Overview of the Impact of Activity-Based

Teaching Strategies on Learning Science*
Heide M. Doss-Hammel, San Diego State University

Center for Research in Mathematics & Science Education.
The California Curriculum Commission recently passed the 1/16/04 draft Criteria for Evaluating K-8 Science Instructional Materials that do not allow instructional materials to be adopted if they require the use of more than 25% of hands-on instructional time to cover the California State Science Standards.  No supporting evidence was provided to back up this decision, which is in opposition to over 30 years of research on learning [1-4, 6-34], and the instructional reform movement that is well established across the country [see for example 1-4]. It is at odds with curricula and programs advocated by national science and education organizations comprising hundreds of thousands of scientists and science educators [5]. 
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Three compilations that embody the most substantive research in the fields of science education and learning are constructed by the American Association for the Advancement of Science (AAAS) in Science for All Americans [1] and Benchmarks for Science Literacy [2], and The National Research Council (NRC) in National Science Education Standards [3]. NRC makes the strong stance that students should be active learners, which requires hands-on and minds-on inquiry based classes [3].  Benchmarks by AAAS is very well referenced.  Their reviews of the past 30 years of research in cognitive studies around the world indicate 

that “…students’ lack of understanding and/or misunderstanding of ideas in science is often masked by their ability to memorize the right words.” [2]  This is readily observed in the video Private Universe, produced by the education group at the Harvard-Smithsonian Center for Astrophysics, which illustrates by interviews of Harvard graduates and faculty that early misconceptions persist about the origin of the seasons and the phases of the moon [6].

AAAS and the National Science Teachers Association provided the following position statements in an article appearing in Physics Today, 2001 [7]:

"Elementary science classes must include activity-based, hands-on experiences for all children.  A minimum of 60 percent of the science instruction time should be devoted to hands-on activities, the type of activities where children are manipulating, observing, exploring, and thinking about science using concrete materials."

"Teachers, regardless of grade level, should promote inquiry-based instruction and provide classroom environments and experiences that facilitate students' learning of science."

"Elementary school students learn science best when they are involved in first-hand exploration and investigation and inquiry/process skills are nurtured."
Kober, from the Council for Educational Development and Research, states 25% of instructional time spent on active learning is not enough [8]. The North Central Regional Education Council states the current level of instructional time spent on active learning in the typical classroom must be increased [9].

Cognitive psychologists [10-12] and education researchers [13-34] agree that based on over 30 years of evidence, active engagement is more affective for deep, sustained conceptual understanding. Hake [27a,b] showed in a large trial of over six thousand students, that an interactive-engagement curriculum resulted in an average normalized gain of almost two standard deviations above traditional methods The pool of evidence supporting active learning continues to grow [28-34]. 

A recent publication by Belcher [29] reveals that replacement of the traditional passive student lecture/recitation mode by an active learning method doubled the normalized gains in introductory electromagnetism courses at MIT.  Belcher further states that this “replicates the results of many studies obtained at other universities, including Harvard [35].” 

Further supporting evidence can be found at various websites that summarize current research.  For example, references [32,33] list a number of studies in which increased understanding was found using active learning approaches.  One study listed (Expeditionary Learning by Outward Bound) provides substantial evidence of their success [34].  A small sampling of the success of their program using an active learner pedagogy involving inquiry based methods, shows that after 2 years, two of the three schools advanced from "well below average" to "well above the district average" on the Iowa Test of Basic Skills. One elementary school raised its average score from the 39th to the 80th percentile. After four years in the program, student scores were "above the district average in almost every area." Separate analyses showed similar test score gains in ELOB programs in Denver, Boston, and Portland, Maine.  [32,34].
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