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Abstract. This paper presents the preliminary findings of developing and evaluating 
a Lean Six Sigma (LSS) e-learning aimed at empowering healthcare professionals 

in different roles to make healthcare more sustainable. The e-learning was developed 

with experienced trainers and LSS experts by combining traditional LSS and 
environmental practices. Participants found the training engaging and confirmed 

they felt motivated and prepared to start applying the acquired skills and knowledge. 

We are now following the 39 participants to further investigate the effectiveness of 
LSS for mitigating the climate challenge in healthcare. 
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1. Introduction 

Mitigating healthcare’s impact on Earth’s environment should be urgently accelerated. 

Healthcare is a major global industry and employer for which projections expect the 

sector to grow more than 25% in the next few years [1]. Recent studies on the significant 

negative effects of healthcare activities on Earth’s environment show alarming results 

[2,3]. The environmental impact of healthcare, which includes a variety of water, air, and 

soil pollutants, frequently has a detrimental effect on health distant from the site of the 

healthcare delivery [3]. 

Solutions from the field of medical informatics can be applied for measuring, 

monitoring and mitigating the environmental impact of healthcare to realize the required  

acceleration of reducing healthcare’s ecological impact. Examples include using 

telemedicine to reduce carbon emissions from travel, enhancing electronic information  
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systems to realize paperless processes, and increasing exchange of data between care 

providers to prevent unnecessary activities such as diagnosing tests and prescription of 

medication [4-6]. Lean Six Sigma (LSS) is one of the solutions that is put forth by 

Godbole & Lamb to increase the sustainability of healthcare [6]. LSS is based on a 

structured approach in which multidisciplinary teams work together to optimize 

organizational performance. Its principles include waste reduction, supply chain 

optimization, systems thinking and continuous improvement. 

Even though applying LSS for reducing the environmental impact of healthcare 

processes is new, using LSS to reduce the healthcare industries’ environmental footprint 

seems promising. First of all, because this data-driven method has already been 

successfully applied for improving the environmental impact in other sectors [7,8]. 

Secondly, because LSS has been widely adopted as an effective method for quality 

improvement in healthcare [9]. Environmental impact is increasingly seen as a key 

component of quality of care, beside elements like health outcomes and costs [10]. Using 

LSS as a method for improving sustainability of healthcare is new, because no cases have 

been reported so far on how this method was applied for this purpose. 

Promoting the use of LSS for making healthcare more sustainable, should start with 

training healthcare professionals in applying the method for this new purpose. Training 

is a key success factor for LSS performance [11]. Training increases knowledge and 

skills, which accordingly can realize change when applied in practice.  

Our objective was to develop and evaluate an e-learning to empower healthcare 

employees to use LSS to drive environmental improvements in their organization. 

 

Figure 1. Overview of research design 

2. Methods 

Figure 1 presents the overall evidence-based approach used to design and evaluate the 

training program titled 'Green Lean Healthcare'. Literature review, interviews with 

experts from different domains within an academic hospital setting (procurement, 

logistics, food, medical informatics, waste management, patient care and environmental 

management), standard training content from a recognized certification body [12] and an 

expert panel with LSS (Master) Black Belts were used to design the e-learning.  

To facilitate participation in parallel to busy working schedules, the training was 

developed for online, time- and location-independent learning. 

Participants were recruited at a Dutch Green Healthcare seminar and completed the 

e-learning between March 2021 and April 2022.  
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Questionnaires based on training evaluation theory [13] were filled out pre- and 

post-training to gather participants’ first reaction on the training, their learning curves 

and perceived behavior change related to the training program objectives. 

3. Results 

The review of literature with experts from different domains and the expert panel resulted 

in the course design based on five phases as presented in Figure 2. In this figure, the 

additions made to the generic training are presented in green and are underlined. 

Thirty-nine participants of fourteen different Dutch healthcare institutions 

participated in the e-learning, including ten physicians, four physicians in training, two 

nurses, six project/program managers, fourteen professionals from healthcare logistics 

or supply chain and three other roles. The e-learning completion rate was 74%. Initial 

results show that participants found the e-learning engaging, acquired the intended skills 

and knowledge, and felt empowered and motivated to start improving their workplace's 

environmental impact after training completion. 

 

Figure 2. Design of LSS e-learning for sustainable healthcare used in this study 

4. Discussion 

Despite its exploratory nature, this study has found that knowledge and skills in LSS 

contribute to a greater feeling of preparedness in the particpants in this study to actively 

start implementing changes for making healthcare more sustainable.  

An important fundament of the LSS methodology is to set measurable baselines 

and improvement goals and to use these to evaluate the effectiveness of implemented 

changes. The literature review conducted in this study to identify measurable factors to 

use for this purpose showed that the current body on knowledge in this area is incomplete 

and fragmented. Identifying which factors can be used for measuring the environmental 

impact of healthcare would be a fruitful area for further research. 

Even though the e-learning was generic for the global healthcare industry, the scope 

of this study was limited to the Netherlands while the environmental impact and 

organization of healthcare differs between countries [2,3]. Additional research could 
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reveal the impact of these international settings on the effectiveness of applying LSS for 

sustainable healthcare. 

Several participants mentioned the interaction with other participants from 

different roles in online discussion forums as a strength of the e-learning. Hence, 

exploring how sharing knowledge, tasks and ideas for reducing environmental impact in 

multidisciplinary teams might add useful insights that can further accelerate change. 

To draw conclusions on the effectiveness of using LSS for making healthcare more 

sustainable, it is essential to evaluate the long-term effects of the e-learning besides the 

short-term effects that were reviewed in this study. This is why we continue this research 

in a longitudinal study to understand actual changes made by participants at their 

workplace and how the education contributed to these changes. 
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