 7 11

S2 10 10 7 6 4 11 10

#Overall Score is Critical Thinking, Motivation and Explicit (Job-Specific) Knowledge

each individual assessment have been ranked in order of their position compared
to the rest of the sample (Table 11). The overall assessment and problem solving

rankings are represented graphically in Fig. 5.

Comparison of Overall Assessment Rankings and Problem
Solving Rankings
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Fig. 5 Comparison of participant assessment rankings
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These rankings provide a platform to describe the correlation between the
overall performance in the assessments and that of the problem solving tasks.
Pearson’s one-tailed test was selected to compare the knowledge, motivation and
critical thinking assessments to that of the problem solving raw-score assess-
ments (Table 12). Pearson’s product-moment correlation coefficient is a measure
of the correlation between two variables. The critical value of r for a sample of
10° of freedom (N-2 where N = 12 samples) is 0.497 at a confidence level of 0.05
(95 %).

Focusing purely on correlation and significance with problem solving, and
using the same criteria as above, the correlation between critical thinking and
problem solving is the only one of the individual tasks that returns an r value
(0.542) greater than that of the critical value. This supports propositionl.

Proposition 1 The ability to solve problems effectively is related to the individu-
al’s capability of high order critical thinking.

However propositions 2, problem solving and motivation where r = 0.380 and
3, problem solving and job-specific knowledge r = 0.442, are not supported.

Proposition 2 The ability to solve problems effectively is dependent on the indi-
vidual’s motivation to solve the problem.

Proposition 3 The ability to solve problems effectively is dependent on the indi-
vidual’s job-specific knowledge to solve the problem.

However, correlation of the overall assessment (a combined critical think-
ing, motivation and job-specific knowledge score) with problem solving returned
a value of r = 0.61 which can be deemed as significant at a confidence level of
>99 %. It can therefore be concluded that the combination of motivation, knowl-
edge and critical thinking has a direct significance on the ability of an individual to
effectively solve problems. This supports proposition 4.

Table 12 Correlation matrix (r = 0.497 at 95 % significance)

Motivation | Implicit Explicit Business Critical Overall
knowledge |knowledge | attitude thinking assessment
Motivation |1
Implicit 0.442 1
knowledge
Explicit 0.174 0.191 1
knowledge
Business 0.575* 0.545%* 0.483* 1
attitude
Critical 0.519% —0.115 —0.043 0.262 1
thinking
Problem 0.380 —0.020 0.442 0.291 0.542%* 0.610%*
solving

* Correlation is significant at 0.05 level

** Correlation is significant at 0.01 level
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Proposition 4 The ability to solve problems effectively requires that the individual
is capable of high order critical thinking, is motivated to solve problems and has
the knowledge to solve the problem.

The individual correlations demonstrate that the strongest contributor to this
correlation is that of critical thinking, followed by job-specific knowledge and
motivation although opening the comparisons wider and including motivation and
business attitude with critical thinking returns a significant correlation coefficient
of r = 0.526, which suggests that there is a relationship between these. This would
support the generalizability of critical thinking and suggests that these skills can
be, and should be, developed.

Further research is required to develop the propositions posed in this paper and
to test them in other industries. In addition, an understanding of the weightings of
the three attributes to problem solving need to be addressed, along with the pos-
sibility of attributes not identified in this research being included. However, given
the importance of problem solving as the core constituent of Lean and Continuous
Improvement in so many contemporary businesses it is imperative to understand
the elements of effective problem solving in order to develop the skills necessary
to compete in the future business environment.
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Completely Taktless! What Is Pull
in the Context of the Process Industries?

Stewart Stevenson and Pauline Found

Abstract The widespread implementation of lean in discrete manufacturing has
changed the face of those businesses with mechanisms such as setup reduction,
bounded WIP, takt time, level scheduling and other elements of pull production
aimed at reducing variation to create flow with minimal inventory, improving lead
time, cost and service. While in the process industries, much is written regard-
ing traditional approaches to planning and production control (PPC), the lean
paradigm and pull production remain largely unadopted. This paper explores the
nature of process industries and inadequacy of existing taxonomies to understand
the underlying complexity, which significantly impacts planning and production
control. Definitions and principles of pull are considered alongside existing pro-
cess sector PPC and the fundamentals of demand, capacity and variation, to dem-
onstrate that a contingent approach, which considers the environment is required.
A manufacturing case study is used to confirm the underlying complexity and
explain how the inherent variation and resulting trade-offs impact the applicabil-
ity of discrete pull mechanisms with potential process manufacturing pull defini-
tion and mechanisms concluded. Furthermore, a pull system implementation in the
case company operation is examined and simulated concluding the fundamental
importance of sequence to flow and pull in process manufacturing and its impact
on capacity, utilisation, waste and service.
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1 Introduction

There is evidence that the competitive environment of process industries is becom-
ing more challenging as firms in a sector which is already cost focused are forced
to control their costs while pursuing new markets, or improve their flexibility and
responsiveness to defend existing markets (Yoho and Rappold 2011). The impact
of this includes increasing product variety, reduced order size and reduced lead
time, leading to increased manufacturing complexity, which when the fixed and
inflexible nature of process manufacturing capacity is considered, results in sig-
nificant challenges in the areas of planning and production control (PPC).

Since the 1980s, discrete manufacturers have benefitted from lean manufactur-
ing techniques and pull production, to better align demand and capacity (Lyons
et al. 2013) and create flow, delivering improvements in lead-time and cost. The
process industries however have been slow to follow the discrete sector in the use
of alternate PPC approaches to improve competitiveness (Dennis and Meredith
2000b). It has been suggested (Abdulmalek et al. 2006; Pool et al. 2011) that
this is due to the unsuitability of process industry product/process characteristics,
which may hinder the use of such mechanisms.

The authors of this paper would argue that the unsuitability lies with the mech-
anisms themselves, which are discrete industry founded, and so may not necessar-
ily apply to the process environment, or help process firms compete in the same
way they have discrete manufacturers (Crama et al. 2001). Fundamentally, there
would appear to be a lack of evidence to support the application of pull in such
environments (Belvedere and Grando 2005) and this paper is intended to address
that deficiency.

2 Literature Review

2.1 The Process Industries

It is argued that the competitive environment of process manufacturing firms is
becoming more difficult (Yoho and Rappold 2011), forcing changes in fulfilment
strategy, which brings challenges for PPC and issues of ‘fit’ between fulfilment
and manufacturing (Karmarkar and Rajaram 2012, p. 680). Numerous frameworks
have been developed (Lyons et al. 2013) that classify products against processes to
understand different operations and their manufacturing strategies (Stavrulaki and
Davis 2010).

2.1.1 Published Industry Taxonomies

Hayes and Wheelwright (1979) built on the work of Skinner (1969) and Abernathy
and Townsend (1975) cited in Lummus et al. (2006) introducing the product-process
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framework for aligning products and their life cycles with their corresponding produc-
tion process life cycle. Traditionally the process industries have been clustered in the
bottom right hand zone of the matrix. Crama et al. (2001) and McDermott et al. (1997)
claim that firms should rarely exist off this diagonal due to the impact on cost/profit.

However, with changing markets, hybrids which compromise traditionally
accepted manufacturing strategies are becoming increasingly common (Crama
et al. 2001). Safizadeh et al. (1996) observe that most of these off-diagonal com-
panies belong to the process industries where Kemppainen et al. (2008) suggest a
“misfit” between capital-intensive equipment and expensive product changes.

Numerous authors have discussed the validity of this product-process approach
(Kemppainen et al. 2008; McDermott et al. 1997; Stavrulaki and Davis 2010)
proposing additional dimensions including batch consistency, material and prod-
uct variety. Dennis and Meredith (2000a) argue that as Hayes and Wheelwright’s
(1979) model was originally developed for the discrete industries, the assumption
is that process firms will face the same challenges and can use the same solutions
as a discrete firm based on their position on the diagonal. They (ibid) propose that
in contrast, manufacturing systems are actually organised by how products are
made rather than by the actual end product itself. Abdulmalek et al. (2006) pro-
pose the additional dimension of discretisation, which, consistent with the process
sector’s ‘off-diagonal’ movement, can facilitate fulfilment flexibility (Pool et al.
2011). Due to fundamental differences (Crama et al. 2001) however process indus-
tries may not be comparable with discrete industries.

To distinguish between process and discrete manufacturing (Taylor et al. 1981)
as two mutually exclusive strategies is inconsistent with manufacturing reality
(Abdulmalek et al. 2006). Most process plants are actually hybrids because their non-
discrete products become discrete at some point (Billesbach 1994). Pool et al. (2011)
summarise production characteristics on either side of this point, which they claim can
support different PPC approaches. Puttman (1991) and Abdulmalek et al. (2006) sug-
gest however that in some systems, characteristics might actually be shared. The lit-
erature discusses characteristics typical of the process industries as shown in Table 1.

In more recent years differences within the process industries have received
more attention. Fransoo and Rutten (1994) distinguish between process/flow and
more flexible batch/mix industries but their model is arguably a constituent of
those presented a decade earlier, implying that firms within each group have simi-
lar processing patterns (Dennis and Meredith 2000a). While Fransoo and Rutten
(1994) lacked an “empirical approach” (Van Donk and Fransoo 2006, p. 211),
Dennis and Meredith (2000a) addressed this with their study of the differences
within process industry firms proposing that there is considerably more complex-
ity in the process industries than previous research suggests.

In conclusion there remains relatively little research on the nature of the pro-
cess industries (Crama et al. 2001; Dennis and Meredith 2000a). There has been
much analysis and validation of models but the fundamentals of many such mod-
els remain founded in discrete manufacture and so there is limited consensus as to
their applicability in the process industries. This suggests that due to the diverse
nature (Lyons et al. 2013) and increasingly ‘off-diagonal’ behaviour of process
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Table 1 Nature and impact of process industry characteristics

Materials

Variability

Natural sourcing and variability (Rice and Norback
1987)

Inventory

Due to lead time, shelf life, seasonality and managing
supply risk e.g. “months of tobacco” v “days of milk”
(Rutten and Bertrand 1998, p. 630; van Dam et al. 1993,
p. 581)

Complexity

Claimed simplicity unfounded (Dennis and Meredith
2000a). Combinations of both low/high volume/variety
(Abdulmalek et al. 2006)

VAT

Typically V-plants (Cox and Spencer 1998; Fransoo and
Rutten 1994)

Push

Due to geographically diverse suppliers so purchases
made in MRP ‘buckets’ (Karkarmar 1991, p. 361)

Value

Cost represents both a major part of production cost and
sales value (Crama et al. 2001)

Capacity

Varies with material characteristics (Bolander and Taylor
1993; Crama et al. 2001)

BOM

Variability

Varies with material price, availability and quality
(Fransoo and Rutten 1994)

Divergent

Unlike discrete BOMs convergent parent recipe can
diverge into differently packaged SKUs bringing decou-
pling point into play (Crama et al. 2001)

Complex
Products

Chemical BOM processing reactions can result in
complex products even from simple BOMs (Crama et al.
2001)

Quality/Yield

Variability

Due to variable materials, BOMs and processing
(Abdulmalek et al. 2006; Crama et al. 2001; Fransoo and
Rutten 1994)

Unknown

Often until processing started (Fransoo and Rutten 1994,
p. 49)

Load

Waste of making defective parts (King 2009) Waste can
impact load (Bicheno 2011) Similarities with Seddon’s
(2003) ‘failure demand’ in service

Capacity

Must account for scrap rate (King 2009, p. 62)

Setups

Impact quality/yield due to “warm up”/“time to equilib-
rium” (King 2009, p. 127; Yoho and Rappold 2011, p.
59) driving tendency towards long runs (Pool et al. 2011)

Processing
Equipment

Variability

Large scale, cooking/chemical reaction difficult to
control giving rise to complexity and waste (Fransoo and
Rutten 1994)

Capacity

Generally constrained by equipment (Ivanescu et al.
2006) as opposed to discrete industry where capacity is
people (Funk 1995)

Capital Intensive

Capacity expansion can be prohibitively expensive
(Abdulmalek et al. 2006)

Setups

Focus on setup cost and utilisation (Schuster et al. 2000)

Non Dedication

In contradiction to early literature assumptions (Dennis
and Meredith 2000a, p. 1088) bringing sequencing
issues (Dennis and Meredith 2000a; Schuster et al. 2000)
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firms (Crama et al. 2001) the current literature frameworks are inadequate and
may lead to selecting the wrong PPC approach.

2.2 Planning and Production Control (PPC)

Taylor and Bolander (1994) state that a firm’s planning and scheduling must be
tailored to its manufacturing environment and competitive strategy, which in turn
has implications for off-diagonal process manufacture. In order to discuss the
applicability of production control systems, Kingman’s equation is used to explain
the impact of variation and the interplay between variation and utilisation. There
are three factors within Kingman: arrival variation; process variation and utilisa-
tion, all of which influence waiting times or cycle time. Expanding on Kingman
we can determine that variation is buffered by Inventory, Capacity or Time
(Bicheno 2011) and that the mechanisms available stem from these three funda-
mentals (Fig. 1).

De Treville and Antonakis (2006) agree, suggesting that the lean paradigm can
be defined as a system which maximises capacity utilisation and minimises buffer
inventories through minimising variability. In some environments capacity can be
increased or utilisation reduced by adding labour whereas in others the only option
is capacity in the form of plant/equipment. As this normally comes at significant
cost, manufacturers normally focus on reducing variation using the mechanisms
discussed above. The use of an appropriate pull system can also serve to reduce
variability (Schonberger 1983) and stabilise flow.

2.2.1 Production Control Systems
Pull versus push is the control of WIP versus the control of throughput, typically
controlled in relation to capacity which must be estimated and is subject to variation

(Hopp and Spearman 2004). Pull systems are more responsive than push systems

Arrival Variation

leEE Value Failure
Demand Demand

Utilisation =
Capacity| —— Work + Waste

Process Variation

Fig. 1 Expanding on Kingman’s equation (Bicheno 2011, reprinted with permission)
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(Cheng and Podolsky 1993 cited in Hopp and Spearman 2004). By accounting
for system status, pull improves manufacturing cycle times to achieve a lead time
shorter than the expected delivery time. Spearman et al. (1990, p. 880) explain how-
ever that push and pull are not mutually exclusive concepts and that most systems
are hybrids of the two “containing make to order (MTO) and make to stock (MTS)
elements”.

Whilst kanban was the first production control system to be termed pull (Hopp
and Spearman 2004) its limited applicability (Bicheno and Holweg 2009; Hall 1983;
Liker 2004) has motivated the generation of alternatives (Gaury et al. 2000) such
as CONWIP (Spearman et al. 1990) and DBR (Goldratt and Fox 1986) in addition
to various hybrids. However, whilst discrete manufacturers have benefitted from
such pull production control systems (Lyons et al. 2013), the literature is “devoid of
examples” which address process manufacturing (Yoho and Rappold 2011, p. 61).

Dennis and Meredith (2000a) explain how process industries have had mixed
success with ERP systems with Van Donk and Fransoo (2006) suggesting that
one of the main issues has been the inadequacy of MRP to plan process indus-
try capacity. MRP logic tends to assume infinite capacity, fixed lead times, (Yoho
and Rappold 2011) fixed batch sizes (Darlington and Schmidt 2013) regardless of
plant loading and product mix (Karkarmar 1991) and when used for shop-floor
scheduling ERP is effectively a push system (Powell and Strandhagen 2011).
Schedule feasibility/adherence issues are exacerbated in process industries where
materials, BOMs, yield and changeovers are all sources of variation and where
there is the need to sequence production based on shared capacity and constraints
(Schuster et al. 2000). Consequently other methods to guide and execute the
schedule must be found (Schuster et al. 2000).

Based on the practices of process firms, Taylor and Bolander (1994) propose
PFES a general approach to scheduling. In contrast to MRP (which uses product
structure), PFS uses process structure to find a feasible schedule where capac-
ity, due date, lot sizing and sequence dependency can be accounted for. However
infrequent schedule violations are an assumption of PFS (Schragenheim et al.
1994) and as such it may not be suitable in higher product variety, contingent
capacity process environments. Hubbard et al. (1992) incorporate the group tech-
nology (GT) philosophy into process scheduling. GT improves efficiencies by
exploiting similarities and has been successful in cell manufacture where it nor-
mally involves equipment dedication (Shahin and Janatyan 2010). However,
the philosophy can also be employed in constructing shared capacity schedules
(Jamshidi 2009) by grouping products into families (Shahin and Janatyan 2010;
Soman et al. 2004).

2.2.2 Planning and Production Control in the Process Industries
Process industries “lag” behind discrete manufacturers in the effective use of PPC

(Dennis and Meredith 2000b, p. 68) despite more complex decisions regarding
product replenishment (Yoho and Rappold 2011). An increasingly competitive
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environment for process industries has ushered a shift from MTS to hybrid
MTO/MTS, (Crama et al. 2001; Fransoo 1992) bringing with it additional PPC
complexity. Combined MTO/MTS is “neglected in the literature” and much
of what does exist has limited applicability in process industries assuming for
example no setups and batch sizes of one (Soman et al. 2004). The relationships
between setups, process yield and differences in run productivity cause issues
with estimating process industry capacity and plan feasibility. Bottlenecks can
move (King 2009) and schedules initially found to be reasonable can become inva-
lid (Fransoo 1992) because the impact of product mix and sequence are not con-
sidered (Dennis and Meredith 2000b), rendering the critical piece of processing
equipment a constraint by the number of setups (Schragenheim et al. 1994).

This relationship between demand, capacity and inventory in the process indus-
tries creates real cost trade-offs (Fransoo 1993 cited in Crama et al. 2001), which
must be managed. Combined MTO/MTS creates issues for shared capacity produc-
tion control. Stock production is sometimes manufactured in the queue ahead of real
demand, creating trade-offs between due-date performance, inventory, flexibility and
capacity. The key issue in planning this capacity therefore is to determine what level
of inventory is appropriate, how to make that decision and which products to pro-
duce at which time, to meet demand in the most cost effective manner (Cooke and
Rohleder 2006). This creates further trade-offs between setups which result in waste/
lost capacity and larger lot sizes which reduce waste/increase capacity but impact on
service (ten Kate 1994). Toelle (1996) cited in Schuster et al. (2000) suggests that
the lot sizing trade-off should be viewed as one between set-up costs and capacity
constraints. In the context of the process industries waste, contamination and quality
costs should be added (Cooke and Rohleder 2006).

In process manufacture, production sequence which is often determined by set-
ups (Van Dam et al. 1993) is of particular importance. In light of the competitive
developments in process industry markets, in addition to capacity and waste/cost,
trade-offs arguably include service levels all of which can be mitigated by produc-
tion sequence (Clark et al. 2010; Cooke and Rohleder 2006; Soman et al. 2004)
which the authors conclude to be of fundamental importance to PPC in the process
industries. This is well supported in the operational literature.

2.3 Flow and Pull

Bonney et al. (1999) suggest that in practice most systems comprise elements of
both push and pull. Pull however cannot be viewed in isolation and whilst it is
outside the scope of this paper, the authors recognise that pull is effectively a con-
stituent part of “the larger lean construct” (Hopp and Spearman 2004, p. 144).
Lean manufacturing (Krafcik 1988) emerged in post-war Japan (Womack et al.
1990) where observations of the work of Ford creating flow in a mass produc-
tion environment and learning from other leading intellectuals were assimilated
by Japanese industrialists. They combined them with their own ideas to create a
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hybrid, (Bicheno and Holweg 2009) holistic and sustainable system of manage-
ment focused on reducing waste (Womack et al. 1990). This system compressed
lead time (Schonberger 2015) leading ultimately to the creation of flow in a low
volume, high variety environment with pull as a core concept (Liker 2004).

Pull and the achievement of flow are fundamental elements of the five lean
principles (Womack and Jones 1996). For Ohno and Toyota the mantra was “flow
where you can, pull where you must” (Rother and Shook cited in Liker 2004,
p- 108) suggesting that even for Toyota, achieving flow was not straightforward.

There is considerable ambiguity (Bonney et al. 1999) regarding the defini-
tion of pull in the literature with JIT, kanban and pull often used interchangeably
(Hopp and Spearman 2004). In the mid 1990s the definition of pull became dis-
torted and synonymous with MTO. Hopp and Spearman (ibid) cite Womack and
Jones’ (1996) introduction to pull as a key catalyst of this distortion:

Pull in simplest terms means that no one upstream should produce a good or service until
the customer downstream asks for it...

Hopp and Spearman (2004) caution against distinguishing pull/push by either
MTO or MTS, arguing that both can be either pull or push. King (2009, p. 241)
argues that Ohno “didn’t explicitly define pull” with Hopp and Spearman (2004)
describing Ohno’s (1988) picture as a high level, conceptual view of pull as
opposed to the means to make it work. They (ibid) distinguish between “strategic”
and “tactical” pull, or what Bicheno and Holweg (2009, p. 148) term “principle”
and “mechanism” arguing that it is here that the ambiguity has arisen.

Hopp and Spearman (2004) suggest that the literature requires a definition of
pull based on what is needed to obtain its benefits rather than on how it is executed,
concluding that unlike push, pull explicitly limits system WIP. The over-riding dis-
tinction between the two then is that the pull system takes account of system status,
preventing both the system from becoming overloaded and the queue from growing
exponentially resulting in stable and minimal cycle and lead times.

Hopp and Spearman (2008) suggest that Toyota’s success was achieved as
a result of a pull based system which improved material flow, lead time, quality,
flexibility and hence stability and service. However, their conclusions are discrete
industry founded with a lack of evidence regarding the applicability of discrete
mechanisms (see Table 2) in process manufacture (Abdulmalek et al. 2006; Yoho
and Rappold 2011).

There remain gaps in the literature as the vast majority of research is focused
on the implementation of pull in discrete manufacturing environments (Belvedere
and Grando 2005; Crama et al. 2001; Yoho and Rappold 2011). Furthermore there
is a lack of evidence but the literature suggests that discrete pull mechanisms do
not directly transfer to process manufacture (Abdulmalek et al. 2006; Pool et al.
2011). However, with a contingent approach, opportunities to create flow may
exist in terms of aligning demand and capacity and minimising interruptions
(Lyons et al. 2013).

It is interesting to note discussion regarding the lack of process industry
lean/pull literature and case implementation in the 1990s (Billesbach 1994;
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Schragenheim et al. 1994) and the fact that over a decade later the literature is still
making the same point (Belvedere and Grando 2005; Pool et al. 2011; Yoho and
Rappold 2011).

2.4 Conclusions on the Literature

In conclusion, further examination of flow and pull based PPC models in the pro-
cess industries would add to the current body of knowledge.

The bulk of the literature is focused on MTS environments and research on
MTO is scarce (Germs and Riezebos 2010). The fact that most process businesses
are a combination of both carries questions with regard to how pull should be
implemented, when capacity is shared and consumed by competing value streams
and production for both real orders and stock. This forces the issue of prioritisa-
tion (Germs and Riezebos 2010), which in process manufacture brings trade-offs
and decisions regarding production sequence where there is a deficiency in the
lean literature.

This is particularly striking when the “unparalleled” (Kouvelis et al. 2005, p.
462) extent of the traditional operational literature on scheduling and sequence is
considered.

3 Methodology

A single case study of a process industry that supplies commercial fish food has
been selected with triangulation achieved through the existing body of knowledge
on the process sector, PPC approaches and pull, with case company data com-
parison and discussion, accompanied by simulation to combine theory and case
environment.

The research was conducted at Skretting UK’s operation in Longridge,
England.

Nutreco is a global animal nutrition company with approximately 10,000
employees in 30 countries of which Skretting is a global subsidiary specialising
in the manufacture of high energy pelleted fish feed for commercial fish farms,
being part of the aquaculture value chain. Skretting has operations in 14 countries,
selling approximately 1.9 million tonnes of feed for over 60 species of farmed fish
and shrimp.

Skretting Longridge is the UK’s speciality feed plant manufacturing in excess
of 200 different products, for 7 species of fish, on a single extrusion line for more
than 400 customers UK wide. An increasingly diverse product portfolio accompa-
nied by pressure on customer lead time and shared capacity has led to an increased
focus on PPC and flow as a means to improve responsiveness (Schonberger 2015),
which provides a suitable environment for the research.
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The case company will be compared with the literature characteristics and tax-
onomies of process industries and the case environment considered in terms of the
fundamentals of demand, capacity and variation, the PPC literature and suitabil-
ity for pull. A sequencing simulation will be carried out to compare typical pull
scheduling methodologies with that of the case company’s pull system.

4 Case Study Analysis and Discussion

Comparing the case company to the literature on process and discrete industries

highlights some differences (see Table 3).

Table 3 Characteristics of Skretting as a process business

Relationship with
market

Process industries

Discrete industries

Product Type Commodity Custom Hybrid
Product assortment Narrow Broad Hybrid
Demand per product | High Low Hybrid
Cost per product Low High High
Order winners Price Speed of delivery Price

Delivery guarantee

Product features

Delivery guarantee and
product performance

Transporting costs High Low High

New products Few Many Hybrid
The product process

Routings Fixed Variable Fixed
Layout By product By function By product
Flexibility Low High Low
Production equipment | Specialised Universal Specialised
Labour intensity Low High Low
Capital intensity High Low High
Changeover times High Low Medium
Work in process Low High Low
Volumes High Low Hybrid
Quality

Environmental High Low Medium
demands

Danger Sometimes Hardly Hardly
Quality measurement | Sometimes long Short Hybrid
Planning and control

Production To stock To order Hybrid
Long term planning Capacity Product design Capacity

(continued)
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Table 3 (continued)

Relationship with Process industries Discrete industries e s o \f_‘)
market
Short term planning Utilisation capacity Utilisation personnel | Trade offs—capacity/
service/waste
Starting point Availability capacity | Availability material | Availability capacity
planning
Material Flow Divergent + conver- | Convergent Divergent + convergent
gent
Yield variability Sometimes high Mostly low Sometimes high
Explosion’ via Recipes Bill of materials Recipes
By and Co products Sometimes Not Always
Lot tracing Mostly necessary Mostly not Necessary
necessary
Additional characteristics
Material variability Yes Low High
Material availability Variable Stable Variable
BOM/recipe Sometimes variable Stable Always variable
Quality variability Yes Reasonably stable Yes
Process variability Yes Reasonably stable Yes
Contingent capacity Depends on product | No Yes
Material cost Low High High
Trade-offs Sometimes Low Significant, always
Changeover waste/ Depends on product | No Always
contamination

Adapted from Abdulmalek et al. (2006), Crama et al. (2001), Fransoo and Rutten (1994), Rice
and Norbrack (1987), Soman et al. (2004), Voss (1995)

This analysis confirms both the inadequacy of comparing process and discrete
industries and the generalisation that process industries consistently show the
same characteristics. Skretting is not an exact fit with either classification and in
addition to hybrid and certain unique characteristics, clearly displays aspects of
both process and discrete manufacture.

Skretting is typical of the literature which considers that many process industry
products become discrete late in the transformation. However, in contrast to Pool
et al. (2011) Skretting demonstrates significant complexity and commonality in
characteristics on both sides of this point (see Fig. 2) suggesting that the additional
complexity of batch/mix process businesses brings elements of both process and
discrete manufacture.

Despite fitting the APICS (2013) definition of batch/mix production, when
Skretting is considered in the context of Fransoo and Rutten’s (1994) model of pro-
cess industries it is found to be atypical of batch/mix businesses and as such its place
within process industry taxonomy remains unclear. This is confirmed using a quali-
tative view (supported by Lyons et al.’s (2013) descriptions) of Skretting’s position
on Dennis and Meredith’s (2000a) four criteria model where Skretting displays two
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Process Production Discrete Production

228 Blends 251 SKU's
Majority of run lengths the same
Majority of demand the same

Ve Sequence restrictions
SKRETTING Long and short runs

Fixed batch sizes

Fig. 2 Skretting process versus discrete manufacture (adapted from Pool et al. 2011)

significant differences which bring trade-offs between equipment flexibility and vari-
ety, impacting on PPC:

e Equipment v Materials Diversity: Skretting had a significantly higher number
(x10-20) of raw materials and finished goods than those businesses which had
similar equipment characteristics (and displayed the lowest material diversity).
This raises PPC issues in terms of flexibility and responsiveness, cost, fulfilment
strategy and service level;

e Equipment v Run Time: Average run time at Skretting was 10 times shorter
than the lowest run time average and more than 50 times shorter than those
plants with similar equipment characteristics. In the context of process man-
ufacture this brings PPC issues in terms of run length, changeover, waste and
capacity.

In conclusion, analysis suggests that while clearly a process manufacturer,
Skretting arguably displays complexity not described by the literature and exhibits
characteristics of process/flow, batch/mix and discrete industries.

4.1 Skretting Manufacturing, PPC and Fulfilment

Typical of the process industries (Crama et al. 2001), the Skretting facility is V
plant oriented (Cox and Spencer 1998). Skretting has three points of differentia-
tion which typically provide opportunity to alter fulfilment strategy by relocating
the decoupling point (Naylor et al. 1999) but this is practically and economically
unviable. This combination of inflexible plant and limited decoupling means that
Skretting fulfilment is a combination of MTS decoupled at finished goods inven-
tory and MTO decoupled at raw material inventory.

Skretting’s continuous layout means that intermediate process WIP is both con-
strained and almost non-existent. It could be argued at a mechanistic level that as a
result of this natural bounding of WIP, the Skretting system cannot be overloaded
and is already pull based. However, demand and capacity can still be misaligned
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and the wrong product/quantity manufactured, resulting in over-production waste,
slow moving inventory and poor flow to the customer despite this apparent bound-
ing of WIP. As such it could be argued that the mechanistic definition of discrete
industry pull in terms of bounded WIP does not apply to process manufacture.

Skretting’s V plant configuration includes shared capacity common rout-
ing which, consistent with the literature, brings trade-offs between cost/waste,
capacity and service which render scheduling critical. In V plants, scheduling
is typically focused at constraints and points of differentiation where tradition-
ally opportunities for decoupling exist. Due to decoupling limitations, Skretting
scheduling focuses on the former, where due to the combination of early product
commitment and resulting setups, extrusion is the dominating process constraint.
Historically, Skretting scheduling has been MRP push (Hopp and Spearman
2004). This push approach has resulted in misalignment of demand and capacity
with off-peak over-production, and a finished goods inventory curve which doesn’t
reflect seasonality. As a result Skretting has implemented a pull based system
which is discussed in Sect. 4.2 below.

Skretting’s hybrid MTO/MTS fulfilment is an industrial reality, but is not well
described in the literature creating issues for PPC frameworks which regard MTO
and MTS as mutually exclusive fulfilment strategies requiring disparate manufac-
turing characteristics. In the case of Skretting, this is not practically possible and
so a solution must be found in terms of PPC, however the literature PPC frame-
works do not adequately describe hybrid fulfilment. As such in the context of
this paper, it is considered necessary to examine PPC fundamentals to determine
opportunities for hybrid fulfilment solutions and the implementation of pull.

Annual demand is seasonal fluctuating significantly with customer growing
strategies, harvest plans, water temperatures and oxygen levels. Product demand
follows typical Pareto behaviour. Order demand follows a similar pattern with
the majority of customer orders smaller than the minimum run length. This ‘long
tail” (Anderson 2009) provides further PPC challenges where early committed
products are manufactured on inflexible process industry equipment. This sup-
ports both the need for a MTS/MTO fulfilment strategy with finished goods
inventory buffering based on robust demand analysis (King 2009) and the equip-
ment/variety conflict highlighted by the analysis of Skretting using Dennis and
Meredith’s (2000b) model.

Arrival variation is atypical of the process industry literature and confirms
Skretting’s off-diagonal position. Several decision points/handovers are present
in the Skretting supply chain and manufacturing is decoupled from real demand
resulting in amplification (Lee 1997). Numerous countermeasures have been
implemented but short term demand is still subject to significant biological and
environmental variation. This variation is confirmed using demand class analysis
(Boylan et al. 2008; Syntetos et al. 2005) where over 50 % of Skretting SKU’s
are higher variation ‘lumpy’ or ‘management control’ with significant variation
within these demand classes. Furthermore, only 3 % of volume has a low coef-
ficient of variation (CV).

Analysis demonstrates that Skretting process variation is consistent with the
process industry literature:
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e Material Variation—processing functionality variation (not explicit until pro-
cessing has started) due to natural sourcing and seasonal availability;

e BOM Variation—variability of material quality, availability and price results
in BOM variation which can cause significant change in processing functional-
ity impacting product quality, yield and capacity due to changing proportions of
variable materials;

e Machine Variation—equipment is large scale, capital intensive and processing
is inexact cooking/chemical reaction giving rise to significant process variation
of which changeovers are a significant proportion impacting on time, capacity,
material waste and quality;

e Yield/Quality—The combination of material, BOM and process variation
results in variation in both yield and right first time (RFT) quality, impacting
flow, system predictability and service levels.

In conclusion the Skretting case demonstrates a significant degree of variation in
processing, materials, BOM and yield/quality that is consistent with the process
industry literature providing less opportunity for reduction than that within dis-
crete manufacturing and so any buffering strategy should take this into account.

This, coupled with long tail demand, arrival variation and off-diagonal fulfil-
ment not typical of the process industry literature results in a particularly high var-
iation environment for Skretting as a process manufacturer (see Fig. 3).

Skretting setups/changeovers are frequent and constrain capacity (Schragenheim
et al. 1994). Changeovers are also sequence dependent (Yoho and Rappold 2011)
consuming different amounts of time and so capacity varies with product mix,
and the number (lot size) and type of changeovers. In addition to lost capacity,
setups/changeovers also incur energy cost and generate material waste.

The significant impact of setups/changeovers are consistent with the litera-
ture and indicate that the typical discrete-pull focus on setup/batch size reduction
(Thun et al. 2010) is less suitable for the process manufacturing environment at
Skretting, due to increased waste and potential capacity constraint (Kim and Tang
1997; Schragenheim et al. 1994).

Consequently, typical discrete industry workload levelling would also be
unsuitable in the Skretting process environment (Bicheno and Holweg 2009) due
to the increased number of changeovers (Powell et al. 2009).

Analysis shows that Skretting Capacity is contingent on:

e Product Mix—due to the processing speeds of different sizes and product types
which require varying difficulty of production effort (Seidman and Holloway 2002);

e Constituent Materials—due to their processing functionality which can cause
the bottleneck to shift;

e Bill of Materials—due to changing proportions of variable raw materials;

e Yield/Quality—due to large scale, inflexible inexact processing and variable
BOMs/Materials.

Figure 4 illustrates the cumulative capacity impact of each variation source con-
trasted with the capacity contained within MRP.
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Material

Variation
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BOM

Variation
variable materials
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Fig. 3 Euler diagram illustrating Skretting variation complexity

Capacity Variation of a Specific SKU
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Fig. 4 Cumulative impact of variation on capacity of a specific SKU
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This contingent capacity has implications for PPC and establishing flow, while
in the context of pull mechanisms, the variable product/process characteristics
and cycle times, also confirm the unsuitability of discrete industry takt for the
Skretting environment.

4.2 Pullin the Skretting Process Environment

Analysis of the Skretting production environment suggests that many of the tradi-
tional mechanisms of discrete pull may not be applicable to process manufacturing
at Skretting (see Table 4).

However, a pull system has been introduced at Skretting, which is consistent
with the principles of flow and pull and the fundamentals of demand, capacity and
variation (see Table 5).

In summary, Skretting now employ hybrid MTO and demand based pull replen-
ishment MTS using a combination of time and inventory buffers and Advanced

Table 4 Summary of implications of Skretting manufacturing environment for pull

Skretting environment | Implications for pull

factor

Differentiation/  No opportunities for intermediate decoupling due to equipment

decoupling restrictions. Only able to pull from decoupled Raw Material (MTO) or
Finished Goods (MTS)

WIP * WIP is already bounded due to equipment restrictions so Skretting
pull cannot and should not be defined by limited WIP. However
demand and capacity can still be misaligned resulting in poor flow so
pull should be defined in another way

Demand * Long tail, variable nature of Skretting demand conflicts with fixed,

inflexible process industry equipment (confirmed by Dennis and
Meredith 2000b analysis). Results in lack of ability to MTO all prod-
ucts due to resulting setup constraint so can’t pull from raw material.
WIP restrictions mean Skretting can’t pull from intermediate buffers
so confirms need to pull from MTS FG buffer. Demand is not actual
consumption so subject to amplification—demand analysis to support
the MTO/MTS decision

Capacity « Capacity is shared, highly contingent, subject to significant variation
and impacted by setup and sequence. Product/process characteristics
and highly variable cycle times confirm an environment not suitable
for using takt. Time based view of capacity is required

Setups « Setups are sequence dependent and have a significant impact on
capacity, waste and flow. Confirms that traditional discrete industry
MMS level scheduling and batch size reduction are likely to be unsuit-
able. Time buffer will enable smoothing of the schedule to reduce
setup interruption and waste

Variation  High level of inherent variation results in unpredictable output further
advocating MTS FG buffering to achieve stable flow to the customer.
Downtime and setup process variation to be focused on to maximise
equipment uptime. Operator competence extremely important to man-
age/accommodate variation

(continued)
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Table 4 (continued)

Skretting environment
factor

Implications for pull

Waste

* Setups generate time, material and energy waste and interrupt flow.
Despite bounded WIP, poor alignment of demand and capacity can
result in overproduction and inventory waste

Inventory

« High variation and requirement for high service level mean that inventory
is a justifiable option. Raw Material inventory required due to nature of
sourcing, FG buffers required due to unpredictable processing and combi-
nation of long tail variety and lack of equipment flexibility

MRP/ERP

« Use of fixed lead time, average throughput and setup result in issues

of schedule adherence and frequent re-running of the schedule.
Inability to account for sequence dependency leads to suboptimal
sequencing resulting in longer manufacturing lead times and
increased material waste. Supports use of pull to execute the
schedule but system must account for sequence

Table 5 Elements of Skretting pull system and their consistency with the literature

/
& ) Pull system

Element

Description

On time in full (OTIF) measure

* to monitor flow performance to the customer
(Womack and Jones 1996) and service levels pre and
post pull system introduction

Demand analysis

¢ to understand the nature of demand and its variabil-
ity and support MTS/MTO decisions (King 2009)

MTO/MTS Policy

¢ (by product) based on demand analysis

Periodically reviewed demand based
pull inventory replenishment

« for MTS products (using historical demand and statisti-
cal algorithms to set stock levels) to align demand and
capacity and stabilise production cycles (Fernandes
and Filho 2011; Huang and Kusiak 1996; Yoho and
Rappold 2011)

Finished goods stock ‘bounding’

* (as opposed to discrete-pull WIP) (King 2009) by
actual warehouse space

Use of advanced demand information
(ADI) in combination with pull

« to further optimise production run lengths, inventory
levels and manage finish goods inventory limitations
(Claudio and Krishnamurthy 2009)

Time (customer lead time) and
Inventory (finished goods MTS) varia-
tion buffers

e (Bicheno 2011; Hopp and Spearman 2004) which
allow smoothing of the schedule and responsive
service to the customer

Sequencing by product size and family

* (Shahin and Janatyan 2010) to improve flow by
minimising changeover interruptions, delays and
variation (Lyons et al. 2013) and reduce material,
energy and capacity waste

Time based capacity planner

* to better understand capacity, bottlenecks, sequence
and product mix impact and the ability to provide
promise dates to the customer. While the production
line itself is ‘naturally bounded’ (Yoho and Rappold
2011), in combination with the lead time buffer this
avoids overloading the system
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Fig. 5 Buffering of arrival variation to smooth the schedule at Skretting

Demand Information (ADI) (Claudio and Krishnamurthy 2009) to reduce change-
overs and enable schedule smoothing (see Fig. 5) on a product group basis to
deliver high service levels while mitigating the trade-off impact of changeovers to
reduce waste and improve flow.
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As a result of this demand based pull, run lengths and inventory levels for
higher demand, more stable products have been extended reducing material waste
and shortened for lower demand, more variable products improving obsolescence.
The periodic review system has also stabilised manufacturing cycles (Yoho and
Rappold 2011) reducing the standard deviation of time between cycles. However,
Skretting did not experience an improvement in quality/yield (ibid) as a result of
more stable production cycles. As a result of this improved alignment of demand
and capacity, system flow is improved resulting in a more stable inventory profile
and an upward trend in OTIF.

Since the original research, analysis by a third party working capital consul-
tancy one year after the pull system was implemented has confirmed the reduction
of weighted average maximum and minimum system lead time by over 50 %.

4.2.1 Conclusion on Pull in the Skretting Process Environment

From the analysis above, the authors conclude the potential for and benefits of
pull production control in a process environment as demonstrated by the Skretting
pull system case, further proposing that sequence is an important element of the
Skretting pull system and a critical element of achieving flow and pull in a process
environment which will be examined next.

4.2.2 Importance of Sequencing in the Skretting Pull System

In this section simulation will be used to evaluate the importance of sequence as a
constituent element of pull in the Skretting case.

To simulate sequencing the production demands generated by the Skretting
pull system for 15 separate weeks in 2013 were re-sequenced using the follow-
ing scheduling methodologies associated with lean/pull production (Bicheno and
Holweg 2009; Hopp and Spearman 2008):

1. Shortest Processing Time (SPT)
2. Earliest Due Date (EDD)
3. Level Scheduling/Mixed Model (Level)

The results of the three lean scheduling methodologies are compared, (Table 6)
with that of the actual Skretting sequence (Skr Seq).

The SPT sequence gave the worst performance and in contrast to the literature
(Hopp and Spearman 2008) did not decrease average manufacturing times. Rather
than consolidating short runs (GT) to reduce setups and waste, SPT separates them
to complete them first, exacerbating the number and severity of changeovers.

The impact of EDD and Level Loading are similar, increasing changeovers to
either prioritise due dates (EDD) or spread workload (Level Loading). In contrast
to the literature, level loading did not deliver higher utilisation, or when feasibility
was accounted for, responsiveness for the customer (Hiittmeir et al. 2009).
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Table 6 Summary of sequencing simulation results

Summary Impact of Sequence
Measure Sequencing Method
SKR Seq Level
Total Setup Time (hrs) 236 448 397 KEY
Total Time (hrs) 1,277 1,489 1,438 best performance
Ave. Manuf. Lead Time (hrs) 2.30 2.68
Ave. Capacity (t/hr) 4.42 3.79 3.92
Total Material Waste (£) £ 18,081 EayAL] worst performance
Total Energy Waste (£) £ 5,449 [RRIPLE
Initial OTIF % (factory floor) 98.7% [N
FEASIBLE OTIF % (factory floor) 98.4% [TV
Ave. Utilisation R 92.5%
CV of Capacity 0.32 0.36 0.38
CV of Setup Variance 1.10 0.63

As would be expected, Skretting setup variation was highest due to the combi-
nation of small changeovers where feasible, accompanied by large setups where
unavoidable.

However, significantly and somewhat unexpectedly, the Skretting sequence deliv-
ered the lowest capacity CV. Although this result could be a function of the higher
SKR sequence capacity, this suggests a degree of what in this environment could be
considered level loading achieved by the Skretting methodology, the performance of
which compares favourably with the discrete founded level loading sequence.

The importance of sequence was particularly apparent at higher levels of utili-
sation, which sequence impacted further, where schedule feasibility was a greater
issue for the lean scheduling methodologies (see Fig. 6).

In high utilisation weeks, the superiority of the SKR sequence in terms of both
material, energy and time waste was most pronounced. When schedule feasibility
was taken into account, at high utilisation the SKR sequence also delivered better
OTIF. Unsurprisingly, sequence was of lesser importance when product mix com-
plexity was low where the SKR sequence did not deliver significant advantages in
either manufacturing lead time or capacity.

The sequence simulation also serves to confirm the contingent nature of
Skretting capacity. When the run by run capacity of the (least variable) SKR
sequence is plotted against the average capacity (Hopp 2008), the variable and
contingent nature becomes evident (see Fig. 7) bringing into question the suita-
bility of this discrete founded capacity definition for building and executing the
schedule in process manufacture.

4.2.3 Conclusion on Sequence

In conclusion, the process industry trade-offs identified in the literature are present
within Skretting. Consistent with the literature, these trade-offs can be mitigated
by a production sequence appropriate for the environment.
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Fig. 7 Actual Skretting sequence capacity against Hopp’s (2008) average capacity

In contrast to the sequencing methodologies founded in discrete industry pull,
the Skretting sequence provided highest performance in mitigating the trade-offs
of capacity (throughput, lead time and variation), waste (material and energy)
AND service (OTIF) identified in the literature (see Fig. 8).

In terms of the principles of flow and pull, the Skretting sequence better aligns
capacity and demand, minimises waste and optimises flow to the customer and as
such in the Skretting case is an essential element of pull in process manufacture.
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Fig. 8 Literature derived
model illustrating analysed
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5 Discussion

5.1 Pull in the Process Industries

The literature view of pull is both ambiguous and strongly founded in discrete
manufacture, focusing on the mechanisms of pull as opposed to the general prin-
ciples that inspired Ohno. This is particularly evident, for example in Hopp and
Spearman (2004), where make to forecast is regarded as pull if it is executed using
kanban and takt. Forecast-based overproduction using kanban and takt is neverthe-
less overproduction and here Hopp and Spearman (2004) are arguably losing sight
of the fundamental principles of demand-based flow to the customer in favour of
the manufacturing mechanisms of executing pull.

The literature suggests that the process industries have been slow to adopt pull
production and this paper concludes that the limitations of discrete based mecha-
nisms contribute significantly to this (Table 7).

The authors agree with the literature distinction between principle and mecha-
nism and conclude that as a result, the principles of pull can be executed in differ-
ent ways.

The alignment of demand and capacity is at the heart of lean thinking (Lyons
et al. 2013) and as such by focusing on the principles of flow and reduction of
waste and addressing the PPC fundamentals of demand, capacity and variation
rather than prescriptively applying discrete founded mechanisms, pull can be
achieved in a process environment.

If we try to define process industry pull purely in terms of mechanisms which
constrain inventory, then without the capacity flexibility of discrete firms, the pro-
cess industries will have issues managing both demand and inherent variation.

This unavoidable process industry variation results in a significantly more
hostile environment requiring alternate buffering and a variation accommodation
strategy (Frei 2006), as opposed to the variation reduction typically found in dis-
crete manufacturing.
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Table 7 Conclusion on discrete lean imperatives and limitations (adapted from Yoho and
Rappold 2011)

Lean imperative Process industry—research conclusions

Smooth or “level-load” production (hei- Discrete type EPE/heijunka increases

junka)—establish production plans that are setups/changeovers to the point where sched-

smooth with respect to volume and product mix | ules become infeasible and waste generation
is high

Establish capacity buffers—scheduling the | Capacity constrained by equipment which is
factory less than 24 h per day generally highly utilised. Additional capacity
buffers expensive

Reduce setups on equipment—reduce setups, | Batch size and setup not separable, and in

institute single-minute exchange of dies contrast to discrete industries setups disturb
(SMED), convert internal setups to external flow, generate waste (material, time, energy)
setups, abolish setups and impact capacity and utilisation (additional

process industry impact on Kingman) ulti-
mately affecting flow of value to the customer

(reduced OTIF)
Single piece flow Impossible/impractical in non-discrete capital
intensive process environment
Cross-train workers—because labour is a Labour not a critical capacity input but worker
critical capacity input it is desirable to cultivate | competence critical to ‘accommodate’ inherent
a multi-skilled workforce variation so focus on workforce competence as

opposed to flexibility

Improve plant layout—adjust plant layout to | Plant is fixed and continuous and as such inher-
accommodate less movement of material and | ently inflexible
employees

Reduce work in progress Work in progress often negligible/not visible or
non-existent giving no intermediate opportu-
nity to decouple at, or pull from WIP buffers.
Similar to WIP in a discrete environment
Finished Goods can build as a result of poor
flow (King 2009) and therefore require more
focus and provide an opportunity to pull
Takt—the pace that a facility needs to work at | Takt an unsuitable tool due to unstable demand,
to meet demand contingent nature of capacity, shared resources,
product/process characteristics and in some
cases fixed processing times

Table 8 concludes potential process industry pull mechanisms based on litera-
ture principles and the Skretting case environment where continuous and inflexible
equipment forces a different solution to discrete industry flexible capacity buff-
ered, intermediate WIP bounded, single piece flow.

The Skretting case approach to pull provides the same benefits of throughput
(increased capacity), inventory (reducing age profiles), rework (reduced waste)
and customer service (high OTIF) championed by Hopp and Spearman (2008) on
behalf of WIP bounded discrete industry pull. In Goldratt and Fox’s (1986) terms,
inventory is improved, operational expenditure (in the form of material, obsoles-
cence and energy waste) is reduced and service is improved for existing through-
put whilst increased capacity is provided for additional throughput.
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Table 8 Pull in the process industries: potential process industry approaches based on principles
of flowal process industry approaches based on principles of flow and pull (adapted from Yoho

and Rappold 2011)
Lean imperative Principle Process industry—research solutions
Smooth or “level-load” Level loading/ « Stable (but not fixed) periodic produc-

production (heijunka)—estab-
lish production plans that are
smooth with respect to volume
and product mix

align demand and
capacity

tion cycles which align demand and
capacity but mitigate changeovers (King
2009; Pool et al. 2011; Seidman and
Holloway 2002; Yoho and Rappold 2011)

 Sequencing which minimises capacity
variation

Establish capacity buffers— | Buffering/align * Combination of time/inventory buff-
scheduling the factory less than | demand and ers which is most appropriate to the
24 h per day capacity environment and supports the alignment
of demand and capacity (De Treville and
Antonakis 2006; Lyons et al. 2013)
- Promise to 85 %, schedule to 100 %
- sequencing to mitigate impact on both
capacity and Kingman fundamentals
Reduce setups on equip- Flow/waste * Reduce impact of changeovers—
ment—reduce setups, institute sequencing. Use of Time/Inventory buff-
single-minute exchange of ers to allow smoothing of the schedule
dies (SMED), convert internal using sequence to reduce changeovers,
setups to external setups, abol- improve flow and minimise waste.
ish setups (Bicheno and Holweg 2009; Thun et al.
2010)
Single piece flow Flow « Single family flow—use of group tech-

nology and sequencing to schedule like
products together to reduce interruption/
waste and improve flow (Hubbard et al.
1992 cited in Shahin and Janatyan 2010;
Soman et al. 2004)

Cross-train workers—because
labour is a critical capacity

Profound knowl-
edge /variation

* Competence train workers to enhance
process knowledge/understanding and

input it is desirable to cultivate | accommodation enable accommodation of variation to
a multi skilled workforce minimise waste
Improve plant layout—adjust | Flow/waste » Maximising uptime of highly utilised plant

plant layout to accommodate
less movement of material and
employees

is crucial therefore maintaining flow (TPM
for example) may be higher priority than
creating flow. Higher focus on impact of
plant inflexibility on movement, manage-
ment and waste of material

Reduce work in progress

System status/
flow/waste
(overproduction)

Buffer with, pull from and BOUND
Finished Goods to improve response
time (Hopp and Spearman 2008) support
sequencing and improve flow at the criti-
cal constraint. Toyota—flow where you
can and pull where you can’t (Rother and
Shook cited in Liker 2004, p. 108)

Takt—the pace that a facil-
ity needs to work at to meet
demand

Flow

* Time based view of capacity which
accounts for process/product characteris-
tics and shared/contingent capacity
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In conclusion, the Skretting case provides a process industry pull solution that
is supported by the literature, the specific mechanisms of which will not necessar-
ily apply to every process business but the principles arguably will. The majority
of the literature’s attempts to define discrete pull do so referring to the mecha-
nisms rather than the concepts and principles of flow, in response to which the
authors propose the following principle based definition of pull in the process
industries:

“The alignment of demand and capacity to provide the optimal trade-off
between capacity, waste and service that delivers stable and predictable flow of
that demand to the customer”.

5.2 The Importance of Sequence

Expanding on Kingman and the opportunities it presents within PPC, the tradi-
tional operational literature suggests that there is an additional element at play
within process manufacture—that of sequence which can help mitigate trade-offs.
This was supported by the Skretting case analysis where the Skretting sequence
not only improved capacity and waste, but less expectedly improved service and
unexpectedly reduced capacity variation.

However, the influence of sequence on PPC and the fundamentals of Kingman
in the process industries whilst also unexpected, is further concluded here.

Lead-time in a queue is a product of time, utilisation and variation all of which
are impacted by sequence in a process industry environment as shown in Fig. 9. In
the Skretting case analysis a difference of between 10 and 20 % was seen in total
process time, utilisation and capacity variation depending on the sequence used.

Expanding on Kingman, the Skretting case analysis demonstrated that during
weeks where utilisation was highest, sequence was extremely important and actu-
ally determined schedule feasibility. Changeovers are a source of variation and
accordingly in the process industries, sequence impacts capacity in terms of the

L?ad = Prqcess X Utilisation X Variation
Time Time

Sequence Sequence Sequence

Impact on
Makespan,
Capacity,
Waste and
Warmup

Impact on

Dependent Capacity,

Setup Time Waste and
Failure

Fig. 9 Model showing proposed process industry impact of sequence on Kingman (adapted
from Bicheno 2011)
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Sequence
generated
Failure
Value Failure
e Demand * Demand
Utilisation =
Capacity| —— Work + Waste

! t

Sequence Sequence

of Work generated
Waste

Fig. 10 Model showing proposed process industry impact of sequence on utilisation (adapted
from Bicheno 2011)

sequence of work and the generation of waste and load through waste generated
failure demand (Seddon 2003) (see Fig. 10).

6 Conclusion

The increasingly competitive environment and resultant ‘off diagonal’ activity
within process manufacture causes issues for traditional literature models founded
on the linear product/process approach. Existing literature frameworks are both
discrete founded and taxonomy focused, inadequately describing underlying pro-
cess industry complexity which is both inherent (e.g. complex BOMs, material
variation and inexact processing) and relative to the environment (e.g. inflexible
capacity combined with significant variability in demand and fulfilment). This
complexity brings practical challenges for PPC where literature models do not
satisfactorily describe the realities of hybrid MTS/MTO fulfilment and so a con-
tingent approach based on PPC fundamentals and the trade-offs that can be influ-
enced is required.

Discrete manufacturers have benefitted from pull production control resulting
in improvements in lead time, cost, inventory and service but the process industries
have been slow to follow this approach typically advocated for more stable, predict-
able production environments. The literature definitions of pull are ambiguous and
research is focused on discrete industry implementations and the mechanisms as
opposed to the principles of pull and flow. Commonly accepted discrete industry pull
mechanisms lack applicability in process manufacturing but the principles of pull
and the fundamental alignment of demand and capacity can be used to derive envi-
ronment appropriate mechanisms which accommodate variation and support flow.

Such mechanisms must consider the process manufacturing trade-offs between
capacity, waste and service which can be mitigated by sequence, the significance
of which is not explicit in the lean literature. Here it should be noted that the case
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company sequence outperformed traditional lean scheduling approaches, generat-
ing outcomes contrary to the literature.

In process manufacture Yoho and Rappold (2011, p. 60) propose the use of a
“complementary inventory policy” with “finished goods inventories in the right
product at the right time...” (ibid, p. 67) asking “in what quantities and in which
specific products should inventory be carried?” (ibid, p 59). In implementing
demand based pull in a process environment we should add: “...and in what order
should they be manufactured?”

Merging the significant operational literature on scheduling with the principles
of flow/pull and the Skretting case analysis demonstrating both the influence of
sequence on the fundamentals of Kingman and the impact of sequence on flow and
waste, the authors conclude that the critical element of pull in the process indus-
tries is that of sequence.

7 Limitations and Future Research

Whilst the research accessed a longitudinal study of flow within the case opera-
tion, the data collection period, being less than one year does not represent the full
extent of case company seasonality. The majority of this data is secondary data,
not collected for the purposes of the research and therefore subject to bias and the
context in, or purpose for which it was collected.

The conclusion whilst founded in the literature is triangulated using a sin-
gle case study and, as such, it is not possible to generalise. The process indus-
tries encompass a wide variety of manufacturing with differing points of product
commitment, differentiation and decoupling (between push and pull) ranging for
example from petrochemicals where the vast majority is process based, to food
and other FMCG where batch processes exist and products becomes discrete
at some point. As a result, further research is recommended to determine if the
research conclusions and the criticality of sequence apply to the implementation of
pull in other process industry environments.

Additional research including multi-variant analysis is recommended to under-
stand the degree to which each variable impacts flow. This may (dependent on the
dominant variable) enable some reduction of influence and consequent reduction
of buffers.
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Internationalisation of Lean Manufacturing:
The Influence of Environmental Conditions

Thomas Bortolotti and Stefania Boscari

Abstract In the last decades many manufacturing firms have launched lean interna-
tionalisation initiatives so as to develop high performance foreign subsidiaries and/or
suppliers. Several worldwide cases of successful lean adoption suggested the power
as well as universality of this managerial method, thus motivating firms to diffuse
their knowledge towards geographically-dispersed partners. However, previous pro-
jects also shown the difficulty in internationalising lean manufacturing, which some-
times even precluded its effective transfer. In fact, as advocated by some scholars, lean
implementation effectiveness can be affected by environmental differences between
countries. Although previous studies pointed to several inhibiting factors for lean
internationalisation and provided some evidence of their negative impact on diffus-
ing lean management across different countries, the literature is still lacking a holistic
framework explaining such relation. In the attempt to provide a more comprehensive
examination, this study takes a broad view on factors describing the international
environmental conditions—i.e., socio-cultural, political-legal, economic, and educa-
tional dimensions—and analyzes their influence on lean internationalisation projects,
in terms of problems in diffusing internally related as well as externally related lean
practices. To this purpose, we conducted a single in-depth case study concerning two
lean internationalisation projects launched by an Italian manufacturer so as to dif-
fuse its lean knowledge towards a Chinese peer subsidiary and suppliers, respectively.
Findings from the study can support managers in acknowledging the main criticali-
ties in the internationalisation of lean manufacturing as well as in better understanding
reasons behind them, thus helping to reduce lean internationalisation projects’ failures.
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1 Introduction

In the last decades, globalisation has led a growing number of manufacturing firms
to internationalize their operations. In order to attain a superior competitive advan-
tage, some manufacturers have taken a global view in selecting suppliers and/or
choosing markets in which sell their products; in some cases internationalisation
has also resulted in the establishment of new production facilities in geographi-
cally-dispersed countries. A new challenge rose for firms which had based their
local operations on world class manufacturing methods that is to diffuse their
knowledge and best practices across global actors. In particular, many firms have
levered on lean manufacturing so as to develop high performance foreign subsidi-
aries and suppliers. In fact, lean manufacturing is widely recognized as a manage-
rial method powerful in enhancing operational performance of a factory (Shah and
Ward 2003; Liker 2004). Moreover, evidence exists of greater benefits obtainable
when implementing lean in conjunction with supply chain partners (Womack and
Jones 1996a; Hines and Rich 1997).

Although lean manufacturing has been successfully implemented worldwide,
some previous studies have found that environmental differences between coun-
tries can affect lean implementation projects and their effectiveness (e.g., Hofer
etal. 2011; Kull et al. 2014). For example, Kull et al.’s (2014) contribution showed
that some socio-cultural values can hinder lean internationalisation, causing diffi-
culties when adopting lean practices within a factory. In addition, economic condi-
tions such as high turnover can affect the diffusion of internally related as well as
externally related lean practices by causing loss of transferred knowledge, which
can even threatening the sustainability of a project (e.g., Mefford and Bruun 1998;
Wallace 2004; Hofer et al. 2011). According to Prasad and Tata (2003), it is cru-
cial to provide a thorough understanding of the various socio-cultural, political-
legal, economic, and educational factors that can affect internationalisation of best
practices so as to define how effectively manage and take advantage of the unique
conditions of each country.

A first important step towards integrating studies on internationalisation of lean
manufacturing was done by Prasad and Tata (2003). However, they failed in pro-
viding a comprehensive view of the phenomenon since their focus was specifically
directed towards a sub-bundle of lean practices (i.e., customer focus and satisfac-
tion, strategic quality planning, human resource development and management,
information and analysis, management of process quality). Other scholars adopt-
ing a broader perspective on practices (e.g., Wallace 2004; Hofer et al. 2011; Kull
et al. 2014), instead considered only one or few dimensions describing interna-
tional environmental conditions; to date most studies have focused on the impact
of socio-cultural factors.

As a consequence, the literature is still lacking a holistic framework on the
internationalisation of lean manufacturing, which helps to explain the influence of
international environment differences between countries in determining main criti-
calities in lean implementation. This study attempts to fill this gap by discussing
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two lean internationalisation projects successfully carried out by an Italian man-
ufacturers: the first concerns diffusion of internally related lean practices to the
Chinese peer subsidiary, the second the implementation of externally related lean
practices in the Chinese supply base. In doing so, we take a broad view on factors
describing the international environmental conditions, considering all the socio-
cultural, political-legal, economic, and educational dimensions. Findings from the
case study are compared with evidence from previous significant contributions on
the internationalisation of lean (or sub-bundles of lean practices).

Although we also acknowledge the importance of organisational factors in
affecting lean internationalisation projects, in the interests of parsimony our study
focuses specifically on the impact of international environmental conditions. This
is particularly important because, while several researches on lean manufacturing
concentrated on organisational factors (see for example Rich and Bateman 2003;
Achanga et al. 2006; Bortolotti et al. 2015a), literature on differences in environ-
mental conditions is largely unexplored.

Our framework can be also of use to managers, as it helps to identify the main
criticalities affecting the internationalisation of lean manufacturing as well as rea-
sons behind them, thus helping to reduce lean projects’ failures.

The remaining of the paper is organized as follows. In the next two sections we
review studies on the internationalisation of the operations and of lean manufac-
turing, respectively. Then, a description of the methodology employed in the study
is provided. Section 4 describes the background and presents an overview of the
lean internationalisation projects. Section 5 discusses findings from the case study
along with evidence from previous research. Finally, contributions and implica-
tions of the study are outlined in the conclusions, together with limitations and
indications for future research.

2 Literature Review

2.1 Internationalisation of Supply Networks

Different aims can lead a manufacturer to internationalize its operations. For
instance, Ferdows (1997) distinguished three main strategic reasons which can
determine the location of a foreign factory: (1) access to low-cost production,
(2) access to skills and knowledge of advanced suppliers, competitors, research
laboratories, or customers, (3) or proximity to market. However, foreign direct
investment is not the only alternative for a firm to develop an international sup-
ply network. Depending on the reasons that drive the internationalisation, it can be
more appropriate to opt for exports, direct investments, or intermediate solutions
such as equity or non-equity entry modes (e.g., joint ventures and franchise or
license agreements, respectively) (Rugman et al. 1985; Douglas and Craig 1995).
These are strategic decisions concerning the configuration of a manufacturer’s
supply network; however, it is also crucial to properly coordinate such network,
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Table 1 Dimensions and factors describing the international environmental conditions

Dimension Factors

Socio-cultural |Attitudes toward managers, perceptions of authority, inter-organisational
cooperation, attitudes toward achievement and work, class structure and
individual mobility, attitudes toward wealth and material gain, attitudes toward
scientific management, attitudes toward risk, national ideology, beliefs about
foreigners, and the nature and extent of nationalism. Cultural effects of customs,
languages, attitudes, motivation, social institutions, status symbols, and reli-
gious beliefs have all been documented in the international business literature

Societal cultures have been measured along a number of dimensions; two

main models have been developed: (1) Hofstede’s (1980) model, including
individualism-collectivism, power distance, masculinity-femininity and
uncertainty avoidance; (2) GLOBE model (House et al. 2004), including power
distance, institutional collectivism, in-group collectivism, future orientation,
performance orientation, gender egalitarianism, assertiveness, uncertainty
avoidance, humane orientation

Political-legal | Defence/military policy, foreign policy, political stability, political organisation,
flexibility of law, the role of government, labour organisations, local needs,
industry standards, political ideology, political stability, relevant legal rules for
foreign businesses, international treaty obligations, import-export restrictions,
international investment restrictions, profit remission restrictions, and exchange
control restrictions

Economic Central banking systems and monetary policy, fiscal policy, economic stability,
organisation of capital markets, market size and type, social overhead capital,
exchange rate stability, market taste and demand, geographic dispersion, the
quality of infrastructure, international trade patterns, membership and
obligations in international financial obligations, international competition and
international standards

Educational Local literacy levels, specialized vocational training and education, higher
education, and management programs

Source Adapted from Oliff et al. (1989) and Prasad and Tata (2003)

by defining how to effectively and efficiently share resources and diffuse knowl-
edge between the dispersed factories (Porter 1986). This implies that firms make
multiple and correlated decisions about the configuration (size, location, scope,
and specialisation of the factories) and the coordination (degree of centralisation
policies, incentives, measures, and controls) of a supply network (Hayes et al.
2005). This paper focuses on the diffusion of best practices (i.e., lean manufactur-
ing practices) among actors of a manufacturing network; in fact, while scholars
have extensively explored configuration, less attention has been devoted to coor-
dination issues in general, and knowledge diffusion in particular, thus requiring
further research (Pontrandolfo and Okogbaa 1999; Netland and Aspelund 2014).

It is widely recognized that best practice diffusion can help firms develop-
ing high performance networks, thus achieving a superior competitive advantage
(Womack and Jones 1996a; Jensen and Szulanski 2004). However, several knowl-
edge transfer projects have been characterized by problems and some even failed
to attain such benefits (Jensen and Szulanski 2004). Differences in countries’ con-
ditions (e.g., socio-cultural characteristics) have been recognized to be a major
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obstacle to best practice implementation among geographically-dispersed sup-
ply network partners (e.g., Kostova 1999; Jensen and Szulanski 2004; Kull et al.
2014). According to Oliff et al. (1989) and Prasad and Tata (2003), we consider
four main dimensions in describing differences in the international environment:
socio-cultural, political-legal, economic, and educational. Moreover, a number of
factors are covered by each dimension; Table 1 summarizes main factors investi-
gated by global operations management studies.

In addition, the difficulty of knowledge diffusion can also be influenced by
the typology of best practices transferred (e.g., Teece et al. 1997; Kostova 1999;
Maritan and Brush 2003). In particular, the diffusion of complex knowledge, such
as lean manufacturing, it is likely to come across many criticalities (Maritan and
Brush 2003).

2.2 Internationalisation of Lean Manufacturing

Lean manufacturing is a managerial method for eliminating waste from and con-
tinuously improving production processes within a factory, thus improving its
operational performance (Womack and Jones 1996b; Shah and Ward 2003).
Superior benefits can be achieved when individual efforts are linked up and down
the value chain by cooperating with suppliers and customers, thus creating greater
value for the final customer (Womack and Jones 1996a; Hines and Rich 1997,
Shah and Ward 2007; Danese et al. 2012; Bortolotti et al. 2013).

Scholars have described lean method as a complex set of practices (Teece et al.
1997; Maritan and Brush 2003; Bortolotti and Romano 2012). According to Shah
and Ward (2003), lean practices at factory-level can be grouped into four “bun-
dles”: just-in-time (JIT), total quality management (TQM), total preventive main-
tenance (TPM), and human resource management (HRM). By adopting a broader
perspective, some previous studies have classified between internally related lean
practices and externally related (or supply chain) lean practices (e.g., Shah and
Ward 2007; Hofer et al. 2011). Setup time reduction, equipment layout for con-
tinuous flow, kanban, statistical process control, autonomous maintenance, small
group problem solving, training employees, top management leadership for qual-
ity, and continuous improvement are the most important internally related lean
practices, while JIT delivery by suppliers, supplier partnership, and customer
involvement are among the main externally related lean practices (Shah and Ward
2007; Hofer et al. 2011; Bortolotti et al. 2015a, b).

Lean manufacturing originated from the production system of Toyota, a lead-
ing Japanese manufacturer in the automotive sector. For many years both the aca-
demics and practitioners have debated the transferability of lean practices outside
Japan and the automotive industry. Although seminal books about JIT gave rise
to the view of the Toyota production system (TPS) as a “Japanese thing”, the suc-
cess of the NUMMI’s (New United Motor Manufacturing) experience—the joint
venture between Toyota and the American General Motors—was a first main
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evidence of its transferability to the Western world (Holweg 2007). The book The
Machine that Changed the World, which also coined the term “lean manufactur-
ing”, strongly contributed in straitening and diffusing the idea of the “universality”
of lean method (Womack et al. 1990). Several successful cases of lean firms in dif-
ferent countries and of various industries have followed, thus further proofing this
second stance (Hines et al. 2011; Shah and Ward 2007).

However, as studies on NUMMI and other cases of lean internationalisation
showed, successful implementation of lean depends on some organisational condi-
tions such as the presence of a lean culture within a factory, the wide implementa-
tion of the various lean practices, and the existence of cooperative relations with
customers and suppliers (e.g., Dyer and Nobeoka 2000; Shook 2010; Bortolotti
et al. 2015a). For example, Bortolotti et al. (2015a) found that successful lean fac-
tories distinguish from manufacturing units that implement lean obtaining lower
operational performance in terms of a lower assertiveness.

The environmental conditions of a country can favour or hinder lean imple-
mentation. For example, countries such as India, Malaysia, or Thailand are char-
acterized by a high score on assertiveness (House et al. 2004); such incongruence
between socio- and ideal lean cultural values is likely to make lean implementa-
tion more difficult (Wincel and Kull 2013). Similarly, also political-legal, eco-
nomic, and educational conditions can influence lean implementation and its
effectiveness (Mefford and Bruun 1998; Prasad and Tata 2003). In order to suc-
cessfully internationalise lean manufacturing, it is thus fundamental to understand
how factors describing the international environmental conditions affect lean
implementation. Although a number of studies have focused on such phenomenon,
they provided a partial perspective and literature is still missing a holistic frame-
work on the internationalisation of lean manufacturing. In the attempt to enhance
the understanding of such topic, our study provides a broader perspective, consid-
ering the impact of all the four dimensions describing international environmental
conditions on the implementation of internally as well as externally related lean
practices.

3 Methodology

In order to explain how international environment differences, in terms of socio-
cultural, political-legal, economic, and educational environmental conditions,
influence the internationalisation of lean implementation by determining criticali-
ties in the implementation of internally related as well as externally related lean
practices, an empirical research based on a single case study was designed. In fact,
this methodology allows to provide an in-depth description of the phenomenon
under examination (Yin 1994; Voss et al. 2002).

Theoretical sampling approach guided the selection of the case study
(Eisenhardt 1989). First of all, we chose a case in which the phenomenon under
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Table 2 Overview of the case

191

Firm’s general

Factory which

Recipient non-lean factories

information designed and imple- Project 1—Chinese Project 2—Chinese
mented lean interna- | gybsidiary suppliers
tionalisation projects

The firm including | Italian factory Subsidiary located in Factories located in

nine manufactur- It produces products | Shanghai (China) China (the majority

ing units in three and services relate About 40 employees— in Shanghai)

continents (Asia,
North America, and
Europe)
Headquarters in
France

Products range:
critical power,
power control and

to high-availability
power supplies to
critical applications
for the European
market

mainly local—work in the
factory

It provides products

and services relate to
high-availability power
supplies to critical appli-
cations for the Chinese
market

Typically more than
100 employees—
mainly local—work
in each factory

It provides various
sub-systems and
materials

safety, energy effi-
ciency, and solar
power solutions

study was “transparently observable” (Pettigrew 1988); longstanding collaboration
between the firm and researchers was crucial for assuring access to sensitive data.
Second, we selected a firm which had recently launched lean internationalisation
projects towards a foreign subsidiary as well as foreign suppliers so as to provide
evidence of problems in diffusing internally related as well as externally related
lean practices. Moreover, we verified that the factory which had designed and
implemented lean internationalisation projects had a high competence in the lean
method and that the lean internationalisation projects were successful (i.e., lean
practices persisted in the recipient factories over time), while the foreign subsidi-
ary and suppliers were non-lean factories at the beginning of the lean knowledge
transfer project. This process resulted in the selection of an Italian factory excel-
lent in lean that transferred lean towards the Chinese non-lean subsidiary and its
supplier base (see Table 2 for further details). To preserve confidentiality, we did
not disclose the name of the firm.

As suggested by Yin (1994), we created a case study research protocol before
embarking upon the research so as to enhance the reliability and validity of the
case. This protocol guided the overall study design and execution. It comprised six
main sections descended from the literature on the internationalisation of supply
network and lean manufacturing. These sections are: (1) socio-cultural differences,
(2) political-legal differences, (3) economic differences, (4) educational differ-
ences, (5) problems in the implementation of internally related lean practices, and
(6) criticalities in the implementation of externally related lean practices. For each
section the protocol listed some issues to be examined, thus assuring the research-
ers to gather complete and useful data on the lean internationalisation projects.
In particular, this research protocol guided a series of semi-structured interviews.
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Managers in charge of every lean internationalisation project and their close col-
laborators were interviewed in the period between March 2013 and November
2014. Both the researchers participated at all the interviews, which ranged from 90
to 160 min. We recorded and painstakingly transcribed each interview. In addition,
we analyzed firm’s documents (e.g., firm’s internal documents on lean internation-
alisation projects, handbook of lean practices, documents on KPIs trends, etc.).
Finally, we also participated to guided-tours of the Italian factory and two main
suppliers which allowed direct observations of internally related and externally
related lean practices used by the firm. As suggested by several scholars (e.g.,
Eisenhardt 1989; McCutcheon and Meredith 1993), in order to increase research
reliability we triangulated information from interviews with those in firm’s docu-
ments and collected through other methods.

Data analysis relied on an iterative approach, which involved frequent steps
back and forth among the data. This is also a result of frequent discussions of pre-
liminary analysis among the researchers and managers involved in the lean inter-
nationalisation projects.

4 Background and Overview of the Lean
Internationalisation Projects

In 2005 the Italian factory started the implementation of internally related lean
practices, while first lean initiatives with local suppliers—i.e., the adoption of
externally related lean practices—were launched a year later. The joint effort
in implementing lean method allowed to significantly improve the quality of
the products, which was crucial to guarantee no damages to customers’ produc-
tion machineries. Moreover, it led to reduce costs of manufacturing as well as to
enhance delivery performance. Considering these important improvements, the
headquarters made the Italian factory responsible for developing a new subsidiary
in China and its supply based according to lean method.

First, a lean internationalisation project was launched in late 2008, when was
established the new Chinese subsidiary. After various weeks of training in the
Italian factory (only for key foreign managers), some Italian lean managers moved
to China to support training activities and production start-up. Since this overseas
factory would have provided products and services specifically for the Chinese mar-
ket, it was necessary to involve Chinese suppliers to create highly valuable solutions
for foreign customers. Therefore, a second project was launched in late 2009 to cre-
ate a lean supply base in collaboration between Italian and Chinese lean managers.

Several problems occurred during both the projects, which can be linked to the
environment conditions. Table 3 illustrates some of the major problems encoun-
tered during the implementation of internally related as well externally related
lean practices. Next section discusses these problems with respect to socio-cul-
tural, political-legal, economic, and educational environmental conditions.
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Table 3 Main problems occurred during the internationalisation of lean manufacturing

Sub-bundles of lean
practices

Problems

Internally related practices

Lack of self-initiative, little participation to improvement and
problem-solving initiatives, difficulties in providing suggestions
(e.g., how to improve an activity) or even simpler information
(e.g., whether they feel safe or are satisfy about work conditions,
elucidations of lean standards during training, etc.); problems

in the start-up of the foreign subsidiary such as in import-

ing machineries and materials from Italy, selecting qualified
employees, defining effective incentives; slowdowns in lean
activities and stop of some improvement actions, preclud-

ing continuous improvement and resulting in declines in the
subsidiary’s productivity; need for several adaptations, such

as for tools, work instructions, suggestion systems, and KPIs
boards, towards more visual solutions; need for easier solutions
when implementing lean practices, such as fewer operations for
each work station, less automation, stock division to make flow
of materials more visible, etc.; communication problems and
misunderstandings

Externally related practices

Sub-systems which not met Italian factory’s quality require-
ments and/or the planned delivery time; problems in Chinese
supplier involvement in quality improvement programs;
problems in exporting some products made only by the Chinese
subsidiary to Europe; difficulties in involving customers and
suppliers in joint improvement initiatives; difficulties in devel-
oping close relations with customers and suppliers; difficulties
in implementing JIT (e.g., high cost, need for controlling inflow
materials, etc.); problems in communications with suppliers;
difficulties with making suppliers accept high levels of standard
quality; defective sub-systems sent back several times

5 The Influence of Environment Conditions
on Lean Manufacturing Internationalisation

As shown in Table 2, several problems affected the lean internationalisation pro-
jects launched by the Italian factory towards China. With regard to the internally
related lean practices, some criticalities, such as lack of self-initiative and little
participation, are likely to be explained by socio-cultural differences between the
countries. For example, the high power distance seems to be a prominent cause of
the little participation of Chinese workers in learning sessions as well as in team-
based improvement initiatives. An Italian manager involved in the lean internation-
alisation project towards the Chinese subsidiary reported:

We have struggled with making them participating in improvement activities. Operators
used to wait for supervisors’ orders, thus had difficulties in providing suggestions on how
to improve activities or solve problems. They were worried about providing even the sim-
plest information, such as if they have encountered problems in performing a particular
job. [...] During learning session they’ve never asked for clarifications.
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Coherent with our findings, some previous studies on the internationalisation
of lean manufacturing have shown that the lack of self-initiative and little partici-
pation are common attitudes of Chinese workers that reflect Hofstede’s (1980)
cultural value of high power distance, which have generally hindered the imple-
mentation of internally related lean practices (e.g., Aoki 2008; Chen and Bo 2008;
Paolini et al. 2005; Hofer et al. 2011). In particular, high power distance was
found to impede the involvement of employees—especially of operators at lower
level of the organisation—in training, suggestion and improvement programs and
problem solving teams (Aoki 2008; Hofer et al. 2011). Mefford and Bruun (1998)
explained that paternalistic relations between managers and employees are a cul-
tural obstacle to lean that is common to various developing countries. For exam-
ple, Kenney and Florida (1994) have indicated the lack of responsibility-taking
and active participation of the workforce as a barrier in lean implementation in the
Magquilas (Mexico).

More recently, Kull and his research team have taken a global perspective in
exploring the role of national culture in determining the effectiveness of internally
related lean practices (see Wincel and Kull 2013; Kull et al. 2014). Their analysis
conducted on the Global Manufacturing Research Group dataset—which includes
1453 facilities from twenty-four countries and twenty-two industries—showed
that the GLOBE culture dimensions of future orientation, performance orienta-
tion, and assertiveness have a negative effect on lean implementation effectiveness.
Basing on these results, they suggested to rank countries from ones that tend to
be “the most hospitable” to lean to those where lean is likely to be more difficult
to implement. They concluded that (Wincel and Kull 2013, p. 104): “Many of the
Western industrialized nations, including the United Stated, demonstrated a rela-
tively low level of lean effectiveness. Many Eastern European and Asian-Pacific
nations showed the highest effectiveness. It can be interpreted from the data that
countries like Croatia, Korea, Albania, Macedonia, and Taiwan have country cul-
tures that are more aligned with the key underlying lean values than countries such
as New Zealand, Italy, Canada, and the Unites States.”

Socio-cultural differences are likely to explain also various criticalities in the
implementation of externally related lean practices. Our observations show that
there were supply problems for some sub-systems which not met Italian fac-
tory’s quality requirements and/or the planned delivery time. As Italian managers
explained, these problems occurred because Chinese suppliers paid no grate atten-
tion to performance requirements; in turn this attitude is likely to be a reflection
of the low level of performance orientation of the Chinese country (House et al.
2004; Naor et al. 2010). In addition, as for internally related lean practices, the
high power distance is likely to explain observed problems in Chinese supplier
involvement in quality improvement programs:

We had also problems in making suppliers participating in improvement activities. As for

Chinese subsidiary’s employees, suppliers had difficulties in providing suggestions and
feared in giving also simple information.
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These findings are in line with some previous studies analyzing the impact
of national culture on externally related lean practices. For example, Zhao et al.
(2006) indicated China’s unique cultural characteristics as a leading reason to chal-
lenging collaborations with supply chain partners. Similarly, Dyer and Nobeoka
(2000) observed that Toyota initially had difficulties when interacting with sup-
pliers of the factory in Georgetown (Kentucky) because of the low inter-organisa-
tional cooperation, which was typical among supply chain counterparts in the US.

Second, the analysis of the lean internationalisation projects launched by the
Italian firm towards China suggests that some of criticalities affecting the imple-
mentation of internally related as well as externally related lean practices can be
traced to political-legal conditions. For example, the Italian managers reported
problems in the start-up of the foreign subsidiary due to the presence of differ-
ences in rule setting and enforcement between various areas of China:

We found a lot of difficulties during the initial phases of the [lean internationalisation]
project. We had to learn rules concerning the introduction of the material... we initially
imported everything — machineries, materials, etc. — from Italy; but some things were
not allowed, thus needing changes. We didn’t know how to find right workers and which
incentive systems were more effective to promote lean implementation in China. [...]
Differences between the Italian and Chinese rules were the first obstacle; differences in rule
setting and enforcement between areas were a further challenge. For example, districts in
Shanghai are more expensive, and then you need to pay a higher salary to retain workers.

In line with these findings, Shie (2004) observed that in China most regulations
are mere guidelines and do not represent formal laws; in addition, marked rival-
ries between areas (e.g., provinces, towns, and local administrative districts) con-
tribute in determining differences in rule setting and enforcement (Handfield and
McCormack 2005), which can hinder lean implementation projects (Hofer et al.
2011). Some scholars also found that the Government can negatively influence
lean practices concerning people management and training programs (Dian-Xiang
and Willborn 1990; Ehrenberg and Stupak 1994). This is also the case of China,
where programs can not be in contrast with “the policies of the Government”
(Dian-Xiang and Willborn 1990). According to some authors (e.g., Cole and
Deskins 1989; Kenney and Florida 1995; Liker and Meier 2006), labour unions
such as those present in the U.S. or in other developed country can also hamper
lean practice implementation, and in particular cross-training and teamwork.

As for internally related lean practices, political-legal characteristics of a coun-
try can also hinder supply chain lean practices. Our observations suggest that, for
example, the Italian firm has encountered problems with some products made only
by the Chinese subsidiary but sold also to European customers. Such products
included a sub-system that was produced by Chinese suppliers in accordance with
Chinese certification’s requirements; unfortunately, such requirements were less
demanding then ones essential for the commercialisation and use in the European
Union.

The literature provides other examples of a negative impact of political-legal
conditions of a country on externally related lean practice implementation. For
example, Forker (1990) observed that quality levels remained stagnant in countries
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characterized by closed market—e.g., the former Soviet Union. Jayaram et al.
(2010) analyzed 2000 manufacturing firms in 48 states in the U.S. and Puerto Rico
and found that there were significant differences between unionized versus non-
unionized factories in the approach and effectiveness to managing supplier quality
efforts.

Third, economic differences between the countries were also found to hin-
der the internationalisation of lean manufacturing. From the analysis of the case
study it emerges that the high employee turnover was a major cause of problems
in the implementation of internally related lean practices in the Chinese subsidi-
ary. Dismissal of several operators and of the operations manager caused repeated
slowdowns in lean activities, which resulted in declines in the subsidiary’s produc-
tivity. An Italian manager observed:

The high employee turnover is a main criticality of China; it put a strain on the sustain-
ability of the lean project. Much time had to be spent for training new and new employees
[i.e., workers who replaced dismissed ones] on lean working method. Instead of focus-
ing in enhancing lean knowledge of more experienced operators, we needed them to train
new operators. [...] [After operations manager dismissal,] some improvement initiatives
needed to be momentarily stopped, thus precluding continuous improvement.

Several previous studies in the literature pointed to economic conditions of a
country in general, and high turnover rate in particular, as a barrier to lean imple-
mentation. Many authors indicated high employee turnover as a main impediment
to employee involvement in China (e.g., Taj 2005; Aoki 2008; Hofer et al. 2011).
Similarly, other scholars observed that high turnover rate also hindered lean imple-
mentation in other developing countries, such as Brazil (e.g., Humphrey 1995;
Wallace 2004) and Mexico (Kenney and Florida 1994; Mefford and Bruun 1998).

Economic conditions can also hider the implementation of externally related
lean practices. The Italian managers reported a number of criticalities in lean initi-
atives involving supply chain partners linked to economic conditions. In particular,
the high employee turnover characterizing both suppliers’ and customers’ factories
has been an obstacle for their involvement in joint improvement initiatives as well
as for the development of close relations. In addition, the great distance from qual-
ified suppliers together with poor conditions of infrastructure hindered the imple-
mentation of JIT. In fact, frequent deliveries were too expensive, and the need of
controlling the qualities of supplied materials precluded the creation of a pull sys-
tem with suppliers.

Some scholars dealing with the internationalisation of lean manufacturing pro-
vided similar findings. For example, Lawrence and Lewis (1993) indicated high
employee turnover as a major economic factor hindering inter-organisational rela-
tionship development in China. In addition, Yavas and Burrows (1994) and Paolini
et al. (2005) observed that the geographic distances combine with poor infrastruc-
tures seemed to affect quality problems in China and other Asiatic countries. They
explained that, for example, poor road conditions can cause traffic jams, break-
downs of delivery vehicles or extensive vibrations during transport, which in turn
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are likely to affect delivery and quality performance. These findings are also con-
sistent with observation of Mefford and Bruun (1998), which indicated poor infra-
structure among the main obstacle for JIT implementation in Mexico.

Finally, lean internationalisation project effectiveness can vary according to
educational differences between the countries. Our case study shows that educa-
tional conditions in China hindered the implementation of internally related prac-
tice. For example, low literacy rate required several adaptations of tools, such as
work instructions, suggestion systems, and KPIs boards, towards more visual solu-
tions. Local managers were not proficient in the English language, while operators
only spoke local language; this hindered the transfer of lean knowledge and forced
the Italian managers to opt for easier solutions when implementing lean practices
(e.g., fewer operations for each work station, less automation, stock division to
make flows of materials more visible, etc.).

In a similar vein, Prasad and Tata (2003) argued that basic education is cru-
cial for the success of training in quality management practices. In particular, a
lack of training in statistical tools is among the main causes of the lag on qual-
ity management practice implementation in China respect to Western countries
(Rao et al. 1999; Zhao et al. 2006). In contrast, higher levels of mathematical
education in developed counties such as former communist countries led to faster
implementation of quality management practices (Lee et al. 1992; Young 1992).
Lack of knowledge and poor education level among shop floor workers were also
mentioned as obstacle to lean implementation in other developing countries, such
as Brazil (Humphrey 1995; Wallace 2004), Mexico (Kenney and Florida 1994;
Mefford and Bruun 1998) and India (Dhandapani et al. 2004; Seth and Tripathi
2005). In particular, Seth and Tripathi (2005) observed that low education reflected
in a common view of maintenance as expenditure and not as an investment in
India.

Educational differences can also affect the implementation of externally related
lean practices. In our case study the Italian managers reported problems in com-
munication with suppliers due to poor language skills (as in case of employees in
the Chinese subsidiary, suppliers were not proficient in the English language). In
addition, different meanings attributed to words such as “quality” concept led to
supply problems; for instance, materials not always met the requirements specified
by the Italian factory.

Our products are critical for the production activities of our customers. We can’t sell a
defective product — also if the defect is little —, then risk a failure that can damage cus-
tomers’ machineries. Also suppliers must respect the same quality standards. [...] At first
there were several problems with Chinese suppliers; we sent back defective sub-systems
several times. They have had difficulties with accepting such high levels of quality. It was
not easy to explain them our quality standards.

Similarly to internally related lean practices, factors such as lack of training and
education can also hider the implementation of JIT or the development of qual-
ity improvement programs with suppliers. For example, Ismail Salaheldin (2005)
found that among the main problems in implementation JIT in Egyptian manufac-
turing firms there was a lack of formal training/education for suppliers.
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Based on the findings from our case study and evidence from the literature, it
appears that the the socio-cultural, political-legal, economic, and educational dif-
ferences in the international environment can influence the implementation of
internally related as well as externally related lean practices. Hence, we propose
the following proposition which summarizes the general relation between the envi-
ronmental conditions and lean practice implementation:

Proposition International environmental conditions will influence the implemen-
tation of lean manufacturing.

6 Conclusions

Many firms which had significantly improved operational performance of the
headquarters and local factories through lean implementation have recently
launched lean internationalisation projects so as to extend such benefits to foreign
subsidiaries and/or suppliers. In fact, lean is almost unanimously recognized as a
“universal method”, i.e., a method effective in eliminating waste from and con-
tinuously improving production as well as supply processes of factories located
worldwide (Womack and Jones 1996b; Shah and Ward 2007). Nevertheless,
environmental differences between countries can affect lean implementation pro-
jects, causing difficulties when adopting lean practices in foreign factories, which
can even threatening the success and sustainability of lean internationalisation
projects.

This research contributes to the literature by enhancing the understanding of
the impact of international environmental conditions on lean internationalisation
projects. Previous studies failed in providing a comprehensive view of the phe-
nomenon since they focused on sub-bundle of lean practices and/or only one or
few international environmental conditions. Instead, our study based on a holis-
tic framework which involves socio-cultural, political-legal, economic, and edu-
cational environmental dimensions, and internally related as well as externally
related lean practices. Findings from the case study were compared with evidence
from previous significant contributions on the internationalisation of lean (or sub-
bundles of lean practices), providing a description of main criticalities affecting
the internationalisation of lean manufacturing towards different countries and
shedding light on reasons behind them. These results can also guide practitioners
in anticipating adaptations and countermeasure definition, thus helping to reduce
lean projects’ failures.

In concluding on our results, it is important to keep in mind the limitations of
the study which can be the basis for interesting future research. In particular, the
use of a single case study limits the generalisability of the conclusions. Future
multiple cases can be conducted so as to augment external validity. Moreover, the
selection of cases belonging to similar versus different environments can be useful
so as to outline a taxonomy of main problems affecting lean internationalisation
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projects. For example, we observed that some contextual conditions are com-
mon between developing nations, but different to ones characterizing developed
countries (e.g., high power distance/paternalistic relations between managers and
employees or high turnover rate in China, Mexico, Brazil, etc. versus well-estab-
lished labour unions in U.S. and other developed nations); this reflects on the pres-
ence of similar problems within a type of nation, and different criticalities between
developing and developed countries (e.g., lack of self-initiative and low par-
ticipation to problem solving activities versus difficulties in effectively applying
cross-training). Classifying problems between macro-areas—such developing and
developed countries—can be useful for supporting practitioners in countermeasure
definition, by helping them in defining solutions effective in various countries.
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Lean Supply Chain Model and Application
in an Italian Fashion Luxury Company

Gionata Carmignani

Abstract Since many years the lean production paradigm has found many
applications in a lot of different organizations. The necessity, for every organiza-
tion, to reduce wastes and to make more efficient the way to operate has become
a dogma. However, there are many cases of failure in the implementation of lean
methodology that can be found in the literature. These failures are due to the fact
that the techniques and tools of lean production must be accompanied by a care-
ful analysis of the market environment, the product, the field in which the organi-
zation operates and not least the characteristics of the supply chain. The field of
fashion and luxury has very particular characteristics in the way of realizing the
products along the supply chain. Therefore, it is necessary to establish the appro-
priate methods and techniques to implement the methodologies of lean production.
In this paper an structured approach for the development of a lean management
project is presented highlighting what are the characteristics of this particular sec-
tor. Thanks to the application and integration of the principles of Lean Production
and Total Quality Management it was possible to line up the suppliers craftsman
production with the management requirements of the luxury industry, in order to
obtain a better interaction between the actors of supply chain, higher product qual-
ity and maximize productivity. A case study, applied in a major Italian company in
the fashion industry, is reported to validate the proposed approach.
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1 Introduction

Nowadays getting the right product, at the right price, at the right time to the con-
sumer is not the linchpin to competitive success but also the key survival (Christofer
and Towill 2001). For this reason companies have defined some critical factors to
line up their strategies for the future in order to assure them a long term success.
One of these factors is Flexibility. Because of shorter product lifecycles and a rising
product variety the industry today faces enormous challenges concerning the sat-
isfaction of the customers demand (Matternich et al. 2013). But what does really
flexibility mean? Flexibility is the ability to realize changes within a certain band
width, which has been predefined in the planning phase of the production system, in
order to react to expectable variations (Nyhuis et al. 2008). One of the most impor-
tant theories, or better philosophies, to manage flexibility is Lean production (LP)
(Sohal and Egglestone 1994). LP is more than a manufacturing technique, it is a
different to way of viewing the internal activities: labor relationships, the way oper-
ations are done, and the way value is added. Therefore, the way used to measure
it should be different (Duque and Cadavid 2007). All instruments about LP have
the important goal to reduce waste and to bring the organization to maximize effi-
ciency. In addition, the principle of LP significantly shifts the trade-off between pro-
ductivity and quality (Holweg 2006). Regarding quality, there is a very successful
methodology that has its roots in LP, that however has a different way of imple-
mentation, this instrument is Total Quality management (TQM). Thanks to TQM’s
principles the decision to implement quality has moved up from the quality assur-
ance level of inspection into the boardrooms of top executives who seek to inte-
grate quality into the strategic game plan of their organizations (Almaraz 1994).
Moreover, TQM’s adoption has significant correlation with production perfor-
mance and customer-related performance. To meet the increasing demand of high
quality goods from sophisticated local and overseas markets, manufacturing com-
panies must continuously improve their efforts in quality operations. Furthermore,
TQM has a particular attention towards the control of processes, which allows to
manage all organization’s elements with synergy to obtain goals. TQM provides a
vision, in which everyone in an organization focuses on product, production, and
quality improvements (Arawati and Hassanb 2011). During the last twenty years,
as we have seen before, many instruments and theories were born and applied to
manage the flexibility; but special importance is placed on the relationship between
the organizational system and its operative environment (Garrido-Vega et al. 2014).
In this context the Supply Chain management (SCM) is considered fundamental to
react to change and to customer’s needs efficiently. The supply chain (SC) perfor-
mance, in fact, pushes for initiatives that strive to match supply to demand thereby
driving down costs simultaneously with improving customer satisfaction. According
to this, the major Japanese car manufacturers have made substantial investments in
suppliers development teams (Sako 2004). Moreover, Herron and Hicks (2008) said
that LP and SCM can be integrated to bring the superior performance of lean manu-
facturing systems into non-automotive and non-Japanese industrial realities. For this
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reason it is very important to create a homogeneous management system inside the
supplier’s network, that allows each company to cooperate and perform efficiently
through the application of identical principles. Generally, methods like SCM, TQM,
and LP are applied in industrial organizations separately. However, the integration
between the different viewpoints can optimize all processes. TQM and LP have
similar goals: continuous improvement, waste reduction, and improving perfor-
mance (Teeravaraprug et al. 2011). TQM can be considered a base for a variety of
concepts, methods, and production tools (Juran 2008). So TQM can be defined a
first step before implementing LP (Besterfield 2009). According to this, numerous
studies report that LP and TQM create more benefits to a company, but there is still
a lack of case studies on companies that have implemented both initiatives in the
supply network (Salleh et al. 2012).

The present paper belongs to this stream of research and focuses on the use
of principles of LP, TQM, and SCM in the luxury fashion industry. In particular
the presented approach want to integrate all principles in a unique and structured
framework. The rational among these choices derives from the peculiar character-
istic of this sector, which is ruled by complexity, flexibility in types, and volume
(Mehrjoo and Pasek 2014). In addition, it is a new sector where it is possible to
apply a new approach “to find the best balance between quality and speed” said
Patrick-Louis Vuitton. In this context it is important to define the fundamental
elements of the luxury field, that can be summarized in the follow points: high
level of quality, heritage of craftsmanship, exclusivity of products, emotional
appeal, brand reputation, recognizable style, association with a country of ori-
gin (Caniato et al. 2008). But what elements create the real needs to apply these
principles? First of all the quality of products, which is considered basic in the
luxury field, that can be manage efficiently through TQM. Second, the variety of
the product, the tight time of production and small volumes create a necessity to
apply and adapt some methods of LP to react to discerning guests. Third, the use
of many suppliers, not only for the purchasing, but also as outsourcers bring the
luxury companies to manage a very high complex flow between partners, so SCM
is fundamental. Some companies are investing time in the application of TQM
in the luxury field, but actually the result is quite unexpected. Those companies
whose quality issues are more relevant (high-luxury) appear to adopt an overall
less structured approach to TQM (Brun and Moretto 2014). In addiction there
are many studies on SCM in literature, but they are not applied to the luxury sec-
tor (Caniato et al. 2011). By contrast the study of SCM in the luxury context is
considered a strategic element to obtain the long-term success (Brun and Castelli
2008). Therefore, the application of the principles of LP and TQM within the lux-
ury industry is not immediate and it needs special care compared to other manu-
facturing industries where these principles have already taken root.

The goal of this paper is to show a homogeneous model of SCM in the lux-
ury context. Thanks to the application and integration of the principles of LP and
TQM, it was possible to line up the suppliers production with the management
requirements of the luxury industry, in order to obtain a better interaction of the
actors of the SC, higher product quality and maximize productivity.
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The paper is organized as follows: Sect. 2 pinpoints the main steps of the oper-
ating framework to create a interaction between the different principles with the
application of specific instruments adapted to luxury industry context. Starting
from here in Sect. 3 one relevant industrial case of the real application of the
framework is proposed. Finally, conclusion and future developments end the work.

2 The Framework to Implement the Lean/TQM Model in
a Luxury Supply Chain

The principles of LP and TQM have been widely diffused and adapted in many
sectors. The industry has been implementing such techniques for at least 20 years,
instead in the luxury sector they still do not find a real application. Recently, the
luxury-fashion context has wanted to test the fusion of craftsmanship and indus-
trial principles, to meet the increasing demands of product variety and quick
response. The high fashion companies have always given great importance to
product quality and craftsmanship rather than to production efficiency and dis-
tribution, as the wide operative margins have always allowed luxury companies
satisfactory results. At the same time less expensive brands have developed tech-
niques and methodologies that can identify demand trends quickly and provide
the stores with necessary products promptly (every 15 days), by achieving maxi-
mum flexibility, maximum efficiency, and customer satisfaction. Their success has
induced high-fashion brands to rethink the way they do business: customers do
not just want a luxury product, but want it to be available and easily obtainable.
“It’s about finding the best balance between quality and speed” said Patrick-Louis
Vuitton, the fifth-generation member of the family of the luxury giant.

A very important aspect to be highlighted is the difficulty of implementing LP
and TQM standards in the luxury sector, that is characterized by items that require
special arrangements and unique adjustments. Carmignani and Zammori (2015)
have summarized these characteristics as follows:

High demand variability and forecasting difficulty;
Short product lifecycle;

High product variety and customization;

High product quality;

High-rate of production outsourcing;

High craftsmanship in the production.

These characteristics of luxury companies have an impact on the reality of their
suppliers, leading to an increasing network complexity. Outsourcing the produc-
tion certainly allows luxury companies to have greater flexibility, however as the
suppliers are mostly characterized by a craftsman approach with a not structured
management system and where know-how is centralized in few people that make
decisions based simply on their past experience. Therefore, their working activities



Lean Supply Chain Model and Application ...

207

Table 1 Negative influence of the characteristics of luxury-fashion market on Lean techniques
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are not methodical and well organized. Consequently, the management burden for
luxury companies increases. Thus, LP and TQM principles must be customized
for this reality in order to be applied effectively and reduce the complexity and
improve the efficiency. In Table 1 Carmignani and Zammori (2015) show how the
tools of LP can influence, positively or negatively, the previously mentioned criti-
cal aspects of the luxury sector. It represents a starting point in the definition of the
appropriate tools to be applied to each context.
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Table 2 Critical factors

G. Carmignani

Analysis’s elements | TQM Lean production The integrated framework
Scope Quality No wastes, custom- Homogeneous and efficient
Stakeholder’s er’s value efficiency | system of SCM
satisfaction
Processes Improvement of Improvement of Manage by processes:
all organization’s all production’s define the control points
processes processes
Continuous PDCA Kaizen — Company’s commitment
improvement — Responsibility and
autonomy of employers
— Training and attendance
about new principles
Engagement All stakeholders All stakeholders Engagement of employers
about operational activity
and company’s life
Method — Process control —Just in time — Processes’ mapping
— Objective data — Jidoka — Handy control tools
— Problem solving | — Kaizen — Reorganization of pro-
duction flow
Effects — Company as a — Production — Systematic company
“system” efficiency — Structured flows
— Stakeholder’s — Less wastes — More capacity of produc-
satisfaction — Less flaws tion planning
— Less flaws
— More accuracy of lead
time delivery

As described in the previous section the interaction between TQM and LP is
the baseline of the framework necessary to manage efficiently the luxury suppliers
network. At the beginning it is important defining which are the different “phi-
losophies” that can contribute positively in the obtainment pre-arranged goals.
Furthermore, it is necessary to choose the methods that give the best results during
the transition from theory to reality. According to this, Table 2 shows the relation
between the principles and the way to adapt and apply them in the luxury supply
chain. In particular, in the table the key elements, on which one should make a
comparison between the principles of TQM and LP, are explained. In addition, the
last column represents the new framework characterized from the integration of
the above principles and adapted to luxury sector. This can represents the guide-
line for implementing these kind of management skills.

At first, it is necessary to act on the processes, by identifying those that are
considered fundamental and structuring a process control system that can detect
and resolve issues rapidly. In order to obtain a continuous improvement, the
higher corporate functions must be committed to the concept, operators must be
trained, given responsibility, be motivated, and capable of working independently.
It is also crucial to see the company as a system, where each person interacts and
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Fig. 1 The integrated framework

co-operates for the common goals; in this context each operator must be involved
not only in operative aspects but also in corporate life. This can be achieved
thanks to the awareness and knowledge of business processes, by the introduction
of handy tools that support production and information activities, and thanks to
a smoother production reorganization. With this kind of framework it is possible
to achieve positive results in terms of product quality improvement, respect of
delivery time, and production management simplification. This positive results are
achieved thanks to two fundamental effects: systematic management and a struc-
tured production flow. Once the concept behind the framework and the applica-
ble tools are known (Tables 1 and 2), it is necessary to identify the macro-steps
to implement the new framework, defining the correct activities and specific tools
for each phase. Figure 1 represents the main pillars of the proposed integrated
framework.

Before starting the SC improvement process it is necessary to create a project
team between the company and its supplier in order to have a sharing of both par-
ties needs. The team must be composed from different professional roles: tech-
nical figures, who know very well the sector, the production flow, and product
group; quality figures that are focused on the concept of quality assurance; third
party production figures that are external to the sector, but have expertise in LP
and TQM systems and are able to identify the adjustments required for each dif-
ferent production reality. The steps are the following: Project planning: this step
is fundamental to define the strategic objectives. Accordingly the main activities
necessary to obtain the objectives are identified. During the planning phase the
time interval is establish considering the needs of all the SC actors, the tool used is
the Gantt chart. Operative objectives, methods, tools, and monitoring activities for
each step of the framework are implemented according to the Gantt chart. To sim-
plify a WBS (Work breakdown structure) is used. Another important part of this
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stage is the change management activity. This project could be considered inva-
sive by suppliers, which receive external suggestions on how to reorganize their
production facilities. For this reason the ADKAR (Hiatt 2006) model is used with
training and engagement of both companies. In particular, this model is character-
ized by the follow points:

e Awareness: an organization must know why they need the change they are will-
ing to implement;

e Desire: every member of the organization must be interested to participate in the
change management process;

e Knowledge: recognizing that change is necessary is not enough; we must iden-
tify the required tools;

e Ability: an organization that really wants to change has to develop the skills of
its members in order to be able to implement and sustain the change over the
time;

e Reinforcement (support): people should be supported during and after the
change in order to avoid that they feel abandoned and tend to return to the previ-
ous situation.

At the end of this step a document denominated “Project Charter” is created that
allows to collect and update the planning activities.

Process Mapping: it is necessary to define the suppliers information and
material flow “AS-IS” situation. The analysis of these two aspects give the pos-
sibility to study both the operational and managerial organization of a company.
Therefore, obtaining an overview of the whole management system. This analysis
represents the starting point to establish the critical elements to change and the
possible solutions. Through an information flow chart and thanks to the studies
of different suppliers production system, it is possible to identify the common
points and create a general modus operandi to manage the network complexity.
This model is the result of the analysis of various “TO BE” scenarios, which are
based on the theory of “control by processes”, which requires “key control points”
(KCP). KCP are particular steps of the information and material flows, in which
established points intercept the problems and solve them on the spot. The map-
ping is considered the project guideline towards the obtainment of improvement
in all the supply chain. Control tools: different kind of tools allow to weaken
the management centralization in manner that each employee can be more con-
fident and independent on his activities. Once defined the control points and the
several operative instructions, each supplier can realize some handy tools, based
on each organization’s needs, to develop and formalize the companies informa-
tion and establish the empowerment process. The important goal of these tools is
to “do right at the first time”. According to this, the main tool characteristics are
summarized in the follow points: useful, practical, clear, simple and immediate,
easy updatable, comprehensive information content, easily available and easily
transportable.

Reorganization of production: this step is necessary for the development of
the LP flow, that can be obtained through the plant’s improvement and the use
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of typical “lean” techniques. This kind of production flow allows to manage effi-
ciently the flexibility and the product variability that characterizes the luxury
sector. The LP flow means a homogeneous and manageable flow, in which the
employee takes part to the value creation process. In this context it is fundamental
to model the standard production flow to the plant’s characteristics through the re-
layout process. Furthermore, the application of 5S and Visual Management creates
a more structured flow. Finally, this will optimize space, allow to reduce effort,
cost, speed operations, and above all limit defective output; leading the suppliers
towards confidence and professional management.

Observation and improvement: at the end of the application of the previous
steps there is a consolidation moment, during which all companies requirements
are line up to the project. Moreover, all organization levels have to make confi-
dence with the new integrated framework and obtain the appropriate autonomy
in respect to their management. This aspect is realized though managers com-
mitment, sharing of the new principles to employees and training. With these
assumptions the company will be able to operate in the systematic way and will be
focused on continuous improvement.

3 The Case Study in a Italian Luxury Fashion Company

The new integrated framework has found its first application at a famous Italian
Luxury Brand (ILB). This company is considerate one of the best 10 luxury com-
panies in the world. Since 2013 the ILB started a continuous improvement in its
production field. This strategy is considered an extension, in matter of production
systems, of the holding policy of which ILB is part. To respect holding’s policy
the ILB, having the 90 % of leather goods production outsourced, decided to line
up its suppliers to TQM and LP principles, with the intention of simplifying the
management of the complex production system by making the SC more efficient.
The ILB’s project has been called “Lean and Quality Management in the Supply
Network™ in order to emphasize the desire to create a new management model,
leaded by the integration of these LP and TQM philosophies, and capable to over-
come the boundaries of craftsman production realities. Following this idea, Table 3
illustrates the relationship between the critical factors of the supplier and the pro-
ject objectives set by the ILB.

The first column represents the limits of the AS-IS supplier situation that must
be overcome, while in the second column is defined the strategic objective with
a description of the foreseen improvement. It is important to point out that each
step of the new framework has been applied in the ILB project in order to achieve
the goals previously defined. On the contrary, it is possible to apply only specific
aspects of the framework according to the needs. In particular, over the six month
project period, six different suppliers were analyzed, two of small leather goods
and four between bag suppliers; each supplier with its peculiar structure and man-
agement skills. The improvement process was activated almost simultaneously so



212 G. Carmignani

as to identify the project effects on the supply chain in the short-term. Following
the phase introduced in the previous section, the approach’s steps are described in
the next.

3.1 Project Planning

In addition to the definition of the objectives described above (Table 3), the pro-
duction planning outlined the project time scheduling (Fig. 2), by means of a
Gantt chart, and the necessary operational activities for the framework imple-
mentation. The following WBS, for example, allows to schedule tasks regarding a
particular process: in detail the WBS has been developed in order to evidence the
preliminary work necessary to study the main process, the operative activities, the
tools required and the monitoring activities.

3.2 Processes Mapping

For the information and material mapping three different organization areas
are defined on which the analysis should be focused: office (the administrative
point), warehouse (the transit and storage point of materials and products), pro-
duction division (the operative area). At the same time some key processes have
been determined to establish the baseline of the mapping. In particular, the analy-
sis of the information flow allows to have a clear vision of how the company cre-
ates relationships with the different actors of the network. This kind of mapping
allows to highlight data, information and documents that are exchanged. There are

Table 3 The goals of changement

Supplier profile Goals of changement

Final inspection of finish Control by processes | Establish a formal control

product during the steps of produc-
tion, to intercept and solve the
problems timely

Management Autonomy and Each employer has to work

centralization responsibility in autonomy, being the own

responsible of his operation.
the empowerment brings more
motivation and efficiency

Lean production flow | Useful to manage the flexibility
and the mix of production

Unstructured production
flow

Quality assurance Certain and uniform quality,
with the standardization of
some activities

Craft quality

11 1 11
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Fig.2 WBS and GANTT chart for planning phase

several techniques to perform this mapping. This project has decided to use the
flowchart (Fig. 3) because it represents better the dynamicity of the information
management.

To obtain a more useful maps it was necessary to identify the key processes
of the company. The main stages that affect the supplier-ILB relationship during
product production were identified. The TO-BE mapping has focused on creating a
control during the process production system, by identifying the key control points
that can be adapted to each supplier management system, in order to align all sup-
pliers to the same working method. Table 4 shows the relation between the key
processes and their scope, with the third column representing the established con-
trol points. These points emphasize aspects that vary from production planning to
stage by stage production control, with the purpose of assuring quality and maxi-
mizing productivity.
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Fig. 3 Flow chart AS-IS

3.3 Control Tools

The definition of the control tools can be considered the main project’s step,
because the different type of tools support the important transition to “control by
processes”. For this reason each key control point has to be fitted out with handy
and useful tools that allow each operator to work in autonomy and without errors
thanks to appropriate instructions. Therefore each supplier was able to create a
structured information system that follows simultaneously its supply chain, from
planning to delivery. In Table 5, a set of appropriate tools and performance indexes
are presented.

The most important tool is the “Work record”, which has the fundamental func-
tion to record and systematize the production process control. With this tool, it
is possible to keep trace of the “history” of the production lot and formalizes the
control activities.
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Table 4 Relation between processes and key control points
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Key processes

Description

Key control points

Production scheduling

Process is extended from the
arrival of the ILB order to the
creation the internal produc-
tion organization

Order’s management

Realization of production
kits

Process from receipt of mate-
rials to the physical creation
of job batches. This phase

is focused on the warehouse
activities and information

Control at the entrance of raw
materials

Internal production

Process that shows the infor-
mation and the physical flows
of the batch in the produc-

Control during production
process: preparation; assembly;
finishing

tion area: preparation and
assembly phases. In particular
are analyzed the replenish
management of materials

A part of suppliers produc-
tion is demanded to sub-con-
tractors, so it is important to
understand the logic of order
assignment and the interac-
tion between the parties

This process is consisted

in a control of the finished
product, that thanks to the
collaboration of the ILB
quality inspectors, intercepts
defected products

Control at the entrance of
external production

External production

Final step Final control

3.4 Production Re-design

The production re-design phase is fundamental to create a manageable production
flow; usually suppliers plant is organized with a Job-Shop layout because of the
variety in volumes and type typical of the luxury-fashion production. According
to this, the main goals of this step are to define: (i) plant space optimization, (ii)
movement of materials and people should be accelerated and structured and (iii)
the organization of the different production divisions is based on the standard pro-
duction flow. The positive element of this stage is the adaptability of the machines,
in fact they work in autonomy and do not need particular assets, except power
units. In Fig. 4 an example of a re-layout analysis of a bag supplier is reported.

In each company the application of 5S’s bring to have a more structured and
systematic flow. Furthermore, this method has created many daily procedures
about separation, accommodation, organization, and control. These are essential
to obtain a smooth and efficient flow of activities. On the contrary, visual man-
agement is focused on visibility of the production development in real time, the
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Table 5 Control tools

. Carmignani

Key point Handy tools Application
control
Planning of Weekly scheduling: -

production Production plan: q.nty = =
tot; q.nty weekly; = -1 =:i
target delivery date; = AT e —
expected delivery = =: =
date; allocation to el e =
subcontractors

The raw Master of materials:

material Physical examples

control of raw materials
conform to accept-
able levels defined
for a quantitative and
qualitative control

Internal Master of pro-

production duction phases:

control Examples of physical

Esternal working cycles of

production each article

control The product’s story:

Collection of all
technical notes of
working through an
updatable database in
Excel

Working paper:
Formal document that
is drawn and batch
control for each stage
of processing both
internal and external

Final control

Check list of final
control: It is a guide
to the process of final
inspection, which

are defined for each
item the most critical
aspects and the data is
plotted on the compli-
ance of the final lot
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Fig. 5 5S and visual management application

information is more immediate, and it represents an instrument to engage the
employee with production life. In Fig. 5 the results of 5S and Visual Management
application are illustrated, passing through the warehouse, production division,
and physical control points.

3.5 Results

The application of the new integrated framework in the luxury SC has obtained
tangible results. This can be derived from objective data and they are the imme-
diate consequence of the project. One of the most important result concerns
the Defective output which is reduced dramatically, as shown in Fig. 6. This is
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Fig. 6 Defective output DEFECTIVE OUTPUT
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obtained through to the gradual introduction and application of the process con-
trol, control tools and formalization of information.

Another aspect regards the respect of Lead time delivery and Forecasted capac-
ity. This result (Fig. 7) leads to the achievement of a better management of the
whole system: planning, production flow, and staff involvement.

In particular the Forecasted capacity in the second part of the project tends
to respect the tolerance band (Fig. 8). It should be emphasized that this aspect
requires time to be assimilated, especially within a not very structured craftsman
context.

Another important result concerns the ability of the organization to maintain
and improve in a systematic way the new management system. The real effect of
the project will be found in the medium-long term, when the suppliers will iden-
tify opportunities for improvement autonomously.
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Fig. 8 Forecast capacity FORECAST CAPACITY
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4 Conclusion

This paper has shown that industrial principles such as LP and TQM can be imple-
mented and integrated in a structured framework of SCM also in the luxury sector,
without limiting the exclusivity and the attention to detail that characterize the lux-
ury products. A very important aspect to be highlighted is the difficulty of imple-
menting these approaches in the luxury sector, characterized by items that require
special arrangements and adjustments. Moving from this premise, the paper iden-
tified the LP and TQM techniques that can be integrated and adapted to the con-
text. Then, an empirical path was traced, based on the main pillars that allow to
study the AS-IS situation and to define the TO-BE scenario, which is considered
an improvement thanks to the introduction of handy tools that are useful to create
a more smooth production flow. This new framework can be considered a starting
point to define different models to manage a Luxury Supply Chain, standardizing
the way of working of the suppliers to the corporate standards. It is desirable, in
the future, that there can be a technology uniformity, applying to the entire net-
work the same IT system, so the suppliers can speak the same language and use
standardize procedures. Another opportunity for growth, about the control of pro-
cesses, regards the possibility of computerizing the information, in such a way the
data concerning the control are collected in a database and used to evaluate indica-
tors such as: defects, production times, extra-production, etc. useful for the com-
pany to monitor its performance about production progress giving also a feedback
to the luxury company. Of course to do this, it is important to develop the skills
and expertise of its operators. It is also important to emphasize how this model can
be applied not only to outsourcers companies, but also to contractors of raw mate-
rials and especially to the sub-contractors, so the network is aligned to the same
framework. This way brings to have independent companies but which act with
the same principles and above all the luxury targets become common and shared,
bringing greater efficiency of the Supply Chain Network.
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Strategic Planning for Lean Production,
Comparing Hoshin Kanri with Balanced
Scorecard

Andrea Chiarini and Emidia Vagnoni

Abstract Some authors believed that Lean has to be strategically implemented just
in a bottom-up way, involving production processes and trying to reduce waste in
the so-called Gemba or shop-floor. However, since the 1990s many companies have
implemented the Balanced Scorecard, integrating economic and financial strategies
with strategies linked to operations management in general, to widen the satisfaction
of their different stakeholders. In this way it can be affirmed that BSC is a well-con-
solidated system for deploying Lean strategies. However, BSC is not the only system
that can be related to Lean deployment. Since the 1960s, a similar system has been
put forward in Japan. The system is named Hoshin Kanri and it has been imple-
mented by companies all around the world. This research wants to contribute to the
debate concerning how to implement Lean Production from a strategic point of view.
In this sense two different systems, Hoshin Kanri and Balanced Scorecard will be
compared. The research is based on three manufacturing case studies investigating
in particular how to combine the top-down and bottom-up approaches and the tech-
niques used for the deployment and implementation. Interesting findings show a dif-
ference in terms of workers involvement and day-by-day performance measurement.

Keywords Strategic management * Hoshin Kanri + BSC - Workers involvement

1 Introduction

Lean Production as other management systems surely requires a strategic plan-
ning process (Krajewski et al. 2012). This process initially defines results to be
achieved in a middle- to long-term period, which can subsequently be developed
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by using a shorter deployment process. This approach is based on the Deming’s
Plan, Do, Check, Act (PDCA) wheel (Bertezene and Martin 2012) and can
linked with the strategical Vision and Mission, finding a solid basis in the Key
Performance Indicators (KPIs). Total Quality Management (TQM) and Lean have,
for this purpose, encouraged organizations to use deployment methods such as
Balanced Scorecard, Hoshin Planning that are vital to get the ball rolling and to
maintain a system for the excellence.

Lean Production, like many other systems for excellence, is based on the core
engine that is continuous improvement or kaizen. In Japanese, the word Kaizen is
formed by putting together the two words Kai and Zen. Kai means “to take some-
thing apart, to analyze critically”, and Zen “to do well”: Kaizen literally means
taking something apart and then building it up again. Organizationally speaking,
the equivalent meaning of Kaizen in the Western world is continuous improvement
(Teehan and Tucker 2014): continuously analyzing every process/activity and
removing obstacles that stand in the way of improvement. Continuous improve-
ment applies to every process and leads to performance increase and economical/
financial results. However, continuous improvement requires strong commitment
and effort from management in each and every department. Kaizen is a useful aid
that immediately highlights the road that must now be taken. This road, which is
rugged and steep and has no final destination for rest and celebration, has to be
walked by every worker. Unfortunately many companies are satisfied with the first
meager results, and stop there to celebrate, whereas only a few continue their jour-
ney towards gold.

Many practitioners and academics believe that Kaizen has to move in a bottom-
up direction, from the traditional productive processes and service implementation
towards directive processes. However it seems that the so-called classical manu-
facturing organizations prefer to introduce improvements using a more top-down
approach, whereas Japanese organizations tend to concentrate first on produc-
tion processes (Gemba) and subsequently on other functions. In this sense, this
research wants to contribute to the debate concerning how to implement Lean
Production from a strategic point of view. In this sense two different systems,
Hoshin Kanri and Balanced Scorecard will be compared. The research is based
on three manufacturing case studies investigating in particular how to combine the
top-down and bottom-up approaches and the techniques used for the deployment
and implementation.

2 Strategic Management for Lean, Background

Some authors believed that Lean has to be implemented just in a bottom-up way,
involving production processes and trying to reduce waste in the so-called Gemba
or shop-floor (Suarez Barraza et al. 2009; Imai 2012; Mann 2014). By contrast,
according to other authors, a top-down approach is more important for implement-
ing Lean (Aaltonen and Ikdvalko 2002; Camillus 2008). The approaches illustrated
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in Fig. 1 have been debated for over twenty years and according to Chiarini (2012),
this way of thinking in both cases is not precise and has been surpassed by a differ-
ent approach which comes from many European (Chiarini and Vagnoni 2015).
Lean organizations prefer a strategic top-down planning and implementation
mostly in production/service processes (where most waste is hidden) and later in
the remaining functions/processes. To measure these results senior managers have
to deploy bottom-up towards production processes starting from strategic objec-
tives. Figure 2 synthesizes this complete approach. It is vital to involve the whole
production/service processes; however, if managers only concentrate on improving
production, without a strategic plan, the following problems can often arise:

e Launching Kaizen events on behalf of production management, without ensur-
ing that higher management is indeed committed, can result in the system
“dwindling” out;

Traditional Top-Down Japanese Bottom-up

approach approach
Fig. 1 How improvement should not be approached
Fig. 2 Deployment of a lean Business

system
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e Reduction of kinds of waste that is not a priority in company’s strategy;

e Using up resources to reduce waste whose root causes lie in other functions
such as design, development, trade, sales, etc.;

e Managing improvement projects without adequate resources.

Lean has been implemented so much recently that it has become almost a trend,
and many books suggest methods to identify waste without, unfortunately, indi-
cating a strategic route to follow. By analyzing various companies it has become
clear that some have launched improvement projects without a clear idea regarding
results and goals. According to Chiarini (2012) sometimes managers even do not
know how much savings they have achieved through Lean implementation.

Since the 1990s many companies have implemented the Balanced Scorecard
(BSC), integrating economic and financial strategies with strategies linked to oper-
ations management in general, to widen the satisfaction of their different stake-
holders. In this way it can be affirmed that BSC is a well-consolidated system
for deploying Lean strategies. However, BSC is not the only system that can be
related to Lean deployment.

Since the 1960s, a similar system has been put forward in Japan. The system
is named Hoshin Kanri and it has been implemented by companies all around the
world, companies such as Bridgestone, Hewlett-Packard, Nissan, Xerox, Texas
Instruments, Tyco, to mention but a few. Hoshin Kanri is a Japanese system, it
stems from the world of Total Quality Management (TQM) and Lean production
and it is considered a typical system for quality management (Karaszewski 2010).

Hoshin Kanri has a different approach to the deployment of strategies into
actions and performance indicators; in particular, there is no classification into
perspectives (Kaplan and Norton 1996; Heavey and Murphy 2012) of the strategic
objectives as the BSC does. BSC typically divides the strategic objectives into four
perspectives, customer, financial, internal processes, learning and growth. The four
BSC perspectives are specifically used by companies for setting strategic goals
and objectives related to the market (Braam and Nijssen 2004) even if they can
also be used for all operations processes. Moreover, BSC allows managers to link
strategies with other strategies; for example, a specific objective for the production
or supply chain can be easily linked to its economic and financial impact on the
company. Hoshin Kanri offers a similar approach called ‘X matrix’ for deploying
and linking strategies and evaluating correlations among the goals, objectives and
measures.

The top-down Japanese target deployment process (development and applica-
tion) Hoshin Kanri is the Japanese equivalent of the American Policy Deployment
(Akao 1991; Tennant and Roberts 2001). Hoshin Kanri is managed by various
teams, from senior management (business level) to middle management (operation
level), reaching the entire workforce that is involved in the Kaizen events.

According to Chiarini (2012) Hoshin Kanri is the fundamental way for imple-
menting Lean achieving measurable results. Through a cyclic process that never
ends, every year companies can define short-term goals and Key-Performance-
Indicators (KPIs), which are then developed into improvement projects; the results



Strategic Planning for Lean Production, Comparing Hoshin Kanri ... 225

are checked, standardized and then reported to the management, thus allowing
result analysis that is then used to set new targets. This complete approach that
begins with Mission-Vision is typically found in many systems for excellence such
as TQM, Six Sigma and obviously Lean.

3 Methodology

This research is based on a typical qualitative inquiry using three case studies.
The case studies are represented by three large sized companies which have been
implementing Lean in the last ten years. The companies belong to the manufac-
turing sector and year in year out they have implemented both the systems, BSC
and Hoshin Kanri, comparing the results achieved. The authors conducted obser-
vations to collect data and information for the research without interfering with
the project (Savage 2000). In order to better analyze and discuss the findings of
the observation the findings were discussed with some managers from the compa-
nies. Participant and direct observation are typical qualitative methods that lead to
the development of theory in an inductive way (Bryman 1988). Limitations of this
method are due to the fact that is difficult to generalize the developed theory to
other organizations.

The case study format presents some weak spots that could affect the research.
In particular it is practical, context-dependent knowledge and it is not as valuable
as general context-independent knowledge. Ultimately it is quite difficult to gener-
alize on the basis of few cases.

The three organizations have shown their documents related to the strategic
process. However, for confidential reasons, some information and data have been
slightly changed.

4 Results from the Observations and Discussion

All the three companies have implemented either BSC or Hoshin Kanri in a typi-
cal top-down process. According to the managers, there are five precise steps for
the deployment of the Lean strategies:

e Issuing the Mission
e [ssuing the Vision
e [ssuing the Business Plan (BP)

In particular Mission and Vision are linked to long term planning (3-5 years),
while BP is developed in a medium—short period (1-3 years). BSC and Hoshin
Kanri are implemented in the third stage of the Business Plan.
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Observing the first kind of document, we can say that for all the companies, the
mission is the reason why the organization exists and it seems to be:

e As brief as possible
e As motivating and orientating for the staff as possible

According to the managers, when formulating the mission, the following questions
must be answered:

Who are the customers?

Which customers are the (possibly) more interesting ones?
What are their needs?

How do they measure performance?

Which products/services do they receive?

Do products/services supplied exceed their expectations?

The below box shows an example of Lean Mission from one of the three companies.

We aim to supply quality, solutions and profitable products to the members
of our community by using our talented human resources. We acknowledge
a social and ethical responsibility and strive for the continuous reduction of
waste within our processes. We shall respond continuously to the requests
of the global hydraulic component market, supply products free from faults,
and surprise our customers with our service and ready smile.

The organization’s value guides are usually somewhat linked to the
Mission; they are the pillars and foundation of the organization itself, basic
conduct rules that everyone has to follow. This is yet another example of an
excellent manufacturing company.

It is interesting to notice how one of these companies has also issued a list of val-
ues which are used as a guide for all the staff; the values are linked to the Mission.
The following box shows this particular values guide.

The fundamental values of our company that we believe in are:

Every workers’ goal is to satisfy our customers 100 %
Health and safety must always be kept at excellent levels

e Continuous and unconditional reduction of any form of waste in every
process at every level

e Respect towards staff regardless of their position, gender, religion,
race, political orientation, or membership of any legal organization
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e Respect towards our environment because it is our only resource and
must not be damaged
Sales and profits must be achieved using the highest business ethics
The added value of our products and processes and the contribution of
our technological innovations will benefit all of society

e Creating common welfare through our business for everyone: work-
ers, suppliers, customers, shareholders, and the community

For instance the basic values of this manufacturing company focus on satisfy-
ing the customer (effectiveness), unconditionally reducing waste (efficiency) and
improving health and safety conditions.

As a second particular document, all the three companies have issued the
Vision. This represents the long-term (over 3-5 years) strategies of the company;
like the mission, it simply has to supply a few but precise goals that need to be
achieved. In particular, according to the managers, the Vision is:

e An image of the future that pushes the company in a precise direction

e Possibly made up of metaphors, models, images, slogans, comparisons, and
similarities

e Stimulating for both staff and outsiders

e A reminder of the strategies that need to be applied and the goals that need to be
achieved

Many Visions and Missions of the past have provided inspiration to other organi-
zations. Canon’s Vision of the 1970s is particularly famous (Beat Xerox) or the
current Mission of the main Chinese car manufacturer, Geely (make sure that
Geely cars are known all over the world). Anyhow, according to the managers,
when a company implements Lean, it has to think about a particular kind of Vision
with long period goals more linked to quality, efficiency and waste reduction.
The following box shows an example of Vision which comes from one of three
observed companies.

Our vision is to become the first in class of the sector through our perfor-
mance in profitability, added value, quality, service and ethics, making every
member of our staff proud of this and making it clear to everyone, including
our rivals, that this is the way forward for everyone.

The Vision of our plants all around the world is to continuously improve
the qualitative standards of our services and products, reducing year by year
the existing waste and making these results public and comparable.
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Table 1 Hoshin Kanri processes, teams and management

Period Process Management

Over five years Vision, mission Hoshin team and top
management

Three years X-matrix Hoshin team

One year Yearly Hoshin (team charter) Hoshin team and management

Month, three months, Managing KPIs Middle management

year

Day, week, month Andon, Heijunka (visual con- Workers, middle management

trol and management)

At this point, according to the observations and the managers, the organization
which wants to implement Lean has to issue a Business Plan (BP). This can be
done using BSC or Hoshin Kanri. In any case the BP leads to the deployment of
the long-term Vision goals, which are usually set for three years. Thus, in the pro-
cess of deployment, the goals of the lower level become the tools and methods to
achieve the goals of the next level. The company which declares in Table 3 that its
Vision is to become first in class within the sector through performance in profit-
ability, will have to measure performances such as Earnings Before Interest and
Taxes (EBIT). EBIT is a three-year goal that can be achieved through a yearly
measure that can become goal itself.

The BP can be structured by using various methods, such as Balanced
Scorecard developed in the US, or Hoshin Kanri used by many Japanese compa-
nies like Toyota, Komatsu, and Bridgestone. According to some authors, Hoshin
Kanri is the natural companion of Lean because it was born in Japan along with
TQM and Lean (Witcher and Butterworth 2001). Hoshin Kanri requires a series of
documents and checks according to the type of deployment that need to be done.
Table 1 lists the various processes used by Hoshin Kanri, the length of time they
need to be applied for, and the teams that manage them. The top-down Hoshin
Kanri deployment process starts with long-term strategic targets and is managed
by different teams, as shown in the third column of the table.

It is very important to notice how in the last row the deployment leads to daily
processes such as Andon and Heijunka. According to the three managers, this
day-by-day managed process is the real novelty introduced by Hoshin Kanri and
it is one of the Kaizen principles (Bhuiyan and Baghel 2005). From the observa-
tions and the discussion with the managers it has also emerged that the different
teams involved have different roles and responsibilities in the deployment process.
Table 2 summarizes these differences.

The last row of Table 2 refers to Kaizen workshops. These are the quick initia-
tives for reducing waste carried out by operative teams every day. Naturally these
are not the only methods used by organizations which are applying Lean tools and
principles. Toyota itself uses Kaizen workshops that usually last a week, together
with teams that work on long-term problem solving (Herrmann et al. 2008; Ng
et al. 2010). These types of initiatives usually generate data and information,
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Table 2 Different roles and responsibilities of the Hoshin Kanri teams

Team involved

Managed processes

1

Directional team (Hoshin
team, steering committee,
senior management team)

1

Defining long-term targets

General action plan with

strategic goals over 5 years
that strive to align the com-
pany to vision and mission

Defining medium-term
targets

Targets over 3 years that
arise from long-term

targets. Creation of a BP
that strives to improve the
abilities of the operations,
moving towards the long-
term targets

Precise action plans that
strive, within the year,
to align operations with
targets

2 | Operational teams 3 | Defining yearly targets or

Hoshin

Rapid operations (up to

10 working days) and full-
immersion that strive to
reduce waste according to
annual targets

3 | Kaizen team 4 | Kaizen workshop

which are then summarized on a particular sheet called A3. A3 sheet or A3 prob-
lem report is usually employed for better managing Kaizen workshops. Table 3
illustrates an example of this. The A3 size was also useful in the past, before the
computer era, because it could be sent through A3 format fax.

The Hoshin team, which is usually made up of members of staff at high levels
in the organization, prepares the BP by using the X-matrix that contains the long-
term targets, the tactics (actions to achieve these targets) and deployment, based
on processes evaluated with yearly targets/indicators. The X-matrix is prepared
and supported by other reports according to the indications of Table 4.

The intelligence report is the first document that starts the strategic planning
process according to Hoshin Kanri; it contains a review by the Hoshin Team,
which states the targets of the previous year and formulates a hypothesis for the
new three-year goals (each year rolling). Table 5 illustrates an example of this
report concerning sales and marketing strategies.

Table 6 instead shows a different report from another company concerning how
to increase EBIT.

It is clear that the report analyzes the situation related to the previous activ-
ity, leading to the definition of a strategic target; this will then be inserted in the
X-matrix as a new three-year goal. In the case of Table 5 the target involved focus-
ing on increasing the turnover in the American market; this turnover had been
suffering due to the lack of dealers. In the report illustrated in Table 6, however,
the poor situation of the EBIT that is decreasing year by year is analyzed. This
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Table 3 A3 problem report for Kaizen workshops

DESCRIPTION:

CURRENT STATE:

COUNTERMEASURES:

ANALYSIS:

IMPLEMENTATION PLAN

FOLLOW UP AND CLOSURE:

What Who When Outcome Check

Table 4 Documents linked to the Hoshin Kanri strategic planning

Document How to use it

Intelligence It is used (in the phase before issuing the BP) by the senior management

report (Hoshin team) to analyze the previous trend and formulate speculations and
implications for the future

X-matrix It lies at the heart of deployment, it is the equivalent of a BP, and relates

long-term strategies to the tactics, thus leading to annual targets (processes)
and the economical-financial results expected

Team charter

It is used to plan the moves, targets, the subsequent analysis and checks to
reach an annual goal (processes); it is also used to manage improvement
programs that are not directly coordinated by the X-matrix; it is filled out
by a team and discussed with the Hoshin team

Status report

It is a monthly progress report regarding the annual goals discussed in
the team charter; it is filled out by the team leader and discussed with the
Hoshin team

Problem report

It is a chart that suggests a way to solve a problem that was not discussed in
the annual planning phase (team charter); it is filled out by the team leader
and discussed with the Hoshin Team
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Table S An intelligence report regarding sales and marketing

Observation and data

Analysis

In 200x the US turnover was:
—1.800.000 $ in the East zone;
—600.000 $ in the West zone;
—2.300.000 $ in the remaining states;
—1.600.000 $ in Canada

The trend is:

— —10 % in the East zone;
— —29 % in the West zone;
— —16 % in the remaining states;

The evident drop in the market, especially in the West
(California leading) is surely due to the arrival of the
Mexican competitor “Zonda”; Zonda is very aggressive
in prices and has a very high on-time delivery rate (as
described by US customers), but, fortunately for us,
products that are less reliable than ours. Zonda sells
directly in most of the center and western area and uses
a sole dealer in Canada. This dealer is surely not better
than ours in service, although it obviously did not exist
before eroding our 5 %

— —5 % in Canada

The problem lies in the whole of the USA, where we
have few dealers (2). We suggest, therefore, a quick
inquiry (within a year) for new dealers (at least 3) to be
able to keep pursuing our difficult target of 430 %

Implications for the business

Further decline in 200x for the USA (of at least another
20 %) if no dealers are found
Stabilization in the Canadian market

Table 6 Intelligence report regarding how to increase EBIT

Intelligence report

Competitive information report

Theme: increasing EBIT

Observation and data

Analysis

In 200x, EBIT was:
+1.3 %
The business revenues show stability of

The increase in production costs is due to the
recruitment of new workers in the assembly
departments and due to reprocessing hours.

turnover and various costs (% variation to the | Overhead costs, however, have increased par-

previous year)

- 52,300,000 €: +0.8 %;

— Commercial and administrative costs:
+1.1 %;

— Design and R&D costs: —0.9 %;

tially due to the recruitment of a maintenance
engineer (+1.7 %). Overhead costs also hide
around

288,000 € linked to managing waste and cus-
tomer returns, and around 236,000 € of han-

Overhead and production costs, however, dling to and forth from lines and warehouses.

have considerably increased:
— Direct production costs: +3.4 %;

Adding these two together almost 1 % of the
EBIT is eroded. The increase in price of vari-

— Raw material and semi-finished product ous raw materials, in particular of steel, caused

costs: +3.6 %;
— Overhead: +6.7 %.

an increase in purchasing prices of 3.6 %.
These increases have been now registered for
the fourth year, eroding around 1 % of EBIT
every year. Reducing the code variability, a
project now postponed for the third year in a
row could surely increase EBIT by 2 %.
Implications for the business

A project dedicated to reducing variability of
components needs to be launched urgently,
otherwise EBIT could reach 0 within two years
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company could regain EBIT percentage points by reducing waste or by improving
standardization and reducing the variability of components of the products.

The X-matrix transforms the strategic goals into tactics and yearly measures.
In the Intelligence report, the left-side columns contain long-term strategic goals
(objectives) and their relative targets. In the rows above, the tactics needed to
achieve these strategic three-year goals can be found. The X-matrix follows this
pattern as shown in Fig. 3. When the strategic goals are deployed into tactics
Hoshin Kanri introduces the principle of different correlations.

Three symbols indicate either a strong correlation (two circles with the same
center), or an existing correlation or a weak/non-existent correlation (a triangle).
Moving from the tactics, these are then deployed into annual measures named
processes.

The deployment thus leads to the calculation of yearly goals, which are meas-
ured using KPIs and the targets that need to be reached. Among KPIs, those of
Lean Metrics (indicators that are actually part of Lean) can be found. Each annual
KPI has to be managed by a specific team. For each annual KPI, the team has to
fill out a new registration form known as the team charter, which analyzes and pin-
points the actions needed to reach the target of the KPI. Table 7 illustrates one of
these forms, in this case regarding the goal of reducing cost of poor quality com-
pared to the turnover. When observing the X-matrix it becomes clear that this goal
comes from the deployment of the goal that involved improving EBIT by 1 %.
In the registration form of Table 8 the team called Six Sigma involved in these
projects, analyzes the current situation and basically pinpoints too many hours of
redoing and reworking.

In the control part of the team charter in Table 8 it can be noticed how the
involved team has to control day-by-day indicators such as redoing hours and lead
time. These daily indicators are monitored through a Visual Board. This particular

Strategy: Increasing EBITDA (+1%)

Tactic (strong correlation): @
STRATEGIC OBJECTIVES \ Reducing internal cost of poor quality

Process (KPI):
Cost of internal poor quality/Turnover<0.1%

Involved team:
Six Sigma team

TEAMS
SOILOVL

\ PROCESSES

Fig. 3 X matrix process

N
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Table 7 Team charter

TEAM CHARTER
Proposed Team Charter Team: Six Sigma team

DEFINE-STATEMENT IMPROVE-PROPOSED ACTIONS

o 1-Value Stream Mapping and Makigami
quality

2-'De-bottlenecking’ of the process

3-Poka-yoke of the process (more IT

automation)
DEFINE-TARGET STATEMENT
g IMPLEMENTATION PLAN
Cost of internal poor Acton Responsibilty | Time
quality/Turnover*100 < 0.1% e [
Makigami
Visual Control | Six Sigma 3 months
of the process | Team
55 and poka- Six Sigma 2 months
yoke Team
New SAP ICT 6 months
implementation
MEASURE & ANALYSIS
Last year reworking and redoing hours
tumed out to be about 2%. This is the Monthty kP m ESELY)
most important cost of poor quality Monthly KPI = Lead-time (<20%)
Engineering department redid 3
important projects. One of these was .. ‘Dag e dav=redsha hoas chadk Niaia
redone starting from scratch, for a total Bgim‘,’ ’ e
amount of 5,200 reworked hours - Day by day= Lead-time check (Visual

Board)

way of controlling performances is part of the so-called Japanese Visual Control or
Management (Parry and Turner 2006) and it represents one of the Kaizen princi-
ples. Anyhow, as an essential principle, Hoshin Kanri in this way links the strategic
goals with the daily indicators involving all the workers and creating awareness on
the company’s strategies.

The three companies have also tried to implement the BSC system, therefore a
comparison between Hoshin Kanri and BSC can be done and discussed.

For instance, Table 8 shows how the deployment from the strategic goals to the
processes can be managed through a typical BSC divided into the four perspectives.

The table demonstrates how the same strategic objective concerning increasing
EBITDA has been written in the financial perspective and managed in a similar
way. Indeed in the third column this objective has been deployed into the yearly
KPI of cost of poor quality divided by the turnover. The appointed team (the goal
owner) has to reach this target mainly through a reduction of the redoing hours
and product reworks.
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Perspectives Strategic Measures (KPIs) | Actions Owners
objectives
Financial EBITDA Cost of internal Reducing engi- | Six sigma team
(+1 %) poor quality/ neering redoing
turnover <0.1 % Reducing plant | Lean specialist
reworks
Customer Overall On time delivery | External Lean specialist
customer performance distribution
satisfaction (95 %) reengineering
Cost of warranty | Increasing Six Sigma team
and penalty/turn- | process sigma
over <0.02 % levels
Internal process | Reducing plant Average Kaizen events Lean specialist
lead time plant lead with TPS tools
time <30 days TPM and SMED | Lean specialist
applied to all the
machines
Learning & Increasing tech- | #Certified engi- | Technical train- | HR department
growth nical skills neers/workforce | ing ISO 14001 HS&E
Reducing Ppm/m? certification department
emissions

However, according to the three managers, the typical BSC does not manage
the above mentioned daily indicators as well as does not foster a Visual Control
approach. Furthermore, the three managers pointed out how the BSC system is
considered something more suitable for managers rather than workers on the shop-
floor. This is particularly connected with the lack of daily indicators and Visual
Control.

5 Conclusions

This paper has analysed and discussed a possible strategic management framework
when a company implements Lean. The results are based on the observation of
typical documentation from three manufacturing companies and on the discus-
sion with three managers involved in the deployment process. The three managers
belong to the same companies where the documentation has been observed and
analysed.

As a first finding, it can be claimed that the strategic approach is a combination
of a top-down deployment, followed by a bottom-up review of the results achieved
through measurements and control of different indicators.

The top-down deployment is based on a traditional pattern starting from a
Mission and a Vision. But when the three companies come to the deployment of
three-year-objectives into yearly KPIs, they can use two different systems. The
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first one is the well-known BSC, which has been less investigated in its pattern.
The other one is the innovative and less used Hoshin Kanri invented by some
Japanese companies specifically for TQM and Lean. We discussed all the steps
within the Hoshin Kanri pattern, finding interesting differences compared to the
BSC system.

First up Hoshin Kanri adopts peculiar charts and forms for the analysis, deploy-
ment and planning of the actions to be taken; the intelligence report and the team
charter are the most important ones. Then Hoshin Konri employs a particular
matrix for deploying and bounding together strategic objectives, tactics and pro-
cesses. This matrix is named X-chart and can be considered the core of the Hoshin
Kanri system. A quick comparison with the BSC shows that the X-matrix can
offer a similar pattern of deploying without taking into account the four perspec-
tives as categories of objectives.

Anyhow the real novelty introduced by Hoshin Kanri lies in the link between
strategic, yearly and day-by-day indicators. In this way strategies are deployed and
brought to the attention of the staff as a whole, including workers. In this sense
also the Japanese principle of the Visual Control can help the organization in better
managing Kaizen principles. Thence, it seems that BSC is less suitable for manag-
ing day-by-day improvements which are fundamental for the Japanese Kaizen.

This research has some limitations mainly due to the reduced number of case
studies analysed. Therefore academics and practitioners should deeply analyse the
differences between BSC and Hoshin Kanri, in particular concerning the involve-
ment of the work-force in getting the strategic objectives. In doing this, practition-
ers could also explore how useful is the strategic management approach presented
by this paper for Lean implementation.
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Lean Management and Product
Innovation: A Critical Review

Stefano Biazzo, Roberto Panizzolo and Alberto Maria de Crescenzo

Abstract Nowadays the management of product innovation and development pro-
cesses is crucial for the survival of firms and it requires that advanced methodolo-
gies and tools should be adopted. Many companies are trying to apply the waste
elimination philosophy of Lean operations into the innovation and product devel-
opment processes. The application of Lean manufacturing concepts in innovation
processes (Lean Innovation) is not so immediate and presents several problem-
atic aspects. One of the greatest difficulties is not to distinguish the critical dif-
ferences between the two fields of application. The aim of this work is to identify
and discuss the techniques and tools which constitute Lean Innovation practices.
First, the Innovation Pyramid model is proposed in order to define an integrated
vision of innovation processes which is based upon three levels of activities:
absorb, explore and create. Second, an extensive review of the literature has been
carried out aiming to recognize the practices that characterize the “translation” of
Lean principles in the innovation processes. Finally, the practices that characterize
Lean Innovation are analysed throughout the proposed Innovation Pyramid model.
The results of this study highlight that the Lean Innovation practices lie mainly
at level 3 of the innovation pyramid (i.e. the create level). This evidence suggests
that in order to enhance the firm’s innovation capability it is necessary to integrate
the Lean Innovation practices with other good practices coming from different
research fields.
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1 Lean Management Outside the Factory: Lost in
Translation?

John Krafcik—in a renowned article of 1988 focused on spreading the earliest
results of the MIT International Motor Vehicle Program research—used for the
first time the term “Lean” to describe the approach of production management that
needs fewer resources—Iless space, less warehouses, fewer working hours—and
simultaneously could realize products more competitive than traditional mass pro-
duction in terms of time, quality and cost (Krafcik 1988).

From then, Lean manufacturing methods are replacing conventional methods in
both manufacturing and service industries. Research has shown how the improve-
ments can be radical thanks to the adoption of Lean logics and methodologies
(Alsmadi et al. 2012; Shah and Ward 2003).

Excellence in production is certainly an important factor for firm’s competitive-
ness. But product/service innovation is, in particular for western SMEs, an indis-
pensable asset in order to avoid to succumb to price competition from companies
located in emerging low cost production countries.

In this perspective, it is comforting to highlight how the potential of Lean meth-
odologies is even higher in the context of innovation and product development.
Even in the product innovation processes (or product development value streams
according to the Lean jargon) significant forms of “muda” exist—that is to say
waste that does not create value for the customer. The problem is that these wastes
are not immediately visible and therefore they are not easily removed if appropri-
ate methodologies to locate them are not adopted. The redesign of product innova-
tion process can release enormous creative energy and knowledge.

Table 1 highlights the wastes that can affect the innovation activities and prod-
uct development. These wastes are summarized in the classic seven types of waste
identified by Taichi Ohno within production systems, with the addition of a spe-
cific important category in the context of the innovation processes: the waste of
knowledge.

As highlighted by Locher (2008), this is a partial list; different organizations
will produce different examples which are specific to their own development pro-
cesses and corporate culture. However, there are key wastes often found in devel-
opment processes regardless of organizational context. Moreover, it is important to
note that the eight wastes are fundamentally interrelated and may overlap; in other
words, the examples of Table 1 may fit into more than one category.

Table 1 was proposed by Locher in order to assist the Lean practitioner in
developing “eyes for waste” in the product development processes. Although most
people are now familiar with the waste terms proposed by Taichi Ohno, they may
still have difficulty in recognizing them in the development process.

After the seminal book published in the 1990 by Womack et al. (1990), there
was a progressive understanding of Lean logic implementation as resulted in the
book “Lean Thinking” (1996), in which Womack and Jones developed the five
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Table 1 The waste in innovation and product development

Waste category

Examples

Overproduction

Features, functionality and product performance that exceed
customer requirements (“over-serve” the needs, “over-engineering”,
“performance over-supply”)

Completing design elements that are not needed for some time

Waiting

Waiting times for information, test results

Waiting times for decisions

Waiting times for unavailable resources (human and physical)
Waiting times for system response time

Transportation

Unnecessary exchanges of information
Unnecessary exchanges of responsibility

Overprocessing

“Reinventing”: wasting knowledge already developed in the past
Complicated and redundant documentation, not designed according to
the internal customer view

Unnecessary or excessive reports or paperwork

Receiving and discarding useless information

Ex-post projects scheduling

Inventory

Too large “information batches” which slow the learning cycles and
knowledge creation
Retaining documents beyond what is required

Unnecessary motion

Searching for information

Meetings not properly structured and focused

Work characterized by constant interruptions and changes causing high
“set-up”” mental time

Defects Modifications due to design errors
Modifications due to inadequate understanding of customer
requirements
Modifications due to service failures and missing or incomplete
information
Waste of knowledge Communication barriers (physical, social) that prevent people
(Underutilized to interact effectively in problem analysis and troubleshooting
People) Lack of clarity and accordance on the vision of the product to develop

Archiving project information without creating re-usable knowledge
Limited authority and responsibility for basic tasks
Lack of knowledge sharing

Adapted from Locher (2008)

principles of Lean transformation in any kind of firm process. The five principles
are a powerful and fascinating synthesis of what the future state of a “lean com-
pany” should be a lean company:

e deeply understands what is the meaning of “value” for the customer;
e knows in detail how the value is created within the company by eliminating all

forms of waste;

e strives for the flow (information and materials that move quickly, without wait-
ing) during the activities executions;
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e aims to respond promptly to the market (let the customer pull value);
e persistently pursues continuous improvement in order to get a (not reachable)
perfection.

The application of Lean concepts in innovation processes (Lean Innovation) is not
so immediate and it seems problematic as there are substantial differences between
manufacturing and product development contexts: during the “translation” we
might lose some important issues and introduce dangerous distortions; as Donald
Reinertsen has clearly shown (Reinertsen 2009), one of the greatest difficulties in
implementing Lean methods in product development is not to distinguish the criti-
cal differences between the two fields of application. Critical differences regard
basically the following aspects: the repetitiveness of the process; the level of
uncertainty and risk during the development activities; the presence of explorative
activities that involve "trial and error" iterations in the workflow; the intensity of
communication flows and difficulty of cross-functional integration.

The objective of this work is to identify and discuss the set of techniques and
tools from Lean practices that can be useful to transform innovation and product
development processes of the firms.

Concerning the structure of the paper, after having described exactly the meth-
odology employed, an integrated vision of innovation processes will be outlined
by proposing the “Innovation Pyramid”model. This model states that the capabil-
ity to launch new products and services in the market is based on three levels of
activities: absorb, explore and create.

The successive section describes the main features of Lean innovation which
are currently proposed in the international literature. The aim is to completely
understand which are the practices that characterize the “translation” of Lean prin-
ciples in the innovation processes. In the final paragraph, the set of practices that
characterizes the Lean Innovation approach are analysed throughout the proposed
Innovation Pyramid model. The results of this investigation highlight that the Lean
Innovation practices identified lie mainly at level 3 of the innovation pyramid (i.e.
the create level). This evidence suggests that in order to enhance the firm’s innova-
tion capability it is necessary to integrate the Lean Innovation practices with other
good practices coming from different research fields.

2 Methodological Considerations

The paper is based upon a literature review that was undertaken by the authors
to establish a multi-perspective view on innovation activities of a firm and main
features of Lean innovation principles and practices. For investigating these two
phenomena, we adopted an approach that combined elements of systematic litera-
ture review (Denyer and Tranfield 2008; Rousseau et al. 2008) with the authors’
previous knowledge of the field developed over the past 20 years. Essentially,
systematic reviews are formulated around research questions, and the criteria for
inclusion and exclusion of papers are clearly defined at the outset.
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A four-step process model proposed for content analysis in literature reviews
(Mayring 2003, p. 54 cited in Seuring et al. 2005, p. 94) was adopted for this
review. The four steps are: material collection, descriptive analysis, category
selection and material evaluation. Material collection involves definition and
delimitation of materials to be collected and search for relevant literature. At the
descriptive analysis step, basic characteristics of the selected materials, such as
publication distribution across journals, research methods, and number of publi-
cations per year, are examined. Decision on the choice of categories and dimen-
sions to be used in structuring the collected materials is made at the category
selection stage. Category selection is followed by material evaluation, which
involved review and classification of the selected materials according to the
chosen structural dimensions and categories. Only books and journal articles
published were considered. The following information sources were searched:
Emerald, ScienceDirect, Scopus, Springerlink, Ebscohost, Wiley, ISI, Business
Source Premier, and Google Scholar. The reference lists of articles found were
also examined for more relevant articles. The succeeding keywords were used

ELINNT3

for the search: “lean product development”, “lean design”, “product innovation”,
“lean practices”, “innovation processes”. Each publication was analysed indepen-
dently by single authors in order to extract the tools, methodologies or organiza-
tional solutions proposed in the literature for Lean transformation of innovation
processes. Then, this set of tools and techniques was analysed in a crisscross pat-
tern with the intent to integrate the different perspectives encountered and to build
a framework that defines the most internationally recognized elements of Lean

Innovation.

3 An Integrated Vision of Innovation Processes:
The Innovation Pyramid Model

In order to completely understand the potential of Lean transformation, it is
important to visualize and emphasize the complex and integrated nature of inno-
vation activities. Figure 1 illustrates the systemic nature of innovation processes
through the application of the pyramid metaphor.

The capability to launch new products and services in the market is based on a
three level system of activities: absorb, explore and create.

e The first level concerns all activities designed to absorb knowledge from exter-
nal environment through intelligence activities on markets, technology and
society; intelligence activities can be both formal (e.g. purchase or internal
development of a specific study on the cultural trends related to a geographi-
cal area of interest for the firm) and informal (e.g. the flow of information that
derives from the existing networks of personal relationships). In Fig. 1 a data
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Fig. 1 The innovation \
pyramid: a three-level system
of activities \\

MNew Product \\
Development %

® # \\\\

Level 3 Create

Level 2 Explore
Opportunity Generation
® ® ®
Level 1 \ Absorts
Market, Society and Technology Intelligence \

A
LY

warehouse icon represents the stock of knowledge; the arrow facing up intends
to illustrate the flow of that knowledge: intelligence activities accumulate infor-
mation that, at the appropriate time, may be used by exploration or creation
activities.

e The second level refers to the exploration of innovation opportunities. There
are different types of activities designed to generate new ideas or new technolo-
gies; they represent a “stock of opportunity” that can be the foundation of future
new product development projects. Research and technological experimentation
represent a classic form of exploration; but, as we will illustrate later, the firm
investment in exploration activities may significantly broaden under the logic of
the Open Innovation paradigm.

e The third level concerns all the activities designed to create the solutions that
will be launched in the market; this is the level of product development projects,
where companies try to transform knowledge concerning customer needs, tech-
nological opportunities and new product ideas into industrial technical solutions
that can be produced profitably.

The pyramid metaphor represents the level of interdependence between creation,
exploration and absorption activities. The capability to design new products and
services that will be launched on the market is affected by the ability to gener-
ate new ideas and to explore technological opportunities; in turn this exploratory
capability is influenced by the knowledge that the firm is able to absorb from the
external environment and from the relational network developed over time.

It is important to note that the three levels of activities are characterized by sim-
ultaneity; the horizontal arrows depicted in Fig. 1 highlight this property: the sys-
tematically innovative firm is constantly and concurrently engaged in absorption,
exploration and creation activities. Sometimes it is possible that there is a close
temporal sequence between activities at different levels: for instance a “radical inno-
vation” project could be carried out through these steps: (1) investigation on cul-
tural trends; (2) cross-functional brainstorming in order to generate new ideas for
product/service able to take advantage of specific trends; (3) selection of the most
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promising product idea that will be included in the portfolio of product development
projects. In general, however, the activities belonging to the different levels are tem-
porally decoupled: for instance, a deep study on the state of the art of a certain tech-
nological area of interest for the firm (level 1) is realized in order to generate a stock
of knowledge that may be used in the future in various other activities (e.g. techno-
logical experimentation and product development—Ievel 2 and 3); the “knowledge
transfer” among level 1, 2, and 3 is not planned in advance.

Level 1: Absorb

This level includes all intelligence activities devised to collect and analyse action-
able information about the external business environment that could affect a com-
pany’s competitive position (Ashton and Klavans 1997); we can differentiate two
kind of intelligence: market intelligence and technology intelligence.

Market intelligence uses multiple sources of information to create a broad pic-
ture of the company’s existing market, customers, problems, competition, and
social trends. These activities should aim to build an adequate stock of knowledge
on three main directions:

e Customer needs: understanding needs does not mean to find out what custom-
ers desire or look for (in terms of “solutions”); understanding the needs means
to reveal which are the problems that the customer is trying to solve in certain
circumstances and what are the metrics that the client uses to judge the products
suitability in order to “solve its problems”;

e Market and social trends: knowledge of the main trends (technological, cultural,
demographic, environmental, etc.) that characterize the competitive environ-
ment and more generally the society and awareness of the impact of these trends
on the firm;

e Competition: analysis and comparison of competing products and competitors.

Technology Intelligence is the activity that enables companies to identify the tech-
nological opportunities and threats that could affect the future growth and survival
of their business; each product is a bundle of technologies that has to be identified
and monitored.

Level 2: Explore

Technological research has always played an important role in the exploration
activity: the research and experimentation projects are, in fact, aimed at creating
new technologies that could be adopted in product development projects and then
incorporated into a new generation of technical solutions.

The problem that arises for small and medium enterprises is the difficulty—and
in some cases the impossibility due to the insufficient firm dimension—to invest
resources in activities exclusively focused on technology exploration. In these con-
texts, there are two alternatives:

e shifting the exploration at level 3 by incorporating massive quantity of experi-
mentation in ordinary designing activities; as a consequence we have to accept
the risks of increasing the management complexity and technical uncertainty of
product development projects;
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e developing collaboration and partnership with suppliers, research institutes or
universities, embracing the logic of Open Innovation.

Chesbrough (2003), in his seminal book on Open Innovation, has showed that
cooperation with external partners in research and technological development is a
general trend absolutely independent from company dimension; in a world where
knowledge is abundant and distributed, it is becoming increasingly clear that it is
no longer possible—even for most relevant multinationals—to innovate relying
exclusively on their own internal research strength. The innovation model based
exclusively on internal research reflects the paradigm of vertical integration and
control: in a hugely interconnected world, isolationism stifles innovation.

Level 3: Create

New product development is the set of activities designed to turn a product idea
into a marketable product with an industrialized and profitable manufacturing pro-
cess. Generally these activities can be divided in the following basic steps (Ulrich
and Eppinger 2008):

e concept development, including generating alternative product concepts to sat-
isfy a need in the market, and selecting a few concepts for further development;

e design, which involves defining the product architecture, including its major
subsystems and components, and a detailed design with complete specifications
of geometry and materials, and tooling design;

e testing, where the product is tested in its intended environment and refinements
are made based on the results;

e production ramp-up, including manufacturing the product with the intended
production system, training the workforce, and correcting any issues before full
production.

There are three areas of intervention that may affect the effectiveness and effi-
ciency of these activities:

e Design of the development process: what is the system of activities, decisions
and documentation that has to be adopted as a standard for “good practices” in
order to turn an idea into a feasible and marketable product?

e Project portfolio management: how are priorities set and product development
projects selected and launched?

e Project management: Which organizational decisions have been adopted for
managing individual projects?

4 Lean Management and Innovation: The State of the Art

In order to clearly understand which are the practices that characterize the “trans-
lation” of Lean principles in the innovation processes, we have systematically ana-
lysed the scientific and management literature by a wide selection of databases.
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Each publication has been analysed independently by the single authors of
this paper in order to extract the tools, methodologies or organizational solutions
proposed in the literature for Lean transformation of processes innovation. Then,
this set of tools and techniques has been analysed in a crisscross pattern with the
intent to integrate the different perspectives encountered and to build a framework
that defines the most internationally recognized elements of Lean Innovation. This
work has identified 20 Lean Innovation practices reported in Table 2 which shows
for each practice:

e the principle of lean to which it refers (in accordance with the five Lean princi-
ples proposed by Womack and Jones);
e literature references.

In this paragraph we will give a brief description of the practices.

Table 2 Lean innovation practices

Lean innovation practices Lean thinking principle | Authors
1. Deep understanding Value Haque and James-Moore (2004)
of customer needs Morgan and Liker (2006)
Oppenheim (2004)
Schipper and Swets (2009)
Sehested and Sonnemberg
(2010)
Ward (2007)
2. Early identification of Value Haque and James-Moore (2004)
production problems Karlsson and Ahlstrdm (1996)
Morgan and Liker (2006)
Sehested and Sonnemberg
(2010)
Ward (2007)
Womack et al. (1990)
3. Integration of suppliers in Value Hoppmann et al. (2011)
the design and development Karisson and Ahlstrom (1996)
process (co-design) Morgan and Liker (2006)
Ward (2007)
4. Modular design and reduction | Value Hoppmann et al. (2011)
of components Morgan and Liker (2006)
Reinertsen (2009)
5. Supermarket of technical Value Hoppmann et al. (2011)
knowledge Morgan and Liker (2006)
Schipper and Swets (2009)
Ward (2007)
6. Generation of alternative Value Morgan and Liker (2006)
product concept Schipper and Swets (2009)
Ward (2007)

(continued)
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Lean innovation practices

Lean thinking principle

Authors

7. Systematic problem-solving
with set-based approach

Value

Baines et al. (2006)

Haque and James-Moore (2004)
Hoppmann et al. (2011)
Morgan and Liker (2006)
Schipper and Swets (2009)
Ward (2007)

8. Heavyweight project leader

Flow

Baines et al. (2006)
Hoppmann et al. (2011)
Morgan and Liker (2006)
Schipper and Swets (2009)
Womack et al. (1990)

9. Integrated team of responsible
experts

Flow

Haque and James-Moore (2004)
Hoppmann et al. (2011)
Morgan and Liker (2006)
Oppenheim (2004)

Schipper and Swets (2009)
Ward (2007)

Womack et al. (1990)

10. Obeya room and visual
project board

Flow and pull

Hoppmann et al. (2011)
Morgan and Liker (2006)
Oppenheim (2004)
Sehested and Sonnemberg

(2010)

11. Visual pull planning

Pull

Haque and James-Moore (2004)
Hoppmann et al. (2011)
Oppenheim (2004)

Schipper and Swets (2009)
Sehested and Sonnemberg
(2010)

Ward (2007)

12. Integration events

Flow and pull

Hoppmann et al. (2011)
Morgan and Liker (2006)
Oppenheim (2004)
Reinertsen (2009)
Schipper and Swets (2009)
Ward (2007)

13. One-piece flow in the daily
work in order to minimize the

Flow

Sehested and Sonnemberg
(2010)

inefficiencies of multi-tasking Ward (2007)
14. Takt of single project Flow and Pull Morgan and Liker (2006)
(stand-up meeting) Oppenheim (2004)
Reinertsen (2009)

Schipper and Swets (2009)
Sehested and Sonnemberg
(2010)

Ward (2007)

(continued)
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Table 2 (continued)

Lean innovation practices Lean thinking principle | Authors
15. Project portfolio takt Flow Reinertsen (2009)
Sehested and Sonnemberg
(2010)
Ward (2007)
16. One-piece flow in the project | Flow Hoppmann et al. (2011)
portfolio Reinertsen (2009)
Sehested and Sonnemberg
(2010)
17. Integrated problem solving Flow Haque and J ames-Moore (2004)
(concurrent engineering) Karisson and Ahlstrom (1996)

Reinertsen (2009)
Womack et al. (1990)

18. Anticipated prototyping Flow Hoppmann et al. (2011)
Schipper and Swets (2009)
19. Value stream mapping Value stream Haque and James-Moore (2004)
Morgan and Liker (2006)
Oppenheim (2004)
Schipper and Swets (2009)
20. Hansei events Perfection Morgan and Liker (2006)
Sehested and Sonnemberg
(2010)

4.1 Deep Understanding of Customer Needs

In the literature review emerged a total convergence of recommendations that the
principle of Lean Thinking “value”, in the context of innovation, is closely linked
to wastes coming from a non-depth knowledge of the customer needs. It is not
possible to create profitable product development projects if the product does not
respond to the expressed and unexpressed customer needs. The “value” is firstly
defined in the customer perspective. Therefore all those activities aiming to cap-
ture the Voice of the Customer (VOC) are considered central. This means going to
gemba (“the real place”) by targeted interviews and product use observations. In
order to integrate the VOC in the process development two well-known techniques
are often quoted: the “house of quality” within the Quality Function Deployment
(QFD) and Value Analysis.

4.2 Early Identification of Production Problems

Wastes related to the missed consideration of manufacturing implications of
design solutions are widely emphasized in the Lean Development literature.
Many publications and researches on simultaneous engineering have highlighted
this problem since the ‘90 s. These studies state the need to anticipate as much
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as possible the involvement of persons from the manufacturing area in the devel-
opment process. The early involvement is obtained by means of cross-functional
teams and thanks to the anticipated scheduling of specific manufacturability
“review”. In this way it is possible to work on production compatibility before
design completion, eliminating most of the late engineering changes. This front-
loading process also isolates much of the variability that is inherent to product
development allowing for speed and precision during the execution phase of prod-
uct development.

4.3 Integration of Suppliers in the Design
and Development Process (Co-design)

The increase in expert knowledge needed to achieve innovation, makes essential
the activation of specialized knowledge sources external to the firm—in particu-
lar the suppliers. The integration with suppliers requires that the firm collaborates
with a small base of suppliers, strictly selected and continuously evaluated. The
Lean logics suggest that suppliers involved in co-design activities should be char-
acterized by qualified design skills.

4.4 Modular Design and Reduction of Components

In general terms modularity is the degree to which a system’s components may
be separated and recombined. In manufacturing, modularity refers to the use of
exchangeable parts or options in the fabrication of a product. Companies that oper-
ate with products aimed at different market segments and applications often expe-
rience a great variety in the needs of the individual customers. Modularity design
is the key approach for reducing waste deriving from “useless variety”. It allows to
offer high customized products while maintaining efficiency and speed of delivery
by standardizing those components/modules without negatively affecting the prod-
uct performance.

4.5 Supermarket of Technical Knowledge

Capturing and sharing knowledge eradicate a fundamental waste: the great deal
of time or effort in creating something that already exists and the repetition of
errors or mistakes during the design process. The Lean approach for the develop-
ment of a knowledge management system supports an approach that differs greatly
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from the traditional modalities focused on the creation of large database. An effec-
tive supermarket of knowledge runs as a pull system: the access and the pursuit
of knowledge are simple, immediate. Moreover, it is just simple and quick to add
“pieces of knowledge” to the supermarket since some template or simple guide
able to capture knowledge without additional work are provided. The use of such
supermarkets enhances the reusability of inter-organizational knowledge as knowl-
edge becomes more accessible, usable, understandable and believable.

4.6 Generation of Alternative Product Concept

In general words, set-based concurrent engineering (SBCE) can be defined as engi-
neers and product designers “reasoning, developing, and communicating about sets
of solutions in parallel and relatively independently”. When applying this concept
to the development of product concept this means that rather than trying to iden-
tify one solution, members of the project team should instead develop a variety
of design options, and then gradually eliminate alternatives, until only one option
remains. An deep analysis of alternatives performed in the initial stage of the pro-
cess development reduces significantly the risk that the selected solution falls short
of customer needs in some respect. This “robust” product concept is a powerful
method to reduce waste in downstream design activities as it reduces the uncertain-
ties in the development process and the associated costs of reworks due to changes.

4.7 Systematic Problem-Solving with Set-Based Approach

Systematic problem-solving means facing problems with a specific discipline in
the analysis and implementation process of technical solutions. Successful prob-
lem-solving approach is characterized by the following features:

e g0 and see: people are encouraged to see the problem with direct observations
by going to the place where things happen (the Gemba);

e investigating the causes in depth: the method encourages to wonder several
times the reason of the problem (“five times why”), it stimulates the mental
attitude for a deep examination aimed to discover the “first cause” or the main
causes;

e generating different alternatives of “resolution” (set-based approach): the tech-
nical solution is more “robust” if it is found through the exploration of many
alternatives; this is especially true when the problem is complex;

e selecting the solution through the use of models, physical prototypes and com-
puter simulations.
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4.8 Heavyweight Project Leader

A Lean Innovation system is focused on the crucial importance of the project
leader role regardless of the specific responsibility and authority that this role can
assume (i.e. Heavyweight vs. Lightweight project leader). The project leader must
mediate among trade-offs and tensions which arise from the conflicting needs
generated by the functional managers. The project manager is the “father” of the
project, he has the responsibility of the planning, execution and closing of the pro-
ject accomplishing the stated project objectives which are cost, time, scope, and
quality.

4.9 Integrated Team of Responsible Experts

The team in Lean innovation system must be integrated, that is it must be char-
acterized by a cross-functional composition, so as to represent skills and exper-
tise variety necessary for the development of the product. The use of functional
groups is the solution that is most clearly associated to the achievement of sig-
nificant and innovative results. Cross-functional teams must be made up by peo-
ple who know how to apply teamwork. Teamwork requires the ability to listen
to others’ ideas, ability to display own knowledge, negotiation skills in order to
identify the best solutions for the system that is being planned, strict adherence
to the commitments made beside the group. Moreover, the team should consist of
people who demonstrate to have two basic characteristics: responsibility and com-
petence. Responsibility for the final result of the development, not only for the
partial results of their activities. Competence that must be continually developed
with purpose of becoming “experts” in their field, learning from experience and
staying updated thanks to the technical and scientific literature.

4.10 Obeya Room and Visual Project Board

It is necessary to create a suitable physical contest for the team interactions and
integration. The Obeya Room (“large room” or “war room”) is the place where the
team comes together and where all project information are shown permanently in
an easy way visible for all (Visual Project Board). The Visual Project Board nor-
mally includes:

e a clear visualization of the project objectives (“product vision”);

e the posters of project time scheduling (at various levels of detail, from major
milestone to the daily plans, if it is necessary);

e a board with the display of “open issues” and ““solved issues” (issue board).
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Of course, other information that may be necessary to the group are included, such
as the objectives details to be achieved in the various integration events (see below
Visual Pull Planning), drawings, drafts, prototypes or parts of the product, etc.

4.11 Visual Pull Planning

Lean thinking recognizes the recent critical reflections on the classic project man-
agement methodologies. The central point of “project management reform” initia-
tives, is the rejection of the project representation as a simple network of activities
in favour of a vision that the project is, first of all, a network of people. There are
two fundamental consequences of this perspective, that we can define relational:

e planning cannot be separated from the action and therefore it is not possible
(and it does not make sense) to plan the entire set of activities from the begin-
ning. Planning is a continuous event and the details are formed gradually over
time (Rolling Wave Planning).

e the project is a network of threads, commitments and actions and therefore plan-
ning must be a collaborative and social event. It is a “conversation” in which
the people in charge for the activities assume mutual commitments on the tasks
implementation, the temporal relationships between activities are the result of
“negotiation” between the activity leaders (and not an intrinsic attribute of inter-
dependence between activities). The duration of an activity is also the result of a
“negotiation” that depends on the downstream “customer” requirements.

Pull planning is a coordination activity that must be carried out by that person who
performs the operational work. The plans must be simple for upgrading and for
reading and readily accessible and visible; first and foremost they must be a work-
ing tool, not a reporting tool. Waste means also to have a schedule with unneces-
sary details and excess information that give a false sense of control.

4.12 Integration Events

An integration event, or target event, is a critical milestone for the project that
pulls work through product development and helps teams to identify integration
problems early. These integration events require advance preparation, a format that
allows for a lot of interaction and attention to detail, and the ability to “go and
see” when the team finds problems. Integration events are not meetings of infor-
mation “reporting” but moments of knowledge creation and efforts integration.
Generally, it is suggested to link the integration event to the creation of an “object”
(for example: the definition of “product concept”, the approval of aesthetic design,
the first working prototype, etc.).
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4.13 One-Piece Flow in the Daily Work in Order to Minimize
the Inefficiencies of Multi-tasking

In Lean Innovation system an important goal is creating a work environment
where interruptions are minimized as well as the workflow fragmentation. Aiming
at one-piece flow in the work has a number of advantages:

e it increases concentration and engagement in the task, with a likely increase in
work quality;

e it reduces the time between the moment in which knowledge is generated and
the moment in which it is utilized by others;

e it diminishes the waste due to the adaptation time required to switch from one
task to another is minimized.

A simple way to achieve the one-piece flow is the concept of “time-slicing”: mak-
ing structured the working agenda of people by allocating specific time frame of
day (or week) to specific projects or activities (e.g. in technical department it is
suggested to dedicate just Fridays, or part of the day, to “requests of changing”
and to prevent that such disruptions might interfere with the work of projects
development, or rather to spend the morning in the high priorities projects and the
afternoon in meetings, smaller projects of low priority, support activities, etc.).

4.14 Takt of Single Project (Stand-up Meeting)

Monitoring the progress of project activities must have a rhythm, a cadence (takt).
These progress meetings must be planned with high frequency (Daily/Weekly
Stand-up Meeting), they should be brief and have, as unique target, the project
scheduling updating. These stand-up meetings aim to minimize waste of the pro-
ject status reporting and simultaneously to improve the team coordination.

4.15 Project Portfolio Takt

Project portfolio takt means defining a standard frequency by which projects are
launched (e.g. new products projects every two years; enlargement of the range
every year, etc.). This also means defining a standard duration for the different
types of projects. The logic of takt aims to create “order” in the product develop-
ment system and to impose a kind of discipline regarding respect of time-frame. In
the context of product development, the allocation of pre-defined “time windows”
for projects, plays the same role of low inventory buffers in production: low stocks
bring out the problems and require systematic problem-solving actions to ensure
the system operation.
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4.16 One-Piece Flow in the Project Portfolio

The concept of flow in the project portfolio addresses the problem of resource
overloading due to the implementation of many projects in parallel, often without
a clear identification of priorities. Aiming at One-Piece flow in the project port-
folio means to minimize the likelihood that people are engaged in more than one
project simultaneously and the “work in progress” in the product development
system. Obviously the ideal situation of “a team—a project” is often difficult to
achieve: the search for the flow in the project portfolio simply aims to stimulate
the careful management of the project portfolio and priorities. The project port-
folio management is the decision-making process through which a list of product
development projects is constantly reviewed and updated. Through this process
the new projects are evaluated, selected and then sorted by priority. Manage in an
inefficient and approximate way the projects portfolio has generally important and
dangerous consequences:

e too many projects and overloaded resources: the list of active projects tends to
increase too easily; the financial and personnel resources are too dispersed and
the execution quality is badly affected. The lack of resources is only one side of
the problem; the other s