PAGE  
14
Explicit Teaching of the NOS


Explicit Teaching of the Nature of Science:  Conceptions and Misconceptions of Early Childhood and Elementary Students

Sharon A. Esker & Sufian Forawi
University of Akron
**DO NOT QUOTE**
This paper has not been published.

Paper presented at the annual meeting of the Eastern Educational Research Association.  Clearwater, FL, February 14-17, 2007.

Explicit Teaching of the Nature of Science: Conceptions and Misconceptions of 
Early Childhood and Elementary Students

Sharon A. Esker & Sufian Forawi

The University of Akron, College of Education, Department of Curricular & Instructional Studies
Akron, Ohio
ABSTRACT


The question of how to produce a scientifically literate population has never been more important than it is in today’s world (Forawi, 2003; Hurd, 2000, & TIMSS 2005).  New research into cognitive development and brain function hints that young children possess competencies that might be of use in promoting scientific literacy.  This study was designed to examine the concepts of the NOS that K-7th grade students bring to the classroom.  The study investigated (1) Are the concepts of the NOS part of the early science knowledge that students bring to the classroom?  (2) What NOS conceptions and misconceptions do early childhood and elementary students hold, and (3) Does explicit teaching of the NOS improve post test scores?  Students' conceptions of the NOS were measured with the Early Nature of Science Instrument (ENSI) developed and piloted with early and elementary students prior to the summer camp.  The data were analyzed by the researchers to develop descriptive categories of young students’ conceptions of the NOS.  The initial findings were that students’ conceptions of the NOS were improved from pre- to post-test results and that students' conceptions were gradually changed as the camp’s activities progressed.   The major finding of this study suggests that today’s early and elementary students bring to the classroom some understanding of the NOS that might serve as the foundation for new and more effective science education learning and practices.     
Theoretical Background

Educational practices over the last four decades have been founded upon psychologists’ understanding of how cognitive development progresses, and how that development dictates when and how and which educational practices should – or should not - be employed to elicit the best educational outcomes.  Today the teachings of Piaget, Vygotsky, and other psychologists are being challenged.  The development of new imaging technologies, (e.g., PET, MRI, CAT, and EEG) now allow us to observe children’s brains in action.  More recently, cognitive science, combining psychology, computing science, and neurophysiology, offers interesting and possibly important insight into patterns of learning.  Though it is too early to institute sweeping changes in teaching practices based on this new area of study, recent research has been incorporated into a few new educational programs.

Gelman and Brenneman (1999) of the Rutgers Center for Cognitive Science relate how they, along with developmental psychologists and preschool staffs, collaborated on the development of the Preschool Pathways to Science (preps) approach that takes into account results of recent developmental research.  They believe that recent research shows:

…that preschool children have some potent cognitive competencies and related learning potentials.  These include early arithmetic abilities and skills, implicit understanding of cause and effect sequences, pre-literacy ‘writing,’ and some science knowledge. (Gelman & Brenneman, 2004, p. 150). 


Susan Carey (2000) of Harvard’s Department of Psychology is one of the few researchers examining the conceptual frameworks of young children as they apply to math and science education.  Teachers at any grade level know they must start with “where the student is,” routinely determined by what the student lacked, “…science content knowledge combined with age-related limitations in general cognitive capacities (e.g., the elementary school child is a concrete thinker not capable of abstract reasoning) (p. 13).”    Referring to math and science curricula developed since the 1960s for the express purpose of improving math and science education and which failed to bring about the hoped-for positive change, Carey writes:
Now we understand that the main barrier to learning the curricular materials we so painstakingly developed is not what the student lacks, but what the student has, namely, alternative conceptual frameworks for understanding the phenomena covered by the theories we are trying to teach.  Often these conceptual frameworks work well for children, so we face a problem of trying to change theories and concepts.  (p. 13)
Carey (2000) points out that “…conceptual change is extremely difficult to achieve…” yet educators and cognitive scientists are making strides in understanding how to foster conceptual change in students.  But, “we have our work cut out for us” (p. 18).


The National Science Education Standards and Project 2061 (AAAS) echo previous reform efforts stressing the importance of conceptual understanding of the overarching ideas in science such as cause and effect, equilibrium, structure and function, and cycles.  Recent reforms also stress an increased emphasis on the nature of science and scientific inquiry.  Student understanding of the NOS and scientific inquiry has, in fact, been an objective “…agreed upon by most scientists and science educators for the past 90 years
While arguments abound as to what constitutes the NOS, Lederman argues “…that there is an acceptable level of generality regarding the NOS that is accessible to K-12 students and relevant to their daily lives.”  He clearly believes that “…understanding the NOS and scientific inquiry provide a guiding framework and context for scientific knowledge.”  Still:

 …we continue to fail at providing students with the most important organizing themes of all, the NOS and scientific inquiry. … The NOS and scientific inquiry need to be addressed explicitly during science instruction.  They need to be given status equal to that of traditional subject matter. … Without such explicit instructional attention, students will continue to learn subject matter without context and the visions of reform in science education will progress no further than they have in the past.


Scientists and science educators have been indicating for decades, that an understanding of the NOS is necessary for a successful science education.  Psychologists like Susan Carey, believe we should teach based on the concepts and misconceptions students bring to the classroom.  New research in cognitive science suggests that our youngest students are capable of abstract reasoning not previously thought possible.  However, there appears to be a dearth of studies to identify the conceptions and misconceptions of the NOS young students bring to the classroom.
THE INSTRUCTOR


The science camp instructor, a non-traditional 2004 graduate of the local university’s College of Education, completed four years of college without ever hearing the phrase, Nature of Science.  Though I considered myself to be scientifically literate with a firm understanding of science, I didn’t truly understand the importance of an understanding of the NOS to science education and scientific literacy until I took the graduate level class, The Nature, History, and Philosophy of Science taught by Dr. Forawi.  While reading and discussing research articles and books by authors such as Kuhn, DeBoer, Rutherford, Collins, Sacks, Miller, and Gould, I couldn’t help but reflect on the experiences I’ve had with young children in my science clubs and summer camps over the past seventeen years.   

During the late 1980s I started a small after-school science club at my son’s elementary school.  Beginning with twelve second grade founding members, the science club grew to ~400 students in grades 1 through 6 in four buildings.  The students dictated what we explore, choosing subjects that most interested them, dinosaurs, volcanoes, weather, rockets, black holes, and more.  They also determined what happened during the meetings.  After a brief introduction to the science concepts and vocabulary related to the planned activity, students were free to explore.  Most completed the activity as planned but some went on to change the parameters of the activity thinking, “What would happen if …?”   Students needed no prompting to  ask questions and discuss, and at times, argue over the observations and their own concepts and beliefs related to the topics being explored (e.g., paleontology activities sometimes led to heated debates concerning deep time or evolution).  I had the luxury of listening for hours as young scientists tried to make sense of the world around them and their own beliefs about that world – their conversations were at times, surprisingly sophisticated.  Over the years I’ve come to believe that our youngest students understand more about the concepts of the NOS than previously thought.

Dr. Forawi’s class helped me put my experiences with students into perspective.  I suspected that my young students knew more about science than most people believed possible yet I had no proof other than my own observations and conversations with the students.  As a final class project, I designed a small study to be carried out during the 2006 summer camp season to answer two questions:  (1) Are the concepts of the NOS part of the early science knowledge that students bring to the classroom?  (2) Does the explicit teaching of the NOS improve students’ understanding of the NOS.
METHODS

Finding an instrument appropriate to measure conceptions of the NOS of students, young as six years old, proved problematic. We considered Forawi’s (2003) Science Nature Survey (SNS), Halloun’s (2001) Views About Sciences Survey (VASS) written for grades 8-16; Aikenhead and Ryan’s (1992) Views on Science-Technology-Society (VOSTS); Moore and Foy’s (1997) Scientific Attitude Inventory II (SAI II);  Abd-El-Khalick and Lederman’s (Views on the Nature of Science Questionnaire (VNOS); and Harlan’s Nature of Science survey.  The questionnaires were designed for older students and were judged inappropriate, as written, for the proposed study.  Using the existing research literature and questionnaires of the NOS as guides, with specific insights gleaned from Hughes’ (1997), a new questionnaire, appropriate for students from 6 to 14 years old was created.  The Early Nature of Science Instrument (ENSI), a five-point Likert scale instrument of 20 items consisting of statements followed by five written choices and an illustration representative of each possible choice for the camp’s pre-readers.  

The subjects of the study were students, grades K through sixth, attending a summer science day camp six hours per day for one to five weeks.  The students completed the ENSI questionnaire on their first morning at camp before activities began.  


Campers spent the week engaged in inquiry-based science activities designed to help them develop scientific literacy and an understanding of the NOS.  Activities varied from week to week and included hands-on projects such as rocketry, hot air balloons and gliders, paleontology, chemistry, entomology, and GPS navigation.  Students also engaged in “in the head” activities such as problem solving, decision by consensus, and project planning.  The instructor explicitly taught students the concepts related to the NOS as they applied to the science subjects explored during the camp. The students completed a second ENSI questionnaire on their final afternoon of camp.  Students’ scores were analyzed individually and as pre- and post-test pairs.


In a representative activity students were introduced to the principles and vocabulary related to rocketry (e.g., Newton’s Laws, velocity, apogee, balance, center of gravity, and friction) before building water bottle rockets.  Campers built rockets and went on to conduct experiments to determine the optimum amount of fuel (water) and the best launch angle to produce the longest flight possible (investigating one variable at a time).  At launch time, students took measurements using a meter wheel and self-made Height-O-Meters.  Each camper then went on to graph the results of multiple flights before analyzing the results to determine the optimum amount of water and launch angle.

As a group, students charted their findings which, as expected, included a wide range of results.  Students were led through a group discussion during which they were instructed to “think and reason” as if they were scientists attempting to resolve the issues presented by the contradictory data and conclusions.  During the discussion, concepts relating to the NOS were explicitly explained and discussed.  The implicit approach of NOS reflects the idea that the development of concepts of NOS is a natural outcome of instruction centered on skills, science content coursework, and hands-on activities.  The explicit approach assumes that direct teaching of “elements of history and philosophy of science and/or instruction geared towards the various aspects of NOS” is needed to improve teachers’ conceptions. Specific reference to content and issues presented in the ESNI, (e.g., #’s 3, 4, 7, 8, 9, 10, and 14, was discussed during the science camp.  
Pilot Study of the ENSI 

Valid and reliable instruments are critical tools for measuring K-12 students’ conceptions and perceptions.  Lacking a previously developed comprehensive moderate NOS survey to determine the science conceptions of the target population (early, elementary and middle school students) the researchers set out to develop an instrument on the NOS suitable for this study and similar future studies.  A pilot study was conducted to evaluate and report on the Early Nature of Science Instrument (ENSI) reliability and validity before administering it in this study.  The ENSI survey, based on the most up-to-date literature and surveys of the NOS, consists of 20 Likert items.  Data collected from this pilot study were analyzed using reliability and central tendency measures as reported in Table 1.  In addition, reported content validity was presented. 
Content Validation

Content validity is a qualitative type of validation where the goals are to clarify the domain of a concept and judge whether the measure adequately represents the domain (Bollen, 1989).  A panel of experts and science teachers evaluated the item pool for their content validity for the Nature of Science Survey and found them to be valid in measure K-12 students’ conceptions of NOS.
Reliability Coefficients 

Reliability measures the degree to which the test score indicates the status of an individual on the factors defined by the test, as well as the degree to which the test score demonstrates individual differences in these traits (Cronbach, 1951).  Reliability coefficients for the pilot data were found to be a moderately high .76 which is considered adequate for research.  

The data analysis was based on the obtained participating high school students’ scores on each of the five instruments.  Descriptive statistics, means, standard deviation and reliability coefficient were used to examine the item composition and internal reliability of each item of the instrument as an assessment tool.  Data analysis was undertaken using SPSS 11.5 for Windows. The 20 item description of the analysis is presented in Table 1 below.
Table 1

Descriptive Statistics of the Pilot Data
	 Item
	     N
	Minimum
	 Maximum
	  Mean
	  Std.           Deviation

	1
	83
	1
	5
	2.43
	1.363

	2
	83
	1
	5
	3.82
	1.014

	3
	83
	1
	5
	3.31
	1.258

	4
	83
	1
	5
	4.53
	.754

	5
	83
	1
	5
	3.83
	1.333

	6
	83
	1
	5
	4.55
	.630

	7
	83
	1
	5
	4.07
	1.057

	8
	83
	1
	5
	3.81
	1.366

	9
	83
	1
	5
	4.00
	1.126

	10
	83
	1
	5
	1.87
	1.247

	11
	83
	1
	5
	2.42
	1.491

	12
	83
	1
	5
	4.00
	1.148

	13
	83
	1
	5
	4.28
	1.051

	14
	83
	1
	5
	2.70
	1.673

	15
	83
	1
	5
	3.10
	1.785

	16
	83
	1
	5
	4.37
	.760

	17
	83
	1
	5
	4.07
	.947

	18
	83
	1
	5
	2.77
	1.648

	19
	83
	1
	5
	3.25
	1.439

	20
	83
	1
	5
	4.46
	.845

	Valid N (listwise)
	83
	 
	 
	 
	 


Data Analysis & Results
 
Each of the 20 items, and the composite score of all the items were compared with pre and post survey results.  Paired t-test results indicated that students’ perception of scientific inquiry increased after the inquiry based learning activities.  Out of the 20 items, 8 items were increased significantly from pre to post survey at .1 alpha level.  These were items # 2, 4, 8, 9, 11, 15, 19, 20. The increase and significant level were presented in Table 1.  The composite score of the total 20 item change was statistically significant.  

Table 2
Change of Pre and Post Survey Results

	              Statement

          Paired Differences
	t
	df
	Sig. (2-tailed)

	
	Mean
	Std. Deviation
	Std. Error 
	    Mean
	
	

	Composite Score
	11
	9.89
	2.11
	5.22
	70.00
	0.00*

	#2  The explanation of how the world works is always changing.
	1.68
	1.52
	0.32
	5.18
	70.00
	0.00*

	#4  Two scientists can come up with different explanations for the same observable event.
	0.55
	1.06
	0.23
	2.42
	70.00
	0.02*

	#8  A good experiment can be done over and over again and you will get similar results.
	0.73
	1.78
	0.38
	1.92
	70.00
	0.07*

	#9  An accepted scientific theory is a hypothesis that has been proven correct by experiments and observations.
	1.55
	1.44
	0.31
	5.04
	70.00
	0.00*

	#11  Scientific knowledge will not help solve the world’s problems (e.g., hunger, disease, clean water).
	1.64
	1.92
	0.41
	4.01
	70.00
	0.00*

	#15  Men are better scientists than women. 
	1.50
	1.97
	0.42
	3.57
	70.00
	0.00*

	#19  Scientific laws are proven facts and can never change.
	0.36
	0.79
	0.17
	2.16
	70.00
	0.04*

	#20  Science knowledge can help you understand the world.
	0.73
	1.49
	0.32
	2.30
	70.00
	0.03*


* Significant at .1 level. 


The composite score paired t-test result of the overall mean of the science students has shown a change from pre to post, 73.340 to 84.590, as shown in Table 3.  This indicates that the explicit treatment that had been applied had an effect on students’ scores based on the ENSI instrument. Table 4 shows a statistically significant difference of participating science camp students using the paired t-test measure (t, 5.217 at .000).  This result indicates a significant change of participants’ conceptions of the nature of science as measured by this instrument. This also indicates that the use of the explicit instruction related to science camp activities was effective in improving students’ conceptions of the NOS.
Table 3. Paired Samples Statistics
	                                       Mean                N         Std. Deviation        Std. Error
                                                                                                                 Mean

	Pair       gmeanpost        84.5909           70                    9.86412            2.10304 

1            gmeanpre1       73.3401           70                    4.96329            1.05818


Table 4

Paired Sample Test

	
	
	
	
	9        95% Confidence
	
	
	

	
	Mean
	St. Dev.
	St. Error
	 Lower          Upper
	   t
	df
	Sig (2 tailed)

	Pair 1 gmeanpre-post
	11.000
	9.88987
	2.10853     
	6.61508     15.38492
	5.217
	70     
	.000


Discussion & Conclusions

The first and third questions addressed by the study received affirmative results.  The first question is, “Are the concepts of the NOS part of the early science knowledge that students bring to the classroom?”   The mean of 73.34 for the participants’ pre-test scores indicates that young students possess some knowledge of the NOS prior to entering the classroom (Table 3).  The post-test mean of 84.59 affirms that explicit teaching of the NOS improves students’ understanding of the NOS (Table 3).  Students as young as six years old are capable of learning the NOS through the explicit teaching of its elements. 

The results of the second question explored by the study, “What NOS conceptions and misconceptions do early childhood and elementary students hold?” were equivocal as few items of the instrument used in this study have indicated low scores based on the sample included. We recommend a follow-up study to closely examine the misconceptions of the NOS held by early and elementary students.   
Results of this study indicate high moderate conceptions of the NOS were held by participants for pre- and post-tests.  Moreover, the explicit teaching of NOS was found to have a positive impact on early childhood and elementary students’ conceptions of the NOS.  The explicit approach incorporates a direct teaching of elements of history and philosophy of science and/or instruction geared towards the various aspects of NOS. This approach found effective in changing early childhood and elementary student’s conception of NOS in this study.  The informed instructor of the discourse of NOS who incorporated use of guided inquiry activities in the science camp.  Younger students may benefit from science teaching if they are involved cognitively and physically in learning it.  The explicit focus of such teaching enhanced students conceptions of NOS and ultimately their understanding of science concepts and knowledge.  While past research indicated the importance of implicit instruction of NOS with older students, this study provided support for the supposition that greater educational benefits for elementary and middle school science students are possible through the concurrent use of both explicit and implicit or, ‘informed’ teaching of NOS, with younger students.  
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