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LEVERAGING CAPABILITIES FOR DIGITALLY SUPPORTED PROCESS 
IMPROVEMENT: 

A framework for combining Lean & ERP 
 

ABSTRACT 
 

Purpose 
 ERP and Lean are both widely used approaches to business process improvement. 

However, research is limited on their interactions when implemented in combination, 
leveraging the advantages of both. The purpose of this paper is to propose a generic 
framework for implementing ERP and Lean in combination to develop digitally supported 
business process improvement capability and improved competitiveness. 

Methodology 
Principles and elements for the framework were derived from the extant literature and 

subsequently applied as input for solution incubation using design science research in a five-
year case study. Study results and learnings enabled solution refinement and the development 
of a generic framework for digital supported process improvement capabilities.  

Findings 
The paper presents a case study narrative and propose a framework for digitally supported 

business process improvement capability based on Lean and enabled digitally by ERP. The 
framework delivers tangible productivity and quality improvements deployed, and an increase 
of continuous improvement capability. 

Originality  
This paper provides a novel generic framework and a set of guidelines for implementing 

Lean and ERP in SMEs and/or service companies to improve their business process 
excellence. The paper contributes to the scientific literature by providing insights on how SMEs 
and service operations can integrate Lean and ERP methods, digitalize and streamline 
processes in the organization, and build continuous improvement capabilities. 
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1. Introduction  

Over the last few decades, businesses across industries have implemented either ERP 
(enterprise resource planning) or related IT (information technology) systems and/or Lean 
management approaches to enable continuous improvement of productivity, product quality 
and customer satisfaction (Nadarajah and Kadir, 2016), and achieve business process 
excellence and competitive advantage (Ghobakhloo and Fathi, 2019; Maguire, 2016; Powell, 
2013).Lean has been used and defined in numerous ways (Arlbjørn & Freytag, 2013). In 
addition, Lean foundation has five principles: identifying value, mapping value streams, 
creating flow, establishing pull, and continuous improvement (Womack and Jones, 2003). 
Such foundation is supported by organizational settings for pursuing a long-term philosophy 
of continuous improvement through people and partners, processes, and continuous 
improvement activities (Liker, 2004).  

ERP systems (Davenport, 1998) digitalize the information flow across functions and offer 
a range of functionalities supporting daily business processes by offering an infrastructure for 
process improvement (Masini and Wassenhove, 2009). Thus, the value of ERP resides not in 
the technological assets, but in the ability to develop repeatable patterns of value-creating 
actions using these assets (Masini & Wassenhove, 2009). Recent empirical studies have 
demonstrated that companies able to combine and integrate Lean and ERP as complementary 
initiatives are more likely to achieve operations and service excellence than  businesses with 
independent initiatives(Erkayman, 2019; Ghobakhloo and Fathi, 2019; Chiarini and Vagnoni, 
2017, Iris and Cebeci, 2014; Powell et al., 2013; Powell et al., 2012).  

However, the existing literature concerned with combining Lean and ERP has mainly 
addressed manufacturing industry challenges of building continuous improvement 
capabilities. Many service companies in the digital economy, currently use IT (Kobus et al., 
2018) / or ERP to support their operations and business processes, but lack management to 
fully develop their continuous improvement capacity (Gupta et al., 2016) and several studies 
confirm the importance of improving service operations to remain competitive (Vashishth et 
al., 2019). This fact calls for more research on the benefits from integrating Lean initiatives on 
top of ERP implementation for improving service speed, quality etc., while remaining flexible. 
(E.V. et al., 2019; Obwegeser et al., 2019). Consequently, we argue that process improvement 
capability can be raised by combining ERP and Lean, as Lean provides a systematic 
improvement approach and ERP can provide digital support for process improvement. 

The purpose of the paper is therefore: to propose and evaluate a generic framework for 
developing digitally supported business process improvement capability by combining ERP 
and Lean implementation. 

The study design comprises a review of the existing research on Lean and ERP 
implementation, a synthesis of principles for a new framework, and empirical testing and 
evaluation of the integrated framework in service operations (cf.  Figure 1). 

 
[Figure 1 about here] 

 

2. Review of Lean and ERP implementation methods for business process 
improvement 

Decades of research has shown organisations can address shortcomings of overall 
performance and sustain competitive advantage by implementing business process 
improvement (Nadarajah and Kadir, 2016). Business process improvement aims at 
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simplifying, stabilizing, standardizing, and automating business processes continuously to 
eliminate waste and improve value for business clients and stakeholders (Rytter, 2012). 
Business process improvement implies documentation and streamlining of processes and 
measurement of performance, which can result in higher levels of process maturity and 
transcend the processes to focus on customer needs (Nadarajah & Kadir, 2016). Development 
of business process improvement capability is distinguished from process improvement by its 
emphasis on moving from isolated improvement activities to organizationally driven 
approaches which consistently encourage, support, and exploit such activities for improved 
performance over time where improvement efforts also are incorporated into the 
organizational culture (Bessant and Francis, 1999; Hansen & Møller, 2016). Process 
improvement capability often encompass use of Lean principles, methods, tools, and 
organizational settings which are supported by process and performance visibility provided by 
ERP or equivalent IT solutions. Consistent and persistent deployment of Lean and/or ERP can 
significantly improve the effectiveness and efficiency of business processes (Matthews et al., 
2017) by  providing tangible results and development of improvement capabilities (Hansen, 
2015).  
 
2.1 Combining ERP and Lean  
Powell and Strandhagen (2011) claim that the benefits associated with Lean and ERP systems 
are almost identical (reduced cost, increased productivity), but also that set business targets 
are more easily achieved by combining and synchronizing the two implementation efforts. 
Only one integrated framework for ERP-based Lean implementation process (Powell et al., 
2012) was found. The framework provides clear guidance for how to combine ERP and Lean 
via initial development of a strategic vision, followed by training, ERP software selection, and 
Lean tools introduction. The framework is designed for companies which choose to implement 
a new ERP solution in combination with later Lean efforts reflecting the case for many 
businesses a decade or two ago. However today, many companies have run ERP systems 
for several years and instead struggle to improve process and client value on top of their IT 
infrastructure by using Lean tools.  

Surprisingly, the discussion about ERPs ability to enable Lean in a service context is almost 
absent in the extant literature. Service operations are often leaning on manufacturing 
operations as the role model of digitalization and efficiency (Gupta et al., 2016) and benefiting 
from adopting approaches as Lean and ERP. To some extent, service operations has even 
larger potential for automation and digitalization than manufacturing (Bortolotti and Romano, 
2012). This means  ERP should be used as an automation and digitization tool enabling Lean 
and thereby avoid multiple IT solutions in service to minimize the need to integrate and support 
several systems. 

 
2.2 Methods for ERP implementation 
The term implementation is in the world of ERP often used to describe a well-defined project 
covering the steps from choosing a system and its configuration to training its users and to 
go-live (Powell et al., 2012). Several researchers have developed process models simulating 
ERP implementation. Vilpola (2008) discussed a model based on previous studies of ERP 
implementation. Berchet and Habchi’s (2005), Pellerin and Hadaya’s (2008), Rajagopal’s 
(2002) present several-stage models, and Wallace and Kremzar’s (2002) ERP Proven Path 
methodology for ERP implementation. These models represent a linear implementation 
process with emphasis of continuous improvement at the end, the exception is Harwoord 
(2003) presenting a high level generic ERP implementation model better suited to continuous 
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process improvement. 
 
2.3 Methods for Lean adaptation and transformation 
Womack and Jones (2003) proposed five principles for implementing Lean in 1996. Most 
implementation frameworks are derived from the context of production: Hobbs (2004) 
describes a step-by-step process for the implementation of Lean manufacturing for reflecting 
the five Lean principles and Bicheno and Holweg (2009) present a hierarchical Lean 
transformation framework. Additionally, some approaches less orientated towards 
manufacturing suggest improvement to happen in loops. As Malmbrandt and Ahlstrom (2013) 
investigating use of Lean service principles and methods or Kumar et al. (2012) suggesting 
use of a DMAIC framework to implement a Lean Pull Replenishment approach. Also, 
Nightingale and Mize (2002) propose a model of three cycles that portrays the overall steps 
necessary to initiate, sustain, and refine an enterprise transformation based on Lean practices. 

 

3. Key principles for digitally supported continuous improvement capability 
implementation 

3.1 Overview of Lean and ERP implementations’ steps 
Table I shows the steps proposed in Lean and ERP implementation frameworks. The colors 
represent the framework steps (blue=combined, white=ERP, grey=Lean). The highlighted 
steps in yellow are the ones used in both ERP and Lean frameworks. 

The overlapping steps from ERP and Lean are continuous improvement, ongoing training, 
process definition, performance goals, strategic vision and initial training. While the continuous 
improvement associated with implementing ERP and Lean tools are undetailed, it is necessary 
to analyze additional available continuous improvement project frameworks and steps. 

Operational inefficiencies can be eliminated continuously on a project-by-project basis by 
taking each project through the DMAIC phases (Lokkerbol et al., 2012). Kumer et al. (2012) 
use DMAIC when executing the Lean improvement initiatives and achieved customer service 
excellence. Sunder M (2016) suggest DMAIC usage when adapting Lean and Six Sigma tools 
in financial service companies. 

[Table I about here] 

3.2 Principles for an implementation framework 
Based on the analysis and comparison of the relevant frameworks for isolated and integrated 
implementation of Lean and ERP systems presented above, a synthesis of principles was 
proposed for constructing the framework to reach business process improvement capability 
The framework it self is developed by using design science research in a five-year case study 
based on the principles below:  
1) The preparation phase is important in a framework, as most of the existing contributions 

highlight the need for developing a transformation program with a realistic pace for 
implementation activities. The preparation also includes assessing ERP and Lean 
maturity and getting stakeholders committed to the journey through project scoping and 
setting targets, as well as organizing the project. 

2) A method for managing and executing improvement projects should preferably be based 
on DMAIC or a similar continuous improvement approach which can be applied on a 
project-by-project basis. Such a sequence of standardized steps has to be applicable to 
a broad set of improvement cycles and should be tailored to the individual company 
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needs and resources (Lokkerbol et al., 2012). A project will usually be broken into the 
following steps:  
• Define the current situation and performance gab. (Lokkerbol et al., 2012; Sunder M, 
2016; etc.).  
• Identify improvement options (Harrison et al., 1997) and analyze the possible 
solutions (Kumar et al., 2012).  
• Plan implementation tasks for the particular project (Kumar et al., 2012;  etc).  
• Implement solutions (Nightingale and Mize, 2002; etc).  
• Measure and monitor performance improvements (Nightingale and Mize, 2002).  
• Control and adjust (Lokkerbol et al., 2012; Nadarajah and Kadir, 2016;  etc.).  

3) Emphasis on cycles of continuous process improvement must be included in the steps 
above with the DMAIC framework.  

4) Performance metrics and procedures should be part of the framework. It is seen in 
several of the existing recommended frameworks such as Bessant and Francis (1999) 
with their capability/maturity framework or Delgado et al. (2014) that a set of business 
and process performance metrics based on productivity-costs, quality, time, and 
customer satisfaction.  

There are two ways ERP can be helpful in continuous improvement projects. Firstly, ERP 
can maintain and automate standardized work while ensuring that work is done in exact 
sequence and format (Ghobakhloo and Hong, 2014). Secondly, ERP systems deliver process 
and performance data to Lean improvement projects and enable so-called “data-driven 
decision-making cultures” in companies (Halgeri et al., 2011; Nauhria et al., 2009), combining 
immediate improvement and development of improvement capability (Hansen, 2015). 

 

4. Methodology to test the principles for developing a framework 

The method of the study was based on Design Science Research (DSR; Van Aken et al., 
2016) and inspired by Action Research (Coughlan and Coghlan, 2009) and its longitudinal, 
participative case study research methods. The aim of DSR is to discover predictive 
knowledge in a company setting by developing practical knowledge grounded in a participatory 
worldview (Reason and Bradbury, 2007). DSR intends to move beyond the theory-building 
versus theory-testing distinction and instead move the focus from theoretical explanation to 
actual problem solving (Holmström et al., 2009).  Therefore, we conducted DSR through  
phases inspired by Chaudhuri et al. (2020). First, solution incubation was carried out to 
understand problems and to develop the first solution design, which is detailed enough to be 
implemented but may be incomplete. Principles and elements for the framework were derived 
from the extant literature and subsequently applied as input for solution incubation. Second, 
solution refinement was carried out to refine the initial solution design through iterations to 
verify what works, thus including design improvements, implementation, and evaluation. The 
solution refinement led to the development of a digitally supported continuous improvement 
framework. Third, we evaluated the developed artefact from a theoretical point of view to 
contribute to the broader application of the paper findings thus proceeding beyond problem 
solving. 

The roles of the researchers conducting the study and the intervention in the company was 
inspired by discussions on how to ensure validity in action research. One researcher held a 
managerial role in the company while also being the primary data collector. This dual role 
meant the researcher managed the project and the study simultaneously; a dual position that 
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requires clear research roles and structure (Coughlan and Coghlan, 2009). While one 
researcher was embedded in the case study to gain access to the data, the other two 
compensated by taking an active challenging role to minimize the natural biases from going 
native in the study. A protocol was developed and was continuously updated, specifying data 
needed for the ongoing collection, and over time key informants were let to review the case 
evidence gathered to strengthen the validity and reliability of the research (Voss et al., 2002; 
Yin, 2009). 

 
4.1 Case selection and data collection  
The selected case company was an IT company responsible for local sales, implementation, 
and support of a software solution. A researcher was involved, who was also a manager in 
the case company. Such a manager ensured close collaboration and unique engagement with 
the case company that Myers (2013) argues is crucial for access to data and ensuring 
implementation. The case made it possible for the researchers to do in depth and longitudinal 
research into how a service business build capabilities for digitally supported continuous 
improvement and achieve operational benefits over time. The case can be considered 
revelatory in its attempt to uncover how Lean and ERP are implemented and creates benefits 
in combination (Yin, 2009; Voss et al., 2002). The scoping of the intervention started in 2015 
based on the results of a customer satisfaction survey, which showed a need for more effective 
processes in the company. The company thus had a clear incentive to participate in the 
research project to develop its competitive edge.  

Rich methods of data collection were used in order to investigate the intervention 
(Coughlan and Coghlan, 2009), including: 

• Videos and digital pictures from 14 improvement sessions 204 GB 
• Documents, drawings, posters produced during the improvement sessions 
• Summaries of 270 meetings e.g., weekly meetings and quarterly partner meetings  
• Notes from 62 interviews with employees  
• 46 A3 forms used for process improvement projects 
• Reflection notes after relevant events and observations 
• Performance data for five years period from the ERP system. 
Case evidence is archived. 

The collected data was used to write a case narrative divided into five parts:  
• Background of the case company before improvement initiatives;  
• Setting the Strategy, creating awareness for Lean and building Kaizen capabilities 

2015;  
• Implementing a Lean process for ERP Implementation 2016 
• Improving customer support/service processes and performance 2017 
• Understanding and improving the customer journey while using ERP 2018 
• Epilogue and outcome 2019 
The experiences and findings were used for developing the framework for ERP-Lean 

implementation during the collaborative process. Post intervention, the case narrative was 
analyzed and the findings were highlighted and used to update the framework.  

 
4.2 Measuring process improvement capability to evaluate the created framework 
The success of a process improvement effort hinges on the ability of the company to evaluate 
the impact of the implemented changes (Harrison et al., 1997). This requires process 
performance is measured and reported for the purpose of continuous improvement 
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(Nadarajah and Kadir, 2016). Measurements make continuous improvement possible at each 
stage of implementation when underperformance is detected (Sun et al., 2015).  

Two dimensions were measured, in order to test the developed framework and to justify its 
use in the company. First, a set of business and process performance metrics were chosen, 
and second, improvement capability maturity was assessed. 

Companies have a range of KPIs and performance measurement systems to evaluate 
tangible improvements created, and to providing updated numbers for key metrics to decision 
makers, who can compare the results to targets set and decide on actions (Tan, 2004). Typical 
metrics include productivity, quality, time, and customer satisfaction (Delgado et al., 2014). 
We used four KPI categories for this study, which were applied in the company already as 
shown in the findings. 

Regarding the improvement capability with respect to process orientation and culture, we 
applied the widely disseminated Bessant and Francis (1999) model since it provides a detailed 
outline of the different maturity levels previously operationalized in the context of Lean 
(Hansen and Møller, 2016). The model places attention on the development of continuous 
business process improvement infrastructure (Matthews et al., 2017). 

 

5. Constructing and testing the framework through the business case 

The headquarters of the case company were founded in Estonia in 2002 offering an ERP 
solution as Software as a Service (SaaS). The company was one of the first software providers 
globally to introduce a SaaS (cloud-based) ERP service to corporate customers. Initially the 
focus was the local Estonian market, The company in Lithuania was established in 2008.  

The case company (Lithuanian branch) had implemented its own ERP system, but it did 
not support execution and monitoring of the core business processes. Only the finance module 
and some CRM features were introduced in the end of 2013. However, the company faced a 
number of organizational challenges typical of a fast-growing SME and it became increasingly 
difficult to control the service quality.  

The initiative of business process improvement started in 2014 with a decision of combining 
Lean with better usage of ERP and via engaging an external Lean consultant.  

 
5.1 Setting the Strategy, creating awareness,  and building continuous improvement 

capabilities  
Employees were formally introduced to Lean in beginning of 2015. In the summer of 2015, 
two workshops supported by an external Lean consultant were conducted with the purpose of 
setting a strategic vision and committing the staff accomplishing the following tasks: 

• Specific objectives and targets were set for customer satisfaction, growth of turnover 
and operational excellence. 

• A policy deployment X-matrix tool was applied to identify short-term actions that could 
contribute to reaching the objectives. 

• The core business processes for Sales, Implementation and Support were mapped and 
analyzed 

• Customer value and needs were identified  
• Main KPIs were clarified and visualized. 
These actions coincided with the recommendations of the preparation stage of the Lean 

ERP framework developed by the researchers framework (figure 3). 
The workshops became steps towards further business improvement and instilled a break 
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in daily operations, where employees often felt they lacked time to make improvements. At 
first, the workshops contributed to a broader and shared understanding of customer value and 
the importance of meeting customer needs.  Regarding objectives, the exercise created a set 
of very tangible metrics for the key business processes, including KPIs. After the workshop, it 
was decided to implement visual management, resulting in a publicly displayed dashboard, 
tracking business improvement efforts. 

Additional improvement sessions were run with the same external consultant in the autumn 
subsequently followed by a trial period, to proceed with visual management. Weekly Friday 
meetings with a clear structure were organized to identify current performance and 
improvement opportunities.  Kaizen meetings were also strengthened by integrating previous 
idea-generation processes and converting templates into A3 forms. 

       
5.2 Implementing a Lean process for ERP Implementation 
The company increased its revenue with 34.83 % in 2014 and 31.37 % in 2015. The year 2016 
began with numerous unforeseen new software implementation projects for the clients. 
Consequently, there was a need to upgrade the core implementation process, as deficiencies 
of that process had rework and performance implications for post customer support processes. 
An improvement session was carried out in March 2016 to tackle this challenge. It started with 
the whole team gathered, introducing and repeating information about Lean tools and playing 
some Lean games. The ERP implementation process was scrutinized using tools as Fishbone 
diagrams, 5WHYs, PDCA, A3 forms etc. Subsequently, a follow-up session was held to 
identify ways of improving the main process, using the external facilitator. The two workshops 
yielded: a detailed map of the current end-to-end process of ERP implementation for the client. 
This created a shared understanding of the end-to-end process among everyone who was 
involved daily.  

In response, the team decided to use the ERP project management module internally for 
implementing projects and a set of procedures was created. Finally, KPIs were developed to 
monitor progress of the new ERP implementation process: duration, revenue from new project 
implementation works, actual vs. planned dates for activities and re-work per project. 

The implementation of the designed EPR improvement process was done using PDCA 
principles and running several improvement cycles. This years experience is summarized 
in figure 3.  

  
5.3 Improving customer support/service processes and performance 
In March 2017, the team and external consultant initiated a new improvement project choosing 
the customer support process as scope for an improvement workshop as number of requests 
received per customer was 9.74 times fewer in Estonia vs Lithuania at the time. The workshop 
started with a team-building exercise, and the support process was analyzed and the steps 
described in figure 3 were executed. The improvement project session produced the following 
results: 

• A shared understanding of which customer requests create value 
• A detailed map of the end-to-end customer support and its handovers and flaws 
• A vision for a future Lean and digital customer-oriented support process characterized 

by clear customer specifications, simplicity and automation 
• KPIs were set for monitoring customer support performance, the ERP system was 

adjusted to register and classify all future customer requests.   
During the rest of 2017, further adjustments and improvements of the process were made. 
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At the annual employee conversations, the staff expressed their satisfaction with the 
integration of Lean methods and improved ERP usage within work routines and with the many 
ongoing improvement projects running.  

 
5.4 Understanding and improving the customer journey while using ERP  
Ambitions to make the company processes and work culture more competitive continued in 
2018. It was decided to organize one more set of improvement sessions with the theme 
“Improving the customer journey through the support process.” The first part of the sessions 
was therefore spent repeating the same messages and teaching Lean curriculum from the 
previous workshops. Again, these included interactive game elements and constituted team 
building. The second part of the sessions included training in methods for conducting customer 
studies and observing work processes. The workshops included go-to-gemba visits to 5 
customers with teams of two observing processes and interviewing staff. The main goal was 
to watch the customers daily work with ERP and understand why and when they needed 
support. 

Employees returned excited about what they had observed and even changed their 
perception of customers behavior. Another series of customer visits were organized. After 
these visits, a half-day session was run drawing up support team and customer behavior. In 
other words, the steps from the framework in figure 3 were repeated. First, the team was 
trained and united. Then, better understanding of the current support process was created by 
visiting customers, issues of value stream were identified, activities for improvement were 
planned, new routines were agreed upon and standardized in ERP to enhance the support 
process, and KPIs were reviewed and configured in ERP.  

At the end of year 2018, the Lean initiative had shifted its initial focus on project-based 
improvements to a focus on continuous improvement of the company processes and delivery 
of superior value to clients.  

 
5.5 Epilogue and findings 
After five years, the results were clear. The company morning stand-ups were daily routine, 
and every Friday, important KPI’s were reviewed and decisions made at a structured meeting. 
A3 improvement projects were common day-to-day activities. 

Process-improvement of sub-process of integration projects was done independently in 
2019, without an external consultant. The sales process was also implemented in ERP from 
pipeline to signed contract information using the CRM module.  

A summary of metrics of the five-year period is presented in figure 2. Cost-based 
productivity - revenue vs. no of employees - grew year-by-year from 6% to 20%. The customer 
recommendation rate was seen in the customer survey that was carried out in three of the five 
years. We can see the tendency of coefficient improvement as well from 7 to 7.4 and 8 during 
the years. The number of questions drops quite significantly trough the five years from 56.62 
to 32.75 tickets per customer. The percentage of tickets solved in one day also increased. The 
time it took to implement a project also decreased between 2017 and 2019. For easier 
overview, decreasing numbers are converted to inversely proportional numbers.  

Referring to the Bessant and Francis (1999) model, the process improvement capabilities 
of the team had reached level 3.5. The company was regularly running systematic problem-
solving cycles was without support of the external consultants. Experimentation and 
innovation had become the norm, and implemented performance metrics enabled ongoing 
cost reductions, quality improvements, and time savings. 
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[Figure 2 about here] 
  

6. Learnings from the case and proposed framework 

The case demonstrates how applying the combined ERP and Lean approach enabled the 
intervention to produce positive results in terms of productivity, quality, and customer 
orientation. It also produced business process improvement capability in the SME service 
company. The business transformation effort was implemented through a synthesis of existing 
Lean and ERP frameworks and the applied DSR / action research methodology. Based on the 
case journey and results, we have summarized our findings in the form of a digitally supported 
business process improvement framework, presented in figure 3.  
 

[Figure 3 about here] 
 

6.1 Setting the strategy and preparing for ERP and Lean capabilities 
The proposed framework suggests, (Powell et al., 2012; Pellerin and Hadaya, 2008; 
Nightingale and Mize, 2002), the preparation stage as crucial for the results of the intervention. 
In this stage, the company must start by clarifying the starting situation: Are ERP and Lean 
implemented from scratch; is one of the approaches already present; or does the company 
already have some degree of maturity with respect to both approaches? (In Figure 3 – Identify 
Lean and ERP maturity).  
    An ERP solution existed at the case company, and the intervention was concerned with 
enhancing the existing system via Lean methods to enable process improvement and 
customer value. Most of the initial training thus covered Lean principles and tools. However, 
the starting point might be different and thus require another focus for other companies. 

A subsequent key step is to ensure the initial business strategy and competitive priorities 
are aligned with Lean and ERP actions in the long and short term - second step in Figure 3. It 
is particularly important that the role of core processes in creating customer value is made 
obvious, and managers and employees are aware of it - third step in Figure 3. For the case 
company, a significant effort was made to create such awareness by applying the X-matrix 
tool (Barnabè and Giorgino, 2017), which likely supported further initiatives and results.  

The next step in the preparation stage - fourth step in Figure 3 - is to consider how to 
organize the upcoming ERP or Lean triggered business -s transformation. The chosen 
approach might depend on the given company size and resources. The case company was 
an SME, and it was clear that the CEO would play a key role, not just as a sponsor of the 
initiatives, but also as an agent of change and a dedicated improvement project leader in 
collaboration with key employees. The importance of a committed sponsor as well as strong 
agents of change being able to deal with technical and cultural/political challenges have been 
highlighted in previous research (Schniederjans and Yadav, 2013; Kumar et al., 2012). 

Specific needs for training should be identified, planned, and executed for relevant 
stakeholder groups at an early stage to facilitate the professional and cultural transformation 
- fifth step in Figure 3. Employees and managers leading the implementation should receive 
intensive training in relevant ERP/Lean curriculum and skills, while other stakeholders should 
acquire further awareness and understanding (Nightingale and Mize, 2002; Vilpola, 2008). 
Existing research stresses the value of experiential learning methods or on-the-job training as 
a way to acquire skills and competencies in the areas of Lean or EPR (Wallace and Kremzar 
2002; Bicheno and Holweg, 2009). Since the case company was an SME, it was decided early 
on to make training part of the planned improvement projects, offering the opportunity of 
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training Lean and ERP tools as part of problem solving. 
Finally, KPIs and improvement objectives should be discussed and set at the preparation 

stage - sixth step in Figure 3 - in order to be able to track whether the initiative delivers the 
expected business benefits. Initially, the case company only had financial measures in place, 
and thus a need for developing service quality and process performance measures arose. A 
simple set of KPIs was developed and tracked via manual data recording. At a later stage the 
performance reporting was automated via ERP (Bortolotti & Romano, 2012).  

 
6.2 Managing improvement projects 
With respect to the improvement project management and execution phase of the above 
framework, our case enables to convey some interesting observations and recommendations. 
One of the features of the case was  the company business transformation which happened 
in a set or pattern of Improve-Monitor cycles. For every cycle, the improvement was first done 
as a Kaizen event (Aken et al., 2010), where a systematic set of standardized improvement 
steps were made. The implementation of a new work process and digital solutions was 
followed by a subsequent monitoring period, where new routines were established, only small 
adjustments were made to ensure improved operations. The realized approach was likely due 
to the size of the company, where there was no full-time agent of change dedicated to driving 
Kaizen events. In addition, employees were in need for a stable daily work and more familiarity 
with the new processes before they would have mental surplus to investigate new 
improvement options.   

We have identified some critical aspects, which yield good results for every step in the 
improve and monitor cycle: 
 Unite and train the team. Aken et al. (2010) address the need for uniting improvement 

teams and the importance of ongoing training is documented by existing research – 
both in terms of ERP (Pellerin and Hadaya, 2008; Berchet and Habchi, 2005 and etc.) 
and Lean (Nightingale and Mize, 2002; Malmbrandt and Åhlström 2013, and etc.). The 
case indicates a combined team-building and training effort, enabled the team to 
identify improvement options and subsequent implementation speed.  

 Understand/map current process, value stream issues. The current situation and 
inefficiencies of the selected process should be mapped, documented and analyzed as 
one of the first improvement project steps as mentioned by Obwegeser et al. (2019). 
Estimating baseline performance and identification of root causes are also typical steps 
in understanding the current state of process (Lokkerbol et al., 2012; Kumar et al., 2012; 
Nadarajah and Kadir, 2016; Sunder M, 2016). In the case company, each improvement 
cycle included these activities to understand the current value stream issues and 
challenges.   

 Identify solutions and analyze impact. Generating or proposing ideas for solutions that 
can improve current operations and performance is essential after initial analysis  
Harrison et al. (1997). Typically, a deep understanding of the current state must be 
combined with creative thinking and stretch targets set to foster innovation and 
systematic problem solving. Evaluation of costs and benefits should be done as a final 
step before implementation (Nightingale and Mize, 2002; Kumar et al., 2012). The case 
company illustrates how the team retreated from daily operations and performed 
creative and systematic problem-solving, the pain and gain charts were used for 
prioritization and selection of implementation. 

 Plan and organize implementation. Part of this step includes making a more or less 
detailed plan for timely implementation of actions. Delegation of time and resources, 
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and assignment of roles and responsibilities for people (Obwegeser et al., 2019; Kumar 
et al., 2012; Harrison et al., 1997; Nightingale and Mize, 2002). The case company 
developed a clear plan for implementation activities with a timeline and designation of 
team members to tasks for every improvement project.  

 Solve problems and enforce new routines. The actual implementation is the most 
important part of the transformation process, as confirmed by Obwegeser et al. (2019) 
and Lokkerbol et al. (2012). The implementation team should execute actions and 
proactively and persistently deal with obstacles for further process redesign and 
improvement of performance. An implementation team was attached to every project 
for the case company, and they developed instructions that could solidify new 
processes and routines, particularly during the first two improvement cycles. 
Maintaining discipline with respect to executing work routines was essential to succeed.   

 Standardize and automate with ERP. Implementing or materializing new standard work 
routines into the ERP system, plays an important role in improvement projects 
(Ghobakhloo and Hong, 2014). The automation part was done without additional 
challenges in the case company, while IT experience and knowledge allowed for the 
team to implement automation of the processes.  

 Establish new KPIs in ERP. For every improvement project, it is critical that KPIs are 
established in order to be able to monitor the performance of new processes. We 
recommend to start out simple and record and calculate KPIs manually or through 
Excel. After the trial phase, data and performance reporting can be implemented into 
to ERP. Several studies have highlighted need for KPIs/metrics as well as for various 
incentives for organizations to maintain improvement results and Kaizen practices 
(Done et al., 2011; Pritchard, 2013). 

 Monitor performance and adjust if needed. After the improvement project steps are 
completed, the relax phase is recommended based on the case company’s experience. 
The KPIs should be followed on the regular weekly meetings and benchmarked with 
the goals set. If adjustments are needed based on the KPIs or employee feedback 
about the new routines, small adjustments should be made as stressed by Obwegeser 
et al. (2019). 

 

7. Discussion 

7.1 The framework provides a generic approach for developing continuous 
improvement capability by combining Lean and ERP. 
The purpose of this study was to develop a comprehensive generic framework using ERP and 
Lean to improve processes, enable digitally supported continuous improvement capability, 
and competitive advantage.  

While Powel et al. in 2012 presented a framework for combining Lean and ERP, their 
framework was designed for companies starting from scratch. The framework provided in this 
study is generic and can be modified and applied to situations where companies already have 
ERP or some Lean capabilities. This is a relevant contribution seeing as both ERP use and 
Lean are widespread in most industries. The framework is also generic in the sense the time-
laps given in the framework are not strictly defined. Repetition of improvement projects 
develop the continuous improvement capability (cf. Nightingale and Mize, 2002), but the length 
of each cycle can be carefully evaluated by the company depending on the context and 
resources available.  

In the course of the five years the framework was developed and tested, other studies 
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focused on combining ERP and Lean were published. Janssens et al. (2020) present a 
process for ERP implementation through a collection of coherent and detailed activities or 
processes, independent of phases, and viewed over the entire project. Ghobakhloo and Fathi 
(2019) propose an overall strategic roadmap for increasing productivity by integrating a firm’s 
IT resources and capabilities to support manufacturing digitization and leanness. Kobus et al. 
(2017) discuss the implementation of Lean IT in waves of 3-4 months in four implementation 
phases. Obwegeser et al. (2019) present an IT infrastructure service operations improvement 
model with steps, guidelines, and a toolbox.  

While these more recent studies offer insights and practical knowledge about domains of 
ERP implementation (Janssens et al., 2020), Lean and IT implementation in combination 
(Sartal and Vázquez, 2017; Erkayman, 2018), IT for digitalization and Lean (Ghobakhloo and 
Fathi, 2019; Kobus et al., 2017) and Lean in IT organizations (Obwegeser et al., 2019), they 
do not address the development of continuous improvement capability. The framework offered 
in this paper provides an approach for developing digitally supported continuous improvement 
capability, documented through a standardized maturity model (Bessant and Francis, 1999). 

The company case illustrates the particular set of challenges faced by a IT service company 
that is technology-focused  rather  than  customer oriented, as also explained by Kundu and  
Bairi (2014). Through five workshops run in the course of the first year, a deliberate effort was 
made from the outset to create awareness around the importance of understanding customer 
needs and delivering value, which is fundamental for any (ERP) or Lean transition to succeed 
(Womack and Jones 2003; Bortolotti and Romano, 2012). Employees had to learn to adapt 
their ERP programming approach to problem solving with the Lean mindset concerned with 
the improvement of processes and customer value and apply both in combination as part of 
their ongoing work.  

This ability for continuous improvement was furthermore demonstrated since the company 
continued to grow by 12% turnover in the year 2020 even during the challenging pandemic 
situation. 

Future research should investigate the extent to which these findings apply to a wider range 
of contexts as for companies with more extensive experience using Lean and ERP. 
Furthermore, the study shows future research could investigate the time laps and their impact 
on implementation effect and to what extent sustainable implementation could be accelerated. 

 
7.2 Perspectives on the role of ERP and Lean in digitalization of companies 
Many companies are under pressure to perform better in spite of decreasing resources and 
seek digitalization as a strategy to move forward. The benefits of digitalization thus require 
continuous improvements capability and the ability to use data in the real time (Trstenjak and 
Cosic, 2019). This paper demonstrates how the combination of Lean and ERP can be a 
successful way of achieving the benefits of digitalization as processes are improved and 
wasteful activities in day-to-day operations are eliminated (Erkayman, 2018; Kobus et al., 
2018; Kobus et al., 2017). SMEs could benefit from exploiting the possibilities in an ERP 
system instead of implementing multiple IT tools while digitalizing their processes. This, 
however, might not be possible for larger companies, which would need ERP integration in 
combination with additional specialized IT solutions. Future research could investigate how 
the combination of Lean, ERP, and other digital components impact the capacity for building 
continuous improvement capability and competitive advantage. 
 
7.3 Reflections on developing the framework with a case company 
The study used conclusions from existing scholarship to develop principles for implementing 



14 
 

a combined ERP and Lean approach, and then proceeded to test and develop the framework 
inside the case company. The nature of the chosen methodology allowed for the conclusions 
from the case study to be embedded into the framework. The presentation of the framework 
also benefits from the contextualization in the case description, which allows the reader to get 
practical insights about the use of the framework. Furthermore, the methodology 
acknowledges that the development of Lean - in combination with ERP - as an emergent 
system requires a system view that integrates people, processes and tools, as well as the 
evolving culture (Liker and Morgan, 2011). In this way, the timeframe of the study made it 
possible to assess the development of digitally enabled improvement capabilities in practice.  

However, the methodology limited the developed framework to findings from a single case 
and the practical knowledge that arose in the case, which might have inhibited findings that 
could have been uncovered through a deductive study where a proposed framework was 
tested in multiple companies. One example of a topic that was not covered in the framework 
is project governance. In this case company, project governance could be done ad hoc as top 
management had a dedicated focus on implementing ERP and Lean through the framework 
and due to the small size of the company. In medium-sized or large corporations, project 
governance may already be established as a system. This study, however, lacks any 
recommendations as to what governance implementation requires which can be researched 
in the future.  

 

8. Conclusions 

Many organizations have adopted a version of Lean and of ERP, but struggle leveraging 
continuous improvement capability and continuing the journey of digitalization to support 
operational excellence (Trstenjak and Cosic, 2019). This paper provides a novel generic 
framework that can address this need: an implementation guide for how to develop and 
measure business process improvement capability based on Lean and enabled digitally by 
ERP and thereby improve productivity, quality, and competitive advantage.  

The paper contributes to the literature by providing insights on how SMEs and service 
operations can integrate Lean and ERP to build the digital infrastructure for business process 
improvement capabilities, and by providing deep insights into how these capabilities enable 
organizational growth and profitability. The practical contribution of the generic framework is 
applicable for organizations in all industries and enterprise sizes if properly incorporated with 
existing practices. The provided case study furthermore contributes with practical knowledge 
and examples on how to mature improvement capability (Bessant & Francis, 1999). 

The main limitation of the study is the investigated case maturity with ERP and Lean 
might not be generalizable. Therefore, further research should investigate how findings apply 
to a wider range of contexts- e.g., companies of different sizes and industries, with more 
extensive experience using Lean and ERP. 
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Figure 2. Graphical overview of the outcome 

 



 

 
Figure 3. Developed framework for digitally supported business process improvement 

capability by combining implementation of ERP and Lean 
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Investment and cost–benefit analysis   ■    ■ ■ ■       
Define system requirements    ■ ■ ■ ■ ■ ■ ■       
Software and vendor selection ■  ■  ■ ■ ■       
Business process reengineering (BPR)  ■  ■ ■   ■       
Data cleanup and conversion ■     ■        
Software configuration   ■ ■ ■ ■  ■        
Software installation  ■  ■  O ■        
Software customization ■ ■ ■   ■ ■       
System integration ■ ■    ■        
ERP system project Go-live    ■ ■ ■ ■ ■ ■        
              
Establish strategic goals and vision   ■   ■ ■ ■ ■   ■ ■ ■ ■ 
Initial education ■  ■   ■    ■  ■ ■ 
Define performance goals  ■ ■ ■ ■  ■  ■  ■  ■ ■ 
Define processes ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ 
Ongoing training/learning ■ ■ ■ ■ ■ ■   ■   ■ ■ 
Continuous improvement ■ ■  ■ ■ ■  ■ ■ ■ ■ ■ ■ 
              
Organizational setup for change ■           ■ ■ 
Define and establish teams ■ ■      ■  ■ ■ ■ ■ 
Implement basic foundations of lean ■         ■  ■  
Understand customer needs  ■      ■ ■ ■ ■   
Define products ■         ■ ■  ■ 
Establish zero defect mentality ■        ■ ■   ■ 
Vertical information systems ■         ■  ■ ■ 
Identify flow and challenges in the flow ■ ■      ■ ■ ■ ■ ■  
Standardize work        ■ ■     
Lean accounting ■         ■   ■ 
Pull system ■       ■ ■ ■ ■   
Measure /control  ■      ■ ■ ■  ■  

 

Table I. Steps from different Lean and ERP implementation frameworks 
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