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Abstract 

Currently, the predominance of Agile frameworks in software development means that Lean applications in the IT 
sector are incipient or very little known. However, several authors argue that the application of Lean in software has 
more advantages than Agile could have, due to the scalability of the procedures. The objective of this research is to 
know the state of the art of the application of Lean in software development through a systematic literature review. 
After reviewing 19 articles, it was found that the most common Lean waste with the greatest impact on software 
development is waiting. The main barriers that hinder the application of Lean correspond to attitudinal components 
of people such as low understanding of Lean concepts. The most applied Lean tool is Kanban and the main advantage 
of applying Lean in software development is the improvement of team performance. 
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1. Introduction
In the 1950s, software was developed through trial-and-error methods; some of these methods were incremental and 
iterative, while others were linear and sequential, such as the Waterfall model (Lei et al. 2017). This model proved to 
be inefficient and ineffective due to the changing requirements that could arise during software development, a 
characteristic given by its intangible nature. Around 2001, a group of developers proposed to change the mindset with 
which software was developed. This new way of thinking would be known as Agile and would emerge as a response 
to the Waterfall model to better deal with growing uncertainties. (Sandstø and Reme-Ness 2021). Since then, several 
agile frameworks, or methodologies according to some authors, have been created based on the Agile philosophy with 
the aim of bringing us closer to the Agile mentality. We must consider that agile frameworks such as Scrum, we 
manage the creation and delivery of products in short iterative cycles of time, to give in each iterative cycle with 
customer feedback the incrementality of value. 

For the formulation of the Agile philosophy, the group of developers relied on the principles of Lean Manufacturing, 
applicable to the production of goods and services, adapting them to the context of software development. Lean 
Manufacturing is a philosophy that seeks to eliminate waste in processes. By eliminating Lean waste, productivity 
increases, and the organizational culture is transformed in terms of quality. (Edwin-Joseph et al. 2020).  

Although the Lean philosophy is mainly applied in industrial and service sectors (Palange and Dhatrak 2021), it is 
recently gaining popularity in software development. Several authors, such as Kišš and Rossi (2018), Pernstål et al. 
(2013) or Sambinelli and Borges (2017), citing Poppendieck and Cusumano (2012), argue that the application of Lean 
in software development has more advantages than Agile might have, emphasizing mainly the scalability of 
procedures. While Agile frameworks only serve a project development level, as they were conceived for that, Lean 
tools are applicable to all types of processes within a company. However, at present, the predominance of agile 
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frameworks in software development means that the applications of the Lean philosophy in this industry are incipient 
or very little known. 

1.1 Objectives 
The objective of this research is to know the state of the art of the application of Lean in software development. For 
this purpose, a systematic literature review was chosen. The study will contribute to the knowledge of the IT sector 
by evaluating the application of Lean in software development. Research questions are: 

• Q1: What are the most common Lean wastes in software development?
• Q2: What are the Lean wastes with the greatest impact on software development?
• Q3: What are the barriers to implementing Lean in software development?
• Q4: What are the most applied Lean tools in software development?
• Q5: What are the advantages of applying Lean in software development?

2. Literature Review

2.1 Lean 
Lean Manufacturing is a philosophy, conceived in the Japanese automobile industry, to improve the efficiency and 
productivity of production processes through the elimination of waste (Shamsi and Alam 2018, Yadav et al. 2020). 
Waste is defined as anything that does not add value for the customer and is classified as (1) Overproduction, (2) Extra 
Processing, (3) Defects, (4) Transportation, (5) Waiting, (6) Motion, (7) Inventory, and (8) Non-utilized talent. 
The application of Lean Manufacturing has spread to various sectors; however, there are some in which the research 
and application of Lean is scarce. Such is the case of the IT sector (Alahyari et al. 2019) due to the intangibility of 
processes and products/services offered. Given the need to eliminate waste in this sector, Lean Software Development 
arises, which consists of the application of the principles of Lean Manufacturing in software development. 
(Poppendieck and Poppendieck 2003). The principles of Lean Software Development are (1) eliminate waste, (2) 
amplify learning, (3) decide as late as possible, (4) deliver as fast as possible, (5) empower the team, (6) build quality 
in, and (7) optimize the whole (Poppendieck and Poppendieck 2003). 

In view of the great differences between the industrial and IT sectors, waste cannot be classified in the same way, so 
it is necessary to adapt it to the nature of software (Table 1). 

Table 1. Wastes of Lean Manufacturing and wastes of Lean Software Development 

Wastes of Lean 
Manufacturing 

Wastes of Lean Software 
Development Definition of Wastes of Lean Software Development 

Overproduction Extra features Features that are not requested by the customer 

Extra Processing Extra processes Processes that don’t add value (e.g. unnecessary 
paperwork) 

Relearning Relearn something that we knew but have forgotten 
Defects Defects Amount of effort, time and costs caused by fixing defects 

Transportation Task Switching Time and effort involved in preparing for a new task 
Handoffs Lost knowledge when work is handed off to others 

Waiting Waiting Time lost while waiting for information, approval, 
materials, decisions, etc. 

Motion Motion Unnecessary motion/effort during task execution. 

Inventory Partially done work Work that is not completed, implemented or tested (e.g. 
uncoded documentation and ustested code) 

Some studies have proposed ways to integrate Lean Manufacturing (or Lean Software Development) concepts into 
software development by co-application with other tools, practices, or ways of working. For example, Farid et al. 
(2017) investigated how DevOps practices improve Lean Software Development and found improvements in 
predictability and delivery time of 60% and 80% respectively. For their part, Birgün and Çerkezoǧlu (2019) 
implemented a model based on Lean and Agile that resulted in time savings of 45.7% thanks to a fair distribution of 
the workload, efficient working conditions, and elimination of unnecessary employee movements. 
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2.2 Background 
First, we have Kišš and Rossi (2018) who conducted a systematic literature review on the transformation from agile 
to Lean software development. Based on 8 articles, they determined the benefits, challenges and metrics used in the 
"agile to Lean" transformation process. Their results show benefits such as lead time reduction, defect correction rate 
improvement and process improvement. As for the challenges, these are mainly related to the internalization of Lean 
thinking and the most used metric is the lead time. 
 
On the other hand, in 2013, Pernstål et al. studied Lean approaches for large-scale software development to learn about 
their state of the art and identify research gaps in this area of knowledge. They reviewed 38 articles in their study, all 
with the aim of assisting practitioners in software process improvement. They found that large-scale Lean software 
development research is still in its infancy. Most of the articles were not empirical and many lacked information about 
the context and design of the study. On the other hand, they found that the most common Lean wastes in the reviewed 
articles are partially done work and motion. 
 
Likewise, we have Sambinelli and Borges (2017) who, with a broader approach, conducted a systematic review of 80 
articles of Lean thinking in software engineering. With this research they sought to know the tools and practices based 
on Lean that have been adapted to software engineering. They also identified gaps for future research. As a result, 17 
tools and 35 Lean practices were identified. The most used Lean tools in software development are Kanban, VSM and 
Limit Work in Progress. The most used Lean practices in the field are Continuous Integration and Test-Driven 
Development. The authors also point out that there are few studies related to software testing and maintenance, 
therefore, they represent an opportunity for future research. 
 
Finally, Kupiainen et al. (2015) focused their study on the metrics used in Lean and agile software development. 
Considering 30 articles, they determined the metrics used in the field, which of these metrics have the greatest 
influence and the reasons and effects of metrics use in Lean and agile software development. They found 102 metrics 
of which the most used and most influential in software development are the metrics related to speed and effort. On 
the other hand, the reasons for using metrics in Lean and agile software development are the help in sprint planning, 
software quality measurement, project progress tracking and team motivation. 
 
3. Methods 
To answer the research questions posed in the first section, we chose to use a systematic literature review, as it will 
allow us to review all relevant information in an orderly fashion and with less risk of bias. According to Kitchenham 
and Charters (2007) this is a method for identifying and analyzing current information on a particular topic and is 
classified as a secondary study. 
 

 
Figure 1. Research methodology 

2279



Proceedings of the 5th European International Conference on Industrial Engineering and Operations Management 
Rome, Italy, July 26-28, 2022 

© IEOM Society International 

 
In consultation with experts, it was decided that Scopus and Web of Science would initially be used to search for 
articles. In the event of not reaching a quantity of at least 40 articles after the first filter, the EBSCO portal will also 
be used (figure 1). The search formula will be 'Lean AND ("Software development" OR "Software Engineering")', 
which allows us to combine the main research topics. In addition, we defined as variables to filter the articles that they 
must be from 2011 onwards, that only open access articles will be used, in English or Spanish languages, and that 
books (and their chapters) and publishers will be excluded.  
 
For the selection of the articles to be included in the literature review, 4 filters were considered (figure 1). The first 
filter will be to eliminate duplicate articles. Next, they will be filtered based on their title and abstract. In the next 
instance, a partial reading of the article will be performed, focusing on certain aspects of the research. Finally, the 
fourth filter will consist of reading the research in its entirety. From this reading, a score will be given to the study 
based on 7 indicators about its suitability. The minimum score to be considered is 5 points. 
 
4. Data Collection 
The initial list consisted of 182 articles (considering the filters of access, language, antiquity, etc.). Of these, 34 turned 
out to be duplicates, so they were immediately discarded, leaving us with 148 articles. 
After the second filter, we were left with 52 papers. Most of the papers discarded at this stage were because the focus 
of the research was either Lean or software development, but not both. For example, some articles talked about the 
development of an application using Lean tools but did not talk about the benefits of applying Lean in their process, 
because their focus was on the application itself. 
 
After partial reading of the articles, we left 31 for total reading. Articles were discarded for various reasons. In some 
cases, this was because they were work in progress or proposed working models that had not yet been applied. As in 
the previous filter, we also found articles that used Lean principles for application development, but the focus of the 
research was on the application and not on the use of Lean. Finally, we found an article that had been published twice, 
but under different names and in different years, so it was also discarded. 
 
Finally, after the total reading of the articles, it was decided that the literature review would be carried out with 19 of 
them. The selection criterion in this case was the score obtained by each article, discarding those that did not reach a 
minimum of 5 (table 2 and table 3). In addition, the total reading of the research allowed us to observe that we had 2 
articles (F8 and F20) that, although they were not duplicates, were research that had had an extension. In other words, 
they were the same research, but rewritten a few months or years later. Following this finding, it was decided to 
consider only the most current versions of these articles (F21 and F27, respectively). The following tables show the 
criteria used and the scores assigned to each article. 
 

Table 2. Qualification criteria 
 

Code Qualification criteria 

C1 The research summary shows the problem, objectives, methodology, and the most relevant results 
and conclusions. 

C2 Describe the observed problem from which the research starts and explain why it should be solved. 
C3 Clearly define the objective of the research. 

C4 The theoretical framework is presented, which contains important bibliographical references. It 
determines the variables and scope of the research. 

C5 The methodology explains in detail the methods and techniques used. 
C6 Expose the results completely. 
C7 The discussion compares the results in relation to similar past research. 

 
Table 3. Resulting scores of the fourth filter 

 
Article 
code Authors Excellent = 1, Fair = 0.5, Deficient = 0 Total C1 C2 C3 C4 C5 C6 C7 
F1 Wang et al. (2012) 1 1 1 1 0.5 1 0.5 6 
F2 Birgün and Çerkezoǧlu (2019) 1 1 0.5 1 1 1 0.5 6 
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Article 
code Authors Excellent = 1, Fair = 0.5, Deficient = 0 Total C1 C2 C3 C4 C5 C6 C7 
F3 Karvonen et al. (2012) 1 1 1 1 0.5 1 1 6.5 
F4 Gaete et al. (2021) 1 0.5 1 1 1 1 0.5 6 
F5 Puspitasari et al. (2020) 1 0.5 0 0.5 0.5 0.5 0 3 
F6 Pantiuchina et al. (2017) 0.5 0.5 1 0.5 1 0.5 0.5 4.5 
F7 Rodríguez et al. (2013) 1 1 1 1 1 1 1 7 
F8 Signoretti et al. (2020)        0 
F9 Salleh and Nohuddin (2019) 0.5 0.5 1 1 0.5 0.5 0.5 4.5 

F10 ArunKumar and Dillibabu (2016) 1 1 1 1 1 1 1 7 
F11 Alazzam et al. (2021) 0 0.5 0.5 0.5 1 1 1 4.5 
F12 Vallon et al. (2019) 0.5 1 1 1 1 1 0.5 6 
F13 Cvetkovic et al. (2017) 1 1 1 1 0.5 1 0.5 6 
F14 Neelu and Kavitha (2021) 1 0.5 1 1 1 1 1 6.5 
F15 Fitzgerald et al. (2014) 1 1 1 1 1 1 1 7 
F16 Fagerholm and Pagels (2014) 1 1 0.5 1 1 1 1 6.5 
F17 Khurum et al. (2014) 0.5 0.5 1 1 1 1 1 6 
F18 Ali et al. (2016) 1 1 0.5 1 1 1 1 6.5 
F19 Turner and Lane (2013) 0.5 0.5 1 0.5 1 0.5 0.5 4.5 
F20 Fagerholm et al. (2014)        0 
F21 Zorzetti et al. (2022) 1 1 1 1 1 1 1 7 
F22 Ahmad et al. (2016) 1 1 0 0 0.5 1 1 4.5 
F23 Ahmad et al. (2018) 1 1 0.5 1 1 1 1 6.5 
F24 Middleton and Joyce (2012) 0.5 0.5 1 1 1 1 0.5 5.5 
F25 Petersen and Wohlin (2011) 0.5 0.5 0.5 1 0.5 0.5 1 4.5 
F26 Cawley et al. (2011) 0 0.5 1 0.5 0.5 1 1 4.5 
F27 Fagerholm et al. (2015) 1 1 1 1 1 1 1 7 
F28 Edison et al. (2016) 0.5 0.5 0.5 1 0.5 0.5 1 4.5 
F29 Kaushik et al. (2016) 0.5 1 1 1 1 1 0.5 6 
F30 Nidagundi and Novickis (2017) 0 0.5 0.5 0.5 0.5 0.5 0.5 3 
F31 Rose et al. (2021) 1 1 1 0.5 1 0.5 1 6 

 
5. Results and Discussion 
In this section, we will present the results of the systematic literature review, starting with the results obtained in the 
VOSviewer software from the keywords and based on the research questions posed in the first part of the paper. 
The bibliometric information of the selected articles was entered into this software. From the map generated (figure 
2), we can observe that none of the central themes of this research (Lean and software development) turns out to be 
the most recurrent. Instead, we find software design, this could be indicative that Lean is more applied to this branch 
of the computer industry. Another word that stands out in the graph is Agile, doing it in different ways: agile software 
development, agile methodologies, agile project management, agility, etc. A possible explanation for this is that the 
articles reviewed mention the application of this mindset before implementing Lean in their software development 
processes. Finally, we note that the only Lean tool that stands out is Kanban, a result that is shared with one of the 
research questions. 
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Figure 2. Keyword map generated by VOSviewer  
 

Regarding the visualization by years (figure 3), we notice that the trend of articles is changing from research on 
software development in specific industries since 2012, then by software design and Lean application around 2016, to 
agile software development in recent years. 
 

 
 

Figure 3. Map of years generated by VOSviewer  
 

Q1: What are the most common Lean wastes in software development? 
From the systematic literature review, we obtained that the most frequent Lean waste in software development is 
waiting with 18 occurrences, followed by defects with 12 occurrences (figure 4). It is worth mentioning that the waste 
of task switching/handoffs was not identified in any of the reviewed articles. To a large extent, the articles mention 
that waiting is due to poor time estimation and work overload; furthermore, in the case of defects, these are related to 
organizational pressure also due to poor time estimation (as delivery dates are usually tighter).  
 
An example of this can be seen in the article by Cvetkovic et al. (2017) where principles of the Lean philosophy are 
applied to improve the company's development cycles. After the improvements are applied, the authors emphasize 
how limiting work in progress (WIP) and constant prioritization of the backlog (both are Lean principles) manage to 
increase delivery speed and decrease errors. These improvements are due to the avoidance of bottlenecks and the 
pressure relieved by having more realistic delivery dates. 
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The result obtained in this research question differs from the study by Pernstål et al. (2013) who found that the most 
common Lean wastes in software development were partially done work and motion. However, analyzing the nature 
of the industry, these wastes contribute to the generation of waiting. 
 

 
 

Figure 4. Most common Lean wastes in software development 
 

Q2: What are the Lean wastes with the greatest impact on software development? 
On the other hand, it was found that the Lean waste with the greatest impact on software development is delays, and 
by a wide margin (figure 5). Neither the waste of task switching/handoffs was identified, as in the previous research 
question, nor the waste of extra features. 
 
In the study conducted by Fitzgerald et al. (2014) the authors used the Erlang-C model to estimate the number of 
developer teams the company should have. They found that they did not have the required capacity to meet the 
incoming projects, so their teams were always saturated. This situation causes delays, generating a snowball effect, 
because when delivery dates are not met, resources are reallocated (Lean waste) in an attempt to meet them, neglecting 
other projects with upcoming deadlines. 
 
It is understandable that the waste of waiting has a big impact on software development since these projects prioritize 
"fast and continuous delivery to the customer" (which is a principle of both Agile and Lean Software Development). 
Also, for this reason, it makes sense that waiting turns out to be the most common and impactful waste in software 
development. It should be noted that this point is new with respect to past research since none of it considers the 
impact of Lean waste in the IT sector. 
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Figure 5. Lean wastes with the greatest impact on software development 
 
Q3: What are the barriers to implementing Lean in software development? 
Several barriers that hinder the implementation of the Lean philosophy in software development were found in the 
research reviewed. The most significant were low understanding of Lean concepts, difficulty in maintaining a 
disruption-free flow, and resistance to change; these were closely followed by lack of leadership (table 4 and figure 
6). It is interesting to note that three of these four factors mentioned correspond to attitudinal components of people,  
while only one of them corresponds to process management. 
 
Precisely, Fagerholm and Pagels (2014), conduct a study to know the Lean and Agile value structure of developers. 
In this study, they found that, for both philosophies, programmers and related professionals do not always fully 
understand the purpose of the principles (Lean and Agile) or avoid modifying their ways of working. This situation is 
reflected by contradictions in the responses of the teams evaluated. To mention one example, respondents claim to 
value the flexibility of the process, but also prefer to adhere to a carefully planned work plan. 
 
 
Kišš and Rossi (2018), investigated this same point and obtained that the main barrier when implementing Lean in 
software development is the difficulty of workers to adapt to Lean thinking. Therefore, our results are aligned to their 
research. Additionally, Kišš and Rossi identified another barrier which is the difficulty to identify the "true waste". 
 

Table 4. Barriers to implementing Lean in software development  
 

Code Description Quantity 
B1 Low comprehension of Lean concepts 5 
B2 Difficulty to maintain process flow 5 
B3 Change resistance 5 
B4 Lack of leadership 4 
B5 High dependency on the team 3 
B6 Not having expert users in the team 3 
B7 Local optimization of processes 3 
B8 Lack of commitment from the team and top management 2 
B9 Ambiguous customer requirements 2 

B10 Other 6 
 

 
 

Figure 6. Barriers to implementing Lean in software development 
 

Q4: What are the most commonly applied Lean tools in software development? 
As for the most applied Lean tools, the one that was mentioned most often was Kanban. Next, we have Value Stream 
Mapping (VSM) and then Kaizen, also called Continuous Improvement (figure 7). This could be due to the easy 
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adaptation of these tools to any type of project, especially Kanban. Several authors, such as Gaete et al. (2021), 
Cvetkovic et al. (2017) or Ahmad et al. (2018b) mention the benefits of applying this tool in software development 
projects. These include improved visibility of tasks, limitation of work in progress (WIP), improved communication, 
etc. In the column called "others" there are tools such as 5S, Andon, Jidoka, etc. They were classified in this group 
since they were only mentioned once in the reviewed articles. 
 
In the results of the study by Sambinelli and Borges (2017) it is observed that the most used Lean tools in software 
development are Kanban, VSM and Limit Work In Progress. This coincides with our results, with the exception of 
Limit Work In Progress, however, this tool is listed as the fourth most mentioned tool as well as Root cause analysis. 
 

 
 

Figure 7. Most applied Lean tools in software development 
 

Q5: What are the advantages of applying Lean in software development? 
Regarding the advantages of implementing Lean in software development, it was found that the most important is the 
improvement in team performance. It is followed by the improvement in communication, distribution and 
prioritization of tasks and improvement in the organizational climate (table 5 and figure 8). Similarly, in the case of 
implementation barriers, it is interesting to note that three of the four major advantages are related to attitudinal 
components of the workers. 
 
In a study by Neelu and Kavitha (2021) the advantages of applying a model based on Lean are evidenced. In this 
model the Kaizen tool is applied, and the results show improvements in several parameters after its implementation. 
A shorter duration per sprint, less working hours, higher productivity, fewer defects, more lines of code in less time, 
etc. were obtained. These results reflect the improvement in team performance. 
 
Kišš and Rossi. (2018) also identified the advantages of applying Lean in software development. In their results they 
mention lead time reduction, defect correction rate improvement and process improvement. Unlike our results, these 
advantages are related to processes. However, we consider that the advantages identified by these authors are the result 
of the advantages that Lean generates in people, which were identified in this study. 
 

Table 5. Advantages of Lean implementation in software development 
 

Code Description Quantity 
V1 Improved team performance 19 
V2 Improved communication and team cooperation 13 
V3 Efficient distribution and prioritization of tasks 7 
V4 Improvement in working conditions and organizational culture 7 
V5 Defect reduction 6 
V6 Waiting time reduction 5 
V7 Improved customer satisfaction 5 
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V8 Improvement in value chain management 3 
V9 Better workflow visibility 3 

V10 Other 2 
 

 
 

Figure 8. Advantages of implementing Lean in software development 
 

6. Conclusion 
The objective of this research was to know the state of the art of Lean application in software development. For this 
purpose, we focused on finding out the most common and most impacting Lean wastes, the barriers and advantages 
of Lean implementation and the most used Lean tools in this industry. In order to answer the questions posed, a 
systematic literature review was carried out, using the Scopus and Web of Science databases. 
 
Our research found that waiting is the most common and most impactful Lean waste, presumably because of current 
paradigms in software development. Also, the main barriers and advantages were related to people. In terms of 
barriers, resistance to change and poor understanding of Lean concepts were found. On the other hand, as for the 
advantages, the improvement in performance and the improvement in communication and cooperation of the team 
were found. Finally, the most used Lean tool in software development is Kanban, a result that we attribute to the 
simplicity of its application and high performance for project management. 
 
In relation to past research, we found similarities in the implementation barriers and the most used Lean tools. We 
also found a possible cause-effect relationship with respect to the advantages that Lean provides to software 
development. Finally, we obtained differences with the most common Lean wastes that our predecessors found. The 
question regarding the Lean waste with the greatest impact is a novelty of our study. 
 
Limitations and future work 
The main limitation of this study is subjectivity. Despite the authors' best efforts to reduce bias, it is necessary to 
recognize that the protocol for the systematic review of the literature admits its own criteria for the segregation of 
articles. For this reason, results may vary in replications of this research. 
In terms of future research, one of the findings, which we highlight the most, is that the main barriers and advantages 
are strongly related to attitudinal or personal components. A hasty hypothesis is that since Lean is a way of thinking 
or philosophy, it needs to be internalized in the people who will apply it to be successful. Future research will be 
needed to answer this. 
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