The Learning Cycle

The learning cycle is a model of instruction based on inquiry. This model scaffolds students to develop their own understanding of a concept based on analysis of data, deepen and refine their understanding, and then apply their understanding of the concept to new situations.  This particular three-step cycle is a modest refining and repackaging of the learning cycle that was used and first popularized in the work of the Science Curriculum Improvement Study (SCIS) at the Lawrence Hall of Science in the 1970s (see, for example, Karplus & Butts, 1977) and of its current form, that developed and used by Roger Bybee and the Biological Sciences Curriculum Study (BSCS) in more recent decades (see Bybee 2006, for example).  
One learning cycle may be completed in part of a class period, in a whole class period, or over several days.  The concept and number of inter-related concepts will determine the length of time needed for each phase.

These three phases fit within a general planning structure that 1) begins with assessment of prior knowledge, 2) is replete with informal formative assessment throughout, and 3) closes with formal formative assessment.  

The learning cycle also is situated within a student-centered philosophy of learning in which students learn best when their ideas, experiences, and thinking skills are shared, valued, and used as critical components in the construction of new knowledge. 

Phase 1: Concept Discovery

In the first phase, the teacher designs one or more learning experiences that allow students examine data in order to “discover” a meaning, rule, or relationship through their own investigations and inductive reasoning. The teacher then acts as facilitator, posing questions and providing assistance as students examine materials, develop and test hypotheses, see from different perspectives, make observations, synthesize ideas, find patterns and outliers, and make, evaluate, and justify claims.  The goal is for students to build an understanding of the concept from analysis and experience. 
Most common teacher errors: 
· The students share their thoughts and/or explore some materials but are not provided with appropriate opportunities to inductively build understanding of the concept.  For example, in order to learn the indicators of chemical reactions, students are asked to brainstorm ideas about how they know a chemical reaction has happened, are given two liquids to combine that form a precipitate, and are then told the rest of the indicators.  
· The “discovery” experience is really just a chance to put kids hands on materials and “hook” or trick them into paying attention.  For example, teacher has the students play the game of “telephone” as the discovery experience for learning about how neurons transmit signals.
· Students are given questions and asked to find the answers on-line or in their text.  If the answers can be found pre-packaged in the text or on-line, then the experience is not a discovery experience.   For example, students are given a web-quest that asks them to find examples, uses, and locations of different types of metamorphic rocks.
· Rather than discovering a scientific concept, students are “discovering” the identity of an unknown powder, liquid, or metal based on their properties. (NOTE: These types of experiences are excellent learning opportunities that are often a great fit with the Concept Application phase.)
· Students are asked to carry out a confirmation laboratory experience in which previous instruction or the “pre-lab,” “purpose,” instructions, or “post-lab” questions give away the results or conclusion.  

Phase 2: Concept Clarification

In the second phase of the learning cycle, the teacher helps students refine their new knowledge or understanding.  This involves students sharing their observations, conclusions, or ideas from the first phase as a class.  The teacher moderates the discussion in an effort to help challenge off-target responses and highlight on-target responses.   The teacher then introduces relevant vocabulary and uses story, lecture, video, print material, modeling, additional labs, simulations, or other instructional strategies to help students further develop their understanding of the concept. Practice of the new concept, if relevant, may also be a part of this phase.* 
Most common teacher error:   
· Straying far from the original concept because the Discovery experience was simply a “hook” or a wedge for forging ahead into a vast expanse of related facts or procedures.  For example, students discover the biological meaning of fruit in the Concept Discovery phase; then, in the Concept Clarification phase, the teacher launches into a history of botanical researchers, artificial selection in agribusiness, and Genetically Modified Organisms.  Such ideas are incredibly valuable, but are addressing very different learning objectives. 
Phase 3: Concept Application

The teacher now poses a new problem or situation (or several) for the students to solve or address based on their understanding of the concept. As in the first phase, the students work individually or in small groups while the teacher acts as facilitator.  Oftentimes, students engage in a short, straightforward application of the concept as a formal formative assessment to the day’s lesson, then engage in a more robust application task after that (often after several lessons on a few related concepts).  For example, students have short, separate applications for learning cycles on chromosome structures and numbers, Punnet squares, meiosis, and chromosomal mutations, but then carry out a more robust application of all of those concepts together when they create phenotypes, genotypes, and chromosomes for fictional characters that they then genetically “counsel” and “mate” in class.  
NOTE: It is common to have more robust application opportunities after several Phase 1- Phase 2 sequences on related concepts.  Nevertheless, it is important that students get the opportunity to apply the concept, even in a very simplified form, before moving on.  
NOTE: A new learning cycle may begin in the application of a different cycle, especially if the application involves generating a hypothesis: the data collected may then be used to discover a new concept.  For example, after discovering that length of pendulum is inversely related to rate of pendulum, students make hypotheses about comparative rates of several different pendulums (differing in mass, length, and drop height).  Data collected are able to be used to actually determine a mathematical relationship between length and rate.  
Most common teacher error: 

· The application is related to the topic, but does not actually ask students to apply what they just learned. For example, students have just learned about the steps of natural selection and are then asked—as the application phase—to read about Darwin’s voyage in the Beagle and create a visual of his findings.  
* The line between practice and application is often blurry.  Don’t worry about to which phase practice belongs.  Instead, make sure that students do get opportunities for adequate practice between teacher clarification and modeling, on the one hand, and applications of the concept that are more robust and/or are serving as formal formative assessment on the other. 

