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Topic

I purport that cognitive apprenticeship and situated learning as defined by Lave and Wenger (1991) and Allan Collins, Seely Brown, and S. Newman (1989) is worthy of consideration as the optimal instructional model for science education for it incorporates inquiry-based and problem-based learning in authentic context.  In my opinion, this portends to be the most relevant, realistic, and motivating situation and effective approach to students as they learn science. The feasibility or practicality of such an enterprise in a public school secondary classroom is daunting for the following reasons: expense of providing the tools and facilities necessary to create an bona fide learning environment for science research; teacher training to create a science community of practice  with all the discourse and activities  components and not merely the school culture setting of learning vocabulary and memorization of decontextualized concepts; paradigm shift in what is considered “best practices” in conventional science education; and lastly, what is often mentioned by my colleagues,  the lack of time to fully lets students progress through being novices to being fully enculturated participating amateur (or budding) scientists. I suggest in this paper a few pragmatic compromises between complete immersion of students into a scientific community of expert(s) and dissimilar traditional secondary science classroom where teachers are the resident experts and attempt to acquire a sufficient number of concepts to perform well on standards (and teacher- and text-based) tests.  I propose such activities as cooperatively and critically studying real science research journals to analyze and demystify the process science; using virtual science environments such as computer simulations and web-based learning environments; student-scientists partnerships such as GLOBE; and Career to Technology Education that once was more prominent in secondary education and now is mostly in the domain of community colleges but is seeing renewed interest at the secondary level.
Jean Lave and Etienne Wenger (1991) stipulate learning is ‘situated’ always in some community or culture which entails a sociopolitical environment and historical context. Thus, learning should be viewed concretely from a social, historical and relational perspective, “learning as a social practice” (Lave, J., Wenger, E., p. 47) rather than abstracted as internalization of information, processes of cognition. This they propose opposes school cultural practices of translating, simplifying, and abstracting isolated formal concepts (Brown, S., Collins, A., and Duguid, P., 1989; Sadler 2009) and others purport that learning situations might be said to co-produce knowledge through activity and are central to cognition and learning (Brown, et al., 1989).  Brown further states that all knowledge is like language and words are situated in a culture and concepts (scientific) being described  via language are continually evolving with new situations, negotiations, and activities recasting in new textured form. “Concept, activity and culture are interdependent” (Brown, et al, 1989) which implies that communities of practice such as manual trades, or more relevant to my topic, scientific endeavors, are connected not merely by their ostensible tasks (customs and activities) but by the worldviews and language as well. I see this as a clarion call for a science classroom to effectively teach the nature of science and just facts and concepts thereof to adopt an authentic science sub-community within the overall school cultural setting. 
To the best of our collective abilities science teachers generally at best, in my opinion transmute a true science community of novices attempting to learn and practice science into laboratory experiences and book study.  As a junior high school teacher I find that for learning the content a direct declarative strategies work efficiently for teaching the standards within the time constraints of the school calendar though if the students can participate in more two conversational discourse it is more effective for sake of inspiring greater motivation, relevancy, and in engaging their cognitive and affective domains. Such best conventional practices as guided inquiry labs, deconstructing the textbook, vocabulary building strategies, cooperative reciprocal teaching, demonstrations, teacher initiated discussions, and lectures would define the primary traditional strategies to science.  There may be tools of the science trade but they fade into the background as worksheets, lecture notes, and textbooks take a central role (Sadler, T., 2009). Though I try, as do my colleagues, attempt to have students participate in hands-on activities and guided inquiry explorations as much as possible they are almost ancillary to the main conveyance or transmission scientific knowledge. The nature of science and how it is realistically practiced is simplified to formulaic “scientific method” and rich subjects such as cellular biology is condensed to rote memorization with some reference of how complexly interconnected it is with other disciplines such as genetics, biochemistry, etc. Learning is not receiving “factual knowledge about the world” but rather based “on activity in and with the world” (Lave and Wenger, 1991, p. 33). Thus it begs the question what does a science classroom or community manifest as to be optimal in developing science literate students?
Unlike a tradition classroom within a community or culture of school that often attempts to deliver rote abstracted knowledge, situated learning theory, as it pertains to science education, ideally requires that students work in a science community.  Students identity is viewed more like an apprenticeship where a "novice/student" will do authentic work of science along side a "master" (teacher as expert scientist) learning a skill that the apprentice has a genuine interest in. The learner is immersed in a situation and can question, perform tasks and genuinely practice different parts of that task.. With greater involvement comes greater mastery, but complete mastery is not attainable, therefore even masters are apprentices to other masters. Learning is more than cognitive transmission of knowledge or skill but a dynamic and complex negotiated experience or social practice (with conceptual changes thereof) between all both novice and adept; new and veteran alike; etc. in an authentic situation and real goals of discovery or rediscovery.
For novices (students) being actively involved in ‘cognitive apprenticeships,’ suggested by the Lave and Wenger, means adapting to an ever-changing identity and personal growth in a social situated learning environment whereby they are granted authentic full explicit access to an optimal learning endeavor and a community of practice(skills and knowledge and the artifacts produced there from). Collins, et al. go on to add in their work that cognitive apprenticeship as in the historical trade apprenticeship utilizes methods that enculturate students into authentic practices of the trade or community through activity and social interaction where the experts make explicit their reasoning (choices and perspectives) with the implicit understanding that knowledge (conceptual tools) is context-dependent and cannot be well taught from dictionaries and textbooks.   
Cognitive Apprenticeship as instructional model as defined by Norman Woolley and Yvonne Jarvis (2006),  describes six techniques involved to make the task and process of the practice being taught visible or transparent to the student though personal meta-cognitive and social practices as they engage with genuine activities.  These six components are modeling, coaching, scaffolding, articulation, reflection, and exploration.  To describe them briefly: modeling is where the student observes the expert perform tasks and make their reasoning transparent; coaching involves the expert provide immediate and descriptive and constructive feedback on students performance; scaffolding: students/novices are engaged at their ‘zone of proximal development’ (derived from social-cultural theory of L. Vygotsky (1978 ) and skill and is gradually introduced to more challenging tasks; articulation: is to induce students to explain their knowledge, problem solving  and choices for  action; reflection: student is required to analyze their performance and compare to other students and that which experts exemplify to help them generate an internal cognitive model of expertise; and lastly, give students a novel situation to explore where they can develop their own unique problem-solving strategies. These elements point out the importance of learning through participating real activities with experts to guide their progression to greater autonomy as participants in the culture of their trade (like science), become more adept at it.
Social interaction between participants, both students and teachers, is vital to implementing cognitive apprenticeship as a valuable instructional model. This implies group cooperative learning environment (Brown et al.).  They specifically mention the importance of  the following: collective problem solving, displaying multiple roles, confronting ineffective strategies and misconceptions, and providing collaborative work skills. If people are going to learn and work in community of practitioners in an authentic way with others, then they must be given the best opportunity to develop those skills.      Paula Vincini (2003) suggests what this could mean for the design of instruction:

· Learning is driven and best presented through realistic and complex problems that allow learners to learn to think and practice like experts in the field.

· Content is learned through activities that help solve the problems and not from “packages” of information organized by instructors.

· The instructor’s role moves from providing and structuring the information and knowledge through lectures and presentations to modeling, coaching, and scaffolding learners as they use information and create knowledge to solve contextual real-life problems.

· Situated learning environments must support active engagement, discussion, evaluation and reflective thinking. Activities and assignments are often collaborative and group-based.
I liked these edicts for it puts in more practical teacher jargon what situated learning would look like in the classroom. Of course, for teacher to master these aspects of instruction they would need to be highly trained in cognitive apprenticeship theory which would take a shift in secondary science teacher training in the induction and certification programs, and would take master that have very proficient skills and confidence in cooperative learning and know the nature and practice of science at an expert level. This brings to the debate or problematic discussion on cognitive apprenticeship in science education.

Debate

In the literature I could not find much in the way of controversy to the proposal of cognitive apprenticeship (it is received with much acclaim, it seems, when I make cursorial literature review), though it does challenge the more common conventional direct and declarative forms of teaching where knowledge is abstracted and content is removed significantly from context. There are several critics that argue situated learning necessitates students to have access to experts in the practice of science (or trade) and therefore cannot be to a distinct classroom culture (Tripp, 1993; Wineberg, 1989).  I would certainly agree that school culture or science classroom communities, where teachers teach effective study skills and habits  and delineate concepts or formal processes of discovery, is dissimilar from the culture/community of professional science, but I think a teacher can make great strides at bridging the gap and create microcosm of science culture within their rooms.
Such as common practices of vocabulary building and memorization of concepts and scientific processes but mostly without any real science being performed and certainly not in a community of practioners of science who attempt to find genuine results from their research endeavors.  I have find the study by Kolikant and his colleagues (2006), whereby a group of high students were required to engage in the critiquing real scientific papers where students and teachers can together deconstruct scientific reports by their process, interpretations, writing style, approach or methodology and transcend the vocabulary and content of the science subject but see how scientists perform, think, and communicate about science.  The students reportedly benefited significantly in their critical thinking skills and writing. This resembles or simulates authentic scientific work but without the real activity, thus not optimal, but closer to situated learning expectations then rote dictionary memorization and other ersatz activities.
At the secondary level I think it is difficult to create an authentic environment, for though we can attempt to teach the conceptual tools used by scientists, many of us do not have the budgets to have students use the physical tools, facilities, and materials necessary to make it a palpable reality. Most of us educators work on the proverbial “shoe-string” budget to create inexpensive laboratory activities that often are highly guided inquires and with little time or materials to explore independently.  Some of us do not have up to date textbooks and prevailing scientific theories do change which makes for teachable moments when we s teachers explain how ideas evolve but still it is problematic to have erroneous information for the students to peruse.
Time is another constraint that prevents situated learning and its implicit inquiry and problem based learning strategies from being practically employed. I would say from personal experience of teaching more than a dozen years, that these constructivists based scheme to science learning require a great deal of time to progress students through and even though the scientific literacy is generally better achieved the content standards that are required to teach each term will not be learned due to lack of time to fully explore them: that is depth is sacrificed to breadth of the topic though they are not mutually exclusive one would have to be incredibly efficient in their instruction with a select group of students to attain both.  
Vertical articulation of standards between grades at the secondary level are conducive to greater proficiency and literacy in the community of practice of science but can it reach complete immersion in real science customs and endeavors.  From what I know of AP classes, which are supposedly the pinnacle of science learning environments at the secondary level, they are very demanding, lock step or structured learning environments not conducive to giving the time to do novel research or interact with experts to learn how they do their craft.  The focus is on passing a standardized test with exacting requirements of content knowledge not necessarily creative (synthesize and applying knowledge in novel ways) or critical thinking skills. 
I think the obvious solution to time constraints placed on instruction, is to expand the school year.  The school calendar is antiquated to when the majority of the population it served was farmers (1800s) and needed breaks to help their families’ plant and harvest crops or move the herds.  More currently it is also dictated by contract negotiations and funding limitations.  However, more time in school means a more gradual and potentially more profound approach to teaching science and get away from the quick efficient memorization of concepts with brief forays into limited science experiences.  
One other major problematic element to successful deployment of the cognitive-apprenticeship based pedagogy in practical classroom applications is lack of teacher proficiency and even literacy in the nature of science and how it functions as a community of professionals. teacher education and professional development generally enables teachers to use the best practices of conventional education models but situated learning  requires current accurate knowledge of the sciences and how they are practiced and also unique school cultural tasks such as classroom management and textbook reading etc.  It one thing to affect students interests and ascertain their preconceptions to transform them into more science accurate conceptions but it is another to create a community of  novice scientists and have them partake in this as novices learning the trade of science. Not many educators have been scientists or even technicians working for principal investigators (it would be an interesting statistic to know) and though they may be excellent teachers could truly or effectively make explicit the tacit knowledge of science? I tell my students they are practice science skills in everyday lives and we discuss science topics of interest to them I mention that scientists have the same conversations to debate their ideas and share information. But it is still a school culture not a science seminar.
When I teach a science topic such as genetics I often bring in the latest articles of that topic that may be of interest to my seventh graders and I also teach it from an historical perspective to show who theories are developed and evolve within the field.  However, I do not create a fundamental community where they can make critiques on research or conduct there own.  There may very well be a developmental cognitive limitation on when students can truly endeavor to be like an expert. I teach Mendelian (alleles) and biochemistry  (DNA, RNA, enzymes) view of genetics but even though we model process like transcription and translation we do not do electrophoresis gel runs to do DNA fingerprinting and simply watch and read about the human genome project which depicts scientists explaining their discoveries and briefly how they performed their research. However, it is simply the parts of various processes and I barely touch on the expectations and complexities of the science expecting that the high school teacher they get in the future can review on what I taught and then expand into further depth and sophistication on genetics.  
Still the students most likely do not see themselves as apprentices but merely students attempting to understand the concepts are presented to them. Visual aides, laboratory experiences, using some of the tools of the trade, and computer programs that are slightly interactive and open ended like simulations are still is not authentic, in my opinion but they do make for a good compromise. I use a program that has an turn of the century (1900s) genetics lab where you can perform a few of Gregor Mendel’s experiments with pea plants and it allows the student to understand how to make knowledgeable predictions based on dominance and recessiveness but it is not quite done the same way now...DNA polymerization and computers and robotics to do the mapping etc. Perhaps situated learning is only attainable in upper division classes at the institutions of higher education where there are smaller teacher to student rations and there are facilities and equipment of the science profession for them to utilize.
Position /Pragmatic Compromise(s)
Often immersion into a culture is the best way to learn its customs, language, and perspective. Many foreign language classes are taught, with the caveat of some bilingual translation scaffolding, with as much integration into the culture of the language as possible. I would say cognitive apprenticeship as an instructional model is not to transform every student into a bona fide scientist, but to enable to be scientifically literate members of modern civilization that owes a lot of its progress to practice of science. For those who do want to be a professional in an applied sciences  like those in training to be in the medical field such as clinical practice in nursing and physician programs demonstrate situated learning theoretical framework as being quite successful and satisfying learning mode (Stalmeijer, R., dolmans, D. Wolfhagen, I., and Scherphier, A., 2009). Medical schools obviously have a select group of paying clients as a student body who have qualified themselves for the privilege. I would proffer magnet secondary schools, which would be similar to a medical or technology school at the collegiate level, with science as their emphasis, are not a solution for the general population, but they could offer a more integrated and potentially more authentic science environment, for every subject could support and progress science skills and understanding interdependently.  Similarly, I would like to think that bona fide science settings are not only possible in special science enrichment programs. Those programs to be successful must incorporate and make purposefully explicit the six elements of cognitive apprenticeship model (Charney, J., et al.; 2007). Programs that establish a working relationships between students and scientists, like GLOBE, act as supplementary long term inquiry projects the students can participate come closer to realizing cognitive apprenticeship model or establishing a science community in the classroom.
For teaching in the public school setting I identified one promising solution to employing cognitive apprenticeship with rather low costs and a modicum of teacher training and is the utilization of virtual environments such computer lab simulations and web-based environments.  Even as early as the 1994 web-based inquiry-learning environments were used and studied from a socio-cultural and socio-cognitive perspective and found to be generally lacking in complete authenticity and dynamic interactivity proscribed by situated learning (Kindfield, 2008). However, computer simulations and web-based environs have evolved magnitudes since the early nineties and could be closer to reality of science where scientists do not have to be at the same facility to be colleagues or engage in collaborative research together as long as communication avenues are satisfactorily robust.  Scientists can instantly communicate tentative results and speculation which students, and their i-phones and other like appliances, are very familiar with and could easily assimilate that aspect of science cultural custom. Multi-media environments and educational technology have been long thought by situated learning theorists to have great potential to include opportunities for simulated apprenticeships and scaffold activities (Reeves, 1993; Collins, 1988). Many researchers who consider the implementation of situated learning have “accepted the computer can provide an alternative to real life real-life setting, and that such technology can be used without sacrificing the authentic context which is such a critical element of the model (Herrington, J., and Oliver, R., 1995).  I give example of one my programs I use in the above debate discussion which is from 2000 and has been improved since I am sure.  I tend to have student use the internet now to interact simulations and find information. Multi-user virtual environments have been used to bring museum resources into the middle school classroom which creates an domain where students can interact with each other and experts  and computer-based agents via avatars to work through collaborative learning activities. One National Science Foundation funded project is “River City” which is being studied (design-based methodology) among others to determine if “such virtual environments can sufficiently replicate authentic contexts and multi-leveled communities of practice to provide students with classroom experiences in situated learning” (Dede, C., Nelson, B. Ketelhut, J., Clarke, J., and Bowman, C., 2005). The research is rather new and thus the programs or virtual environments being executed are evolving, but the goal is to adequately serve all modalities of learning and subpopulations of learners. Such Internet based informal learning environments may have excellent science learning potential if designed appropriately which design-based research may eventually reveal. Tentatively it is proposed the optimal parameters and characteristics of such programs would be to have authentic contexts, activities, performance assessments integrated with expert modeling and mentoring (coaching) with constant opportunities for social interaction among all participants.
Finally, I would like discuss Career Technology Education (CTE) programs incorporating situated learning and cognitive or traditional apprenticeships into their curricula.  CTE programs offer something special to public education in that student participants are granted access to business and industry partners and are provided mentoring, internships, and on-the-job training opportunities.  It gives students first hand experience in an a real professional environments and they can determine why they have to learn the content and skills in their classes—which is a positive motivator.  The U.S. Department of education has been funding the College and Career Transitions Initiative CCTI) which create career pathways for students to use through the curriculum of secondary and post-secondary levels and, where implemented, has played an important role in students educational plans increasing greater graduation rates and less need for remedial efforts once they enter college (Kempner, K., and Warford, L.; 2009). Ancillary to vocational training the CCTI and other CTE programs provide high school students additional counseling, early remediation testing, and simply bringing them to the college campuses.  A year ago I attended a CTE conference where both Hart Union High School District and College of the Canyons joined with School & Business Alliance of the Santa Clarita Valley  to aid all the schools to develop CTE programs suited for their respective student bodies and collaborate on such endeavors.  One prominent note mentioned is there is a severe shortage of technically trained professionals with adequate writing, math, and most importantly, critical thinking and problem solving skills.  Some colleges have created a degree or certification in ‘completed apprenticeships’ which are recognized by companies with registered apprenticeships and internships. I think it is important to note that many civically employed people practice science but are not considered research scientists per se, and students should explicitly be shown how applicable science skills and knowledge is to many professions available to them.  Also to leave fully engaged citizen in the 21st century one must be scientifically literate to make judgments about health care and deforestation to global warming issues.
 President Barack Obama has publicly stated that he would like every American consider higher education beyond high school such a college pathway to four year degree, vocational training, or apprenticeship. Of course he and other politicos are concerned about having skilled workers to compete in a global economy but as a science educator I see an opportunity to procure funding and the political will to possibly establish the groundwork to make situated learning a reality in our classrooms thereby inspiring our students with relevant and eventually beneficial set of skills and knowledge they can use for future careers and participation in society.
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