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25 Learning Principles to Guide Pedagogy and the 
Design of Learning Environments 
Applying the Science of Learning: What We Know About Learning and How We Can Improve the Teaching-Learning Interaction

1. Contiguity Effects.


Ideas that need to be associated should be presented contiguously in space and time in the multimedia learning environment. For example, the verbal label for a picture needs to be placed spatially near the picture on the display, not on the other side of the screen.  An explanation of an event should be given when the event is depicted rather than many minutes, hours, or days later.  

· Implications

Design the learning materials and lesson plans so that elements and ideas that need to be related are presented near each other in space and time.  

· References

Mayer, R. E. (2001). Multimedia learning. NY: Cambridge University Press. 
2. Perceptual-motor Grounding.


Whenever a concept is first introduced, it is important to ground it in a concrete perceptual-motor experience.  The learner will ideally visualize a picture of the concept, will be able to manipulate its parts and aspects, and will observe how it functions over time.  The teacher and learner will also gain a common ground (shared knowledge) of the learning material.  Perceptual-motor experience is particularly important when there is a need for precision, such as getting directions to find a spatial location.  For example, a course in statistics is not grounded in perceptual-motor experience when the teacher presents symbols and formulae that have no meaning to the student and cannot be visualized.    

· Implications


Teachers should ground new concepts in perceptual-motor experiences when concepts are first introduced and when the content needs to be tracked with a high level of precision. This practice facilitates comprehension, learning, and later use of the information.  

· References

Glenberg, A. M., & Kaschak, M. (2002). Grounding language in action.  Psychonomic Bulletin & Review, 9, 558-565.

Glenberg, A.M., & Robertson, D.A. (1999).  Indexical understanding of instructions.  Discourse Processes, 28, 1-26.

3. Dual Code and Multimedia Effects.

Information is encoded and remembered better when it is delivered in multiple modes (verbal and pictorial), sensory modalities (auditory and visual), or media (computers and lectures) than when delivered in only a singe mode, modality, or medium.  Dual codes provide richer and more varied representations that allow more memory retrieval routes.  However, the amount of information should not overwhelm the learner because attention is split or cognitive capacities are overloaded.    

· Implications


Design the learning materials so that information gets delivered in multiple modes, modalities, and media, but do not overwhelm the learner with too much to learn or too much to attend to, two primary causes of cognitive overload.  

· References 

Mayer, R. E. (2001). Multimedia learning. NY: Cambridge University Press. 

Moreno, R., & Valdez, A. (2005). Cognitive Load and Learning Effects of Having Students Organize Pictures and Words in Multimedia Environments: The Role of Student Interactivity and Feedback. Educational Technology Research and Development. 53, 35-45.
4.  Testing Effect.

There are direct and indirect effects of taking frequent tests. One indirect benefit is that frequent testing keeps students constantly engaged in the material. Although students will learn from testing without receiving feedback, there is less forgetting if students receive informative feedback about their performance. Multiple tests slow forgetting better than a single test. Formative assessment refers to the use of testing results to guide teachers in making decisions about what to teach. Learners also benefit if they use test results as a guide for their own learning. 
· Implications


Use frequent testing to enhance learning and memory. This practice will encourage learners to study continuously throughout the semester. Use testing results to guide teaching and learning.

· References:


Dempster, F. N. (1997). Distributing and managing the conditions of encoding and practice. 


In E. L. Bjork & R. A. Bjork (Eds). Human Memory (pp. 197-236). San Diego, CA: 

Academic Press.

Roediger, H. L. III., & Karpicke, J. D. (2006). The power of testing memory: Basic research 
and implications for educational practice. Psychological Science, 1, 181-210.


Wheeler, M. A., & Roediger, H. L. III., (1992).Disparate effects of repeated testing: 



Reconciling Ballard’s (1913) and Bartlett’s (1932) results. Psychological Science, 3, 240-


245.
5. Spaced Effects.

Spaced schedules of testing (like spaced schedules of studying) produce better long-term retention than a single test. When a single test is administered immediately after learning, students obtain high scores, but long-term retention is reduced with a single immediate test relative to spaced testing. When a test is given immediately after learning has occurred, learners still have the newly-learned information in a primary memory system and therefore obtain high test scores. Both teachers and learners often misjudge their high scores on a test given immediately after learning as evidence of good retention, when, in fact, long-term retention suffers with this practice. 
· Implications


Teachers should give frequent tests so that the high scores on tests that are immediately given after learning can be maintained over time. If a single test is given soon after learning, both teachers and students fall prey to the “illusion of competence” or belief that the learners have information available in long-term memory, when in fact they do not. 

· References
Bahrick, H.P., Bahrick, L.E., Bahrick, A.S., & Bahrick, P.E. (1993).  Maintenance of foreign language vocabulary and the spacing effect.  Psychological Science, 4, 316-321.

Cepeda, N. J., Pashler, H., Vul, E.,  Wixted, J. T.& Rohrer, D. (2006). Distributed practice in verbal recall tasks: A review and quantitative synthesis. Psychological Bulletin, 132, 354-380. 

Cull, W. L. (2000). Untangling the benefits of multiple study opportunities and repeated testing for cured recall. Applied Cognitive Psychology, 14, 215-235.

6. Exam Expectations. 

Students benefit more from repeated testing when they expect a final exam that will include additional information than when they do not expect a final exam. It seems that learners will keep material more accessible in memory when they expect to need it later than when they do not. 

· Implications

Teachers should create the expectation that there will be a final or comprehensive examination that will be administered at some future date. Learners will use knowledge of future testing to keep information in memory in a way that allows it to be recalled in the future.

· References

Szupnar, K. K., McDermott, K. B., & Roediger, H. L., III. (in press). Expectation of a final cumulative test enhances long-term retention.  

7. Generation Effect. 

Learning is enhanced when learners produce answers compared to having them recognize answers. Free recall or essay tests which require the test taker to generate answers with minimal cues produce better learning than multiple choice tests in which the learner only needs to be able to recognize correct answers. In fact, free recall tests produce as much learning as restudying the material.

· Implications

When possible, teachers should give recall tests and provide other opportunities for learners to recall information with minimal cues. (We do not know the conditions under which learners will gain comparable benefits from well written multiple choice or other recognition tests.)
· References


 Butler, A. C., & Roediger H.L., III. (in press). Testing improves long-term retention in a 
simulated classroom setting. European Journal of Cognitive Psychology. 

McDaniel, M.A., Anderson, J. L., Derbish, M. H., & Morrisette, N. (in press). Testing the 
testing effect in the classroom. European Journal of Cognitive Psychology.


Tulving E. (1967). The effects of presentation and recall of material in free-recall learning. 


Journal of Verbal Learning and Verbal Behavior, 6, 175-184.
8. Organization Effects.  
Outlining, integrating, and synthesizing information produces better learning than rereading materials or other more passive strategies.  Students frequently report that when they study they reread materials they already read once. Strategies that require learners to be actively engaged with the material to-be-learned produce better long-term retention than the passive act of reading. Learners should develop their own mini-testing situations as they review, such as stating the information in their own words (without viewing the text) and synthesizing information from multiple sources, such as from class and textbooks.  

· Implications

Provide learners with meaningful strategies for retaining information when they study. These strategies should require effort because there is a long-term retention advantage for effortful processing (assuming that the effort is within a reasonable level).

· References
Bjork, R. A.. (1994). Memory and metamemory considerations in the training of human beings. In J. Metcalfe & A. Simamura (Eds.). Metacognition: Knowing about knowing. (pp. 185-205.) Cambridge, MA: MIT Press.

Bransford, J. D., Brown, A. L., & Cocking, R. R. (Eds.). (2000). How People Learn (expanded ed.). Washington, D.C.: National Academy Press.

9. Coherence Effect.

The learner needs to get a coherent, well connected representation of the main ideas to be learned. It is important to remove distracting, irrelevant material, even when the added information is artistically appealing.  Seductive details that do not address the main points to be conveyed run the risk of consuming the learner’s attention and effort at the expense of their missing the main points. 

· Implications

Design the learning materials so that the main points are prominent and that removes distracting, irrelevant materials.  

· References

Kalyuga, S., Chandler, P., & Sweller, J. (1999). Managing split-attention and redundancy in multimedia instruction. Applied Cognitive Psychology, 13, 351-371. 

Kozma, R. (2000). Reflections on the state of educational technology research and development. Educational Technology Research and Development, 48(1), 5-15.

Mayer, R. E. (2001). Multimedia learning. NY: Cambridge University Press. 
10. Stories and Example Cases.

Stories and other forms of narrative are easier to read, comprehend, and remember than other types of learning materials.  For many millennia, the primary way of passing wisdom down from generation to generation was through stories.  Stories have concrete characters, objects, locations, plot, themes, emotions, and actions that bear some similarity to everyday experiences. Many stories also convey a point or moral that can be generalized to many situations. Example cases in a story-like format are persuasive, easy to comprehend, and very memorable.        

· Implications


Teachers and learning environments should capture the important content in stories and example cases, which are comparatively easy to comprehend and remember.

· References

Bower, G.H., & Clark, M.C. (1969).  Narrative stories as mediators for serial learning.  Psychonomic Science, 14, 181-182.

Graesser, A. C., Olde, B., and Klettke, B. (2002). How does the mind construct and represent stories? In M. C. Green, J. J. Strange, & T. C. Brock (Eds.), Narrative Impact: Social and Cognitive Foundations (231-263). Mahwah NJ: Lawrence Erlbaum Associates. 

Haberlandt, K., & Graesser, A. C. (1985).  Component processes in text comprehension and some of their interactions.  Journal of Experimental Psychology: General, 114, 357-374.

11.  Multiple Examples.

An understanding of an abstract concept improves with multiple and varied examples.

· Implications


Provide learners with examples of concepts, especially examples that are selected from different academic disciplines (e.g., correlations in historical events and medicine) and different domains of knowledge (applied and abstract). 

· References
Hakel, M., & Halpern, D. F. (2005). How far can transfer go? Making transfer happen across physical, temporal, and conceptual space. In J. Mestre (Ed.), Transfer of learning:  From a modern multidisciplinary perspective (pp.357-370). Greenwich, CT: Information Age Publishing.

12.  Feedback Effects.

Students benefit from feedback on their performance in a learning task, but the timing of the feedback depends on the task. 

· Implications


Provide feedback to learners according to schedules that allow them to recognize correct responses without the aid of feedback.

· References

Pahler, H., Cepeda, J.T., Wixted, J.T., & Rohrer, D. (2005). When does feedback facilitate learning of words? Journal of Experimental Psychology: Learning, Memory, & Cognition, 31, 3-8.
13. Negative Suggestion Effects.


Just as people learn correct information with frequent testing, they also can learn wrong information this way. For example, when incorrect alternatives on multiple choice tests are presented, the wrong answers can be learned instead of the correct answers. This effect is also found on short answer essay questions when students do not know the answers and use their general knowledge about the field to construct a response that seems reasonable to them. In this situation, learners recall their incorrect, but logically consistent response as being correct. These effects can be reduced when learners receive feedback immediately after taking a test which allows them to revise their memory and understanding without delay. 

· Implications
Provide immediate feedback after testing to correct errors and overcome negative suggestions created by recalling incorrect responses. Teachers should provide feedback about correct responses as soon as the testing is completed. It is easier to achieve this goal when multiple short tests are given than when fewer, longer tests are given. 

· References
Anderson, J. R., Corbett, A. T., Koedinger, K. R., & Pelletier, R. (1995). Cognitive tutors: Lessons learned. The Journal of Learning Sciences, 4(2), 167-207.

McTighe, J., & O‘Connor, K. (2005). Seven practices for effective learning. Educational 
Leadership, 63, 10-17.
Roediger, H. L. III, & Marsh, E. J. (2005). The positive and negative consequences of 
multiple-choice testing. Journal of Experimental Psychology: Learning, Memory, and 
Cognition, 31, 1155-1159.

Shute, V. (2006).  Focus on formative feedback.  Unpublished Manuscript, Educational Testing Service, Princeton, NJ.  

Toppino, T. C.,  & Brochin, H. A. (1989). Learning from tests: The case of true-false 
examinations. Journal of Educational Research, 83, 119-124.
14. Desirable Difficulties.


Learning is enhanced when learners have to organize the information themselves or exert additional effort during acquisition or retrieval than in conditions in which the information to be learned or retrieved does not require effort. One possible explanation for this effect is that learners create multiple retrieval paths which make the information more accessible at retrieval. These practices slow initial learning, but promote long-term recall. 
· Implications


Teachers should present the to-be-remembered information in formats that require effortful processing. For example, information presented in class should not follow in the same order as information in a related chapter so learners will be to integrate the two sources of information. Learners will remember information better when it requires effortful processing than information that is easy to learn. 
· References

Bereiter, C., & Scardamalia, M. (1985). Cognitive coping strategies and the problem of "inert knowledge". In S. F. Chipman, J. W. Segal, & R. Glaser (Eds.), Thinking and learning skills: Vol. 2. Current research and open questions (pp. 65-80). Hillsdale, NJ: Erlbaum.

Bjork, R. A.  (1988). Retrieval practice and maintenance of knowledge. In M. M. Gruneberg, 
P. E. Morris, & R. N. Sykes (Eds.). Practical aspects of memory: Current research and 
issues. (Vol 1, pp. 396-401). NY: Wiley.
Bjork, R. A. (1999). Assessing our own competence: Heuristics and illusions. In D. Gopher 
& A. Koriat (Eds.). Attention and performance XVII: Cognitive regulation of 
performance: interaction of theory and application (pp. 435-459). Cambridge, MA: MIT 
press.
15.  Manageable Cognitive Load.

Multimedia learning environments should be compatible with what we know about how people learn. A common error in the design of multimedia learning materials is to “clutter” the learning environment with extraneous information that increases the cognitive load for learners who are in the process of discovery what is important and what is decorative and distracting. The demands on working memory can exceed capacity when there is auditory input that does not match written text and there is visual animation and other movement to monitor at the same time, especially early in learning. The coherence principle calls for the removal of extraneous materials. The spatial contiguity principle refers to the need to keep printed text next to the visual display that it describes. 

· Implications


Keep multimedia learning materials free of clutter with text information and auditory input physically near the matching visual display and near in time to match animations or other movement.
· References

Pass, F., & Kester, L. (2006). Learner and information characteristics in the design of powerful environments. Applied Cognitive Psychology, 20, 281-285.

Van Merrienboer, J., Jeroen, J. G., Kester, L., & Pass, F. (2006). Teaching complex rather than simple tasks: Balancing intrinsic and germane load to enhance transfer of learning. Applied Cognitive Psychology, 20, 343-352. 

16. Segmentation Principle.

Information presented in text is necessarily linear because of the constraints of language. When multimedia materials are designed, it is possible to present information simultaneously in multiple modes—auditory, motor, visual, being the most common. The general principle of introducing new concepts in manageable segments becomes even more critical when there are multiple sensory systems involved. 

· Implications

Plan the order and amount of new information that is to be presented in discrete units so as not to overwhelm new learners with too much new information at once. 

· References

Mayer, R. E., & Moreno, R. (2003). Nine ways to reduce cognitive load in multimedia learning. Educational Psychologist, 38, 43-52.
17. Explanation Effects. 


Explanations consist of causal analyses of events, logical justifications of claims, and functional rationales for actions. Explanations provide coherence to the material and justify why information is relevant and important. Students may be prompted to give self-explanations of the material through think aloud protocols or questioning tasks that elicit explanations that connect the material to what they already know. Self-explanations and the activity of studying good explanations facilitate deeper comprehension, learning, memory, and transfer.    

· Implications


Teachers and learning environments should deliver good explanations of ideas and elicit self-explanations from the learner. These explanations promote deeper learning of complex mechanisms, causal and functional analyses, links between claims and evidence, and logical reasoning.    
· References

Ainsworth, S., & Loizou, A.T. (2003).  The effects of self explaining when learning with texts or diagrams.  Cognitive Science, 27, 669-681.

Beck, I.L., McKeown, M.G., Hamilton, R.L., & Kucan, L. (1997).  Questioning the Author: An approach for enhancing student engagement with text.  Delaware: International Reading Association.  

Chi, M. T. H., de Leeuw, N., Chiu, M., & LaVancher, C. (1994). Eliciting self-explanations improves understanding. Cognitive Science, 18, 439-477. 
Coté, N., Goldman, S., & Saul, E.U. (1998). Students making sense of informational text: Relations between processing and representation. Discourse Processes, 25, 1-53.

Magliano, J., Trabasso, T., & Graesser, A.C. (1999).  Strategic processing during comprehension.  Journal of Educational Psychology, 91, 615-629.

McNamara, D.S. (2004). SERT: Self-explanation reading training.  Discourse Processes, 38, 1-30. 
18. Deep Questions.  


Deep explanations of material and reasoning are elicited by questions such as why, how, what-if-and what-if not, as opposed to shallow questions that require the learner to simply fill in missing words, such as who, what, where, and when.  Training students to ask deep questions facilitates comprehension of material from text and classroom lectures.  The learner gets into the mindset of having deeper standards of comprehension and the resulting representations are more elaborate.  

· Implications


Good questions promote deeper comprehension of the material. Teachers and students need to be trained on good question asking skills because most questions that get asked are shallow questions. Deeper questions lead to improved comprehension and learning at deeper levels of mastery. 

· References

Craig, S. D., Sullins, J., Witherspoon, A., & Gholson, B. (2006). The deep-level reasoning effect: The role of dialogue and deep-level-reasoning questions during vicarious learning. Cognition and Instruction, 24, 565-591.

Graesser, A. C., & Person, N. K.  (1994). Question asking during tutoring.  American Educational Research Journal, 31, 104-137.

King A. (1994). Guiding knowledge construction in the classroom: Effects of teaching children how to question and how to explain. American Educational Research Journal, 31, 338-368.

Pressley, M. et al. (1992). Encouraging mindful use of prior knowledge:  Attempting to construct explanatory answers facilitates learning. Educational Psychologist, 27, 91-109.

Rosenshine, B., Meister, C., & Chapman, S. (1996). Teaching students to generate questions: A review of the intervention studies. Review of Educational Research, 66, 181-221. 

19. Cognitive Disequilibrium.


Cognitive disequilibrium stimulates inquiry, curiosity, thinking, and deep questions, which in turn lead to deeper learning. Cognitive disequilibrium occurs when there are obstacles to goals, contradictions, conflicts, anomalous events, breakdown scenarios, salient gaps in knowledge, uncertainty, equally attractive alternatives, and other types of impasses.  When these impasses occur, the learner needs to engage in reasoning, thought, problem solving, and planning in route to restoring cognitive equilibrium.  There is a higher incidence of deep questions, thought, reasoning, and study efforts when learners undergo cognitive disequilibrium.  

· Implications


Learning environments and teachers should provide challenges that put the learner in cognitive disequilibrium if the learning objective is to promote deep learning of the material.  These experiences can present confusion or frustration to some students, so there needs to be forms of scaffolding that help them get through the impasse.  
· References

Chinn, C., & Brewer, W. (1993) The role of anomalous data in knowledge acquisition: A 


theoretical framework and implications for science instruction. Review of Educational 


Research, 63, 1-49.

Graesser, A. C., & McMahen, C. L. (1993).  Anomalous information triggers questions when adults solve problems and comprehend stories.  Journal of Educational Psychology, 85, 136-151.

Graesser, A.C., Lu, S., Olde, B.A., Cooper-Pye, E., & Whitten, S. (2005).  Question asking and eye tracking during cognitive disequilibrium: Comprehending illustrated texts on devices when the devices break down.  Memory and Cognition, 33, 1235-1247.  

Graesser, A.C., & Olde, B.A. (2003).  How does one know whether a person understands a device?  The quality of the questions the person asks when the device breaks down.  Journal of Educational Psychology, 95, 524-536.

20. Cognitive Flexibility.  


Cognitive flexibility increases when there are multiple viewpoints, perspectives, and points of view about a phenomenon.  It also increases when there multiple layers of knowledge that interconnect facts, rules, skills, procedures, plans, and deep conceptual principles. The cognitive complexity and multiple viewpoints are helpful when learners face tasks that have unique complexities that cannot be anticipated proactively. For example, mathematics has the layers of facts (2 + 3 = 5), algebraic procedures, and deep mathematical concepts that need to be linked and coordinated. Cognitive flexibility is achieved by trying to solve a large variety of problems and by training that links these different layers.   

· Implications


Teachers and learning environments promote cognitive flexibility by having students work on problems that vary in content and complexity.  In addition to multiple varied cases, there needs to be training that points out connections between the layers of facts, procedural knowledge, functional explanations, and deep principles.  

· References

Rouet, J. (2006).  The skills of document use: From text comprehension to web-based learning.  Mahwah, NJ: Erlbaum.

Spiro, R.J., Feltovich, P.J., Jacobson, M.J., & Coulson, R.C. (1991).  Cognitive flexibility, constructivism, and hypertext: Random access instruction for advanced knowledge acquisition in ill-structured domains.  Educational Technology, 31, 24-33.  

21. Goldilocks Principle.


Assignments should not be too hard or two easy, but at the right level of difficulty for the student’s level of skill or prior knowledge. The definition of the zone of proximal development (ZPD) is a bit more technical: the difference in learning that occurs with versus without a learning scaffold (e.g., tutor, teacher, text, and computer).  Researchers have identified a number of zones that reflect how much learning, memory, mastery, or satisfaction occurs along a continuum of task difficulty and that is sensitive to individual differences among learners.  When the material is too easy for the learner, the student is not challenged and may get bored.  When it is too difficult, the student acquires very little and gets frustrated or tunes out.
· Implications


Learning environments and teachers should tailor the materials to characteristics of the learner, making sure that the material is not too difficult, or not to difficult, but just right.  

· References

Metcalfe, J., & Kornell, N. (2005). A region or proximal of learning model of study time allocation. Journal of Memory and Language, 52, 463-477.

VanLehn, K., Graesser, A.C., Jackson, G.T., Jordan, P., Olney, A., & Rose, C.P. (2007).  When are tutorial dialogues more effective than reading?  Cognitive Science, 31, 3-62.

Wolfe, M.B.W., Schreiner, M.E., Rehder, B., Laham, D., Foltz, P., Kintsch, W., & Landauer, T.  (1998).  Learning from text: Matching readers and texts by latent semantic analysis.  Discourse Processes, 25, 309-336.
22. Imperfect Metacognition.

Both adults and children have very limited knowledge of how their mind works and how to learn, so they need explicit training on cognitive processes and optimal learning strategies.  Metacognition is a person’s knowledge or judgments of memory, learning, planning, problem solving, and decision processes.  Students’ metacognition can be mislead by folk wisdom of a culture about cognition and their making incorrect analyses of there personal mental experiences.  The vast majority of adults are not good at planning, selecting, monitoring, and evaluating their strategies of self-regulated learning.  Most students have trouble discovering important principles on their own, without guidance and scaffolding by teachers. Occasionally the learning materials have precisely the right characteristics and affordances to stimulate discovery by the student, but that is rare and difficult to engineer. As a consequence, there needs to be explicit training and practice before students acquire adequate metacognition, self-regulated learning, and discovery learning.        

· Implications


Teachers and learning environments need to train students on characteristics of metacognition and strategies of self-regulated learning and discovery learning.  These capacities and skills do not come naturally to most adults.  Without such instructional mediation, students lack the ability to effectively read for particular purposes, search through hypertext/hypermedia, select actions in interactive simulation environments, and design systems that satisfy multiple constraints.  

· References

Azevedo, R., & Cromley, J.G. (2004).  Does training on self-regulated learning facilitate students’ learning with hypermedia.  Journal of Educational Psychology, 96, 523-535.   

Maki, R.H. (1998).  Test predictions over text material.  In D.J. Hacker, J. Dunlosky, & A.C. Graesser (Eds.). Metacognition in educational theory and practice (pp. 117-144),   Mahwah, NJ:  Erlbaum.
White, B., & Frederiksen, J. (1998).  Inquiry, modeling, and metacognition: Making science accessible to all students.  Cognition and Instruction, 16, 3-117.
Winne, P.H. (2001).  Self-regulated learning viewed from models of information processing.  In B. Zimmerman & D. Schunk (Eds.), Self-regulated learning and academic achievement: Theoretical perspectives (pp. 153-189).  Mahwah, NJ: Erlbaum.
23. Discovery Learning.

Most students have trouble discovering important principles on their own, without careful guidance, scaffolding, or materials with well-crafted affordances. 
· Implications


When designing learning materials, teachers need to provide guides and explicit instruction in the principles that are to be learned. 

· References

Kirschner, P. A., Sweller, J., & Clark, R. E. (2006). Why minimal guidance during instruction does not work: An analysis of the failure of constructivist, discovery, problem-based, experiential, and inquiry-based teaching. Educational Psychologist, 41, 75-86.

24.  Self-regulated Learning.

Most students need training in how to self-regulate their own learning and other cognitive processes. 

· Implications

Provide learners with frequent assessments so they can become aware of what they do not know because it is difficult to assess ones own understanding or learning without an external assessment. 

· References

Kruger, J., & Dunning, D. (1999). Unskilled and unaware of it: How difficulties in recognizing one's own incompetence lead to inflated self-assessments. Journal of Personality & Social Psychology, 77, 1121-34.

Langendyk, V. (2006). Not knowing that they do not know: Self-assessment accuracy of third-year medical students. Medical Education. 40, 173-179.
25. Anchored Learning.  


Anchored learning occurs when students work in teams for several hours or days trying to solve a challenging practical problem that matters to the student. The activity is linked to background knowledge of the learner on a topic that is interesting. The problem is challenging, so the learner needs to engage in problem solving and recruit multiple levels of knowledge and skills.  These activities are coherently organized around solving the practical problem.  Examples of anchored learning are problem-based curricula in medical schools where students work on genuine medical cases and communities of practice where students try to solve problems of pollution in their city.  

· Implications


Anchored learning weaves together many principles of learning in a coherent activity that engages teams of students for many hours and days.  It provides a context for learning that motivates many students and stimulates problem solving and organized social interactions.  
· References

Bransford, J. D., Brown, A. L., & Cocking, R. R. (Eds.). (2000). How People Learn (expanded ed.). Washington, D.C.: National Academy Press.
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