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Design Science Research

• Design science research is an important research framwork of several 
technical discipline such as computer sciences and engineering.

• Design science  research is characterized by the design and development of 
more effective and efficient solutions to the previously solved problems 
(Kuechler and Vaishnavi 2008).

• Thus design science research is considered as a fusion of practice, research 
and design and is comparable to the exploration of knowledge through 
focused design (Faste and Faste 2012).

• The approach of design science research commences with the 
conceptualization of a problem and  concludes with the evaluation of the 
effects of the artifacts developed to ameliorate the identified problem (Ellis 
and Levy 2010). 



Design Science Research

• This, design science research is focused on the successful creation 
and evaluation of artifacts (Hevner and Chatterjee 2010).

• These artifacts may comprise of constructs, algorithms, models, tools, 
methods, technical or social informational resources and 
instantiations (Hevner et al. 2004; Hevner and Chatterjee 2010). 

• Hence the artifacts can be broadly defined as any designed object 
with an embedded solution to an identified research problem (Peffers
et al. 2007)



Design Science Research Process

• The final objective of design science research is to provide an 
effective and efficient artifacts embedded with the solution to the 
research problem.

• Design Science Research Cycle 
• identification of problem
• objective definition
• artifact design and development
• Evaluation
• Communicating the results

Source: Mardian, 2020



Design Science Research Process

• The research process is structured in a sequential order of these 
design components.

• Six-phase framework for the design and development of design 
science research artifacts (Figure 1). 

Figure 1 : Design and development framework (Ellis and Levy 2010)



Design Science Research Process

Identify the problem
• Identification of the problem is the crucial starting stage in the design 

science research as this phase assists to provide a solution by 
developing an effective artifact (Hevner et al. 2004; Peffers et al. 
2007; Ellis and Levy 2010).

• A problem is the difference between the current state and the goal 
state and this difference can be mitigated or eliminated with an 
effective artifact (Simon 1996)



Design Science Research Process

• Example of a problem ( Problem 1)
• Due to the heterogeneous properties of images, an effective and efficient segmentation method for a

diverse class of image is still an open problem. Myriads of classical image segmentation algorithms have
been developed over the years yet generalization and universal optimum performance are far away from
ideal levels (Xu and Wunsch 2005; Pereira et al. 2020; Nikbakhsh, Baleghi and Agahi 2021). Further,
the clustering based image segmentation algorithms are largely hooked on the initial cluster count
because an incorrect selection of initial cluster counts results in an incongruous segmentation output.
Identification of an optimum cluster count is a common issue in clustering based image segmentation.
Hence this study aims to develop a general clustering based segmentation algorithm that can address the
aforementioned problem of clustering based segmentation algorithms to some extent.



Design Science Research Process

Define the objectives
This phase is closely link to the previous phase as the objectives are 
clearly related to the problem and must be inferred directly from the 
specified problem (Peffers et al. 2007). 
Knowledge about the current state of the problem and the existing 
solution is of paramount important to derive the objectives. 



Design Science Research Process

• Example of objective based on the problem 1 
• To perform a comprehensive review on existing clustering based image 

segmentation algorithms
• To identify a set of salient image features that work well on a diverse class of 

images 
• To construct a novel clustering based image segmentation algorithm that 

automatically identifies the optimum cluster count and exploits the identified 
salient features to achieve an effective and efficient image segmentation process 



Design Science Research Process

Design and develop the artifact
• This phase includes the creation of an artifact and it comprises of the 

determination of the preferred functionality of the artifact, designing 
the architecture and the actual development of artifacts (Peffers et al.
2007).

• The theoretical knowledge to bear the effective solution for the 
identified problem is the essential resource for the movement from 
objectives to design and development.



Design Science Research Process

Design and develop the artifact
Example

Flowchart of the proposed algorithm Part of the proposed algorithm



Design Science Research Process

Test the artifact
This phase involves the experimentation, simulation or any similar 
activity used to demonstrate the ability of the artifacts to meet the 
functionalities and requirements established during the design and 
development phase (Peffers et al. 2007; Ellis and Levy 2010).
It is important to ensure the applicability of the developed artifacts in 
the proposed context and demonstration of the reasonable solution in 
addressing the problem.



Design Science Research Process

Test the artifact
Testing the proposed algorithm in terms of evaluation metrics such as 
Accuracy, Precision, Recall, F Measure, MAE etc.
Test results Example

Boundary Image Center Images Complex background Overlap images

ECCSD Data set HKU-IS Dataset SOC dataset Ham Dataset



Design Science Research Process

Evaluate testing results
• Observation and the measurement of the performance of the 

artifacts in supporting the solution to the problem is addressed in this 
phase.

• During this evaluation phase, the validity of the developed artifact is 
assessed based on the nature of the problem. 

• This phase includes the qualitative and quantitative comparison of 
the obtained results to the predicted solution.   

• Knowledge of significant evaluation metrics and analysis techniques 
are the required resource to accomplish the evaluation phase.



Design Science Research Process

• Evaluate testing results
Qualitative and Quantitative comparison



Design Science Research Process

• Evaluate testing results

ECCSD data set (1000 images)



Design Science Research Process
Evaluate testing results



Design Science Research Process

Communicate the testing results
• This phase entails the contribution to the body of knowledge by 

providing a complete communication of results and the conclusion of 
the study.

• The research problem, artifacts, the utility and novelty of artifacts, 
effectiveness of the artifacts are reported and communicated in this 
phase using scholarly research publications. 

• The research problem, the designed artifacts and the results are 
published in a scholarly journal. 



Design Science Research Process

• Communicate the testing results
Example
• Publications
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