Running head: DIRECT INSTRUCTION VS. SCIENTIFIC INQUIRY                               1
DIRECT INSTRUCTION VS. SCIENTIFIC INQUIRY                               	26

[bookmark: _GoBack]














Direct Instruction vs. Scientific Inquiry: Evaluating Student Outcomes
Noelle Clark, Greg Eyler, Alex Rivas, Todd Wagner
California State University, San Bernardino


Abstract
Science is a discipline of exploration and experimentation, leading many in the scientific community to question whether the blanket approach of direct instruction and teaching to the test is the best way for our students to learn science in terms of comprehension, outcomes, and mastering scientific skills.  In the absence of a significant amount of empirical research on the issue, we have designed a quantitative experiment based around the question: is inquiry more effective than a direct instruction model in increasing content knowledge?  Through our research we compare the teaching methodologies of direct instruction to scientific inquiry in the science classroom, with student outcomes being the barometer for the success or failure of each method.
 	The experiment consisted of using two fifth-grade classrooms as our subjects.  Two different instructors, each trained in the methodology they employed (inquiry and direct instruction), taught these classrooms the same chemistry content.  All students were given identical pretests consisting of 10 multiple choice questions and, after the lessons were administered, the same test was administered as a posttest for evaluative purposes.  Results of the pre-test and post-test were compared using an unpaired t-test.  The makeup of the student population was heterogeneous in terms of ethnicity and representation of students with disabilities, but EL students, and gifted and talented students were not represented.  
As many of our qualitative research predecessors, we found the empirical results to be inconclusive thus leading us to the assumption that there is no significant statistical difference between the two differing methodologies in terms of student acquisition and short term retention.  




Introduction

Direct Instruction vs. Scientific Inquiry: Evaluating Student Outcomes
1. General Statement of the Problem
	Much has been made recently, particularly with the recent push toward academic standards and direct instruction, about the virtues and drawbacks of both scientific inquiry and direct instruction in the science classroom.  Science is a discipline of exploration and experimentation, leading many in the scientific community to question whether the blanket approach of direct instruction and teaching to the test is the best way for our students to learn science in terms of comprehension, outcomes, and mastering scientific skills.  The need for an answer to this debate is heightened by our country’s abysmal showings in international science comparison exams such as the TIMMS exam.  In the absence of a significant amount of empirical research on the issue, we have designed an experiment that compares direct instruction to scientific inquiry in the science classroom, with student outcomes being the barometer for the success or failure of each method.
	We designed and implemented a quasi-experimental research method using two fifth-grade classrooms as our subjects.  Two different instructors, each trained in the methodology they employed, taught these classrooms the same chemistry content.  All students were given the same pretest consisting of several multiple choice questions and, after the lessons were administered, the same test was administered as a posttest for evaluative purposes.  The makeup of the student population was heterogeneous in terms of ethnicity and representation of students with disabilities, but EL students, and gifted and talented students were not represented.  The direct instruction method adhered to instruction followed by guided and independent practice while the inquiry lesson was lab-based.  The inquiry students had a question posed to them and were guided by the instructor during the process.    
2. Review of Related Literature
The related literature we consulted exhibits several trends worthy of mention, particularly in their purpose and methodology.  The vast majority of these reports, including “Elementary Students’ Retention of Environmental Science Knowledge: Connected Science Instruction versus Direct Instruction”, “Effects of Two Instructional Approaches and Peer Tutoring on Gifted and Nongifted Sixth-Grade Students’ Analogy Performance”, “Experimental Comparison of Inquiry and Direct Instruction in Science”, and “Rebecca’s in the Dark: A Comparative Study of Problem-Based Learning and Direct Instruction/Experiential Learning in Two 4th-Grade Classrooms”, were directly related to the methodology that we utilized in our research.  All of these articles contained research questions and research methods that directly examined the efficacy of some form of scientific inquiry when compared with direct instruction.  All of them also used pre- and posttests as significant forms of assessment and had at least two groups of students being examined separately and instructed with one of the two methods.  I would place these studies under the heading of “Quasi-Experimental Designs: Direct Instruction vs. Inquiry”.
Quasi-Experimental Designs: Direct Instruction vs. Inquiry
· Elementary Students’ Retention of Environmental Science Knowledge: Connected Science Instruction versus Direct Instruction
· Effects of Two Instructional Approaches and Peer Tutoring on Gifted and Nongifted Sixth-Grade Students’ Analogy Performance
· Experimental Comparison of Inquiry and Direct Instruction in Science
· Rebecca’s in the Dark: A Comparative Study of Problem-Based Learning and Direct Instruction/Experiential Learning in Two 4th-Grade Classrooms
In “Elementary Students’ Retention of Environmental Science Knowledge: Connected Science Instruction versus Direct Instruction” 108 3rd-grade students were studied.  Two classes were chosen from two schools for a total of four classes.  For reasons beyond the researchers’ control the final number of students participating in the study was 100.  All four classes were comparable in size, demographic makeup, and general lessons covered.  The teachers were also chosen for their similar abilities and teaching experience.  The students were given an identical test at three intervals during the study.  There was a pretest, an immediate posttest, and a posttest for retention three months after the lesson.  The test consisted of 12 multiple-choice questions that and was researcher-designed to test for vocabulary gain and retention.  A copy of the test is included in the article.  Four students were also randomly selected from each class for short interviews after the lessons.
The study was able to show how two different approaches to the teaching of science can contribute to our understanding of how elementary children learn science and suggests that an elementary science curriculum would be most effective if it included both teaching methods.  The authors made it very clear using various literature citations that retention was the key to student growth because it furthered their science abilities and was linked to better performance in math and reading throughout a student’s lifetime.  In general the study supported earlier findings by other researchers.  One of the major generalizations that can be drawn from this study is that students learn and remember information best when it is linked to relevant prior knowledge or experiences.  The qualitative data suggest that students prefer direct instruction from their teachers to avoid confusion about what they should be learning but that connected science instruction is also important.  Both approaches should be used in a well-rounded curriculum to maximize the potential learning of students.
In “Effects of Two Instructional Approaches and Peer Tutoring on Gifted and Nongifted Sixth-Grade Students’ Analogy Performance” the subjects of the study were 194 sixth-grade students enrolled in two public school systems in Central Texas.  The students were distributed among nine intact language arts classes in three middle schools.  Six of the classes contained both gifted and nongifted students, and three were homogeneously grouped gifted.  These classes were randomly assigned to direct instruction or inquiry approach treatments, or to a control treatment.  
The researchers initially predicted that gifted students would perform better directed under an inquiry approach as opposed to direct instruction.  This would seem logical due to the fact that the students would be given more room to engage in questioning, exploration and speculation.  However in contrary, the data showed gifted students performing better under direct instruction.  Possible explanations include the novelty of the content.  The other portion of the study looked at the relationships between peer tutoring and achievement.  Data showed that both the receiver and deliverer benefited however, the effects of peer tutoring on the deliverer of instruction were not as powerful as the researches assumed they would be.
In “Experimental Comparison of Inquiry and Direct Instruction in Science”, the participants were 180 incoming eighth grade students from several mid-west school districts, urban, suburban and rural. Districts sent out advance program announcements to parents and so participation was a family decision. The special summer program enabled a random assignment of students to treatment and control groups. The study took place over two weeks in June. Classes met in the morning for four days a week, covering one lesson of each unit each morning.     
Student pre-test and post-tests were given before and after instruction. Assessments were closely aligned to learning objectives. The assessments were comprised of 24 conceptual multiple choice questions, each with four choice options, together with a three-level indicator of confidence. The questions involved the application of the science concept rather than recall of factual knowledge. The assessments were administered by independent project evaluators. The teachers were blind to the assessment questions to eliminate possible ‘teaching to the test’.
The researchers found that this study was consistent with other similar studies showing no significant differences between the two modes of instruction. The researchers caution that although inquiry did not prove more effective at teaching science concepts, many science educators believe inquiry lessons, involving the 5Es, is more effective in teaching the nature of science inquiry. 
In “Rebecca’s in the Dark: A Comparative Study of Problem-Based Learning and Direct Instruction/Experiential Learning in Two 4th-Grade Classrooms” two 4th grade classrooms were chosen which the researchers best felt represented the school’s population.  The classrooms were physically separate from each other although the same university professor taught both classes.  The experimental subjects were not chosen randomly, but were not carefully assigned to balance numbers of any particular group, be it racial, gender, special needs, ELL status, etc.  The experimental group was very uneven in terms of gender and had more students reading at grade level.  The comparison group was even in terms of gender, had more students with disabilities, and had more students reading below grade level.  Both groups had the same amount of ESL students.  Race and socioeconomic details were not broken down for each individual group.
According to the researchers, the pilot study’s results indicate that problem-based learning has promise to be an effective tool in the elementary school classroom.  Learning and retention of content scores were comparable in both the comparison group and the experimental group; however true gains were apparent in the Draw-a-Scientist portion, the time-on-task, and the problem-solving portion.  Students in the experimental group drew less stereotypical (white males in lab coats) depictions of scientists that often depicted plain clothes and even included some self-portraits.  Students in the comparison group retained their stereotypical views and even slightly reinforced them.  The experimental group displayed significantly more time-on-task behavior and demonstrated much more breadth of knowledge of problem-solving tactics such as asking experts, searching the internet, reading books, conducting an experiment, and watching videos, as well as how to apply them properly.  
Another pair of studies, “Teaching a Biotechnology Curriculum Based on Adapted Primary Literature” and “Inquiry in Interaction: How Local Adaptations of Curricula Shape Classroom Communities” follow a similar experimental design but with different research questions that are less closely related to our central question.  The results of their research, however, have several implications for our study in terms of methodology for one study and conclusion for the other.  Due to the nature of these studies as being similar in experimental design to our own but not as completely related to our research topic as the studies listed under the previous heading, we have listed them under the heading “Quasi-experimental Design: Related Educational Topics”.
Quasi-experimental Design: Related Educational Topics
· Teaching a Biotechnology Curriculum Based on Adapted Primary Literature
· Inquiry in Interaction: How Local Adaptations of Curricula Shape Classroom Communities
“Teaching a Biotechnology Curriculum Based on Adapted Primary Literature” is significant
for our purposes because the research that was conducted was related to the teaching of the inquiry process to students but it lacked the experimental design we employed and did not utilize an actual inquiry lesson.  Rather, the researchers chose to examine the effectiveness of teaching inquiry using adapted primary literature about biotechnology.  Although no experiment was conducted about the effectiveness of using the inquiry model for instruction in the classroom, the results reflected the complex interaction of student and teacher ability that we considered carefully before designing our own experiment.  
The study took place in Israel and was conducted using 98 students in four different schools with four different teachers.  The students were all in 11th and 12th grade and between 16 and 18 years old.  In Israel students choose a major in high school.  This study was directed at Biology majors who already had completed 300 class hours of biology that included the three compulsory core topics: systems in the human body, ecology, and cell biology.  In addition to the core topics biology majors students are required to choose three biology elective topics that each require 30 to 45 class hours.  The adapted primary literature (APL) research project fulfilled the requirement of one of these electives.  The teachers were chosen from a group of volunteers.  
The results of the study suggested that learning inquiry is a complex interaction of student and teacher ability.  Student engagement and role in active learning is just as important as the teachers’ pedagogical knowledge.  The role of the teachers’ instructional strategies is extremely important in minimizing student challenges and an adept teacher produce favorable outcomes.  The research also suggests that because there are both beneficial and non-beneficial effects of the curriculum (e.g., the canonical structure boosts comprehension but conveys a false message that real-world science is an ordered process).  Overall the researchers suggested that learning from adapted primary literature is beneficial for the students because research articles possess a historical epistemology and gradually reveal new content in the context of the investigation in which the research was obtained.  Repetition of the same or closely related knowledge in different sections of the articles, seen from different angles, facilitates content comprehension. 
“Inquiry in Interaction: How Local Adaptations of Curricula Shape Classroom Communities” by contrast utilized the same experimental model that we employed but examined a different research question.  The study was not related to inquiry or direct instruction but rather focused on daily classroom interaction and how they shape and reshape social structures within a classroom community.  Although the topic was very different from our own, the methodology was similar enough that it provided a good baseline for our experimental approach when combined with the other studies we read.  Two separate classrooms were used and circumstances were changed in each according to the experimental model, just as in our research.  Understanding that the model was so strong that it could be used outside of our topic was crucial in building confidence to move forward with our own design.  
The participants in this study include two teachers implementing a new environmental science program in the Los Angeles Unified School District. Global Learning through Observation to Benefit the Environment (GLOBE) is an inquiry based science program sponsored by the National Science Foundation. Both teachers are very experienced, each having nearly 20 years of experience. Both teachers speak Spanish fluently. Both teachers had similar pedagogical values that could be described as socio-contructivist with an emphasis on active learning, reflection through dialog, and student activism.
The students involved in the study are 54 children in an urban elementary and middle school. The students are predominately Latino (97%) with a high percentage of English Language Learners. The school is in a heavily industrial area of Los Angeles. Because of its location it is not a community school. Most of the students are bussed in. The duration of this study was three parallel environmental inquiry science lessons over three months’ time. 
Data consisted of videotaped lessons taken during science instruction. Detailed analyses of six parallel inquiry lessons were done. These six tapes were viewed, content logged, and eventually transcribed. 
An initial coding scheme was created that elucidated the structure of the community in this particular activity. After using these six cases to identify issues of analytic interest, the remainder of the lessons were viewed to test developed conjectures against the larger data corpus. Students were given pre- and post-assessments in an attempt to compare the learning outcomes in the two classrooms. In addition to examining descriptive statistics, an analysis of variance was computed to compare the mean scores of the two classrooms.
The analysis focused on the ways in which the students and teacher were positioned in relation to one another during interactions. In Teacher As classroom the teacher positions herself as co-inquirer and learner. Teacher B positioned herself as apart from her students. The post-tests showed that students in both classrooms showed improvement; however, there was a significant difference. Although the pre-tests showed that Teacher As students knew less at the beginning of instruction than Teacher B's students, they knew more than Teacher B’s students by the end of instruction. 
Based on the results of this study the teacher as proxy for the classroom community is a strong predictor of learning gains based on test scores. The researchers caution against drawing a causal relationship between the classroom culture differences and post test performance. Many other factors could have contributed to these differences. It is also possible that the videotaped lessons chosen to analyze were not the norm, but the exception. 
Not all of the studies we examined were helpful in a positive way.  One study in particular, “Kids Teaching Kids: An Ethnographic Study of Children’s Strategies for Presenting in a 5th Grade Science Class” was a prime example of how we did not want to design or present our research.  The research methods are unfocused and unclear, data was collected only through observation and field notes with no concrete data to examine, there was no finite design or a real research method, and the researcher does not make the sequence of research events clear.  The results were confusing and sloppily presented, so we set out to design a research study that was much clearer in intent and had experimental substance.  These factors led us to place this article under the heading “Non-Experimental/Insufficient in Clarity and Purpose”.
Non-Experimental/Insufficient in Clarity and Purpose
· Kids Teaching Kids: An Ethnographic Study of Children’s Strategies for Presenting in a 5th Grade Science Class
The study takes place in the Starbase Earth upper school located in Philadelphia and is comprised of 29 African American 5th graders, 16 girls and 13 boys.  Most if not all of the students are at grade level for reading and ranges vary from basic to advance with an almost even bell curve distribution.  The students have been involved in a class that fosters the TFU framework from the beginning of the school year and the study takes place at the onset of the second quarter (1/24/99) and the beginning of a thematic project entitled “African Americans in Space”. 
All of the research was done concurrently during a variety of projects including the aforementioned “African Americans in Space”.  As the observer/teacher/researcher does not make the sequence of research events clear, he does extrapolate on the various projects that the students participated in while the research was being conducted.  This included two additional overlapping thematic projects entitled “Starbase Earth: The Next 100 Years”, ”Intelligence: A 21st Century View” and  “Beyond Y2K”  as well as in depth studies of scientific articles revolving around cloning and the scientific method all of which were inductively analyzed .  Students were observed during all of these projects for approximately 10 hours per week.  
The researcher observed and concluded that utilizing the students as presenters benefits both the parties involved, presenters and observers.  This also assists the teacher in assessing what the students understand as well as common misconceptions that can be addressed during feedback sessions.  Secondly, through the fostering of teaching for understanding, mindful, depth of coverage replaces rapid, rote memorization that often is cursory.  This self-selected approach intrinsically motivates students to become experts in their subject and thus peer-to-peer teachers which benefits all involved in two ways; one, through teaching the material, students help to concrete newly learned knowledge and two, peer-to-peer teaching helps to make foreign material more relatable.  
The related peer-reviewed articles that we considered were invaluable to our group’s process of designing and implementing a clear, effective, and carefully-reviewed research design.  Several articles related directly to our topic and method and thus were obviously a direct influence on our research question and experimental design.  Other articles, however, either implemented experimental designs that were similar to ours in different areas of research or addressed our topic in a fundamentally different way, expanding our viewpoint while simultaneously helping us to focus our own research by contrast.  One article was helpful just by exposing us to its unfocused, poorly thought out, and poorly presented research.  Seeing what doesn’t work gave us a much clearer idea of what we wanted to accomplish.  We obtained a bevy of ideas and insight from the research we conducted and we believe the strength of our results reflects the work we put forth and the good decisions we made during the initial research phase of our project.
4. Research Question(s), Hypothesis, or Foreshadowed Problems
Our research questions were as follows:
· Is inquiry more effective than a direct instruction model in increasing content knowledge?
There were several foreshadowed problems that we attempted to account for but were, to varying degrees, beyond a measure of control because of the constraints of experimenting in a real classroom:
· Testing demands made the teaching of the science curriculum secondary to the teaching of math and reading
· We  had a total of 45 minutes a day in which to teach these lessons, limiting their scope
· Integration with other elements of the curriculum was not possible
· Small student numbers made finding statistical differences in the results of this study difficult
· Teaching these concepts over the course of a unit could be more informative about the efficacy of these particular teaching models as students gain more exposure to them and trends are revealed over time



5. Definition of Terms
· Scientific Inquiry - a method of teaching consisting of systematic observation, measurement, and experiment, and the formulation, testing, and modification of hypotheses
· Direct Instruction - the explicit teaching of a skill-set using lectures or demonstrations of the material, rather than exploratory models
· ESL – English as a Second Language
· SDAIE – Specially Designed Academic Instruction in English
· Charles’s Law - is an experimental gas law which describes how gases tend to expand when heated

Design and Methodology

6. Significance of the Purposed Study
We decided to research this issue due to the duality that exists between bureaucratic political mandates of direct instruction usage and the common push within teacher credentialing programs to teach through scientific inquiry methods.   Given the current political shove in many American schools to record positive student achievement through the usage of standardization (including direct instruction teaching methods) and the underlying encouragement of teacher education programs to utilize “superior” scientific inquiry teaching methods, one involved in any part of the educational web can become easily confused.  Is direct instruction utilized because it is a more efficient and better way for students to obtain pertinent information?  Is scientific inquiry quietly suggested because it is superior to direct instruction but takes more resources that schools and educators are often lacking?  This study and many more like it are imperative at a time when educational reform is no longer a possibility but a necessity.  Research backed teaching methodologies of the highest quality need to be implemented rather than whimsical notions of what will work mandated from bureaucrats and administrators.   As multiple previous studies have been qualitative in nature, we as researchers and educators need to base future decisions on empirical evidence instead of anecdotes.  Since this study is one of few quantitative studies, further and more extensive research needs to be done in this area in order to best serve interested communities with the best possible information on which educated decisions that affect our future society can be based.  
7. Subjects
These classes are both fifth grade classes containing 32 students with a relatively equal number of boys and girls. The classes are heterogeneously mixed low, medium and high readers. Both classes have six special education students with individual educational plans (IEP) for various qualifying disabilities. The direct instruction class contained three students attending speech, but they were pulled out during science the day the direct inquiry lesson was implemented. The two classes were conveniently chosen as they were the students of one of the researchers and fit both the desired sample size and controlled population representation in terms of ethnicity, ability and disabilities.  
8. Instrumentation / Data Collection
Assessment:
An assessment (Appendix A) was given to both classes before instruction. The assessments were comprised of ten multiple choice questions concerning Charles’s Law. A multiple choice assessment was used as the data recovery tool because it is easily quantifiable. The assessment was given to all students before both the direct lesson and the inquiry lesson. The same assessment was given again immediately after each lesson. The assessment at this time was to measure comprehension of the lesson. 
Inquiry Lesson:
The inquiry lesson was modeled after the 5E lesson plan (Bybee 2002). The 5E lesson plan structure involves the following stages: engage, explore, explain, elaborate, and evaluate. The inquiry lesson was adapted from a lesson found on the Experimentopia website (experimentopia.com) called Shrinking and Expanding Balloons: Charles’s Law. The students were presented with the material and the procedures of the inquiry activity. The students worked in teams of three which they chose. The students predicted what would happen when the balloons were placed in buckets of cold and hot water. First the students measured the balloons using string and a meter stick. The teams recorded their results on a data table. Next they submerged the balloons in the buckets of cold water for 3 minutes. Then they measured the width of the balloons and recorded their results on a data table. Next the students submerged their balloons in the bucket of hot water. When finished they measured the width of the balloon and recorded their results. When all teams were done they filled out a class data table and each team shared their results with the class. The class interpreted the data they had gathered during the discussion. The teacher elaborated on the targeted concept during the class discussion of the results. The teacher also presented vocabulary words attached to the concept of Charles’s Law at this time. The students took the assessment immediately after the class discussion.
Direct Instruction Lesson:
The direct instruction involved little to no interaction. The teacher presented the concepts and related vocabulary words to the class while the students took notes. Rather than completing a laboratory activity, the students were asked to visualize the balloon activity. The entire lesson took 45 minutes. The assessment was given immediately after the lesson.    
9. Data Treatment Procedures
For both the inquiry and direct-instruction classes the data were collected by the teacher using a 10 question multiple-choice test.  The test was graded using a simple 10 point scale.  A pre-test was administered to the students followed by a post-test using the same questions after administration of either lesson.  Results of the pre-test and post-test were compared using an unpaired t-test.  The larger the value of t, the more likely there exists a difference in the two data sets.  The mean, median, and mode were also calculated. 
Inductive reasoning progresses from observations of individual cases to the development of a generality. (Inductive reasoning, or induction, is often confused with deductive thinking; in the latter, general principles or conditions are applied to specific instances or situations.) If a child puts his or her hand into a bag of candy and withdraws three pieces, all of which are red, he or she may conclude that all the candy is red. Inductive reasoning, or induction, is the process by which a general conclusion is reached from evaluating specific observations or situations.
Many people distinguish between two basic kinds of argument: inductive and deductive. Induction is usually described as moving from the specific to the general, while deduction begins with the general and ends with the specific; arguments based on experience or observation are best expressed inductively, while arguments based on laws, rules, or other widely accepted principles are best expressed deductively.  It was the intention of the study to use inductive reasoning to apply the results to general populations. 
10.  Presentation of Findings
	Direct Pre-test        
	Direct Post-test
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The results of the research were inconclusive.  There was no significant difference in the inquiry or direct-instruction group when the groups were compared using an unpaired t-test.  The higher the value of t the more likely there exists a significant difference between two data sets.  The value of t for the direct instruction group is .000002 and .01 for the inquiry group.  These very low values suggest it is very unlikely there is a difference between the pretest and post-test of both groups. 
11. Limitations of Study
There are several limitations to this study.  The greatest limitation is in the small sample size.  The study was limited to two classes, n=27 and n=28.  This small sample size limits the ability of the results to be generalized and applied to larger populations.  A larger sample size may have also revealed different results.  
Another limitation to this experiment was the usage of a multiple choice assessment.  Since this experiment was quantitative in nature and multiple choice assessments naturally lend themselves to this end, it is understandable.  However, the philosophy behind such an assessment is counterintuitive to the philosophy of scientific inquiry which is based around explanation of general themes and finite details through a more in-depth understanding.  A better assessment of whether scientific inquiry or direct instruction is a superior teaching method would be open ended in nature thus requiring students to elucidate on actual conceptualization and not short term regurgitation of facts.  Conversely, this type of assessment can be attacked on the same grounds by advocates of direct instruction teaching methods and subsequent assessments.  In all, one’s personal philosophy of education comes in to play which pits teaching for understanding and conceptualization against teaching for assessment and higher student/teacher/district/state/ and national rankings.  
Also, another limitation to this experiment was the fact that learning inquiry is a complex interaction of student and teacher ability.  Student engagement and role in active learning is just as important as the teachers’ pedagogical knowledge.  The role of the teachers’ instructional strategies is extremely important in minimizing student challenges and an adept teacher produce favorable outcomes.  Without proper training on behalf of the teacher as well as proper socialization with the technique on behalf of the student, scientific inquiry teaching methods can be set for failure from their inception. 
In the original plan for the study a second post-test for retention was to be given but in the end, time and other factors did not allow for this.  A retention test may have shown more variability between it and the pre-test. 

Conclusion
After conducting the experiment and calculating the pre- versus posttest data, we found that there were no statistically significant differences between the two methodologies.  These quantitative findings are on par with the previous qualitative research results.  We also agree with the majority of the qualitative researchers’ suggestions that a combination of the two methodologies would be most beneficial to student growth, lifetime retention rates and scientific curriculum in general.  As students do learn best when new information is linked to old, scientific inquiry teaching methods play a vital role in making what is foreign into something familiar. This is due to the underlying concept behind scientific inquiry which is exploration thus forcing students to find relations to unfamiliar concepts and information. Also, as qualitative data suggests students prefer direct instruction from their teachers, it is vital to intertwine scientific inquiry as to promote critical thinking.  Although inquiry did not prove more effective at teaching science concepts, many science educators believe inquiry lessons, involving the 5Es, is more effective in teaching the nature of science inquiry.  When combined, both approaches make for a more well-rounded curriculum, classroom environment, and student skill set. 
Recommendations for further research
As mentioned previously, further and more extensive quantitative research needs to be completed in this area in order to represent truly empirical evidence for direct instruction versus scientific inquiry.  Future researchers need to better formulate assessments that are accurately designed with each methodology’s validity in mind thus compensating for differing educational philosophies.  Also, as mentioned in the experimental limitations, larger populations need to be studied as well as long term retention rates through assessments administered at least two weeks later.  
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Appendix A
NAME_______________________


Balloon Lab Quiz

1. Air is made of:
a) nothing
b) gas molecules
c) protons
d) atomic nuclei 

2. In a DIRECT RELATIONSHIP an increase in one variable causes the other variable to:
a) increase
b) decrease
c) stay the same
d) get hotter

3. Charles’ Law states that a decrease in temperature will cause the volume of a gas to:
a) increase
b) explode
c) stay the same
d) decrease

4. Volume is:

a) the amount of space an object occupies
b) how long something is
c) equal to height
d) the setting on my iPod

5. Temperature is:
a) the space an object occupies
b) the sun
c) evaporation
d) how hot or cold something is

6.  The hotter something is the _________ its molecules move.
a) brighter
b) slower
c) faster
d) stickier

7.  Heating air will cause the molecules of gas to:
a) get lighter
b) get bigger
c) move faster
d) decrease

8.  Cooling air will cause the molecules of gas to:
a) get smaller
b) move slower
c) move faster
d) increase

9) A gas:
a) always invisible
b) sink to the bottom of a container
c) does not have a definite volume
d) has a definite volume  

10) Chemistry is the study of:
a) matter
b) chemicals
c) gas
d) liquids 


