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From my research, I believe that science literacy is a difficult term to find complete acceptance of and agreement about.  The National Science Education Standards give a basic understanding of what is science literacy but it is often seen as more than this basic definition.  

The National Science Education Standards (NRC, 1996) now serve as national goals for science teaching in the United States. The Standards support the concept of science literacy and have defined it as the "knowledge and understanding of scientific concepts and processes required for personal decision making, participation in civic and cultural affairs, and economic productivity" (p. 22). (http://www.narst.org/publications/research/Sciencel.htm )  

Beyond just this definition, Science Literacy also contains a social aspect for everyone who must come into contact with scientific and technology concepts or the application of these concepts.  As a result, the social and ethical impact of decisions about science and technology has become an important part of science literacy in the recent years.  As a result, it is important to know what obstacles teachers face when trying to create a scientifically literate citizenry and especially for those students at the primary and secondary school level.  


To better understand the obstacles to Science Literacy, it is important to view the various interactions that occur in the learning process.  This is not an easy task but the following diagram is intended to give one way of looking at the topic See (figure 1 below).  
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Figure 1: Areas for Potential Obstacles to Sciecne Literacy

Figure 1 shows the seven areas (numbered 1-7) that have the potential to pose obstacles for student understanding of Science and becoming scientifically literate: student (1), teacher(2), subject matter(3), the interfaces between each of these (4-6) and larger world(7).  

The figure is intended to show seven potential areas that can contribute to the obstacles to understanding of science concepts and attaining scientific literacy.  The three basic components are the student (1), the teacher (2), and the subject matter (3).  Each of these three elements are surrounded by a sphere of personal concern and knowledge that is intersected by the double-headed arrows signifying the interface that exists in the educational process between each of these elements.  Students interface directly with subject matter (4) both through specific instructional material and other outside sources such as media, movies and television.  Teachers interface with subject matter (5) as part of their formal education, in continuing professional development, and through many other sources of continuing formal and informal education such as research, reading, and exposure to the same outside means as their students.  The last interface and perhaps one of the most vital is the exchange between the teacher and the student (6) that occurs formally in the classroom as instruction occurs but is also part of the ongoing relationship developed between the student and teacher.  Finally, the last element is the larger world (7) that exists around and impacts all of the elements listed above.  All six of the other elements are impacted by the progression of events in the situation that exists outside of the classroom and in turn can be impacted by that world within the classroom.  In this way, as a teacher and student work together to learn subject matter in a particular situation, all of these elements have the potential to create obstacles to science literacy but also provide learning opportunities. It is essential for the teacher to understand these elements and know how they can impact the various parts of the educational process as lessons are planned and utilized to foster understanding. Knowing the obstacles can provide the teacher with a means of identifying the particular type of problems a student might have and so prepare methods of overcoming them.  This diagnosis process will also allow the teacher to be more effective and assist them to aid each student to master concepts and empower his or her students to overcome the obstacles for themselves.   

Before moving on it is important to note that the diagram is not placing one of the elements higher or as more important than the others.  At different points in history and in each classroom, each one of these three elements (1-3) of the educational process have been seen as most important.  This model does not put subject matter at the top for any particular reason except convenience.  All three elements are equally important and connected in a continuing exchange as the teacher works with students to learn the subject matter.  Also it is important to see that there is a larger world that exists and should not be neglected.  Having said this, the model draws on years of research that has identified and explored many parts of the model.  This typology draws together many areas of research to focus on the particular difficulties faced by teachers and researchers dealing with science education.


One of the largest concept that has been researched and identified as an obstacle to science learning and general literacy is the idea of Misunderstandings.  A misunderstanding can result from a variety of sources but in the end causes the student to have a false impression of a scientific or technology concept or principle so that the knowledge the student has differs from that of the accepted body of scientists.  

The first source of misunderstandings is usually generated by preconceptions that the student develops from personal experiences.  Young children explain the world around them and until the conception that was created is challenged and replaced with better more accurate explanations, these preconceptions are the science of the child.  If teachers do not become aware of the private universe of the child, these private theories can persist long after lessons about science concepts should have replaced them.  Even direct instruction about the accepted view of science may not easily overcome preconceptions of students since once something is learned it is difficult for that knowledge to be uncovered, uprooted, and replaced or transformed into the accepted conceptions of science and technology.  This can also move beyond a student’s preconceptions by the pace and complexity of the learning environment.  A student can misread or misremember material from a textbook, mishear or misinterpret what the teach her says or other such problems.  This is worsened by the speed of instruction, which often causes some students to rush through lessons or miss things. The wrong information can thus be cemented into the minds of students along with their own preconceptions.    

Another major area that has been identified is student misunderstandings related to a variety of sources such as scientifically outdated ideas, inaccurate or incomplete understandings of science concepts from a poorly delivered text or lessons from teachers that do not fully understand the science and so use poor analogies and illustrations to explain the topic.  Once a student has learned something from an inaccurate teacher or text, it is very difficult to then overcome these misconceptions.  Since the body of scientific knowledge is continually changing and evolving at any time, the body of knowledge of a parent or teacher only reflects the snapshot of his or her learning.  Not everyone strives to remain current and many are happy to have learned something once and accept it as the way it is to be forever.  This can lead to problems for students if the conception of a topic has been refined or the understanding of it has changed.  Moreover, some parents do not like their children to challenge the notions that they hold about science and thus might instill inaccurate or even false ideas in their children.  

Another area that can lead to student misunderstandings deals with the field of pseudoscience.  When a group uses scientifically sounding language and terms but does not adhere to the scientific principles of replicable methodology, skepticism approach to statements, falsifiability, predictive outcomes, and open communication about any ideas; it can leave the student with a false impression that is often difficult to overcome.  Many children acquire this type of misconception from parents and friends who do not fully understand the difference between anecdotal knowledge or knowledge based upon belief in a concept versus acceptance of something as fact based upon evidence.  Controversial topics can become difficult to discuss with students because of the large body of pseudoscientific rhetoric that surrounds them.

Lastly is an area of study that is not very well defined.  Media sources such as popular television and movie treatments of subjects can lead to misconceptions about science and technology for many students. Due to the realistic portrayal of impossible things as well as the partially accurate yet still incorrect science given in television and movies, many students learn things incorrectly and then cannot overcome the misconception once it has been learned.  I have found only a few studies related to this topic and none are completely on target except for the study listed in the annotated bibliography.

To summarize the general areas of misconceptions, the following list is given:

· Popular Media

· Pseudo-science

· Scientifically inaccurate illustrations and analogies 

· Scientifically outdated notions and theories

· Student preconception and misconceptions

Though not necessarily a separate problem one other aspect of this topic has also come to light.  A major obstacle that is faced relates to the level of the teacher to the student with regard to the subject matter.  This gap in knowledge can lead to oversimplification of ideas, use of partially or completely inaccurate or ineffective analogies to explain the topic, as well as overuse (and some times misuse or misinterpretations) of Jargon and overly technical concepts, amongst other problems.  

Since the interfaces that exist rely upon communication an entire set of obstacles exists related to the level and ability of each element to communicate clearly with the other elements.  At each interface, problems of communication due to the level of writing, socioeconomic factors, cultural difference and many other such factors can pose obstacles. 

Finally, the purpose of education poses a large obstacle for the science learning in the classroom.  For some, science education is intended to have students master the known facts and processes of science.  For others, education is a means to have a student think like the practitioners of the science disciplines so that he or she might be prepared to study the subject further and eventually become a scientist.  Others feel science is a pathway to refined thinking and argumentation through clear reasoning and critical thinking.  Still others see science a means to produce a scientifically literate population that can understand scientific arguments and use the fruits of science and technology in everyday life.  These are generalizations of a diverse set of goals for science but each idea held by those both inside and outside of the classroom can directly impact the learning process and produce obstacles for understanding the science concepts ad completion of courses.  

Though other areas can also be refined and delineated, the obstacles to science education identified here are far-reaching in their scope and impact on student learning.  Addressing these will make a great difference in how students learn and understand science as they become more scientifically literate.  Though research has been done in many of these areas, not all have been fully explored and few have detailed-methods presented for overcoming all of them as the teacher works to educate students.   

Annotated Bibliography

Annenberg Media Inc. (2007).A Private Universe Project.  Retrieved on April 1, 2007 from: http://www.learner.org/teacherslab/pup/index.html
This is a video and interactive quiz  page that looks at student preconceptions and misconceptions related to the phases of the moon as well as the reasons for the seasons.  A Private Universe is an excellent demonstration of both the strength of misconceptions and how difficult these types of preconceptions and misconceptions are to overcome.  This page is particularly useful as a model for what I might want to develop for Science as presented in movies and television programs. 

Barnett, M., Wagner, H., Gatling,A Anderson,J., Houle, M., & Kafka, A. (April 2006). The Impact of Science Fiction Film on Student Understanding of Science. Journal of Science Education and Technology, 15(2). 

This source investigated how a popular movie, “The Core” generated misconceptions about basic Earth Science concepts.  It began with a discussion of related literature and found there was very little research into this phenomenon though many anecdotal  notes that it most likely exists due to the prevalence of television and movies concepts related to science but without good science backgrounds and explanations.  The study supported the notion that the movie generated science misconceptions in the students even though the teacher had explained the concept to the class correctly and many said that it was understood.   
Driver, R. (1994). Making Sense of Secondary Science: Research into Children's Ideas. New York: Routledge Press.


This text is an academic work that presents common student misconceptions about basic science topics.  It cites a large number of studies in America and abroad which demonstrate different types of misconceptions resulting from student preconceptions of science along with those generated by outdated and inaccurate science teaching.  It is very useful but does not always provide the commonly accepted science facts or knowledge thus making it somewhat difficult to see the exact nature of some of the misconceptions.  

Zimmerman, M. (1997).  Science, Nonscience, and Nonsense: Approaching Environmental Literacy. Baltimore: The Johns Hopkins University Press. 
When children begin secondary school they already have knowledge and ideas about many aspects of the natural world from their experiences both in primary classes and outside school. These ideas, right or wrong, form the basis of all they subsequently learn: research has show that teaching is unlikely to be effective unless it takes into account the position from which the learner starts.

There are also many web pages on student misconceptions in science such as these:

http://www.indiana.edu/~w505a/studwork/deborah/ 

http://rds.yahoo.com/_ylt=A0geu5CAlp5HfS4BhdFXNyoA;_ylu=X3oDMTE4YXVkbzl0BHNlYwNzcgRwb3MDMgRjb2xvA2FjMgR2dGlkA0RGUjVfODAEbANXUzE-/SIG=12s9tdpj4/EXP=1201661952/**http%3a//www.dese.mo.gov/divimprove/curriculum/science/SciMisconc11.05.pdf
http://www.amasci.com/miscon/opphys.html 

http://www.darylscience.com/Misconceptions.htm 
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