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Abstract 
The application of the ecosystem concept to a field that is fundamentally different from ecology 
necessitates the identification of appropriate analogies. This is particularly relevant in relation to 
landscapes, chains of energy and material exchange (such as trophic chains), and nutrient cycles. Without 
establishing such parallels within software engineering, ecosystem-related studies risk being reduced to 
traditional systems analysis, leaving the ecosystem notion as little more than an appealing metaphor. The 
purpose of this article is to draw the attention of the software engineering community to ecosystem 
research and to show that software engineering ecosystems exist. Based on the concept of ecosystem in 
biology and taking into account the concept of software ecosystem, the previously introduced concept of 
software engineering ecosystem is reviewed. According to the nature of the landscape, all software 
engineering ecosystems can be divided into two types - ecosystems of human activity landscapes and 
ecosystems of software landscapes. In this article ecosystems of human activity landscapes are examined. 
The anthropos as new biotic component and the anthropogenic artifacts as new abiotic components in the 
software engineering ecosystem are introduced. The ecosystems of human activity landscapes should be 
considered as a population of organisms and, therefore, as a system of the supra-organismal level. In the 
context of the software engineering habitats of anthropos their activity leads to processes that can be a 
linear (chains), nonlinear (networks), or repetitive (cycles). The following processes are looking: software 
engineering life cycle; cycles of data, information and knowledge; software reuse cycle (this cycle is 
analogous to nutritional cycles); value chain/web - an analogue of energy chain; waste cycles (Reuse, 
Rework, and Recovery). These processes must be objects for the ecosystems study. The literature review 
of the state of the ecosystem research for the ecosystems of human activity landscapes has been carried 
out. 
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1. Introduction 

Introducing the ecosystem concept into software engineering reveals challenges similar to those 
encountered in other non-biological disciplines — particularly concerning the definition of the term 
and its applicability in research [1]. Applying this concept in a domain so distinct from ecology, 
such as software engineering, requires researchers to establish relevant analogies. These include, 
most notably, the notions of landscape, chains of energy and matter flow (e.g., trophic chains), and 
nutrient cycles. Without such analogical foundations, ecosystem studies in software engineering 
risk being reduced to conventional systems analysis, rendering the ecosystem framework more of 
an appealing metaphor than a practical research tool. 
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The study in [2] supports the relevance of employing the ecosystem concept in software 
engineering, provided that the analogy with ecosystem of ecology is preserved. This article aims to 
raise awareness within the software engineering community about the concept of the software 
engineering ecosystem and to look that the ecosystems of the human activity landscapes are exist.  
That by the review of the relevant literature is presented. 

2. The Software engineering ecosystem 

In [2], based on the hypothesis that software engineering — like ecology — encompasses a broader 
spectrum of ecosystems beyond the commonly referenced software ecosystems, the concept of 
software engineering ecosystems (SwEECO) was introduced, along with flows and chains 
analogous to those found in biological systems. Following the same perspective outlined in [2], this 
article adopts a similar conceptual approach. 

The ecosystem is a conceptual framework rather than a tangible entity and as a rule, it 
constitutes a system. This framework can be applied to biogeocenoses situated within landscapes 
that represent the domain of software engineering. Any system located within a specific landscape 
– characterized by the presence of material and energy flows or their analogs, and comprising at 
least two living entities (organisms) – may be examined as a SwEECO. The boundaries of such a 
landscape are determined by the researcher in accordance with the goals of the study. 

As an analogue of energy, the concept of value is used, based on the energy theory of value [3]. 
The structural approach is used to define ecosystems [4]. Therefore, in addition to the abiotic 
component and value, there are four types of ecosystem structure elements: activities; actors that 
carry out activities; positions that determine actors within the flow of activities; and connections 
that determine the transfer of value and artifacts between actors. Activities are at the center of 
ecosystem definition. An ecosystem is made sustainable by the interaction of actors in such a way 
that the value materializes. The chain of value creation by subjects through the use and creation of 
anthropomorphic abiotic components (artifacts) is used as an analogue of the trophic chain. 

Artificial biota – computer programs – operate within software landscapes. There are 
landscapes where both types of biota (humans and computer programs) operate [5]. For a system 
formed by artificial biota (software ecosystem), the chain of formation of an emergent function is a 
value creation chain. Software engineering is considered as part of human activity aimed at 
transforming the biosphere into the anthroposphere (noosphere). Occupying a certain area of the 
biosphere, software engineering carries out activities aimed at solving practical problems arising in 
other territories (domains). 

In general, the following types of the software engineering activity within human activity 
habitats can be distinguished [2]: 

•  Software engineering education and research. The habitat consists of universities and 
fundamental research organizations; 

•  Software engineering. The habitat is organizations that transform the results of the 
fundamental research to recommendations for practical application; 

•  Software development and maintenance. The habitat consists of organizations that create 
and maintain software products for different domains; 

•  Software market. The habitat includes organizations that supply software products; 



•  Software operation. The habitat is defined on other territories on that the software product 
is used; 

•  Executing software. The habitat is the software products themselves. 

These activities are carried out in the context of the biosphere. Therefore, biogeochemical cycles 
and the wastes resulting from these activities should be studied in SwEECO [6]. Considering the 
territory of software engineering as part of a living system, in which a biogeocenosis occurs, both 
biotic and abiotic components, as well as biogeochemical cycles are of interest. New aspects of 
SwEECO research are related to the placement of their landscapes in the anthroposphere. 
Therefore, anthroposes are new biotic, and anthropogenic artifacts are new abiotic. Inherent only 
to software engineering ecosystems new networks and cycles are arise. That opens up new types of 
SwEECO research along with the known from ecology. Thus, in the anthroposphere, the object of 
ecosystem research in the territory of software engineering will be the human habitat and its social 
systems [2]. In the software ecosystem, software product as territory, data, information and 
knowledge as components of flows should be considered. 

In the work [2], a classification of SwEECO was represented. According to the nature of the 
landscape, all ecosystems can be divided into two types - ecosystems of the human activity 
landscape (ecosystems of engineering included in the software engineering and non-engineering 
ecosystems) and ecosystems of software landscape. For example, as the second type, the 
programing style as the software artifact of the individual-based SwEECO or big data software 
ecosystem as the system of systems [7, 8]. 

In the context of the software engineering habitats of anthropos their activity to lead to 
processes that can be a linear (chains), nonlinear (networks) and repetitive (cycles). These 
processes must be objects for the ecosystems study regardless of SwEECO type. 

In [6], drawing on studies of biological ecosystems, various types of research applying the 
ecosystem concept to software engineering were examined. These studies were categorized into 
two main groups: fundamental (basic) research and applied (target-oriented) research. The first 
group consists of naturalistic, long-term and ecosystem history studies. The second group consists 
of structural, functional and system analysis. It was shown, when studying SwEECO, traditional 
approaches to studying systems (structural, functional and system analysis) are used. However, the 
specific characteristics of ecosystem research must also be taken into account [6]. 

3. Literature Review 

The goal of this review firstly, to define if there are already descriptions in the literature of 
ecosystems that are similar to SwEECO. Secondly, to find out the state of ecosystem research in 
context of SwEECO. For these goals are formulated the following two research questions: 

(RQ1) What types of the ecosystems of human activity landscapes are represented in the 
literature today? 

(RQ2) What ecosystem research has been conducted on the ecosystems of the human activity 
landscapes to date? 

Below are the results of the analysis. 

(RQ1) What types of s the ecosystems of the human activity landscapes are represented in the 
literature today? 



We will analyze the literature in accordance with types of the ecosystems of the human activity 
landscapes. 

3.1. Ecosystems of the software engineering education and research landscape 

In the article [9], looked ecosystem of the ‘knowledge triangle’ (education, research and 
innovation) into a research university on the example of software engineering education. In the 
article [10], proposed the student-stakeholder-university ecosystem model for Software 
Engineering Education. In this paper presents a study of the lasting impact on both students and 
external stakeholders from a project-based software engineering course at Link¨ oping University, 
Sweden. This is done from the perspective of the relationship between the university, the students 
and the external stakeholders as a holistic ecosystem, with a goal of achieving sustainable results 
for all participants. The works [11, 12] are not directly related to SwEECO, but can be used as a 
basis for their initial study. Paper [13] proposes to divide the academic process into discrete 
components that have well-developed measures. This paper also proposes a reconfigured Porter's 
"value chain" model for the higher education value chain with its own value drivers and 
relationships. This has implications for software engineering value chain research in general and 
specifically in the context of education and research ecosystems [2]. 

3.2. Ecosystems of the software engineering research landscape 

Article [14] offers both theoretical and practical insights into the core elements and driving factors 
that contribute to the development of a software startup ecosystem. It presents a generalized 
methodology and a conceptual framework, which can serve as a foundation for further research in 
the domain of Software Startup Ecosystems. 

In article [15], a division of the knowledge ecosystem into two types was proposed: ecosystems 
of users and producers of knowledge. A distinction is drawn between knowledge ecosystems for 
creating a domain knowledge (it can be software engineering domain) and those searching 
knowledge within a domain knowledge for own research goals. In work it is characterized as 
prefigurative and partial forms of organizing. This perspective can be applied to software 
engineering research ecosystems. 

3.3. Ecosystems of the software engineering development and maintenance 
landscape 

In the work [16], describes creating the environment, tools, and activities of DevSecOps as an 
ecosystem. The four dimensions introduced: culture, automation and measures, processes and 
practices, and system and architecture are looked in article. From the perspective of SwEECO 
concept, culture plays an important role [2]. Initially, the space of future ecosystem is the 
landscape. Then, a biota is located on the landscape and the landscape can be considered as an 
ecotope. Before biota start create value it begins the activity of transforming the ecotope into a 
biotope. It is important to determine the nature, activities and results of the biota's activity in 
transforming an ecotope into a biotope. This can be done using of the software engineering culture 
[2]. In the work [17], a definition of software testing ecosystem (STECO) is proposed and how it 
can be used for tested to improve software quality. This work supports our view of studying 
individual phases of the software life cycle as ecosystems [2]. In work [18] propose a Software 
Ecosystem platform to support the development and management of Recommender Systems, 
allowing for integration between multiple applications and other Software Ecosystems. Thus, this 
ecosystem is proposed as a tool for use in software engineering. In [19], the i* modeling ecosystem 
framework is employed to support the sustainable development and evolution of a software 
development company. This framework facilitates the analysis of driving forces that lead to 
transitions between different organizational configurations. 



3.4. Ecosystems of the software product market landscape 

Software engineering market ecosystems are the closest to the concept of software ecosystems. In 
the work [20] indicates that software ecosystems, before taking their niche in the category of 
business ecosystems, have long been considered as a yet-another-instance of business ecosystems 
and studied in the same way. This view of software ecosystems can be found in the work [21]. 
However, it should be noted that the products of the software engineering market ecosystem can 
be not only software products, but also tools, assets and artifacts that are of interest to market 
stakeholders. The article [22], described the component-based software development ecosystem 
and its main service is the supply of components to the market. 

3.5. Ecosystems of the software engineering product operation landscape 

Ecosystems of operation of software engineering products will be created in those numerous 
domains where the products are operated. Of the few, one can cite works in which the domains of 
operation of scientific software are studied [23, 24]. 

(RQ2) What ecosystem study has been done for the ecosystems of the human activity 
landscapes today? 

3.6. Naturalistic, Long-term studies 

Paper [25] presents identifying software engineering assets and summarized in a taxonomy. Article 
[26] considers a subset of communities found on GitHub and identifies a variety of roles. Paper [27] 
presents the software value map as a first step towards a complete categorization of value aspects. 

3.7. Value chain studies 

The article [28] explores the concept of unified software value chain and represents a first 
empirical proof of concept. 

3.8. Reuse cycle of the legacy software studies 

The article [16] explores the concept of value networks within the context of DevSecOps.  
Although the work [26] does not directly address reuse cycles, it offers insights that may be 
applicable to their analysis. 

For other types of ecosystem studies, please refer to work [6]. 

3.9. Reporting 

We have summarized the results in the following tables. 

Table 1 

(RQ1) What types of the ecosystems of the human activity landscapes are represented in the 
literature today? 

Type of SwEECO Works 

Ecosystems of the software engineering education and research landscape [9 - 12] 

Ecosystems of the software engineering research landscape [13, 14] 



Ecosystems of the software engineering development and maintenance landscape [15 - 19] 

Ecosystems of the software product market landscape [19, 21] 

Ecosystems of the software engineering product operation landscape  [22, 23]

 

Table 2 

(RQ2) What ecosystem study has been done for the ecosystems of the human activity 
landscapes today? 

Type of ecosystem study Works 

Naturalistic, Long-term studies [25 - 27] 

Value chain studies [28] 

Reuse cycle of the legacy software studies [16, 26] 

 

3.10. Threats to validity 

To find answers to the questions posed (RQ1, RQ2), we used Google Scholar and search strings 
formulated to help answer these questions. This is due to the fact that searching for answers to 
these questions in both Google and Google Scholar resulted in an overly broad set of results. 
Therefore, for the search, firstly, we restricted our search to Google Scholar only, and secondly, we 
did not use search phrases in quotation marks — for example, “software engineering ecosystem” 
and “ecosystem research” — because Google Scholar does not return any results for such queries. 
We softened the requirements by deleting the phrases in quotation marks, but left the requirement 
that articles should contain terms from the designations of SwEECO and ecosystem study types 
(tab. 1, 2), and also, we searched only for full-text articles in English and did not limit the search by 
time period. We understand that the search results significantly depend on the terminology used 
by the authors of the articles we found. Therefore, we analyzed the full text of each found article 
and discussed the results. The results of the discussion were further reviewed by independent 
experts. We did not follow a formal review protocol, as our goal was not to conduct an exhaustive 
review. It was enough for us to find at least a few articles that confirmed the hypotheses presented 
in the questions (RQ1, RQ2). We came to the conclusion that there are studies related to some types 
of SwEECO and ecosystem research, as defined earlier. 

4. Conclusion 

This study builds upon the authors’ previous research and reflects their perspective on the 
integration of biological ecosystem concepts into software engineering. It emphasizes the 
limitations of current interpretations of the ecosystem metaphor within the software domain, 
particularly when contrasted with its use in biology. A key distinction arises from the prevailing 
treatment of software ecosystems as networks centered around a dominant entity - typically the 
core software product or platform. This interpretation, referred to as the "ecosystem-as-affiliation" 



model in [6], lacks essential characteristics found in natural ecosystems, such as landscapes, 
boundaries, and cycles and chains. Consequently, the term "software ecosystem" often appears to 
be more of a trending label than a rigorously grounded concept. This article proposes a shift in 
perspective towards the "ecosystem-as-structure" model, wherein the ecosystem is viewed as a 
coordinated set of activities shaped by a specific value proposition [6]. We reviewed Human 
Activity Ecosystems in Software Engineering and performed a literature review to demonstrate the 
existence of research for such ecosystems. Future research will aim to conduct naturalistic studies 
of SwEECO and investigate how the ecosystem paradigm can be applied in practice. 

Declaration on Generative AI 
During the preparation of this work, the authors used X-GPT-4 in order to Grammar and spelling 
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