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Motivation & Goals

Context
§ Large scale software engineering models for describing 

the system structure and behavior. 
§ Established software inspection for early and efficient 

defect detection (model vs. reference documents) with 
limited resources.

§ Crowdsourcing mechanism can help to distribute the 
work load among a group of experts.
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Model Inspection
Key questions 
§ How to handle large-scale engineering models with limited resources? 
§ How to better coordinate inspection tasks for inspecting large-scale artefacts 

within an inspection team? 
§ How to provide appropriate tool support for inspection handling?

Goal of this Presentation
§ Definition and evaluation of a Crowdsourced Inspection (CSI) 

Process with tool support.
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Illustrative Example .. the starting point
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Requirements Specification

System EER Diagram Model

Does the model 
completely and 
correctly 
represent the 
specification?

Are there 
defects in the 
model?

Inspection Task
Ø Input: Reference document, e.g., requirements specifications.
Ø Task: Identify defects in (large-scale) models early, effective, and efficient.
Ø Output: True defects in the model. 
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Software Reviews / Inspections
Related Work
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Benefits:
§ Formal and structured process approach (five inspection phases) to identify defect early 

and efficient in engineering artifacts.
§ Well established and investigated process approach. 
§ Guidelines and reading techniques support defect detection, 

e.g., perspectives or scenarios.

Limitations:
§ Typically (expensive) experts are part of the inspection team.
§ Limited resources (e.g., 2h of inspection) à for large-scale documents need for several 

inspection cycles and coordination.
§ Limited tool support.
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Crowdsourcing in Software Engineering
Related Work
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“The act of undertaking any external software engineering tasks by an undefined, 
potentially large group of online workers in an open call format.” (Mao et al., 2016)

Provide Tasks 

Requester Platform Workers

Post Tasks

Submit 
SolutionsCollect & 

Aggregate 
Results

K. Mao, L. Capra, M. Harman, Y. Jia. A survey of the use of crowdsourcing in software engineering. Journal of Systems and Software, 2016.

§ Crowdsourcing (CS) mechanism has been applied in software engineering planning and 
analysis, implementation, maintenance, and testing ..

§ .. but very limited in the area of Software Quality Assurance or Software Inspection.
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Research Issues

Goal
§ Support of software inspection tasks with crowdsourcing techniques.
§ Key Elements:

– Splitting up inspection tasks (for large models) into 
small pieces of work,

– Distributing inspection work load to a crowd of workers and/or 
experts within an organization,

– Improving inspection control due to feedback cycles.
– Providing tool support. 

Questions
§ How to design an inspection process with crowdsourcing mechanisms? 
à Approach: Crowdsourced Software Inspection (CSI) Process.

§ What are effects of the CSI process approach compared to traditional 
inspections?
à Approach: Controlled experiment for evaluation.
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Crowdsourced Software Inspection (CSI)
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§ Planning & Preparation (step 1)
§ Text Analysis (step 2)

– 2a. Identification of Expected Model Elements, e.g., entities, attributes, relationships.
– 2b. Aggregation of individual EME results.

§ Model Analysis (step 3)
– 3. Model analysis based on Expected Model Elements (EMEs)

to identify candidate defects.

§ Aggregation of individual candidate defects (step 4)
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Experimental Study

Study Design
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§ Study Type: Controlled Experiment
§ CSI process vs. Traditional Best-Practice Inspection (control group) with cross-over design.
§ 75 participants in academic course in 4 sessions (63 crowd workers; 12 inspectors).
§ Study Material: 

– Design Specification: 3 pages, 7 scenarios and 110 EMEs.
– EER Diagram: 9 entities, 13 relationships, 32 attributes; 33 seeded defects.
– Questionnaires (experience and feedback), guidelines for 

task execution.
– Tool: Crowdflower1 application and configuration.

Control group
(P&P)

CSI Group

Crowdflower: www.crowdflower.com
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Study Results: Effectiveness

§ Effectiveness is defined as share of identified true defects and seeded defects.
§ 33 seeded defects represent typical defects in the domain.
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§ In the study context, 
traditional P&P inspection performs significantly 
better compared to the CSI MA approach.

§ However …
– P&P spent more time on defect detection.
– CSI focuses on certain parts of the system. 

§ Conclusion: More detailed investigations on the 
scope of the defect detection part is required.

Group No. part. Mean SD Mean SD
CSI 63 15 6.5 7 4.9
P&P 12 21 5.7 10 4.6

Reported Defects True Defects

Effe CSI:   ~20% (SD: 14.4%)
Effe P&P:  ~30% (SD: 12.8%)
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Study Results: False Positives

§ False Positives are defined as wrongly reported defects, i.e., reported candidate 
defects that cannot be mapped to seeded defects.

§ Goal: low number of false positive because of additional and high analysis and 
aggregation effort.
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§ In the study context, 
CSI performs better (but not significantly) compared to traditional P&P inspection.

§ Conclusion:
– Model Analysis guidance by Expected Model Elements (EMEs) can keep the 

inspection focused and can lead to a lower number of false positives.

Group No. Part. Mean SD Min Max
CSI 63 8 5.0 1 18
P&P 12 11 4.7 5 22
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Study Results: Efficiency

§ Efficiency is defined as identified true defects per time interval (e.g., calculated per hour).

§ Defect Detection Efficiency with focus on Defect Detection Tasks
– Defect detection based on

a given set of EMEs.
– Focus on MA.
– In the study context, 

CSI performs better (but not significantly) compared to traditional P&P inspection.

§ Defect Detection Efficiency for the overall CSI process (i.e., TA + MA)
– Identifying EMEs (TA) is part of the CSI process approach and need to be considered.
– Overall effort increases and efficiency for CSI decreases. 

§ Conclusions:
– Given EMEs can help to increase defect detection efficiency.
– Natural language processing approaches can be used for EME identification as 

foundation for model analysis. 
11

Group No. Part. Mean SD Min Max
CSI 63 7.5 5.29 0 23
P&P 12 5.7 2.17 2 9

Group No. Part. Mean SD Min Max
CSI 63 3.5 2.46 0 11
P&P 12 5.7 2.17 2 9
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Summary and Future Work

Summary
§ The Crowdsourced Software Inspection (CSI) process approach can support defect 

detection in large software models with tool support.
§ Results of a controlled experiment showed promising result for defect detection 

performance, i.e., effectiveness, false positives, and efficiency. 

Current Limitations of the CSI approach
§ Focus on a small software model (EER) in context of this study. 
§ Tool support needs considerable human effort for configuration.

Future work
§ Detailed and further analysis of study data needed.
§ Further improvement of the CSI process.

– Automation supported EME identification.
– Extended and improved tool support.

§ Establishing a family of experiments, that focuses on
– Different model types (e.g., behavioral models)
– Different model sizes (towards large-scale engineering models)

§ Field study with industry models and industry people as expert “crowd”.12



. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Institute of Software Technology and Interactive Systems

Thank you ...
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