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Abstract Collective intelligence based software engineering (CISE) aims to solve software
engineering problems by techniques that exploit collective intelligence, which includes machine
collective intelligence, human collective intelligence, and their combinations. CISE provides a new
perspective for solving complex software engineering problems, and has become an important part of
modern software development. This paper presents a survey of CISE, which systematically reviews
the applications of different collective intelligence inspired techniques on solving problems of software
requirements analysis, design, coding, testing and maintenance. Future research directions and
challenges in the CISE area are also discussed. The goal of this study is to establish a uniform
framework of CISE and provide references for the interactions and transformations between collective

intelligence techniques of different levels.
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machine collective intelligence
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human-machine collective intelligence
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Table 1 Statistics of Literatures of Collective Intelligence

Based Software Engineering

®1 ETHEATHNRGIEERISHRITER

Development Processes SBSE CSE
Requirement 95 17
Design 126 5
Coding 17 32
Testing/ Verification 866 30
Maintenance 113 21
Other activities 112 16
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Table 2 Research on Collective Intelligence Based Requirement Engineering

®2 ETHESTHNBERIEEXHR

Method Problem Number of Papers Reference
Determining Stakeholders 5 Ref[39-40,56-57]
Human Collective Intelligence Requirement Extraction 17 Ref[58-61]
Requirement Analysis 8 Ref[40,55-56,62-63]
Machine Collective Intelligence Requirement Analysis 38 Ref[43-54]
Human-machine Collective Intelligence Requirement Analysis 4 Ref[64-65]
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Table 3 Research on Collective Intelligence Based Software Design

R3 ETHETHRONGRITEXHR

Method Problem Number of Papers Reference
Software Modeling 1 Ref[72]
Human Collective Intelligence Ul Design 4 Ref[38]
Web Design 1 Ref[ 73]
Component Design 2 Ref[74]
Software Architecture Design 13 Ref[75-77]
Machine Collective Intelligence
Software Product Line Design 12 Ref[78-83]
Service Design 8 Ref[84-85]
Human-machine Collective Intelligence Class Design 2 Ref[86]
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Table 4 Research on Collective Intelligence Based Software Coding

R4 ETHEECTHORGBSEHEIHR

Method Problem Number of Papers Reference
Coding &. Debugging 18 Ref[41,94-96]
Human Collective Intelligence Program Optimization 2 Ref[97-98]
Program Repair 7 Ref[99-100]
Program Optimization 8 Ref[101-106]
Machine Collective Intelligence
Program Repair 24 Ref[107-112]
Program Optimization 2 Ref[113]
Human-machine Collective Intelligence
Program Repair 3 Ref[114-115]
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Table 5 Research on Collective Intelligence Based Software Testing

RS5 ETECTHORGINKLEXHR

Method Problem Number of Papers Reference
Test Case Generation 2 Ref[123,125]
Software Verification 4 Ref[152-153]

Oracle Problem 1 Ref[126]

Human Collective Intelligence

GUI Testing 2 Ref[127-128]

Performance Testing 1 Ref[129]

Usability Testing 7 Ref[130]

Test Case Generation 117 Ref[27,37,131-135]]

Test Case Prioritization 12 Ref[136]
Model Checking 10 Ref[146-149]

Oracle Problem 10 Ref[137]

Machine Collective Intelligence

GUI Testing 5 Ref[138-141]]

Performance Testing 5 Ref[142]
Function Testing 7 Ref[143-144]

Regression Testing 9 Ref[145]

Test Case Generation 4 Ref[150]

Human-machine Collective Intelligence

Oracle Problem 2 Ref[150-151]
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Table 6 Research on Collective Intelligence Based Software Maintenance
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Method Problem Number of Papers Reference
Software Evolution 12 Ref[157-159]
Human Collective Intelligence Document Maintenance 5 Ref[169]
Software Localization 4 Ref[170]
Software Evolution 16 Ref[[160]
Software Version Refactoring 11 Ref[161]
Machine Collective Intelligence Optimize Refactoring Sequence 6 Ref[162-163]
Software Modularization 12 Ref[164-166]
System Migration 5 Ref[171]
Human-machine Collective Intelligence Software Version Refactoring 1 Ref[167]
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Table 7 Research on Other Collective Intelligence Based Software Activities
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Methods Problem Number of Papers Reference

Software Security 9 Ref[173,180]

Human Collective Intelligence User Support 3 Ref[174-176]
Creative Competitions 4 Ref[177]

Machine Collective Intelligence Software Project Management 43 Ref[178-179]
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