Defining Inquiry

The American Association for the Advancement of Science (AAAS) (1993) and the National Research Council (NRC) (1996) endorse science curricula that actively engage students in science using an inquiry-based approach. This approach shifted the focus of science education from the traditional memorization of facts and concepts in separate specific disciplines to inquiry-based learning in which students seek answers to their own questions. The pedagogy advocated for is an inquiry approach, in which students are actively engaged using both science processes and critical thinking skills as they search for answers. The competencies inherent in inquiry-based—reasoning, problem-solving, and creativity— build important skills that benefit the learner on an ongoing basis as they engage in projects and tasks that they will confront throughout their lives as workers and citizens in a democracy. 
The National Science Education Standards[endnoteRef:1] presents scientific inquiry as: [1:  National Research Council. 1996. National science education standards. Washington, DC: National Academy Press.] 


 ... a multifaceted activity that involves making observations; posing questions; examining books and other sources of information to see what is already known; planning investigations; reviewing what is already known in light of experimental evidence; using tools to gather, analyze, and interpret data; proposing the results. Inquiry requires identification of assumptions, use of critical and logical thinking, and considerations of alternative explanations. (p. 23) 

In the Standards, scientific inquiry refers to: the ways scientists study the natural world, activities of students, strategies of teaching, and outcomes that students should learn. The Standards use the term “inquiry” in two ways. Inquiry is content, which means both what students should understand about scientific inquiry and the abilities they should develop from their experiences with scientific inquiry. Teaching science as inquiry, the Standards explain, “requires imparting not only scientific information but the skills of inquiry and, more deeply, an understanding of what scientific inquiry is about.”[endnoteRef:2] [2:  Bybee, R. W. (2005). Teaching Science as Inquiry. In Inquiring into inquiry learning and teaching in science. Eds. J. Minstrell and E. van Zee. Pp. 20-46. Washington, DC: American Association for the Advancement of Science.] 


In 2018, the National Science Teachers Association issued a new position statement on scientific inquiry.[endnoteRef:3] The statement centers on three assertions which present scientific inquiry as three-dimensional teaching and learning in which teaching engages students in the practices of science and engineering, as students investigate phenomena to build an understanding of core disciplinary ideas.  [3:  NSTA Position Statement: Transitioning from Scientific Inquiry to Three-Dimensional Teaching and Learning. https://www.nsta.org/nstas-official-positions/transitioning-scientific-inquiry-three-dimensional-teaching-and-learning.] 

1. Science and Engineering Practices Should Be Used to Actively Engage Students in Science Learning
2. Science and Engineering Practices, Disciplinary Core Ideas, and Crosscutting Concepts Should Be Integrated
3. Phenomena Should Be Used to Engage Students in Three-Dimensional Instruction
To make the transition from conflicting notions of scientific inquiry to three-dimensional teaching, NSTA recommends stakeholders: 
· make explaining phenomena and/or designing solutions to problems the central focus of science instruction. 
· choose phenomena carefully based on learning goals or curriculum and encourage the observation of phenomena both inside and outside the classroom.
Another definition defines inquiry-based teaching as:
 
“the art of developing challenging situations in which students are asked to observe and question phenomena; pose explanations of what they observe; devise and conduct experiments in which data are collected to support or contradict their theories; analyze data; draw conclusions from experimental data; design and build models; or any combination of these.”[endnoteRef:4] [4:  Hattie, J. (2009). Visible learning: A synthesis of over 800 meta-analysis relating to 
achievement. New York, NY: Routledge, p.208.] 


Other definitions characterize inquiry-based learning as
· “more than asking a student what he or she wants to know. It’s about triggering curiosity. Inquiry-based learning begins with curiosity [that leads to] real engagement and understanding of the subject matter at hand.”[endnoteRef:5] [5:  https://wabisabilearning.com/blogs/inquiry/inquiry-based-learning-meaning.] 

· “cultivates the natural curiosities of students and plant the seeds of life-long learning.”[endnoteRef:6]  [6:  Scott, David & Friesen, Sharon. (2013). Inquiry-Based Learning: A Review of the Research Literature. Alberta Education. 1. 1-29.] 

· “a student-centered, problem-solving process where inquiry or research guides student learning.” [endnoteRef:7]  [7:  Albright, K., Petrulis, R., Vasconcelos, A., & Wood, J. (2012). An Inquiry-Based Approach to Teaching Research Methods in Information Studies. Education for Information, 29 (1) pp19-38. ] 

· “an environment in which students use a wide range of resources to collaborate with others to solve authentic problems by thinking critically, actively create content, and communicate with a wide audience.”[endnoteRef:8]  [8:  Jansen, B.A. (2011 March-April). Inquiry Unpacked: An Introduction to Inquiry-Based Learning. Library Media Connection, 29(5) pp10-12. https://eric.ed.gov/?id=EJ920884] 

· “an activity in which students participate in knowledge construction by addressing germane problems that evolve from personal experience and observation.”[endnoteRef:9]  [9:  Education Development Center, Inc. (2012). Intro to inquiry learning. Retrieved from: http://www.youthlearn.org/learning/general-info/our-approach/intro-inquiry-learning/intro-inquiry-learning.] 

· Allows Students to Take Ownership of Their Learning and develop as autonomous learners.[endnoteRef:10] [10:  McCombs, B. Developing Responsible and Autonomous Learners: A Key to Motivating Students. https://www.apa.org/education/k12/learners
] 

· Develop students’ sense of competence, involve realizing the role of the self as agent in the learning process must be recognized for students to assume their role as engaged and self-directed learners

Outcomes and Benefits of Inquiry Based Learning
In addition to the above, research into inquiry-based learning has revealed several important benefits and outcomes: 

· Improved Attitude Toward Science
Students who experience an inquiry approach (rather than traditional approaches) express improved attitude toward science and interest in science careers and report “feeling like a scientist.”[endnoteRef:11]  These findings are significant because students who show an interest in science are more likely to study science and choose a scientific career.  [11:  Dillivan, K.D. & Dillivan, M. (2014 February). Student Interest in STEM Disciplines: Results from a Summer Day Camp. Journal of Extension, Research In Brief 52 (1) https://joe.org/joe/2014february/rb5.php; Selim, M.A. & Shrigley, R. L. (1983). The group dynamics approach: A sociopsychological approach for testing the effect of discovery and expository teaching on the science achievement and attitude of young Egyptian students. Journal of Research of Science Teaching, 20(3), pp.213-224. https://doi.org/10.1002/tea.3660200305; Gibson, H. L. (1998). Case studies of an inquiry-based science programs’ impact on students’ attitudes towards science and interest in science careers. ERIC document reproduction service no. ED 417 980; Gibson, H. L., & Chase, C. (2002). Longitudinal impact of an inquiry-based science program on middle school students' attitudes toward science. Science Education, 86(5), 693-705.] 

· Develops Science Process Skills and an Understanding of the Nature of Science
Students experience inquiry-based learning in their science classes engage in the processes and procedures important for scientific work, developing the scientific process skills.[endnoteRef:12]  With its emphasis on experience, questioning, searching for evidence, analysis, interpretation, and communication of results (explanation), inquiry learning develops the skills utilized by scientists in their careers.  Students construct scientific explanations, realize the existence of experimental errors, view experimental data as evidence to support their claims, and develop richer understanding about the nature of scientific questions.[endnoteRef:13] [12:  Simsek, P. & Kabapmar, F. (2010). The effects of inquiry-based learning on elementary students’ conceptual understanding of matter, scientific process skills and science attitudes Procedia Social and Behavioral Sciences (2) 1190–1194; Skelton, P., Seevers, B., Dormody,T., & Hodnett, F. (2012 July). A Conceptual Process Model for Improving Youth Science Comprehension Article. Journal of Extension, 50(3).
]  [13:  Wu, H. K. & Wu, C. L. Exploring the Development of Fifth Graders’ Practical Epistemologies and Explanation Skills in Inquiry-Based Learning Classrooms. Res Sci Educ 41, 319–340 (2011). https://doi.org/10.1007/s11165-010-9167-4.] 

· Deepens Understanding of Science Concepts
A diverse and wide body of research suggests that inquiry-based approaches to learning, which encourage students to directly engage with the subject matter by asking questions, developing hypothesis, and conducting experiments, promote student achievement in science[endnoteRef:14] and has a positive impact on students’ understanding of scientific concepts.[endnoteRef:15]  [14:  Chang, C. & Mao, S.  (1998). The Effects of an Inquiry-Based Instructional Method on Earth Science Students' Achievement. Paper presented at the Annual Meeting of the National Association for Research in Science Teaching (71st, San Diego, CA, April 19-22).]  [15:  Chang, C. & Mao, S.  (1998). The Effects of an Inquiry-Based Instructional Method on Earth Science Students' Achievement. Paper presented at the Annual Meeting of the National Association for Research in Science Teaching (71st, San Diego, CA, April 19-22); Scott, D. & Friesen, S. (2013). Inquiry-Based Learning: A Review of the Research Literature. Alberta Education. 1. 1-29; Simsek, P. & Kabapmar, F. (2010). The effects of inquiry-based learning on elementary students’ conceptual understanding of matter, scientific process skills and science attitudes Procedia Social and Behavioral Sciences (2) 1190–1194; Skelton, P., Seevers, B., Dormody,T., & Hodnett, F. (2012 July). A Conceptual Process Model for Improving Youth Science Comprehension Article. Journal of Extension, 50(3); Wu, H. K. & Wu, C. L. Exploring the Development of Fifth Graders’ Practical Epistemologies and Explanation Skills in Inquiry-Based Learning Classrooms. Res Sci Educ 41, 319–340 (2011). https://doi.org/10.1007/s11165-010-9167-4.] 






