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Comparing thinking frameworks: Positioning design thinking among thinking models in Science education 


Abstract 
[bookmark: _GoBack]	The changing needs of 21St Century requires science education to develop higher order thinking abilities that enables students to deal with complexity and unpredictability. In contrast to other cognitive thinking models like critical thinking, systems thinking, analytical thinking, logical thinking and creative thinking, this study explores how design thinking- a human- centered, iterative framework uniquely supports scientific inquiry. Design thinking integrates cognitive processes like empathy, ideation, prototyping and testing whereas traditional thinking models frequently divide them up. This study portrays design thinking as a transformative pedagogy that supports inquiry- based learning, fosters real world relevance, developing both cognitive and soci0- emotional skills among students. The unique contributions of design thinking in science education is that it helps in tackling ill- defined, wicked problems, which is highlighted through a conceptual framework and a comparative analysis . Along with implications for curriculum designers and teachers, this study recognizes implementation and assessment challenges. In order to better educate students introspective skills and resilience, this study recommends incorporation of design thinking strategies in science education. 
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Introduction 
The rapid expansion of knowledge and technology in the 21st century necessitates the need for higher- order thinking skills among students. These are known as 21st century skills that include critical thinking, creativity, collaboration, communication, problem solving and digital literacy (Trilling and Fadel,2009; UNESCO, 2015). Such competencies are essential for informed decision making, adapting to complex world situations and life-long learning. The National Education Policy 2020, (NEP, 2020) emphasizes the development of students’ cognitive abilities, especially higher- order thinking skills such as analysis, creating and evaluation (NEP, 2020, p. 4). It emphasizes curriculum should focus on inquiry, discovery, discussion and analysis based learning practices. In alignment with international frameworks such as  P21 framework for 21st century learning and OECD’s learning compass 2030, NEP 2020 calls upon schools  to integrate teaching strategies that nurture higher- order thinking abilities in learners. 
Science education, especially requires students participate in observation, inquiry and analysis as these activities are base for scientific knowledge and understanding.  Scientific inquiry is a pedagogical strategy that includes raising questions, formulating hypotheses, collecting and assessing data and testing the hypothesis iteratively to strengthen the understanding of a concern or problem (National Research Council, 2012). Science teachers employ a range of strategies to engage students in scientific inquiry including critical thinking, systems thinking, analytical thinking, logical thinking (Bybee, 2013; Assaraf & Orion, 2005).
Design thinking has recently emerged as a cognitive and pedagogic approach that has been modified for use in education (Brown,2009). Having originated from designing and engineering, it  offers a structured yet flexible approach, that includes empathy, defining the problem, ideating solutions, developing prototypes and testing, this thinking method promotes human- centered, iterative problem- solving for real- life issues (Razzouk & Shute, 2012). Critical thinking rejects too many ideas before beginning the problem solving steps and creative thinking generates imaginative ideas that are not feasible. Design thinking thus goes one step beyond these thinking models. When there are well- defined problems, like doing routine tasks, fixing technical problems, analytical and critical thinking may be well- suited. But, when it comes to ill- defined and unstructured challenges that demands human -centered innovations, design thinking thrives (Buchanan, 1992).The purpose of this study is to examine how design thinking facilitates scientific inquiry in ways that differ from other cognitive methods like problem-solving, critical thinking, analytical thinking, creative thinking and logical thinking. By incorporating such thinking models in curriculum, teachers can ensure that students not only learn the information passively but also have potential to solve real life problems with empathy, creativity and reflection (Henriksen et al., 2018). 

Conceptual Framework 
Design thinking has emerged into a powerful educational framework that promotes active learning, innovation and collaboration across disciplines. Its five- step iterative process encourages students to come up with practical and user- friendly solutions to real- life problems. In science education, design thinking offers a pedagogical strategy that aligns with the goals of inquiry - based learning. Unlike compartmentalized usage of thinking models to solve various problems, design thinking naturally integrates critical thinking, systems thinking, analytical thinking, logical thinking and creative thinking within a single coherent process. The conceptual framework discussed in this study, places design thinking in the center, that develops other cognitive skills essential for science learning. By placing design thinking as a foundational process, design thinking acts as a holistic, student- centered approach. Various thinking models utilized in science education are discussed below. 

Critical Thinking in Science Education 
Critical thinking is a normative  and  context-dependent process that involves adhering to intellectual norms like logical coherence, clarity and relevance rather than being a discrete collection of cognitive skills (Bailin,2002). Students who are able to critically think are better equipped to analyze arguments, assess evidence, challenge presumptions and develop well- reasoned conclusions- all of which are essential scientific inquiry. By enabling students to analyze data, evaluate the reliability of the information and engage with socio- scientific concerns, critical thinking plays an important role in scientific literacy (Santos, 2017). Despite its significance, critical thinking is under- represented in classroom practice because of conceptual uncertainties and inadequate teacher preparation. However, research shows that strategies like argumentation, reflection and inquiry- based learning can effectively cultivate critical thinking in science classrooms (Vieira, Tenreiro-Vieira, & Martins, 2011). Students move beyond rote memorization  and develop the capacity to evaluate scientific knowledge critically by incorporating such approaches.

Systems Thinking in Science Education
Systems thinking refers to the ability to comprehend and evaluate the relationship and interconnections that exists within complex systems. Even though it is sometimes perceived as contemporary methods, it has its origins in ancient philosophies. A basic principle of systems thinking is that the systems have emergent characteristics which are not evident in their constituent principles, as claimed by Aristotle’s statement that,’the whole is more than sum of its parts’. According to Senge(1990), systems thinking is a discipline that helps people to see the structural independence, patterns and feedback loops rather than discrete occurrences. For students to have a grasp of chemical, biological and ecological concepts, from molecular interactions to ecological dynamics, systems thinking becomes a fundamental part of science education (Evagorou et al., 2009). Recognizing its importance by the Next Generation Science Standards (NGSS systems thinking ), systems thinking is considered  as a cross-cutting concept to promote integrated and transferable scientific understanding (NGSS Lead States, 2013). Adopting such thinking models enables students to analyze scientific phenomena holistically, which is essential for addressing global environmental and scientific challenges. 

Analytical Thinking in Science Education
Analytical thinking involves breaking down complex issues or data into smaller, easier to handle data, which will help in identifying the patterns, comprehend relations and reach a logical conclusion(Facione, 1990). Analytical thinking is essential in science education as it can help in data interpretation, design experiments, casual relationship understanding and systematic problem solving. Students can analyse scientific processes, such as chemical reactions, biological systems or physical laws, etc (Kind & Osborne, 2017). Analytical thinking encourages organized reasoning and judgements as compared to creative thinking (Miri, David, & Uri, 2007). It encourages students to formulate hypotheses, make predictions and evaluate experimental results critically.  It works especially so well when paired with inquiry- based learning techniques,

Logical Thinking in Science Education
Logical Thinking is the ability to carefully form valid connections between premises and conclusions and derive conclusions based on the evidence and established principles. In science education, it helps in formulating hypotheses, analyzing evidence and developing explanations (Lawson, 2000). It helps to find the cause- effect relationships, patterns and make predictions using inductive or deductive reasoning. It ensures that the conclusions flow logically without following the assumptions. Learning to think logically empowers students to utilize scientific method especially in experiments and argumentation (Zimmerman,2007). As a result, logical thinking forms a foundation for evidence based- decision making and disciplined inquiry in science education. 

Creative Thinking in Science Education
Creative thinking involves integrating pre-existing knowledge in novel ways to generate new, flexible and unique ideas. It helps students to generate innovative solutions and alternative explanations to scientific problems (Kind & Kind, 2007). Curiosity and open- ended inquiry encouraging divergent thinking  are the components of creative thinking. It helps students to explore multiple possible pathways before narrowing down to one solution(Torrance, 1974). It is crucial for scientific inquiry as it fosters creation of new ideas and reinterpretation of existing issues from different angles (Beghetto & Kaufman, 2007). Creative thinking fosters scientific literacy, adaptability and innovation that are essential for the 21st century, when included in problem- based learning (Lederman et al., 2014).

Design Thinking in Science Education
In science education, design thinking motivates students to approach scientific inquiry not only as a means to understand a phenomena but also as a process of designing a solution to contextual problems (Razzouk & Shute, 2012). Unlike traditional methods of problem solving, design thinking provides an iterative, flexible, collaborative, creative and a human- centric approach  allowing students to engage deeply into scientific concepts while developing 21st century skills(Henriksen, Gretter, & Richardson, 2018). By incorporating in classrooms, design thinking enhances interdisciplinary learning by engaging in social, ethical and environmental aspects of science(Carroll et al., 2010). It goes one step further by highlighting empathy and practical applications of ideas students generate, making them a change agent rather than passive consumers of knowledge. 

The Venn diagram presented below shows the inter- connectedness and relationships between design thinking and various thinking models, placing design thinking in the center as an integrative framework. 


[image: ]
Figure 1 Venn Diagram showing position of Design thinking 


Comparative analysis of thinking models 
In today’s science education, developing diverse thinking is essential for innovation, inquiry and problem- solving. While traditional models like critical thinking, systems thinking, analytical and logical thinking offer various ways to solve problems, the emerging model- design thinking is a unique and an integrative model. It blends creativity, empathy and structured iteration, positioning it as a unique framework. 




















Table 1 Thinking Dimensions
	Dimension
	Focus 
	Skills 
	Scientific application
	Thinking - orientation
	21st century skills 
	Assessing indicators 

	Critical thinking
	Evaluation Judgement 
Reasoning 
	Reasoning,
Evaluating evidences,
judgement
	Evaluating hypotheses, Scrutinizing data 
	Judgement oriented 
	Critical analysis
	Quality of reasoning
Using evidence
Fallacy detection 

	Systems thinking
	Understanding complex relationships and feedback loops
	Identifying components and interactions
	Understanding systems in biology, chemistry and ecology 
	Whole-parts  oriented 
	Complexity navigation
	Pattern mapping
Integration of parts 

	Analytical thinking
	Breaking down complex information to understand parts and relationships
	Causal analysis, pattern recognition
	Designing experiments,analyzing data, understanding functions
	Detail oriented
	Inquiry competency
	Breaking down problem

	Logical thinking
	Deductive and inductive reasoning, arguementation
	Syllogistic thinking,
Reasoning skills
	Testing hypothesis , building arguments 
	Rule oriented 
	Structured thinking, reasoning
	Validating conclusion using correct reasoning 

	Creative thinking
	Generating original and novel ideas 
	Divergent thinking, Flexibility in ideas 
	Generating hypotheses, alternative explanations and experiments 
	Possibility
oriented 
	Innovation, flexibility 
	Originality
Flexibility 
Fluency 

	Design thinking 
	Empathy- driven ideation, prototyping and testing 
	Empathy, ideation, user- centered problem solving 
	Creating real- world solution, contextual
	solution/ empathy- oriented 
	Creativity,
Empathy, collaboration and communication
	Innovation
Usefulness
Empathy- driven 




Discussion
Unlike other cognitive frameworks, design thinking provides various advantages to scientific inquiry with empathy and usefulness as crucial components. Beginning with inquiry of the requirements of consumers be it peers, community or ecological system design thinking anchors scientific exploration in real- life contexts (Henriksenet al., 2018). This aligns with social and environmental settings, increasing learner motivation. 
A  distinctive feature of design thinking is its emphasis on iteration and prototyping, which is closely related to repeated scientific experiments. Students are encouraged to design a model, test it, learn from failure and modify their ideas instead of finding a perfect solution in one try. Such an approach fosters resilience and scientific thinking among students (Carroll et al., 2010). Consequently,  design thinking is a better model for science education. 
Design thinking is explicitly solution- focused, helping students make informed decisions to solve real- world problems by bridging the gap between scientific knowledge and action (Henriksen et al., 2018). Through divergent thinking during ideation phase, students explore  creative alternatives and combine ideas in novel ways- practices often under utilized in traditional methods, which often focuses on convergent thinking (Beghetto & Kaufman, 2007). 
Additionally, design thinking also makes it possible to integrate different models of thinking. It makes use of systems thinking to understand inter-relationships and also critical thinking to define issues, make decisions and assess solutions (Razzouk & Shute, 2012).Design thinking helps bring about important change in perspectives, developing  design mindset, which holds that issues may be creatively and empathetically resolved through human- centered innovation as well as comfort with ambiguity and risk taking. These traits serve as cornerstone of STEM literacy in the twenty first century and enable students to become active problem solvers in society. 
As a whole, these contributions demonstrate that design thinking is a transformative framework that enhances scientific inquiry, increases students' engagements, and fosters cognitive and emotive aspects of scientific learning rather than just being another thinking tool.






Implications for curriculum and teacher practice 
Integrate Inquiry based learning- Curriculum should include inquiry- based projects that help students relate to stakeholders, communities and ecosystems, in order to fully utilize design thinking in science education. 
Real- world relevance- Design thinking will help promote learning in real- world, socially relevant contexts. 
Professional Development for teachers- To properly support  design thinking processes, teachers need specialized professional development. 
Promote student engagement- This includes learning how to encourage creativity and experimentation, ideation, prototyping  and guarantee scientific accuracy. 
Redesign assessment methods- In order to assess both learning processes and end results, the assessment methods must change. 
Highlight systemic relationships- Incorporate activities that encourage students to understand systematic relationships as well as social consequences of their ideas in order to effectively integrate design thinking in education. 
Scientific accuracy- Balance creativity with evidence- based reasoning to have rigor in science education.
Promote iterative learning approaches- Encourage cycles of design, testing, feedback and refining. 
Include ethical and social dimensions-  enable students to think of wider consequences of their ideas on environment and society. 

Conclusion
Design thinking offers a  unique but complementary method to systems and critical thinking in scientific inquiry. Its solution- focused approach and human context awareness makes it ideal for fostering creativity, encouraging students to solve everyday human problems.  Integrating design thinking in science education with other frameworks is challenging, but it also promotes holistic development. Exposure to multiple modes of thinking, students benefit from both cognitive and socio- emotional competencies. Further studies should focus on empirically assessing effectiveness of design thinking in students’ subject comprehension and scientific reasoning, thereby establishing strong evidence for its growing role in science education.
Limitations and challenges 
While design thinking encourages innovation and user- centered problem solving, it occasionally runs the risk of masking sound scientific reasoning, particularly when classroom activities place more emphasis on prototype development than in in-depth understanding of the concept. Full design thinking cycles may not be completed in schools because of time and resource constrictions. Design thinking also demands alternative assessments as it includes iterative steps and process oriented. 
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